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LOI CAM POAN
T61 xin cam doan day 1a cong trinh nghién ctru cua toi.
Céc s6 lidu va két qua néu trong luan 4an 13 trung thuc va chua timg
duoc ai cong bd trong bat ky cong trinh nao khac. T6i xin hoan toan chiu

trach nhi€ém vé€ nhitng s6 li€u trong luan an nay.

Nghién ctru sinh

Hoang Thi Thuy



LOI CAM ON

Trong sudt thoi gian hoc tap, nghién ciu va hoan thanh luan an, toi da
nhan dugc sy huéng dan, chi bao tan tinh cua céc thay cb gido, su giup da,
dong vién cua ban bé, dong nghiép va gia dinh.

Nhan dip hoan thanh luan an, cho phép téi dugc bay to long kinh
trong va biét on sau sic TS. Pham Doan Lan va TS. Poan Vin Soan da tan
tinh hudng dan, dua ra nhiéu ¥ kién déng gop quy bau, danh nhiéu cdng suc,
thoi gian va tao diéu kién cho toi trong sudt qua trinh hoc tap va thuc hién
dé tai.

To1 xin cam on td1 Lanh dao va cac can bo Phong thi nghiém trong
diém Cong nghé té bao dong vat Vién Chin nudi da tao diéu kién, hudng
dan va gitp d& trong qua trinh nghién ctru dé hoan thanh luan an.

T6i xin chan thanh cam on tap thé can bo cong nhan vién Cong ty
TNHH lon gidng hat nhan Dabaco da tao moi diéu kién thuan loi gidip t6i hoan
thanh tét luan an nay.

T6i Xin cam on Ban Giam doc, Phong Khoa hoc, Pao tao va Hop tac
qudc té Vién Chan nudi d tao moi diéu kién va giup d& trong qua trinh hoc
tap nghién cuu.

T61 xin cdm on Ban Giam hiéu truong Pai hoc Nong - Lam Bic Giang da
gitp do va tao diéu kién cho t6i trong sudt qua trinh hoc tap va thuc hién dé tai.

Xin chan thanh cam on gia dinh, nguoi than, ban be, dong nghiép da tao
moi diéu kién thuan loi va giup d& t6i vé moi mat, dong vién khuyén khich toi

hoan thanh luan an./

Nghién ctru sinh

Hoang Thi Thuy
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MO PAU
1. TINH CAP THIET CUA DE TAI

Trong nhitng nam gan day, su phét trién nhanh chéng cua linh vuc
khoa hoc di truyén hoc phan tir ¢ dong gbp to 1on vao viéc ma ra nhiing
hiéu biét sdu vé ban chat di truyén ¢ mac do gen va hé gen cua nhiéu doi
tuong vat nudi. Nhitng phat hién vé mot sé gen hay chi thi di truyén c6 lién
quan téi biéu hién kiéu hinh cua mot sé tinh trang nhat dinh da mé ra trién
vong chon gidng vat nudi thanh cong trén co sé Cac gen tng vién.

Hién nay, cac bién phap chon loc véi su hd tro cua chi thi phan tir
(Maker-Assisted Selection-MAS) dua trén ban chéat da hinh cia ADN cho
phép xac dinh nhanh chong cac gen kiém soat hinh thanh céc tinh trang
khac nhau cua dong vat ciing nhu ning suat cua ching (Ma va cs., 2017).
Céac phuong phap nay thé hién wu diém vuot troi hon so voi cac phuong
phap chon loc truyén thong dua vao kiéu hinh nhu giam thoi gian chon loc
va c6 thé chon loc trén cé4c tinh trang c6 hé sé di truyén thap hay khé danh
gia, do luong kiéu hinh hoic rat tén kém khi danh gia qua kiéu hinh. C6
cac cach xac dinh chi thi phan tir nhu xac dinh cac locus tinh trang s6 luong
(QTL) va céc alen lién két voi QTL; xac dinh cac gen @ng vién. Trong do,
cach tiép can bang céac gen tng vién tap trung phan tich truc tiép gen dé tim
méi lién két gitra ban than cac gen tng vién véi kiéu hinh. Nhiing sai khéac
vé kiéu hinh thuong gay ra boi nhimng thay d6i su sac vé cau tric ADN &
cac gen ung vién da va dang dugc nghién ctru. Nhitng théng tin hitu ich
nay sé duogc sur dung cho cac chuong trinh chon loc dua vao chi thi phan tu.

Nhiéu gen tng vién lién quan dén tinh trang sinh truéng, chat luong
thit 3 duoc nghién ctu va dé xuat str dung cho cac chuong trinh chon loc
hd tro bai chi thi phan tir (MAS) nhu: gen PIT1 (Song va cs., 2005; Franco
va cs., 2005; Feng va cs., 2012; Daga va cs., 2012; Kim va cs., 2014; Al-
Khuzai va cs., 2018). Gen MC4R ma hoa cho thu thé protein xuyén mang

ctia t& bao. Thy thé ndy dong vai trd quan trong trong viéc diéu khién luong



thtrc an thu nhan, khoi luong co thé va duy tri 6n dinh nang lugng ndi bao.
Gen MC4R c6 mdi lién két v6i tang khéi lugng va diay md lung (Houston
va cs., 2004; Kim va cs., 2006; Meidtner va cs., 2006; Maagdenberg va
cs., 2007; Fan va cs., 2009; Kovacik va cs., 2009; Switonski va cs., 2010;
Pidrkowska va cs., 2010; Davoli va cs., 2012; Hirose va cs., 2014). Gen
GH lién quan dén cac tinh trang than thit va sinh truéng (Faria va cs., 2006;
BiZiené va cs., 2011; Lyubov va cs., 2017). Gen LEP lién quan dén muc
tang khoi luong (Urban va cs., 2002; Tempfli va cs., 2015). Gen PIK3C3
lién quan dén ting khdi lugng trong giai doan trong lugng co thé tir 30 - 90
kg (Hirose va cs., 2011). Céc gen FABP3, ADRB3, PLIN2 va ACSL4 lién
quan dén cac tinh trang chat luong thit, 1a nhitng gen c6 tiém niang dé xay
dung thanh céc chi thi chon loc lon thit cho ty 1&é m& giat cao (Davoli va
cs., 2011; Han va cs., 2012; Chen va cs., 2014; Xue va cs., 2015). Tuy
nhién, méi lién quan gitta da hinh gen véi c4c tinh trang con tly thudc vao
dic diém hay ban chat di truyén cua ting quan thé lon tai mdi co s chin
nudi. Do d6, dé co thé tng dung cac gen trong hd tro chon loc theo ting
tinh trang mong muén can cé nghién ciru danh gia méi lién két cua cac gen
{rng Vvién trén quan thé can chon loc.

Lon Duroc 1a mét trong nhitng giong lon ngoai c6 kha ning ting
khéi lwong nhanh, chat luong thit tot (thit mém do md m& xen 1an véi mé
nac) va ty I¢ nac cao. Chinh vi vay, ¢ Viét Nam, lon Duroc dugc st dung
trong cac chuong trinh nac héa dan lon, gop phan nang cao ning suét va
chét lugng thit cho nganh chin nuéi lon thit. Mat khéc, nhiéu nghién ctu
cho thay tang khdi lugng trén lon Duroc ¢ Viét Nam khong vuot troi so
véi ting khdi lwong trén lon Duroc cua mét sé nudc phat trién. Vi vay,
muc tiéu cai tao kha ning ting khoi luong, day m& lung va nang cao chat
lugng dan lon Duroc nham gdép phan day manh nganh chin nudi lon thit

dang tré thanh hudng nghién ciru quan trong.
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Pé c6 co so khoa hoc ng dung cac chi thi di truyén trong viéc hd tro
chon loc nang cao kha nang ting khéi lwong va chat luong thit cia dan lon
Duroc nudi tai Cong ty TNHH lon gidng hat nhan Dabaco, tdi nghién ctu
dé tai “Moi lién két gidra da hinh mgt sé gen g vién vdi tinh trang ting
khéi lirong, day mé lung va ty 1¢ mé gidt ¢ lon Duroc”.

2. MUC TIEU NGHIEN CUU
2.1. Muc tiéu chung

Xéc dinh tinh da hinh va mbi lién két gitta da hinh cua mot sb gen
g vién véi tinh trang tang khéi luong va day ma lung, ty 186 m& giat ¢
lon Duroc nudi tai Cong ty TNHH lon gidng hat nhan Dabaco. T d9, 1a
co s& khoa hoc dé str dung céc chi thi phan tir hd trg chon loc va nhan
gidng vat nuoi.

2.2. Muc tiéu cu thé

Xac dinh duoc tinh da hinh cac gen MC4R, PIT1, GH, LEP, PIK3C3
va mdi lién két vai cac tinh trang tang khéi lugng, day méd lung, ning suat
sinh san & lgn Duroc.

Xéac dinh duoc tinh da hinh cac gen ADRB3, ACSL4, FABP3, PLIN2
va mbi lién két véi ty 16 ma giat & lon Duroc.

Budc dau ang dung chon loc dong lon Duroc theo hudng ting khoi
luong co thé sir dung su hd tro tir théng tin kiéu gen.

3. Y NGHIiA KHOA HQC VA THUC TIEN

Luan &n cung cap nhitng thdng tin vé tan sé kiéu gen, tan sé alen va
méi lién két vai tinh trang tang khéi luong va day md lung, ning suét sinh
san, ty 1&é m& gidt cua mot s6 gen ung vien MC4R, PIT1, GH, LEP,
PIK3C3, ADRB3, ACSL4, FABP3, PLIN2 trén lon Duroc nudi tai Cong ty
TNHH lon gidng hat nhan Dabaco.

Luan an da cung cap co so khoa hoc cho viéc sir dung mot s gen
mg vién dé hd tro chon loc lon Duroc ¢d kha ning tang khéi luong, day

md lung va ty 1é md giat tai Cong ty TNHH gidng lon hat nhan Dabaco.
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Cac bai bao dang trén tap chi khoa hoc trong va ngoai nudc la nhirng tur
liéu c6 gia tri tham khao trong nghién ciru khoa hoc va giang day.
4. PONG GOP MOI CUA LUAN AN

Luan an 1a cong trinh khoa hoc nghién cru mot cach hé thdng bao
gém: phan tich da hinh cac gen tng vién MC4R, PIT1, GH, LEP, PIK3C3,
ADRB3, ACSL4, FABP3, PLIN2; d4nh gia mbi lién két giira da hinh cac gen
nay Voi nang sudt sinh truong, day md lung va ty 1é ma giat; tng dung chon
loc lon Duroc ¢6 kha nang tang khoi luong cao duya trén thdng tin cac gen tng
vién tai Cong ty TNHH lon giéng hat nhan Dabaco.

Cung cip co s& khoa hoc cho viéc dinh huéng st dung cac chi thi
phan tir hd trg chon loc nham nang cao nang suét, chat luong thit trong
chan nubi d6i vai gidng lon Duroc, tir d6 rt ngan thoi gian chon loc va nang
cao hiéu qua chin nudi, gop phan dap Gng yéu cau san xuat chin nudi lon

nang suat, chat luong cao ¢ nudc ta.



CHUONG I. TONG QUAN TAI LIEU
1.1. CO SO KHOA HQC CUA VAN PE NGHIEN CUU
1.1.1. Chen lgc giéng vt nudi dea vao su hé tre ciia gen ing vién va chi
thi di truyén

Cai tién di truyén qua chon loc d gop phan quan trong trong cai tién
nang Xuat vat nudi trong nhiéu thap ky nam qua. Theo phwong phap truyén
théng, céc gidng vat nudi duoc chon loc qua Kiéu hinh, hé pha va danh gia
gia tri gibng nho vao su sai khac mong doi qua cac thé hé sau. Hau hét céac
tinh trang kinh té 1a nhiing tinh trang phuc tap dugc kiém soét boi nhiéu
gen va bi anh hudng bai nhan tb méi truong.

Mot gen la mot doan axit deoxyribonucleic (ADN) dugc tao nén tur
cac cap cuaa 4 nucleotid (A, C, G, T). M6t gen ma hoa cho mot protein dac
hiéu. N6 c6 thé xay ra sy thay ddi ddi véi trinh tu ADN ¢ mot gen va trinh
ty ndy c6 su khéc biét gitta cac ca thé. Nhiing sy khéac biét nay trong mot
gen duoc goi 1a alen va dan téi sy khac nhau vé sé luong va cac dang
protein dugc ma hoa tir cac gen do. Protein dugc tao ra tir cac alen khac
nhau, c6 thé anh huong dén sy biéu hién cua mot tinh trang xac dinh va anh
huong téi ning sudt quan sat. Gan day di co kha nhiéu cong bd vé gen ung
vién lién quan dén cac tinh trang ning suat, chat luong va kha nang khang
bénh nhu: gen ESR, PRLR FSHB, RNF4 va RBP4 lién quan tai tinh trang
sinh san ¢ lon; gen, MC4R, PIT1, GH, LEP, PIK3C3 lién quan dén tinh
trang nang suat thit ¢ lon; gen ADRB3, ACSL4, FABP3, PLIN2 lién quan
dén tinh trang chat luong thit ¢ lon; gen FUT1, MUC lién quan dén kha
nang khang bénh...

Chi thi di truyén hodc chi thi phan ta hay chi thi ADN (Genetic
Marker hoac Molecular Marker hay ADN marker) la mot gen hoac trinh tu
ADN tai mot vi tri da biét trén mot nhiém sic thé duoc st dung dé xac dinh

cho cac ca thé hoic loai vat nudi. Chi thi di truyén cé thé 1a mét trinh tu



ADN ngin, chang han mét trinh tu xung quanh mét da hinh nucleotide don
hodac mot trinh tu dai nhu 1a minisatellite (Wikipedia).

Kor va cs. (2014) cho rang céc chi thi di truyén dugc xem nhu nhitng
“dau chuan” trong bo gen, ¢ thé so sanh cac con vat véi nhau trén co so
nhitng “dau chuan” nay. Bén @ng dung quan trong caa chi thi di truyén
trong chon gidng vat nudi la: 1) Kiém tra hé pha théng qua viéc xac dinh
chinh xac duoc bd cua con vat; 2) Tim ra cac alen c6 anh huong thuan loi
trong chon gidng. Nhiéu chi thi di truyén lién két chat ché vi mot locus
tinh trang s6 luong (Quantitative Trait Locus, QTL) anh huong ti nhiéu
tinh trang cua vat nudi; 3) Tim kiém céc alen c6 anh huong xau téi vat
nudi, chang han cac khuyét tat di truyén do mot gen lan gay ra tir d6 co thé
chon loc dé loai bo anh huéng cta cac gen ndy trong dan vat nudi va 4)
Tham gia vao chon loc bo gen.

Gan diy cac nha khoa hoc d bat dau nhan dang cac ving ADN c6
anh huong toi cac tinh trang. Ho da st dung k¥ thuat phan tir dé xac dinh
nhitng da hinh di truyén trong trinh tu cic cip bazo tai nhiing ving nay.
Thi nghiém da phat trién dé nhan biét nhitng sai khéc tinh vi (khé phét hién
ra). Diéu nay cho phép phat trién cac chi thi di truyén ma c6 thé st dung dé
nhan biét mot ca thé dang mang mot doan ADN gan vai tinh trang quan
tam c6 biéu hién hay khong biéu hién. Cac chi thi di truyén & mot ving xac
dinh trén phan t& ADN c6 thé chi khac nhau & mot cip bazo. Nhitng sai
khac nhu vay duoc goi la da hinh nucleotide don hay SNPs. Cac thu
nghiém dwa vao SNPs phan tich ADN bat ngudn tir mot cac thé dé xéc dinh
trinh tu ADN cé mat & mét vi tri dac hiéu (cap nucleotide).

Phan tich kiéu gen (genotyping) 1a mot thuat ngit duoc st dung dé
mO0 ta qua trinh ma duoc st dung trong cac phuong phap phong thi nghiém
dé xac dinh trinh tu cac nucleotide trong doan ADN tir mot cé thé, thuong
& mot caa gen riéng biét hoac mot vi tri dac hiéu trong hé gen. Chon loc

mot cé thé cd chi thi mang gen biéu hién cd loi 1&n tinh trang quan tam, cé
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thé dan toi su thay doi kiéu hinh quan sat. Mac du céc tinh trang phac tap
bi chi phdi boi nhiéu gen, tuy nhién kiéu di truyén cua mdi chi thi 1a don
gian, mdi cé thé c6 mot alen chi thi tir bd hodc me.

Chon loc dya vao su hd tro caa chi thi di truyén 1a phuong phap sir
dung cac két qua phan tich ADN dé gitp cho su chon loc cé thé tir bé me
cho téi céc thé hé tiép theo trong chuong trinh cai tién di truyén. Phan tich
kiéu gen cho phép phét hién chinh xac cac dang ADN dic hiéu ma anh
hudng 1én cac tinh trang phuc tap. Cac chi thi cua cac tinh trang phuc tap
duogc két hop véi chi mot gen trong nhiéu gen ma di truyén theo huéng tinh
trang do.

Chon loc dya vao su hd trg caa chi thi di truyén cd hiéu qua nhat doi
Vi Cac tinh trang c6 cac dic diém sau: kha nang di truyén thap; khé khin
va tén kém dé danh gia; tinh trang biéu hién mudn khong thé danh gia cho
t6i khi c& thé da di truyén cho cac thé hé tiép theo; hién tai khong duoc
chon loc vi khong dugc danh gia déu dan.

1.1.2. Mt s6 phwong phdp nghién civu da hinh di truyén

Véi su phét trién caa cong nghé sinh hoc phan tir, cac chi thi phan tir
ADN d3 c6 nhiing tién bd nhanh chéng. Chi thi phan tdt ADN duogc 4p
dung kha rong rai trong nghién ctru da hinh di truyén phuc vu cho cong tac
chon giéng, nghién ctru tién hoa va phan loai hoc,... dua trén nhiing dac
tinh cta phan tir ADN (tinh da dang, 6n dinh va dic trung cho ca thé va cho
loai,...).

Céc phuong phap nghién ctru da hinh di truyén dya trén chi thi phan
tir ADN pho bién nhu:
1.1.2.1. K3 thudt da hinh d¢ dai doan cdt han ché (Restriction fragment length
polymorphism- RFLP)

K§ thuat co ban trong xac dinh RFLP duoc tién hanh theo cac buéc
cit mau ADN bang enzyme cat gidi han, 12 cac enzyme nhan biét va cit

mot doan ADN ngan dic hiéu. Cac manh ADN tao ra sau d6 duoc phan
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tach bang qua trinh dién di trén gel agarose va dugc chuyén 1&n mang lai
théng qua quy trinh lai Southern. Két qua cia qua trinh 14 tao ra hinh anh
cac phan doan ADN khac nhau. Cac hinh anh phan doan ADN khac nhau
nay duoc tao nén do sy thay thé, thém vao hay bét di cua céc nucleotide
hodc do da hinh nucleotide don.

Phuong phap nay duoc ¢ng dung trong 1ap hé so di truyén, 1ap ban
d6 hé gen, phan tich bénh di truyén va xét nghiém pha hé.

RFLP la céng nghé nghién ctu da hinh ADN dau tién dugc tng
dung mét cach rong rai vi co do tin cay cao, boi nd dugce tao ra tir cac vi tri
cu thé théng qua cac enzyme han ché da biét va két qua khong doi theo thoi
gian va vi tri.

Két qua nghién ctru c6 thé phan biét di hop tir v6i dong hop tir.

Han ché ciia RFLP nhur sau:

RFLP chi co thé kiém tra cac dot bién cu thé tai cac vi tri cat
enzyme, diéu nay han ché viéc xac dinh toan bd bién doi gen ¢ dong vat.

Tinh da hinh cta cic ddu RFLP tuong ddi thap va phai dugc phat
hién bdi déng vi phong xa, diéu nay lam han ché ung dung cua no.

Ngay nay, ki thuat nay da trg nén I5i thoi va bi thay thé boi cong
nghé giai trinh tu. Tuy nhién, RFLP van la mot k§ thuat duoc st dung
trong lya chon hd tro marker.
1.1.2.2. Ky thugt PCR-RFLP

PCR la mot ky thuat ctia sinh hoc phan tir cho phép nhan ban mot
doan ADN mong mudn tir hé gen ADN cua sinh vat thanh nhiéu ban sao
& bén ngoai té bao. RFLP 1a ki thuat nghién ctru tinh da hinh chiéu dai cia
cac phan doan ADN dua trén diém cit cac enzyme giéi han (Restriction
Enzyme, RE).

Phuong phdp PCR-RFLP duogc phat minh dya trén ki thuat PCR
(Polymerase Chain Reaction,) dugc tng dung dé xac dinh da hinh gen

cua cac gen Ung vién.



Sau khi nhan doan ADN nhd mot cap mdi dic hiéu, san phém PCR
dugc cat bang mot enzyme gidi han. Sau khi phan tich cic san pham cat
bang dién di trén gel agarose co thé thdy dugc su thay thé cic bazo nito hay
su thay ddi trat tw cac bazo nito tai vi tri cit trén ADN duoc nhan 1én.

Nguyén tic ctia phuwong phép 14 tao lugng 16n cac doan ADN dic thu
tir ADN khuon dua trén co so hoat dong ciia ADN polymerase dé tong hop
soi mGi b sung.

Céc yéu t6 co ban dé thyc hién phan tng PCR bao gom:

- Soi khuén ADN chi can biét trinh tu nucleotide ctia doan nhd nam
canh doan can nhan dé thiét ké hai mdi oligonucleotide.

- Hai doan modi ngan dé xac dinh cac diém bat dau tong hop ADN.
La tin hiéu chi huéng di (5°—3°) ciia enzyme ADN polymerase. Moi dai
khoang 20 nucleotide va cac nucleotide ¢ hai dau ctia moi khong tu két hop
v6i nhau theo nguyén tic bo sung.

- C6 day du cac loai nucleotide dJATP, dTTP, dGTP, dCTP.

- Moi truong dém cung cip ion Mg va nudc tinh khiét khong co
enzyme RNase va DNase.

- Enzyme chiu nhi¢t Thermus aquaticus (Taq)

Dung tich tong s6 cho mot phan tng PCR khoang tir 20 pl dén 50 pl.

Phuong phéap nay dugc ap dung kha phd bién trén nhiéu phong thi
nghiém trén thé giéi do phat hién da hinh tuong ddi cao, dé tién hanh, chi
phi thap.

K§ thuat PCR duoc tmg dung rong rii trong nhiéu linh vuc khac
nhau, tir nghién ctru khoa hoc dén san xuat va doi séng x4 hoi.

Xéc dinh cac doan trinh tu can nghién curu;

Phét hién dot bién;

Nghién ctru qua trinh tién hod phén ti;

Phuc hoi cc gen da tdn tai hang triéu nam;

Chon giong vat nuoi, cay trong;
Y



Lua chon céac cip cha me thun chung trong thoi gian ngan;

Xac dinh céac loai mdi, cac loai dic hitu bang phuong phéap di truyén
phan ttr;

Y hoc - Khoa hoc hinh su.

Chuén doan chinh x4c cac bénh nhiém trung tu vi khuan, nim, virus;

Chuan doan sém cac bénh giy ra do ung thu, cac bénh di truyén;

Xéc dinh huyét thong, truy tim ddu vét t6i pham.
1.1.2.3. Ky thudr da hinh dé dai doan nhan chon loc (Amplified fragment
length polymorphism - AFLP)

K¥ thuat AFLP duoc sir dung dé phat hién da hinh ADN. Phan tich
AFLP duoc két hop ca RFLP va PCR bang viéc gan cac chudi nhan biét
vao mdi hay con goi 1a chudi tiép hop (adapter) dé nhan chon loc cac phan
doan ADN duoc cit han ché. Cac cap mdi thuong tao duoc tu 50 - 100
bang trong mot phan tich. Mdi doan bao gdm mot phan ¢ dinh dai hon 15
bp chira vi tri nhan biét ctia enzyme gidi han va mot phan thay doi ngan 2
- 4 bp. Phan cd dinh dai tao ra sy on dinh ctia san pham va phan thay doi
ng:fm tao ra nhiéu locus, c6 thé trén 100 locus véi mot to hop mdi AFLP.
Su da hinh duoc xac dinh b'fmg sy ¢c6 mat hodc khong c6 mat cua mot
phan doan ADN. San phim PCR sau d6 duoc phén tach trén gel co do
phéan giai trinh tu cao va c6 thé nhin thiy bang phéng xa tu chup. Néu
khong sir dung nucleotit duwoc danh ddu phéng xa, c6 thé sir dung k¥ thuat
nhudm huynh quang hodc nhuém bac dé quan sat san pham.

K¥ thuat ndy gém bdn budc:

Cat ADN hé gene bang enzyme gi6i han va gan cac oligonucleotide
tiép hop (adapter).

Khuéch dai tién chon loc béng cap moi tién chon loc.

Khuéch dai chon loc st dung cac to hop mdi EcoRI va Msel chon
loc khac nhau.

Phan tich trén gel cdc doan ADN dugc nhan [én.
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Uu diém ciia ky thudt AFLP:

AFLP khéng phtrc tap nhu RFLP nhung van khao sat dugc toan
b0 gen.

C6 tinh 13p lai cao hon RAPD va chi can sir dung mot lugng nhoé ADN
ban dau.

Khuéch dai c6 chon loc mét lugng 16n cac doan ADN da hinh
(polymorphism) trong mot phan ing PCR, phu hgp cho viéc phan tich da
dang giita cac quan thé c6 quan hé gan nhau.

Khong can biét trudc trinh ty ADN cila gen can nghién ctu, khong
can str dung nhiéu loai moi.

La k¥ thuat in ddu ADN con kha méi la nhung rat hiéu qua, c6 thé in
d4du ADN cua bat ky nguén géc phtrc tap nao tur sinh vat nhan so, thuc vat,
dong vat dén con nguoi.

Han ché cia ky thudt AFLP:

AFLP 1a mot marker trdi, diéu nay lam han ché phan bi¢t ca thé déng
hop va di hgp.

Quy trinh dai, phirc tap, ton nhiéu thoi gian thuc hién.

Lé thudc nhiéu vao thao tac & nhitng budc dau dé c6 duge phé dién
cac phan doan ADN 1y tuéng.

Ung dung ciia ky thudt AFLP:

In ddu ADN, lap ban d6 ADN marker hiéu qua nhat so v6i nhiing
marker khac.

Tao nhom lién két di truyén giira cac giéng.

Panh gia mirc d6 lién hé di truyén hodc sy khac nhau gitra cac giong.

La cong cu hiéu qua dé phat hién tinh chit da hinh nén dé dang nhan
biét su khac biét giita cac ca thé.
1.1.2.4. Ky thudt v tri chudi ddnh ddu (Sequence Tagged Sites-STS)

Khai niém STS dugc dua ra boi Olson va cs., 1989 khi danh gia tac

dong c6 kha nang xay ra cta phan ang chudi polymerase (PCR) di V6i
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nghién ctu bd gen ngudi. Vi tri chudi danh dau (STS) Ia ving ngan trong
genome (c6 do dai 200 - 500 cip bazo) ma trinh tir cua nd khong thé co ¢
bat ctr noi nao khac trong genome. Chudi trinh tu duy nhat nay c6 thé nhan
ban duoc bang PCR. Trinh tu ADN cuaa STS ¢6 thé c6 céc yéu té lap lai, va
cac trinh ty xuat hién bat cr & dau trong genome, nhung trinh tu & hai dau
cua STS 1a duy nhat. Chung ta c6 thé tong hop cac mdi duy nhat bd sung
vé6i trinh ty & hai dau STS va nhan doan STS bang PCR.

Phéan loai STS:

Véi nghia rong, STS bao gom céc chi thi nhu microsatellites (SSR,
STMS or SSRP), SCAR, CAP va ISSR.

Microsatellites: Cac locus da hinh thé hién trong ADN hat nhan va
ADN t6 chtic bao gém cac don vi l3p lai cua 1 - 10 cip co sd, dién hinh
nhat, c6 chiéu dai 2 - 3 bp, con dugc goi la Simple Sequence Repeats
(SSR), Sequence-Tagged Microsatellite Sites (STMS) hoac Simple
Sequence Repeats Polymorphisms (SSRP). Cac SSR rat dé thay doi va
phan b6 dong déu trong toan bo hé gen. Pay 1a loai ADN lip lai pho bién &
sinh vat nhan thue. Cac da hinh nay duoc xac dinh bang cach xay dung cac
doan mo6i PCR cho ADN bén canh viing microsatellite. Cac ving bén sudn
c6 xu hudng dugc bao ton trong lodi, mic du doi khi chung ciing c6 thé
dugc bao ton & cac cap do phan loai cao hon.

Vving Khuéch dai trinh ty dic trung (Sequence Characterized
Amplified Region - SCAR).

Céac doan ADN duoc khuéch dai bing phan wng chudi polymerase
(PCR) bang cach sir dung cac doan moi 15 - 30 bp cu thé, duoc thiét ké tur
c4c trinh ty nucleotide duoc thiét 1ap trong cac doan RAPD duoc nhan ban
(Random Amplified Polymorphic DNA), dugc lién két véi mot dic diém
quan tdm. Bang cach st dung mdi PCR dai hon, SCAR khéng phai d6i mat
v6i van dé do tai lap thip thuong gap véi RAPD. C6 dugc mot diém danh
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ddu ddng chi phdi co thé 1a mot loi thé bd sung cua viéc chuyén d6i RAPD
thanh SCAR.

Trinh tu da hinh dugc khuéch dai dd xoda (Cleaved Amplified
Polymorphic Sequences - CAPS).

Cac dang da hinh STS c6 thé dugc phat hién bai sy khac biét vé do
dai doan gigi han do SNP hodc INDEL tao ra hoac loai bo céac vi tri nhan
dang endonuclease giéi han trong cac amplicon PCR duoc tao ra boi moi
oligonucleotide dic trung cho vi tri. N6i cach khac, k¥ thuat nay nham muc
dich chuyén dbi va dai khuéch dai khéng cho thay su thay doi theo do dai
ctia san pham PCR thanh dai da hinh.

Lap lai trinh tu lién don gian (Inter-Simple Sequence Repeats - ISSR).

STS da hinh duoc tim thay giira cac lan lap lai cua té bao vi md. Cac
doan mdi c6 thé dugc thiét ké dua trén sy 1ap lai cia mot té bao vi mé.
Trong trudng hop d6, k¥ thuat nay s& nham muc tiéu dén nhiéu locus do sy
phong phu cuaa céac trinh tu 1ap lai trong bo gen.

Ngoai ra, cac doan mdi ¢6 thé duoc mé rong bén ngoai hoic bén
trong ISSR. Trong trudong hop d6, mot viing duy nhat c6 nhiéu kha ning s&
duoc khuéch dai.

Uu diém cua ky thuat STS 14 tao ra céc chi thi déng troi, c6 thé phan
biét duoc di hop tar va cé tinh lap lai cao vi cac méi sir dung dai.

Nhuoc diém cua ki thuat nay la can biét vé trinh tu vang STS va can
dau tu cho viéc phat trién méi dic hiéu.

STS duoc st dung cho nghién ctu da dang di truyén, nhan biét gen,
so sanh ban d, xac dinh gen lién két, xac dinh do thuan hat lai va danh gia
tinh khang bénh.
1.1.2.5. Ky thudt da hinh nucleotide don (Single Nucleotide Polymorphism-
SNP)

Pa hinh nucleotide don (SNP) 1a su thay thé caa mot nucleotide &

mét vi tri cu thé trong genome. C4c vi tri thé hién SNP trong genome 1a noi
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ma & d6 chudi ADN duoc phan biét bai mot bazo duy nhat khi hai hoic
nhiéu ca thé dugc so sanh. Su khac nhau vé nucleotide nay c6 thé dan dén
thay doi tinh trang dic biét hay kiéu hinh, hodc c6 thé 1a su thay ddi trung
tinh duogc sir dung dé danh gia sy da dang trong tién hoa. SNP 1a dang thay
ddi trinh tu trong genome phé bién nhat cho téi nay.

SNP duorc chia thanh hai loai chinh:

SNP dugc lién két (con goi 1a SNP chi dinh) khong cu trii trong gen
va khong anh huong dén chirc ning protein.

SNP anh huong dén chirc ning cia protein, ¢ hai dang: SNP ma
hoa 13 cac SNP niam trong ving mi héa cta gen, lam thay ddi trinh tu
axit amin cua protein do gen ma hoa. SNP khong mi hoa, nam trong
trinh tuy diéu hoa ctia gen, 1am thay d6i thoi gian, vi tri hodc mutc do biéu
hi¢n gen.

C6 nhiéu phuong phap dé phat hién SNP bao gém cac phuong phap
lai (lai allele dac biét, SNP microarray), cac phuong phap str dung cac
emzyme (RFLP, PCR, phuong phap kéo dai mdi, str dung 5’-nuclease...),
cac phuong phap dua trén tinh chét vat Iy caia ADN ddi vai cac san pham
PCR (SSCP, dién di gradient nhiét do, sic ky long cao ap bién tinh...) va
phuong phap giai trinh tu.

Phuong phap dinh kiéu SNP théng dung nhat hién nay l1a “lai,
phuong phap cit va kéo dai moi”. Lai lién quan dén viéc lai mot soi don
ciia mot san pham PCR c6 chita SNP véi oligonucleotide bo sung va do
mutc do lien két giira chung. Phuong phap kéo dai mdi do kha ning cua
ADN polymerase d¢ md rong mot nucleotide qua vi tri da hinh ma
nucleotide nay sé& chi cho kéo dai qua mot trong hai bién thé da biét. Cong
nghé cét xac dinh kiéu SNP dya vao kha ning caa mot enzyme cit.

Torjek va cs., 2003 sir dung cac xét nghiém mé rong PCR gitp thu

nhan d6t bién diém mot cach hiéu qua. Quy trinh yéu ciu it ADN trén
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mdi miu va chi phi it cho mdi miu sau khi phuong phap dugc thiét lap
(Korzun, 2003).

Mic di SNP ¢6 cac uu viét hon cac ki thuat khac, né van c6 mot sb
nhuoc diém nhu: su han ché kham pha ciac SNP trong cac co thé khong
phai hinh mau do su tén kém va kho khin trong cic cong nghé dang duogc
str dung dé phét hién SNP.

SNP dugc sir dung trong 1ap ban dd di truyén, trong nghién ctru da
dang di truyén, trong nhan biét gidng va trong chon giong.
1.1.2.6. Ky thudr da hinh ADN nhdn ngau nhién (Random amplified
polymorphism-RAPD)

RAPD la phuong phap phan tich da hinh cdc doan ADN dugc nhan
ban ngau nhién. K§ thuat RAPD dua trén co s& ctia phan tmg PCR véi cac
cdp moi c6 trinh tu ngiu nhién thudng dai khoang 10 bazo. Cac doan moi
néu bat cip ngau nhién véi ca hai mach ddi dién cua mach khuén ADN
trong khoang cach c6 thé khuéch dai duoc (dudi 3000 bp) va s& cho ra
nhitng doan ADN c¢6 kich thudc khac nhau sau khi khuéch dai. Sy ¢6 mit
ctia cac san pham ADN khéac nhau chimg té dd c6 mot su tuong dong hoan
toan hay mot phan giita ADN bo gen va mdi. Cac moi dung trong RAPD
thuong ngan, vi vay dé dang tim duoc cac doan tuong dong trén mach don
ADN b0 gen. Do d6, tinh da dang thu dugc nho RAPD la dang tin cay, vi
khi c6 sy thay ddi mot bazo nito nao do6 thi nd sé ngan can vi¢c tiép hop
gilra moi va ADN mach khuon. Sy mat doan nhi®m sic thé hodc su thém
b6t diém gan moi cling nhu sy xen vao clia mdt gen ndo do s& 1am thay d6i
kich thudc doan ADN duoc khuéch.

Phuong phap nay cho phép phat hién da hinh nhanh, don gian,
khéng doi hoi ky thuat cao, ré tién hon so v6i cac phuong phap khac nhu
RFLP, SSR.

Tuy nhién, phwong phap ndy ciing c6 nhitng han ché nhu:
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Su xuét hién cac bang tinh trd1, diéu do khong phan biét dugc ca thé
ddng hop tir va ca thé di hop tu.

Tinh 1ip lai khong cao do mdi 1a mdi ngiu nhién va phu thudc diéu
kién phan tmg PCR tré ngai trong viéc giai thich cac bang co cung téc do
di chuyén.

K§ thuat RAPD duoc tmg dung dé nghién ctru da dang di truyén cua
cac gidng va thiét 1ap ban do di truyén.

1.1.3. Piic diém giéng lon Duroc

Lon Duroc dugc Cong ty TNHH lon giéng hat nhan Dabaco nhap tir
Canada va bai Loan tir nam 2014 - 2018, nu6i tai Xa Tan Chi, huyén Tién
Du, tinh Bic Ninh.

Lon c6 mau 1ong tir mau vang cho dén mau nau dam toan than; than
ngén, mdm va bdn chan c6 mau den; ngoai hinh can ddi, viing chic, tai to
ngan cup che mat, tam voc vira phai; chan to cimg chic.

Danh gia kha nang sinh trudng va sinh san cua lon Duroc Pai Loan
va Canada nudi tai cong ty TNHH lgn giéng hat nhan Dabaco cho thay:

Kha ning sinh san: Tudi dé lta dau cua lon nai Duroc 355 - 365
ngay. Tudi dé lra dau caa lon nai Duroc nudi tai Cong ty TNHH lon gidng
hat nhan Dabaco déu dat tiéu chuan theo Quyét dinh sé 657/QD-BNN-CN
(2014) vé viéc phé duyét cac chi tiéu dinh mic kinh té ky thuat cho cac dan
vat nudi giéng gbc dbi vai lon ngoai (tir 340 - 385 ngay); khoang céch lua
dé cua lon nai Duroc 140 - 145 ngay; so la dé cua lon nai Duroc 2,2 - 2,3
lra/nai/nam; s6 con binh quan mdi 1aa 9 - 11 con/ltra; khéi luong so sinh
dat 14 - 16 kg/0; khdi lugng cai sira dat 60 - 70 kg/6. Lon nai tiét sira kém,
nudi con kém, nhu cau dinh dudng cao, sic khang bénh kém.

Kha ning sinh trudong: Puc giéng trudng thanh co khéi luong tir 320
- 350 kg. Nai truong thanh ¢ khéi luong tir 250 - 280 kg. Kha ning ting
khdi lugng tir 750 - 800 g/ngay, day m& lung 10 - 12 mm. Nguyen Huu

Tinh va cs. (2015) nghién ctu trén 482 lon Duroc nudi tai Trung tam
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Nghién cttu va Phét trién Chin nudi heo Binh Thang, cho biét ting khoi
lugng trung binh hang ngay giai doan 20 - 100 kg cua lon Duroc dat 743,48
g/ngay. Ngbd Thi Kim Cuc va cs. (2015) da nghién ctru trén 282 lon Duroc
nuoi tai Trung tdm nghién cuu lgn Thuy Phuong - Vién Chan nuéi chi ra
rang tang khoi luong 1a: 755,06 g/ngady. Tuy nhién, cac mic tang khoi
lwong néu trén con thap so véi s6 lieu theo ddi & mot sé nude phat trién.
Tang khéi luong cua lon Duroc nudi tai Nhat Ban dat 873,6 g/ngay (Suzuki
va cs., 2005), nudi tai Tay Ban Nha dat 861g/ngay (Rauw va cs., 2006).
Cong ty DanBred (2014) cho biét tai Pan Mach, lon duc Duroc nudi tai
tram Kiém tra ning sudt c6 mic ting khdi luong trung binh hang ngay
tuong ung la: 1,140 g/ngay.

Nhu vay, kha ning ting khéi luong cua lon Duroc c6 ngudn géc tir
Canada va Pai Loan khong vuot troi so véi mot sé co sé khac va dic biét
1a thap hon nhiéu so voi mot sé nude phat trién. Vi vy, nghién cau theo

huéng tang cudng chon loc tinh trang ting khéi lugng, day m& lung, ty 16

Lon duc Lon cai

(Ngudn: Cong ty TNHH lgn gidng hat nhan Dabaco)
Hinh 1.1. Giéng len Duroc
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1.2. PAC PIEM CUA CAC GEN UNG VIEN
1.2.1. Bg gen cua lon

Bo gen cua lon (Sus scrofa) gdbm 18 cap NST thuong va 1 cap NST
gidi tinh, bao gdm khoang 2.5 ty cip bazo (base pair, bp). Kich thudc bd
gen tuong tu nhu cia ngudi vao khoang 2,7 Gb. Vao nhiing nam 90, ban
d6 di truyén déau tién trong bd gen cia lon da duoc cong bd (Pigmap). Hiép
hoi gidi trinh tu by gen lon (the Swine Genome Sequencing Consortium,
SGSC) cong bd trinh ty bd gen lon, dat tén 1a Sscrofa 10.2, bao gém téng
cong 21,630 gen ma hoa, 30,585 gen phién ma va 3,124 gen khéng mé héa
(ban Ensembl 89; http://www.ensembl.org). Sau d6, bd tham chiéu Sscrofa
11.1 tré thanh bd gen tham chiéu cho nghién ctru bd gen & lon, ¢6 do chinh
xé4c cao hon dang ké (> 90 1an) so v6i Sscrofa 10.2.

T hop bd gen lon Sscrofa 11.1 dugce xuit ban vao thang 01 nam
2017 (ban nang cap Ensembl 104; http://www.ensembl.org, truy cap thang
5 nam 2021), bao gdm tong cong 21,303 gen ma hoa, 63,041 gen phién ma
va 8,979 gen khdng mé hoa.

Nhitng tién bo vé di truyén hoc phan tir 43 mo ra nhiing co hi ting
cudng cai thién di truyén gidng lon bang cach chon loc truc tiép dya trén
cac gen hay vung nhiém sic thé chira cac gen anh hudéng dén tinh trang

mong mudn & lon.

é E E E E Chr 10
chrT
Chrz =hr s Chr4 Chr s chr = Chro

Chr 1

Chr 1=z E Chr 15
Chr 11 Chr1G Chrﬂr E
Chr 14 Chr 15

Chr =

Zhr 1z

Nguén: https://www.animalgenome.org/pig/genome/db/
Hinh 1.2. B nhiém sic thé caa lon
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1.2.2. Gen MC4R (Manocortin-4 Receptor)
Gen MC4R nam trén nhiém sic thé sé 1 duoc ma hda bai mot exon

duy nhat, c6 chiéu dai 2112 bp, (mi trinh tu tham chiéu trén ngan hang

gen: NC _010443.5), ma hda cho 332 axit amin.
(159517091 Jr [161303513

COHa0 LOC11n261 667 LOC110261 6a1
LOc102] 65264 HC4R PHAIF1

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term=Nc_010443.5+mc4r
Hinh 1.3. Vi tri MC4R trén NST s6 1 - NC_010443.5

Gen MCA4R thy thé duoc biéu hién chu yéu trong hé théng than kinh
trung wong dong vai trd quan trong trong viéc diéu tiét kha nang tiép nhan
thire an va can bang nang luong (Yang, 2011).

Phén tich da hinh gen MC4R & lgn cho thiy da hinh gen lién quan
véi tang khéi lugng, day m& lung va ty I& nac (Hernandez-Sanchez va cs.,
2003; Houston va cs., 2004; Jokubka va cs., 2006; Kim va cs., 2006; Ovilo
va cs., 2006; Bruun va cs., 2006; Pio’rkowska va cs., 2010; Switonski va
cs., 2010; Hirose va cs., 2014; Jokubka va cs., 2006).

O ngudi, gen MCA4R lién quan dén bénh béo phi (MacKenzie, 2006;
Loos va cs., 2008; Chambers va cs., 2008; Thorliefsson va cs., 2009). Mac
di phan 16n céc nghién cau cho thay bénh béo phi ¢ méi lién quan véi da
hinh gen MC4R, mot s6 nghién cau khac lai cho rang méi lién quan khéng
dang ké (Sherag va cs., 2010; Xi va cs., 2012, Bazzi va cs., 2014,
Albuquerque va cs., 2014, Fernandez va cs., 2015).

1.2.3. Gen PIT1 (Pituitary-specific transcription factor)

Gen PIT1 nam trén nhiém sac thé s6 13 gdm co 6 exon va 5 intron c6
kich thuéc 19724 bp (ma trinh ty tham chiéu trén ngan hang gen:
NC_010455.5), mi hoa mot phan tir protein gdm 290 axit amin. So sanh
trinh ty nucleotit thdy rang cADN PIT1 & lon tuong dong véi cac dong vat

c6 v khac (nguoi, bo, ctru, chudt) 1a 90 - 95%. Tuy nhién, khi so sanh gitra
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cac giéng lon khac nhau, trinh tu gen PIT1 gidng nhau 93%. Nhu vay, co
su khac nhau 16n gifta cac gidng lon.
[167951444 o [ 168539962 pr

HTR1F LOCT 10256256 POUFL & WGLL'
CHAP2E

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term=Nc_010455.5+pit1
Hinh 1.4. Vi tri PIT1 trén NST 6 13 - NC 010455.5

Gen PIT1 Ia mot gen ung vién quan trong lién quan dén tang truong,
sinh san, nang suat sira va cac thanh phan cua sira. Diéu nay 1a do gen PIT1
ma hoa cho cac protein dong vai trd quan trong trong qua trinh phét trién
cta co thé va diéu hoa sy phién ma cac hoocmon ting trudéng GH, prolactin
(PRL) va hoocmon kich thich tuyén giap (TSH-B) (Yu va cs., 1995; Cogan
va Phillips., 1998; Ribeca va cs., 2014; Li va cs., 2016).

Yu va cs. (1995) chi ra rang da hinh PIT1 ¢ lon c6 lién két voi
khdi lugng so sinh, khdi lugng cai sira, ting khdi lwong trung binh va
day m& lung. Brunsch va cs. (2002) két luan gen PIT1 c6 mdi lién két
véi cé4c tinh trang sinh trudng, chat luong thit & lon. Franco va cs. (2005)
str dung phuong phap PCR-RFLP phan tich 218 ca thé lon Landrace thay
rang da hinh gen PIT1 c6 lién quan dén day m& lung. Theo Kim va cs.
(2014), kiéu gen nay con anh huong tich cuc dén khéi luong thit xé, day
m& lung va mau sic thit & lon lai thwong pham giita ba giéng Duroc,
Yorkshre va Landrace. Gen PIT1 lién quan dén ting truong, chat luong
thit va nang suét sinh san caa lon (Pidrkowska va cs., 2013). Song va cs.
(2007) cho rang sy thay dbi di truyén trong intron 1 (su chén hoic x6a
313 bp) cua gen PIT1 co lién quan dén su phat trién caa lon va tan sb
kiéu gen cua intron 1 khac nhau giira cac giong lon.

Mot s6 da hinh trong gen PIT1 cling da dugc duge bao cdo lién quan

dén dic diém ting trudng & dé va bo (Zhang va cs., 2009; Zhou va vs.,
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2016; Ma va cs., 2017; Zhu va cs., 2019); san lugng sira & bo (Ahmadi va
cs., 2015); cac dic diém tang truong, khéi luong cai sira, kich thudc loa dé
va céc dic diém chat luong thit & ctru (Mura va cs., 2012; Ozmen va cs.,
2013; Sadeghi va cs., 2014; Jalil-Sarghale va cs., 2014; Bai va cs., 2016;
Al-Khuzai va Al-Anbari., 2018); cac dic diém ting truong va chat lugng
thit & tho (Wang va cs., 2015); khéi luong co thé va sé luong tring ¢ ga
(Yanvacs., 2013; Lé Thi Thu Ha va cs., 2015; Ma va cs., 2017).
1.2.4. Gen GH (Growth hormone)

Gen GH nam trén nhiém sic thé s6 12 (p1.2 - p1.5) c6 kich thuéc
chiéu dai 2231 bp bao gém 5 exon va 4 intron (ma trinh ty tham chiéu trén
ngan hang gen: NC_010454.4)

[ 15001356 [ 15101559 e
SON#A LOC1 065054 1 SHARCD2
COTSE- - GHLep
L OG0 051 2520

Ngudn: https://www.ncbi.nim.nih.gov/gene/?term=Nc_010454.4+gh
Hinh 1.5. Vi tri GH trén NST s6 12- NC_010454.4

Hoocmon tang trudng (GH), con goi 1a Somatotropin. Hoocmon nay
dugc san xuét boi thuy trude tuyén yén (anterior pituitary gland). GH dugc
giai phong vao hé tudn hoan va gy ra su tiét insulin giéng nhu yéu td ting
truong (IGF-1) trong cac mé dich, né gy ra mot loat cc tic dung trao doi
chat vi n6 vira 1a chit ting duong huyét vira 13 chat phan giai md
(Polkowska va cs., 2011); Hoocmon tham gia truc tiép vao cac qua trinh trao
d6i chat cua dong vat (Barrera-Saldafia va cs., 2010), ting truong (Hua va

cs., 2009), sinh san (Scaramuzzi va cs., 1999 ) va cho con bu (Baldi, 1999).
Tuyén yén & nguodi vi mot ly do dic biét khién viéc san xuit GH
cham hodc khong thé san xuét dugc GH gay ra bénh lun, coi coc, ti hon.
Trong khi, thira GH gy ra hoi ching ngudi khéng 16 (bénh to dau chi).
Gen GH anh hudng hau hét dén toan bd cac mé trong co thé, véi cac chic
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ning chinh nhu: Lam ting su van chuyén axit amin vao mo, tong hop
protein ¢ gan, dua axit béo vao mau, giam hap thu glucose ¢ co va md md,
tang tai tao glucose & gan, kich thich gan than co va mot s6 mo khéc tao ra
yéu t6 ting truong gidng insulin (IGF = Insulin Like Growthe Factor) lam
tang su phan bao. Do do, GH 1a mot loai hoocmon déc biét quan trong gitp
co thé van hanh theo dtng nhip sinh hoc tu nhién.

Nhiéu nghién ciru vé méi lién quan giita gen GH v&i cac tinh trang
sinh truong di duoc tién hanh. Nisen va Larsen (1991) cho thay su sai khac
trong gen GH c6 thé anh hudng truc tiép dén su biéu hién cia cic protein
lién quan dén truc sinh truong. Knorr va cs. (1997) khi nghién ctru da hinh
Apal va Hinpl d4 chi ra mbi lién két giira cac kiéu gen véi cac tinh trang vé
mo (day mo lung, khoi luong m& lung, ty 1¢ nac mad, phﬁn tram thit nac,
phan trim thit m& va day m& lung & phan hong) trén quan thé con lai F2
(Meishan x Pietrian).

Pa hinh DedI-RFLP ciing duoc khang dinh c6 lién quan dén day mo
lung va tang khi luong trén lon Landarce (Franco va cs., 2005). Gan day,
da hinh Fokl-RFLP cta gen GH ciing duoc bao cdo 1a c6 lién quan dén céc
tinh trang than thit va sinh truéng (Biziené va cs., 2011; Faria va cs., 2006;
Lyubov va cs., 2017).

Nghién ctiu 2 diém da hinh gen A781G, A1575G trong gen GH va
méi lién quan caa ching véi khoang cach lta dé (LS), khao sat & ca giong
dé sinh san cao (Matou, n = 182) va giéng dé sinh san thap (Boer, n =
352) bing céach sir dung phuong phap PCR-RFLP. Két qua cho thay hai
locus cua gen GH ¢ lién quan nhiéu dén ning suat sinh san tét (Zhang va
cs., 2011).

1.2.5. Gen LEP (Leptin)

Gen LEP nam trén NST s 18 (q13 - g21) gém 3 exon va 2 intron

(ma trinh tu tham chiéu trén ngan hang gen: NC_010454.4). Gen LEP mi
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hoa phan tir protein c6 khéi lwong phan tir 16 kDa. LEP déng mdt vai trd
quan trong trong viéc diéu chinh luong thirc dn va can bang ning luong.
[20016407 e [ 20157295 o

PRRT4 LEF 4 HIR129E
REH2 LOCII025753]

TRNAE-ULE

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010460.4+Lep
Hinh 1.6. Vi tri LEP trén NST s6 18 - NC_010460.4

Cac da hinh C867T, A1112G, G3714T, A2845T, T3996C, G2728A,
C798T, T2411C, T3266G va T3469C (Jiang va Gibson, 1999; Kennes va
cs., 2001; Oliveira va cs., 2006) da duoc xac dinh trén gen LEP, trong do
da hinh T3469C duogc biét dén c6 mdi lién két cao véi kha nang tiéu ton
thire an va ting khéi luong. Stratil va cs. (1997) da mo ta da hinh T3469C
thuoc exon 2 va duogc xac dinh khi sir dung enzyme gidi han Hinfl. Khi
danh gia moi lién két gitta T3469C véi cac tinh trang than thit, két qua
nghién ciu cua Jiang va Gibson (1999) cho thiy da hinh T3469C c6 thé
lién quan lwong m& than thit caa lon. Su sai khac ¢ y nghia gitra cac kiéu
gen ciia da hinh LEP-HinfI duoc tim thay khi so sanh ty 18 nac va tang khoi
lwgng trén lon Landrace cua Ba Lan (Kulig va cs., 2001). Méi lién két gitra
da hinh T3469C vai tiéu tén thie an va tang khoi luong cling duoc khang
dinh trén giéng lon Landrace va lon lai gitra con duc 1a lgn noi cua Brazil
véi con cai Landrace, Large White va Pietrain (Kennes va cs., 2001;
Oliveira va cs., 2006).

Pa hinh gen LEP & bo c6 lién quan dén lugng thirc an, tinh trang
than thit va toc do sinh truéng, san luong sita (Banos va cs., 2008), chic
ning mién dich (Asiamah va cs., 2009), tir vong truéc khi sinh cua bé
(Brickell va cs., 2010) va khoang thoi gian dé (Almeida va cs., 2003). Vi
vay, gen LEP 1a mot trong nhitng gen tng vién dé phat hién dong vat co
kha nang cho ning suat va thich tng cao (Datta va cs., 2012).
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1.2.6. Gen PIK3C3 (Class 3 phosphoinositide-3-kinase)

Gen PIK3C3 nam trén NST sé 6 (922 - g23), noi tap trung nhiéu cac
locus QTL lién quan dén ty I sinh truong, dady md lung va céc tinh trang
sinh san khac (Hirose va cs., 2011). Do d6, gen PIK3C3 cling 1a mét gen

tng Vvién cho chon loc bang chi thi phan ti.
[ 125330705 Jr [ 127392255

LOCil0261442 LOC11 0261 44 T4

PIK3
LOCA0 650 7640

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010448.4+ PIK3C3
Hinh 1.7. Vi tri PIK3C3 trén NST s6 6 - NC_010448.4

PIK3C3 la mot thanh vién cua gia dinh phosphoinositide-3-kinase.
Cac nghién ctru sinh hoa da xac dinh dugc hai phac hgp protein chira PIK3C3
& té bao dong vat c6 vu. Phic hop | chira PIK3C3/PIK3R4/BECN1/ATG14.
Phtrc hop 11 bao gdm PIK3C/PIK3R4/BECN1/UVRAG. PIK3C3 dong vai
tro quan trong trong viéc van chuyén noi bao, thuc bao, hoat déng chuyén
tin hiéu diéu khién thu thé (Backer, 2016).

Kim va cs. (2005) da giai trinh tu toan bo gen PIK3C3 cuia lon va tim
duoc nim diém da hinh don SNP (C339G, C1401T, A2058G, A2256G va
C2604T). Str dung thé hé con lai F2 giira lon duc noi Han Quéc va lon cai
Landrace, nhdm tac gia da phan tich mdi lién két ciia da hinh C2604T Vi
tinh trang sinh truéng va ty 16 ma giat. Két qua cho thay alen C c6 anh
hudng tich cuc va y nghia dén thanh phan ma. Nghién ctu khéc caa Hirose
va cs. (2011) trén giong lon Duroc ciing cho thdy alen C cia da hinh
C2604T c6 anh hudng tich cuc dén ting khéi lwong trung binh ngay, day
md lung va ty Ié md giat.

1.2.7. Gen FABP3 (Fatty acid binding protein)
O lon, gen FABP3 nim trén NST s6 6. Gen FABP3 biéu hién nhiéu

trong cdc md co quan nhu: ruft, gan, than, tim, chiing c6 anh hudéng dén
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cac con duong chuyén doi tin hi¢u trong t€ bao lién quan dén qua trinh

nhan hay st dung cac axit béo chuoi dai.

[ 57a35594 [&7oesE012

ZHRHNP40 LOCi0ES1i0641
ZCCHCL?

FAEP S s
LOCi1026112a

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010448.4+ FABP3
Hinh 1.8. Vi tri FABP3 trén NST s6 6 - NC_010448.4

Gen FABP3 ¢6 lién quan dén céc protein lién két phdi tor ky nudc

trong té bao chit va chuyén hoa lipit bang cach van chuyén ndi bao céc axit
béo chudi dai lién két vdi chat béo acyl-coA va acyl-L-Carnitines (Glatz va
cs., 2003). Trén gidng lon Yorkshire, cic da hinh don nucleotit duoc phat
hién & cac diém 80 (A/G), 167 (A/G), 260 (A/G), 295 (A/G), 394 (T/C) va
440 (A/G) cho thiy sy thay thé clia cac axit amin tai cac diém 80 (S thanh
G), 167 (T thanh A) va 260 (S thanh G). Trong do, da hinh gen FABP3 & vi
tri 167 duoc chimg minh c6 lién két v6i day m& lung va ty 16 md giat (Cho
va cs., 2011). Trong mot nghién ctru khac ddi véi cac gidng lon Yanan,
Jinhua, Duroc, Landrace, Yorkshire va lon lai DLY, da hinh don nucleotide
trén gen FABP3 dugc phat hién bang enyme cat gidi han Hinfl cho thay
rang, locus FABP3/Hinfl c6 anh huéng dén ty 16 m& giat trén dong lon
DLY va Yanan (Chen va cs., 2014). Khi so sanh biéu hién mARN va biéu
hién protein FABP3 giira lon Tibetan (ty 16 m& giat cao) va lon Large
White (ty 1€ mo& giét thép), su biéu hién cia FABP3 & cac md m& lung, co
thian va gan & lon Tibetan cao hon mot cach dang ké so véi lon Large
White Ba da hinh don nucleotide SNPs (C-1375G, C-314T va T-158G)
gilra hai quén thé lgn Tibetan va lgn Large White dugc xac dinh, két qua
cho thdy da hinh don nucleotide C-1375G c6 thé dong vai tro vao qua
trinh diéu hoa hoat dong ctia gen FABP3, tir d6 nghién ctru dd cung cép
nhimng dir liéu quan trong cho nghién ctru trong tuong lai vé co ché diéu
hoa ctiia FABP3 ¢6 lién quan dén qua trinh tich tu m& & lon (Shang va cs.,
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2019). Trong nghién ctu da hinh don nucleotit gen FABP3 cua
Chmurzynska va cs., 2007, ba da hinh don nucleotit C(-221)T, C(-160) va
T(-158)G dugc phat hién nhung chi c6 da hinh don nucleotit T(-158)G cé
moi lién két v6i day m& lung. Két qua cua cac nghién ciru trén chi ra ring
da hinh gen FABP3 ¢6 thé duogc sir dung nhu chi thi phan tir trong chuong
trinh chon loc gidng lién quan t&i tinh trang ty 16 m& giat.
1.2.8. Gen ADRB3 (Adrenergic beta-3)

Gen ADRB3 mi héa cho thu thé adrenergic beta-3 va nam trén nhiém
sac thé sd 15 (q13-g14) trong cac ving locus tinh trang sb luong (QTL) dic

trung cho tinh trang chat béo (Nowacka-Woszuk va cs., 2008).
[ 45386426 o [ 48506992 o

AEHAL ADIRE: e— GOTiLL
EIF4EEF1 Lociin25e912

Nguon: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010457.5+ ADRB3
Hinh 1.9. Vi tri ADRB3 trén NST s6 15 - NC_010457.5
Thu thé adrenergic beta-3 1a chat trung gian chinh trong cac phan tng
lipolytic va phan tmg sinh nhiét trong mdé md. Hon nita, san pham cta gen
ADRB3 chil yéu giup diéu hoa sy can bang ning lugng dudi sy kiém soat
than kinh giao cam (Cieslak va cs., 2009). Trong mdt nghién ctru vé mdi
tuong quan cta da hinh don nucleotide trong cac gen tng vién vé tinh trang
chét béo trong co than ¢ lon lai Shanzhu x Duroc, ADRB3 dugc chiing minh
c6 su lién két v6i ty 16 md giat, trong d6 kiéu gen di hop tir AG cho ty 16 m&
gidt cao hon kiéu gen doéng hop tr AA va GG. Cung voi d6, ADRB3
¢.1192G>A trong phan tmg PCR-RFLP duoc cat bang enzyme gidi han Tag|
c6 moi lién két chit ch& vai tong sé axit béo khong bio hoa don (MUFA) va
tong sb axit béo khéng bao hoa (PUFA) (Xue va cs., 2015).
1.2.9. Gen PLIN2 (Perilipin 2)
Gen PLIN2 nam trén NST s6 1 bao gdm 10 exon. Gen PLIN2 ma hoa

protein cytosolic dong vai tro thuc day sy hinh thanh va 6n dinh cac giot
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chat béo ndi bao, cac bao quan tham gia vao qua trinh du trir chat béo

(Brasaemle va cs., 1997; Gao va Serrero, 1999).

[ 20 3440532 e [ 203774550
DENND4C LOCL0BED 31 55 HALZE
LOCLO07STEES RRAGA
PL I N s

Ngudn: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010443.5+ PLIN2

Hinh 1.10. Vi tri PLIN2 trén NST s6 1 - NC_010443.5

Gen PLIN2 & lon 13 mot gen tng vién lién quan dén qua trinh tich tu
chat béo, tinh trang da gen anh hudng dén than thit va chat luong thit. Sau
don hinh da nucleotide (SNP) méi dugc phat hién bang phuong phéap giai
trinh ty 32 mau tir 5 giéng lon Italian Large White, Italian Duroc, Italian
Landrace, Belgian Landrace va Pietrain (Davoli va cs., 2011). Hai SNP nam
trong ving introns, hai SNP nam trong viing khong dich ma 3’-UTR va hai
SNP sai nghia (missense) duoc tim thay trong ving exon. Dot bién 3>-UTR
(GU461317:2.98G>A) ¢ lon Italian Duroc ¢6 sy lién két véi muc ting khéi
luong trung binh ngay, ty 1& chuyén doi thirc an, ty 1é nac va cac gia tri udc
luong trong luong chan nudi (Davoli va cs., 2011).

1.2.10. Gen ACSL4 (Acyl coA synthetase)

Gen ACSL4 nam trén NST giéi tinh X cta lon giita chi thi SW2456
va SW1943 gan vai locus tinh trang s6 lugng dbi v6i kha ning sinh truong
md co. Gene ACSL4 cuia lon ma héa mot protein chudi dai acyl-CoA
synthetase gém 670 axit amin. Gen ACSL4 duoc biéu hién trong nhiéu mo
khac nhau: gan, tim, phéi, 14 lach, da day, ndo, co xuong, md lung, tr cung,

budng trirng va ching
[ B96E4755 [ &0 2E9674

HET2 AGEL 4 A — THEH1 64
KCHES LOC110257 796 HIRES2

Nguén: https://www.ncbi.nlm.nih.gov/gene/?term= NC_010461.5+ ACSL4

Hinh 1.11. Vi tri ACSL4 trén NST X- NC_010461.5
Ty 1é m& gidt 1a mot tinh trang phire tap, c6 thé bi anh huong boi gen
da hinh lién quan dén qua trinh tong hop lipit va qué trinh phan huay axit

27



béo. Gen ma hoa cho enzyme tong hop acyl-coA chudi dai (ACSL) dugc ky
vong 13 tmg cir vién dong vai tro quan trong anh huéng dén tinh trang ty 18
md giat, vi enzyme tong hop chudi dai acyl-coA 1a enzyme thiét yéu trong
ca hai qua trinh tong hop lipit va qua trinh phan huy axit béo. Trong do,
gen ACSL4 trén lon thudc ho 5 ddng phan khac nhau vé chat nén axit béo,
su phan bd trong cac mo, vi tri va qua trinh diéu hoa (Mercade va cs.,
2006). Mot nghién ctru dugc thuc hién nhim danh gia cac kiéu gen khac
nhau cta enzyme tong hop acyl-coA (locus ACSL4, SNP G2645A) ¢6 anh
huong dén chat luong thit trén lon DLY bang phuong phap PCR-RFLP.
Két qua cho thay, nhiing ca thé mang kiéu gen dong hop tir GG ¢6 ty 16 mo
gidt cao nhat va ddng thoi c¢6 anh huong dén cac chi s6 danh gia chat luong
thit (nudc, ty 1€ glycogen, khd nang duong phan va do pH) (Rus¢ va cs.,
2011). Trong mot nghién ctu khac trén lgn Yanan, Jinhua, Duroc,
Landrace, Yorkshire va DLY, da hinh don nucleotide phan tich boi enzyme
cit gioi han Rsal, kiéu gen dong hop tir GG c6 ty 16 m& gidt cao hon kiéu
gen AA trén lon DLY. Tur d6 cho thay da hinh gen ACSL4 déng vai tro nhu
mot chi thi phan tir dé phat trién hé thong chan nudi lon nham nang cao ty
1é m& giat (Chen va cs., 2014).
1.3. MO GIAT VA VAI TRO CUA MO GIAT
1.3.1. Khai niégm mé giat

MG& giat 1a chat béo (phan md m&) nam xen k& giita thit nac trong co,
bao gom md m& nam xen trong md va soi co, tt ca cac hat m& niam trong
té bao co va gitra Soi co; do d6 m& giat bam xung quanh hoic trong bo soi
co. V& mit héa hoc, m& giat duoc ciu tao chu yéu tir cc phan tu
phospholipid, triacylglycerol, cholesterol va cac axit béo tu do. Phospholipid
la thanh phan chinh cua mang té bao va ludén déng goép cho ham lwong md
giat trong thit lon véi ty 16 gan nhu khong thay d6i trong cac mé co giéng
nhau, dong thoi ¢d sy thay doi gitra cac md co khac nhau.

Hién nay, ¢ Viét Nam nguoi tiéu dung khong chi quan tam tai an

toan vé sinh thyc pham, ma con chi ¥ dén chat luong thit d6 1a 6 mém va
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huong vi cua thit. Theo Goodwin (2004) thit lon c6 ty 1é m& giét cao s& cho
huong vi thom ngon hon va duoc nhidu ngudi tiéu ding chap nhan hon. Ty
16 m& giit trong co than thit lon thap s& 1am cho thit kho cing hon, dong
thoi, lam giam d6 ngon miéng (Doyle, 2007).

Ty 1é m& giat trong than thit lon phu thudc rat nhiéu yéu td, trong d6
gidng dugc xac dinh 1a yéu té c6 tac dong manh nhat. Nghién ciu cua L&
Pham Dai va cs. (2014) cho thay ty 1é m& giat cao nhat ¢ giéng Duroc
(2,98%), ké dén ¢ gidng Yorkshire (2,21%), Landrace (2,20%), Méng Céi
(1,87%) va thap nhat ¢ giong Pietrain (1,48%). Khi ting muc khéi luong
giét mo tir 95 - 110 kg 1én 111-125 kg, ty 1é md giat ting 1én rat dang ke.
Pong thoi, nhitng lon duc thién c6 ty 1&é md giat cao hon so vai lon cai.
Cong bd ciia Goodwin (2004) cho thiy giong lon Duroc c6 ty 18 m& giat
cao nhat (3,07%), tiép dén 1a gidng Berkshire (2,51%), gidng Chester
White (2,39%), gibng Spot (2,37%), gidng Poland China (2,18%) va giéng
Hampshire (2,09%). Hai giéng Landrace va Yorkshire c6 ty 16 md giat thap
nhat (1,70 - 1,90%).

Ngoai ra khéi luong giét mo cling anh huéng dén ty 186 mo giat
Eugenia va cs. (2007) lon thit co trong luong 80 kg co ty 1é md giat trong
than thit 12 1,91%; trong lwong 90 kg c6 ty 1&é m& giat trong than thit Ia
2,31%); trong lugng tir 100kg co ty 1¢ m& giat trong than thit 1a 2,37% va
trong lwong trén 100 kg c6 ty 1é m& giat trong than thit 13 2,67%. Nghién
ctu cua Marjeta va cs. (2007) cho thidy véi mac chénh léch khéi
lwgng giét md 100 kg va 125 kg, ty 1é md giit ciing co chénh léch rat 16n,
twong Gng 1,29% va 2,70%.

1.3.2. Loi ich cung cdp tir mé gidt

Chat béo c6 vai tro tham gia vao cau tric co thé. O nguoi trudng
thanh, c6 khoang 18 - 24% trong lugng co thé 1a chat béo. Chat béo 1 chat
thiét yéu, c6 mat & mang té bao va cac mang noi quan cua té bao nhu nhan

va ti thé, vi vy dong vai trd quan trong trong cac hoat dong song cua té
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bao. Chat béo ciing cb vai trd trong duy trit ning lugng, diéu hoa hoat dong,
bao vé co thé trudc nhimg thay doi vé nhiét do. ..

Chét béo trong khau phan an cua con ngudi ¢6 2 vai trd chinh la
cung cap ning luong va hap thu van chuyén cac vitamin tan trong dau ma.
Pam do ning luong cua chat béo cao nhét trong cac chat sinh ning luong.
1 gram chat béo khi dbt chay trong co thé cung cap 38kj, twong tng Véi
9kcal, gap hon 2 1an so véi chit dam (Protein) va chat duong bot
(Glucid). Chét béo la dung méi van chuyén (carrier) cac vitamin tan trong
dau m& (nhu vitamin A, D, E va K). Céc vitamin ndy vao co thé mot phan
I6n phu thude vao ham lugng cua chat béo trong thuc pham. Diéu do co
nghia 1a khi lugng chat béo trong khau phan an thap s& dan dén giam hap
thu cac vitamin nay. Thiéu vitamin A s& din dén tinh trang kho mit, suy
giam thi lyc, nghiém trong hon 1a thoai hoa gidc mac mat va dan dén mu
l0a. Co thé thiéu hut vitamin D s& dé mic cac bénh codi xuong, xuong yéu
va d& gdy hon thi gip phai chdn dong. Bén canh do6, kha niang hép thu
vitamin E ciing yéu theo din dén su cham phat trién co bap, lam cho co
thé gap nhiéu rdi loan.

Cristina va cs. (2004) dua ra bang chting cho thay axit béo linolenic
(n-3), linoleic (n-6) va oleic (n-9) cd thé diéu chinh qua trinh déng vét
thuong da do phau thuat. Céc axit béo thuc hién cac chiic nang chinh dbi
véi céc phan tng viém, ¢ dang phospholipid cé dinh trong mang té bao
hodc nhu chat trung gian hoa tan lipoic. Cac axit béo khong bdo hoa da
omega-3 trong ché do an udng (w-3 PUFAS) bao vé chong lai su hinh thanh
ung thu & dong vat (Lesley va cs., 2003).

Khi hoan toan loai md ra ché do an udng, co thé con nguoi s& khong
thé hép thu dugc vitamin K, day 1a mot loai vitamin c6 chirc nang hd tro

diéu hoa mach mau. Co thé s& giam chirc ning cta t& bao mach mau,
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lam ting nguy co xo vita dong mach, tic ngh&n mach, nhdi mau co tim hay
dau thit nguc. Trong md dong vat c6 nhiéu chat cholesterol can thiét cho
cau truc té bao, dic biét 1a té bao than kinh ma trong dau thuc vat khéng co.
Hon nita, m& néu dugc sir dung & mirc do vira phai sé cd tac dung 1am bén
vitng cA&C mao mach méu, bao vé hé tuan hoan cua co thé, du phong cho
cac bénh xuat huyét n3o.

1.4. KHA NANG SINH TRUONG CUA LON VA CAC YEU TO ANH
HUONG

1.4.1. Cac chi tiéu danh gid khd ndng sinh truong

Sinh truong 1a qua trinh tich liy cac chat hitu co do dong hoéa va di
hoa, 14 su tang chiéu cao, chiéu dai, bé ngang, khéi lwong cia cac b phan va
toan bo co thé cua con vat trén co sé tinh di truyén co tir doi trude.

D6 sinh truéng tich Liy: Do sinh truong tich luy 1a khéi luong, kich
thuéc, thé tich cua toan bo co thé hoic cua ting bo phan co thé tai c4c thoi
diém khao sat. Méi lién hé gitra khéi lwong va tudi caa vat nudi duoc thé
hién bang dd thi hinh chit S. Giai doan trudc thanh thuc sinh duc c6 toc do
sinh truéng nhanh, sau do6 téc do sinh truang cham lai va giam dan cho dén
khi dat 6n dinh vé khéi luong, 1dc nay vat nudi thanh thuc vé thé voc. Tuy
nhién, duong biéu dién nay thay do6i theo loai, pham giong, theo diéu kién
nudi dudng, cho nén can so sanh duong biéu dién thuc té voi duong biéu
din Iy thuyét dé biét kha nang sinh truéng cua vat nudi.

Sinh triong tuyér doi: duoc xac dinh bang ty 1é gitta khdi luong co
thé vat nudi tang 1én (w2 — wil) véi khoang thoi gian dé ting duoc khdi
luong d6 (t2 — t1). Chi tiéu nay dugc sir dung dé danh gia kha ning ting
khéi lugng trung binh hang thang (kg/thang) hodc hang ngay (g/ngay). Sinh
trudng tuyét déi dugc mo hinh hod bing dd thi parabol. i véi lon thit can
xac dinh dugc thoi diém dat gié tri cuc dai (dinh parabol) dé két thic giai

doan nudi thit nham dat hiéu qua cao nhat.
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Sinh truéng twong doi: duogc xac dinh bang ty 1¢ gitta khéi luong co
thé vat nudi tang 1én (w2 — wl) véi khéi lugng tai thoi diém bat dau (wl).
1.4.2. Cac yéu té dnh hwéng dén sinh truéng
1.4.2.1. Yéu té di truyén

Giong: 1a yéu td tién dé, quan trong quyét dinh dén ning suat va
pham chat vat nuéi. Cac gidng khac nhau c6 kha ning sinh truéng, luong
tiéu thy thirc an va kha niang thich nghi véi diéu kién moi truong khéac
nhau. Gidng lon ngoai thudng c6 ning suat cao va tiéu tén thirc an it hon
lon ndi. Trong clng mét giéng, ca thé mang kiéu gen co loi ¢ kha nang
sinh trudng va thich nghi tét hon.

Trong nghién cau cia Nguyén Vin Buc va cs. (2010) cho thay
tang khdi luong cua gidng lon ndi Méng Cai (MC) dat 320,04g/ngay
thap hon nhiéu so véi cac giéng nhap ndi nhu Landrace (LR), Large
White (Y), Pietrain (Pi) lin lugt dat 704,33; 674,27; 675,60 g/ngay.
Luong tiéu tén thic an (TTTA) lon MC nudi trong ndng hé & Pong Anh
c6 miac TTTA cao, d6 1a 4,20 kg. TTTA ¢ 3 giéng Pi, LR va Y la 3,30;
3,32 va 3,34 kg. Theo nghién ctru cia Nguyén Puc Hung (2011) lon co
c6 tim voc nho, kha nang sinh treong cham. Khéi luong 6 - 12 thang
tudi dat twong tng 10,3 va 25,0 kg/con. Tang khdi lugng cua 3 giong
(282 lon Duroc; 140 Piétrain va 945 Landrace) dat twong tng la: 755,06;
732,42 va 732,60 g/ngay (Ngb6 Thi Kim Cuc va cs., 2015).

Anh hwong dén pham chat thit: Gitta cac giong khac nhau s& co
pham chat thit xé ciing nhu chat thit khac nhau. Hau hét cac giong lon
noi, than thit co ty 1¢ mad cao (ti 1€ m& 1én tai 48% so vai thit xé va ty 1€
nac rat thap, lon Méng Céi ty Ié nac ciing chi dat 37%). Trong khi do,
hau hét cac giéng lon ngoai nhap noi cha yéu 1a nhirng gidng hudng nac
nhu lgn Yorkshire co ty I¢ nac 52 - 53%, lon Landrace c6 ty Ié nac 54-
56%, dic biét 1a lon Pietrain c6 ty & nac rat cao, trén 60%. Tuy nhién,

nhitng gidng lon nodi thuong ¢é vi thom, ngon, thd co nho, min. Trai lai,
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giéng lon Pietrain tuy c6 ty & nac cao thit thuong nhdo, chua (pH giam
nhanh sau khi mé 45 phut) (Vii Pinh Tén, 2005).

Gisi tinh: Bdi véi lon duc nudi khdng thién thi kha nang sinh truéng
va phét trién nhanh hon, ty 1& than thit cao hon va chuyén doi thtrc an hiéu
qua hon lon cai. Tuy nhién, mdi trong thit xuat hién khi lon duc truong
thanh. Ngay nay, lon sinh truéng nhanh hon va dugc giét thit sém hon, boi
vay van dé mui hoi cling duoc giam dang ké.
1.4.2.2. Dinh dwong

Muc dinh dudng bao gom chat dam (protein), bot dudng (ning
lugng Kcal), chat xo, nuwdc, mudi khoang va vitamin.

Protein dong vai tro trong viéc hinh thanh céc co, bap thit, phat trién
céc co quan trong co thé lon. Trong khau phan an, néu thiéu protein, lon s&
rat coi coc, cham 1én, chim tang khoi luong, co thé suy yéu, cac co vai,
mong, dui khong né rong, hinh dang lon khong dep. Protein c6 trong nhiéu
loai thirc an ty nhién tir dong vat nhu bot ca, tom, cua, bot sita, thirc an thuc
vat nhu d6, dau twong, dau nanh, kho dau dira, khé dau lac,...Trong thirc
an cho lon nhanh 16n dang coéng nghiép, lon con giai doan cai sita dén 30
kg cho an thirc an c6 protein khoang 17 - 18%. Giai doan lgn 30 - 60 kg
cho an thtrc an chira khoang 15% - 16% protein. Giai doan tir 60 kg toi xuét
chudng cho an thirc an chira 14 - 15% protein.

Chdt xo dong vai trd hd trg lon tiéu hoa tot hon, ting kha ning hap
thu dinh dudng, cac chtic nang tiéu hoa. Chat xo ¢6 nhiéu trong cac loai rau
xanh bd sung bén ngoai. Trong thic in cho lon nhanh 16n dang cong
nghiép, thanh phan chat xo chiém tir 6% - 8%.

Muéi khodng can thiét cho strc khoe cta lon. Mudi khoang ciing tét
cho qua trinh phat trién hé xwong, khung xwong cua lon. Mudi khoang gitip
bao vé cac té bao trong co thé. Thiéu hut mudi khoang dan t6i tinh trang
lon bi suy nhugc, khung xuwong yéu, chan run, mong khong chic. Thirc an

cho lon nhanh 16n ¢6 ham luong mudi khoang dao dong 0,5 - 0,7%. Lugng
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mudi khoang nay da dap ung du nhu cau cua lon.

Nuéc 1a thanh phan bat bugc trong ché d6 dinh dudng cua lon. Néu
thiéu nuoc, lon khdng thé sinh truéng tét, boi nuac 12 yéu td truc tiép tham
gia vao cac phan ung thiy phan xdy ra trong té bao; tham gia vao cac qué
trinh trao d6i chat, qua trinh tiét; diéu hoa nhiét d6 moi trudng bén trong
cling nhu bén ngoai co thé sinh vat; khi nudc dugc dung lam moéi trudng
khuéch tan, hay dung méi, tham gia vao phan tmg,... nudc & trang thai tu
do, chiém dén 95% luong nudc trong co thé.

Vitamin dong vai trd quan trong ddi v6i stc khoe va su phat trién cia
lon. Vitamin 1a chét hd trg cho hau hét cac hoat dong tai tao té bao, hd tro
cac chat khac phat huy vai trd cta minh. C6 thé bd sung vitamin cho lon
theo dang thtrc dn b sung dinh dudng, ché pham vi sinh, hay tir cic nguén
thurc an ty nhién nhu rau, cu, qua,...
1.4.2.3. Méi truong xunh quanh

Moi truong xung quanh co tac dong truc tiép dén dan lon nudi. Cac
yéu t6 nhu nhiét 6, d6 4m cua tiéu khi hau chudng nuéi tac dong dén kha
nang an vao, tiéu hoa, hap thu va stc khoe dan lon.

Nhiét @3 va dé am c6 mbi lién quan mat thiét. Nhiét d6 va am do thich
hop thi lon an tét, ty I tiéu hoa cao, tich liy cao, sinh truéng phét trién
nhanh va cho ning sut cao. P am cao hon 80% hay thap hon 50% déu lam
cho lon bi anh hudng 16n vé stic khoe. Nhiét do tiéu khi hau chudng nubi tir
22 - 27°C, @6 am 65 - 70% la thich hop cho sy sinh truéng va phat trién cua
lon thit.

Téc do gi6 co tac dung cung cap khong khi sach va giup giam do am
trong trai. Téc do gid thich hop trong trai dé 1a dudi 0,15 m/s; trong trai lon
thit va trai sinh san la dudi 0,2 m/s. Lon con dac biét nhay cam vai gid
lanh, néu lon bi gi6 lanh lua vao s& bj mat nhiét dan t6i tiéu chay va ho.
Theo céc nghién cuu, lon thit dudi 60 kg néu bi gi6 lanh thdi truc tiép vao

co thé thi nhiét d6 lon cam nhan s& bi giam Xuéng. Néu tbe do gi6 1a 0,15
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m/s cham truc tiép vao lon thi nhiét do cam nhan s€ giam xuéng 4°C, tbe
do gi6 0,46 m/s nhi€t o cdm nhan s€ giam xuéng 7,2°C va toc do gi6 0,52
m/s s& giam xubng khoang 10°C. Do d6, ngudi quan 1y trai can luu ¥ theo
doi dé kiém soat duoc tée do gid cho thich hop tai cac trai nudi.

Nén chuéng c6 nhimng tac dong tryc tiép dén strc khoe lon, boi lon
nam truc tiép 1én nén chuéng nudi va chiu tac dong tur cac mirc nhiét do
trén nén. Tuy thudc vao chat liéu nén chudng khac nhau ma ching cé
nhiing tdc dong khéac nhau 1én lon nuoi.

MuUa vy anh hudng dén kha nang chdng chiu va sinh truong cua lon.
Lon diéu chinh than nhiét ciia chiing bang cach can bang nhiét lvgng mat di
véi nhiét tao ra qua trao doi chat va luong nhiét hap thu duoc. Khi sy khéc
nhau gitra than nhiét va nhiét d6 méi treong tré nén 16n thi ti 1€ thoat nhiét
s& tang 1én. V& mua lanh, nhiét d6 méi truong xuéng thap dudi nhiét do
hitu hiéu thi ting thém chi phi thirc dn dé ting nhiét luong trao ddi chat
gilp vat nudi tu tao ra nhiét luong dé giir 4m cho co thé.

Anh hwéng cua thoi gian nudi thoi gian nudi anh hudéng lon dén
nang suét thit va muc tiéu khai thac thit c6 ty 1é nac va m& khac nhau. Dya
vao quy luat sinh truong tich Iily chat dinh dudng trong co thé lon va kha
nang tich tao md, nguoi ta dua ra cac phuong thuc nudi khac nhau: nudi lay
nac doi hoi thoi gian nudi ngan, khéi lugng giét thit nhé hon phuong thirc
nudi lay thit - md, con phuong thirc nubi lay md can thoi gian nudi dai,
khéi luong giét thit 16n hon.

1.5. TINH HINH NGHIEN CUU TRONG VA NGOAI NUGC
1.5.1. Tinh hinh nghién citu trong nwec
1.5.1.1. Kha ndng sinh truéng va cdc yéu té anh huéng

Céac yéu t6 anh huong (nhu gidng, nhiét do, protein, chat khoang,

nang lugng in vio, vitamin,...) déng vai tro quan trong dén su sinh truong,

phat trién va chat luong thit cia vat nudi.
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Céc gidng lon khac nhau c6 kha ning sinh trudng, phat trién, chat
lugng thit khac nhau. Giéng lon ndi thuong co6 kha nang sinh trudng thép
hon gibéng lon ngoai. Lon Liing Pu, lon Van Pa va lgn Soc ¢6 kha ning sinh
truong cham: khdi lugng cai stra/con dat 3,02 - 4,98 kg/con ¢ thoi diém cai
sita tr 44,59 - 56,47 ngay, ting khdi lugng dat 76,67 - 208,0 g/con/ngay
(Pao Thi Binh An va cs., 2019). Trong nghién ctru cua Ngd Thi Kim Cuc
va cs. (2015) trén 282 lon Duroc; 140 Piétrain va 945 Landrace, két qua
nghién ctru cho thay ting khoi luong cua 3 giéng nay dat twong tng la:
755,06; 732,42 va 732,60 g/ngay.

Ty 1& lysine/ME c6 trong khau phan in anh huong dén sinh trudong
cua lon. Ty 18 lysine/ME cao nhat trong khau phan 1a 3,437 g/1000kcal, dat
mtc sinh truéng cao nhat so voi nhiing 16 ¢6 ty 18 lysine/ME thap hon. Khi
giam muc protein thd trong khau phan ma van can dbi du ty 1¢ lysine/ME &
mirc cao thi van duy tri mirc sinh truéng cao cua lon giai doan 18 - 50 kg
(Tran Van Phang va cs., 2008).

Khéi luong co thé va muc ting khéi luong cia lon con & céc giai
doan tir so sinh dén 3 va tir 3 dén 8 tuan tudi ting theo khdi luong so
sinh/con (Phan Xuan Hao va cs., 2008).

Hi¢u qua str dung thirc an c6 xu hudng giam di va chi phi thirc an
cho mot kg ting khéi lwong ting 1én khi cho lon an khau phan giam
protein. Cac chi tiéu vé nang sudt thit va thanh phr:fm hoa hoc cua thit lon
khong c6 sy khac bi¢t, mac du ti I¢ nac c6 xu hudng gidm. Trong chin nuoi
lon ngoai giai doan sinh truéng hién nay, nén gidm ti 1€ protein trong thirc
an co6 sir dung axit amin téng hop dé gop phan tiét kiém thirc in dam, giam
6 nhiém moi trudng (Bui Thi Thom va cs., 2009).

BuUi Thi Thom va cs. (2012) cho biét mirc ning lugng 3000 - 2900
kcal/kg, protein thd trong khau phan 1a 16 - 14% thi téc do sinh trudng caa
lon rumg lai F2 tang hon 4,31%; giam tiéu tén thac 4n tinh 4,71% va thic

an xanh 5,97%, dong thoi giam duoc chi phi thic dn 4,74% so véi 16 thi
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nghiém cé muc nang lugng 2900 - 2800 kcal/kg thire an ¢ cung giai doan
tudi. Chat luong thit nac ¢6 xu huéng ting lén khi ning luong trao doi
trong khau phan hop ly.

Nghién cau cua Lé Trong Pai va cs. (2014) khao sét ty 16 m& giat trén
c4c gidng lon thuan Duroc, Yorkshire, Landrace, Mong Céi va Pietrain va mot
s6 t6 hop lon lai thuong pham. Két qua khao sat cho thay ty 1é m& gidt cao
nhat & gidng Duroc (2,98%), ké dén & gidng Yorkshire (2,21%), Landrace
(2,20%), Mong Céi (1,87%) va thap nhat ¢ giong Pietrain (1,48%). Khi ting
muc khéi lugng giét mo tir 95 - 110 kg 1én 111 - 125 kg, ty 1& md giat tang 1én
rat dang ké. Bong thoi, nhitng lon duc thién cé ty 16 m& gidt cao hon so voi
lon cai.

Nghién cau 120 lon lai thuong pham ( DLY va DmgLY) duoc tao
thanh tir phéi gidng bang 2 dong duc Duroc khac nhau: Duroc binh thuong va
Duroc dugc chon loc theo huéng md giat trén nén nai Fl(Landrace X
Yorkshire) tai Trung tdm Nghién ctu va Phat trién Chan nuéi lon Binh
Thang va Bong Nai. Két qua cho thay ty 16 m& giat trong than thit lon thuong
pham tir dong Duroc duoc chon loc theo hudng md gidt cao hon so véi tir
dong Duroc thudng ¢ moi thoi diém khdi lugng khac nhau 75 kg, 100 kg va
125 kg la 2,73%, 2,92% va 3,06% so véi 2,43%, 2,66% va 2,78% (Lé
Trong Pai va cs., 2015).

Str dung thirc an dang vién va dang long so vai thirc an dang bot da
tang 5,12% va 3,92% TKL; tang 1,62% va 2,16% lugng thuc an an vao; cai
thién 2,95% va 2,19% hiéu qua st dung thic an. Viéc cho an thirc dn dang
long va dang vién da mang lai loi ich kinh té tét, tiét kiém duoc 2,4 - 2,1%
tién so véi thirc dn dang bot (L Van Kinh va cs., 2015).

Nghién ctru caa Lé Vin An va ¢s. (2017) cho thdy bo sung hdn hop
ché pham probiotic vao khau phan thirc an anh huong dén toc do sinh
truéng, hiéu qua st dung thirc an. Mure d6 bd sung (3 x 10° CFU/g TA) vao

khau phan thirc an dat tbc do sinh truong va chuyén hda thirc dn 1a tét nhat.
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Dong thoi, chi phi thie dn giam 16% trong toan bo giai doan thi nghiém so
Véi 16 d6i chang (khong bo sung).

Khi b6 sung thtrc an hdn hop vao khau phan ¢ mirc 20% da cai thién
duogc ting khoi lugng, hé sb chuyén hoa thirc dn, dai than thit va ty 18 thit
xé nhung ty 18 thit nac giam va ty 16 m& tang. Cu thé: ting khdi lugng va hé
s6 chuyén hoa thire dn duoc cai thién 1an lugt & muc 93,87 g/con/ngay va
4,76 kg thic dn/kg ting khoi luong khi bd sung 20% thirc an hdn hop vao
khau phan. Mic du dai than thit va ty 18 thit xé cling dugc cai thién lan luot
& mirc 57,5 va 66,83%, nhung ty 1€ thit nac gidm con 39,18% va ty 1€ md&
tang 1én 21,88% (Lam Thai Hung va cs., 2019).

Viéc bo sung nano khoang trong thic an gitp ting kha ning
chuyén héa thac an & lon thit, giam lugng thic dn cho 1 kg tang khoi
luong ddng thoi l1am giam lwgng cac kim loai thai ra méi truong
(Nguyén Hoang Son, 2020).
1.5.1.2. Nghién ciru da hinh gen va moi lién quan dén mot sé tinh trang sdan
xudt

O Viét Nam, mot s6 nghién ciru vé& cac gen umg vién lién quan dén
tinh trang sinh truéng va chat luong thit cling da duoc tién hanh trén céac
gidng lon ban dia, lon ngoai va cac to6 hop lai lon ndi va lon ngoai. Trong
nghién ctru cia Nguyén Vian Hau va cs. (2000) da xac dinh duogc hai alen
C2 va C4 cua da hinh Cfol-RFLP trén gen GH & giong lon Mong Cai
nhung trong quan thé nghién ctu chi co hai kiéu gen C2C2 va CACA4.

Lé Thi Thay va cs. (2004) da nghién ctru da hinh gen LEP trén cac
gidng lon Landrace, Dai Bach, Méng Céi va lon Ban nudi tai Viét Nam. Két
qua cho thay, c6 su sai khac dic trung gitra lon ngoai va lon noi. Trong khi
lon Landrace va Pai Bach 100% mang kiéu gen GG, lon Mdng Céi va lon
Ban chu yéu mang kiéu gen AA Vi ty 18 twong tng 13 85% va 100%.

Nguyén Vin Cuong va cs. (2006) di phan tich da hinh cac gen GH,

MYOG, H-FABP, RYR1, FSH va PRLR cua lon bang k¥ thuat PCR -RFLP
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dé xac dinh tan sut alen ¢ cac gidbng lon khac nhau. Tac gia cho biét cac
giéng lon nodi c6 mirc d6 da hinh cao hon so véi cac gibng lon ngoai. Két
qua nghién ctru cho thiy da hinh gen GH c6 méi lién quan véi ting khoi
lwong. Két qua nay cho thiy trién vong c6 méi lién quan cua chi thi phan
tlr voi toc do tang khoi lwong cua lon.

Nguyén Van Anh va cs. (2010) di xac dinh méi quan hé giira da hinh
Hhal-RFLP trén gen GH véi tinh trang ting khdi lugng cac nhém lon
Mong Cai, Yorkshire va Mong Céi Lai: F1(YXMC) va Fo(YXMC). Két qua
cho thay lon mang kiéu gen C2C2 tang khoi lugng cao nhat, kiéu gen
C2C4 tang khi lugng va kiéu gen C4C4 tang khéi luong thap nhét.

Nghién ciru duoc tién hanh trén lon duc ring Thai Lan va con lai
gitra lon duc ring Thai Lan va lon nai dia phuong Pac Nam. Nguyén Vin
Noi (2010) phan tich da hinh gen MC4R va GHRH thay riang lon mang
kiéu gen AA c6 toc do tang khoi lugng, ty 1¢ nac cao hon va day m& lung
thap so véi lon mang kiéu gen (AG; GG).

Phan tich da hinh gen LEP trén lon Kiéng Sat bang ky thuat PCR-RFLP
Ho Trung Thong va cs. (2011) thu dugc két qua tan sé kiéu gen AA chiém ti I¢
cao nhat (77,78%), kiéu gen GA va GG chiém ti 1& thap (11,11%).

Nghién cau nham danh gia tinh da hinh cia mot sé6 gen GH, GHRH
va LEP va PIT1 cho tinh trang ting khéi lugng & cac giéng lon Méng Céi va
lon Yorkshire. Hai alen khac nhau cua cac gen GHRH va LEP va PIT1 da
duogc xac dinh & lgn Méng Cai va lon Yorkshire. Tinh da hinh cua gen GH
chi duoc xac dinh & lon Yorkshire. Lon Méng Cai ¢6 kiéu gen GHRH-AA
c6 murc ting khdi luong trung binh hang ngay cao hon so véi lon co kicu gen
GHRH-AB (p <0,05). Lon Yorkshire c6 kiéu gen LEP-TC va GH-D1D2 c6
mtc tang trung binh hang ngdy cao hon so véi lgn c6 kiéu gen LEP-TT va
GH-D1D1 tuong ung. (Tran Xuan Hoan va cs., 2012).

Nghién cru cua Tran Xuan Hoan va cs. (2013) danh gia anh hudng

clia cac da hinh trén gen GH, GHRH va LEP dén kha ning tiang khoi
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lugng trén hai quan thé lon Mong Cai va Yorkshire. Két qua cho thay
anh huong cua ting Kiéu gen dén tang khoi luong cua cac gidng lon 1
c6 ¥ nghia thong ke,

Ma Thi Trang va cs. (2015) sir dung k¥ thuat PCR-RFLP dé phan
tich da hinh doan gen GH trén giéng lon rimg lai va giéng lon d6i chimg
(Yorkshire). Phan doan gen GH véi kich thuéc 605 bp duge khuéch dai
bang phuong phap PCR tir cip mdi dic hiéu GH. Két qua phéan tich mbi
tuong quan giira cac kiéu gen ctia gen GH véi kha ning sinh trudng cia lon
cho thiy kiéu gen di hop tir DID2 c6 kha ning sinh truong cao hon kiéu
gen dong hop DIDI1 va D2D2 & lon rung lai cling nhu DID1 ¢ lon
Yorkshire. Nghién ctru nay cung cap dit liéu khoa hoc va cong cu cho chon
gidng lon rimg lai nham nang cao hiéu qua cho chan nuoi.

1.5.2. Tinh hinh nghién citu ngoadi nwoc
1.5.2.1. Kha néng sinh truéng va cdc yéu t6 anh huwéng

Li va cs. (2017) cho rang kha ning tiéu thu ning luong va chét dinh
dudng can thiét ciia lon dé dat hiéu suat toi wu 1a mot yéu té quan trong can
xem xét trong chin nudi lon thwong pham. Luong thic dn ty nguyén in vao
(VFI) hoidc ning luong an vao cta lon bi anh hudng béi cac yéu t ché do an
ubng (nhu nong do nang luong, muic protein va su can bang axit amin) va
cac yéu td phi khau phan (gi6i tinh dong vat va trong luong co thé, tinh trang
strc khoe, ché bién thirc an, nhiét mdi trudng va quan 1y vat 1y).

Anh hwong cua nhiét dé: Cang thang nhiét gay nguy hiém cho stc
khoe caa lon va 1am giam ning suét (Pearce va cs., 2015). Cang thang nhiét
lam thay d6i rd rét qua trinh chuyén hda lipit va carbohydrate doc 1ap voi
chat dinh dudng dau vao (Fernandez va cs., 2015). Khi diéu kién mdi truong
vuot qua ving trung hoa nhiét cua lon, cic chat dinh dudng duoc chuyén
hudng tir qua trinh téng hop san pham (thit, bao thai, sira) sang duy tri than
nhiét, do d6 anh hudng dén hiéu qua kinh té (Ross va cs., 2015). Lon tiép

xtc véi 35°C hodc cao hon cho thdy dau hiéu cing thang nhiét rd rét (Liu va
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cs., 2009), anh hudong dén lugng thic an vao cua chung (VFI) va toc do ting
truong (Renaudeau va cs., 2011). Theo nghién ctru ctia Oliveira va cs.
(2019) khi danh gi4 tac dong cua nhiét do méi truong xung quanh cao (29°C
dén 35°C) d6i voi nang suét lon dang phat trién va lon xuat chudng, so séanh
vé6i lon dugc nudi trong méi truong nhiét doi (18°C - 25°C), két qua cho thay
moi trurong xung quanh lam giam gia tri cua TKL (654,38 so véi 595,81
g/ngay) va FI (2,141 so véi 1,875 g/ngay) khi so sanh véi nhém moi truong
nhiét déi. Ttr d6 dua ra két luan, nhiét d6 moi truong cao anh huong tiéu cuc
dén cac thdng s6 ning suat cua lon dang phat trién va lon xuat chuong khi so
sanh véi lon & diéu kién nhiét dgi. Song va cs. (2014) danh gia anh hudng
cua stress nhiét dén ning suat ting truong. Lon dugc chia thanh 04 nhom,
mdi hhém gdm 32 con lgn xuat chudng (n = 128) véi BW ban dau tir 80 - 90
kg. Két qua cho thay lon tiép xuc ddi voi cang thang nhiét c6 TKL it hon
31% (p <0,001).

Anh hwong cua dinh dwéng: Dinh dudng 1a mot trong nhitng yéu té
quan trong anh hudng téi sinh truong, phat trién, chat luong thit va kha ning
chéng chiu cta vat nudi. Tang mac axit amin trong khau phan an c6 thé la
céch tét cho lon stress nhiét. Muc axit amin c6 thé duoc ting 1én bang cach
nang ham luong protein hoic axit amin ty do trong khau phan. Ting ham
lwong protein trong khau phan cé thé 1am tang thém kha niang chéng stress
nhiét vi qua trinh tiéu hoa protein c6 thé tiang tai nhiét co thé (Pesta va
Samuel. 2014).

Morales va cs. (2018) cho rang lon bj stress nhiét 1am giam luong
thirc an tu nguyén va bod sung axit amin cai thién tinh trang giam niang suat
sinh trudng cua lon stress nhiét. Viéc ting ham luong ngii coc say kho hd
tro ting khéi lwong trung binh ngay do d6 anh huong dén ning suit ting
truong, dic diém than thit va chit luong m&d ¢ lon dang sinh trudng
(Dahlen va cs., 2011).

41



1.5.2.2. Nghién ciru da hinh gen va méi lién quan dén mét sé tinh trang san
xudt

Cung véi sy phat trién vuot troi caa nganh di truyén phan tir va cong
nghé sinh hoc, cac locus tinh trang s lwong (QTL) va cac gen chic ning
dugc phét hién, st dung trong cdng tac chon gidng lon vi c6 lién két chat
ch& véi céc tinh trang sinh san, sinh truéng va chit luong thit ¢ lon. Do
vay, cac nha chon giéng da nghién ctru tinh da hinh kiéu gen sinh san (ESR,
FSHB, PRLR,...), kiéu gen tic dong dén kha niang sinh truong (PIT1,
MC4R,....) dé tng dung vao chon gidng, cai thién nang suat sinh san, sinh
truong ¢ dan lon. Cong nghé phan tich kiéu gen hién nay da duoc tng dung
trén & nhiéu qudc gia tién tién trén thé gioi.

Houston va cs. (2004) phan tich da hinh gen MC4R ctia quan thé Lon
Pai Bach cho thay dot bién Asp298Asn c6 mdi lién quan dang ké véi day
md lung va ting khéi lwong. Lon mang kiéu gen AA c6 tang khéi luong
cao nhét trong cac da hinh gen MC4R.

Franco va cs. (2005) nghién ctu trén giong lon Landrace muc dich
dé nghién ciru méi lién hé giira cac da hinh trong gen PIT1 (n=218), GH
(n=213) va GHRH (n = 206) va day m& lung, ting khéi luong. Két qua cho
thay da hinh gen PIT1, GH, GHRH c6 lién quan dén day m& lung (p =
0,0019), tang khoi lugng (p = 0,0001). Nhiing két qua nay da khang dinh
tiém nang, tinh ung dung ctia nhitng gen nay trong cac chuong trinh chon
loc ¢6 su hd trg ciia marker dé chan nudi lon.

Nghién ctru da hinh cua bén gen lién quan dén chuyén hoa ning
luong (RETN, UCP1, UCP3 va ADRB3) trén 672 con lon hau bi (PLW
(n = 186), PL (n = 243) va L990 (n = 243)) xuét phat tir trai lon
Pawlowice, Ba Lan. Két qua cho thiay khéng quan sét thdy da hinh gen

ADRB3 ¢6 mdi twong quan véi cac tinh trang ning suat nhu trong lugng
ma& bung, day ma lung (Cieslak va cs., 2009).
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Hirose va cs., 2011 nghién ctru da hinh PIK3C3 véi céc tinh trang
san xuat (tang khoi luong, day md lung va ty 16 md giit) & 739 con lon
Duroc cho thay, tan s alen C 1a 67,9%. Pa hinh PIK3C3 c¢6 tac dong dang
ké dén tang khéi lwong, day md lung, ty 1& md giat.

Mufioz va cs. (2011) phan tich anh hudng cua nhitng da hinh MC4R
c.1426ANG (p.Asp298Asn) va LEPR ¢.2002CNT (p.Leu663Phe) dén céc
dic diém san xuat va chat luong & 526 con lon lai Duroc x Iberia. Két qua
cho thdy khong c6 tac dong dang ké nao cua MCA4R ¢.1426ANG SNP dugc
xac dinh.

Phan tich dic diém than thit theo kiéu gen PIT1 cua 168 con lon lai
Landrace, Yorkshire, va Duroc (LYD hoic YLD), khéi luong 110 kg. Kim
va cs. (2014) cho thay nhiing thay d6i anh huong cua gen PIT1 dén khoi
lwong than thit, ddy m& lung va mau sac cua thit. Do d6, diéu tra sau rong
vé mdi quan hé gitta dic diém cua than thit va nhitng thay doi trong gen
PIT1 I can thiét dé cung cidp mot chi sb dang tin cdy su cai tién cho chat
luong thit.

Nghién ciru trén 1414 con lon Duroc thuan ching tir thé hé thir hai dén
thor nam tai Vién Nghién ciu Thuc an Chan nudéi Trung wong Zennoh
(Hokkaido, Nhat Ban) tir nam 2004 - 2010. Hirose va cs. (2014) danh gia
nhiéu tac dong cua cac da hinh di truyén ctia nam locus @ng cir vién (LEP,
LEPR, MC4R, PIK3C3 va VRTN) trén cac dic diém san xuat (ting khoi
luong, day mé lung va ty 16 m& giat). Trong d6, da hinh kiéu gen caa c4c gen
LEPR, MC4R va PIK3C3 c6 anh hudng dén tinh trang TKL va DML. Khong
c6 mdi lién két nao dugc tim thay gitra da hinh gen LEP voi cac dic diém san
XUat trén.

Chen va cs., 2014 da phan tich mdi lién két cua da hinh gen
FABP/(Hinfl, Mspl va Haelll) va da hinh gen ACSL4/Rsal véi ty 1€ m&
giat (IMF) va day m& lung (BFT) & lon Yanan, Jinhua, Duroc, Landrace,
Yorkshire, and Duroc x (Landrace x Yorkshire) (DLY). Pa hinh gen

FABP/HInfl c6 mit trong tit ca 6 quan thé. Pa hinh gen ACSL4/Rsal &
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lon nai ¢6 3 kiéu gen, trong khi lon duc giéng chi c6 haplotype A hoic
G, ¢ Duroc, Landrace, Yorkshire va lon DLY. FABP/(Mspl va Haelll)
va da hinh ACSL4/ Rsal khong c¢6 ¢ lon Yanan va Jinhua. Phan tich méi
lién két da hinh gen FABP/Hinfl véi ty 16 m& giat cho thay két da hinh
gen FABP/Hinfl c6 mbi lién két véi IMF trong lon DLY (p<0,05) va
lonYanan (p<0,001). IMF cao nhét duoc ghi lai trong haplotype adH cua
3 locus da hinh FABP/Hinfl (2,59%, p<0,05) ¢ lon DLY. Pa hinh gen
ACSL4/Rsal ¢6 ham lugng IMF cao ¢ lgn nai c6 kiéu gen GG hodac lon
duc ¢6 kiéu gen don bdi G so voi kiéu gen AA (2,53% so voi 2,10%,
p<0,05) hoac A haplotype (2,48% so véi 1,73%, p<0,01) trong Lon
DLY. Khong c¢6 sy khac biét dang ké gitra 4 locus da hinh va BFT
(p>0,05). Két qua chi ra rang cac gen FABP/Hinfl va ACSL4 c6 thé dong
vai tro 13 cdc ddu hiéu dé cai thién IMF trong hé théng chan nudi lon.

Lyubov va cs. (2016) nghién ctu trén gidng lon Duroc thuan chung
(n = 360 duc) dugc nudi tai trai nhan giéng Yubileiny & Nga. Tat ca lon
duoc nudi trong diéu kién déng nhat va tiéu chuan. Phan tich cac dic diém
s6 lugng ngay dén 100 kg, mac TKL, chiéu dai than va day m& lung
(DML). Két qua cho thay anh huéng caa PIT1, GH, PRLR va MC4R dén
tinh trang ting trudng va sy can thiét viéc s dung cac da hinh gen trén
trong cac chuong trinh nhan giéng.

Ha Xuan Bo va cs. (2019) nghién dugc tién hanh ¢ quan thé lon
Duroc tai Cong ty TNHH lgn gidng hat nhan Dabaco, Bic Ninh. Cho thay
da hinh ctia gen MC4R alen A va G xuét hién véi tan sé tuong tng 1a 0,430
va 0,570. B6i voi gen PIT1, alen A va B xuat hién véi tan sé lan luot 1a
0,428 va 0,572.
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CHUONG 2. POI TUQNG, NOI DUNG VA
PHUONG PHAP NGHIEN CUU

2.1. PIAPIEM NGHIEN CUU

Cong ty TNHH lon gidng hat nhan Dabaco; xa Tan Chi, huyén Tién
Du, tinh Bic Ninh.

Phong TNTP Cong nghé té bao dong vat, Vién Chian Nudi; phuong
Thuy Phuong, quan Bac Tir Liém, thanh phd Ha Noi.
2.2. THOI GIAN NGHIEN CUU

Tur thang 12/2016 dén thang 12/2020.
2.3. NOI DUNG NGHIEN CcUU

Dé tai duoc thuc hién véi cac noi dung nghién ciru sau:

- banh gia kha nang sinh truéng caa lon Duroc.

- Pa hinh di truyén va méi lién két cua cac da hinh gen MC4R, PIT1,
GH, LEP va PIK3C3 véi tang khéi lwong va day ma lung.

- Nang suét sinh san va mbi lién két cia cac da hinh gen MCA4R,
PIT1, GH, LEP va PIK3C3 véi tinh trang sinh san.

- Pa hinh di truyén va mdi lién két cua cac da hinh gen ADRB3,
ACSL4, FABP3 va PLIN2 véi ty Ié md giat.

- Chon loc dan lon Duroc theo huéng ting khéi lwong dua trén thong
tin kiéu gen.
2.4. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.4.1. Danh gia khd ndang sinh trweng cia lon Duroc
2.4.1.1. Poi trong

Lon Duroc hau bi nudi kiém tra ning suat tai Cong ty TNHH Lon
gidng hat nhan Dabaco gém 500 c& thé (362 cai va 138 duc). Lon hau bi

dugc chon tir cac cap bd me c6 ngudn géc tir Pai Loan va Canada.
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2.4.1.2. Phuwong phap nghién cuu
a. Ché dé nuéi dirong va phong bénh

Sau thoi gian theo me va cai sita, lon thi nghiém (TN) duoc chuyén
vao nudi theo ddi khi c6 khéi lugng tir 18 - 35 kg, twong ng Véi ngay tudi
65 - 75 ngay. Két thac kiém tra khi lon dat 80 - 100 kg, twrong (ng vai 140
- 165 ngay tudi. Céc loai thirc dn do Dabaco san xuat duoc st dung cho lon
tir bat dau kiém tra toi 70 kg 1a 962 (nang lugng trao doi: 3200 kcal/kg,
protein tong sb: 16,5%) tir 70 kg t6i két thdc kiém tra 1a 972 (ning luong
trao doi: 3150 kcal/kg, protein tong so: 16%). Lon dugc an ty do va udng
bang nam nuéc tu dong.

Quy trinh chiam séc, vé sinh phong bénh caa Cong ty lon gidng hat
nhan Dabaco duoc thuc hién trong sudt thoi gian kiém tra. Giai doan lon
con va kiém tra nang suat, lon dugc tiém cac loai vaccine: phong suyén,
viém teo mili truyén nhidm, Glasser, tai xanh, dich ta, 16 mom long mdng
va Circovirus.

b. Phwong phdp thu thdp sé liéu

Can khéi luong cua ting ca thé tai thoi diém bat dau va két thac
thi nghiém bang can dién tar Mettler Toledo (Trung Qudc). Tang khdi
luong (g/ngay) duoc tinh dya trén khdi lugng két thic cua ting ca thé va
s6 ngay nudi. Day md lung dugce do bang may do siéu am Exago voi dau
do Aloka SSD 500v ¢ vi tri gdc xwong suwdn cudi cling cach duong séng
lung 6,5 cm trén ting cé thé séng cuing vai thoi diém can khéi luong két
thtc theo phuong phap dugc mo ta trong nghién ciu cta Youssao va cs.,
2002.

c. Phirong phap xir ly so liéu

Tat ca cac phép phan tich duoc xur Iy bang phan mém Minitab 16.
2.4.2. Phwong phdp phan tich da hinh di truyén cac gen sng vién
a. Ldy mau

Dung kim chuyén dung dé cit 2 - 3 cm phan dudi cua mdi ca thé lon
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khi lon duoc 4 ngay tudi. Mau dudi dugc chuyén vao cac 6ng 1,5 ml c6
chira dung dich ethanol 90°. Mau duoc bao quan & nhiét do -20°C trudc khi
tién hanh tach chiét ADN.
b. Tach chiét ADN

Tt mdi miu mé dudi, tién hanh loai bo phan 16ng va sun ciia mau, st
dung dao md dé cit mau thanh ting miéng nho. Ly khoang 25 mg mau md
d3 cit nho cho vao dng eppendorf 1,5 ml. Sau d6 tién hanh tach chiét ADN
theo quy trinh bo kit tach chiét GeneJET Genomic ADN Purification Kit
(Thermo Fisher Scientific, My).
c. Trinh tw moi

Trinh tu cac cap moi dé nhan dic hiéu cac doan gen trong nghién

ctru duoc st dung theo cac tac gia da cong bd trude ddy (bang 2.1).
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Bang 2.1. Trinh tw va théng tin cac cip maoi

Gen

MC4R

PIT1

GH

LEP

PIK3C3

FABP3

FABP3

ADRB3

PLIN2

ACSL4

Mdi xudi va méi nguore (5°-3°)

TACCCTGACCATCTTGATTG
ATAGCAACAGATGATCTCTTTG
AGTGTAGCCAGAGCATCT
ACCACATCTGCACACTCA
TTATCCATTAGCACATGCCTGCC
CTGGGGAGCTTACAAACTCCTT
GGGTCACCGGTTTGGACTTCATCC
GCCCAGGCTCTCCAAGGTCTCC
ATTTCGTCTAGACCTGTCCG
TGAATCTGTTCTACCACCGC
GGACCCAAGATGCCTACGCCG
CTGCATCTTTGACCAAGAGG
CAGCCCAAGAGTGAGTTTCC
GAATAGGAAGCCCCATG
CGTTCAACCCGCTCATCTACTGC
GGTTCCCTACTCTGTGCCCGTCTT
AGAAAATTCAAGGCACTCAGG
TTAGCTGCATCCTGTTAGGG

CAGAAGATGCTTAAATATTAAGCATGACA
TGTCTAACCTACACAACAATTATGAATCC

Tm
(°C)

56

62

62

67

62

S7

S7

63

55

Kich
thwoc
PCR

226 bp

1745bp

605 bp

230 bp

102 bp

693 bp

321 bp

315 bp

317 bp

61,8 181 bp

RE Nguén
(Kim va cs.
Taql
(2006)
(Yu vacs.
Rasl
(1995)
Faria va cs.
(2006)
) Szydlowski
Hinfl
va cs. (2004)
(Kim va cs.
Hpys8l
(2005)
Hinfl (Gerbens va
cs. (1997)
(Schwab va
Bsrfl
cs. (2009)
(Cieslak va
Taql
cs. (2009)
Mva (Davoli va cs.
1269l (2011)
(Rusc va cs.
Rsal
(2011)

Tm: Nhiét dé gan moi; RE: enzyme gidi han

d. Phan ung PCR

Mot phan tmg PCR dugc chuan bi véi tong thé tich 25 pl bao gom

12,5 uM DreamTag PCR Master Mix 2X (Thermo Fisher Scientific, My),
0,4 M mdi mdi va 50 ng ADN.

Phan tng duoc thuc hién véi chu trinh nhiét: 95°C: 3 pht; 35 chu ky
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mdi (Tm°) tly thudc vao tirng cap moi (theo bang 2.1).
e. Dién di kiém tra san pham PCR

Cac san pham PCR duoc kiém tra chat luong va xac dinh kich thudc
bang phuong phap dién di trén gel agarose 2% véi dién thé 100V trong
khoang 30 phut. Gel dién di duoc quan sat dudi tia UV nho chat phat
huynh quang nhudém ethidium bromide (4%)

f. Phdn vmg cdt enzyme giGi han (RFLP)

San pham PCR da duoc kiém tra chat lugng va xac dinh ding kich
thudc cua doan gen dich sé duoc U voi CAC enzyme gidgi han tuong Gng
(bang 2.1) dé nhan biét cac diém da hinh. Phan ¢ng cat enzyme c6 tong thé
tich 12 20 pl bao gom 2 pl dung dich dém 10X, 1ul enzyme 10 U/pl, 10 pl
san pham PCR va 7 ul nuéc khi ion. Phan ung duoc 0 & nhiét do 37°C dbi
Vi tat ca cac enzyme cat giGi han ngoai trir enzyme Tagl 12 65°C trong 16
gio dé enzyme cat hoan toan san pham PCR.

g. Dién di kiém tra va doc két qua kiéu gen

San pham cit duoc thyc hién dién di trén gel agarose 2% trong dém
TBE 1X va dugc nhuém bing ethidium bromide. Két qua soi gel agarose
dudi dén UV sé 1a can cir dé xac dinh cac diém da hinh trén cac doan gen
ung Vvién dua vao kich thudc cac doan ADN trén gel agarose, tir do xac
dinh kiéu gen cho ting cé thé.

h. Giai trinh ty cdc gen ung vién

San pham PCR cac gen tng vién duoc lam sach theo quy trinh cua Kit
lam sach san pham PCR PureLink® PCR Purification Kit (Invitrogen).

Quaé trinh giai trinh ty duoc tién hanh tuan ty theo 3 budc: thyuc hién
phan @ng giai trinh ty, 1am sach sau phan (ng va tién hanh giai trinh ty trén
may ABI 3130 cua hang AB (Applied Biosystem).

Buoc 1: Thyc hién cac phan wng giai trinh ty

Phan urng giai trinh tu dugc thuc hién theo bo kit BigDye Terminator

V3.1 Cycle Sequencing Kit (Applied Biosystem™ - Thermo Fisher
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Scientific, M¥), thanh phan phan &ng cu thé nhu sau:

H,0: 6,4 ul

Bigdye® Terminator V 3.1 Cycle (2,5 X): 8 ul

Bigdye Terminator V 1.1, V3.1 Sequencing Buffer (5X) : 4 ul

Primer (3,2pmol/ul): 1 pl

Template (PCR): 0,6 pl

Tong thé tich phan ang: 20 pl

Chu trinh nhiét:

Chu ki 1: bién tinh & nhiét do 96°C trong 1 phut

Chu ki 2: Gom 3 budc, lap 25 chu ky. Nhiét d6 va thoi gian twong
trng cho mdi budce 1a 96°C trong 10 gidy, 50°C trong 5 gidy, va 60°C trong
4 pht.

Chu ki 3: ha nhiét d6 xubng 4°C & .

Buoc 2: lam sach phan g gidi trinh tw bang BigDye® XTerminator™
Purification Kit (Applied Biosystem™ - Thermo Fisher Scientific, M)

Hoa chat va dung cu sir dung gom:

SAMTM Solution: lo 9 ml

X TerminatorTM Solution: 2 mi

Pia chay phan tng 96 giéng tam cao su day, khay c6 dinh dia (cung
cap theo may), tdam pha nylon. May lic dia IKA® Vibrax VXR basic va
may li tdm dia Hettich Rotanta 460R C5605.

Quy trinh 1am sach dugc tién hanh nhu sau:

L4y theo ti 1¢ 90 pl dung dich SAMTM Solution +20 pl dung dich
XTerminatorTM Solution cho méot mau vao ong eppendorf, lic ki. Chia
110 pl dung dich nay vao mdi giéng cua dia chay phan tng giai trinh tu.
Tra mau 20 pl (phan ¢ng giai trinh tu) vao mdi giéng. Phu dia bang nylon,
tién hanh lic dia trén may lic 1800 vong/phut trong 30 phut. Ly tam dia &
1,000 g trong 3 phut, nhiét ¢6 15°C. Bo nylon phu, day dia bing tim cao

su. Sau khi 1am sach, c6 thé cho dia 1én may chay hoic bao quan & 4°C.
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Buéc 3: Tién hanh dwa mdu da lam sach vao phan tich va doc két
qud trén may giai trinh ty ABI

k. X 1y 6 ligu

Xdc dinh tan sé alen va kiéu gen

Tan sé kiéu gen = (S6 ca thé mang kiéu gen twong tng)/(Tong s ca
thé trong quan thé)

Tan s6 alen A, ki hiéu f(A) duoc quan sat va tinh toan theo cong thic:

f(A) = f(AA) + 1/2 f(AB)

Trong do:

f(AA): tan s kiéu gen dong hop tir cua alen A

f(AB): tan s kiéu gen di hop tir cia alen A vai alen khac

Str dung phuong phap kiém dinh Chi-square Goodness of Fit Test trong
Minitab 16.
2.4.3. Méi lién két gii#a da hinh gen MC4R, PIT1, GH, LEP va PIK3C3
Vi ting khoi lrong va day mé lung
2.4.3.1. Déi twong

Nghién ctru tinh da hinh cac gen tmg vién véi ting khéi luong va day
md& lung (MC4R, PIT1, GH, LEP va PIK3C3) duoc thuc hién trén 2 thé hé:
thé hé 1 trén 500 con lon Duroc hau bi (362 cai va 138 dyc). Thé hé 2 trén
188 con lon Duroc hau bj (133 cai va 55 duc). Lon hau bi thé hé 1 duoc chon
tir cac cip bd me ¢ ngudn goc tir Pai Loan va Canada, thé hé 2 duoc sinh ra
tir cac cap bd me tir thé hé thir 1 gid lai 1am gidng.
2.4.3.2. Phuong phadp nghién cuu

S6 liéu duoc xur ly bang phan mém Minitab 16. M6 hinh tuyén tinh
tong quat (Genralized Linear Models; GLM) duoc sir dung dé danh gia mdi
lién két gitta da hinh cac gen PITL, MC4R, GH, LEP, PIK3C3 véi ting
khéi lugng va day mé lung véi mé hinh ¢ng dung sau:

Yijk = pu + Gi + SEj + G*SEij + Sk + eijk

Trong do:
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Yijk 1a tang khdi luong caa lon hay day mé lung;

W 14 gia tri trung binh quan thé;

Gi la anh huong cua kiéu gen i caa mdi gen (Kiéu gen i = GH: kiéu
gen AA/GG/AG; LEP: kiéu gen TT/CT; PIK3C3: kiéu gen TT/CC/CT;
MC4R: AA/IGG/AG; PIT1: AA/AB/BB);

SEj la anh hudng cua gidi tinh j (j = duc va céi);

G * SEij la anh hudng tuong tac gitta Kiéu gen va gigi tinh;

Sk la anh hudng cia cac duc giong;

eijk la sai s6 ngau nhién.

So sanh muc db tin cdy giira cac sé trung binh bang Least Square
Mean — LSM véi phép so sanh Tukey.

2.4.4. Nang sudt sinh s@n va méi lién két cia cdc da hinh gen MC4R,
PIT1, GH, LEP va PIK3C3 vgi tinh trgng sinh san
2.4.4.1. Poi twong
Déi twgng nghién ciu 1a: 104 con nai; sb 6 dé (445 6), sb lugng bd
(27 con) va me cua lon nai (73 con); s6 lra dé dugc thé hién o bang 2.2.
Bang 2.2. S6 lira dé ciia 104 nai Duroc
Lira dé 1 2 3 4 5 6
O dé 104 85 81 69 56 50

2.4.4.2. Phuong phdp nghién cuu

Lon Duroc déu dugc nudi dudng, cham soc va vé sinh phong bénh
theo cing mot quy trinh cua Céng ty TNHH lon giéng hat nhan Dabaco.
Thire an do Dabaco san xuit duoc sir dung cho nai hau bj 1a 3200 kcal
ME/kg, protein thd 16,5%. Thurc an cho lgn nai chira l1a 2900 kcal ME/Kg,
protein thé 14%. Thirc an cho nai nudi con la 3100 kcal ME/Kg, protein tho
17%. Thirc an cho lgn con tap an, sau cai sira la 3450 kcal ME/kg, protein
th6 21%.

Lon con va hau bi duoc tiém cac loai vacxin phong: suyén, viém teo

mili truyén nhidm, Glasser, tai xanh, dich ta, 16 mém long méng va Circo.
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Lon nai sinh san dugc tiém cac loai vacxin phong: tai xanh, gia dai, dich ta,
E. coli, khé thai, 16 mém long méng va tay noi ngoai ky sinh tring.

Theo dbi cac chi tiéu s6 con so sinh/6, s6 con so sinh sdng/d, s6 con
chon nudi/6 va s con cai sita/d, khdi luong so sinh/6 (kg), khoi luong cai
stra/o (kg).

M6 hinh tuyén tinh tong quét (GLM) dugc st dung dé danh gid méi
lién két gitta da hinh cac gen PIT1, MC4R, GH, LEP véi tinh trang sinh san:
Yij=u + Gi + eij

Trong do:

Yij 1a gia tri kiéu hinh cua tinh trang;

W 14 gia tri trung binh quan thé;

Gi la anh huong caa kiéu gen caa mdi gen (kiéu gen i = GH: kiéu
gen AA/GG/AG; LEP: kiéu gen TT/CT; MC4R: AA/GG /AG; PIT1:
AA/AB/BB);

eij 1a sai s6 ngau nhién.

So sanh muc db tin cay giita cac s6 trung binh bang Least Square
Mean — LSM bang phép so sanh Tukey.

2.4.5. Méi lién két giia da hinh gen ADRB3, ACSL4, FABP3 va PLIN2
Véi tinh trang mé gidt
2.4.5.1. Poi trong

Nghién ctru duoc thyc hién trén 200 ca thé lon Duroc gom 118 con
duc va 82 con cai duoc tao ra tir 23 con duc va 69 con cai (thoi gian theo
d6i qua 1 thé hé).
2.4.5.2. Phuong phap nghién cuu

Ty 1é m& giit co thin cua 200 c4 thé lon Duroc duge do bang may
siéu am Exago va dau do Aloka SSD 500v tai thoi diém két thic kiém tra
nang suit. May siéu &m voi mot dau do phing c6 d6 dai 12 cm vai tan sé
3,5 MHz c6 thé quét sau 12,5 cm dé ghi nhan hinh anh. Pau do dwoc dat

thang dung, song song va cach chinh gitra séng lung ctia con vat khoang 6 -
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7 cm tai vi tri xwong suwon thi 10. T cac hinh anh thu duoc qua siéu am,
cac dir lidu vé day m& lung c6 thé do luong truc tiép trén man hinh cua
may siéu &m hodc chuyén vao may tinh va dugc xir Iy biang phan mém
Biosoft Toolbox Il for Swine cua cong ty Biotronics.In. Riéng ty I¢ mo
giat, chi c6 thé do luong thdng qua phan mém Biosoft khi dit liéu hinh anh
tir may siéu am chuyén vao may tinh. M&i ca thé khao sat duoc tién hanh
do va ghi lai it nhat 5 hinh anh, twong tng vai 5 lan do 13p lai. Sau d6, mdi
hinh anh (lan lap lai) s& duoc xir Iy dé dua ra cac thong sd vé do day md
lung va ty 1é md giat. Két qua trung binh sé hoc ciia 5 lan do 1ap lai s& dugc
sir dung dé danh gia so sanh cac chi tiéu nay giita cac ca thé khao sét.

M6 hinh tuyén tinh tong quéat (GLM) duoc str dung dé danh gia moi
lién két giita cac diém da hinh cac gen FABP3, ADRB3, PLIN2 va ACSL4
Vi ty 1é md giat véi md hinh tng dung sau:

Yijk = W + Gi + Sej + Gi*Sj + Sk + eijk
trong do:

Yijk: ty 16 m& giat co kiéu gen i va gidi tinh j;

W: gié tri trung binh quan thé;

Gi: anh huong c6 dinh cia kiéu gen tha i (i=3, twong ung véi 3 kiéu
gen);

Sej: anh huong c6 dinh caa gidi tinh tha j (j=2, tuong ung véi con
duc hoac cai);

Gi*Sj: anh huang cb dinh cong gop cua kiéu gen thir i va giéi tinh
thur j;

Sk: anh hudng cua con duc gidng;

eijk: sai s6 ngau nhién.

So sanh muc d6 tin cay giira cac sé trung binh bang Least Square

Mean (LSM) bang phép so séanh Tukey.
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2.4.6. Chon loc dan lon Duroc theo hwong ting khoi lwong dua trén kiéu
gen
Buwéc 1: Chon lon Duroc duc (20) va cai (100) mang kiéu gen dong hop ca
2 gen MC4R (AA) va PIT1 (AA) hoic ddng hop 1 gen va di hop 1 gen tir
1000 cai va 400 duc hau bi. Cho tién hanh phdi tao thé hé xuat phat.
Buwée 2: Chon 60 ca thé (50 cai + 10 duc) mang dong thoi kiéu gen MC4R
(AA) va gen PIT1 (AA) c6 kha ning sinh truong cao tir cac 6 dé cua thé hé
xuat phat dé tién hanh theo ddi kha nang sinh truéng & thé hé 1. Ghép phbi
tao thé hé 2.
Bwoce 3. Chon lon céi va duyc c6 kha nang sinh truéng cao dé theo di kiém
tra nang suat o thé hé thu 2.
* Cdc chi tiéu nghién cuu:

- KLbdKT (kg);

- KLkt KT (kg);

- TKL (g/ngay);

- DML (mm).
* Phuong phap nghién ctru kha ning sinh truéng cua lon Duroc & thé hé 1
va thé hé 2 mang ddng thoi kiéu gen MC4R (AA) va PIT1 (AA) thyuc hién

nhu muc 2.4.1.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. KHA NANG SINH TRUONG CUA LON DUROC
Kha ning sinh truéng ctia 500 lon hau bi Duroc trong giai doan kiém
tra nang sut ca thé duoc trinh bay ¢ bang 3.1.

Bang 3.1. Két qua theo ddi kiém tra ning suit lon Duroc

Tinh trang Mean + SE CV (%)
Khbi lugng so sinh/con (kg) 1,55+0,01 16,91
Khéi luong cai sita/con (kg) 6,68 + 0,06 19,34
KLbdKT (kg) 31,67 £ 0,14 10,16
KLkt KT (kg) 94,71 + 0,34 8,14
Tudi bat dau kiém tra (ngdy) 71,52 +0,13 4,05
Tuoi két thuc (ngay) 149,29 + 0,29 4,17
S6 ngay cai sita (ngay) 23,39+ 0,09 9,46
S6 ngay kiém tra (ngay) 77,99 + 0,28 8,12
TKL (g/ngay) 809,04 + 4,12 11,39
DML (mm) 12,01 + 0,08 14,41

Két qua bang 3.1 cho thay lon hau bi Duroc c6 khéi luong so
sinh/con, khéi lugng cai sira/con lan luot 1a 1,55 kg va 6,68 kg. Két qua
nghién ctiu cia chiing toi twong tu cdng bd cia Poan Phuong Thuy va cs.
(2015) trén lgn Duroc c6 khéi lugng so sinh/con 1a 1,56 kg, khéi lugng cai
stra/con 1a 6,90 kg. Nguyén Vin Puc (2015) nghién ctru ning sut sinh san
ctia cac giéng lon Landrace, Yorkshire va Duroc ngudn géc Pan Mach,
nuoi tai Trung tdm Nghién ciru va Phat trién chan nuéi lon Binh Thing. Két
qua cong bd cho thiy khdi luong so sinh/con ctia 3 gidng lan luot 12 1,21
kg; 1,24 kg va 1,36 kg. Nghién ctru Lé DPinh Phung va cs. (2009) trén giéng
lon Landrace va Yorkshire nuéi & Quang Binh, két qua khdi luong so
sinh/con, khéi luong cai sita/con ctia giéng Landrace dat 1,44 kg va 6,25 kg
va Yorkshire twong ung dat 1,41 kg va 6,14 kg, twong tu nhu trong nghién

ctru cua chung toi.
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Trong nghién ctru nay, tudi bat dau kiém tra 1a 71,52 ngay; tudi két
thic 1a 149,29 ngay; sé ngay cai sira 1a 23,39 ngay; sb ngay kiém tra Ia
77,99 ngay; khdi luong bat dau kiém tra/con 1a 31,67 kg; khdi luong két
thic/con 1a 94,71 kg. Theo Zebua va cs. (2017) cho thiy, tudi dat duoc
khdi lwong co thé 90 kg & lon cai Duroc 1a 200,86 ngay, con & lon duc 1a
188,94 ngay.

Céc gi4 tri thu dugc tai bang 3.1 déu dat tiéu chuan Binh muc kinh
té ky thuat ddi voi lon gidng gbc theo quyét dinh sé 657/QB-BNN-CN
(2014) vé viéc phé duyét cac chi tiéu dinh muc kinh té k§ thuat cho cac
dan vat nuéi giébng gbc ddi véi lon Duroc nhu sau: S6 con dé ra con
séngl/é > 9,5 con; Sé con cai sira/d > 8,7 con; Khéi lugng toan 6 lac so
sinh > 13,0 kg; S6 ngay cai sita 21 - 28 ngay; Khéi luong toan 6 ldc cai
stta 55-80 kg; S6 con 75 ngay tudi/6 > 8,3 con; Ty & nudi séng tir so
sinh dén cai sira > 92%; Ty I& nudi song tir cai sita dén 75 ngay > 95%.

Két qua nghién ctru cho thay tang khdi luong 1a 809,04 g/ngay.
Tang khoi lugng caa lon Duroc trong nghién cau caa chdng toi cao hon
S0 véi cac nghién ctu ciaa Nguyen Huu Tinh va cs. (2015) nghién cau
trén 482 lon Duroc tir nam 2011 - 2013. Trong d6, Nguyen Huu Tinh va
cs chi ra, taing khéi luong giai doan 20 - 100 kg cua lon Duroc 1a 743,48
g/ngay. Ngb Thi Kim Cuc va cs. (2015) nghién cuu trén 282 lgn Duroc,
két qua nghién ctu cho thiy ting khéi lwong dat 755,06 g/ngay. Trong
cong bd cua Chen va cs. (1997), tang khéi lwong la 745,5 g/ngay. Ting
khéi luong dat 687,0 g/ngay trong nghién ciu ciia Nedza va cs. (2010).
Trong nghién ctu cua Nakavisut va cs. (2006), tang khoi luong cua lon
Duroc la 794 g/ngay.

Muc tang khdi luong caa lon Duroc trong nghién ctu caa ching toi
thap hon so vai nghién ciru trén doi twong lon Duroc nudi tai Nhat Ban cua
Suzuki va cs. (2005) dat 873,6 g/ngay. Nghién ctru cua Rauw va cs. (2006)
trén lon Duroc nudi tai Tay Ban Nha dat 861 g/ngay.

Bang 3.1. cho thay, lon Duroc ¢6 day m& lung 12,01 mm. Két qua trong
nghién ciu cua chlng tdi cao hon so v6i mot s6 nghién ctru da cong bd. Ngd
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Thi Kim Cuc va cs. (2015) cho biét day mé lung & vi tri P2 cua lon Duroc dat
10,85 mm. Szyndler va cs. (2010) ciing chi ra rang, day m& lung cta lon dyc
Duroc nudi tai Ha Lan dat 8,9 mm. Tran Van Hao va cs. (2015) cho biét day
ma& lung ¢ vi tri P2 1Gc 100 kg cua lon Duroc dat 11,26 mm.

Tuy nhién, day mé lung trong nghién cttu cia ching t6i thip hon so
véi mot sé cong bd. Nakavisut va cs. (2006) cho biét day md lung cua lon
Duroc nudi tai Thai Lan dat twong wng 13,5 mm. Holl va cs. (2010) nghién
ctu day md& lung trén 2186 lgn Duroc nudi tai My ¢ vi tri BF1 (m& lung
phia sau vai), BF2 (M& lung trén xuwong sudn cudi cing), BF3 (m& lung
trén that lung cudi cuing) dat 17,51 mm. Zebua va cs. (2017) nghién cau lon
Duroc c6 day mé lung la 15,1 mm.

Su khac biét vé cac két qua thu dugc ddi véi ting khoi lugng, day
m& lung trong cic nghién cuu la do cac dic diém trén khéng chi phuc
thudc vao dic diém di truyén cua gibng ma con phu thudc vao tudi, khoi
lwgng con vat tai thoi diém xac dinh, ciing nhu khau phan an, phuong thirc
chon loc, nuodi dudng va thiét bi sir dung do.

94,71

31,67

6,68

Khéi lwong so  Khdi lwong cai  Khoi lwong bit  Khéi lwong két
sinh/con (kg)  sira/con (kg) diu kiém thac/con (kg)
tra/con (kg)

Hinh 3.1. Mt s6 chi tiéu sinh truéng caa lon Duroc
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3.2. PA HINH GEN MC4R, PIT1, GH, LEP VA PIK3C3
3.2.1. Nong dé va dp tinh sgch ciza mdu ADN

D3 tach chiét thanh cong cac miu mo dudi cua gidng lon Duroc.
Kiém tra két qua tach chiét ADN bang dién di trén gel agarose 2% (hinh
3.2) va do nong do trén may quang phd Nanodrop 2000 (hinh 3.3). Hinh
anh dién di cho thdy ADN tap trung thanh bing dam nét sang rd khong bi
dut gdy. Sau khi tién hanh do trén may Nanodrop 2000, cac mau ADN co
d6 tinh sach cao voi ty 16 A260/280 trong khoang 1,79 - 2,03 va nong do
ADN tong s6 dao dong trong khoang 70 - 150 pg/ul. Két qua trén phan anh
toan b0 nhitng mau ADN tach chiét duoc dat chat luong cao dam bao cho

cac thi nghiém tiép theo.

1000 bp

100 bp
M: thang ADN chuan 100 bp; 1 - 5: 1a mau ADN tong s6
Hinh 3.2. Két qua dién di kiém tra ADN trén gel agarose 2%

K 4

Y
TOmm Absorbance

T I I T T R R TR T T T AT T Y I N TH T N T T T N
Wavelength [nm] @ Wavelengh [n] @

Hinh 3.3. Kiém tra néng dé ADN
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3.2.2. Nhdn ADN dac hiéu caa gen MC4R, PIT1, GH, LEP va PIK3C3

Véi céc cap mdi dugc thiét ké dic hiéu va cac diéu kién phan ung
PCR di duogc chuan hoa, cac doan ADN c6 chira cac diém da hinh quan tAm
trén cac gen nghién cuu (MC4R, PIT1, GH, LEP va PIK3C3) da dugc nhan
ban dic hiéu. Két qua duoc thé hién trong cc hinh tir 3.4 - 3.8. Hinh anh
dién di cho thdy cac doan ADN thu dugc 1a mot bing dién di va cé kich
thude nhu mong doi. Nhu vay cac san pham PCR phil hop cho phén tich da
hinh tiép theo.

Gen MCAR

Hinh 3.4. Két qua dién di san pham PCR ciia gen MC4R
trén gel agarose 2%
M: thang ADN chuan 100 bp; 1 - 9: san pham PCR

Hinh 3.5. Két qua dién di san pham PCR ciaa gen PIT1
trén gel agarose 2%
M: thang ADN chuan 1 kb; 1 - 8: san pham PCR
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Hinh 3.6. Két qua dién di san pham PCR ciaa gen GH
trén gel agarose 2%
M: thang ADN chuan 100 bp; 1 - 8: san pham PCR

102bp et e 100bp

Z0bp

Hinh 3.7. Két qua dién di san pham PCR cia gen PIK3C3
trén gel agarose 2%
M: thang ADN chuan 20 bp; 1 - 8: San pham PCR

i

Hinh 3.8. Két qua dién di san pham PCR ciia gen LEP
trén gel agarose 2%
M: thang ADN chuan 100 bp; 1 - 8: San pham PCR
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3.2.3. Da hinh cdc doan gen MC4R, PIT1, GH, LEP va PIK3C3
3.2.3.1. Pa hinh doan gen MC4R

San pham PCR cua gen MC4R duoc cit bang enzyme Tagl tao nén ba
kiéu gen khac nhau (AA, AG va GG). Kiéu gen AA c6 1 bang duy nhét trong
tng kich thudc 226 bp; kiéu gen AG c6 3 biang twong tng véi kich thudc 226
bp, 156 bp va 70 bp; kiéu gen GG c6 2 bang twong ng Véi kich thudc 156 va
70 bp (hinh 3.9). Két qua phan tich da hinh gen MC4R trong nghién ciu nay
phtl hop véi két qua cong bd caa Kim va cs. (2000); Li va cs. (2006); Chao va
cs. (2012).

M AG AA GG AG AG AG AG GG GG

i T

SBoom

Ean e

226bp
156 bp

200 by

100 bp
P L 70 bp

Hinh 3.9. Pho dién di phén tich da hinh gen MC4R bing enzyme Tagq|l
M: thang ADN chuan 100 bp
Giai trinh ty cac diém da hinh gen MC4R dugc thé hién & hinh 3.10.

Kiéu gen AG
00— 110
"AATTCCATCATC|GATCCCCTG AT TTAT
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Kiéu gen AA

[
o

00 101 110

AATTCCAT CATCAATCCCCTGATTTAT

b e vt

90 100 110
AAT TCCAT CATCIGIATCCCCT G ATTTAT

Kiéu gen GG

=1

VP WMV

Hinh 3.10. Két qua giai trinh tw cac diém da hinh gen MC4R
Két qua xac dinh tan sé kiéu gen, tan s alen cua da hinh gen MC4R

trong quan thé lon Duroc duoc trinh bay & bang 3.2.

Bang 3.2. Tan so cac kiéu gen va alen trén doan gen MC4R

N Kiéu alen The hg
Gen Tan so Kidu gen’ TH1 TH2
(n =500) (n=188)
Tan sb alen A 0,41 0,41
G 0,59 0,59

o AA  016(n=80) 0,17 (n=32)
MC4Rr— Tan S;’nk'e” AG 051 (n=254) 048 (n=091)
g GG  0,33(n=166) 0,35 (n=65)

Qua bang 3.2 cho thay kiéu gen di hop AG chiém wu thé & thé hé thu
1 va tht 2 vai tan s6 lan luot 14 0,51 va 0,48. Tan s6 alen A va G tuong tng
la 0,41 va 0,59 & ca 2 thé hé. Ty Ié nay tuong tu v&i mot nghién ciu caa
Szyndler va cs. (2010) trén quan thé lon Pulawska véi tan sé alen A va G
lan luot 12 0,42 va 0,58. Ha Xuan Bo va cs. (2019) nghién cau trén quan
thé lon Duroc cho thay tan so alen A va G xuat hién vai tan sb tuong ung la

0,430 va 0,570.
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Hirose va cs. (2014) nghién ciu trén giéng lon Duroc thay rang alen
A xuat hién véi tan sb thap hon so voi alen G & 5 thé hé. O thé hé tha 1 tan
s6 alen A/G 1a 0,34/0,66; thé h¢ thir 2 1a 0,46/0,54; thé h¢ thtr 3 1a
0,39/0,61; thé hé thu 4 13 0,3/0,7; thé hé tha 5 14 0,23/0,77. Piéu niy tuong
ty nhu nghién ctu caa Klimenko va cs. (2014) trén gidng logn Danish
Landrace (LD), Canadian Landrace (LC) c6 tan s6 lan luot 1a SLD (0,3A;
0,7G); @ LD (0,32A; 0,68G); JLC (0,3A; 0,7G); YLC (0,25A; 0,75G).
Két qua cong bd cua Galve va cs. (2012) khi nghién ctru trén 202 lon
DurocxLandrace/Large White tai TAy Ban Nha cho thy, tan s6 xuét hién
ctia alen A (0,235) thap hon so véi alen G (0,765).

Tuy nhién, nhiéu nghién cau lai chi ra rang alen A xuat hién véi tan
s cao hon so voi alen G (Kovacik va cs., 2009; Davoli va cs., 2012; Hong
va cs., 2015). Trong nghién ctru cia Nguyén Vin Noi (2010), khi phan tich
da hinh gen MC4R va GHRH cua lgn duc ring Thai Lan va con lai gitta
lon duc rieng Thai Lan va lon nai dia phuong Pac Nam, chi thu dugc mot

kiéu gen GG duy nhit trong dan lon lai.

mThé hé¢ 1 ®Thé hé 2

AA AG GG

Hinh 3.11. Tén sb céc kiéu gen AA, AG, GG cia gen MC4R
¢thé hé 1va?2
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3.2.3.2. Pa hinh doan gen PIT1

Déi voi gen PIT1, san pham dugc cit bang enzyme Rasl tao nén ba
kiéu gen khac nhau AA, AB va BB. Kiéu gen AA c6 4 bang twong tng Voi
kich thudc 774 bp, 710 bp, 153 bp va 108 bp; kiéu gen AB c6 6 biang tuong
g voi kich thude 774 bp, 710 bp, 388 bp, 322 bp,153 bp va 108 bp; kiéu
gen BB c6 5 bang tuong ung voi kich thudc 774 bp, 388 bp, 322 bp,153 bp
va 108 bp (hinh 3.12). Két qua phan tich da hinh gen PIT1 trong nghién
ctru ndy phu hop vai két qua cong bé cua Yu va cs. (1995).

M AB AB BB AB AA AB AA AB  AA

774bp
710bp

388bp
322bp

153bp
108bp

Hinh 3.12. Pho dién di phan tich da hinh gen P1T1 bing enzyme Rasl|

M: thang ADN chuan 100 bp

Nghién ciru cua Franco va cs. (2005) khi nghién cau mbi lién két da

hinh PIT1, GH va GHRH véi dic diém hiéu suat va than thit ¢ lon

Landrace ciing cho két qua tuong tu.

Két qua xéac dinh tan sé kiéu gen, tan s alen cia da hinh gen PIT1

trong quan thé lon Duroc duoc trinh bay & bang 3.3.
Bang 3.3. Tan so cac kiéu gen va alen trén doan gen PIT1

N Kiéu alen The hé
Gen Tan so K0 gen’ TH1 TH2
(n =500) (n = 188)

Tan s alen A 0.50 0,53

B 0,50 0,47
AA 0,30 (n=149) 0,32 (n=61)
PIT1 Tan sb kiéu AB 0,40 (n=202) 0,41 (n=78)
gen BB 0,30 (n=149) 0,27 (n=49)
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Két qua phan tich da hinh gen PIT1 xuét hién 3 kiéu gen AA, AB va
BB. Bang 3.3 thé hién tan sb kiéu gen di hop tir AB cao nhat ¢ ca 2 thé hé,
& thé hé thir 1 va 2 lan luot 14 0,40; 0,41. Tiép theo la kiéu gen AA (0,30) ¢
thé hé 1 va 0,32 & thé hé 2; cudi cung kiéu gen BB 12 0,30 ¢ thé hé 1 va
0,27 & thé hé 2. Tan s alen A/B & thé hé 1 1a (0,5A/0,5B); tan sé alen A/B
& thé he 2 12 0,53A/0,47B.

Trong nghién cau caa Franco va cs. (2005) st dung phuong phap
PCR-RFLP, enzim Rsal phan tich trén 218 cé thé Landrace cho thay, tan s6
alen A (0,878) cao hon so voi1 alen B (0,122).

Tuy nhién, nhiéu nghién ctru lai chi ra rang tan so alen A thap hon so
véi alen B (Brunsch va cs., 2002; Oczkowicz va Rozycki., 2013). Theo nhu
cong bd cua Yu va cs. (1995) thi khong tim thy alen B trén quan thé lon
Meishan va lon Minzhu; trén quan thé lon Duroc tan sb alen A va B xuét
hién bang nhau (0,5); tan sb alen A trén quan thé lon Hampshire (0,38) thip
hon so v&i alen B (0,62); tan s6 alen A trén quan thé lon Landrace (0,88)
cao hon so véi alen B (0,12). Nhu vy, dinh huéng chon loc theo kiéu hinh

c6 thé 1am thay ddi tan s6 alen trong quan thé.

mThé hé 1 mThé hé?2

AA AB BB

Hinh 3.13. Tan sb cac kiéu gen AA, AB, BB ciia gen PIT1 &

thé hé 1va 2
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3.2.3.3. Ba hinh gen GH

ba hinh gen GH duoc xac dinh khi sir dung enzyme gigi han Fokl.
Két qua phan tich hinh anh dién di cho thay trong quan thé lgn nghién ctu
t6n tai ba kiéu gen la kiéu gen ddng hop AA tuwong ung véi mot bang dién
di 605 bp, kiéu gen ddng hop GG twong tng Vi hai bang dién di 1a 260 bp
va 345 bp va kiéu gen di hop AG twong @ng véi ba bang dién di 1a 605 bp,
345 bp va 260 bp (hinh 3.14).

M AG AG GG AA AG AG GG AG

600bp S0%hp
400bp
300bp g-g

Hinh 3.14. Phé dién di phan tich da hinh gen GH bing enzyme Fokl
M: thang ADN chuan 100 bp

Giai trinh tu cac diém da hinh gen GH duoc thé hién & hinh 3.15,
Kiéu gen AG

220 230
CCATGCAGACAIGATGGGGCACCAACCT
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Kiéu gen GG

220 ] 230 240
CCATGCAGACIGIGATGGGGCACCAACCT

Kiéu gen AA

220
CCATGCAGAC

230 240
AGATGGGGCACCAACCT

iy

Hinh 3.15. Két qua giai trinh tu cac diém da hinh gen GH
Két qua xac dinh tan s kiéu gen, tan sé alen cua da hinh gen GH

trong quan thé lon Duroc duoc trinh bay & bang 3.4.

Bang 3.4. Tan s6 cac kiéu gen va alen trén doan gen GH

o Kiéu alen, Thé hé
Gen Tan so .
kieu gen TH1 (n=500) TH2 (n=188)
L A 0,40 0,37
Tan so alen
G 0,60 0,63
GH L, AA 0,15 (n =75) 0,15 (n = 29)
Tan so kiéu
AG 0,50 (n =252) 0,44 (n =83)
en
J GG 0,35 (n=173) 0,41 (n =76)

Tan sb kiéu gen va alen cua gen GH dugc thé hién & bang 3.4.
Bang 3.4 cho thiy, trong quan thé nghién ctu, & thé hé ther 1, kiéu gen
AA c6 ty Ié thap nhat 12 0,15; kiéu gen GG 1 0,35 va kiéu gen AG c6 ty Ié
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cao nhat 1 0,50. Céc alen A va G ¢4 tan s6 lan luot 12 0,40 va 0,60. O thé hé
thir 2, kiéu gen AG c0 ty Ié cao nhat 1a 0,44; tiép theo 1a kiéu gen GG (0,41)
va thap nhat Ia kiéu gen AA (0,15). Céc alen A va G c6 tan s6 lan luot la 0,37
va 0,63.

Ty 1€ nay twong tu véi mot nghién ciu cua Biziené va cs. (2011) trén
mot sé gidng lon c6 ngudn géc chau Au (Yorkshire, Lithuanian White,
Lanrge White ) va con lai cia no, tan sé alen A va G lan luot 12 0,36 va
0,64. Trong quan thé lon lai F2 giita lon noi Brazil va lon lai ba mau
(Landrace x Large White x Pietran), tin sé alen G 12 0,77 va alen A 12 0,23
(Faria va cs., 2006).

mThé hé 1 mThé hé?2

AA AG GG

Hinh 3.16. Tan sb kiéu gen AA, AG, GG ciia gen GH ¢ thé hé 1 va 2
3.2.3.4. Da hinh dogn gen LEP

Str dung phuong phap PCR-RFLP di duoc xay dung dé xac dinh da
hinh gen LEP. Két qua phan tich trén quan thé nghién ciu chi thu duogc 2
kiéu gen. Kiéu gen CT tuong tng véi 3 bing dién di 1a 230 bp, 186 bp va
44 bp va kiéu gen TT twong ng v&i mot bang dién di 230 bp (hinh 3.17).
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M CcT Tr TT TT TT TT CT TT

230 bp
186 bp

44 bp

Hinh 3.17. Pho dién di phan tich da hinh gen LEP bang enzyme Hinfl
M: thang ADN chuan 100 bp

Giai trinh ty cac diém da hinh gen LEP duogc thé hién & hinh 3.18.
Kiéu gen TC (chiéu reverse 1a kiéu gen AG)

130 ] 160
GTCCATCTTGG ACAGACT CAGG ACAGG .

Kiéu gen TT (chiéu reverse la kiéu gen AA)

150 —1 160 170
GTCCATCTTGGACAAACT CAGGACAGG.

AWM I i A

Hinh 3.18. Két qua giai trinh tw cac diém da hinh gen LEP
Két qua xac dinh tan sé kiéu gen, tan sé alen cua da hinh gen LEP

trong quan thé lon Duroc dugc trinh by & bang 3.5.
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Bang 3.5. Tan s6 cac kiéu gen va alen da hinh trén doan gen LEP

. The hé
., Kiéu alen,
Gen Tan so . TH1 TH2
kieu gen
(n =500) (n=188)
., C 0,02 0,03
Tan so alen
0,98 0,97
LEP .,
Tan so CT 0,04 (n=21) 0,06 (n=11)
kieu gen TT 0,96 (n =479) 0,94 (n=177)

Bang 3.5 cho thay c6 hai kiéu gen TT va CT xuat hién trong quan thé
nghién ctu, diéu d6 cho thay su phd bién cua alen C 14 rat thap, trong khi d6
alen T chiém wu thé voi tan s 0,98 & thé hé thir 1 va 0,97 & thé h¢ thir 2.

Tan sb thap dac thu cia alen C ciing dugc mo ta trong cac nghién cau
trude day & gidng lon Landrace Ba Lan (Kulig va cs., 2001); Duroc (Hirose
va cs., 2014); quan thé lon lai giita lon Brazilian Piau (mot giong lon noi cua
Bazil) véi lon Landrace, Large White va Pietrain (Oliveira va cs., 2006);
Yorkshire (Tran Xuan Hoan va cs., 2013) va t6 hop lai Mangalia x Duroc
(Tempfli va cs., 2015).

Tuy nhién, & mot s6 quan thé lon noi thi alen C c6 tan sé chiém wu thé
nhu lon Méng Céi cia Viét Nam (véi tan sb 0,83) (Tran Xuan Hoan va cs.,
2013), lon thit cua Cong hoa Séc (tan s 0,73) va lon Meishan cua Trung
Qudc khong xuat hien alen T (Stratil va cs., 1997).
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Thé hé¢ 1 Thé hé 2

Hinh 3.19. Tan s6 cac kiéu gen CT, CC ciia gen LEP & thé hé 1 va 2
3.2.3.5. Pa hinh doan gen PIK3C3
Khi phan tich da hinh C2604T trén doan gen PIK3C3 thugc exon 24,
nhiém sic thé sé 7 bang enzyme gigi han Hpy8l, ba kiéu gen di duoc xéac
dinh bao gém kiéu gen TT twong Gng véi mot bang dién di 102 bp, kiéu gen
di hop CT twong @ng vai 3 bang dién di 102 bp, 67 bp va 35 bp va kiéu gen
d6ng hop CC tuong g véi hai bang dién di 67 bp va 35 bp (hinh 3.20).

TT CT CC TT CT CC CC CT M

102 bp 100bp
35 bp 40bp

Hinh 3.20. Phé dién di phén tich da hinh PIK3C3 bing enzyme Hpy8l
M: thang ADN chuan 50 bp
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Giai trinh ty cac diém da hinh gen PIK3C3 duoc thé hién ¢ hinh 3.21.
Kiéu gen CT

40 50
AAAGTGTCCATGCTCIGTTTIGCTGCGGTG

Kiéu gen TT

30 40 50
AACTCTCCATIGCT CTGTITTGCT GCGGT G

i

Kiéu gen CC

30
GCT CT GTTT GCT GCG GT G

als

AACT CT CCA

Hinh 3.21. Két qua giai trinh tw cac diém da hinh gen PIK3C3
Két qua xac dinh tan s6 kiéu gen, tan sd alen cua da hinh gen
PIK3C3 trong quan thé lon Duroc duoc trinh bay ¢ bang 3.6.

Bang 3.6. Tan so cac kiéu gen va alen da hinh trén doan gen PIK3C3

Kiéu gen PIK3C3 Alen
Chi tiéu cC CT TT C T
S6 lugng quan sat 180 259 61
Tan sb quan séat 03 052 012 062 038

73



Qua bang 3.6 cho thay alen C chiém uu thé véi tan s6 0,62. Két qua

nay phtl hop vai nghién ctiu ciia Kim va cs. (2005) trén giéng lon Duroc, alen

C chiém tan s6 0,725. O cac giéng lon ngoai khac nhu Landrace va Large

White, tan s6 alen C ciing twong di cao, twong ung 13 0,6 va 0,425 (Kim va

cs., 2005).

Mot nghién ciu khac cua Hirose va cs. (2011) ciing trén d6i tuong

lon Duroc cho thay alen C chiém wu thé trong quan thé véi tan s6 0,679.

Trong khi d6, & lon ndi Han Quéc, alen C lai ¢6 tan s6 thap chi 0,175.

3.3. MOI LIEN KET CUA PA HINH GEN MCA4R, PIT1, GH, LEP VA
PIK3C3 VOI TANG KHOI LUQNG, DAY MO LUNG

3.3.1. Méi lién két ciia gen MCA4R Véi ting khéi lwong va day mé lung

Mtc d6 anh huong caa cac yéu té dén kha ning sinh trudng caa lon

Duroc nudi tai Cong ty TNHH lon giéng hat nhan Dabaco dugc trinh bay

qua bang 3.7.

Bang 3.7. Méi lién két cia kiéu gen MC4R véi cac chi tiéu sinh truéng

Thé
h¢

Chi tiéu

AA AG GG
p

n LSM=z*SE n LSM=+SE n LSM+SE

KLbdKT (kg)

KLktKT (kg)

1 TKL (g/ngay)
DML (mm)

80 31,58+0,44 254 31,71+0,29 166 31,70+0,34 0,96
80 98,61°+0,11 254 94,86°+0,69 166 93,15°+0,80 0,00
80 853,267+ 9,59 254 820,40°+6,36 166 790,44°+ 7,31 0,00
80 12,62°+0,29 254 11,95%+0,19 166 11,38°+0,22 0,00

KLbdKT (kg)

KLKtKT (kg)

2 TKL (g/ngay)
DML (mm)

32 31,23°+052 91 30,00°+0,31 65 29,45°+0,35 0,02
32 101,76°+1,88 91 9454°+1,15 65 9247°+1,29 0,00
32 860,31%+15,91 91 814,89°+9,73 65 797,72°+10,96 0,00
32 12,85 +059 91 11,48°+0,36 65 10,04°+0,41 0,00

Trong cing chi tiéu, cac gida tri LSM mang chit cdi khdc nhau, sai khdc c¢é Y nghia thong ké (p<0,05)

Két qua bang 3.7 cho thiy, kiéu gen MC4R ¢6 mdi lién két véi ting

khéi luong, day md lung va khoi luong két thuc (p<0,05) & thé hé thir 1 va thé

hé thu 2.
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Lon Duroc mang kiéu gen AA c6 khéi lugng két thic 98,61 kg cao
hon so vé&i kiéu gen AG 94,86 kg va kiéu gen GG 93,15 kg; lon c6 khoi
luong dau vao kiém tra 31,58 kg - 31,71 kg.

Tinh trang tang khdi luong & lon Duroc & céc kiéu gen AA; AG; GG
lan luot 12 853,26; 820,40; 790,44 g/ngdy, dat cao nhat ¢ lon mang kiéu gen
AA va thap nhit Ia & lon mang kiéu gen GG. Chénh léch ting khdi luong
gitta lon mang kiéu gen AA so véi lon mang kiéu gen GG la +62,82 g/ngay.
Sy sai khac giita cac kiéu gen AA, AG, GG c6 ¥ nghia théng ké (p<0,05)
(hinh 3.22). Lon Duroc mang kiéu gen AA c6 day m& lung 12,62 mm dat

cao nhét va thip nhit ¢ lon mang kiéu gen GG 11,38 mm.

860,31

853,26

AA AG GG AA AG GG
Thé hé 1 Thé hé 2

Hinh 3.22. Ting khdéi lwong cia lon Duroc mang céc kiéu gen AA, AG,
GG ciia gen MCA4R § thé hé thir 1 va 2

Theo do1 moi lién két ctia da hinh gen MC4R véi tinh trang tang khoi

luong va day md lung cta lon Duroc & thé hé thir 2. Két qua thu duoc ¢

bang 3.7 chi ra rang da hinh gen MC4R ¢6 méi lién két chit véi tinh trang

tang khéi lugng, ddy md lung va khoi luong két thic ¢ lon Duroc & ca thé

hé thtr 1 va thé hé thir 2 (p<0,05).
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Khéi luong két thuc 92,47 kg & lon mang kiéu gen GG dat gia tri
thap nhat; cao nhat 1a lon mang kiéu gen AA 101,76 kg.

Lon Duroc mang kiéu gen AA c6 ting khéi luong (860,31 g/ngay),
day m& lung (12,85 mm) dat cao nhat va thap nhat & lon mang kiéu gen GG
(797,72 g/ngay; 10,04 mm). Chénh léch tang khéi luong giira lon mang kiéu
gen AA so véi lon mang kiéu gen GG 1a +62,59 g/ngdy. Su sai khac ¢ y
nghia thdng ké chi tim thdy ¢ lon mang kiéu gen AA, AG ¢ tinh trang ting
khéi lwong, va kiéu gen AG, GG & tinh trang day md lung (p<0,05).

Nhu vay, chon loc kiéu gen AA-MCA4R s€ cai tién nhanh chong dugce
tdc do tang truong cia gidng lon Duroc trong diéu kién chin nudi ¢ mién Béc
Viét Nam. Tuy nhién, tan suat kiéu gen AA trong quan thé chiém ty 18 thap
nhét trong s6 céc kiéu gen. Co thé do trong mot thoi gian dai, viéc chon loc
giong chii yéu dua vao ngoai hinh, nhiing lgn thon bung, hinh dang gon, dai. ..
duoc giit lai nudi. P& giai thich duoc nguyén nhan ndy can c6 nhiing nghién
ctru chi tiét hon.

O Pan Mach, gen MC4R duoc dua vao chuong trinh chon loc giéng
dé cai thién tdng khdi luong cua 4 giéng lon Hamshire, Duroc, Landrace va
Yorkshire (Bruun va cs., 2006). Lon mang kiéu gen AA trong nghién ctu
cua nay cé tang khéi luong va day méd lung cao hon so vai lon mang kiéu
gen GG. Diéu nay tuwong tu cac nghién ciru da duoc béo cédo Houston va
cs., 2004; Kim va cs., 2006; Meidtner va cs., 2006; Maagdenberg va cs.,
2007; Piorkowska va cs., 2010; Broeke va cs., 2015.

Cong bd cta Houston va cs. (2004) cho thay lon mang kiéu gen AA
c6 tang khoi lugng cao nhat, sau d6 dén lon mang kiéu gen AG va cubi ciing
la lon mang kiéu gen GG voéi két qua lan luot 1a 805; 792 va 733g/ngay.
Nghién ciu Kim va cs., 2006 cong b lon mang kiéu gen AA c6 tang khoi
lwong tét hon lon mang kiéu gen GG. Nghién ciu cia Maagdenberg va cs.,
2007 cho thay lon mang kiéu gen AA c6 ting khdi lwong va day md lung

I6n nhat 12 531 g/ngay va 14,58 mm, tiép theo 12 lon mang kiéu gen AG (516
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g/ngay va 13,91 mm), thap nhit 1a lon mang kiéu gen GG (507 g/ngay va
13,46 mm). Theo cong bd ctia Dvotakova va cs., 2011 lon mang alen A c6
tang khéi luong tot hon lon mang alen G. Cu thé, lon mang kiéu gen AA c6
tang khéi luong 1a 907 g/ngay. Lon mang kiéu gen GG dat ting khdi lugng
la 892 g/ngay. Cong bd cuia Meidtner va cs. (2006) tim thay 2 kiéu gen AG
va GG trong quan thé lon nghién ctru. Trong 6, ting khéi lwong va day ma
lung cua lon mang kiéu gen AG 14 567 g/ngay; 29,6 mm, cao hon so véi lon
mang kiéu gen GG la 535 g/ngay; 28,3 mm.

Lyubov va cs. (2016) cho thay tang khéi luong cta lon mang kiéu
gen GG 14 857 g/ngay cao hon lon mang kiéu gen AA 1a 853,05 g/ngay va
kiéu gen AG 1a 848.4 g/ngay. Kovacik va cs. (2009) chi ra rang lon mang
kiéu gen GG c6 tang khdi lwong cao nhat va day md lung thap nhat trong
cac kiéu gen. Tang khdi lugng va day m& lung cua cac kiéu gen cu thé
nhu sau: AA (601,32 g/ngay;10,74 mm), AG (595,46 g/ngay; 10,01 mm);
GG (607,36 g/ngay; 8,08 mm).

Tuy nhién, trong nghién ctu cua Klimenko va cs., 2014 trén lon
Landrace cho thay tac dong tich cuc cua kiéu gen AG/MCA4R Ién tinh trang
tang khéi lwong. Cu thé: ¢ lon duc Landrace, lon mang kiéu gen AG c6 chi
s6 tang khoi lugng va day mé lung cao nhat (1140,16 g/ngay; 10,81 mm),
tiép sau 1a lon mang kiéu gen GG (1090,41 g/ngay; 10,69 mm) va sau cling
lon mang kiéu gen AA (1067,57 g/ngay; 10,29 mm). O lon cai Landrace,
lon mang kiéu gen AG c6 ting khdi lugng cao nhat la 865,44 g/ngay, sau
d6 1a kiéu gen AA 860,69 g/ngay va cudi cung 1a lon mang kiéu gen GG
817,51 g/ngay. Tinh trang day m& lung ¢ lon mang kiéu gen AA 1a cao
nhét, tiép theo 1a lon mang kiéu gen AG va cudi cung 1a lgn mang kiéu gen
GG Vvéi chi s6 day mé lung 1an luot 12 11,54 mm; 11,10 mm; 11,00 mm.

Mot sé nghién ctu khac khdng phat hién bat ky méi lién két nao
gitra da hinh gen MC4R vai céc tinh trang ting khdi luong, ddy m& lung

(Park va cs., 2002; Stachowiak va cs., 2005).
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Nguyén nhan cua su sai khac vé két qua giita cac nghién ciu c6 thé
lién quan dén sy sai khac trong thiét ké thi nghiém. Do 1a su sai khéc gitra
cac quan thé nghién ctu nhu sy khac nhau vé giéng, sé lwong mau, hé
théng giao phdi da din dén sy sai khéc trong tan sé cac gen va alen. Su sai
khac trong nén tang di truyén, anh huéng cua cac yéu td méi trudng va cac
moé hinh phan tich khac nhau ciing c6 thé 1am ting hodc giam anh hudéng
cua cac gen dén tinh trang. Buske va cs. (2006) da khang dinh sy anh
huong cua nhiéu locus tinh trang sé luong thuong thay doi phu thudc vao
giong va quan thé.

Két luan da hinh gen MC4R c6 méi lién két chit véi tang khoi lugng
va day m& lung & ca 2 thé hé (p<0,05). Trong do6, lon mang kiéu gen AA
dat tang khoi lugng va day md lung cao nhat ¢ ca 2 thé hé. Thé he 1 1a
853,3 g/ngay va 12,62 mm, thé hé 2 1a 860,3 g/ngay va 12,85 mm.

3.3.2. Méi lién két ciia gen PIT1 Vi ting khoi lwong va day mé lung

Két qua phan tich méi lién két giira cac diém da hinh véi cac chi tiéu

sinh truong cta lon Duroc dugc thé hién & bang 3.8.

Bang 3.8. Mi lién két caa kiéu gen PIT1 véi cac chi tidu sinh truéng

Thé AA AB BB
Chi tiéu p
hé n LSM+SE n LSM+SE n LSM+SE

KLbdKT (kg) 14 31,23°#0,36 202 32,36°+0,29 149 32,150+0,37 0,02
KLKtKT (kg) 14 96,27°+0,86 202 95,60*+0,69 149 93,36°+0,88 0,02
1 TKL (g/ngay) 14 833,10%8,00 202 816,41%°+6,41 149 807,89°+8,20 0,04
DML (mm) 14 12,42°+0,24 202 11,81%+0,19 149 11,58°+0,24 0,01

KLbdKT (kg) 61 30,23%0,36 78 29,89+0,34 49 29,95+0,42 0,75
2 KLktKT (kg) 61 98,29°+122 78 9555°+117 49 89,50°+1,45 0,00
TKL (g/ngay) 61 844,70°+10,25 78 811,62"+9,82 49 782,93°+12,16 0,00
DML (mm) 61 12,37°+0,40 78 11,43*+0,38 49 9,62°+0,47 0,00

Trong cung chi tiéu, cdc gia tri LSM mang chir cdi khdc nhau, sai khdc co y nghia thong ké (p<0,05)
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Phan tich da hinh kiéu gen PIT1/Rasl két hop voi sé liéu vé mot
s6 chi tiéu sinh truong thu duoc. S6 liéu dugc xu Iy bang phan mém
Minitab 16. M hinh tuyén tinh téng quat GLM dugc sir dung dé danh gia
mbi lién két gitra da hinh cac gen PIT1 vai cac tinh trang nghién ctu duoc
trinh bay & bang 3.8 cho thay, kiéu gen PIT1 c6 méi lién két véi tang khdi
luong va day m& lung, khéi luong két thuc ¢ thé hé ther 1 (p<0,05). Cu
thé, tinh trang tang khéi luong va day m& lung, khéi luong két thuc dat
cao nhat & lon mang kiéu gen AA (833,10 g/ngay; 12,42 mm; 96,27 kg),
sau d6 dén kiéu gen AB (816,41 g/ngay; 11,81 mm; 95,60 kg) va cudi
cung 1a kiéu gen BB (807,89 g/ngay; 11,58 mm; 93,36 kg). Chénh léch
tang khoi luong va day md lung ¢ lgn mang kiéu gen AA so véi lon
mang kiéu gen BB lan luot 1a +25,21 g/ngay; +0,84 mm. Ting khéi luong
va day mé& lung c6 sy khac biét gitra 02 kiéu gen AA va BB ¢ quan thé lon
Duroc (p<0,05).

Két qua Brunsch va cs.,2002; Song va cs., 2005. Brunsch va cs.
(2002) nghién ctru trén lgn lai Pietrain (P) x (W) European Wild trong
quan thé xuat hién 02 kiéu gen AB va BB. Kiéu gen AB cho cac chi sb
tinh trang cao hon so véi kiéu gen BB. Van trong nghién ciru nay,
khong tim thidy mdi quan hé ctia da hinh gen PIT1 véi céac tinh trang
khéo sat trén lgn lai Meishan x Pietrain (MxP).

Nhu vay, chon loc kiéu gen AA- PIT1 s€ cai tién nhanh chong duoc tde
d6 ting trudng cua gidng lon Duroc nghién ctu.

Két qua nghién ctru mdi lién két cia da hinh gen PIT1 véi ting
khdi lwong va day m& lung & thé hé thir 2 dugc thé hién ¢ bang 3.8 cho
thay: Tinh trang ting khdi luong va day md lung, khdi luong két thuc
c6 méi lién két chit ché ¢ thé hé tha 2 trong quan thé lon Duroc nghién
ctu (p<0,05). Lon mang kiéu gen AA c6 khdi lugng két thic cao nhat
98,29 kg va thap nhat 1a lon mang kiéu gen GG 1a 89,50 kg. Nghién ctu di

truyén cho thay, & thé hé thar 2, kiéu gen AA van dat chi tiéu cao nhat vé
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tang khdi luong va day m& lung, thap nhat 1a lon mang kiéu gen BB lan
luot la 844,70 g/ngay so vai 782,93 g/ngay; chénh 1éch +61,77 g/ngay;
12,37 mm so véi 9,62 mm, chénh 1€ch +2,75 mm. Téang khbi luong va
day m& lung cd su khac biét gitra 02 kiéu gen AA va BB & quan thé lon
Duroc (p<0,05).

844,70

Hinh 3.23. Tang khéi lwgng cia lon Duroc mang cac kiéu gen AA, AB,
BB ciia gen PIT1 & thé hé thir 1 va 2

Két luan da hinh gen PIT1 c6 mdi lién két chat vai tang khéi luong va
day m& lung & ca 2 thé hé (p<0,05). Tang khéi lugng va day md lung dat
cao nhat & lon mang kiéu gen AA & ca 2 thé hé: Thé hé 1 1a 833,1 g/ngay;
12,42 mm, thé hé 2 1a 844,70 g/ngay;12,37 mm.
3.3.3. Méi lién két cia gen GH Véi ting khoi lwong va day mé lung

Kha ning sinh trudong cua lon Duroc theo kiéu gen GH dugc trinh

bay qua bang 3.9.
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Bang 3.9. Méi lién két cta kiéu gen GH véi cac chi tiéu sinh truéng

Thé AA AG GG
Chi tiéu p
hé n  LSM+SE n LSM+SE  n LSM+SE

KLbdKT (kg) 75 32,05+0,47 252 31,75+0,29 173 31,89+0,33 0,82
KLKtKT (kg) 75 95,73"+1,10 252 94,23°+0,69 173 96,52°+0,79 0,03
1 TKL (g/ngay) 75 818,34*+10,13 252 809,00°+6,37 173 832,33°+7,27 0,01
DML (mm) 75 12,57°+0,30 252 12,02*+0,19 173 11,48"+0,22 0,00

KLbdKT (kg) 78 30,37+0,34 82 29,49+0,34 30 30,40+0,51 0,10
KLktKT (kg) 78 92,31°+1,19 82 9524°+1,18 30 101,90%1,78 0,00
2 TKL (g/ngdy) 78 835,74°+10,15 82 788,50°+10,10 30 839,93%+15,16 0,00
DML (mm) 78 12,09°+0,39 82 11,34®+0,39 30 9,97°+0,59 0,01

Trong ciing chi tiéu, cc gia tri LSM mang chit cdi khdc nhau, sai khdc cd y nghia thing ké (p<0,05)

Két qua bang 3.9 cho thay da hinh gen GH c6 mdi lién két véi tang
khéi lwong, day mé& lung, khéi luong két thic trong quan thé lon Duroc &
ca 2 thé hé nghién ciu (p<0,05).

Pa hinh gen GH ¢6 su sai khac ¥ nghia vé ting khéi luong gitra cac
kiéu gen & ca 2 thé hé. Trong d6, lon mang kiéu gen GG c6 khéi luong cao
nhét so véi 2 kiéu gen con lai (AG va GG) ¢ ca 2 thé hé. Lon mang kiéu gen
GG & thé hé 1 c6 khéi lugng két thic 12 96,52 kg & thé hé 2 12 101,90 kg.

Két qua bang 3.9 cho thay lon mang kiéu gen GG c6 téc do ting khoi
luong cao nhat ¢ thé he thr 1 va tha 2 lan luot 1a 832,33 g/ngay; 839,93
g/ngay, thap nhat 1a lon mang kiéu gen AG 809,00 g/ngay; 788,50 g/ngay.
Tang khéi lwong c6 sy khac biét gitra 2 kiéu gen GG va AG & quan thé lon
Duroc (p<0,05). Két qua nay phl hop véi nghién cau cua BiZiené va cs.
(2011) trén lon Lithuanian White, Landrace, Yorkshire va Large White, tang
khéi lugng dat cao nhat & lon c6 kiéu gen GG (777,4 g/ngay) va lon mang
kiéu gen AA c6 tang khéi lugng thap nhat (743,7 g/ngay).

Khi giai thich vé mdi lién két cua da hinh G316A véi mot sé6 QTL,
Faria va cs. (2006) di dua ra mot sé gia thuyét. Gia thuyét thr nhat cho
rang da hinh G316A truc tiép chiu trach nhiém cho su sai khéc cua céc tinh
trang dugc quan sat do da hinh lién quan dén sy tong hop nhiéu hay it

protein quan trong (vi du nhu hoocmon sinh trudng) hoac can thiép vao cac
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cap d6 biéu hién gen khac nhau nhu dich m4, san xuat, van chuyén hay chu
ky ntra phan ra caa quéa trinh tuan hoan hoocmon. Mic du da hinh G316A
nam ¢ vung intron I, 1a ving gen khong ma hoa, da hinh ciing c¢6 thé can
thiép vao qua trinh biéu hién gen do da hinh c6 thé thugc nhitng ving kich
hoat tac dong dén qua trinh diéu hoa biéu hién gen. Gia thiét thir hai 1a da
hinh c6 méi trong quan va trang thai mat can bang lién két voi cac da hinh
khac, 1a nguyén nhan chinh gay ra nhirng sai khac cta céc tinh trang quan
sat. Cac gen quan trong khac ciing c6 thé lién quan dén cac tinh trang san
XUt ciing thudoc nhiém sac thé 12 nhu gen acetyl CoA carboxylase va gen
apolipoprotein H.

Bén canh da hinh G316A (GH-Fokl), mét sé da hinh gen GH dugc
xéac dinh bang phuong phap PCR-RFLP ciing duoc béo céo co lién két véi
c4c tinh trang sinh truong nhu  GH-Dedl (Tran Xuan Hoan va cs., 2013),
GH-Taql, GH-Dral (Cheng va cs., 2000), GH-Apal va GH-Hinpl (Knorr
va cs., 1997). Chinh vi vay, cd thé xem xét gen GH la mot chi thi phan tir
quan trong trong chon loc gidng lon ¢6 kha ning sinh truéng cao.

839,93

832,33 835,74

| AA AG GG | AA AG GG |
| Thé hé 1 | Thé hé 2 |

Hinh 3.24. Ting khéi lwong cia lon Duroc mang céc kiéu gen AA, AG,
GG ciia gen GH & thé hé thir 1 va 2
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Pa hinh gen GH cd lién quan chat ch& vai tinh trang day mé lung
(p<0,05) & ca 2 thé hé. Day m& lung cao nhét & lon mang kiéu gen AA,
thap nhat ¢ kiéu gen GG & ca 2 thé hé. Lon mang kiéu gen AA (12,57
mm); AG (12,02 mm); GG (11,48 mm) & thé hé thir 1. O thé hé thtr 2, day
md& lung cua cac kiéu gen AA; AG; GG lan luot 1a 12,09 mm; 11,34 mm;
9,97 mm. Day m& lung cd sy khéc biét giira 2 kiéu gen AA va GG & quan
thé lon Duroc (p<0,05). Két qua nghién ciru cua Franco va cs., 2005 ciing
cho thdy da hinh gen GH lién két véi day m& lung trén 213 ca thé lon
Landrace. Trong quan thé xuat hién 02 kiéu gen D;D; va D;D,, trong d6
chi s6 day m& lung 1an luot 12 11,640 mm; 10,981 mm.

Pa hinh gen GH c6 mbi lién két chit véi ting khoi luong va day m&
lung & ca 2 thé hé (p<0,05). Lon mang kiéu gen GG c6 tang khéi lwong cao
nhit & thé hé thi 1 va tht 2 lan luot 12 832,33 g/ngay; 839,93 g/ngay. Day
md lung cao nhét & lon mang kiéu gen AA & thé hé 1 va 2 lan luot 1a 12,57
mm; 12,09 mm.

3.3.4. Méi lién két ciia gen LEP Véi ting khéi lwong va day mé lung

Két qua phan tich méi lién két giira cac diém da hinh véi cac chi tiéu

sinh trudng cua lon Duroc duoc thé hién & bang 3.10.

Bang 3.10. Mai lién két ciaa kiéu gen LEP véi cac chi tiéu sinh truéng

Thé TT CT
Chi tiéu P
hé n LSM + SE n LSM + SE

KLbdKT (kg) 479 3240+023 21 3407+0,88 0,06
KLktKT (kg) 479 9509°+0,57 21 100,59°+2,20 0,01
TKL (g) 479 817,13°+531 21 870,65°+20,24 0,01
DML (mm) 479 12,92+0,61 21 11,89+0,16 0,09

KLbdKT (kg) 177 29,93+0,26 11 30,78+0,78 0,31
KLKIKT (kg) 177 94,05°+0,95 11 102,72°+2,87 0,00

2 TKL (gingdy) 177 807,44°+775 11 884,23%423,42 0,00
DML (mm) 177 11,31+0,31 11 11,40+0,94 0,93

Trong cung chi tiéu, cdc gida tri LSM mang chit cdi khdc nhau, sai khdc cé y nghia thong ké (p<0,05)
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O thé hé tha 1, khi phan tich mdi lién két cua da hinh gen LEP voi
taing khdi lwong va day md lung, khdi luong bat dau va khéi luong két
thic, két qua thé hién trong bang 3.10. Sé liéu bang 3.10 cho thay c6 mbi
lién két cua da hinh gen LEP voi khéi luong két thic (p<0,05) & ca 2 thé
hé. Khéi luong két thic 100,59 kg ¢ lon mang kiéu gen CT cao hon lon
mang kiéu gen TT 95,09 kg & thé hé 1 va 102,72 kg & lon mang kiéu gen
CT cao hon so vé6i lon mang kiéu gen TT 94,05 kg & thé hé 2.

Nghién citu moi lién két cia da hinh gen LEP véi tang khéi luong
cho thay, da hinh gen LEP c¢6 mdi lién két véi tang khoi luong (p<0,05).
Két qua nay phl hop véi cong bé caa Park va cs., 2015 chi ra rang da hinh
gen LEP c6 méi lién két voi tang khoi lugng trén lon Duroc. Tuy nhién,
cling trong nghién ciru ndy, Park khong tim thdy mdi lién két cua da hinh
gen LEP vai tinh trang ting khéi lwong trén lon Landrace va lon Yorkshire.
Tuong ty, nghién ctu cua Hirose va cs. (2014) trén lon Duroc cho thiy da
hinh T3469C khong c6 lién quan dén bat ¢t tinh trang tang khéi lwong giai
doan 30-90 kg, day m& lung va ty 1é m& giat trong than thit.

Két qua phan tich mdi lién két caa da hinh gen LEP véi ting khdi
lwong cho thay lon mang kiéu gen CT co ting khéi luong cao hon lon
mang kiéu gen TT lan luot 1a 870,65 g/ngay so véi 817,13 g/ngay & thé hé
1; & thé hé 2 12 884,23 g/ngay so vai 807,44 g/ngay. Két qua twong tu cling
duoc quan sat trong cac quan thé lon khac nhu lon Landrace Ba Lan (Kulig
va cs., 2001), Duroc (Urban va cs., 2002), Yorkshire (Tran Xuan Hoan va
cs., 2013) va Mangalica x Duroc (Tempfli va cs., 2015). Nghién ctu cta
Kennes va cs. (2001) trén giéng lon Landrace cho két qua nguoc lai, kiéu
gen dong hop TT co tang khdi lugng la 910 g/ngay trong khi kiéu gen di
hop CT ¢6 tang khdi lugng 1a 850 g/ngay.

Bén canh tinh trang lién quan dén khéi lugng, gen LEP con duoc cho
la mot trong nhitng gen Gng vién tiém ning cho tinh trang thanh phan ma

trong than thit. Nghién ciu cia Kulig va cs. (2001) chi ra su sai khac vé ty
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1& nac gitra lon mang kiéu gen TT va TC. Ty & nac caa lon mang gen TT

thap hon lon mang kiéu gen CT.

884,23

TT CT TT CT
Thé hé 1 Thé hé 2

Hinh 3.25. Tang khéi lwgng cia len Duroc mang cac kiéu gen CT, TT
cia gen LEP ¢ thé hé 1 va 2

Nghién cau caa Urban va cs. (2002) trén lon Duroc cho thdy c6 mdi
lien két gitta da hinh LEP-Hinfl voi day m& lung ciing nhu ty 18 nac véi y
nghia thong ké (p<0,04). Theo d0, lon c6 kiéu gen CT c6 day md lung thap
hon lgn mang kiéu gen TT. Tuy nhién, trong nghién cau nay khong tim
thay mdi lién két giira da hinh gen LEP va tinh trang day m& lung. Trong
mot nghién ctu cia Hirose va cs. (2014), két qua cling cho thay khong c6
mbi lién két ¥ nghia gitta da hinh gen LEP véi tinh trang ting khéi luong
cling nhu day m& lung (p>0,05). Sy sai khac voi két qua caa cac nghién
ctru trude duoc tac gia giai thich c6 thé do nén tang di truyén khac nhau
ctia C4c quan thé nghién cuu.

Szydlowski va cs. (2004) cho rang da hinh LEP-Hinfl khong dong
gop truc tiép vao su sai khac cua tinh trang than thit. Nnoém tac gia cho
rang nhiéu nghién ctu phan tich da hinh gen LEP va céc tinh trang than thit
& lon 12 khéng thuyét phuc. Szydlowski da dan chung trong nghién cau cua
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Jiang va cs. (1999) trén bdn giéng lon Duroc, Hampshire, Landrace va
Large White, su sai khac co y nghia chi xay ra gitta nhom lon Large White
c6 day md lung cao va nhom lon Large White c6 day m& lung thap.

Jiang va cs. (1999) ciing dé xuat 1a da hinh gen LEP ¢ lién két véi
day m& lung & lon, tuy nhién nhém tac gia ciing khang dinh bang ching
trong nghién cru chua thuyét phuc. Nghién ctu cua Jiang va cs. (1999) da
dé xuat méi lién két gitra alen C véi day m& lung thip. Kennes va cs.
(2001) chi ra alen C c6 tan s6 thap trong nhom lon Landrace c6 gia tri
giong vé day m& lung thap. Piéu ndy cho thay mdi lién két gitra da hinh
gen LEP véi tinh trang day md lung theo cac hudng trai ngugc nhau. Khi
giai thich méi lién két gitta da hinh gen LEP véi céc tinh trang san xuat, cac
nha khoa hoc ¢6 chung quan diém cho ring mic di gen LEP 1a mot da hinh
d6ng nghia (synonymous polymorphisms), LEP ciing ¢ thé anh huéng dén
cac tinh trang san xuat do tac dong thay doi su on dinh caa qua trinh phién
ma va hiéu suat dich ma caia mARN hoic c6 thé do lién két gan giii vdi cac
da hinh khong dong nghia khac 1a nguyén nhan dan dén su sai khac vé kiéu
hinh (Jiang & Gibson, 1999; Tempfli cs., 2015; Urban cs., 2002).

Nhu vay, nghién ctru cho thay da hinh gen LEP c¢6 mdi lién két chat
v6i tang khoi luong & ca 2 thé hé (p<0,05) cua giong lon Duroc nudi tai
Cong ty TNHH lon giéng hat nhan Dabaco. Lon mang kiéu gen CT c6 ting
khdi lugng cao hon so véi lon mang kiéu gen TT, lan luot 14 870,65 g/ngay
so véi 817,13 g/ngay ¢ thé hé 1 va 884,23 g/ngay so véi 807,44 g/ingay &
thé hé 2. Khong c6 mai lién két nao duoc tim thay giita da hinh gen LEP
véi day m& lung & ca 2 thé hé (p>0,05).

3.3.5. Méi lién két ciia gen PIK3C3 vdi ting khéi lwong va day mé lung

Két qua phan tich méi lién két giira cac diém da hinh véi cac chi tiéu

sinh truéng caa lon Duroc duoc thé hién & bang 3.11.
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Bang 3.11. Mai lién két caa kiéu gen PIK3C3 véi céc chi tiéu
sinh trudng

TT CT CC
Chi tiéu (n = 61) (n = 259) (n = 180) p
LSM = SE LSM = SE LSM = SE

KLbdKT (kg) 32,26 +0,48  32,14+028 3237+032 0,82
KLKIKT (kg) 96,29 +1,18  94,65+0,70 957109 0,27
TKL (g/ngay) 829,00 +10,90 812,72+6,44 822,71+7,32 0,23
DML (mm) 1153+0,33  11,93+0,19 12,04+022 0,37

Trong cung chi tiéu, cdc gia tri LSM mang chit cdi khdc nhau, sai khdac co y nghia thong ké (p<0,05)
Pa hinh C6204T trén gen PIK3C3 dugc xem la mét chi thi di truyén

cho viéc chon loc tinh trang day m& lung va m& than thit. Mdi lién két gitra
da hinh C6204T cua gen PIK3C3 vai tinh trang sinh truong va day mé lung
duoc nghién ciru dau tién boi Kim va cs. (2005) trén thé hé con lai F2 gita
lon ndi Han Quédc va lon Landrace. Két qua cho thay c6 sy sai khac y nghia
gitta alen C va alen T ¢ c4c chi tiéu nghién cau khéi luong co thé ¢ 30 tuan
tudi, phan trim m& than thit (p<0,05) va day m& lung (p<0,01). Nghién ctu
ciing cho thay alen C ¢6 anh hudng tich cuc va y nghia dén thanh phan ma.

Mot nghién ciru khac cua Hirose va cs. (2011) trén 739 lon Duroc
cling cho thay anh hudng c6 y nghia cua alen C dén kha ning ting khdi
luong ciing nhu day md lung. Lon mang kiéu gen CC c6 ting khdi luong
va day m& lung cao hon lon mang kiéu gen CT va TT. Céc cach phan tich
locus QTL hién nay cho thay sy ton tai méi quan hé giita tinh trang day ma
lung va cac QTL & nhiém sac thé sé 6.

Trong nghién cau ndy, khi danh gia mdi lién két cua da hinh gen
PIK3C3 véi ting khoi lugng va day md lung, khdi luong bat dau, khoi
lugng két thiuc & thé hé 1, két qua cho thay khong c6 méi lién két nao
duoc tim thay gitra da hinh C2604T véi ting khdi lugng ciing nhu day mé&
lung khéi luong bat dau va khéi luong két thic (p>0,05). Do vay, da hinh
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gen PIK3C3 dugc khao sat ¢ thé hé 1, khong tién hanh khao séat ¢ thé hé
thir 2.
3.3.6. Ning sudt sinh san va méi lién két gisa hinh gen MC4R, PIT1,
GH, LEP vgi tinh trgng sinh sdn
3.3.6.1. Nang sudt sinh san ciia lon ndi Duroc

Nghién ciru duoc tién hanh trén 104 lon nai Duroc theo di ning suét
sinh san tir thé hé thir 1 dén thé hé tht 6, tong sb 445 6 dé. Két qua duogc
thé hién qua bang 3.12.

Bang 3.12. Ning suat sinh san ciaa lon nai Duroc

Tinh trang n Mean £ SE CV(%)
S6 con so sinh/6 (con) 445 10,97 +0,08 1571
Sd con so sinh séng/é (con) 445 9,96 + 0,07 15,67
S6 con dé nudi/d (con) 445 9,49+007 1534
S con cai sira/6 (con) 445 9,23+0,07 16,90
Ty 1é so sinh séng (%) 445 91,15+0,39 8,99
Ty 1& nudi song dén cai sira (%) 445 97,30+0,39 8,34
KL so sinh/6 (kg) 445 14,03+0,12 18,20
KL cai sira/6 (kg) 445 62,61+056 18,95

Két qua bang 3.12 cho thdy, lon ni Duroc c¢6 s con so sinh/d, s6 con
so sinh s6ng/o, s6 con dé nubi/d va s6 con cai sira/d cua lon nai Duroc lan luot
14 10,97; 9,96; 9,49 va 9,23 con. Tuong tu trong nghién ctu ctia Boan Phuong
Thuy va cs. (2015), s con so sinh/d, $6 con so sinh séng/é, sd con dé nu6i/d
va s con cai sira/6 cua lon nai Duroc dat 10,30; 9,33; 9,92 va 9,71 con.

Leonova va cs. (2015) nghién ctu trén 34 lon nai Duroc nubi &
Nga. Két qua cho thay sé con so sinh/6 dat 10,94; sb con so sinh s6ng/6
dat 9,81 con. B3 buc Luc va cs. (2013) cho biét s6 con so sinh/d, $6
con so sinh sénglé, s con cai sita/d cua nai Duroc dat tuong ung 10,21;
9,14 va 8,79 con.
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Nakavisut va cs. (2006) nghién ctru trén lon Duroc nubi tai Thai
Lan cho biét s con so sinh/6 dat 7,8; sd con cai sira/d6 dat 6,9 con.
Raghavendran va cs. (2015) nghién cau trén 25 lgn nai Duroc cho thay sb
con so sinh/6 dat 9,56; s6 con cai sira/é & thoi diém 45 ngay tudi dat 6,04
con. Lewis va Hermesch. (2013) nghién cuau trén lon nai Duroc tai Uc.
Két qua cho thiy sb con so sinh/6 dat 11,4 con.

Trong nghién cuu trén, két qua sd con so sinh/d, so con so sinh
séng/6, s6 con dé nudi/d va sb con cai sira/d thap hon so vai cong b cua
Nguyén Vin DPuc (2015) nghién ctu trén dan lon Duroc nudi tai Trung
tam Nghién ctu va Phat trién chan nuéi lon Binh Thang véi sé con so
sinh/6 12 13,9 con; s con so sinh sdng/d 1a 11,0 con; sé con cai sira/o 1a
10,5 con.

Cac chi tiéu khdi luong so sinh/6, khdi luong cai sita/d cua lon nai
Duroc trong nghién ciu nay la 14,03 kg; 62,61 kg. D6 Buc Lyc va cs.
(2013) cho biét khéi lugng so sinh/6 va khéi luong cai sita/o cua nai Duroc
dat 13,93 kg/o va 58,56 kg/o. Theo Nakavisut va cs. (2006), khéi lugng so
sinh/6 dat 11,9kg, khéi luong cai sira/6 dat 32,9 kg. Raghavendran va cs.
(2015) cho biét lon nai Duroc c6 khéi lugng so sinh dat 11,86 kg/o; khoi
lwgng cai sira IGc 45 ngay tudi dat 46,05 kg/o.

Ty Ié so sinh song, ty 1¢ sbng dén cai sira trong nghién cau cua
ching t6i c6 ty 18 lan luot 1a 91,15%, 97,30%. Ty 1é nay tuong tu trong
nghién cau caa DS Buc Lyc va cs. (2013) ¢6 ty 18 so sinh sdng 1a 91,75%,
ty 1¢ sbng dén cai sira 1a 96,03%.
3.3.6.2. Méi lién két ciia gen MC4R véi tinh trang sinh sdn

MGéi lién két gitra da hinh MCA4R véi s6 con so sinh/d, con so sinh
s6ng/o, sb con cai sita/o, s6 con dé nudi/d, ty 1é so sinh séng, ty 1& nuodi
song dén cai sita, khdi luong so sinh/0, khéi luong cai sita/d cua lon néi

Duroc dugc trinh bay ¢ bang 3.13.
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Bang 3.13. Lién két da hinh gen MC4R véi tinh trang sinh san

AA AG GG
Chi tiéu (n =89) (n=219) (n=137) p
LSM+SE LSM+SE LSM +SE
S con so sinh/6 (con) 11,13+0,18 10,94 +0,12 10,91 +0,15 0,60
S6 con so sinh séng/6 (con) 10,18 £0,16 9,96 +0,10 9,81+0,13 0,23
S6 con dé nudi/o (con) 9,70£0,15 951+0,10 933+0,12 0,17
S6 con cai sita/6 (con) 950+0,17 921+0,11 9,09+0,13 0,15
Ty 1é so sinh s6ng (%) 91,66 +0,87 91,37 +0,55 90,46 +0,70 0,48
Ty 18 nudi sdng dén cai sita (%) 97,94 +0,86 96,89 + 0,54 97,52 +0,69 0,54
Khéi lugng so sinh/6 (kg) 14,33+0,27 14,09+0,17 13,75+0,21 0,23
Khéi lugng cai sira/d (kg) 65,87°+ 1,24 62,82* + 0,80 60,16" + 1,00 0,00

Bang 3.13 cho thay da hinh gen MC4R khong c6 méi lién két véi chi
tiéu con so sinh/0, con so sinh séng/6, s6 con cai sita/d, sé con dé nudi/d, ty
1¢ so sinh sbng, ty 1& nudi song dén cai sira, khdi luong so sinh/6 (kg)
(p>0,05). Tuy nhién, chi tiéu vé& khéi luong cai sita/d ¢6 mdi lién két véi da
hinh gen MC4R (p<0,01).

CAc chi tiéu vé s con so sinh/d, sd con so sinh séng/é, sd con dé
nudi/d va sé con cai sira/é & nhiing c& thé mang kiéu gen AA c6 xu huéng
cao hon so vdi nhitng cé thé mang 2 kiéu gen con lai. Cu thé, d6i véi chi
tiéu s6 con so sinh/6 & lon mang kiéu gen AA cao hon so véi lon mang
kiéu gen AG, GG (11,13 con so véi 10,94 va 10,91 con); s con so sinh
séng/d & nhitng cé& thé mang kiéu gen AA, AG va GG lan luot 13 10,18;
9,96 va 9,81 con. Lon mang kiéu gen AA dat s6 con cai sita/6 cao nhat 9,50
con, lon mang kiéu gen GG c6 s6 con cai sita/6 thap nhat 9,09 con.

Ty 1€ so sinh s6ng/6, ty 16 nudi séng dén cai sita/d Van theo xu hudng
chung & trén lon mang kiéu gen AA dat cao nhat, sau d6 dén lon mang kiéu
gen AG va thap nhat 1a lon mang kiéu gen GG. Tuy nhién, sy khac biét & 3
da hinh khong c6 ¥ nghia thong ké (p>0,05). Ty 1é nudi séng dén cai sira
dat kha cao ¢ ca thé mang kiéu gen AA (97,94%) va thap nhat 1a cé thé
mang kiéu gen AG (96,89%).

90



Khéi luong so sinh/d cao nhét & ca thé mang kiéu gen AA (14,33 kg),
sau d6 dén kiéu gen AG (14,09 kg) va thap nhat 1a kiéu gen GG (13,75 kg). Ca
thé mang kiéu gen AA, AG va GG c6 khdi luong cai sita/o lan luot 12 65,87;
62,82; 60,16 kg c6 su sai khac ¢ ¢ thé mang kiéu gen AA va GG (p< 0,05).

11,15 S6 con so sinh/6
11,1
11,05 b
11 o
10,95
10,9 b
10,85 o~

10,8

'R

AA A

Hinh 3.26. S6 con so sinh/6 ciia lon Duroc mang kiéu gen AA, AG
va GG cua gen MC4R
3.3.6.3. Moi lién két ciia gen PIT1 véi tinh trang sinh sdn
S6 lieu mdi lién két giita da hinh gen PIT1 véi tinh trang sinh san
duogc thé hién ¢ bang 3.14.
Bang 3.14. Lién két da hinh gen PIT1 véi tinh trang sinh san

AA AB BB
Chi tiéu (n = 131) (n=188) (n=126) p
LSM+SE LSM+SE LSM#+SE

S con so sinh/6 (con) 11,05+0,15 11,02+0,12 10,81+0,15 0,48
S6 con so sinh séng/6 (con) 10,00+0,14 9,99+0,11 9,88+0,14 0,79
S6 con dé nudi/d (con) 9,44+0,13 952+0,10 9,51+0,13 0,84
S con cai sira/o (con) 925+0,14 9,21+0,11 9,24+0,14 0,97
Ty 1¢ so sinh song (%) 90,94 +0,72 91,07 +0,60 91,68 0,73 0,73
Ty 1& nudi sdng dén cai sira (%) 97,92+0,71 96,85+ 0,59 97,36+ 0,72 0,50
Khéi luong so sinh/6 (kg) 14,14 +0,22 14,09+0,18 13,85+0,23 0,62
Khéi luong cai sira/6 (kg) 63,08 +1,04 6252+0,86 62,58+1,06 0,91
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S6 lieu méi lién két giira da hinh gen PIT1 vai tinh trang sinh san
duogc thé hién & bang 3.14. Két qua bang 3.14 cho thay, da hinh gen PIT1
khong anh hudng dén cac chi tiéu nghién ctru nhu s6 con so sinh/6, s6 con
so sinh séng/é, s6 con dé nu6i/d, sb con cai sira/d, ty 1¢ so sinh séng, ty 1¢
song dén cai sira, khéi lwong so sinh/0, khéi luong cai sita/d (p>0,05).

Ca thé mang kiéu gen AA c6 cac chi tiéu vé s6 con so sinh/6, s6 con
so sinh sdng/o, sb con cai sita/d, ty 1& song dén cai sira, khdi luong so
sinh/0, khéi luong cai sita/d O Xu hudng cao hon so véi hai ca thé mang
kiéu gen con lai (AB, BB). Tuy nhién, sy sai khac vé cac chi tiéu trén &
nhitng c& thé mang kiéu gen khac nhau khong c6 ¥y nghia thong ké
(p>0,05). Cu thé, ca thé mang kiéu gen AA cd s6 con so sinh/6 1a 11,05
con, tiép theo 1a kiéu gen AB (11,02 con) va thip nhat 1a kiéu gen BB
(10,81 con). Chi tiéu sé con so sinh séng/d ¢ kiéu gen AA; AB va BB lan
luot 14 10,00; 9,99; 9,88 con. Sb con cai sita/d & lon mang cac kiéu gen
AA, AB, BB lan luot 14 9,25; 9,21; 9,24 con.

S6 con dé nudi/d ¢ lon mang kiéu gen AB dat cao nhat 1a 9,52 con,
thap nhat Ia lon mang kiéu gen AA 13 9,44 con.

Ty 1& so sinh sdng dat cao nhat ¢ lon mang kiéu gen BB, sau d6 dén
lon mang kiéu gen AB va cubi cung 13 & ca thé lon mang kiéu gen AA. Ca
thé lon mang kiéu gen BB (91,68%) cao hon so véi cé thé lon mang kiéu
gen AA (90,94%) la 0,74%.

Ty 1é nudi song dén cai sira cao nhat ¢ lon mang kiéu gen AA, tiép
theo 1a lon mang kiéu gen BB va thip nhat 1a lon mang kiéu gen AB lan
luot c6 ty 16 phan tram 1a 97,92%; 97,36%:; 96,85%.

Vé chi tiéu khéi luong so sinh/6 va khéi luong cai sita/d, nhitng cé
thé mang kiéu gen AA c6 xu hudng cao hon nhitng ca thé lon mang kiéu
gen AB, BB. Cu thé: chi tiéu khéi luong so sinh/6 & lon mang cac kiéu gen
AA, AB, BB lan luot 1a 14,14; 14,09; 13,85 (kg); khdi lugng cai sita/d &

lon mang cac kiéu gen AA, BB, AB lan luot dat 63,08; 62,58; 62,52 (kg).
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Nghién ciu cua Song va cs., 2007 cho thay lon mang kiéu gen AA c6 khoi

luong so sinh cao hon cac kiéu gen con lai.

AA

63,08

Khéi lugng cai sita/6 (Kg)

AB

BB

Hinh 3.27. Khéi lweng cai sira/é caa lon Duroc mang kiéu gen AA, AB
va BB cia gen PIT1

3.3.6.4. Moi lién két ciia gen GH vdi tinh trang sinh san

S6 lieu mbi lién két gitta da hinh gen GH véi tinh trang sinh san

duoc thé hién ¢ bang 3.15.

Bang 3.15. Lién két da hinh gen GH véi tinh trang sinh san

AA AG GG
Chi tiéu (n = 67) (n = 199) (h=179) P
, v LSM+SE LSM*SE LSM+SE

S6 con so sinh/6 (con) 11,22+0,21 10,76+0,12 11,11+0,13 0,06
S con so sinh séng/6 (con) 10,19+0,19 9,82+0,11 10,02 +0,12 1,19
Sb con dé nu6i/6 (con) 9,75+0,18 9,40+0,10 950+0,11 0,24
S con cai sira/d (con) 958+020 9,09+0,11 925+0,12 0,08
Ty 1é so sinh séng (%) 91,26 1,00 91,70+0,58 90,49+0,61 0,36
Ty 1é nudi séng dén cai sira (%) 98,19 +1,00 96,75+0,58 97,57+0,61 0,38
KL so sinh/6 (kg) 14,17 0,31 13,85+0,18 14,19+0,19 0,40
KL cai sira/6 (kg) 63,63+1,45 62,87+0,84 61,93+0,89 0,56
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Dua vao bang 3.15 cho thay da hinh gen GH khong c6 méi lién két
Vvéi cé4c tinh trang nghién ctru nhu sé con so sinh/0, sé con so sinh sdng/o,
sb con dé nuoi/d, sb con cai sita/d, ty 1€ so sinh séng, ty 1€ sé)ng dén cai sira,
khéi luong so sinh/0, khéi lwong cai sira/6 (p>0,05).

Péi vai cac chi tiéu 1a s6 con so sinh/6, sb con so sinh sdng/d, s6 con
dé nuoi/d, sb con cai sita/d, khbi luong cai stra/o thi lon mang kiéu gen AA
c¢6 xu hudng cao hon lon mang céc kiéu gen con lai. S6 con so sinh/6 cao
nhat ¢ lon c6 kiéu gen AA (11,22 con), tiép theo 1a lon c6 kiéu gen GG
(11,11 con) va thap nhat la lon c6 kiéu gen AG (10,76 con). S6 con so sinh
séng/é ¢ lon mang cac kiéu gen AA, GG, AG lan luot 13 10,19; 10,02; 9,82
con. Vé tinh trang s6 con dé nudi/d dat cao nhat & lon mang kiéu gen AA,
tiép theo 12 lon mang kiéu gen GG va thap nhét 13 lon mang kiéu gen AG.
Lon mang kiéu gen AA cao hon so véi lon mang kiéu gen AG 1a 0,49 con
va cao hon so voi lon mang kiéu gen GG 14 0,33 con. Ciing theo xu hudng
trén, lon mang kiéu gen AA c6 chi s con cai sira/6 dat cao nhét (9,58 con)
sau d6 dén lon mang kiéu gen GG (9,25 con) va cudi ciing la lon mang kiéu
gen AG (9,09 con).

Ty 1é so sinh sdng dat cao nhat & lon mang kiéu gen AG (91,70%),
thap nhat ¢ lon mang kiéu gen GG (90,49%). Ty 1é nudi song dén cai sira
dat cao nhét ¢ c4 thé mang kiéu gen AA (98,19%), thap nhat ¢ ca thé mang
kiéu gen AG (96,75%).

Chi tiéu khéi luong so sinh/6 cao nhat & c4 thé mang kiéu gen GG,
sau do6 dén cé thé mang kiéu gen AA va cubi cuing 1a c& thé mang kiéu gen
AG tuong tng 14,19 kg; 14,17 kg; 13,85 kg. Tuy nhién, ty 1& khdi lugng
cai sita/0 dat cao nhat lai & c4 thé mang kiéu gen AA (63,63 kg), tiép theo
la kiéu gen AG (62,87 kg) va cudi cung 1a kiéu gen GG (61,93 kg).
3.3.6.5. Moi lién két ciia gen LEP vdéi tinh trang sinh sdn

S6 lieu mdi lién két gitta da hinh gen LEP véi tinh trang sinh san

duoc thé hién ¢ bang 3.16.
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Bang 3.16. Lién két da hinh gen LEP véi tinh trang sinh san

CT TT
Chi tiéu (n = 44) (n = 401) p
LSM+SE  LSM +SE

S6 con so sinh/6 (con) 11,06 +0,25 10,96+0,09 0,70
S6 con so sinh s6ng/d (con) 994+022 996+008 092
Sb con dé nudi/d (con) 951+021 949+007 0,78
So con cai sita/d (con) 9,16 + 0,22 9,24 + 0,07 0,76
Ty 1é so sinh song (%) 8991+1,70 91,30+041 0,27
Ty 1& nudi song dén cai sira (%) 96,43+0,16 97,40+041 0,43
Khéi luong so sinh/d (kg) 14,48 +0,37 13,98+0,13 0,20
Khéi luong cai sita/d (kg) 62,95+170 6257+060 0,83

S liéu bang 3.16 chi ra rang da hinh gen LEP khdng c6 méi lién két
Véi cac tinh trang sinh san, sb6 con so sinh/0, sd con so sinh séng/é, sb con
dé nuoi/d, sd con cai sira/d, ty 1€ so sinh séng, ty 1€ sé)ng dén cai sita, khoi
lugng so sinh/6, khéi lugng cai sita/6 (p>0,05).

Ca thé mang kiéu gen CT ¢ xu hudng dat cac chi s6 nghién ctru vé
sd con so sinh/d, sb con dé nuo6i/d, khoi luong so sinh/é), khoi lugng cai
sita/0 cao hon ca thé mang kiéu gen TT. Sy khéc biét giita c4c tinh trang
khong c6 ¥ nghia théng ké (p>0,05). S6 con so sinh/0 ¢ ca thé mang kiéu
gen CT cao hon c4 thé mang kiéu gen TT 1a 0,1 con. Kiéu gen CT ¢ sd
con dé nudi/d cao hon kiéu gen TT 1a 0,02 con.

Chi tiéu khéi luong so sinh/6 cua kiéu gen CT va TT lan luot 1a
14,48 va 13,98 kg; khoi luong cai sita/6 cta kiéu gen CT 14 62,95 kg cta
lon mang kiéu gen TT la 62,57 kg.

Tuy nhién, chi tiéu vé sb con so sinh séng/é, s con cai sira/d, ty 1€
so sinh song, ty 1 nuoi séng dén cai sira & lon mang kiéu gen TT cao hon

so v&i lon mang kiéu gen CT. SO con so sinh song/6 cua ki€u gen CT va
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TT lan luot 14 9,94 con; 9,96 con. S6 con cai sita/d 1a 9,16 con & lon mang
kiéu gen CT va 9,24 con & lon mang kiéu gen TT. Ty 16 so sinh séng & cé thé
mang kiéu gen TT cao hon ca thé mang kiéu gen CT 1a 1,39%. Ty 1& nudi
song dén cai sita ¢ 2 kiéu gen TT va CT lan luot 12 97,40% va 96,43%.

Nhu vay, qua phan tich & trén cho thay rang da hinh cac gen MC4R,
PIT1, GH, LEP khong c6 mdi lién két vai tinh trang sinh san (p>0,05). Do
d6, viéc sir dung cac ng Vvién gen nay trong chon gidng theo hudng ting khdi
luong va do day mé lung sé khdng anh huong dén tinh trang sinh san.
3.4. PA HINH GEN ADRB3, ACSL4, FABP3 VA PLIN2
3.4.1. Két qud nhan ADN dic higu

Phan tmg PCR dugc thuc hién véi cac cip mdi dic hidu va cac diéu
kién di duoc ti wu hoa, cac doan ADN chia cac diém da hinh duogc quan
tam trén cac gen nghién citu ADRB3, ACSL4, FABP3 (Bsrfl) (doan gen
FABP3 chtra diém da hinh cit bdi enzyme gidi han Bsrfl), FABP3 (Hinfl)
(doan gen FABP3 chtra diém da hinh cit bdi enzym gigi han Hinfl) va
PLIN2 d3 duoc nhan ban dic hiéu thanh cong. Két qua duogc thé hién trong
cac hinh tir 3.28-3.32 cac bang di¢n di 10 nét, c¢o kich thudc nhu mong doi,

pht hop dé thyuc hién cac budc phan tich da hinh tiép theo.

300 bp

Hinh 3.28. Két qua dién di san pham PCR ciia gen ADRB3
trén gel agarose 2%
M: thang ADN chuan 50 bp; 1 - 5: san pham PCR
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— et s e ! 200 bp
181 bp —-—

Gen ACSL4

Hinh 3.29. Két qua dién di san pham PCR ciia gen ACSL4
trén gel agarose 2%
M: thang ADN chuan 50 bp; 1 - 4: san pham PCR

693 bp

Hinh 3.30. Két qua dién di san pham PCR ciia gen FABP3 (Hinfl)
trén gel agarose 2%
M: thang ADN chuan 50 bp; 1 - 5: san pham PCR

321 bp

[

|
|
|
|
|

300 bp

Gen BFABP3

Hinh 3.31. Két qua dién di san pham PCR ciia gen FABP3 (Bsrfl)
trén gel agarose 2%

M: thang ADN chuan 50 bp; 1 - 5: san pham PCR
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300 bp
317 bp

Gen PLIN2?

Hinh 3.32. Két qua dién di san pham PCR ciia gen PLIN2
trén gel agarose 2%
M: thang ADN chuan 50bp; 1 - 5: san pham PCR

3.4.2. Da hinh cic gen ADRB3, ACSL4, FABP3 (Hinfl), FABP3 (Bsrfl)
va PLIN2
3.4.2.1. Pa hinh doan gen ADRB3

San pham PCR cua gen ADRB3 duoc cat bang enzyme Tagl tao nén ba
kiéu gen khac nhau (AA, AG va GG). Kiéu gen AA c6 1 bang duy nhét trong
ting kich thudc 315 bp; kiéu gen AG c6 3 bang tuong tng vai kich thudc 143
bp, 172 bp va 315 bp; kiéu gen GG c6 2 bang tuong tng Vi kich thudc 143
bp va 172 bp (hinh 3.33). Két qua phan tich da hinh gen ADRB3 trong nghién
ctu ndy ph hop véi két qua cong bd cua Cieslak va cs., 2009.

AGL GG AA AAAG GG AG AG

Hinh 3.33. Pho dién di phén tich da hinh gen ADRB3
bang enzyme Tagq(l
M: thang ADN chuan 100 bp
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Giai trinh ty da hinh gen ADRB3 duoc thé hién & hinh 3.34
Kiéu gen AG

130 140 — 130 I
AGAGCCCGCCGCTCGACGAGTAGGTAACTG

I

Kiéu gen GG

130 140 — 150
AGAGCCCGCCGCTICOGACGAGTAGGTAACTG

A e

Kiéu gen AA

140 - 150 160
AGAGCCCGCCGCTCAACGAGTAGGTAACTG.

WA

Hinh 3.34. Két qua giai trinh tu cac diém da hinh gen ADRB3
Tan suét kiéu gen va alen ADBR3 cua lgn Duroc dugc trinh bay &
bang 3.17.

Bang 3.17. Tan s6 kiéu gen va alen da hinh trén doan gen ADBR3

Chi tiéu Kiéu gen ADBR3 Alen
AA AG GG A G
S6 lugng quan sét 15 125 60
Tan sb quan séat 0,07 0,63 03 040 0,60
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Tai diém da hinh phat hién dugc trén ving exon 1 cia gen ADRB3
boi enzyme cat giéi han Tagl, ba kiéu gen AA, AG va GG c6 tan sb kiéu
gen tuong (ng 1a 7,0%, 63% va 30%, vai kiéu gen AG c6 tan s kiéu gen
cao nhat. Tan s alen A dugc tim thdy 12 0,40 va tan sé alen G 1a 0,60
(bang 3.17). Két qua nay ciing duoc tim thay trong nghién ctu cia Xue va
cs., 2015 khi phén tich 440 con lai cua lgn Shanzhu x Duroc dugc nudi ¢
Trung Quéc cho thay tan sé kiéu gen di hop AG ciing 1a tan sé kiéu gen
cao nhat 54,3%. Wang va cs., 2012 phan tich tir 305 con lai Shanzhu va
Duroc lgn dugc nudi trong cung mot trang trai (Vién Nghién ctru Chan
nudi va Gia cam Nam Kinh, Trung Quéc), cho thiy alen G/A cua gen
ADRB3 ¢4 tan s6 lan luot 12 0,34/0,66. Cieslak va cs., 2009 cho biét tan sé
kiéu gen AA, AG va GG cua gen ADRB3 trong quan thé Duroc lan luot 1a
0,227, 0,500; 0,273.
3.4.2.2. Da hinh doan gen ACSL4

Gen ACSL4 méa hoa cho chudi dai acyl-CoA synthetase 4, dong vai
tro thiét yéu trong qua trinh sinh tong hop lipit va qua trinh phan hay axit
béo. Pa hinh tai ving 3'-UTR dugc xac dinh sau khi sir dung enzyme cit
giéi han Rsal. Két qua phan tich hinh anh dién di (hinh 3.35) cho thay,
trong quan thé lon Duroc nghién ctu c6 2 kiéu gen la kiéu gen dong hop
AA (135 bp va 47 bp) va kiéu gen di hop AG (135 bp, 108 bp, 47 bp va 26
bp). Két qua phan tich da hinh gen ACSL4 trong nghién ctu nay pht hop
véi két qua cong bd cua Rusé va cs., 2011.

135bp
108 bp

47 bp
26bp

150 bp

Hinh 3.35. Phé dién di phén tich da hinh gen ACSL4 biang enzyme Rsal
M: thang ADN chuan 50 bp
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Giai trinh tu da hinh gen ACSL4 duoc thé hién & hinh 3.36.
Kiéu gen AG

60 70 — 80
CAATTATTTTGAATCIGT ACTTATAATATAC

o

Kiéu gen AA

60 Fl — 80
CAATTATTTTGAATCGQATACT TATAATAT AC.

Y M

Hinh 3.36. Két qua giai trinh tu cic diém da hinh gen ACSL4
Tan suat kiéu gen va alen ACSL4 cua lon Duroc duoc trinh bay ¢

~

bang 3.18.
Bang 3.18. Tan s6 cac Kiéu gen va alen da hinh trén doan gen ACSL4
o Kiéu gen ACSL4 Alen
Chi tiéu AR AG A e
S6 luong quan sat 183 17
Tan sb quan séat 0,92 008 095 0,05

Két qua cho thiy trong quan thé lon Duroc nghién ctu xuét hién 2
kiéu gen AA va GG. Trong do, kiéu gen AA (92%) c6 ty 1é cao hon rét
nhiéu so véi kiéu gen AG (8,0%). Cac alen A va G c6 tan s lan luot 14
0,95 va 0,05. Chen va cs., 2014 phan tich da hinh gen ACSL4 cho thay tan
s6 alen A/G 1a 0,386/ 0,614. Rus¢ va cs., 2011 nghién cau 132 con lai
(Landrace x Yorkshire) x Duroc cho thdy xuat hién 03 kiéu gen AA; AG;
GG cua gen ASCL4 véi tan sb kiéu gen lan luot 12 0,174; 0,25; 0,575.
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3.4.2.3. Pa hinh doan gen FABP3 (Hinfl)

San pham PCR cua gen FABP3 (Hinfl) duoc cit bang enzyme Hinfl.
Két qua cua gen FABP3 (Hinfl) dugc hién thi trong hinh 3.37. Trong quan thé
lon Duroc nghién cau cd hai kiéu cat gigi han dua vao kich thudc cua cac
bang dién di la kiéu gen CT (6 vach 339 bp, 231 bp, 172 bp, 98 bp, 59 bp va
25 bp), kiéu gen TT (5 vach 339 bp, 172 bp, 98 bp, 59 bp va 25 bp). Két qua
tuong tu nhu két qua nghién ciru trude d6 ctia Rothschild va cs., 2000.

N
—
—

339bp
231 bp 3005p
172 bp gg 2:

25 bp

Hinh 3.37. Pho dién di phén tich da hinh gen FABP3
bang enzyme Hinfl
M: thang ADN chuan 100 bp
Giai trinh ty da hinh gen FABP3 (Hinfl) duoc thé hién & hinh 3.38.
Kiéu gen CT

150 | "0
CG G C T TCCT T OCT CAaG AT |

AMAWWAAANAIAN W

Kiéugen TT

150 160 170
TAGCGGCTTCC T ITCTCAGAT|(T|CCH

AV,

Hinh 3.38. Két qua giai trinh tw cac diém da hinh gen FABP3 (Hinfl)
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Tan suat kiéu gen va alen FABP3 (Hinfl) cua lon Duroc dugc trinh

bay ¢ bang 3.19.
Bang 3.19. Tan sé cac kiéu gen va alen da hinh trén doan gen FABP3
(Hinfl)
_ Kiéu gen FABP3 (Hinfl) Alen
Chi tiéu
TT CT cC T C
So luong quan sat 185 15 0
Tan sé quan sét 0,93 0,07 0,00 096 0,04

Gen FABP3 tai diém da hinh 5’- UTR c.-314 T>C duoc phét hién
boi enzyme gigi han Hinfl cho 2 kiéu gen TT va CT alen C xuat hién voi
tan so rat thap 0,04. Alen T xuét hién phd bién véi tan s6 0,96. Sy xuat hién
pho bién cua alen T so véi alen C ciing duoc md ta trong nghién cau caa
Wang va ¢s.(2012) Alen T/C cua gen FABP3 (Hinfl) lan luot 1a 0,948;
0,052. Trong nghién ctu Xue va cs., 2015 tan sé alen T/C: 0,959/0,041.
Theo Schwab va cs. (2009), ciing tai diém da hinh nay, alen T dugc tim
thay véi tan s 98,4% trén quan thé lon Duroc;

Li va cs. (2006) khi nghién ctru tinh da hinh cta gen FABP3 (Hinfl)
trong quan thé lon Meishan va bon quan thé lon khac (Sutai, Yorkshire x Sutai,
Landrace x Sutai va Duroc x Landrace x Yorkshire) & Trung Quéc, str dung
PCR-RFLP cho thay c4c tan sb alen xuat hién rat khac nhau trong cac quan thé
lon nhu Meishan 100%A, Sutai la 75,5%A, Yorkshire x Sutai la 37,55%A,
Landrace x Sutai la 46,45%A; Duroc x Landrace x Yorkshire la 29,15%A.

Chen va cs., 2014 nghién cau 6 quan thé lon (Yanan, Jinhua, Duroc,
Landrace, Yorkshire, va Duroc x (Landrance x Yorkshire), trong d6 gen H-
FABP/Hinfl & quan thé lon Duroc tan sé alen H/h 1a 0,887/0,113; tan sb kiéu
gen HH; Hh va hh lan luot 12 0,815; 0,143; 0,042.
3.4.2.4. Pa hinh gen FABP3 (Bsrfl)

San pham PCR cua gen FABP3 (Bsrfl) dugc cat bang enzyme Bsrfl.

Két qua phan tich trén quan thé nghién cau chi thu duoc 1 kiéu gen TT tuwong
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g vai 1 bang dién di 12 321 bp (hinh 3.39). Két qua nay twong tu véi két qua
nghién ciu caa Schwab va cs., 2009. Tuy nhién, két qua phan tich trén quan

thé nghién cau chi thu duge mot kiéu gen duy nhat 12 TT.

TT TT TT TT  TE T TEE sV

321 bp = - - —---!

Hinh 3.39. Phé dién di phén tich da hinh gen FABP3
bang enzyme Bsrfl
M: thang ADN chuan 50 bp
Giai trinh ty da hinh gen FABP3 (Bsrfl) duoc thé hién ¢ hinh 3.40.

270 280
CAGOCAGCOGCCOI|GCATGGGGCT TCCT ATTI

Hinh 3.40. Két qua giai trinh tw c4c diém da hinh gen FABP3 ((Bsrfl)
Tan suat kiéu gen va alen gen FABP3 cat bang enzyme Bsrfl & lon

Duroc nghién ctru duoc trinh bay ¢ bang 3.20.

Bang 3.20. Tan s6 cac kiéu gen va alen da hinh trén doan gen
FABP3 (Bsrfl)

_ Kiéu gen FABP3 (Bsrfl) Alen
Chi tiéu
TT GT GG T G
S6 lwong quan sat 200 0,00 0,00
Tan sd quan sét 1,00 0,00 0,00 1,00 0,00
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Trong quan thé lon Duroc nghién cau xuat hién 100% kiéu gen TT.
Do d6, viéc phan tich méi lién két giita da hinh FABP3 (Bsrfl) khong duoc
tién hanh & nghién cau tiép theo.
3.4.2.5. Pa hinh doan gen PLIN2

San pham PCR cua gen PLIN2 dugc cat bang enzyme Mval269l.
Trong quan thé lgn Duroc nghién cau ¢6 2 kiéu gen AG va GG. Kiéu gen AG
c6 3 bang twong ung kich thudc 131 bp, 186 bp, 317 bp; kiéu gen GG c6 2
bang tuong (g voi kich thuéc 131 bp va 186 bp (hinh 3.41). Két qua phan
tich da hinh gen PLIN2 trong nghién ciu nay phi hop véi két qua cong bé cua
Davoli va cs. (2011).

317bp
186bp
131 bp

300 bp

Hinh 3.41. Phé dién di phan tich da hinh gen PLIN2 biing enzyme
Mval269I
M: thang ADN chuan 50 bp

Giai trinh tu da hinh gen PLIN2 dugc thé hién ¢ hinh 3.42.
Kiéu gen AG

140 150 — 160
ATTATTCCTCTAGAAT|IGETATTATGATGCGT




Kiéu gen GG

140 150 160
ATTATTCCT CTAGAAT|IGCTATTAT GATGCGT

Hinh 3.42. Két qua giai trinh tw cac diém da hinh gen PLIN2
Tan suat kiéu gen va alen PLIN2 cua lgn Duroc dugc trinh bay ¢

bang 3.21.
Bang 3.21. Tan s6 cac Kiéu gen va alen da hinh trén doan gen PLIN2
_ Kiéu gen PLIN2 Alen
Chi tiéu
AA AG GG A G
S6 lwgng quan sét 0 13 187
Tan s quan sat 000 0,07 093 0,03 097

Qua bang 3.21 cho thay, quan thé lon Duroc nghién ctu xuat hién 2
kiéu gen AG va GG, trong d6 kiéu gen GG c6 tan s rat cao 0,93 so véi tan
s6 kiéu gen AG la 0,07. Diéu d6 cho thay sy pho bién cua tan so alen G
(0,97) trong quan thé la rat cao, tan s6 alen A xuat hién trong quan thé rat
thap (0,03). Két qua nay phu hop véi cong bd caa Davoli va cs., 2011 khi
phan tich da hinh gen ctia gen PLIN2 & lon Italian Duroc c6 tan so alen
G/A 1a 0,922/0,078.
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A A 1R
Tan so kieu gen

1,00

AA AG GG AA AG

TT CT LTT L AG GG ‘

H-FABP3 FABP PLIN2

Hinh 3.43. Tan sé kiéu gen cia cac gen ADBR3, ACSL4, FABP3
(Hinfl), FABP3 (Bsrfl), PLIN2

ADBR3 ACSL4

Tan so alen
0,00G

1]}

ACSL4 H-FABP3 B-FABP3 PLIN2

Hinh 3.44. Tan sb alen ciia cac gen ADBR3, ACSL4, FABP3 (Hinfl),
FABP3 (Bsrfl), PLIN2
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3.5. MOI LIEN KET GIUA PA HINH CUA GEN ACSL4, ADRB3,
PLIN2 VA FABP3 (Hinfl) VOI TY LE MO GIAT
3.5.1. Méi lién két ciia gen ACSL4 vdi ty 1é mé gidt
Két qua phan tich méi lién két gitta cac diém da hinh véi ty 1&é m&
giat cua lon Duroc dugc thé hién & bang 3.22.
Bang 3.22. Méi lién két ciia gen ACSL4 véi TLMG
Mé giat

Gen Kiéu gen p
n LSM = SE
AA 183 2,84 £ 0,05
ACSL4 0,10
AG 17 2,63+0,13

Két qua bang 3.22 cho thiy, trong nghién ctru nay, da hinh gen
ACSL4 khong c6 mdi lién két véi ty 16 md giat (p>0,05). Pa hinh gen
ACSL4/Rsal ¢ quan thé lon Duroc cd 2 kiéu gen AA va AG Véi ty 16 ma
giat 1a 2,84/2,63. Lon Duroc mang kiéu gen AA c¢6 xu hudng cé ty 1¢ md
giat cao hon lon ¢6 kiéu gen AG.

Diéu ndy trai véi cong bd ciia Rusé va cs. (2011) chietng minh rang
tinh da hinh ACSL4/Rsal lién két vai ty 16 m& giat & con lai DLY. Lon c6
kiéu gen GG c6 ham lwong m& giat cao nhat (2,47%). Trong nghién cuau
ctia Chen va cs., 2014, da hinh ACSL4/Rsal dugc tim thiy & cac gidng lon
Duroc, Landrace, Yorshire va dong lon lai DLY, va mdi lién két dugc hinh
thanh giita da hinh gen ACSL4/Rsal véi ty 16 md giat. Tuy nhién, két qua
nghién ctu chi ra mdi lién két ndy chi cé ¥ nghia trén cac gidng lon ngoai
va mbi lién két gitta gen ACSL4 vai ty 16 m& giat khong dugc tim thay trén
gidng lon noi Trung Quéc.

3.5.2. Méi lién két ciia gen ADBR3 vdi ty 1é mé gidt
Két qua phan tich méi lién két gitta cac diém da hinh véi ty 1&é m&

giat cua lon Duroc dugc thé hién ¢ bang 3.23.
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Bang 3.23. Maéi lién két cia gen ADBR3 véi TLMG

. M giat
Gen Kiéu gen p
n LSM + SE
AA 15 2,59 +0,16
ADBR3 AG 125 2,82 0,05 0,17
GG 60 2,90 £ 0,07

Gen ADBR3 c6 03 kiéu gen AA, AG, GG, trong d6 lon mang kiéu
gen GG (2,90) c6 ty 1é md giat 1a cao nhat, thap nhét 1a lon mang kiéu gen
AA (2,59) va lon mang kiéu gen di hop AG cho ty 1é m& giat la 2,82. Két
qua sau khi phan tich théng ké chi ra khéng c6 méi lién két giira da hinh
gen ADRB3 vai tinh trang ty Ié md giat (p>0,05).

Két qua ndy twong tu nhu cong bd ciia Cieslak va cs. (2009) chi ra
trén nhiéu dan lon khac nhau nhu lgn Yorkshire, Landrace, Duroc, Pietrain
va Hampshire, ciing khong tim thdy méi lién két gitta gen ADRB3 véi cac
tinh trang nang suat nhu day mé lung hay khdi luong ma bung. Tuong tu két
qua do, Wang va cs., 2013 nghién ctu trén dan lon thwong pham Duroc X
Shanzhu, céc dit liéu ty 1é m& git va cac thanh phan axit béo duoc thu thap
va nghién cau nham tim ra mdi trong quan giira cac tinh trang nay véi su
biéu hién & cip d6 MARN cua cac gen ang vién AdPLA, ADRB3, LEPR,
MCA4R, PPARy, PPARa, LPL, PEPCK va SCD. Két qua khi nghién ctu vé
gen ADRB3 cho thay, gen nay khéng c6 méi twong quan nao dbi vai tinh
trang ty 16 m& giat va cac thanh phan axit béo trén dan lon thi nghiém
(p>0,05).

Tuy nhién, ngugc lai, Xue va cs., 2015 khi nghién cuu 440 lon lai
thuong pham Shanzhu x Duroc, chiing minh gen ADRB3 ¢6 mdi tuong
quan véi tinh trang ty 1é m& giat, trong d6 kiéu gen di hop tir AG cho ty 1&
m& gidt cao hon kiéu gen dong hop tir AA va GG (p<0,05).
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3.5.3. Mai lién két ciia gen PLIN2 véi ty 1é mé gidt
Két qua phan tich méi lién két gitta cac diém da hinh véi ty 1é m&
giat cua lon Duroc dugc thé hién & bang 3.24.
Bang 3.24. Maéi lién két ciia gen PLIN2 véi TLMG

L M@ giat
Gen Kiéu gen p
n LSM + SE
AG 13 2,66 +£0,14
PLIN2 0,22
GG 187 2,85+0,05

Gen PLIN2 dong vai tro diéu hda qua trinh dy trit va huy dong cac
giot lipit ndi bao. Mot s6 nghién ctu duoc thuc hién nham tim kiém cac
diém da hinh trén gen PLIN2, tuy nhién tan sb cia cac da hinh nay ¢ cac
gidng lon chau Au thap hon & cac giéng lon chau A (Kim va cs., 2005).

Nghién ctru chi ra da hinh gen PLIN2 khong c6 méi lién két vai ty
16 m& gidt (p>0,05). Quan thé lon nghién ciru xuat hién 2 kiéu gen AG
va GG trong d6 kiéu gen GG (2,85) c6 ty 1é m& giit cao hon kiéu gen
AG (2,66) (bang 3.24). Piém da hinh nay ciing duoc tim thay trén cac
giéng lon Duroc, Landrace, Pietrain va Belgian Landrace. Két qua cho
thay tan so alen G cao hon tan sé alen A va nghién ciu ciing chi ra
khdng c6 moi lién két gitra da hinh tai diém g.184G/A véi ty Ié¢ md giat
(Davoli va cs., 2011).

3.5.4. Méi lién két cia gen FABP3 (Hinfl) vdi ty 1é mé gidt

Két qua phan tich méi lién két gitta cac diém da hinh véi ty 16 m&
giat cua lon Duroc dugc thé hién & bang 3.25.

Bang 3.25. Maoi lién két ciaa gen FABP3 (Hinfl) véi TLMG

. M& giat
Gen Kiéu gen p
n LSM + SE
FABP3 CT 15 2,62 + 0,05 010
(Hinfl) TT 185 2,84 +0,14 ’
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Pa hinh gen FABP3 (Hinfl) xuat hién 2 kiéu gen CT va TT. Lon mang
kiéu gen TT c6 xu huéng cd ty 16 m& gidt cao hon lon mang kiéu gen CT
(2,84 50 véi 2,62). Tuy nhién, hai diém da hinh nay khong c6 méi lién két véi
ty 16 m& gidt trong quan thé Duroc nghién ctu (p>0,05).

Két qua tuong ty duoc tim thay trén quan thé lon lai kinh t& Shanzhu x
Duroc, da hinh gen FABP3 duoc xac dinh béi enzyme Hinfl ciing gom 2 kiéu
gen TT va CC, dong thoi ciing khong co6 méi lién két nao véi ty 1é mo giat
(p>0,05) (Xue va cs., 2015).

Két qua nay khac véi céc nghién cau cua (Pang va cs., 2006; Lee va
cs., 2010; Li va cs., 2010; Han va cs., 2012). Theo nghién ctru cua Tyra va
cs., 2011 trén 5 giong lon Duroc, Pietrain, Putawska, Polish Large White
(PLW) va Polish Landrace (PL), da hinh gen FABP3 c6 méi lién quan dén ty
1é md giat.

Chen va cs. (2014) nghién ctu trén 6 quan thé lon, bao gom 2 giong
lon ban dia cua Trung Quéc (Yanan va Jinhua), 3 gidng lon ngoai (Duroc,
Landrace va Yorkshire) va 1 giéng lon lai DLY, da hinh don nucleotit trén
gen FABP3 duoc phat hién bang enyme cat giéi han Hinfl cho thay rang,
locus FABP3/Hinfl c6 mdi lién két véi ty 16 md giat 2/6 gidng lon nghién
ctru 1a gidng lon DLY va Yanan.

Mot diém da hinh khac ciing duoc tim thay trén gen FABP3 ¢ vi tri 5°-
UTR (GIT, -158) xac dinh bgi enzyme cat gidi han Bsrfl. Diém da hinh nay
c6 mbi lién két véi tinh trang day m& lung trén quan thé lon lai L990 & Ba
Lan (lai tao tir cac gidng Yorkshire, Duroc, Hampshire va 3 dong lon

Landrace) (Chmurzynska va cs., 2007).
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Ty 16 md gikt 2.9

2,84 285 o

| ACSL4 | PLIN2 | H-FABP3 | ADRB3 |

Hinh 3.45. Ty 18 m& giit ciaa cac gen ADRB3, ACSL4, FABP3 (Hinfl)
va PLIN2

Két qua nghién ctiu cho thiy da hinh gen cia cac gen tng Vvién trong
nghién ciu ndy c6 két qua tuong ty nhu cac nghién ctru trude day. Tuy nhién,
trong nghién ciu ndy, ching toi chua xac dinh duoc mdi lién két c6 y nghia
gitta cac da hinh gen &ng vién véi tinh trang ty 1é ma giat. Didu nay c6 thé do
quan thé nghién ciu nho, do da dang kiéu gen ctia quan thé chua cao, trong d6
¢6 3 diém da hinh FABP3/Hinfl, PLIN2/Mval12691 va ACSL4/Rasl c6 hai kiéu
gen va da hinh FABP3/Bsrfl chi c6 mot kiéu gen da dan dén tan s6 mot sé
alen qué thap trong quan thé khong phu hop dé danh gia méi lién két.

Trong nghién cau nay, ty 1&é ma giat trén lon Duroc tuong tu Véi
nghién ctu da cong bd cua Lé Trong Dai va cs. (2014) khao sat trén cac
gidng lon thuan Duroc cho thay ty Ié md giat cao nhat ¢ gibng Duroc la
2,98%. Khi tang muc khdi luong giét mo tir 95 - 110 kg Ién 111 - 125 kg,
ty 16 m& giit ting 1én rat dang ké. Bong thoi, nhitng lon duc thién co ty 16

m& gidt cao hon so véi lon céi.
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3.6. CHON LQOC PAN LON DUROC THEO HUONG TANG KHOI
LUQNG DUA TREN KIEU GEN
Tur két qua phan tich mdi lién két cua mot sé gen ¢ng vién, nghién
ctu tién hanh chon loc dan lon theo hudng ting khoi lugng mang dong thoi
2 kiéu gen AA (gen MC4R) va AA (gen PIT1). Kha ning sinh truong lon
mang nhiing kiéu gen nay dugc theo dbi, danh gia qua 2 thé hé chon loc.
Kha ning sinh truong caa lon Duroc thé hé 1 va thé hé 2 sau khi
dugc chon loc mang dong thoi kiéu gen AA (MC4R) va kiéu gen AA
(PIT1) dugc thé hién & bang 3.26.
Bang 3.26. Kha ning sinh truweéng cia lon Duroc thé hé 1,2 mang dong
thoi hai kiéu gen AA (gen MC4R) va AA (gen PIT1)

Thé hé 1 Thé hé 2
Chi tiéu
n Mean + SE n Mean + SE
KLbdKT (kg) 60 29,45 + 0,17 120 29.03+0,15
KLkt KT (kg) 60 97,18 + 0,16 120 102,24 + 0,27
TKL (g/ngay) 60 962,37 +347 120 1015,00 + 4,28
DML (mm) 60 11,00 £ 0,01 120 10,78 £ 0,03

Trong ciing mot chi tiéu, cdc gid tri Mean mang chi cdi khdc nhau, sai khdc c6 Y nghia thong ké (p<0,05)

Qua bang 3.26 cho thay, lon Duroc thé hé 1 mang d6ng thoi hai kiéu
gen AA (gen MC4R) va AA (gen PIT1) co céc chi tiéu vé kha nang sinh
truéng dat muc cao véi tang khéi lugng dat 962,37 g/ngay. Lon Duroc thé
hé 1 mang dong thoi hai kiéu gen AA (gen MC4R) va AA (gen PIT1) c6
chi tiéu ting khdi luong dat cao hon so voi tiéu chuan d6i voi lon ngoai
giong goc quy dinh tai quyét dinh s6 675/QD-CN-BNN (2014) cia Bo
Nong nghiép va Phét trién nong thon quy dinh vé mirc do ting trong & lon
(>800 g/ngay). So sanh kha ning tang khdi lwong/ngay cua quan thé trude
khi chon loc (809,04 g/ngiy) thi ¢ thé hé thir 1 cao hon rd rét (962,37
g/ngay).
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Két qua danh gia vé kha ning sinh truéng cua lon Duroc chon loc
thé hé 2 dé tai da lua chon dugc 120 lon Duroc (20 lon duc va 100 lon céi)
mang dong thoi hai kiéu gen AA cia gen MC4R, AA ciia gen PIT1 ¢ kha
nang sinh trudng cao, ting khdi lugng trung binh dat 1015,00 g/ngay.
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KET LUAN VA PE NGHI
Két luan

1. Cac gen ung vién MC4R, PIT1, GH, PIK3C3 va ADRB3 ¢6 tinh da
hinh cao véi 3 kiéu gen duogc xac dinh; gen LEP, ACSL4, FABP3 (Hinfl) c6
tinh da hinh trung binh vai 2 kiéu gen; gen FABP3 (Bsrfl) khong da hinh
véi 1 kiéu gen duy nhéat ¢ quan thé lon Duroc nudi tai cong ty TNHH lon
gidng hat nhan Dabaco.

2. Pa hinh gen MC4R, PIT1, GH c¢6 mdi lién két chat véi tinh trang
tang khoi luong va day md lung & ca 2 thé hé. Pa hinh gen LEP c6 mbi lién
két chat véi tinh trang ting khéi luong & ca 2 thé hé nhung khong c6 moi
lién két v6i tinh trang day md lung. Pa hinh gen PIK3C3 khong c6 moi
lien két voi tang khébi luong va day mé lung.

3. Pa hinh gen MC4R, PIT1, GH, LEP khéng c6 mdi lién két voi
tinh trang sinh san. Do vay, viéc sir dung cac gen tng Vién nay trong chon
gidng theo hudng ting khéi luong va do day m& lung s& khdng anh huong
dén tinh trang sinh san.

4. Pa hinh gen ADRB3, ACSL4, FABP3 (Hinfl) va PLIN2 khong cé
méi lién két vai ty 16 ma giat trong quan thé lon Duroc nghién cau.

5. Budc dau dd chon loc dong lon Duroc (100 cai va 20 duc) mang
ddng thoi kiéu gen AA ctia gen MC4R va AA cta gen PIT1 ¢ thé hé 1
tang khoi luong 1 962,37 g/ngay; & thé hé tha 2 ting khéi luong la
1015,00 g/ngay.

Pé nghi

Pé nghi sir dung lon Duroc mang kiéu gen AA ctia gen MC4R, kiéu
gen AA cua gen PIT1, kiéu gen GG cua gen GH va kiéu gen CT cua gen
LEP vi ¢6 sinh truéng nhanh va sir dung cac kiéu gen caa cac gen dé trong

chuong trinh chon giéng dé cai thién ting khéi luong & lon Duroc.

115



DANH MUC CAC CONG TRINH CONG BO
LIEN QUAN PEN LUAN AN

1. Hoang Thi Thuy, Giang Thi Thanh Nhan, Pham Thi Phuong Mai, Tran
Thi Thu Thuy, Le Quang Nam, Doan Phuong Thuy, Nguyen Van Hung,
Tran Xuan Manh, Doan Van Soan and Pham Doan Lan. 2019. Associations
of some candidate genes polymorphisms with growth traits in Duroc pigs.
Livestock Research for Rural Development, VVolume 31(10), October.
2. Hoang Thi Thuy, Giang Thi Thanh Nhan, Pham Thi Phuong Mai, Tran Thi
Thu Thity, Lé Quang Nam, Poan Phuong Thuy Nguyén Vin Hung Tran
Xuan Manh, Poan Vin Soan va Pham Dodn Lan. 2021. Méi lién két giira da
hinh mot s6 gen Gng vién voi kha nang sinh trudng va day mé lung cia lon
Duroc qua hai thé hé. Tap chi KHKT Chin nudi. S6 264: 1 - 7.
3. Hoang Thi Thuy, Pham Thu Thao, Giang Thi Thanh Nhan, Nguyen Van
Hung, Tran Xuan Manh, Doan Van Soan and Pham Doan Lan. 2021.
Polymorphisms of candidate genes and their association with intramuscular
fat in Duroc Pig. Tap chi Khoa hoc Cong nghé Chan nuéi, Vién Chan nudi.
S6 thang 2. Vol 120: 90 - 98.

116



TAI LIEU THAM KHAO

1. TIENG VIET

Pao Thi Binh An, Cao Pinh Tuin, Pham Sy Tiép, Duong Thi Oanh va
Trinh Phti Ctr. 2019. Pic diém ngoai hinh, kha ning sinh truong va
sinh san cua lon Liing Pu, lon Van Pa va lon Soc. Tap chi Khoa hoc
Cong nghé Chan nudi. S6 103: 2 - 12.

Lé Vian An, Nguyén Thi Loc, Nguyén Minh Huong, Nguyén Thi Thu
Trang. 2017. Nghién ctu st dung ché pham Probiotic (Bacillus
subtilis va lactobacillus plantarum) trong khau phan thirc an nubi lon
giai doan sau cai stra va nu0i thit. Tap chi khoa hoc & cdng nghé
ndng nghiép. S6 2: 209 - 216.

Nguyén Van Anh, Nguyén Vian Cuong va Nguyén Vin buc. 2010. Mdi
quan hé gitra gen Hoocmon sinh truéng va ting khdi luong & lon
Mong Céi lai. Tap chi Khoa hoc Céng nghé Chan nudi. S6 2: 73 - 80.

Ha Xuan B§, Luu Thi Trang, Tran Xuan Manh, Nguyén Vian Hung,
Nguyén Xuan Canh va B4 Bic Luc. 2019. Pa hinh gen MC4R va
PIT1 ¢ quan thé lon Duroc. KHKT Chin nuéi. S6 243: 2 - 6.

Ng6 Thi Kim Ctc, Ta Thi Bich Duyén, Nguyén Van Trung, Pinh Ngoc
Bach, Pham Sy Tiép va Nguyén Thanh Son. 2015. Phan tich muc d6 di
truyén vé kha ning ting khéi luong, day md lung va tiéu tén thirc an
gita cac giong lon thuan Duroc, Piétrain, Landrace va céc t6 hop lai
giita chiing. Tap chi Khoa hoc cong nghé chan nudi. S6 57: 48 - 60.

Nguyén Vin Cuong. 2006. Phan tich cc bién thé ADN cta mot s6 gen cd
y nghia kinh té trong giéng lon thuan ndi Viét Nam. B4o céo tong két
dé tai theo nghi dinh thu Viét Nam - Puc.

Lé Pham Dai, Lé Thanh Hai, L& Van Kinh va Nguyén Httu Tinh. 2014. Anh
huong caia nhém giéng, gioi tinh va khéi luong giét mo dén ty 16 mo
gidt & dan lon thit tai Viét Nam.Tap chi KHKT Chan nuéi. S6 6: 2 - 11.

Lé Pham Dai, L& Thanh Hai, LA Vin Kinh va Nguyén Hitu Tinh. 2015. Tac
117



dong cua viéc sir dung 2 dong duc gidng Duroc ¢6 ty 1é md giat va khdi
luong giét thit khac nhau dén ty 1é m& giat trong than thit lon lai thuong
pham gidng ngoai. Tap chi KHKT Chan nudi. S62: 1 - 7.

Nguyén Vin Bac. 2015. Lon Pan Mach - mét ngudn gen quy Vé ning suét
sinh san va tang khéi lugng. Tap chi KHKT Chan nuéi. 2: 95 - 98.
Nguyén Vin Puc, Bui Quang Ho, Giang Hong Tuyén, Pang Dinh Trung,

Nguyén Vian Trung, Trin Quéc Viét va Nguyén Thi Vién. 2010.
Ning suat sinh san, san xuét ciia lon Méng Cai, Piétrain, Landrace,
Yorkshire, va uu thé lai cua lon lai Fy(Landrace x Mong Cai),
F.(Yorkshire x Mong Cai) va Fy(Piétrain x Mong Cai). Tap chi Khoa
hoc céng nghé. S6 22: 29 - 36.

L& Thi Thu Ha, S V6 Anh Khoa, Pham T4t Thang, Tran Vin Tinh, Nguyén
Thi Diéu Thiy. 2015. Anh huéng cia da hinh gen PIT1 dén tinh trang
nang suat cua giong ga tau vang. Tap chi KHKT Chan nudi. 195: 8 - 15

Tran Van Hao, Nguyén Hiu Tinh, Pham Tat Thang, Nguyén Vin Hop va
Nguyén Québc Vii. 2015. Tang khoi lwong, day md lung va chuyén hoa
thire dn cua to hop lai lon duc cudi gitta Duroc va Landrace. Tap chi
Khoa hoc k§ thuat chan nudi. S 10: 23 - 29.

Phan Xuan Hao. 2008. Xac dinh anh hudng cta khoi luong so sinh va gidi

tinh t61 sinh trudng cua lon con dén 8 tuan tudi. Tap chi Khoa hoc va
Phat trién. S6 2: 128 - 133.

Tran Xuan Hoan, Pham Thi Phuong Mai, Tran Xuan Toan, Nguyén Thi
Quynh Chau, Giang Thi Thanh Nhan va Luong Nhan Tuan. 2012. Pa
hinh mot s6 tmg cir gen lién két voi kha ning tang trong cua lon Méng
Cai va Yorkshire. Tap chi Khoa hoc va Céng nghé Chan nudi. Sé 37:
64 - 72.

Tran Xuan Hoan, Pham Thi Phuong Mai, Giang Thi Thanh Nhan, Luong

Nhan Tuan, Trinh Hong Son va Nguyén Vin Ha. 2013. Mbi lién két

ciia da hinh mot s6 Gng cir gen véi kha ning ting trong cua lon
118


https://sj.ctu.edu.vn/ql/docgia/tacgia-33697.html
https://sj.ctu.edu.vn/ql/docgia/tacgia-5427.html
https://sj.ctu.edu.vn/ql/docgia/tacgia-33698.html
https://sj.ctu.edu.vn/ql/docgia/tacgia-33699.html
https://sj.ctu.edu.vn/ql/docgia/tacgia-5930.html
https://sj.ctu.edu.vn/ql/docgia/tacgia-5930.html

Maong Cai va Yorkshire. Tap chi Khoa hoc va Céng nghé Chan nudi.
S641: 73 -79.

Nguyén Vin Hau, Pham Dodn Lén, Nhit Vin Thu va Lé Thi Thiy. 2000.
Phan tich trinh tu nucleotit gen hoocmon sinh trudng ciia mot sé gidng
lon ban dia Viét Nam. Tap chi Di truyén va Ung dung. S6 3: 6 - 10.

Pham Thanh Hé. 2008. Gido trinh Di truyén hoc. Nxb Giao duc, Ha Noi.

Lam Thai Hung, Ly Thi Thu Lan. 2019. Anh hudng ciia khau phan thirc dn
1én sinh trudng va ty 1€ than thit cia heo rimg lai nudi tai Tra Vinh,
KHKT Chén nudi. S6 241: 37 - 42.

Nguyén Dtrc Hung. 2011. Nghién ctru diéu kién chin nudi va sirc san xuat
ctia giéng lon dia phuong (lon c6) dang nudi tai huyén mién nai tinh
Quang Nam. Tap chi khoa hoc. Pai hoc Hué. S 64: 55 - 63.

La Van Kinh, Pham Ngoc Thao, Vuong Nam Trung va Poan Vinh. 2015.
Anh huéng cia céc dang thirc an toi st san xuat va chat luong thit
cua lon thuong pham. Tap chi KHKT Chan nuéi. S6 12: 15 - 20.

Do buc Luc, Ha Xuan Bo, Nguyén Chi Thanh, Nguyén Xuan Trach va Vii
Dinh Toén. 2013. Nang suat sinh san cua dan lon hat nhan Piétrain
khang stress va Duroc nudi tai Trung tdm gidng lon chat lugng cao
Truong Dai hoc Nong nghiép Ha Noi. Tap chi Khoa hoc va Phét
trién. S6 11: 30 - 35.

Nguyén Vin Noi, Tran Van Phing va Tran Xuan Hoan. 2010. Phan tich
da hinh gen MC4R va GHRH cua lon duc riing Thai Lan va con lai
gitra lon duc rieng Thai Lan va lon nai dia phuong Pac Nam. Tap chi
Khoa hoc Céng nghé Chin nudi. S6 25: 71 - 76.

Tran Vian Phung, Bui Thi Thom va H6 Thi Bich Ngoc. 2008. Nghién ctu
anh huong cua ty 1é lysine va ning luong trao ddi cua thirc an cb cac
mtic protein khac nhau dén sinh truéng cua lon giai doan 18-50 kg,

Tap chi Nong nghiép va Phat trién ndng thon. S6 2: 41 - 45.

119



Lé Pinh Phung. 2009. Ning suét sinh san cta lon nai lai F;(Landrace x
Yorkshire) phéi tinh duc Fy(Duroc x Piétrain) trong diéu kién chin
nudi trang trai tai Quang Binh. Tap chi Khoa hoc, Pai hoc Hué. Sb
55:41 -51.

Nguyén Hoang Son. 2020. Anh huéng cua bd sung khoang Nano trong
khau phan thire an dén sinh truong caa lon thit. Tap chi Sinh hoc. S6
42:125-131. Doi: 10.15625/0866-7160/v42n1.14863.

BuUi Thi Thom, Tran Vin Phung. 2012. Anh huéng cua niang luong trao
do6i trong khau phan an dén sinh truaong, chat lugng thit va hiéu qua
chan nuo6i lgn ring lai tai Thai Nguyén. Tap chi Khoa hoc & Céng
nghé. S6 112: 169 - 175.

Bui Thi Thom, Tran Vin Phung, Phan Binh Tham. 2009. Nghién ctru anh
hudng cua cac ti 1¢ Protein khac nhau vo1 mire 10g Lysine/kg thirc
an dén sinh truong va cho thit cia lon ngoai lai giai doan 18-50kg.
Tap chi Khoa hoc va Cong nghé. S6 51: 3 - 7.

Ho Trung Thong, H6 L& Quynh Chau. 2011. Str dung ki thuat PCR-RFLP
trong nghién ciru da hinh gen lién quan dén chét luong thit lon. Tap
chi khoa hoc, Pai hoc Hué. S 64: 167 - 172.

Poan Phuong Thuy, Pham Vin Hoc, Tran Xuan Manh, LuuVian Trang,
Poan Vian Soan, Vii Pinh Tén, Ping Vil Binh. 2015. Ning suat sinh
san va dinh huéng chon loc dbi vai lon nai Durocs, Landrace va
Yorkshire tai cong ty TNHH lon giéng hat nhan Dabaco. Tap chi
Khoa hoc va Phat trién. S6 8: 1397-1404 www.vnua.edu.vn.

Lé Thi Thay, Luu Quang Minh, Tran Thu Thay, Nguyén Trong Binh va
Nguyén Vin Ba. 2004. Pa hinh kiéu gen Leptin lién quan dén tinh
trang kinh té cua mot sé gidng lon nuéi tai Viét Nam. Tap chi Di
truyén hoc va Ung dung. S6 4: 12 - 17.

Vii Pinh Tén, Tran Thi Thuén. 2005. Gi4o trinh chin nudi lon. NXb Ha
Noi.

120


http://www.vnua.edu.vn/

Ma Thi Trang, Nguyén Thi Quyén, Nguyén Vin Hién, Duong Vin
Cuong. 2015. Khao sat mdi lién két gitra da hinh gen GH voi kha
nang sinh treéng cua lon ring lai. Tap chi Nong nghiép va Phét trién
ndng thén. Thang 11: 136 - 140.

B6 Nong Nghiép va Phat trién ndng thon. 2014. Quyét dinh 657/Qb-
BNN-CN Vé viéc phé duyét cac chi tiéu dinh mac kinh té k§ thuat
cho cac dan vat nudi giéng goc.

2. TIENG NUOC NGOAI

Ahmadi, M. M., Mirzaei, A., Sharifiyazdi, H., Hajibemani, A., and
Ghasrodashti, R. A. 2015. Pituitary-specific transcription factor 1
(PIT1) polymorphism and its association on milk production and
some reproductive performance in Holstein dairy cows. Rev. Med.
Vet. Sci 5: 127 - 131.

Albuquerque, D., Noébrega, C., Rodpiguz-Lopez R., Manco L. 2014.
Association study of common polymorphisms in MSRA, TFAP2B,
MC4R, NRXN3, PPARGC1A, TMEM18, SEC16B, HOXB5 and
OLFM4 genes with obesity-related traits among Portuguese children.
J Hum Genet. Sci. 59: 307 - 313.

Al-Khuzai, H. M. and Al-Anbari, N. N. 2018. Relationship
of POU1F1 gene polymorphism with some of economical traits in
Iragi awassi ewes, JOUARNI of Entomology and Zoology Studies, 6,
2082 - 2085.

Almeida, S.E., Almeida, E. A., Moraes, J.C.F., Weimer, T.A. 2003.
Molecular markers in the LEP gene and reproductive performance of
beef cattle. J Anim Breed Genet. Sci. 120: 106 - 113.

Asiamah, P. A., Bechtel, D. G., Waldner, C., Buchanan, F. C. 2009. Effects
of leptin Arg25Cys on peripheral mononuclear cell counts and antibody

response to vaccination in beef cattle. Anim Genet. Sci. 40: 783 - 787.

121



Backer, J. M. 2016. The intricate regulation and complex functions of the
Class Il phosphoinositide 3-kinase VVps34. Biochem. J. Sci. 473: 2251-
2271.

Bai, J. Y., Wang, X,, Yang, Y. B., Zhang, X. H., Pang, Y. Z., and Li, H. W.
2016. Study on the polymorphism of POU1F1 gene in sheep, Rev.
Bras. Zootecn. Sci 45: 604 - 607.

Baldi, A. 1999. Manipulation of milk production and quality by use of
somatotropin in dairy ruminants other than cow. Domestic Animal
Endocrinology. Sci. 17: 131 - 137.

Banos, G., Woolliams, J. A, Woodward, B.W., Forbes, A. B., Coffey, M. P.
2008. Impact of single nucleotit polymorphisms in leptin, leptin
receptor, growth hormone receptor, and diacylglycerol acyltransferase
(DGAT1) gene loci on milk production, feed, and body energy traits of
UK dairy cows. J Dairy. Sci. 91: 3190 - 3200.

Barrera-Saldafia, H. A., Ascacio-Martinez, J. A., Sifuentes-Rincon, A. M.,
Arellano-Vera, W and Arbiza, S. . 2010. Applications of
biotechnology and genomics in goats. Small Ruminant Research. Sci.
89: 81 - 90.

Bazzi, M. D., Nasr, F. A, Alanazi, M. S., Alamri, A., Turjoman, A. A,
Moustafa, A. S., Alfadda, A. A., Pathan, A. A., Parine, N. R.. 2014.
Association between FTO, MC4R, SLC30A8, and KCNQ1 gene
variants and type 2 diabetes in Saudi population. Genet Mol Res. Sci.
13: 10194 - 10203.

Biziené, R., Miceikiené, 1., Baltrénaité, L and Krasnopiorova, N. 2011.
Association between growth hormone gene polymorphism and
economic traits in pigs. Veterinarija ir Zootechnika 56(78): 27 - 31.
https://vetzoo.lsmuni It/data/vols/2011/56/pdf/biziene.p

Brasaemle, D.L., Barber, T., Wolins, N.E., Serrero, G., Blanchette-Mackie,

E.J., Londos, C., 1997. Adipose differentiation-related protein is an
122


https://vetzoo.lsmuni/

ubiquitously expressed lipid storage droplet-associated protein. J. Lipid
Res. 38: 2249 - 2263.

Brickell, J. S., Pollott, G. E., Clempson, A. M., Otter, N., Wathes, D. C. 2010.
Polymorphisms in the bovine Leptin gene associated with perinatal
mortality in Holstein-Friesian heifers. J Dairy. Sci. 93: 340 - 347.

Broeke, A. V. D., Aluwé, M., Tuyttens, F. A. M., Ampe, B., Vanhaecke,

L., Wauters, J., Janssens, S., Coussé, A., Buys, N. and Millet, S.
2015. An intervention study demonstrates effects of MC4R
genotype on boar taint and performances of growing—finishing pigs.
J. Anim. Sci. 93: 934-943 do0i:10.2527/jas2014 - 8184.

Brunsch, C., Sternstein, I., Reinecke, P., Bieniek, J. 2002. Analysis of
associations of POU1F1 genotypes with growth, meat quality and
carcass composition traits in pigs. Journal of Applied Genetics, 43(1):
85-91.

Bruun, C. S., Jorgensen, C. B., Nielsen, V. H., Andersson, L. And Fredholm,
M . 2006. Evaluation of the porcine melanocortin 4 receptor (MC4R)
gene as a positional candidate for a fatness QTL in a cross between
Landrace and Hampshire. Animal Genetics. Sci 37: 359 - 362.

Buske, B., Sternstein, I., and Brockmann, G. 2006. QTL and candidate genes
for fecundity in sows. Animal reproduction science, 95(3), 167 - 183.

Chambers, J. C., Elliott, P., Zabaneh, D., Zhang, W., Li, Y., Froguel, P.,
Balbing. D., Scott, J., Kooner, J. S. 2008. Common genetic variation
near MC4R is associated with waist circumference and insulin
resistance. Nat Genet. Sci 40: 716 - 718.

Chao, Z., Wang, F., Deng, C. Y., Wei, L. M., Sun, R. P., Liu, H. L., Liu, Q.
W. and Zheng, X. L. 2012. Distribution and linkage disequilibrium
analysis of polymorphisms of MC4R LEP H-FABP genes in the
different populations of pigs associated with economic traits in DIV2

line. Mol. Biol. Rep. 39: 6329 - 6335
123



Chen W. G., Li, J. Q., Yuan, J. K, Li, Z. Q., Zhong A.W. and Li. X. 1997.
Selecsion of new strains of Duroc pigs. Journal of South China
Agricultural University. 18: 79 - 84.

Chen. J.N., Jiang, Y.Z., Cen, W.M., Xing, S.H., Zhu, L., Tang, G.Q., Li,
M.Z., Jiang A.A,, Lou, P.E., Wen, A.X., Wang, Q., He, T., Zhu, G.X,,
Xie, M. and Li, X.W. 2014. Distribution of H-FABP and ACSL4 gene
polymorphisms and their associations with intramuscular fat content
and backfat thickness in different pig populations. Genetics and
Molecular Research 13(3): 6759 - 6772.

Cheng, W. T., Lee, C., Hung, C., Chang, T., and Chen, C. 2000. Growth
hormone gene polymorphisms and growth performance traits in Duroc,
Landrace and Tao-Yuan pigs. Theriogenology, 54(8): 1225 - 1237.

Chmurzynska, A., Szydlowski, M., Stachowiak, M., Stankiewicz, M.,
Switonski, M., 2007. Association of a new SNP in promoter region of
the porcine FABP3 gene with fatness traits in a Polish synthetic line.
Anim. Biotechnol. 18: 37 - 44.

Cho, E.S., Parka, D.H., Kim, B., Jung, W.Y., Kwon, E. J. and Kim, C.W.
2009. Association of GHRH, H-FABP and MYOG Polymorphisms
with Economic Traits in Pigs. Asian-Aust. J. Anim. Sci. Vol. 22, No. 3
:307-312.

Cho, K.H., Kim, M.J., Jeon, G.J., Chung, H.Y., 2011. Association of genetic
variants for FABP3 gene with back fat thickness and intramuscular fat
content in pig. Mol. Biol. Rep. 38: 2161 - 2166.

Cieslak, J., Nowacka-Woszuk, J., Bartz, M., Fijak-Nowak, H., Grzes, M.,
Szydlowski, M., Switonski, M. 2009. Association studies on the
porcine RETN, UCP1, UCP3 and ADRB3 genes polymorphism with
fatness traits. Meat Science 83: 551 - 554.

Cogan, J. D and Phillips, 1I1. J. A. 1998. Growth disorders caused by genetic

defects in the growth hormone pathway. Adv Pediatr. Sci 45: 337 - 361.
124



Cristina, R. B. C., Maria. A. S., Eloisa. A. V. F., Silvio.
Jr ., Janethe. D. O. P., 2004. Influence of topical administration of n-3 and
n-6 essential and n-9 nonessential fatty acids on the healing of cutaneous
wounds. The international of tissue repair and regeneration:
Volumel?2, Issue: 2: 235-243. DOI: 10.1111/j.1067-1927.2004.012216.x
Daga, C., Paludo, M., Luridiana, S., Consuelo Mura, M., Bodano, S.,

Pazzola, M., Dettori, M. L., Vacca, G. M., and Carcangiu, V. 2012.
Identification of novel SNPs in the Sarda breed goats POU1F1 gene
and their association with milk productive performance, Mol. Biol.
Rep., 40, 2829-2835, https://doi.org/10.1007/s11033-012-2298-0.

Dahlen. R. B. A., Baidoo, S. K., Shurson, G. C., Anderson, J. E., Dahlen, C.
R. and Johnston, L. J. 2011. Assessment of energy content of low-
solubles corn distillers dried grains and effects on growth performance,
carcass characteristics, and pork fat quality in growing-finishing pigs. J
Anim. Sci:1 - 20.

Datta, S., Verma, A., Gupta, I. D., Chauhan, 1., Azad, M. S., Yathish, H. M.,
Batul, N .K., Ha, T. 2012. Identification of polymorphism in Leptin gene
of Murrah buffalo by PCRRFLP. Explor Anim Med Res. Sci 2: 7 - 17.

Davoli, R., Braglia, S., Valastro, V., Annarratone, C., Comella, M., Zambonelli,
P., Nisi, I., Gallo, M., Buttazzoni, L. va Russo, V. 2012. Analysis of
MC4R polymorphism in Italian Large White and Italian Duroc pigs:
association with carcass traits, Meat science, 90(4): 887 - 892.

Davoli, R., Gandolfi, G., Braglia, S., Comella, M., Zambonelli, P.,
Buttazzoni, L., Russo, V., 2011. New SNP of the porcine Perilipin 2
(PLINZ2) gene, association with carcass traits and expression analysis in
skeletal muscle. Mol. Biol. Rep. 38: 1575 - 1583.

Doyle E.W. 2007. Use of Real Time Ultrasound in % IMF Prediction
For Swine, Biotronics, Inc, Ames, IA 50010.

http://www.nsif.com/Conferences/2007/pdf%5CUltrasound.pdf
125



https://pubmed.ncbi.nlm.nih.gov/?term=Souza+MA&cauthor_id=15086775
https://pubmed.ncbi.nlm.nih.gov/?term=Ferro+EA&cauthor_id=15086775
https://pubmed.ncbi.nlm.nih.gov/?term=Ferro+EA&cauthor_id=15086775
https://pubmed.ncbi.nlm.nih.gov/?term=Ferro+EA&cauthor_id=15086775
https://pubmed.ncbi.nlm.nih.gov/?term=Pena+JD&cauthor_id=15086775
https://onlinelibrary.wiley.com/toc/1524475x/2004/12/2
https://doi.org/10.1111/j.1067-1927.2004.012216.x
https://doi.org/10.1007/s11033-012-2298-0
http://www.nsif.com/Conferences/2007/pdf%5CUltrasound.pdf

Dvotakova, V., Stupka, R., gprysl, M., Citek, J., Okrouhla, M., Kluzakova
E., Kratochvilovd, H. 2011. Effect of the missense mutation
Asp298Asn in MC4R on growth and fatness traits in commercial pig
crosses in the Czech Republic. Czech J. Anim. Sci. 56: 176 - 180.

Eugenia G., Dariusz L., Andrzej B., Karol B., Piotr J. and Jerzy S.
2007. Investigations of factors influencing the level of
subcutaneous and intramuscular fat in swine carcasses. Pol. J. Food.
Nutr. Sci., 57(4A): 213-218.
http://journal.pan.olsztyn.pl/fd.php?f=1032.

Fan, B., Onteru, S. K., Plastow, G. S. and Rothschild, M. F. 2009.
Detailed characterization of the porcine MC4R gene in relation to
fatness and growth. Anim. Genet. 40: 401 - 409.

Faria, D. A. d., Guimarées, S. E. F., Lopes, P. S., Pires, A. V., Paiva, S. R,
Sollero, B. P. and Wenceslau, A. A. 2006. Association between G316A
growth hormone polymorphism and economic traits in pigs. Genetics
and Molecular Biology, 29(4): 634 - 640.

Feng, T., Chu, M. X,, Cao, G. L., Tang, Q. Q., Di, R, Fang, L. and Li, N.
2012. Polymorphisms of caprine POU1F1 gene and their association
with litter size in Jining Grey goats, Mol. Biol. Rep., 39: 4029 - 4038.

Fernandez, A. E., De Melo, M. E., Fujiwara,C. T., Pioltine, M.B., Matioli, S.
R., Santos, A., Cercato, C., Halpern, A., Mancini, M. C. 2015.
Associations between a common variant near the MC4R gene and

serum triglyceride levels in an obese pediatric cohort. Endocrine. Sci
49: 653 - 658.

Fernandez, V. S. M., Johnson, J. S., Abuajamieh. M., Stoakes, S. K., Seibert,
J. T, Cox, L., Kahl, S., Elsasser, T. H., Ross, J. W., Isom, S. C,,
Rhoads, R. P. and Baumgard, L. H. 2015. Effects of heat stress on
carbohydrate and lipid metabolism in growing pigs. Physiological

Reports ISSN 2051-817 X. 3 (2) e12315, doi: 10.14814/phy2.12315.
126


http://journal.pan.olsztyn.pl/fd.php?f=103

Franco, M. M., Antunes, R. C., Silva, H. D. and Goulart, L. R. 2005.
Association of PIT1, GH and GHRH polymorphisms with performance
and carcass traits in Landrace pigs. J. Appl. Genet. Sci 46 (2): 195 - 200.

Galve, A., Burgos, C., Silig, L., Varona, L., Rodriguez, C., Ovilo, C. and
Lopez-Buesa, P. 2012. The effects of leptin receptor (LEPR) and
melanocortin-4 receptor (MC4R) polymorphisms on fat content, fat
distribution and fat composition in a Durocx Landrace/Large White
cross, Livestock Science, 145(1-3): 145 - 152.

Gao, J., Serrero, G. 1999. Adipose differentiation related protein (ADRP)
expressed in transfected COS-7 cells selectively stimulates long chain
fatty acid uptake. J. Biol. Chem. 274: 16825 - 16830.

Gerbens, F., Rettenberger, G., Lenstra, J.A., Veerkamp, J.H., Te Pas, M.F.W.,
1997. Characterization, chromosomal localization, and gentic variation of
the porcine heart fatty acid-binding protein gen. Mamm. Genome 8, 328—
332. https://doi.org/10.1007/s003359900433.

Glatz, J.F.C., Schaap, F.G., Binas, B., Bonen, A., Van Der Vusse, G.J.,
Luiken, J. 2003. Cytoplasmic fatty acid-binding protein facilitates fatty
acid utilization by skeletal muscle. Acta Physiol. Scand. 178: 367 - 371,

Goodwin R.N. 2004. Growth, carcass and mat quality trait performance
of pure breeds, Proceeding of th 29th annual: National swine
improvement federation conference and meeting, Dec. 9-10,
Ames, lowa, USA.

Green, E. D., Maffei, M., Braden ,V. V., Proenca, R., DeSilva, U., Zhang, Y.,
Chua, S.C., Leibel, R.L., Weissenbach, J., Friedman, J. M. 1995. The
human obese (OB) gene: RNA expression pattern and mapping on the
physical, cytogenetic, and genetic maps of chromosome 7. Genome
Res. Sci 5:5-12.

127



Han, X., Jiang, T., Yang, H., Zhang, Q. 2012. Investigation of four porcine
candidate genes (H-FABP, MYOD1, UCP3 and MASTR) for meat
quality traits in Large White pigs. Mol. Biol. Rep. 39: 6599-6605.

Han, X, Jiang, T., Yang, H., Zhang, Q., Wang, W., Fan, B.and Liu, B.
2012. Investigation of four porcine candidate genes (H-
FABP, MYOD1, UCP3 and MASTR) for meat quality traits in Large
White pigs. Molecular Biology Reports. 39: 6599 - 6605.

Hernandez-Sanchez, J., Visscher, P., Plastow, G. and Haley, C. 2003.
Candidate gene analysis for quantitative traits using the transmission
disequilibrium test: The example of the melanocortin 4-receptor in pigs.
Genetics. Sci 164: 637 - 644.

Hirose, K., Ito, T., Fukawa, K., Arakawa, A., Mikawa, S., Hayashi, Y. and
Tanaka, K. 2014. Evaluation of effects of multiple candidate genes
(LEP, LEPR, MC4R, PIK3C3, and VRTN) on production traits in Duroc
pigs. Animal Science Journal, 85(3): 198 - 206.

Hirose, K., Takizawa, T., Fukawa, K., Ito, T., Ueda, M., Hayashi, Y., &
Tanaka, K. 2011. Association of an SNP marker in exon 24 of a class
3 phosphoinositide-3-kinase (PIK3C3) gene with production traits in
Duroc. Animal Science Journal. Sci 82(1): 46 - 51.

Holl, J. W., Rohrer, G. A. and Brown-Brandl, T. M. 2010. Estimates of
genetic parameters among scale activity scores, growth, and fatness in
pigs. J. Anim. Sci. 88: 455 - 459.

Hong, J., Kim, D., Cho, K., Sa, S., Choi, S., Kim, Y., Park, J., Schmidt, G. S.,
Davis, M. E. and Chung, H. 2015. Effects of genetic variants for the
swine FABP3, HMGA1, MC4R, IGF2, and FABP4 genes on fatty acid
composition, Meat science, 110: 46 - 51.

Houston, R. D., Cameron, N. D. and Rance, K. A. 2004. A melanocortin-4

receptor (MC4R) polymorphism is associated with performance traits

128


https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Xuelei-Han
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Tengfei-Jiang
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Huawei-Yang
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Qingde-Zhang
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Weimin-Wang
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Bin-Fan
https://link.springer.com/article/10.1007/s11033-012-1490-6#auth-Bang-Liu
https://link.springer.com/journal/11033

in divergently selected large white pig populations. Animal genetics,
35(5): 386-390. DOI: 10.1111/j.1365- 2052.2004.01182.x
https://doi.org/10.1093/carcin/bgg038.

Hua, G. H., Chen, S. L., Yu, J. N., Cai, K. L, Wu, CJ., Li, Q.L., Zhang, C.
Y., Liang, A. X., Han, L., Geng, L. Y., Shen, Z., Xu, D. Q. and Yang,
L. G. 2009. Polymorphism of the growth hormone gene and its
association with growth traits in Boer goat bucks. Meat Science 81:
391-395.

Jalil-Sarghale, A., Shahrbabak, M. M., Sharbabak, M. H., Sadeghi, M., and
Mura, M. C. 2014. Association of pituitary specific transcription
factor-1 (POULF1) gene polymorphism with growth and biometric
traits and blood metabolites in Iranian Zel and Lori-Bakhtiari sheep,
Mol. Biol. Rep. Sci 41: 5787 -5792. https://doi.org/10.1007/s11033-
014-3451-8.

Jiang, Z. H. and Gibson, J. P. 1999. Genetic polymorphisms in the leptin
gene and their association with fatness in four pig breeds. Mammalian
Genome. Sci 10 (2): 191-193.

Jokubka, R., Maak, S., Kerziene. S. and Swalve, H. H. 2006. Association of
a Melanocortin 4 Receptor (MC4R) polymorphism with performance
traits in Lithuanian White pigs. J. Anim. Breed. Genet. Sci 123: 17-22,
DOI: 10.1111/j.1439-0388.2006.00559.x

Kennes, Y., Murphy, B., Pothier, F. And Palin, M. F. 2001. Characterization
of swine leptin (LEP) polymorphisms and their association with
production traits. Animal genetics. Sci 32 (4): 215 - 218.

Kim, G. W., Yoo, J. Y., Kim, H. Y. 2014. Association of genotype of
POULF1 intron 1 with carcass characteristics in crossbred pigs. J Anim.
Sci 56: 2-6 http://mww.janimscitechnol.com/content/56/1/25.

Kim, J., Choi, B., Lim, H., Park, E., Lee, S., Seo, B., Jeon, J. 2005.

Characterization of phosphoinositide-3-kinase, class 3 (PIK3C3) gene
129


https://doi.org/10.1093/carcin/bgg038
https://doi.org/10.1007/s11033-014-3451-8
https://doi.org/10.1007/s11033-014-3451-8
http://www.janimscitechnol.com/content/56/1/25

and association tests with quantitative traits in pigs. Asian australasian
journal of animal sciences. Sci 18 (12): 1701-1707.

Kim, K. S, Larsen, N., Short, T., Plastow, G. and Rothschild, M. F. 2000. A
missense variant of the porcine melanocortin-4 receptor (MC4R) gene
Is associated with fatness, growth, and feed intake traits. Mammalian
Genome 11(2): 131-135

Kim, K.S., Lee, J.J., Shin, H.Y., Choi, B. H., Lee, C. K., Kim, J. J., Cho, B.
W., Kim, T. H. 2006. Association of melanocortin 4 receptor (MC4R)
and high mobility group AT-hook 1 (HMGAL) polymorphisms with
pig growth and fat deposition traits. Anim Genet. 37: 419 - 421.

Klimenko, A., Usatov, A., Lyubov, G., Yu, K., Tretyakova, O., Bakoev, S.,
Kostjunina, O. and Zinovieva, N. 2014. Effects of melanocortin-4
receptor gene on growth and meat traits in pigs raised in Russia.
American Journal of Agricultural and Biological Sciences 9 (2): 232-
237, ISSN: 1557-4989.

Knorr, C., Moser, G., Miller, E. and Geldermann, H. 1997. Associations of
GH gene variants with performance traits in F2 generations of
European wild boar, Pietrain and Meishan pigs. Animal genetics. Sci
28 (2): 124-128.

Kor Oldenbroek and Liesbeth van der Waaij (2014). Texbook Animal
Breeding and Genetics for BSc Students. Centre for Genetic Resources
and Animal Breeding and Genomics Group, Wageningen University
and Research Centre, the Netherlands.

Korzun, V. 2003. Molecular markers and their application in cereal breeding
Marker Assisted selection. A fast track to increase genetic gain in plant
and animal breeding. Food and Agriculture

Organization http://www.fao.org/biotech/Conf10.htm.

130


http://www.fao.org/biotech/Conf10.htm

Kovacik, A., Trakovikd, A., Bulla, J., Bobcek, B., Rafayova, A. 2009.
Effeccts of genotypes lerp and MC4R on pigs production. Lucrari
stiintifice Zootehnie si Biotehnologii, vol. 42 (2).

Kulig, H., Grzesiak, W. and Szatkowska, |. 2001. Effect of leptin gene
polymorphism on growth and carcass traits in pigs. Archiv fur tierzucht
—archives of animal breeding. Sci 44(3): 291-296.

Lee, S. H., Choi, Y. M., Choe, J. H., Kim, J. M., Hong, K. C., Park, H. C. and
Kim, B. C. 2010. Association between polymorphisms of the heart fatty
acid binding protein gene and intramuscular fat content, fatty acid
composition, and meat quality in Berkshire breed. Meat Science, 86:
794-800.

Leonova, M.A., Getmantseva, L.V., Vasilenko, V.N., Klimenko, A.l,
Usatov, A.V., Bakoev, S. Y., Kolosov, A. Y. and Shirockova, N.V.
2015. Leukemia Inhibitory Factor (LIF) Gene Polymorphism and its
Impact on Reproductive Traits of Pigs. American Journal of Animal
and Veterinary Sciences. 10 (4): 212 - 216.

Lesley. E., Rhodes., Hassan. S., Richard. M., Azurdia, Ralf M.W.,
Moison., Marie. S.T., Steenwinkel, Marie 1., Homburg., Michael. P.,
Dean. F., McArdle, Gerard. M.J., Beijersbergen. H. 2003. Effect of
eicosapentaenoic acid, an omega-3 polyunsaturated fatty acid, on
UVR-related cancer risk in humans. An assessment of early
genotoxic markers. Carcinogenesis. Volume 24. Issue 5: 919-925.

Lewis, C. R. G. and Hermesch, S. 2013. Genetic parameters and phenotypic
trends in the mean and variability of number of stillborn piglets and
changes in their relationships with litter size and gestation length.
Animal Production Science. 53: 395 - 402.

Li, C. L., Pan, Y.C. and Meng, H. 2006. Polymorphism of the H-FABP,
MC4R and ADDL genes in the Meishan and four other pig populations
in China. South African Journal of Animal Science 2006, 36 (1): 1- 6.

131


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

Li, M. J., Zhang, C. M., Lan, X. Y., Fang, X. T., Lei, C. Z. and Chen, H.
2016. Analysis of POU1F1 gene Ddel polymorphism in Chinese goats,
Genet. Mol. Res. Sci 15: 2-6
15017747, https://doi.org/10.4238/gmr.15017747.

Li, Q., Patience, J.F. 2017. Factors involved in the regulation of feed and
energy intake of pigs. Volume 233: 22 - 33.

Li, X., Kim, SW., Choi, J.S., Lee,Y. M., Lee, C.K., Choi, B. H., Kim, T. H.,
Choi, Y. I, Kim, J.J., Kim, K. S. 2010. Investigation of porcine FABP3
and LEPR gene polymorphisms and mRNA expression for variation in
intramuscular fat content. Mol Biol Rep 37: 3931 - 3939.

Liu, F., Yin, J., Du, M., Yan, P., Xu, J., Zhu, X. and Yu, J. 2009. Heat-stress-
induced damage to porcine small intestinal epithelium associated with
downregulation of epithelial growth factor signaling. J. Anim. Sci.
87:1941-1949. doi:10.2527/jas.2008 - 1624.

Loos, R, J., Lindgren, C. M., Li, S., Wheeler, E., Zhao, J. H., Prokopenko,
I., Inouye, M., Freathy, R. M., Attwood, A. P., Beckmann, J. S.,
Berndt, S. I., Colorectal, P. L. and Chanock, S.J., Hayes, R.B.,
Bergmann, S. 2008. Common variants near MC4R are associated with
fat mass, weight and risk of obesity. Nat Genet. Sci 40: 768 - 775.

Lyubov, G., Kolosov, A., Leonova, M., Bakoev, S., Klimenko, A.,
Vasilenko, V. and Radyuk, A. 2016. Polymorphisms in Several Porcine
Genes are Associated with Growth Traits. American Journal of Animal
and Veterinary Sciences 11 (4): 136.141
DOI:10.3844/ajavsp.2016.136.141

Lyubov, G., Leonova, M., Usatov, A., Bakoev, S., Klimenko, A., Vasilenko,
V., Makarenko, M. 2017. The Single and Combined Effect of MC4R
and GH Genes on Productive Traits of Pigs. American Journal of
Agricultural and Biological Sciences. 12 (1): 28 - 32.

132


https://doi.org/10.4238/gmr.15017747
https://www.sciencedirect.com/science/article/abs/pii/S0377840116300013#!
https://www.sciencedirect.com/science/article/abs/pii/S0377840116300013#!
https://www.sciencedirect.com/science/journal/03778401/233/supp/C

Ma, L., Qin, Q., Yang, Q., Zhang, M., Zhao, H., Pan, C., Lei, C., Chen, H.,
and Lan, X. 2017. Associations of six SNPs of POU1F1-PROP1-
PITX1-SIX3 pathway genes with growth traits in two Chinese
indigenous goat breeds, Ann. Anim. Sci 17: 399 - 411.

Maagdenberg, K.V.D., Stinckens, A., Claeys, E., Seynaeve, M. and
Clinguart, A. 2007. The Asp298Asn missense mutation in the porcine
Melanocortin-4 Receptor (MC4R) gene can be used to affect growth
and carcass traits without an effect on meat quality. Animal. Sci 1:
1089-1098. DOI: 10.1017/S1751731107000456.

MacKenzie, R. G. 2006. Obesity-associateLCLId mutations in the human
melanocortin-4 receptor gene. Peptides. Sci 27: 395 - 403.

Marjeta F., Spela M., Sever S., and Milena K. 2007. The effect of genotype
and sex on pork quality. ISSN 1330-7142

Meidtner, K., Wermter, A. K., Hinney, A., Remschmidt, H., Hebebrand, J.
and Fries, R. 2006. Association of the melanocortin 4 receptor with
feed intake and daily gain in F2 Mangalitsax Piéetrain pigs. Animal
genetics, 37(3): 245 - 257.

Mercade, A., Estelle, J., Perez-Enciso, M., Varona, L., Silio, L., Noguera,
J.L., Sanchez, A., Folch, J.M. 2006. Characterization of the porcine
acyl-CoA synthetase long-chain 4 gene and its association with growth
and meat quality traits. Anim. Genet. 37: 219 - 224.

Michael J., Christoffers. 2018. in Fundamentals of Weed Science (Fifth

Edition). Academic Press.
Morales, M., Chavez, M., Vasquez, N., Htoo, J. K., Buenabad, L., Espinoza,

S. and Cervantes, M. 2018. Increased dietary protein or free amino
acids supply for heat stress pigs: effect on performance and carcass
traits, J. Anim. Sci. 96:1419-1429. doi: 10.1093/jas/sky044.
Munoz, G., Alcazar, E., Fernandez, A., Barragan, C., Carrasco, A., Pedro, E.
de., Silio, L., Sanchez, J.L., Rodriguez, M.C. 2011. Effects of porcine
133



MC4R and LEPR polymorphisms, gender and Duroc sire line on
economic traits in Duroc x Iberian crossbred pigs. Meat Sci. 88: 169 -
173.

Mura, C. M., Daga, C., Paludo, M., Luridiana, S., Pazzola, M., Bodano, S.,
Dettori, M. L., Vacca, G. M., and Carcangiu, V. 2012. Analysis of
polymorphism within POU1F1 gene in relation to milk production
traits in dairy Sarda sheep breed, Mol. Biol. Rep. Sci 39: 6975 - 6979.

Nakavisut S., Crump, R. E. and Graser, H. U. 2006. Body length and its
genetic relationships with production and reproduction traits in pigs.
AGBU Pig Genetics Workshop: 25 - 29.

Narsai, R., Howell, K. A, Millar, A. H., O’Toole, N. 2007. Genome-wide
analysis of mMRNA decay rates and their determinants in Arabidopsis
thaliana. Plant Cell. Sci 19: 3418 - 3436.

Nguyen Hoang Thinh, Hoang Anh Tuan, Nguyen Thi Vinh, Bui Huu Doan,
Nguyen Thi Phuong Giang, Farnir Frédéric, Moula Nassim, Nguyen Viet
Linh and Pham Kim Dang. Association of single nucleotide
polymorphisms in the insulin and growth hormone gene with growth traits
of Mia Chicken. Indian Journal Of Animal Research.(54):661 - 666.

Nguyen Huu Tinh, Nguyen Van Hop and Tran Van Hao. 2015. Estimation
of the genetic association between purebred and crossbred performance
for growth and backfat thickness traits of pigs in Vietnam. Journal of
Animal Husbandry sciences and Technics. No 8 (197): 2 - 8.

Nielsen, V. H. and Larsen, N. 1991. Restriction fragment length
polymorphisms at the growth hormone gene in pigs. Animal genetics.
Sci 22 (3): 291-294.

Nowacka-Woszuk, J., Szczerbal, 1., Fijak-Nowak, H., Switonski, M., 2008.
Chromosomal localization of 13 candidate genes for human obesity in
the pig genome. J. Appl. Genet. 49: 373 - 377.

134



Oczkowicz, M. And Rézycki, K. Z. 2013. Association study of PIT1 and
GHRH SNPs with economically important traits in pigs of three breeds
reared in Poland, Animal Science Papers and Reports, 31(4): 303 - 314.

Oliveira, P. J., Facioni, G, S., Savio, L, P., Soares, M. A., Vieira, P. A,,
Barbosa, G. M.V., Almeida, R. T. (2006). Associations of leptin
gene polymorphisms with production traits in pigs. Journal of
Animal Breeding and Genetics, 123(6), 378 - 383.

Oliveira, A.C. F., Vanelli, K., Sotomaior, C.S., Weber, S. H and Costa, L.
B. 2019. Impacts on performance of growing-finishing pigs under heat
stress  conditions: a  meta-analysis,  Veterinary  Research
Communications Sci. 43: 37 - 43.

Ovilo, C., Fernandez, A., Rodriguez, M. C., Nieto, M. and Silio, L. 2006.
Association of MC4R gene variants with growth, fatness, carcass
composition and meat and fat quality traits in heavy pigs. Meat Sci. 73:
42-47. DOI: 10.1016/j.meatsci.2005.10.016.

Ozmen, O., Kul, S. and Unal, E. O. 2013. Polymorphism of
sheep POULF1 gene exon 6 and 3'UTR region and their association
with milk production traits, Iran. J. Vet. Res. Sci 15: 331 - 335.

Pang, W. J., Bai, L. and Yang, G. S. 2006. Relationship among H-FABP
gene polymorphism, intramuscular fat content, and adipocyte lipid
droplet content in main pig breeds with different genotypes in western
China. Yi Chuan Xue Bao 33: 515 - 524.

Park H.B., Carlborg O., Marklund S., Andersson L. 2002. Melanocortin-4
receptor (MC4R) genotypes have no major effect on fatness in a Large
White x Wild Boar intercross. Animal Genetics, 33: 155-157. DOI:
10.1046/].1365-2052.2002.00824.X.

Park, S.J., Ha, J., Kim, I. S., Kwon, S. G., Hwang, J. H., Park, D. H.,
Kang, D. G., Kim, T. W., Kim, S. W., Kim, C. W. 2015. Effects of

LEP, GYS1, MYOD1, and MYF5 polymorphisms on pig economic
135


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/11259
https://link.springer.com/journal/11259
https://link.springer.com/journal/11259

traits. Ann. Anim. Sci.15 (3): 629-640 DOI: 10.1515/a0as-2015-
0022.

Pearce, S.C., Gabler, N. K., Ross, J. W., Escobar, J., Patience, J. F., Rhoads,
R. P. and Baumgard, L. H. 2015. The effects of heat stress and plane of
nutrition on metabolism in growing pigs. American Society of Animal
Science. 91: 2108-2118 doi:10.2527/jas2012 - 5738.

Peixoto, O. J., Guimaraes, F. S., Lopes, S. P., Soares, M., Pires, V. A,
Barbosa, G., Silva, D. M. 2006. Associations of leptin gene
polymorphisms with production traits in pigs. Journal of Animal
Breeding and Genetics. Sci 123(6): 378 - 383.

Pesta, D. H. and Samuel, V. T. 2014. a high-protein diet for reducing body
fat: mechanisms and possible caveats. Nutr. Metab. (Lond). Sci 11 (1):
53-59. d0i:10.1186/1743-7075-11 - 53.

Phillips., Theresa. 2021. Genetic Polymorphism-Different Does Not Mean
Mutated. ThoughtCo.

Piorkowska, K., Ropka-Molik , K., Oczkowicz, M., Rozycki, M., Zukowski,
K. 2013. Association study of PIT1 and GHRH SNPs with
economically important traits in pigs of three breeds reared in Poland.
Anim. Sci 31: 303 - 314.

Piorkowska, K., Tyra, M., Rogoz, M., Ropka-Molik, K. and Oczkowicz M.
2010. Association of the Melanocortin-4 Receptor (MC4R) with feed
intake, growth, fatness and carcass composition in pigs raised in
Poland. Meat Sci., 85: 297-301. DOI: 10.1016/j.meatsci.2010.01.017

Polkowska, J., Wan'kowska , M., Romanowicz, K., Gajewska, A., Misztal,T.
and Wojcik-Gladysz, A. 2011. The effect of intracerebroventricular
infusions of ghrelin and/or short fasting on the gene expression and
immunoreactivity of somatostatin in the hypothalamic neurons and on
pituitary growth hormone in prepubertal female lambs. Morphological

arguments. Brain Research. Sci 1414: 41 —49.
136



Raghavendran V. B., Tirupathy, V.C. and Usha, A. P. 2015. Analysis of
litter traits in three genetic groups of pigs. Indian Res. J. Genet. &
Biotech 7(3): 347 — 349.

Rauw, W.M., Soler, J., Tibau, J., Reixach, J. and Raya, L.G. 2006. The
relationship between residual feed intake an feed intake behavior in
group-housed Duroc barrows. Journal of Animal Science. 84(4):
956-962.

Renaudeau, D., Gourdine, J. L. and St-Pierre , N. R. 2011. A meta-analysis of
the effects of high ambient temperature on growth performance of
growing-finishing pigs. J. Anim. Sci. 89: 2220-2230. doi:10.2527/
jas.2010 - 3329.

Ribeca C., Bonfatti V., Cecchinato A., Albera A., Gallo L., Carnier P.
2014. Effect of polymorphisms in candidate genes on carcass and
meat quality traits in double muscled Piemontese cattle. Meat. Sci.
96: 1376 - 1383.

Ross. JW. , Hale, B. J., Gabler , N. K., Rhoads, R. P., Keating, A. F. and
Baumgard, L. H. 2015. Physiological consequences of heat stress in
pigs. Animal Production Science, 55: 1381 - 1390.

Rus¢, A., Sieczkowska, H., Krzecio, E., Antosik, K., Zybert, A., Ko¢win-
Podsiadta, M., Kaminski, S. 2011. The association between acyl-CoA
synthetase (ACSL4) polymorphism and intramuscular fat content in
(Landrace x Yorkshire) x Duroc pigs. Meat Sci. 89: 440 - 443.

Sadeghi, M., Jalil-Sarghale, A. and Moradi-Shahrbabak, M. 2014.
Associations of POU1F1 gene polymorphisms and protein structure
changes with growth traits and blood metabolites in two Iranian sheep
breeds, J. Genet. Sci 93: 831 - 835.

Scaramuzzi, R. J., Murray, J. F., Downing, J. A. and Campbell, B. K. 1999.

The effects of exogenous growth hormone on follicular steroid

137



secretion and ovulation rate in sheep. Domestic Animal Endocrinology.
Sci 17: 269 - 277

Scherag, A,. Jarick, 1., Grothe, J., Biebermann, H., Scherag, S., Volckmar,
A., Vogel, C. L., Greene, B., Hebeebrand, J., Hinney, A. 2010.
Investigation of a genome wide association signal for obesity: synthetic
association and haplotype analyses at the melanocortin 4 receptor gene
locus. PL0S One 5: e13967.

Schwab, C.R., Mote, B.E., Du, Z.Q., Amoako, R., Baas, T.J., Rothschild,
M.F., 2009. An evaluation of four candidate genes for use in
selection programmes aimed at increased intramuscular fat in Duroc
swine. J. Anim. Breed. Genet. 126, 228-236.
https://doi.org/10.1111/j.1439-0388.2008.00770.

Sellier. P. 1998. Genetics of meat and carcass traits. In: Rotschild MF,
Ruvinsky A (eds). The Genetics of the Pig. Wallingford, UK: CAB
International: 463 - 510.

Shang, P., Zhang, B., Zhang, J., Duan, M., Wu, L., Gong, X., Tang, K.,
Zhang, H., Chamba, Y., 2019. Expression and single-nucleotide
polymorphisms of the H-FABP gene in pigs. Gene 710: 156 - 160.

Song, C .Y., Gao, B., Teng, S., Wang, X. Y., Xie, F., Chen, G., Wang, Z.,
Jing, R., Mao, J. 2007. Polymorphisms in intron 1 of the porcine
POULF1 gene. J Appl Genet. Sci 48(4): 371 - 374

Song. R., Foster, D. N. and Shurson, G. C. 2014. Effects of feeding diets
containing bacitracin methylene disalicylate to heat-stressed finishing
pigs. J. Anim. Sci. 89: 1830 - 1843.

Stachowiak, M., Szydlowski, M., Obarzanek-Fojt, M., Switonski, M. 2005.
An effect of a missense mutation in the porcine melanocortin-4
receptor (MC4R) gene on production traits in Polish pig breeds is
doubtful. Animal Genetics, 37: 55 - 57.

138



Stratil, A., Peelman, L., Poucke, M. and Cepica, S. 1997. A Hinfl PCR-RFLP
at the porcine leptin (LEP) gene. Animal genetics. Sci 28(5): 371 - 372.

Suzuki K., Irie, M., Kadowaki, H., Shibata, T., Kumagai, M. and Nishida,
A. 2005. Genetic parameter estimates of meat quality traits in Duroc
pigs 123 selected for average daily gain, longissimus muscle area,
backfat thickness and intramuscular fat content. Journal of animal
science, vol 83: 2058 - 2065.

Switonski, M., M. Stachowiak, J. Cieslak, M. Bartz and M. Grzes, 2010.
Genetics of fat tissue accumulation in pigs: A comparative approach. J.
Applied Genet. Sci 51: 153-168. DOI: 10.1007/BF03195724.

Szydlowski, M., Stachowiak, M., Mackowski, M., Kamyczek, M., Eckert,
R., Rozycki, M. and Switonski, M. 2004. No major effect of the
leptin gene polymorphism on porcine production traits. Journal of
Animal Breeding and Genetics 121(3): 149 - 155.

Szyndler-Nedza, M., Tyra, M. and Rozycki M. 2010. Coefficients of
heritability for fattening and slaughter traits included in a modified
performance testing method. Annals of Animal Science. 10(2): 117-125.

Szyndler-Nedza, M., Tyra, M., Blicharski, T., Piorkowska, K. 2010. Effect of
mutation in MC4R gene on carcass quality in Pulawska pig included in
conservation breeding programme. Animal Science Papers and Reports
vol. 28 (1): 37 - 45.

Tempfli, K., Simon, Z., Kovacs, B., Posgay, M. and Papp, B. A. 2015.
PRLR, MC4R and LEP polymorphisms, and ADIPOQ, A-FABP and
LEP expression in crossbred Mangalica pigs. J. Anim. Plant Sci, 25:
1746 -1752.

Thorleifsson, G., Walters, G. B., Gudbjartsson, D. F., Steinthorsdottir, V.,
Sulem, P., Helgadottir, A., Styrkarsdotti,r U., Gretarsdottir, S.,
Thorlacius, G. H., Jonsdottir, I., Jonsdottir, T., Olafsdottir, E. J.,

Olafsdottir, G. H., Jonsson, T., Jonsson, F., Borchjohnsen, K., Hansen,
139



T., Andersen, G., Jorgense, T., Lauritzen ,T., Aben, K. K., Verbeek,
Al., Roeleveld, N., Kampman, E., Yanek, L. R., Becker, L. C,,
Tryggvadottir, L., Rafnar, T., Becker, D. M., Guicher, J., Kimeney, L.
A., Pedersen. O., Kong , A., Thorsteinsdottir, U., Stefansson, K. 20009.
Genome-wide association yields new sequence variants at seven loci
that associate with measures of obesity. Nat Genet. Sci 41: 18 - 24.

Tyra. M., Ropka-Molik, K. 2011. Effect of the FABP3 and LEPR gene
polymorphisms and expression levels on intramuscular fat (IMF)
content and fat cover degree in pigs. Livestock Science 142: 114-120.
https://doi.org/10.1016/j.livsci.2011.07.003.

Urban, T., Kuciel, J. and Mikolasova, R. 2002. Polymorphism of genes
encoding for ryanodine receptor, growth hormone, leptin and MYC
protooncogene protein and meat production in Duroc pigs. Czech
Journal of Animal Science, 47(10): 411 - 417.

Vallinoto, M., Schneider, M. P. C., Silva, A., lannuzzi, L., Brenig, B., 2004.
Molecular cloning and analysis of the swamp and river buffalo leptin
gene. Anim Genet. Sci 35: 462 - 463.

Vize, P. D. and Wells, J. R. E. 1987. Isolation and characterization of the
porcine growth hormone gene. Gene. Sci 55: 339 - 344.

Wang, J., Li, GW., Elzo, M.A,, Yan, LJ., Chen, S.Y., Jia, X. B., Lai, S.J. 2015.
A novel single nucleotide polymorphism of the POULF1 gene associated
with meat quality traits in rabbits. Ann. Anim. Sci. 15: 611- 620.

Wang. W., Xue, W., Zhou, X., Zhang, L., Wu, J., Qu, L., Jin, B., Zhang, X.,
Ma, F. and Xue, X. 2014. ffects of candidate genes’ polymorphisms on
meat quality traits in pigs. Acta Agriculturae Scand Section A, 62(3):
120-126.

Xi, B., Chanbar, G. R., Shen, Y., Wang, Q., Zhou, D. 2012. Association
between common polymorphism near the MC4R gene and obesity risk:

a systematic review and meta-analysis. PLoS One 7: 1 - 7.
140


https://www.sciencedirect.com/science/journal/18711413
https://doi.org/10.1016/j.livsci.2011.07.003

Xue. W., W. Wang, B. Jin, X. Zhang, X. Xu. 2015. Association of the
ADRB3, FABP3, LIPE, and LPL gene polymorphisms with pig
intramuscular fat content and fatty acid composition. Czech J. Anim.
Sci., 60, 2015 (2): 60-66. doi: 10.17221/7975-CJAS

Yan, L.J., Fang, X.T., Liu, Y., Zhang, C.L., Liu, X. X., Zhao, J., Li, J. J,
Chen, H. 2013. Effects of single and combined genotypes of MC4R
and POU1F1 genes on two production traits in Langshan chicken. Mol.
Biol. Rep. Sci., 40: 4645 - 4650.

Yang, Y . 2011. Structure, function and regulation of the melanocortin
receptors. Eur J Pharmacol. Sci 660:125 - 130.

Youssao N., G. R. Nute, R. I. Richardson, F. M. Whittington and D. O.
Southwood. 2002. Genetic correlations among average daily gain,
backfat thickness and sow longevity in Landrace va Yorkshire sows.
Thai J Vet med. Vol 45 (2): 221 - 227.

Yu, T.P., Tuggle, C.K., Schmitz, C.B. and Rothschild, M.F. 1995.

Association of PIT1 polymorphisms with growth and carcass traits in
pigs. J. Anim. Sci., 73: 1282 - 1288.

Zebua,C.K.N., Muladno and Siagian, P. H. 2017. Comparative performance
of Landrace, Yorkshire and Duroc breeds of swine, J. Indonesian Trop.
Anim. Agric. 42(3):147 - 152

Zhang, C., Liu,Y., Huang, K., Zeng, W., Xu, D., Wen, Q. and Yang, L. 2011.
The association of two single nucleotide polymorphisms (SNPs) in
growth hormone (GH) gene with litter size and superovulation response
in goat-breeds. Genetics and Molecular Biology, 34(1): 49 - 55.

Zhang, C.L., Chen, H., Lan, X.Y., Lei, C.Z., Zhang, Z.Q., Zhang , R.F. 2009.
Associations of a Hinfl PCR-RFLP of POU1F1 gene with growth traits
in Qinchuan cattle. Anim. Biotechnol. Sci., 20: 71 - 74.

Zhou, F.Y., Yang, Q., Lei, C.Z., Chen, H., Lan, X.Y. 2016. Relationship
between genetic variants of POU1F1, PROP1, IGFBP3 genes and milk

141



performance in Guanzhong dairy goats. Small Ruminant Res. Sci., 140:
40 - 45.

Zhu, H., Zhang, Y., Bai, Y., Yang, H., Yan, H., Liu, J., Shi, L., Song, X.,
Li, L., Dong, S., Pan, C., Lan, X. and Qu, L. 2019. Relationship
between SNPs of POU1F1 Gene and Litter Size and Growth Traits
in Shaanbei White Cashmere Goats. Animals, 9: 114 - 128.

142



PHU LUC 1:
GIAY XAC NHAN CUA PON VI THUC TAP

CONG HOA XA HQI CHU NGHIA VIET NAM
DPjc liap — Ty do — Hanh phic

Bdc Ninh, ngay 28 thdng 4 niam 2021
GIAY XAC NHAN CUA PON V] THUC TAP

Cong ty TNHH lgn gidng hat nhin DABACO, huyén Tién Du, tinh Bic Ninh xic
nhin:

Nghién ciru sinh Hoang Thj Thay Sinh ngay: 01/9/1983
CMND sé: 121533251  Cép ngay: 06/7/2017 Tai: CA Bic Giang

Giang vién: Truong Pai Hoc Nong — Lam Béc Giang

S6 dién thoai: 0984474753 Email: thuynlbg@gmail.com

Nghién ctru sinh Hoang Thj Thuy thudc co s& dao tao Vién Chan nudi.Trong
khuén khé thyuc hién nghién ctru dé tai luan 4n Tién si vé ndi dung phan tich sy da
hinh va méi lién két giira da hinh ctia mdt s (ng cir gen véitinh trang sinh trudng
(gen MC4R, PIT1, GH, LEP va PIK3C3), tinh trang m& giit (gen ADRBS3,
ACSLA4, FABP3 va PLIN2) trén lgn Duroc, nghién ciru sinh d3 dugc sy ddng y clia
Linh dao Céng ty TNHH lon gidng hat nhan DABACO cho phép tién hanh céc thi
nghiém va sir dung céc sé liulién quan tinh trangnéi trén trong thdi gian tir
12/2016 dén thang 12/2020(c6 file dinh kém).

Nghién ciru sinh va cic ddng tac gia (c6 ddng tic gia ciia Cong ty) di ding 03 bai
trén céc tap chi:

1.Hoang Thi Thuy, Giang Thi Thanh Nhan, Pham Thi Phuong Mai, Tran Thi Thu
Thuy, Le Quang Nam, Doan Phuong Thuy, Nguyen Van Hung , Tran Xuan Manh,
Doan Van Soan and Pham Doan Lan. 2019. Associations of some candidate gen
polymorphisms with growth traits in Duroc pigs. Livestock Research for Rural
Development, Volume 31, Number 10, October 2019.

2. Hoang Thi Thay, Giang Thi Thanh Nhan, Pham Thj Phuong Mai, Trén Thi Thu
Thity, Lé Quang Nam, Poan Phuong Thiy, Nguyén Van Hing, Trn Xuin Manh,

143



Poan Vin Soan va Pham Dodn L4n.2021. Méi lién két giita da hinh mét sé gen
{mg cr v6i kha nang sinh trudng va day md lung ciia lon Duroc qua hai thé h¢. Tap
chi KHKT Chéin nudi. S6 264: 1-7.

3. Hoang Thi Thuy, Pham Thu Thao, Giang Thi Thanh Nhan, Nguyen Van Hung,
Tran Xuan Manh,Doan Van Soan and Pham Doan Lan. Polymorphisms of
candidate genes and their association with intramuscular fat in Duroc Pig.D4 giri
ding trén tap chi Khoa hoc Céng ngh¢ Chén nudi ,Vién Chin nubi.

CONG TY TNHH LON GIONG HAT NHAN DABACO

G2 Y « i P
Géin Tuin Mans

144



PHU LUC 2:

HOA CHAT, HANG VA NUOC SAN XUAT

STT

Hoa chat

Hiang, Nwéc san xuat

10

11

12

13

Bo kit tach chiét ADN GeneJET Thermo Scientific™ Thermo

Genomic ADN Purification Kit

DreamTag PCR Master Mix 2X

Mbi xudi gen MC4R

Mbi nguoc gen MC4R

Mbi xudi gen PIT1

Mbi nguoc gen PIT1

Mbi xudi gen GH

Mbi nguoc gen GH

Mbi xudi gen LEP

Mbi nguoc gen LEP

MOi xubi gen PIK3C3

Mbi nguoc gen PIK3C3

Mdi xudi gen FABP3

Fisher Scientific, My

Thermo Scientific™

Thermo Fisher Scientific, My
Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies
(IDT), M¥y

Integrated DNA Technologies
(IDT), My

Integrated DNA Technologies

145



STT Hoéa chat Hiang, Nwéc san xuat
(IDT), M¥y
. Integrated DNA Technologies
14 Mbi nguoc gen FABP3
(IDT), My
L Integrated DNA Technologies
15 Mol xudi gen ADRB3
(IDT), M¥y
. Integrated DNA Technologies
16  M0di nguoc gen ADRB3
(IDT), M¥y
L Integrated DNA Technologies
17 M0i xudi gen PLIN2
(IDT), M¥y
. Integrated DNA Technologies
18  Moi nguoc gen PLIN2
(IDT), M¥y
. ) Integrated DNA Technologies
19 Mol xubi gen ACSL4
(IDT), M¥y
. Integrated DNA Technologies
20  Moi nguoc gen ACSL4
(IDT), M¥y
Thermo Scientific™ Thermo
21  Enzyme Taql _ S
Fisher Scientific, My
Thermo Scientific™ Thermo
22  Enzyme Rasl _ o
Fisher Scientific, My
Thermo Scientific™ Thermo
23 Enzyme Fokl _ o
Fisher Scientific, My
_ Thermo Scientific™ Thermo
23 Enzyme Hinfl _ o
Fisher Scientific, My
Thermo Scientific™ Thermo
24 Enzyme Hpy8I _ L
Fisher Scientific, My
Thermo Scientific™ Thermo
25  Enzyme Bsrfl

Fisher Scientific, My

146



STT Hoéa chat Hiang, Nwéc san xuat
Thermo Scientific™ Thermo
26  Enzyme Mval269I _ o
Fisher Scientific, M¥y
Thermo Scientific™ Thermo
27  Enzyme Rsal _ o
Fisher Scientific, My
o Thermo Scientific™ Thermo
28  TopVision Agarose _ S
Fisher Scientific, My
- _ Invitrogen™ - Thermo Fisher
29  Ethidium bromide o
Scientific, My
o ~Invitrogen™ - Thermo Fisher
30  PureLink ™ PCR Purification Kit
Scientific, My
a1 BigDye™ Terminator V 3.1 Applied Biosystem™ -
Cycle Sequencing Kit Thermo Fisher Scientific, My
- BigDye Xterminator ™ Applied Biosystem™ -
Purification Kit Thermo Fisher Scientific, My
33 Dung dich con tuyét ddi Merck, Puc
Thermo Scientific™ Thermo
34  Thang ADN 100 bp _ o
Fisher Scientific, My
Thermo Scientific™
35  Thang ADN 1 kb

Thermo Fisher Scientific, My

147



PHU LUC 3:
MOT SO HINH ANH TRONG QUA TRINH THUC HIEN PE TAI

T

Hinh 1: Nghién ctru sinh phan tich da hinh cac gen rng vién tai Phong

TNTD Cong nghé té bao dong vat, Vién Chan Nudi va phong thi nghiém
CNSH tai Céng ty TNHH lon gidng hat nhan Dabaco nim 2017; 2018.

148



Hinh 2: Do m& lung va mé& giat trén giong lon Duroc bang may do siéu 4m
Exago vé&i dau do ALOKA SSD 500v tai Céng ty TNHH lgn gidng hat
nhan Dabaco; Xa Tan Chi, Huyén Tién Du, Tinh Béc Ninh nam 2018.

File Tools Options Help |l
Animal Images

(N) Next Animal DABACO!

BioSoft Toolbax® 1: 2.5.0.3

Biotronics DD for Exago, a licensed product
Exago Software Version: 01-13

(8) Stream (F) Freeze

(C) Capture Image - = == Focus: 3
Transducer tip: 0

Scanner Setup
Capture Mode: | 14cm ¥

Probe Size: 0

Image Interpretation Tools

O |ImMF v
#ofROL 3 v
ROISze: 66 v

[ wi Auto Depth

O |rea v
O |FatDepth v
(A) Auto Process Depths

[ SortAnimals By Scan

Animal List Animal Information Image Data In Metric Units
Hﬁ?]ﬁgmgs ~ D 1132-9D0D. mage  IMF  Area  FatDepth  LoinDepth  Image Score Reject Reason
12711DYY102 W 28 Y Y Y =
i 30g 2ES 2 13.89 63.6 || Acceptabl
1130-14DYY101 Area || O .89 M .6 || Acceptable
1132-7DDD103 Fat Depth 134 3 O O 1316 62 14 [4|Acceptable
1132-8DDD92 . 61.2 4 A tabl
1329000707 Loin Depth B || O | [|Acceptable
5 O O O [ Acceptable

1132-10DDD114 ¥
Animals: 63 | Animals w/ Images: 62 | PixelValue: 48 | Hardlock Count: 115 | File Version: 2.5.0.3 Session Folder:  C:\Scan Sessions\Swine\KT KTNSCT HB4,28-Dec-18

Hinh 3. Anh do m& giat trén giéng lon Duroc nim 2018 tai Céng ty TNHH
lon giéng hat nhan Dabaco

149



1. MC4R
General Linear Model: ADG versus MC4R, SEX, MaBo
Factor Type Levels Values
MC4R fixed AA, AG, GG
SEX fixed C, D
MaBo fixed CA140D5059B, DB1500513-7,

Analysis of Variance for ADG,

Source
MC4R

SEX
MC4R*SEX
MaBo
Error
Total

S = 66.2

DF

2

1

2
31
463
499

742

R_

PHU LUC 4: XU Li SO LIEU
MOI LIEN KET PA HINH GEN VOl TRANG SINH TRUONG

DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Seq SS
217195
11500
12797
174552
2033618
2449663

Sq

16.

Unusual Observations for ADG

Obs
4 891.
22 948.
25 987.
27 853.
37 842.
39 779.
41  857.
54 724.
59 783.
61 725.
62 825.
81 638.
87 986.
91 973.
123 972.
140 848.
151 858.
179 986.
196 923.
220 705.
229 797.
243  686.
247 726.
248 678.
249 686.
253  821.
258 734.
269 675.
277 618.
301 o628.
316 641.
339 960.
349 945,
368 716.

ADG
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

814.
868.
852.
860.
848.
867.
857.
887.
813.
835.
835.
787.
833.
829.
820.
845.
819.
840.
844.
845.
825.
840.
837.
829.
843.
790.
763.
805.
767.
793.
805.
812.
793.
849.

Fit
05
42
18
50
95
75
00
04
49
43
43
07
11
20
34
44
15
01
77
96
97
01
53
27
96
51
76
79
98
02
79
69
02
78

SE

38.
38.
13.
39.
38.
38.
66.
17.
47.
38.
38.

17

10.
11.
10.
38.
47.
13.
38.
13.
38.
13.
38.

11

16.
47.
38.
11.
13.

11

11.

14

11.
18.

DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

Adj SS Adj MS F
149829 74914 7.06
5433 5433 1.24
6567 3283 0.75
174552 5631 1.28
2033618 4392
98% R-Sg(adj) = 10.53
Fit Residual St Resid
97 76.95 1.44
90 79.58 1.48
87 134.82 2.08
07 -7.50 -0.14
92 -6.95 -0.13
90 -88.75 -1.65
27 -0.00 *
13 -163.04 -2.55
15 -30.49 -0.65
41 -110.43 -2.04
41 -10.43 -0.19
.95 -149.07 -2.34
80 152.89 2.34
05 143.80 2.20
85 151.66 2.32
64 2.56 0.05
13 38.85 0.83
48 145.99 2.25
64 78.23 1.45
13 -140.96 -2.17
64 -28.97 -0.54
48 -154.01 -2.37
91 -111.53 -2.08
.84 -151.27 -2.32
93 -157.96 -2.47
15 30.49 0.65
76 -29.76 -0.55
45 -130.79 -2.00
19 -149.98 -2.31
.38 -165.02 -2.53
45 -164.79 -2.52
.29 147.31 2.28
38 151.98 2.33
08 -133.78 -2.10
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DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

o O O o

R

R

oMW X X W X X X X X X X X XX XX

using Adjusted SS for Tests

P

.000
.267
.474
.145

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



372 986.00 866.97 39.73
379 985.00 849.78 18.08
382 746.00 875.41 18.87
384 943.00 822.14 38.84
409 750.00 832.14 38.85
427 842.00 831.48 38.85
429 946.00 801.29 14.40
435 767.00 805.85 47.13
445 698.00 745.19 38.90
489 950.00 794.48 17.84
490 816.00 780.08 38.90

R denotes an observation with a large standardized residual.

119
135
-129
120

-82.

10.
144.
-38.
-47.
155.

35

.03
.22
.41
.86
14
52
71
85
19
52
.92

.24 RX
.12 R
.04 R
.25 RX
.53 X
.20 X
.24 R
.83 X
.88 X
.44 R
.67 X

X denotes an observation whose X value gives it large leverage.

Least Squares Means for ADG

MC4R Mean SE Mean

AA 853.26 9.597
AG 820.40 6.364
GG 790.44 7.309

Grouping Information Using Tukey Method and 95.0% Confidence

MC4R N Mean Grouping
AA 80 853.26 A

AG 254 820.40 B

GG 166 790.44 C

Means that do not share a letter are significantly different.

General Linear Model: BF versus MC4R, SEX, MaBo

Factor Type Levels Values

MC4R fixed 3 AA, AG, GG
SEX fixed 2 C, D

MaBo fixed 32 CA140D5059B,

DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Analysis of Variance for BF,

Source DF Seq SS Adj SS Adj MS
MC4R 2 79.034 57.363 28.682
SEX 1 1.304 4.440 4.440
MC4R*SEX 2 7.906 5.606 2.803
MaBo 31 130.994 130.994 4.226
Error 463 1885.598 1885.598 4.073
Total 499 2104.836
S = 2.01806 R-Sqg = 10.42% R-Sg(adj) =
Unusual Observations for BF
Obs BF Fit SE Fit Residual

1 16.5000 11.6534 0.4018 4.8466

4 10.2000 12.5966 1.1866 -2.3966

5 7.2000 11.6534 0.4018 -4.4534

7 16.2000 11.2926 0.3935 4.9074

14 8.4000 12.4187 0.4271 -4.0187

22 12.5000 13.0172 1.1844 -0.5172

27 15.0000 12.1923 1.1897 2.8077
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DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

= O 3

3.

St

F
.04
.09
.69
.04

[ecNeNeNe]

Resid
2.45
-1.47
-2.25
2.48
-2.04
-0.32
1.72

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

using Adjusted SS for Tests

P

.001
.297
.503
.414

XX W ™o

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



37

39

41

59

61

62

75
138
140
151
196
214
229
247
250
251
253
258
261
318
340
372
384
409
416
423
427
432
435
445
487
490
497

12.
11.
.0000
15.
7.
11.
7.
7.
14.
.5000
12.
7.
9.
11.
6.
.3000
11.
12.
16.
16.
7.
10.
12.
11.
7.
7.
12.
.9000
12.
13.
7.
9.
15.

14

12

17

7

4000
9000

3000
2000
6000
2000
6000
6000

5000
5000
9000
9000
9000

8000
5000
2000
3000
6000
0000
1000
3000
9000
6000
8000

1000
3000
5000
2000
0000

10.
12.
.0000
13.
10.
10.
12.
11.
12.
.2624
12.
11.
10.
11.
11.
.1839
13.
11.
10.
12.
11.
.8788
10.
12.
12.
11.
12.
.1927
12.
11.
11.
10.
10.

14

12

12

12

12

9253
6172

7317
2749
2749
5734
8506
6538

2538
4745
5620
8289
2901

3683
7195
9740
0597
7260

3501
7290
2590
5496
3290

3376
6840
6904
0127
9466

1.1850 1.4747 0.90 X
1.1844 -0.7172 -0.44 X
2.0181 -0.0000 * X
1.4358 1.5683 1.11 X
1.1695 -3.0749 -1.87 X
1.1695 1.3251 0.81 X
0.4664 -5.3734 -2.74 R
0.4618 -4.2506 -2.16 R
1.1765 1.9462 1.19 X
1.4351 0.2376 0.17 X
1.1765 0.2462 0.15 X
0.3605 -3.9745 -2.00 R
1.1765 -0.6620 -0.40 X
1.1847 0.0711 0.04 X
0.3288 -4.3901 -2.20 R
0.4640 5.1161 2.60 R
1.4358 -1.5683 -1.11 X
1.1803 0.7805 0.48 X
0.6320 5.2260 2.73 R
0.4766 4.2403 2.16 R
0.4016 -4.1260 -2.09 R
1.2098 -2.8788 -1.78 X
1.1826 1.7499 1.07 X
1.1831 -1.4290 -0.87 X
0.4927 -4.3590 -2.23 R
0.4345 -3.9496 -2.00 R
1.1831 0.4710 0.29 X
0.4098 -4.2927 -2.17 R
1.4351 -0.2376 -0.17 X
1.1846 1.6160 0.99 X
0.4531 -4.1904 -2.13 R
1.1844 -0.8127 -0.50 X
0.4657 4.0534 2.06 R

R denotes an observation with a large standardized residual.

X denotes an observation

Least Squares Means for BF

MC4R Mean SE Mean

AA 12.62 0.2922

AG 11.95 0.1938

GG 11.38 0.2226

Grouping Information Using Tukey Method and 95.0% Confidence
MC4R N Mean Grouping

AA 80 12.62 A

AG 254 11.95 A

GG le6 11.38 B

Means that

do not share a letter are significantly different.

General Linear Model: KLBD versus MC4R, SEX, MaBo

Factor

MC4R
SEX
MaBo

Type

fixed
fixed
fixed

Levels

3
2
32

Values

AA, AG, GG

C, D

CA140D5059B, DB1500513-7, DB1500538-5,
DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DBR1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, TW140002-05, TWw140005-01,
TW140037-01, Tw140316-01, Tw140335-03,
TW150122-10, TW150126-05, TW150128-04,
TW150140-06, TwW150147-08, TW150152-08,
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whose X value gives it large leverage.

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



Analysis of Variance for KLBD, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
MC4R 2 42.564 0.757 0.378 0.04 0.961
SEX 1 41.836 90.118 90.118 9.39 0.002
MC4R*SEX 2 67.635 71.062 35.531 3.70 0.025
MaBo 31 295.580 295.580 9.535 0.99 0.479
Error 463 4441.447 4441.447 9.593

Total 499 4889.062

S = 3.09722 R-Sq = 9.16% R-Sg(adj) = 2.09%

Unusual Observations for KLBD

Obs KLBD Fit SE Fit Residual St Resid
4 35.0000 34.4596 1.8212 0.5404 0.22 X
15 27.0000 33.1877 0.6554 -6.1877 -2.04 R
22 37.0000 34.4474 1.8177 2.5526 1.02 X
27 31.0000 30.8214 1.8258 0.1786 0.07 X
28 24.0000 32.6229 0.6963 -8.6229 -2.86 R
37 30.0000 33.3452 1.8186 -3.3452 -1.33 X
39 32.0000 29.7807 1.8177 2.2193 0.88 X
41 36.0000 36.0000 3.0972 -0.0000 * X
52 39.0000 32.7073 1.4158 6.2927 2.28 R
59 29.0000 30.9227 2.2036 -1.9227 -0.88 X
61 35.0000 35.5504 1.7949 -0.5504 -0.22 X
62 43.0000 35.5504 1.7949 7.4496 2.95 RX
89 25.0000 31.7272 0.5162 -6.7272 -2.20 R
105 23.0000 31.1215 0.6298 -8.1215 -2.68 R
108 18.0000 32.1199 0.8389 -14.1199 -4.74 R
138 25.0000 31.6069 0.7088 -6.6069 -2.19 R
140 31.0000 33.6019 1.8056 -2.6019 -1.03 X
145 40.0000 32.0342 0.5046 7.9658 2.61 R
151 31.0000 32.3256 2.2025 -1.3256 -0.61 X
173 40.0000 32.8475 0.7911 7.1525 2.39 R
186 39.0000 32.2284 0.7121 6.7716 2.25 R
191 24.0000 31.8618 1.3988 -7.8618 -2.85 R
192 22.0000 31.1640 0.5068 -9.1640 -3.00 R
196 30.0000 28.9353 1.8056 1.0647 0.42 X
200 23.0000 31.7272 0.5162 -8.7272 -2.86 R
229 31.0000 32.4998 1.8057 -1.4998 -0.60 X
239 38.0000 31.7774 0.6136 6.2226 2.05 R
241 40.0000 31.7272 0.5162 8.2728 2.71 R
242 38.0000 31.7272 0.5162 6.2728 2.05 R
247 30.0000 29.9759 1.8182 0.0241 0.01 X
248 25.0000 31.7228 0.5532 -6.7228 -2.21 R
253 32.0000 30.0773 2.2036 1.9227 0.88 X
258 34.0000 33.2709 1.8114 0.7291 0.29 X
266 39.0000 30.8207 0.5317 8.1793 2.68 R
268 38.0000 31.7767 0.8834 6.2233 2.10 R
298 41.0000 31.6909 0.5351 9.3091 3.05 R
302 40.0000 31.3796 0.5931 8.6204 2.84 R
311 43.0000 31.2637 0.7311 11.7363 3.90 R
361 24.0000 30.8207 0.5317 -6.8207 -2.24 R
372 28.0000 28.2026 1.8568 -0.2026 -0.08 X
384 28.0000 34.8992 1.8151 -6.8992 -2.75 RX
397 22.0000 30.5127 0.5983 -8.5127 -2.80 R
409 33.0000 32.9507 1.8158 0.0493 0.02 X
427 25.0000 28.2840 1.8158 -3.2840 -1.31 X
435 33.0000 31.6744 2.2025 1.3256 0.61 X
445 32.0000 33.2694 1.8181 -1.2694 -0.51 X
478 39.0000 31.2622 0.7477 7.7378 2.57 R
481 39.0000 32.5028 0.8692 6.4972 2.19 R
490 37.0000 32.1550 1.8178 4.8450 1.93 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.
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Least Squares Means for KLBD
Mean SE Mean

MC4R

AR 31
AG 31
GG 31
Grouping
MC4R

AG 25
GG 16
AR 8

.58 0.4485
.71 0.2974
.70 0.3416

Information Using Tukey Method and 95.0% Confidence

N Mean Grouping
4 31.71 A
6 31.70 A
0 31.58 A

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus MC4R, SEX, MaBo

Factor

MC4R
SEX
MaBo

Type Levels Values

fixed 3 AA, AG, GG
fixed 2 C, D
fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, TwW140002-05, Tw140005-01,
TW140037-01, TwW140316-01, Twl140335-03,
TW150122-10, TW150126-05, TwW1l50128-04,
TW150140-06, TW150147-08, Twl50152-08,

Analysis of Variance for KLKT, using Adjusted SS for Tests

Source

MC4R
SEX

MC4R*SEX

MaBo

Error
Total
S = 7.27

Unusual Observations

Obs
4 109.
22 111.
27 95.
37 94.
38 80.
39 85.
41 96.
43 79.
52 102.
54 62.
59 78.
61 92.
62 101.
83 122.
88 75.
113 115.
140 102.
151 102.
165 117.
167 80.
191 62.
196 105.
227 76

DF Seq SS Adj SS Adj MS F P
2 1800.88 1036.86 518.43 9.81 0.000
1 30.28 1.84 1.84 0.03 0.852
2 534.89 346.53 173.27 3.28 0.039
31 2823.50 2823.50 91.08 1.72 0.010
463 24470.97 24470.97 52.85
499 29660.53
001 R-Sq = 17.50% R-Sqg(adj) = 11.08%
for KLKT
KLKT Fit SE Fit Residual St Resid
000 99.631 4.275 9.369 1.59 X
000 100.830 4.267 10.170 1.73 X
000 99.103 4.286 -4.103 -0.70 X
000 98.859 4.269 -4.859 -0.83 X
000 95.046 1.418 -15.046 -2.11 R
000 97.496 4.267 -12.496 -2.12 RX
000 96.000 7.270 -0.000 * X
000 95.0406 1.418 -16.046 -2.25 R
000 88.391 3.323 13.609 2.10 R
000 97.292 1.879 -35.292 -5.03 R
000 89.160 5.173 -11.160 -2.18 RX
000 104.284 4.213 -12.284 -2.07 RX
000 104.284 4.213 -3.284 -0.55 X
000 95.371 1.184 26.629 3.71 R
000 95.371 1.184 -20.371 -2.84 R
000 97.916 1.212 17.084 2.38 R
000 99.511 4.238 2.489 0.42 X
000 96.926 5.170 5.074 0.99 X
000 95.973 1.6604 21.027 2.97 R
000 94.629 1.671 -14.629 -2.07 R
000 87.072 3.283 -25.072 -3.87 R
000 96.177 4.238 8.823 1.49 X
.000 91.435 1.485 -15.435 -2.17 R
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DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



229 89.
243 67.
247 99.
253 99.
258 91.
267 77.
301 75.
305 108.
308 76.
344 70.
356 114.
372 104.
384 117.
391 70.
408 76.
409 84.
427 97.
435 89.
441 106.
442 70.
445 90.
476 76.
490 108.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

97.
95.
97.
87.
94.
91.
90.
92.
90.
92.
92.
101.
101.
92.
90.
96.
93.
94.
90.
92.
95.
90.
94.

540
142
784
840
997
386
412
486
860
057
658
113
433
520
875
660
326
074
875
950
372
786
600

.238
.478
.268
.173
.252
.392
.248
.586
.945
.256
.716
.358
.260
.420
.404
.262
.262
.170
.404
.660
.268
.432
.267

I N N S B N N A N N Ll el el i O

-8.540
-28.142
1.216
11.160
-3.997
-14.386
-15.412
15.514
-14.860
-22.057
21.342
2.887
15.567
-22.520
-14.875
-12.660
3.674
-5.074
15.125
-22.950
-5.372
-14.786
13.400

-2

-2

.45
.95
.21
.18
.68
.02
.15
.19
.12
.08
.02
.50
.64
.16
-2.
.15
.62
-0.
.12
-3.
.91
.07
.28

09

99

24

X
R

o]
X<

R

R

XTI XXXITIXXXTIORIDEI DX

RX

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.
Least Squares Means for KLKT

MC4R Me
AR 98.
AG 94.
GG 93.
Grouping
MC4R N
AR 80
AG 254
GG 166

Means tha

2.

an
61
86
15

1.0
0.6
0.8

SE Mean

527
981
018

Information Using Tukey Method and 95.0% Confidence

Mean

98.
94.
93.

61
86
15

Grouping

A
B
B

t do not share a letter are significantly different.

PIT1

General Linear Model: ADG versus PIT1, SEX, MaBo

Factor T
PIT1 f
SEX f
MaBo il

Analysis of Variance for ADG,

Source
PIT1

SEX
PIT1*SEX
MaBo
Error
Total

S = 68.08

ype

ixed
ixed
ixed

DF
2

1

2
31
463
499

37

Levels

S

2
21
24

3
2
32

eq SS
47387
21732
10325
24031
46188
49663

R-Sq = 12.

Values
AA, AB, BB
C, D
CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

using
Adj SS Adj MS
30916 15458
19236 19236
10553 5276
224031 7227
2146188 4635

39% R-Sqg(adj)
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[ S NN

F

.33
.15
.14
.56

.58

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

[oNeNeNe]

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

Adjusted SS for Tests

P

.036
.042
.321
.030

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



Unusual Observations for ADG

Obs ADG Fit SE Fit Residual St Resid
2 825.00 839.77 39.82 -14.77 -0.27 X
12 618.00 781.65 13.50 -163.65 -2.45 R
58 987.00 851.42 15.43 135.58 2.04 R
69 986.00 840.16 14.69 145.84 2.19 R
84 923.00 860.57 39.74 62.43 1.13 X
92 705.00 856.28 13.79 -151.28 -2.27 R
97 797.00 821.32 39.80 -24.32 -0.44 X
112 783.00 812.99 48.40 -29.99 -0.63 X
120 891.00 789.59 39.68 101.41 1.83 X
130 973.00 826.32 11.57 146.68 2.19 R
159 682.00 826.32 11.57 -144.32 -2.15 R
165 972.00 826.24 11.90 145.76 2.17 R
172 948.00 858.14 39.46 89.86 1.62 X
173 848.00 858.14 39.46 -10.14 -0.18 X
175 641.00 834.63 11.57 -193.63 -2.89 R
178 858.00 826.71 48.43 31.29 0.65 X
180 987.00 826.32 11.57 160.68 2.39 R
193 853.00 870.25 39.68 -17.25 -0.31 X
210 842.00 816.68 39.79 25.32 0.46 X
213 779.00 855.92 39.68 -76.92 -1.39 X
216 857.00 857.00 68.08 -0.00 * X
246 686.00 836.19 17.78 -150.19 -2.29 R
250 725.00 817.78 39.87 -92.78 -1.68 X
254 957.00 817.29 11.48 139.71 2.08 R
258 734.00 772.24 39.73 -38.24 -0.69 X
269 638.00 771.29 18.96 -133.29 -2.04 R
273 986.00 817.29 11.48 168.71 2.51 R
274 675.00 817.29 11.48 -142.29 -2.12 R
300 628.00 808.89 10.93 -180.89 -2.69 R
359 726.00 852.91 39.73 -126.91 -2.30 RX
360 678.00 812.00 12.49 -134.00 -2.00 R
362 821.00 791.01 48.40 29.99 0.63 X
363 943.00 835.45 40.19 107.55 1.96 X
365 688.00 826.64 15.22 -138.64 -2.09 R
387 816.00 817.00 40.17 -1.00 -0.02 X
390 980.00 826.64 15.22 153.36 2.31 R
402 698.00 761.17 39.84 -63.17 -1.14 X
430 750.00 829.72 39.92 -79.72 -1.45 X
440 986.00 841.84 39.84 144.16 2.61 RX
448 896.00 748.59 15.35 147.41 2.22 R
452 842.00 827.51 39.84 14.49 0.26 X
453 985.00 797.82 13.17 187.18 2.80 R
457 767.00 798.29 48.43 -31.29 -0.65 X
478 942.00 806.51 14.77 135.49 2.04 R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for ADG

PIT1 Mean SE Mean

AA 833.10 8.001

AB 816.41 6.411

BB 807.89 8.200

Grouping Information Using Tukey Method and 95.0% Confidence
PIT1 N Mean Grouping

AA 149 833.10 A

AB 202 816.41 A B

BB 149 807.89 B

Means that do not share a letter are significantly different.
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General Linear Model: BF versus PIT1, SEX, MaBo

Factor Type Levels Values

PIT1 fixed 3 AA, AB, BB
SEX fixed 2 C, D

MaBo fixed 32 CA140D5059B,

DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

Analysis of Variance for BF, using Adjusted SS for

Source DF Seq SS Adj SS
PIT1 2 64.739 35.377
SEX 1 0.115 0.969
PIT1*SEX 2 5.630 6.769
MaBo 31 131.553 131.553
Error 463 1902.798 1902.798
Total 499 2104.836

Adj MS
17.688

0.969
3.384
4.244
4.110

S = 2.02724 R-Sg = 9.60% R-Sg(adj) =

Unusual Observations for BF

Obs BF Fit SE Fit Residual
2 11.6000 10.3843 1.1858 1.2157

9 8.2000 12.2971 0.3835 -4.0971
22 8.4000 12.4151 0.3949 -4.0151
36 7.6000 11.6085 0.4596 -4.0085
84 12.5000 12.6612 1.1834 -0.1612
97 9.9000 10.4522 1.1852 -0.5522
112 15.3000 13.8887 1.4412 1.4113
120 10.2000 12.2059 1.1814 -2.0059
123 16.2000 11.4230 0.6252 4.7770
172 12.5000 12.8738 1.1750 -0.3738
173 14.6000 12.8738 1.1750 1.7262
178 12.5000 12.4107 1.4419 0.0893
193 15.0000 12.5059 1.1814 2.4941
202 7.6000 11.7725 0.4220 -4.1725
210 12.4000 10.1711 1.1848 2.2289
213 11.9000 12.3801 1.1816 -0.4801
216 14.0000 14.0000 2.0272 -0.0000
247 6.9000 11.3033 0.3445 -4.4033
248 17.3000 12.2993 0.4711 5.0007
250 7.2000 9.7069 1.1871 -2.5069
251 16.5000 10.9069 0.3420 5.5931
258 12.5000 11.8096 1.1828 0.6904
260 7.2000 11.9192 0.4943 -4.7192
281 16.2000 10.6598 0.3254 5.5402
359 11.9000 12.1096 1.1828 -0.2096
362 11.8000 13.2113 1.4412 -1.4113
363 12.1000 10.8088 1.1966 1.2912
387 9.2000 10.8767 1.1961 -1.6767
402 13.3000 11.9845 1.1862 1.3155
430 11.3000 12.6524 1.1887 -1.3524
440 10.0000 12.2845 1.1862 -2.2845
446 7.5000 11.5511 0.4572 -4.0511
452 12.8000 12.1587 1.1863 0.6413
457 12.1000 12.1893 1.4419 -0.0893
486 7.9000 12.0087 0.5392 -4.1087
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R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for BF

PIT1 Mean SE Mean
AA 12.42 0.2382
AB 11.81 0.1909
BB 11.58 0.2442

Grouping Information Using Tukey Method and 95.0% Confidence

PIT1 N Mean Grouping
AA 149 12.42 A

AB 202 11.81 A B

BB 149 11.58 B

Means that do not share a letter are significantly different.
General Linear Model: KLBD versus PIT1, SEX, MaBo

Factor Type Levels Values

PIT1 fixed 3 AA, AB, BB
SEX fixed 2 C, D
MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw140005-01,
TW140037-01, TW140316-01, TwW140335-03,
TW150122-10, TW150126-05, Tw1l50128-04,
TW150140-06, TW150147-08, TwW1l50152-08,

Analysis of Variance for KLBD, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
PITI 2 21.995 78.053 39.027 4.10 0.017
SEX 1 0.472 14.358 14.358 1.51 0.220
PIT1*SEX 2 124.947 142.551 71.276 7.50 0.001
MaBo 31 338.639 338.639 10.924 1.15 0.269
Error 463 4403.010 4403.010 9.510

Total 499 4889.062

S = 3.08379 R-Sg = 9.94% R-Sg(adj) = 2.94%

Unusual Observations for KLBD

Obs KLBD Fit SE Fit Residual St Resid
2 35.0000 33.8899 1.8038 1.1101 0.44 X
13 24.0000 31.9797 0.8052 -7.9797 -2.68 R
27 40.0000 32.1694 0.6245 7.8306 2.59 R
58 39.0000 31.8538 0.6991 7.1462 2.38 R
62 22.0000 32.1694 0.6245 -10.1694 -3.37 R
69 23.0000 30.3968 0.6655 -7.3968 -2.46 R
84 33.0000 35.5351 1.8001 -2.5351 -1.01 X
86 25.0000 31.8686 0.5833 -6.8686 -2.27 R
92 40.0000 32.1694 0.6245 7.8306 2.59 R
97 34.0000 34.7389 1.8028 -0.7389 -0.30 X
112 29.0000 30.4020 2.1923 -1.4020 -0.65 X
120 31.0000 31.7855 1.7971 -0.7855 -0.31 X
123 41.0000 32.9154 0.9510 8.0846 2.76 R
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129 39.0000 30.7215 0.5241 8.2785 2.72 R
165 23.0000 30.8906 0.5389 -7.8906 -2.60 R
172 33.0000 32.6345 1.7874 0.3655 0.15 X
173 29.0000 32.6345 1.7874 -3.6345 -1.45 X
178 34.0000 31.9517 2.1934 2.0483 0.94 X
193 29.0000 29.7855 1.7971 -0.7855 -0.31 X
209 37.0000 30.6644 0.6420 6.3356 2.10 R
210 36.0000 34.3879 1.8022 1.6121 0.64 X
212 22.0000 30.8906 0.5389 -8.8906 -2.93 R
213 36.0000 35.1841 1.7974 0.8159 0.33 X
216 33.0000 33.0000 3.0838 0.0000 * X
231 24.0000 31.1910 0.6053 -7.1910 -2.38 R
234 24.0000 31.2154 0.5825 -7.2154 -2.38 R
250 32.0000 34.0859 1.8058 -2.0859 -0.83 X
258 35.0000 32.3325 1.7993 2.6675 1.07 X
288 25.0000 31.0945 0.8316 -6.0945 -2.05 R
319 40.0000 31.4376 0.4950 8.5624 2.81 R
324 39.0000 32.1758 0.8269 6.8242 2.30 R
329 26.0000 32.0647 0.5754 -6.0647 -2.00 R
334 43.0000 32.5835 0.7315 10.4165 3.48 R
356 25.0000 31.4376 0.4950 -6.4376 -2.11 R
359 27.0000 30.3325 1.7993 -3.3325 -1.33 X
362 32.0000 30.5980 2.1923 1.4020 0.65 X
363 33.0000 32.0242 1.8203 0.9758 0.39 X
375 18.0000 29.2068 0.6928 -11.2068 -3.73 R
387 32.0000 32.8732 1.8194 -0.8732 -0.35 X
402 31.0000 32.8821 1.8045 -1.8821 -0.75 X
420 40.0000 32.8631 1.139¢6 7.1369 2.49 R
430 37.0000 33.7311 1.8082 3.2689 1.31 X
440 35.0000 30.8821 1.8045 4.1179 1.65 X
452 38.0000 36.2807 1.8045 1.7193 0.69 X
457 31.0000 33.0483 2.1934 -2.0483 -0.94 X
478 43.0000 30.8488 0.6690 12.1512 4.04 R

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLBD

PIT1 Mean SE Mean
AA 31.23 0.3624
AB 32.36 0.2904
BB 32.15 0.3714

Grouping Information Using Tukey Method and 95.0% Confidence

PIT1 N Mean Grouping
AB 202 32.36 A

BB 149 32.15 A B

AA 149 31.23 B

Means that do not share a letter are significantly different.
General Linear Model: KLKT versus PIT1, SEX, MaBo

Factor Type Levels Values

PIT1 fixed 3 AA, AB, BB
SEX fixed 2 C, D
MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw140005-01,
TW140037-01, Twl40316-01, TwW140335-03,
TW150122-10, Twl50126-05, TwW150128-04,
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TW150140-06, TW150147-08, TwW150152-08, TW161097-06

Analysis of Variance for KLKT, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
PIT1 2 838.15 457.49 228.75 4.19 0.016
SEX 1 108.65 130.58 130.58 2.39 0.123
PIT1*SEX 2 108.00 53.94 26.97 0.49 0.610
MaBo 31 3327.39 3327.39 107.34 1.97 0.002
Error 463 25278.33 25278.33 54.60

Total 499 29660.53

S = 7.38897 R-Sq = 14.77% R-Sq(adj) = 8.15%

Unusual Observations for KLKT

Obs KLKT Fit SE Fit Residual St Resid
2 101.000 104.264 4.322 -3.264 -0.54 X
12 75.000 89.577 1.465 -14.577 -2.01 R
58 117.000 94.860 1.675 22.140 3.08 R
77 62.000 88.500 3.386 -26.500 -4.04 R
79 70.000 95.595 1.336 -25.595 -3.52 R
84 105.000 96.217 4.313 8.783 1.46 X
97 89.000 97.023 4.320 -8.023 -1.34 X
102 114.000 94.860 1.675 19.140 2.66 R
112 78.000 89.743 5.253 -11.743 -2.26 RX
120 109.000 98.281 4.306 10.719 1.79 X
127 122.000 95.831 1.256 26.169 3.59 R
145 82.000 97.713 1.787 -15.713 -2.19 R
153 115.000 97.971 1.256 17.029 2.34 R
172 111.000 99.707 4.283 11.293 1.88 X
173 102.000 99.707 4.283 2.293 0.38 X
175 81.000 95.831 1.256 -14.831 -2.04 R
178 102.000 96.561 5.255 5.439 1.05 X
191 80.000 95.377 1.717 -15.377 -2.14 R
193 95.000 100.948 4.306 -5.948 -0.99 X
210 94.000 97.259 4.318 -3.259 -0.54 X
212 80.000 94.568 1.291 -14.568 -2.00 R
213 85.000 96.453 4.307 -11.453 -1.91 X
216 96.000 96.000 7.389 -0.000 * X
219 79.000 94.568 1.291 -15.568 -2.14 R
232 102.000 88.736 3.343 13.264 2.01 R
250 92.000 101.778 4.327 -9.778 -1.63 X
258 91.000 95.559 4.311 -4.559 -0.76 X
270 77.000 92.349 1.356 -15.349 -2.11 R
275 75.000 93.109 1.246 -18.109 -2.49 R
300 75.000 91.846 1.186 -16.846 -2.31 R
309 76.000 91.142 1.992 -15.142 -2.13 R
351 62.000 92.374 1.855 -30.374 -4.25 R
355 67.000 91.990 1.616 -24.990 -3.47 R
359 99.000 98.226 4.311 0.774 0.13 X
362 99.000 87.257 5.253 11.743 2.26 RX
363 117.000 103.958 4.361 13.042 2.19 RX
387 108.000 96.718 4.359 11.282 1.89 X
402 90.000 96.159 4.324 -6.159 -1.03 X
427 76.000 92.446 1.430 -16.446 -2.27 R
430 84.000 97.585 4.332 -13.585 -2.27 RX
440 104.000 98.826 4.324 5.174 0.86 X
452 97.000 94.330 4.324 2.670 0.45 X
457 89.000 94.439 5.255 -5.439 -1.05 X
461 70.000 94.408 1.619 -24.408 -3.39 R
469 70.000 91.952 1.603 -21.952 -3.04 R
478 109.000 91.952 1.603 17.048 2.36 R
484 76.000 90.689 1.615 -14.689 -2.04 R
499 106.000 90.689 1.615 15.311 2.12 R
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R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

PIT1
AA
AB
BB

Me
96.
95.
93.

an
27
60
36

SE Mean
0.8684
0.6958
0.8899

Grouping Information Using Tukey Method and 95.0% Confidence

not share a letter are significantly different.

General Linear Model: ADG versus GH, SEX, MaBo

PIT1 N Mean Grouping
AA 149 96.27 A
AB 202 95.60 A
BB 149 93.36 B
Means that do
3. GH
Factor Type Levels Values
GH fixed 3 AA, AG, GG
SEX fixed 2 C, D
MaBo fixed 3

2 CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Analysis of Variance for ADG,

Source DF
GH 2
SEX 1
GH*SEX 2
MaBo 31
Error 463
Total 499
S = 67.7896

Seq SS
40160
21823
40815

219182

2127683
2449663

R_

Sq

Adj SS

2
21

13.

39380

5446
29553
19182
27683

14%

Unusual Observations for ADG

Obs
20
27
36
37
56
57
67
80
81
83
97

114

ADG

628.
858.
960.
986.
725.
825.
891.
986.
675.
973.
618.
682.

00
00
00
00
00
00
00
00
00
00
00
00

797.
803.
821.
821.
841.
841.
769.
823.
823.
820.
777.
820.

Fit
79
68
49
49
91
91
66
98
98
64
05
64

SE

13.
48.
15.
15.
39.
39.
39.
11.
11.
11.
14.
11.

Fit
49
45
74
74
27
27
51
24
24
55
12
55

DB1500513-7, DB1500538-5,
DB1501341-7, DB1501492-3,
DB1502162-9, DB1502187-4,
DB1502205-5, DB1502205-6,
TW140002-05, TwW140005-01,
TW140316-01, TW140335-03,
TW150126-05, TwW150128-04,
TW150147-08, TwW150152-08,

using Adjusted SS for Tests

Adj

MS

19690
5446
14776
7070
4595

oW s

R-Sqg(adj) =

Residual

-169

54.
138.
164.

-116.
-16.
121.
162.

-148.
152.

-159.

-138.

.79
32
51
51
91
91
34
02
98
36
05
64

St

161

.28
.19
.22
.54

F P
.014
L2717
.041
.034

[oNoNeNe]

6.39%

Resid
-2.56
1.15
2.10
2.49
-2.12 R
-0.31
2.20 R
2.42
-2.23
2.28
-2.40
-2.08
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147
148
194
198
199
203
220
225
236
237
238
247
253
275
286
291
302
318
338
356
361
362
377
384
410
418
429
452
484
485
487
492

948.
848.
842.
779.
923.
857.
705.
797.
726.
678.
686.
734.
638.
972.
641.
987.
853.
714.
724.
686.
821.
783.
985.
943.
942.
750.
986.
698.
81l6.
842.
980.
767.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

859.
859.
817.
847.
847.
857.
842.
817.
862.
823.
831.
781.
795.
824.
835.
832.
873.
846.
860.
848.
802.
802.
814.
809.
791.
826.
829.

772

819.
849.
823.
821.

57
57
53
20
20
00
93
53
03
89
53
28
95
65
60
26
65
54
52
35
00
00
30
19
27
86
32
.06
93
60
04
32

39.27 88.43 1.60 X
39.27 -11.57 -0.21 X
39.32 24.47 0.44 X
39.32 -68.20 -1.24 X
39.32 75.80 1.37 X
67.79 -0.00 * X
13.68 -137.93 -2.08 R
39.32 -20.53 -0.37 X
39.45 -136.03 -2.47 RX
12.08 -145.89 -2.19 R
18.06 -145.53 -2.23 R
39.55 -47.28 -0.86 X
19.38 -157.95 -2.43 R
11.45 147.35 2.21 R
11.25 -194.60 -2.91 R
12.06 154.74 2.32 R
39.53 -20.65 -0.38 X
16.57 -132.54 -2.02 R
15.89 -136.52 -2.07 R
15.10 -162.35 -2.46 R
47.93 19.00 0.40 X
47.93 -19.00 -0.40 X
17.82 170.70 2.61 R
39.68 133.81 2.43 RX
12.67 150.73 2.26 R
39.68 -76.86 -1.40 X
39.63 156.68 2.85 RX
39.79 -74.06 -1.35 X
39.86 -3.93 -0.07 X
39.86 -7.60 -0.14 X
13.84 156.96 2.37 R
48.45 -54.32 -1.15 X

R denotes an observation with a large standardized residual.

X denotes an observation

Least Squares Means for ADG

GH
AA
AG
GG

Mean
818.3
809.0
832.3

4
0
3

SE Me
10.
6.

7.

an
128
365
266

Grouping Information Using Tukey Method and 95.0% Confidence

GH
GG
AA
AG

N
173
75
252

Mean

83
81
80

2.33
8.34
9.00

Gro
A
A

uping

B
B

Means that do not share a letter are significantly different.

General Linear Model: BF versus GH, SEX, MaBo

Fact
GH
SEX
MaBo

or Type

fixed
fixed
fixed

Levels Values

3 AA, AG, GG

2 ¢, D

32 CA140D5059B, DB1500513-7, DB1500538-5,
DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, TW140002-05, TW140005-01,
TW140037-01, TW140316-01, TW140335-03,
TW150122-10, TW150126-05, TW150128-04,
TW150140-06, TW150147-08, TW150152-08,
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Analysis of Variance for BF, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
GH 2 47.194 46.713 23.357 5.73 0.003
SEX 1 0.247 0.006 0.006 0.00 0.970
GH*SEX 2 0.263 1.394 0.697 0.17 0.843
MaBo 31 170.883 170.883 5.512 1.35 0.101
Error 463 1886.249 1886.249 4.074

Total 499 2104.836

S = 2.01841 R-Sq = 10.38% R-Sq(adj) = 3.42%

Unusual Observations for BF

Obs BF Fit SE Fit Residual St Resid
1 16.5000 12.0868 0.4277 4.4132 2.24 R
3 16.2000 11.7510 0.6608 4.4490 2.33 R
27 12.5000 12.8909 1.4426 -0.3909 -0.28 X
56 7.2000 10.2461 1.1694 -3.04061 -1.85 X
57 11.6000 10.2461 1.1694 1.3539 0.82 X
67 10.2000 12.3038 1.1763 -2.1038 -1.28 X
69 7.2000 12.2339 0.4582 -5.0339 -2.56 R
86 16.2000 10.8737 0.3322 5.3263 2.68 R
143 7.6000 11.7136 0.4607 -4.1136 -2.09 R
147 12.5000 12.7461 1.1694 -0.24061 -0.15 X
148 14.6000 12.7461 1.1694 1.8539 1.13 X
158 16.3000 12.2339 0.4582 4.0661 2.07 R
194 12.4000 10.6590 1.1708 1.7410 1.06 X
198 11.9000 12.5590 1.1708 -0.6590 -0.40 X
199 12.5000 12.5590 1.1708 -0.0590 -0.04 X
203 14.0000 14.0000 2.0184 -0.0000 * X
225 9.9000 10.6590 1.1708 -0.7590 -0.46 X
230 7.6000 11.8330 0.4073 -4.2330 -2.14 R
236 11.9000 12.3909 1.1747 -0.4909 -0.30 X
239 17.3000 12.2116 0.4664 5.0884 2.59 R
247 12.5000 11.8694 1.1776 0.6306 0.38 X
253 14.6000 10.2732 0.5770 4.3268 2.24 R
302 15.0000 11.9566 1.1769 3.0434 1.86 X
359 6.9000 10.9477 0.3351 -4.0477 -2.03 R
361 11.8000 13.5500 1.4272 -1.7500 -1.23 X
362 15.3000 13.5500 1.4272 1.7500 1.23 X
384 12.1000 10.4077 1.1815 1.6923 1.03 X
418 11.3000 12.9077 1.1815 -1.6077 -0.98 X
429 10.0000 12.5525 1.1800 -2.5525 -1.56 X
452 13.3000 11.8268 1.1847 1.4732 0.90 X
484 9.2000 10.1820 1.1869 -0.9820 -0.60 X
485 12.8000 12.0820 1.1869 0.7180 0.44 X
492 12.1000 11.7091 1.442¢6 0.3909 0.28 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for BF

GH Mean SE Mean
AA 12.57 0.3016
AG 12.02 0.1895
GG 11.48 0.2163

Grouping Information Using Tukey Method and 95.0% Confidence

GH N Mean Grouping
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AA
AG
GG

75

252
173

12.57 A
12.02 A B
11.48 B

Means that do not share a letter are significantly different.

General Linear Model: KLBD versus GH, SEX, MaBo

Factor

GH
SEX
MaBo

Analysis of Variance for KLBD,

Type

fixed
fixed
fixed

Levels

Se

6.
24.
0.
236.
4621.
4889.

R-S

3
2
32

q SS
650
234
244
237
697
062

a

5.

Values
AA, AG
C, D

, GG

CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Adj
4.0
15.9
2.5
236.2
4621.6

47%

Observations for KLBD

Source DF
GH 2
SEX 1
GH*SEX 2
MaBo 31
Error 463
Total 499
S = 3.15944
Unusual
Obs KLBD
27 35.0000
37 23.0000
41 25.0000
56 30.0000
57 27.0000
67 31.0000
101 18.0000
127 24.0000
134 25.0000
147 33.0000
148 32.0000
150 40.0000
182 40.0000
194 24.0000
198 26.0000
199 32.0000
203 35.0000
225 29.0000
236 31.0000
241 40.0000
242 39.0000
243 38.0000
245 25.0000
247 29.0000
255 39.0000
257 38.0000
265 25.0000
287 43.0000
300 39.0000
302 34.0000

33.
31.
31.
29.
29.
30.
30.
31.
32.
32.
32.
31.
32.
29.
30.
30.
35.
29.
31.
32.
31.
30.
31.
30.
31.
31.
31.
31.
32.
32.

Fit
8871
2957
7603
4643
4643
3723
1963
4166
0244
1310
1310
2473
0244
8122
1455
1455
0000
8122
6911
5984
7362
8488
7362
6919
7362
7362
1881
7362
3258
0107

SE Fit
.2581
L7337
.6827
.8305
.8305
.8413
.8261
.5239
.5629
.8305
.8305
L7827
.5629
.8326
.8326
.8326
.1594
.8326
.8387
.7868
.5245
.6076
.5245
.8433
.5245
.5245
.8080
.5245
.7485
.8422

PO OOOoOORrOoOOoOOoOOoOFrRrFRFWHRRPRPRPOORPRRPOOORREEPOON

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

using Adjusted SS

SS Adj MS F
03 2.001 0.20 O
88 15.988 1.60 O
96 1.298 0.13 0
37 7.621 0.76 O
97 9.982
R-Sg(adj) = 0.00%
Residual St Resid
1.1129 0.50
-8.2957 -2.70
-6.7603 -2.19
0.5357 0.21
-2.4643 -0.96
0.6277 0.24
-12.1963 -4.00
-7.4166 -2.38
-7.0244 -2.26
0.8690 0.34
-0.1310 -0.05
8.7527 2.86
7.9756 2.57
-5.8122 -2.26
-4.1455 -1.61
1.8545 0.72
-0.0000 *
-0.8122 -0.32
-0.6911 -0.27
7.4016 2.42
7.2638 2.33
7.1512 2.31
-6.7362 -2.16
-1.6919 -0.66
7.2638 2.33
6.2638 2.01
-6.1881 -2.03
11.2638 3.62
6.6742 2.17
1.9893 0.78
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DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

for Tests

P

.818
.206
.878
.819

R

KWW XTI XXX XX XTI X XTI XNX XTI X

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



304 39.0000
311 43.0000
338 26.0000
343 23.0000
361 28.0000
362 33.0000
374 22.0000
384 32.0000
386 39.0000
391 24.0000
392 22.0000
418 32.0000
429 31.0000
452 32.0000
465 41.0000
467 40.0000
484 37.0000
485 33.0000
492 33.0000

R denotes an observation
X denotes an observation

Least Square

GH Mean S
AA 32.05
AG 31.75
GG 31.89

31.
31.
32.
31.
30.
30.
32.
30.
32.
32.
30.
32.
32.
30.
32.
33.
30.
30.
34.

S

Me
.47
.29
.33

oo o™

4612
7422
4934
5669
5000
5000
2870
0714
2799
0237
9874
7381
2982
9358
7374
8623
3757
7090
1129

an
20
66
86

. 6481
.6653
.7404
L7723
.2341
.2341
.8888
.8494
.8233
.5904
.9136
.8494
.8471
.8545
L7971
.1256
.8579
.8579
.2581

NPFRPFRPRPRPRPORPRPRPRPRPOODORPONNOOOO

Means for KLBD

7.
11.
-6.
-8.
-2.

2.

-10.

1.

6.
-8.
-8.
-0.
-1.

1.

8
6
6.
2
-1

5388 2.44
2578 3.64
4934 -2.11
5669 -2.80
5000 -1.12
5000 1.12
2870 -3.39
9286 0.75
7201 2.20
0237 -2.59
9874 -2.97
7381 -0.29
2982 -0.51
0642 0.42
.2626 2.70
L1377 2.08
6243 2.59
.2910 0.90
L1129 -0.50

R

KX XTI XX XIOTHITIXIOTXXHDTHDD

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

GH N Me
AA 75 32.
GG 173 31.
AG 252 31.

an
05
89
75

Grouping

A
A
A

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus GH, SEX, MaBo

Factor Type
GH fixe
SEX fixe
MaBo fixe

Analysis of

Source DF
GH 2
SEX 1
GH*SEX 2
MaBo 31
Error 463
Total 499
S = 7.40959

Levels
d 3
d 2
d 32

Variance for KLKT,

S
3

1
36
254
296

R_

SS
62
67
66
95
63
53

eq
00.
85.
88.
65.
19.
60.

59

14.

Values

AA, AG,

C, D

GG

CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Adj
395.
33.
140.
3665.
25419,

30%

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

using Adjusted SS
SS  Adj MS F
50 197.75 3.60 O
64 33.64 0.61 O
06 70.03 1.28 O
95 118.26 2.15 O
63 54.90
R-Sg(adj) = 7.63%

165

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TwW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

for Tests

P

.028
.434
.280
.000

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



Unusual Observations for KLKT

Obs KLKT Fit SE Fit Residual St Resid
12 82.000 96.703 1.959 -14.703 -2.06 R
20 75.000 91.916 1.475 -16.916 -2.33 R
27 102.000 95.038 5.296 6.962 1.34 X
56 92.000 104.091 4.293 -12.091 -2.00 RX
57 101.000 104.091 4.293 -3.091 -0.51 X
67 109.000 95.895 4.318 13.105 2.18 RX
75 77.000 93.584 1.320 -16.584 -2.27 R
81 79.000 93.878 1.229 -14.878 -2.04 R
147 111.000 99.758 4.293 11.242 1.86 X
148 102.000 99.758 4.293 2.242 0.37 X
191 62.000 87.322 3.331 -25.322 -3.83 R
192 70.000 93.878 1.229 -23.878 -3.27 R
194 94.000 96.774 4.298 -2.774 -0.46 X
198 85.000 95.440 4.298 -10.440 -1.73 X
199 105.000 95.440 4.298 9.560 1.58 X
203 96.000 96.000 7.410 -0.000 * X
221 102.000 87.322 3.331 14.678 2.22 R
225 89.000 96.774 4.298 -7.774 -1.29 X
236 99.000 99.5406 4.312 -0.546 -0.09 X
247 91.000 97.530 4.323 -6.530 -1.09 X
253 82.000 96.459 2.118 -14.459 -2.04 R
254 122.000 95.513 1.230 26.487 3.62 R
256 75.000 95.513 1.230 -20.513 -2.81 R
269 115.000 98.238 1.318 16.762 2.30 R
281 76.000 93.937 2.052 -17.937 -2.52 R
298 117.000 95.798 1.736 21.202 2.94 R
300 80.000 95.409 1.755 -15.409 -2.14 R
302 95.000 101.181 4.320 -6.181 -1.03 X
338 62.000 95.798 1.736 -33.798 -4.69 R
349 114.000 95.798 1.736 18.202 2.53 R
356 67.000 95.571 1.651 -28.571 -3.96 R
361 99.000 88.500 5.239 10.500 2.00 RX
362 78.000 88.500 5.239 -10.500 -2.00 RX
372 76.000 93.1406 1.947 -17.146 -2.40 R
384 117.000 101.818 4,337 15.182 2.53 RX
391 70.000 91.605 1.385 -21.605 -2.97 R
410 109.000 91.605 1.385 17.395 2.39 R
418 84.000 97.485 4.337 -13.485 -2.24 RX
429 104.000 97.273 4.332 6.727 1.12 X
449 70.000 92.730 1.694 -22.730 -3.15 R
452 90.000 96.575 4.349 -6.575 -1.10 X
468 76.000 92.840 1.510 -16.840 -2.32 R
484 108.000 97.453 4,357 10.547 1.76 X
485 97.000 96.120 4.357 0.880 0.15 X
492 89.000 95.962 5.296 -6.962 -1.34 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

GH Mean SE Mean
AA 95.73 1.1070
AG 94.23 0.6957
GG 96.52 0.7942

Grouping Information Using Tukey Method and 95.0% Confidence

GH N Mean Grouping
GG 173 96.52 A

AA 75 95.73 A B

AG 252 94.23 B

Means that do not share a letter are significantly different.
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4,

LEP

General Linear Model: ADG versus LEP, SEX, MaBo

Factor Type

LEP fixed
SEX fixed
MaBo fixed

Levels

2
2
32

Va
CT
C,

lues
, TT
D

CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Analysis of Variance for ADG,

Source
LEP

SEX
LEP*SEX
MaBo
Error
Total

S = 68.04

DF
1

1

1
31
465
499

58

Se
3
1

23
215
244

q SS
8980
8694
5903
3024
3060
9663

R-Sg =

Adj SS

2
21

12.1

32939
7
3182
33024
53060

1%

Unusual Observations for ADG

Obs
3 725.
4 825.
22 891.
23 734.
39 638.
47 986.
48 675.
54 973.
74 618.
124 628.
125 972.
154 848.
166 641.
175 858.
180 987.
201 987.
207 853.
226 986.
254 842.
258 779.
259 923.
262 857.
295 705.
309 797.
329 686.
335 726.
336 678.
337 686.
344 821.
345 783.
346 682.
352 948.
363 943.
370 698.
421 750.

ADG
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

836.
836.
779.
779.
779.
823.
823.
819.
778.
814.
814.
841.
823.
820.
819.
841.
860.
833.
823.
853.
853.
857.
850.
823.
833.
860.
819.
828.
802.
802.
856.
879.
819.
763.
824.

Fit
66
66
99
99
57
96
96
02
53
31
31
90
96
99
02
47
66
07
99
66
66
00
39
99
07
66
64
59
00
00
31
18
68
01
92

SE

39.
39.
39.
39.
18.
10.
10.
11.
12.
10.
10.
39.
10.
48.
11.
15.
39.
13.
39.
39.
39.
68.
13.
39.
13.
39.
11.
17.
48.
48.
19.
41.
39.
39.
39.

Fit
36
36
36
36
30
52
52
16
98
39
39
84
52
24
16
47
36
48
36
36
36
05
06
36
48
36
76
19
12
12
16
02
56
56
92

using

DB1500513-7,

DB1501341-7,
DB1502162-9,
DB1502205-5,

Adj MS
32939

7

3182
7517
4630

R-Sq (adj)

Residual

-111

=74

-147

-174

.66
-11.
111.
-45.

-141.
162.

-148.
153.

-160.

-186.
157.

6.
-182.
37.
167.
145.
-7.
152.
18.
.66
69.
0.

-145.
-26.

.07

-134.

-141.

-142.

19.
-19.

.31
68.

123.

-65.

-74.

66
01
99
57
04
96
98
53
31
69
10
96
01
98
53
66
93
01

34
00
39
99

66
64
59
00
00

82
32
01
92

F
.11
.00
.69
.62

P O o J

I
€]
o
©

TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

Adjusted SS

[eNeoNeNe)

St Resid

-2

167

.01
-0.
.00
.83
.16
.41
.22
.29
.40
77
.34
.11
.72
.77
.50
.20
.14
.29
.32
.34
.25

21

.18
.49
.21
.43
L11
.17
.39
.39
.67
.27
.23
.17
.36

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

for Tests

P

.008
.970
.408
.020

o)
be

=

2]
KX X XX XXX XXX XIOX OO XIXHDOOHH I DX XX

DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
TW161097-06



443 986.00 843.68 39.56 142.32 2.57 RX
455 896.00 761.55 13.90 134.45 2.02 R
462 1000.00 864.46 23.16 135.54 2.12 R
463 816.00 807.01 39.56 8.99 0.16 X
466 842.00 836.68 39.56 5.32 0.10 X
467 980.00 802.04 11.96 177.96 2.66 R
469 985.00 797.34 11.29 187.66 2.80 R
472 946.00 803.49 13.36 142.51 2.14 R
478 767.00 804.01 48.24 -37.01 -0.77 X
497 942.00 876.73 35.77 65.27 1.13 X
498 876.00 894.24 35.04 -18.24 -0.31 X
499 835.00 871.79 35.86 -36.79 -0.64 X
500 884.00 894.24 35.04 -10.24 -0.18 X

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for ADG
LEP Mean SE Mean

CT 870.65 20.238
TT 817.13 5.311

Grouping Information Using Tukey Method and 95.0% Confidence

LEP N Mean Grouping
CT 21 870.65 A
TT 479 817.13 B

Means that do not share a letter are significantly different.

Factor Type Levels Values

LEP fixed 2 CT, TT

SEX fixed 2 C, D

MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw140005-01,
TW140037-01, TwW140316-01, Tw1l40335-03,
TW150122-10, TW150126-05, TwW150128-04,
TW150140-06, TW150147-08, Twl50152-08,

Analysis of Variance for BF, using Adjusted SS for Tests

Source DF Seqg SS Adj SS Adj MS F P
LEP 1 5.647 12.167 12.167 2.93 0.088
SEX 1 0.275 3.686 3.686 0.89 0.347
LEP*SEX 1 3.291 3.424 3.424 0.82 0.364
MaBo 31 163.470 163.470 5.273 1.27 0.155
Error 465 1932.153 1932.153 4.155

Total 499 2104.836

S = 2.03842 R-Sq = 8.20% R-Sg(adj) = 1.49%

Unusual Observations for BF

Obs BF Fit SE Fit Residual St Resid
3 7.2000 10.2933 1.1790 -3.0933 -1.86 X
4 11.6000 10.2933 1.1790 1.3067 0.79 X
8 16.5000 11.1233 0.3151 5.3767 2.67 R
22 10.2000 11.9933 1.1790 -1.7933 -1.08 X
23 12.5000 11.9933 1.1790 0.5067 0.30 X
26 16.2000 11.2491 0.6173 4.9509 2.55 R
28 7.2000 12.3110 0.4577 -5.1110 -2.57 R
58 16.2000 10.8166 0.3113 5.3834 2.67 R
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DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,
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154 14.6000 12.6280 1.1935 1.9720 1.19 X
173 16.3000 12.3110 0.4577 3.9890 2.01 R
175 12.5000 12.2899 1.4452 0.2101 0.15 X
207 15.0000 12.2933 1.1790 2.7067 1.63 X
231 7.6000 11.9164 0.3888 -4.3164 -2.16 R
254 12.4000 10.4933 1.1790 1.9067 1.15 X
258 11.9000 12.3933 1.1790 -0.4933 -0.30 X
259 12.5000 12.3933 1.1790 0.1067 0.06 X
262 14.0000 14.0000 2.0384 -0.0000 * X
309 9.9000 10.4933 1.1790 -0.5933 -0.36 X
335 11.9000 12.2933 1.1790 -0.3933 -0.24 X
339 6.9000 11.1233 0.3151 -4.2233 -2.10 R
340 17.3000 12.2638 0.4520 5.0362 2.53 R
344 11.8000 13.5500 1.4414 -1.7500 -1.21 X
345 15.3000 13.5500 1.4414 1.7500 1.21 X
352 12.5000 13.1239 1.2287 -0.6239 -0.38 X
363 12.1000 10.3134 1.1852 1.7866 1.08 X
370 13.3000 12.0134 1.1852 1.2866 0.78 X
421 11.3000 12.6481 1.1959 -1.3481 -0.82 X
440 7.9000 12.2839 0.4635 -4.3839 -2.21 R
443 10.0000 12.3134 1.1852 -2.3134 -1.39 X
452 7.5000 11.9365 0.4163 -4.4365 -2.22 R
463 9.2000 10.5134 1.1852 -1.3134 -0.79 X
466 12.8000 12.4134 1.1852 0.3866 0.23 X
475 7.9000 11.9580 0.3582 -4.0580 -2.02 R
478 12.1000 12.3101 1.4452 -0.2101 -0.15 X
497 12.0000 12.7046 1.0717 -0.7046 -0.41 X
498 12.4000 12.9882 1.0497 -0.5882 -0.34 X
499 15.0000 13.5191 1.0741 1.4809 0.85 X
500 12.8000 12.9882 1.0497 -0.1882 -0.11 X

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for BF

LEP Mean SE Mean

CT 12.92 0.6063

TT 11.89 0.1591

Grouping Information Using Tukey Method and 95.0% Confidence
LEP N Mean Grouping

CT 21 12.92 A

TT 479 11.89 A

Means that do not share a letter are significantly different.

General Linear Model: KLBD versus LEP, SEX, MaBo

Factor Type Levels Values

LEP fixed 2 CT, TT
SEX fixed 2 ¢, D
MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw140005-01,
TW140037-01, TwW140316-01, Tw140335-03,
TW150122-10, TWl50126-05, TwW150128-04,
TW150140-06, TW150147-08, Twl50152-08,

Analysis of Variance for KLBD, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
LEP 1 18.221 31.996 31.996 3.64 0.057
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SEX 1 39.666 227.293 227.293 25.84 0.000
LEP*SEX 1 170.334 191.549 191.549 21.78 0.000
MaBo 31 571.022 571.022 18.420 2.09 0.001
Error 465 4089.819 4089.819 8.795
Total 499 4889.062
S = 2.96569 R-Sqg = 16.35% R-Sg(adj) = 10.23%
Unusual Observations for KLBD
Obs KLBD Fit SE Fit Residual St Resid
1 37.0000 30.3980 0.7974 6.6020 2.31 R
3 34.0000 34.5476 1.7153 -0.5476 -0.23 X
4 35.0000 34.5476 1.7153 0.4524 0.19 X
22 35.0000 32.5476 1.7153 2.4524 1.01 X
23 30.0000 32.5476 1.7153 -2.5476 -1.05 X
43 23.0000 30.2431 0.4584 -7.2431 -2.47 R
47 18.0000 30.2431 0.4584 -12.2431 -4.18 R
59 27.0000 33.4008 0.7042 -6.4008 -2.22 R
90 24.0000 31.8698 0.7493 -7.8698 -2.74 R
111 25.0000 30.8831 0.4865 -5.8831 -2.01 R
126 40.0000 31.3495 0.5690 8.6505 2.97 R
154 36.0000 36.9860 1.7364 -0.9860 -0.41 X
166 22.0000 30.2431 0.4584 -8.2431 -2.81 R
169 37.0000 30.2431 0.4584 6.7569 2.31 R
175 35.0000 35.8215 2.1026 -0.8215 -0.39 X
201 39.0000 31.4204 0.6743 7.5796 2.62 R
207 31.0000 32.5476 1.7153 -1.5476 -0.64 X
208 24.0000 31.3495 0.5690 -7.3495 -2.53 R
212 24.0000 31.3495 0.5690 -7.3495 -2.53 R
213 22.0000 31.3495 0.5690 -9.3495 -3.21 R
226 23.0000 31.1731 0.5874 -8.1731 -2.81 R
253 25.0000 30.9107 0.5657 -5.9107 -2.03 R
254 30.0000 31.8810 1.7153 -1.8810 -0.78 X
258 32.0000 33.5476 1.7153 -1.5476 -0.64 X
259 33.0000 33.5476 1.7153 -0.5476 -0.23 X
262 36.0000 36.0000 2.9657 0.0000 * X
272 25.0000 30.8831 0.4865 -5.8831 -2.01 R
293 38.0000 32.1553 0.5381 5.8447 2.00 R
295 40.0000 31.3495 0.5690 8.6505 2.97 R
296 39.0000 32.4000 1.3263 6.6000 2.49 R
307 25.0000 30.9107 0.5657 -5.9107 -2.03 R
309 34.0000 31.8810 1.7153 2.1190 0.88 X
335 38.0000 32.5476 1.7153 5.4524 2.25 RX
344 30.0000 29.5000 2.0971 0.5000 0.24 X
345 29.0000 29.5000 2.0971 -0.5000 -0.24 X
352 34.0000 34.6708 1.7876 -0.6708 -0.28 X
363 35.0000 34.9047 1.7244 0.0953 0.04 X
370 33.0000 32.9047 1.7244 0.0953 0.04 X
410 40.0000 32.6071 0.5637 7.3929 2.54 R
412 26.0000 32.6071 0.5637 -6.6071 -2.27 R
415 39.0000 31.5302 0.6231 7.4698 2.58 R
421 39.0000 37.3431 1.7399 1.6569 0.69 X
436 43.0000 31.5568 0.4921 11.4432 3.91 R
443 29.0000 32.9047 1.7244 -3.9047 -1.62 X
463 32.0000 32.2381 1.7244 -0.2381 -0.10 X
466 36.0000 33.9047 1.7244 2.0953 0.87 X
478 37.0000 36.1785 2.1026 0.8215 0.39 X
487 40.0000 33.0782 0.6743 6.9218 2.40 R
497 43.0000 36.2513 1.5591 6.7487 2.68 RX
498 41.0000 37.4287 1.5273 3.5713 1.40 X
499 35.0000 36.8914 1.5628 -1.8914 -0.75 X
500 29.0000 37.4287 1.5273 -8.4287 -3.32 RX

R denotes an observation
X denotes an observation

with a large standardized residual.
whose X value gives it large leverage.

Least Squares Means for KLBD
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LEP Mean SE Mean

CT 34.07 0.8820

TT 32.40 0.2315

Grouping Information Using Tukey Method and 95.0% Confidence
LEP N Mean Grouping

CT 21 34.07 A

TT 479 32.40 A

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus LEP, SEX, MaBo

Factor Type Levels Values

LEP fixed 2 CT, TT

SEX fixed 2 C, D

MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw1l40005-01,
TW140037-01, TW140316-01, TwW140335-03,
TW150122-10, TW150126-05, Tw1l50128-04,
TW150140-06, TW150147-08, TwW1l50152-08,

Analysis of Variance for KLKT, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
LEP 1 326.51 348.23 348.23 6.34 0.012
SEX 1 67.44 22.69 22.69 0.41 0.521
LEP*SEX 1 65.97 89.39 89.39 1.63 0.203
MaBo 31 3643.37 3643.37 117.53 2.14 0.000
Error 465 25557.24 25557.24 54.96

Total 499 29660.53

S = 7.41362 R-Sq = 13.83% R-Sq(adj) = 7.53%

Unusual Observations for KLKT

Obs KLKT Fit SE Fit Residual St Resid
3 92.000 103.783 4.288 -11.783 -1.95 X
4 101.000 103.783 4.288 -2.783 -0.46 X
22 109.000 97.117 4.288 11.883 1.96 X
23 91.000 97.117 4.288 -6.117 -1.01 X
40 77.000 93.543 1.281 -16.543 -2.27 R
42 122.000 94.237 1.146 27.763 3.79 R
48 79.000 94.237 1.146 -15.237 -2.08 R
49 75.000 94.237 1.146 -19.237 -2.63 R
85 82.000 96.820 1.665 -14.820 -2.05 R
97 115.000 96.796 1.216 18.204 2.49 R
124 75.000 92.755 1.132 -17.755 -2.42 R
147 76.000 92.537 1.920 -16.537 -2.31 R
154 102.000 98.523 4.341 3.477 0.58 X
175 102.000 96.175 5.256 5.825 1.11 X
201 117.000 93.735 1.686 23.265 3.22 R
207 95.000 99.783 4.288 -4.783 -0.79 X
246 62.000 87.600 3.315 -25.600 -3.86 R
249 70.000 94.237 1.146 -24.237 -3.31 R
254 94.000 97.450 4.288 -3.450 -0.57 X
258 85.000 96.117 4.288 -11.117 -1.84 X
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R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

LEP
CT
TT

Mean

100
95

.59
.09

SE Mean
2.2049
0.5786

Grouping Information Using Tukey Method and 95.0% Confidence

LEP
CT
TT

N

21
479

10
9

Mean
0.59
5.09

Grouping
A
B

Means that do not share a letter are significantly different.

5. PIK3C3
General Linear Model: ADG versus PIK3C3, SEX, MaBo

Factor
PIK3C3

SEX
MaBo

Analysis of Variance for ADG,

Source
PIK3C3

DF
2

Type Levels Values
fixed 3 TT, CT, CC
fixed 2 C, D

fixed 32 CA140D5059B,

DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-05,
TW140037-01,
TW150122-10,
TW150140-06,

Seq SS
12956

Adj SS
13946

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

Adj MS
6973
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1.

F
49

DB1500538-5,
DB1501492-3,
DB1502187-4,
DB1502205-6,
TW140005-01,
TW140335-03,
TW150128-04,
TW150152-08,

using Adjusted SS for Tests

P
0.227
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SEX 1 20491 9810 9810 2.09 0.149

PIK3C3*SEX 2 10036 8724 4362 0.93 0.396
MaBo 31 232725 232725 7507 1.60 0.023
Error 463 2173455 2173455 4694

Total 499 2449663

S = 68.5149 R-Sq = 11.28% R-Sq(adj) = 4.38%

Unusual Observations for ADG

Obs ADG Fit SE Fit Residual St Resid
9 734.00 785.12 39.92 -51.12 -0.92 X
17 638.00 779.38 18.99 -141.38 -2.15 R
23 675.00 829.34 11.69 -154.34 -2.29 R
77 987.00 853.15 15.50 133.85 2.01 R
85 986.00 835.64 14.29 150.36 2.24 R
100 842.00 822.46 39.76 19.54 0.35 X
102 923.00 853.33 39.96 69.67 1.25 X
103 857.00 857.00 68.51 -0.00 * X
118 705.00 854.42 14.04 -149.42 -2.23 R
122 797.00 822.46 39.76 -25.46 -0.46 X
135 725.00 838.53 39.98 -113.53 -2.04 RX
146 891.00 781.49 39.86 109.51 1.97 X
155 986.00 825.72 11.18 160.28 2.37 R
159 973.00 824.37 11.36 148.63 2.20 R
168 618.00 777.99 13.44 -159.99 -2.38 R
198 628.00 813.82 11.20 -185.82 -2.75 R
217 848.00 846.20 40.27 1.80 0.03 X
225 641.00 825.72 11.18 -184.72 -2.73 R
230 858.00 825.05 48.69 32.95 0.68 X
233 987.00 824.37 11.36 162.63 2.41 R
270 779.00 849.71 39.94 -70.71 -1.27 X
313 686.00 832.02 14.16 -146.02 -2.18 R
316 678.00 816.92 12.56 -138.92 -2.06 R
317 686.00 831.26 17.42 -145.26 -2.19 R
320 821.00 802.00 48.45 19.00 0.39 X
321 783.00 802.00 48.45 -19.00 -0.39 X
322 825.00 841.04 40.42 -16.04 -0.29 X
337 682.00 826.88 15.14 -144.88 -2.17 R
340 972.00 816.34 13.81 155.66 2.32 R
343 948.00 848.71 40.60 99.29 1.80 X
348 853.00 854.21 40.06 -1.21 -0.02 X
362 726.00 854.21 40.06 -128.21 -2.31 RX
399 1000.00 870.56 24.41 129.44 2.02 R
400 816.00 810.09 40.36 5.91 0.11 X
402 842.00 840.96 40.25 1.04 0.02 X
404 946.00 810.61 15.44 135.39 2.03 R
409 943.00 813.43 40.16 129.57 2.33 RX
414 698.00 756.39 40.03 -58.39 -1.05 X
437 942.00 800.62 12.73 141.38 2.10 R
462 980.00 799.27 13.08 180.73 2.69 R
463 985.00 788.72 12.97 196.28 2.92 R
468 767.00 799.95 48.69 -32.95 -0.68 X
486 750.00 851.09 41.10 -101.09 -1.84 X
491 986.00 856.58 41.52 129.42 2.37 RX

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for ADG

PIK3C3 Mean SE Mean

cc 822.71 7.318
CT 812.72 6.444
TT 829.00 10.904
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Grouping Information Using Tukey Method and 95.0% Confidence

PIK3C3 N Mean Grouping
TT 61 829.00 A
cc 180 822.71 A
CT 259 812.72 A

Means that do not share a letter are significantly different.

General Linear Model: BF (mé&i) versus PIK3C3, SEX, MaBo

Factor
PIK3C3

SEX
MaBo

Analysis of Variance for BF

Source
PIK3C3

SEX

Type

fixed
fixed
fixed

PIK3C3*SEX

MaBo

Error
Total

S =

Unusual Observations for BF

Obs
5

9
11
14
25
87
100
102
103
122
132
133
135
l46
148
217
230
270
320
321
322
343
348
362
400
402
409
414

BF
16
12

7
7

16.
7.
12.

12
14

9.

6.
17.

7.
10.
16.
14.
12.
11.
11.
15.

11

12.
15.
11.

9.
12.

12

13.

4
4

2.04481

(md&i)
.5000
.5000
.2000
L4000
2000
6000
4000
.5000
.0000
9000
9000
3000
2000
2000
2000
6000
5000
9000
8000
3000
.6000
5000
0000
9000
2000
8000
.1000
3000

Levels

DF
2
1
2

31

63

99

R-S

11.
12.

12

11.
10.
12.
10.

12
14

10.
11.
12.
10.

11
11

13.
12.
12.
13.
13.
10.
12.
12.
12.
10.
12.
10.
12.

3
2
32

Values
TT, CT,
C, D

CA140D5059B,
DB1501338-5,
DB1502023-7,
DB1502205-4,
TW140001-
TW140037-
TW150122-
TW150140-

cc

05,
01,
10,
06,

DB1500513-7,
DB1501341-7,
DB1502162-9,
DB1502205-5,
TW140002-05,
TW140316-01,
TW150126-05,
TW150147-08,

(m&i) ,
Seq SS Adj SS Adj MS F
17.581 8.333 4.167 1.00
0.394 0.006 0.006 0.00
0.984 1.2006 0.603 0.14
149.962 149.962 4.837 1.16
1935.915 1935.915 4.181
2104.836
g = 8.03% R-Sg(adj) = 0.87%
(m&1i)

Fit SE Fit Residual St Resid
2999 0.3490 5.2001 2.58
0399 1.1914 0.4601 0.28
.3389 0.4684 -5.1389 -2.58
4544 0.3990 -4.0544 -2.02
9924 0.3659 5.2076 2.59
0289 0.4289 -4.4289 -2.22
4667 1.1866 1.9333 1.16
.4034 1.1925 0.0966 0.06
.0000 2.0448 -0.0000 *
4667 1.1866 -0.5667 -0.34
2999 0.3490 -4.3999 -2.18
2909 0.4712 5.0091 2.52
3468 1.1932 -3.1468 -1.89
.9299 1.1896 -1.7299 -1.04
.3007 0.6278 4.8993 2.52
0365 1.2017 1.5635 0.95
2499 1.4531 0.2501 0.17
2935 1.1920 -0.3935 -0.24
5500 1.4459 -1.7500 -1.21
5500 1.4459 1.7500 1.21
1062 1.2062 1.4938 0.90
7959 1.2118 -0.2959 -0.18
3761 1.1955 2.6239 1.58
3761 1.1955 -0.4761 -0.29
5665 1.2045 -1.3665 -0.83
5032 1.2014 0.2968 0.18
4470 1.1985 1.6530 1.00
0302 1.1946 1.2698 0.77
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451 7.9000 12.2812 0.4926 -4.3812 -2.21 R
458 7.5000 12.0192 0.4452 -4.5192 -2.26 R
468 12.1000 12.3501 1.4531 -0.2501 -0.17 X
486 11.3000 12.5677 1.2265 -1.2677 -0.77 X
491 10.0000 12.1479 1.2393 -2.1479 -1.32 X

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for BF (mdi)

PIK3C3 Mean SE Mean

cc 12.04 0.2184
CT 11.93 0.1923
TT 11.53 0.3254

Grouping Information Using Tukey Method and 95.0% Confidence

PIK3C3 N Mean Grouping
cc 180 12.04 A
CT 259 11.93 A
TT 61 11.53 A

Means that do not share a letter are significantly different.
General Linear Model: KLKT versus PIK3C3, SEX, MaBo

Factor Type Levels Values

PIK3C3 fixed 3 TT, CT, CC
SEX fixed 2 C, D
MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw1l40005-01,
TW140037-01, TW140316-01, TwW140335-03,
TW150122-10, TW150126-05, Tw150128-04,
TW150140-06, TW150147-08, TwW1l50152-08,

Analysis of Variance for KLKT, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
PIK3C3 2 112.32 147.30 73.65 1.33 0.267
SEX 1 80.77 107.41 107.41 1.93 0.165
PIK3C3*3EX 2 78.23 73.67 36.84 0.66 0.516
MaBo 31 3665.78 3665.78 118.25 2.13 0.000
Error 463 25723.44 25723.44 55.56

Total 499 29660.53

S = 7.45374 R-Sq = 13.27% R-Sq(adj) = 6.53%

Unusual Observations for KLKT

Obs KLKT Fit SE Fit Residual St Resid
9 91.000 97.394 4.343 -6.394 -1.06 X
18 122.000 94.385 1.272 27.615 3.76 R
23 79.000 94.385 1.272 -15.385 -2.09 R
24 75.000 94.385 1.272 -19.385 -2.64 R
77 117.000 94.663 1.686 22.337 3.08 R
95 70.000 94.385 1.272 -24.385 -3.32 R
100 94.000 97.023 4.325 -3.023 -0.50 X
102 105.000 95.723 4.347 9.277 1.53 X
103 96.000 96.000 7.454 0.000 * X
120 62.000 94.663 1.686 -32.663 -4.50 R
122 89.000 97.023 4.325 -8.023 -1.32 X
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125 114.000 94.663 1.686 19.337 2.66 R
135 92.000 103.509 4.349 -11.509 -1.90 X
146 109.000 97.294 4.336 11.706 1.93 X
153 77.000 93.133 1.367 -16.133 -2.20 R
173 82.000 96.791 1.769 -14.791 -2.04 R
181 115.000 97.152 1.236 17.848 2.43 R
198 75.000 92.425 1.219 -17.425 -2.37 R
211 76.000 92.355 1.983 -16.355 -2.28 R
217 102.000 98.570 4.381 3.430 0.57 X
230 102.000 96.491 5.297 5.509 1.05 X
265 62.000 87.540 3.377 -25.540 -3.84 R
270 85.000 95.623 4.345 -10.623 -1.75 X
290 102.000 87.540 3.377 14.460 2.18 R
313 67.000 93.865 1.541 -26.865 -3.68 R
320 99.000 88.500 5.271 10.500 1.99 X
321 78.000 88.500 5.271 -10.500 -1.99 X
322 101.000 104.964 4.397 -3.964 -0.66 X
337 84.000 98.607 1.647 -14.607 -2.01 R
343 111.000 100.025 4.417 10.975 1.83 X
345 79.000 93.880 1.503 -14.880 -2.04 R
348 95.000 99.874 4.358 -4.874 -0.81 X
362 99.000 99.874 4.358 -0.874 -0.14 X
379 76.000 92.456 1.586 -16.456 -2.26 R
384 76.000 92.456 1.586 -16.456 -2.26 R
400 108.000 96.954 4.391 11.046 1.83 X
402 97.000 95.654 4.379 1.346 0.22 X
409 117.000 101.526 4.369 15.474 2.56 RX
414 90.000 95.312 4.355 -5.312 -0.88 X
417 70.000 92.303 1.385 -22.303 -3.05 R
437 109.000 92.303 1.385 16.697 2.28 R
468 89.000 94.509 5.297 -5.509 -1.05 X
478 70.000 94.018 1.591 -24.018 -3.30 R
486 84.000 98.404 4.471 -14.404 -2.42 RX
491 104.000 98.253 4.517 5.747 0.97 X

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

PIK3C3 Mean SE Mean

cc 95.71 0.7961
CT 94.65 0.7011
TT 96.29 1.1862

Grouping Information Using Tukey Method and 95.0% Confidence

PIK3C3 N Mean Grouping
TT 61 96.29 A
ccC 180 95.71 A
CT 259 94.65 A

Means that do not share a letter are significantly different.
General Linear Model: KLBD versus PIK3C3, SEX, MaBo

Factor Type Levels Values

PIK3C3 fixed 3 cc, CcT, TT
SEX fixed 2 C, D
MaBo fixed 32 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501338-5, DB1501341-7, DB1501492-3,
DB1502023-7, DB1502162-9, DB1502187-4,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140001-05, Tw140002-05, Tw140005-01,
TW140037-01, Twl40316-01, TwW140335-03,
TW150122-10, Twl50126-05, TwW150128-04,
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DB1501290-7,
DB1502022-7,
DB1502205-2,
FR76DRC4071,
TW140006-03,
TW140336-01,
TW150128-05,



TW150140-06, TW150147-08, TwW150152-08, TW161097-06

Analysis of Variance for KLBD, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
PIK3C3 2 18.766 3.651 1.825 0.20 0.821
SEX 1 1.685 0.576 0.576 0.06 0.803
PIK3C3*SEX 2 16.622 11.970 5.985 0.65 0.524
MaBo 31 570.636 570.636 18.408 1.99 0.001
Error 463 4281.352 4281.352 9.247

Total 499 4889.062

S = 3.04088 R-Sgq = 12.43% R-Sg(adj) = 5.62%

Unusual Observations for KLBD

Obs KLBD Fit SE Fit Residual St Resid
1 37.0000 30.1862 0.8429 6.8138 2.33 R
9 30.0000 32.3441 1.7718 -2.3441 -0.95 X
19 23.0000 30.5746 0.5191 -7.5746 -2.53 R
26 27.0000 33.6281 0.7362 -6.6281 -2.25 R
36 24.0000 31.8472 0.7980 -7.8472 -2.67 R
77 39.0000 32.4514 0.6880 6.5486 2.21 R
85 23.0000 30.5230 0.6342 -7.5230 -2.53 R
99 25.0000 30.9603 0.6378 -5.9603 -2.00 R
100 30.0000 33.5291 1.7646 -3.5291 -1.43 X
102 33.0000 32.5403 1.7733 0.4597 0.19 X
103 36.0000 36.0000 3.0409 -0.0000 * X
118 40.0000 31.4834 0.6233 8.5166 2.86 R
122 34.0000 33.5291 1.7646 0.4709 0.19 X
135 34.0000 33.8234 1.7744 0.1766 0.07 X
146 35.0000 32.3105 1.7691 2.6895 1.09 X
155 18.0000 30.5410 0.4962 -12.5410 -4.18 R
189 25.0000 31.1469 0.5042 -6.1469 -2.05 R
195 37.0000 30.5410 0.4962 6.4590 2.15 R
199 40.0000 31.4498 0.6052 8.5502 2.87 R
217 36.0000 34.2421 1.7871 1.7579 0.71 X
225 22.0000 30.5410 0.4962 -8.5410 -2.85 R
230 35.0000 33.9826 2.1610 1.0174 0.48 X
234 40.0000 32.4090 1.1644 7.5910 2.70 R
243 24.0000 31.4498 0.6052 -7.4498 -2.50 R
245 24.0000 31.4498 0.6052 -7.4498 -2.50 R
246 22.0000 31.4498 0.6052 -9.4498 -3.17 R
249 26.0000 32.4179 0.7116 -6.4179 -2.17 R
270 32.0000 32.5068 1.7726 -0.5068 -0.21 X
290 39.0000 32.3799 1.3777 6.6201 2.44 R
320 30.0000 29.5000 2.1502 0.5000 0.23 X
321 29.0000 29.5000 2.1502 -0.5000 -0.23 X
322 35.0000 34.3183 1.7938 0.6817 0.28 X
343 37.0000 34.7371 1.8020 2.2629 0.92 X
344 37.0000 31.0359 0.6555 5.9641 2.01 R
348 31.0000 33.2388 1.7779 -2.2388 -0.91 X
359 25.0000 31.6418 0.6721 -6.6418 -2.24 R
362 38.0000 33.2388 1.7779 4.7612 1.93 X
378 41.0000 32.8640 0.7759 8.1360 2.77 R
387 39.0000 32.8640 0.7759 6.1360 2.09 R
394 43.0000 34.0406 0.8414 8.9594 3.07 R
400 37.0000 33.9417 1.7912 3.0583 1.24 X
402 33.0000 32.9529 1.7866 0.0471 0.02 X
409 33.0000 33.8583 1.7823 -0.8583 -0.35 X
414 32.0000 32.3454 1.7766 -0.3454 -0.14 X
437 43.0000 30.5759 0.5652 12.4241 4.16 R
447 40.0000 34.0318 1.0773 5.9682 2.10 R
468 33.0000 34.0174 2.1610 -1.0174 -0.48 X
486 30.0000 34.0208 1.8239 -4.0208 -1.65 X
490 39.0000 31.5923 1.0223 7.4077 2.59 R
491 30.0000 32.5225 1.8430 -2.5225 -1.04 X
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R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLBD

PIK3C3 Mean
cc 32.37

CT 32.14
TT 32.26

SE Mean
0.3248

0.2860
0.4839

Grouping Information Using Tukey Method and 95.0% Confidence

PIK3C3

ccC
TT
CT

N

180

61

259

Mean
32.37
32.26
32.14

Grouping

Means that do not share a letter are significantly different.

Factor

MCR4

SEX

Ma bb

Analysis of Variance for ADG,

Source

MCR4

SEX
MCR4*SEX
Ma bbd
Error
Total

S =

Unusual Observations for ADG

Obs
35
40
49
82
87

105

110

121

131

141

151

177

MOI LIEN KET PA HINH GEN VO'I TRANG SINH TRUONG F2

. MC4R .
General Linear Model: ADG versus MCR4, SEX, Ma bo

Type

fixed
fixed
fixed

165
187

70.2004

ADG
923.
683.
780.
665.
678.
632.
960.
921.
635.
725.
792.
950.

00
00
00
00
00
00
00
00
00
00
00
00

Levels

Seq SS Adj SS Adj MS
64790 55612 27806
8033 18392 18392
20541 13637 6818
109465 109465 6439
813136 813136 4928
1015966
R-Sqg 19.96% R-Sqg(adj)
Fit SE Fit Residual
785.89 16.51 137.11
828.53 28.75 -145.53
777.81 50.42 2.19
814.95 13.87 -149.95
841.21 23.27 -163.21
776.71 17.17 -144.71
776.71 17.17 183.29
803.38 41.82 117.62
774.77 19.95 -139.77
868.77 28.53 -143.77
794.19 50.42 -2.19
815.37 22.69 134.63

Values

AA, AG, GG

C,
CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

R denotes an observation
X denotes an observation

D

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

= Ww o

o O O o

.01
.27
.04
.18
.46
.13
.69
.09
.08
.24
.04
.03

OB vl S RoS By B v Bl VR SRt SR> S oS

P

.004
.055
.254
.194

with a large standardized residual.
whose X value gives it large leverage.

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



Least Squares Means for ADG

MCR4 Mean SE Mean
AA 860.31 15.917
AG 814.89 9.731
GG 797.72 10.962

Grouping Information Using Tukey Method and 95.0% Confidence

MCR4 N Mean Grouping
AR 32 860.31 A

AG 91 814.89 B

GG 65 797.72 B

Means that do not share a letter are significantly different.

General Linear Model: BF versus MCR4, SEX, Ma bé

Factor Type Levels Values

MCR4 fixed 3 AA, AG, GG
SEX fixed 2 C, D
Ma bb fixed 18 CA140D5024B, CA140

TW140001-05, TW140
TW140005-01, TW140
TW140012-06, TW140
TW140335-03, TW140

Analysis of Variance for BF,

Source DF Seq SS Adj SS Adj MS
MCR4 2 240.365 126.606 63.303
SEX 1 0.174 1.004 1.004
MCR4*SEX 2 14.995 15.857 7.929
Ma bb 17 57.029 57.029 3.355
Error 165 1146.104 1146.104 6.946
Total 187 1458.667
S = 2.63554 R-Sg = 21.43% R-Sg(adj) =
Unusual Observations for BF
Obs BF Fit SE Fit Residual
49 14.3000 13.3615 1.8931 0.9385
124 14.6000 9.2361 0.7491 5.3639
151 11.7000 12.6385 1.8931 -0.9385
183 15.3000 9.8344 0.8192 5.4656

R denotes an observation with a large standardized residual.

D5025B,
002-05,
006-03,
037-01,
336-01

F
.11
.14
.14
.48

O O W

10.95%

St Resid
0.51
2.12

-0.51
2.18

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for

[ecNoNoNe)

Tests

.000
.704
.322
.958

XX

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,

X denotes an observation whose X value gives it large leverage.

Least Squares Means for BF

MCR4 Mean SE Mean
AA 12.85 0.5976
AG 11.48 0.3653
GG 10.04 0.4115

Grouping Information Using Tukey Method and 95.0% Confidence

MCR4 N Mean Grouping
AA 32 12.85 A

AG 91 11.48 A

GG 65 10.04 B

Means that do not share a letter are significantly different.
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General Linear Model

Facto
MCR4
SEX
Ma bb

Analysis of Variance for KLBD,

Sourc
MCR4
SEX

MCR4*SEX

Ma bb
Error
Total

r

e

Type

fixed
fixed
fixed

DF
2

1

2
17
165
187

S = 2.30509

Levels

1

R_

3
2
18

Seq SS
28.432

2.671
18.918
133.361
876.720
060.101

Sg = 17.

Values
AA, AG
C, D

, G

G

CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Adj
44,
8.
10.
133.
876.

30%

Unusual Observations for KLBD

Obs
28
46
49
54

102

115

147

151

155

162

171

R denotes an observation
X denotes an observation

34.
26.
29.
23.
26.
35.
26.
31.
18.
35.
24.

KLBD
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

29.
30.
29.
30.
30.
30.
30.
30.
27.
30.
28.

Fit
3374
5928
9437
6326
5862
1124
7054
0563
0708
2861
8317

SE Fit
.5420
.4553
.6557
.7348
.6900
.5046
.5773
.6557
.0087
.8465
.6258

OORPrRFPOOOORr OO

Least Squares Means for KLBD

MCR4
AA
AG
GG

Mean

31.23
30.00
29.45

SE Mean

0.
0.
0.

5227
3195
3599

SS
820
749
757
361
720

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,

TW140336-01

Adj MS

22.
8.

5
7.
5

410
749
.379
845
.313

R-Sq(adj)

Residual

4.
-4.
-0.
=7.
-4.

4.
-4.

0.
-9.

4.
-4.

6
5
9
6
5
8
7
9
0
7
8

626
928
437
326
862
876
054
437
708
139
317

S

St

F

.22
.65
.01
.48

.27

using Adjusted SS

[eNeoNeNe)

Resid

2.
-2.
-0.
-3.
-2.

2.
-2.

0.
-4.
.20
-2.

2

08
03
59
49
09
17
11
59
38

18

: KLBD versus MCR4, SEX, Ma b

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

for Tests

P
.016
.201
.366
.109

L SR SRR SIS B v B B i Sl SRS

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

MCR4
AA
AG
GG

32
91
65

Me
31.
30.
29.

an
23
00
45

Groupi
A
A B

B

ng

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus MCR4, SEX, M4 bd

Facto
MCR4
SEX
Ma bb

r

Type

fixed
fixed
fixed

Levels

3
2
18

Values

AA, AG,

C, D

GG

CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

CA140D5025B,
TwW140002-05,
TW140006-03,
TW140037-01,

TW140336-01

180

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



Analysis of Variance

Source DF
MCR4 2
SEX 1
MCR4*SEX 2
Ma bb 17
Error 165
Total 187

S = 8.31887

S
13

1
14
114
143

R-Sg

eq
90.
18.
30.
13.
18.
70.

Unusual Observations

Obs KLKT
49 107.000
82 77.000
88 81.000

151 100.000
160 109.000
166 110.000
182 117.000

103.
95.
98.

103.
92.
87.
89.

Fit
326
528
693
674
989
982
384

for KLKT,

SS Adj

76 1232.

09

04 103.

14 1413.

59 11418.

62

20.54%

for KLKT

SE Fit

5.975
1.643
3.211
5.975
2.969
2.689
2.259

0.

using Adjusted SS for Tests

SS
63
86
33
14
59

R-S

Re

Adj MS
616.31
0.86
51.66
83.13
69.20

q(adj) =

F P
8.91 0.000
0.01 0.912
0.75 0.476
1.20 0.269

9.95%

sidual St Resid

3.674
18.528
17.693
-3.674
16.011
22.018
27.616

0.63
-2.27
-2.31
-0.63

2.06

2.80

3.45

ol ol SR SIS B v I

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

MCR4 Mean
AA 101.76
AG 94 .54
GG 92.47

SE M
1.
1.
1.

ean
886
153
299

Grouping Information Using Tukey Method and 95.0% Confidence

MCR4 N Mean Grouping
AA 32 101.76 A

AG 91 94.54 B

GG 65 92.47 B

Means that do

not share a letter are significantly different.

2. PIT1
General Linear Model: ADG versus PIT1, SEX, M4 bd

Factor Type

PITL fixed
SEX fixed
Ma bb fixed

Lev

els
3

2
18

C,

CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Values
AA, AB, BB

D

Analysis of Variance for ADG,

Source DF
PIT1 2
SEX 1
PIT1*SEX 2
Ma bb 17
Error 165
Total 187

S = 66.9890

Seq SS
100916

316

9

25481
145957
740442

1015966

R-Sqg

27.

Adj SS

7
2

14
74

12

8207
9194
2895
5957
0442

o

o

usi

CA140D5025B, CA140D5059B,
TwW140002-05, Tw140003-02,
TW140006-03, TwW140008-01,
TwW140037-01, Twl40316-01,
TW140336-01

ng Adjusted SS for Tests

Adj Ms

R-S

39103
9194
11448
8586
4488

=N DN oo

g(adj) =

181

F P
.71 0.000
.05 0.154
.55 0.081
.91 0.020

17.40%

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



Unusual Observations for ADG

Obs ADG Fit SE Fit
5 960.00 818.93 17.36
12 723.00 851.58 29.28
16 921.00 811.09 39.81
18 780.00 774.26 48.32
29 705.00 838.34 14.27
108 900.00 769.47 20.79
110 683.00 813.23 27.14
147 792.00 797.74 48.32
164 985.00 854.63 28.74
176 655.00 790.07 22.86

Residual St

141.
-128.
109.
5.
-133.
130.
-130.
-5.
130.
-135.

07
58
91
74
34
53
23
74
37
07

Re

2.
-2.
2.
0.
-2.

2

-2.
-0.

2.
-2.

sid
18
13
04
12
04
.05
13
12
15
15

PR SR Sl VRS IS I S v I s

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for ADG

PIT1 Mean SE Mean
AA 844.7 10.255
AB 811.6 9.816
BB 782.9 12.163

Grouping Information Using Tukey Method and 95.0% Confidence

PIT1 N Mean Grouping
AA 61 844.70 A

AB 78 811.62 B

BB 49 782.93 B

Means that do not share a letter are significantly different.

General Linear Model: BF versus PIT1, SEX, Ma b6

Factor Type Levels Values

PIT1 fixed 3 AA, AB, BB
SEX fixed 2 C, D

Ma bb fixed 18 CA140D5024B,

TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Analysis of Variance for BF,

Source DF Seq SS Ad
PITL 2 203.807 154.
SEX 1 3.779 2.
PIT1*SEX 2 6.462 7.
Ma bb 17 143.690 143.
Error 165 1100.928 1100.
Total 187 1458.667

S = 2.58308 R-Sq = 24.53%

Unusual Observations for BF

Obs BF Fit SE Fit
5 6.8000 12.4490 0.6695
18 14.3000 13.4539 1.8632
46 7.2000 11.9835 1.0835
60 16.4000 11.6151 1.0951
75 6.8000 11.1808 1.5407
147 11.7000 12.5461 1.8632

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

j ss
859
769
704
690
928

Adj Ms
77.430
2.769
3.852
8.452
6.672

R-Sqg(adj) =

Residual

-5.

0.
.7835
4.
.3808
-0.

-4

-4

6490
8461

7849

8461

182

14.

St

.6
.4
.5
.2

= O O

46

Res

F
0
2
8
7

o

°

id

.26
.47
.04
.05
11
.47

P
0.000
0.520
0.563
0.220

X ™ oX

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



171
174

6.8000
16.2000

R denotes an observation
X denotes an observation

12
11

.1366
L1119

0.
0.

9025
6875

-5.
5.

Least Squares Means for BF

PIT1 Mean SE
AA 12.378 0
AB 11.434 0
BB 9.622 0
Grouping

PIT1 N Mean
AA 61 12.378
AB 78 11.434
BB 49 9.622

Mean
.3954
.3785
.4690

Group
A
A

B

ing

-2.20
2.04

3366
0881

R
R

with a large standardized residual.
whose X value gives it large leverage.

Information Using Tukey Method and 95.0% Confidence

Means that do not share a letter are significantly different.

General Linear Model

Factor Type

PIT1 fixed
SEX fixed
Ma bé  fixed

Analysis of Variance for KLBD,

Source DF
PIT1 2
SEX 1
PIT1*SEX 2
Ma bbd 17
Error 165
Total 187
S = 2.35435

Levels

1

R-Sg

3
2
18

Seq SS
6.220
1.151

11.492

126.650
914.588
060.101

13.

Values

AA, AB, BB
C, D
CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Unusual Observations for KLBD

Obs KLBD
17 26.0000
18 29.0000
47 26.0000
74 23.0000

108 35.0000

136 25.0000

141 26.0000

147 31.0000

148 36.0000

167 18.0000

174 34.0000

176 24.0000

187 35.0000

R denotes an observation
X denotes an observation

30.
29.
30.
30.
30.
29.
31.
30.
31.
26.
29.
29.
30.

Fit
6313
7966
8502
3911
4916
8591
0380
2034
0380
7651
2025
6868
3261

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

using Adjusted SS

Adj SS Adj MS F
3.208 1.604 0.29 O
2.473 2.473 0.45 O
4.817 2.409 0.43 O

126.650 7.450 1.34 O

914.588 5.543

73% R-Sg(adj) = 2.22%

SE Fit Residual St Resid
0.5014 -4.6313 -2.01
1.6982 -0.7966 -0.49
0.6717 -4.8502 -2.15
0.7554 -7.3911 -3.31
0.7308 4.5084 2.01
0.7236 -4.8591 -2.17
0.6282 -5.0380 -2.22
1.6982 0.7966 0.49
0.6282 4.9620 2.19
1.0712 -8.7651 -4.18
0.6267 4.7975 2.11
0.8035 -5.6868 -2.57
0.9389 4.6739 2.16

Least Squares Means for KLBD

183

: KLBD versus PIT1, SEX, Ma bd

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

for Tests

P
.749
.505
.648
172

o™ ™I X ™D ™™ X o

with a large standardized residual.
whose X value gives it large leverage.

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



Information Using Tukey Method and 95.0% Confidence

PIT1 Mean SE Mean

AR 30.23 0.3604

AB 29.89 0.3450

BB 29.95 0.4275
Grouping

PIT1 N Mean Grouping
AR 61 30.23 A

BB 49 29.95 A

AB 78 29.89 A

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus PIT1, SEX, Ma bé

Factor Type

PIT1 fixed
SEX fixed
Ma bé  fixed

Levels

3
2
18

Analysis of Variance
Source DF Seq
PIT1 2 2306.
SEX 1 83.
PIT1*SEX 2 99.
Ma bb 17 1328.
Error 165 10553.
Total 187 14370.
S = 7.99740 R-Sg =
Unusual Observations
Obs KLKT Fit
4 82.000 99.452
13 79.000 94.318
18 107.000 103.834
47 76.000 92.716
52 80.000 96.021
66 75.000 94.944
94 81.000 98.783
132 105.000 84.973
134 110.000 93.498
147 100.000 103.166
149 117.000 96.803
171 109.000 93.806
179 105.000 89.163

Values

AA, AB, BB
C, D
CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

for KLKT, usin

Ss Adj SS

28 1593.63

22 38.06

24 101.22

74 1328.74

14 10553.14

62

26.56% R-Sqg(

for KLKT
SE Fit Resi
1.703 -17.
2.408 -15.
5.769
2.282 -16.
1.882 -16.
3.137 -19.
3.232 -17
2.804 20.
2.756 16.
5.769 -3.
2.458 20.
2.794 15.
2.828 15.

3.

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

g Adjusted SS

Adj MS F
796.81 12.46
38.06 0.60
50.61 0.79
78.16 1.22
63.96

adj) = 16.77%

dual St Resid
452 -2.23
318 -2.01
166 0.57
716 -2.18
021 -2.06
944 -2.71
.783 -2.43
027 2.67
502 2.20
166 -0.57
197 2.65
194 2.03
837 2.12

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

for Tests

P
.000
. 442
.455
.252

[cNeoNeNe)]

el S vl S v B S B S B VI B < B S S

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KLKT

Information Using Tukey Method and 95.0% Confidence

PIT1 Mean SE Mean
AA 98.29 1.224
AB 95.55 1.172
BB 89.50 1.452
Grouping

PIT1 N Mean

Grouping

184
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AA
AB
BB

61
78
49

9
9
8

8.29
5.55
9.50

A
A

B

Means that do not share a letter are significantly different.

3 GH
General Linear Model: ADG versus GH, SEX, M4 bd

Factor

GH
SEX

Ma bb

Analysis of Variance for ADG,

Source

GH
SEX

GH*SEX
Ma bbd
Error
Total

S

69.3

Type

fixed
fixed
fixed

DF
2

1

2
17
165
187

145

Levels

18

Seq SS
53113

163

4

17013
151465
792742

1015966

R_

Sq

Unusual Observations

Obs
43
83
99

105

114

137

151

162

R denotes an observation
X denotes an observation

665.
632.
923.
683.
780.
678.
792.
960.

ADG
00
00
00
00
00
00
00
00

833.
775.
775.
843.
794.
823.
777 .
802.

Fit
00
87
87
83
32
54
68
43

Values

AA, AG, GG
C, D
CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Least Squares Means for ADG

GH
AA
AG
GG

Mea
835.
788.
839.

n

74
50
93

SE Me
10
10
15

an

.15
.10
.16

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

Adj SS Adj MS F P

76496 38248 7.96 0.001
4468 4468 0.93 0.336

15166 7583 1.58 0.209
151465 8910 1.85 0.025
792742 4804

21.97% R-Sg(adj) = 11.57%

for ADG

SE Fit Residual St Resid
14.44 -168.00 -2.48 R
15.98 -143.87 -2.13 R
15.98 147.13 2.18 R
27.14 -160.83 -2.52 R
49.89 -14.32 -0.30 X
23.40 -145.54 -2.23 R
49.89 14.32 0.30 X
19.70 157.57 2.37 R

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

GH
GG
AA
AG

Means that do not share a letter are significantly different.

General Linear Model: BF versus GH, SEX, M4 b

N
30
76
82

Factor

Me
839
835
788

Typ

an Grouping
.93 A

.74 A

.50 B

e

Levels

Values

185
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GH
SEX
Ma bbd

Analysis of Variance for BF,

fixe
fixe
fixe

Source DF
GH 2
SEX 1
GH*SEX 2
Ma bbd 17
Error 165
Total 187
S = 2.68036

d
d
d

S
11

2
13
118
145

R_

18

eq SS
0.791
3.800
1.903
6.759
5.413
8.667

Sq

AA, AG, GG
c, D

CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,

TW140335-03,

Unusual Observations for BF

Obs
1
44
91
96
114
151
155
176
188

R denotes an observation
X denotes an observation

7.

7.
17.
16.
14.
11.
15.
15.
16.

BF
2000
5000
1000
4000
3000
7000
3000
4000
2000

12.
12.
11.
10.
12.
13.
10.
10.

9.

Fit
5884
8844
2985
9858
7253
2747
2262
5023
8925

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

Adj SS Adj MS F
73.834 36.917 5.14 O
0.104 0.104 0.01 O
24.286 12.143 1.69 0
136.759 8.045 1.12 0
1185.413 7.184
.73% R-Sg(adj) = 7.90%
SE Fit Residual St Resid
1.1267 -5.3884 -2.22
0.5584 -5.3844 -2.05
0.5297 5.8015 2.21
1.1351 5.4142 2.23
1.9291 1.5747 0.85
1.9291 -1.5747 -0.85
0.9090 5.0738 2.01
1.6200 4.8977 2.29
1.0227 6.3075 2.55

Least Squares Means for BF

GH Mean
AA 12.099
AG 11.349
GG 9.975

SE Mean

0.3
0.3
0.5

926
905
863

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

P

.007
.904
.188
.339

Lol ol o R S S I SR s

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

GH

AA 7
AG 8
GG 3

N
6
2
0

Me
12.0
11.3

9.9

an
99
49
75

Grouping

A
A B
B

Means that do not share a letter are significantly different.

General Linear Model

Facto
GH
SEX
Ma bb

Analysis of Variance for KL BD,

r

Type
fixe
fixe
fixe

Levels
d 3
d 2
d 18

Values
AA, AG,
C, D

CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

GG

CA140D50258B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

186

: KL BD versus GH, SEX, Ma b6

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests
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Source
GH

SEX

GH*SEX
Ma bb
Error
Total

S 2.3

DF Seq SS

2 10.186

1 0.627

2 11.436

17 143.149
165 894.702
187 1060.101
2861 R-Sg =

Unusual Observations for KL Bb

Obs
3 26.
17 26.
53 25.
67 18.
70 36.
89 34.
92 35.
94 31.
114 29.
141 24.
151 31.
169 23.
187 35.

R denotes an observation
X denotes an observation

KL Bb Fit
0000 30.9032
0000 30.7033
0000 30.0239
0000 27.4413
0000 31.2921
0000 29.1426
0000 30.4108
0000 26.5600
0000 30.2923
0000 28.5580
0000 29.7077
0000 30.3214
0000 30.6913

Adj SS Adj MS F p
25.623 12.812 2.36 0.097
0.575 0.575 0.11 0.745
11.349 5.674 1.05 0.353
143.149 8.421 1.55 0.083
894.702 5.422
15.60% R-Sg(adj) = 4.35%
SE Fit Residual St Resid
0.6761 -4.9032 -2.20 R
0.4851 -4.7033 -2.07 R
0.6347 -5.0239 -2.24 R
1.0135 -9.4413 -4.50 R
0.5569 4.7079 2.08 R
0.5370 4.8574 2.14 R
0.4602 4.5892 2.01 R
1.0124 4.4400 2.12 R
1.6759 -1.2923 -0.80 X
0.6820 -4.5580 -2.05 R
1.6759 1.2923 0.80 X
0.8613 -7.3214 -3.38 R
1.0472 4.3087 2.07 R

Least Squares Means for KL BD

GH Mean SE Mean
AA 30.37 0.3411
AG 29.49 0.3392
GG 30.40 0.5093

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

GH N
GG 30
AA 76
AG 82
Means t

Mean
30.40
30.37
29.49

Groupi
A
A
A

hat do

ng

not share a letter are significantly different.

General Linear Model: KL KT versus GH, SEX, Ma b

Factor
GH
SEX
Ma bb

Analysis of Variance for KL KT,

Source
GH
SEX
GH*SEX
Ma bb

Type Levels
fixed 3
fixed 2
fixed 18

DF Seq SS
2 1618.10
1 33.20
2 267.76

17 1504.42

Values

AA, AG, GG
C, D
CA140D5024B,
TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

CA140D50258B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

Adj SS Adj MS F
1489.79 744.90 11.23

13.05 13.05 0.20
291.61 145.80 2.20
1504.42 88.50  1.33

187

CA140D50598,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

P
.000
.658
.114
177

[eoNeNeNe]

LV75DBT0027,
TW140004-05,
TW140012-05,
TW140319-02,



Error 165 10947.14 10947.14 66.35

Total 187 14370.62

S = 8.14532 R-Sg = 23.82% R-Sg(adj) = 13.67%

Unusual Observations for KL KT

Obs KL KT Fit SE Fit Residual St Resid
18 80.000 96.088 1.697 -16.088 -2.02
27 115.000 96.088 1.697 18.912 2.37
43 77.000 96.088 1.697 -19.088 -2.40
114 107.000 102.305 5.862 4.695 0.83
140 110.000 92.300 2.899 17.700 2.33
142 78.000 93.614 2.386 -15.614 -2.00
151 100.000 104.695 5.862 -4.695 -0.83
153 117.000 93.614 2.386 23.386 3.00
161 79.000 98.093 2.801 -19.093 -2.50

Ll s R il S B s P Sl A S

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Least Squares Means for KL KT

GH Mean SE Mean
AA 92.31 1.193
AG 95.24 1.187
GG 101.90 1.782

Grouping Information Using Tukey Method and 95.0% Confidence

GH N Mean Grouping
GG 30 101.90 A

AG 82 95.24 B

AA 76 92.31 B

Means that do not share a letter are significantly different.

3. LEP
General Linear Model: ADG versus LEP, SEX, Ma bo
Factor Type Levels Values
LEP fixed 2 CT, TT
SEX fixed 2 C, D
Ma bb fixed 18 CA140D5024B,

TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

Analysis of Variance for ADG,

CA140D5025B,
TwW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

Source DF Seq SS Adj SS Adj MS F

LEP 1 47443 45278 45278 9.35 0.00

SEX 1 3617 269 269 0.06 0.81

LEP*SEX 1 115 3815 3815 0.79 0.37

Ma bd 17 155781 155781 9164 1.89 0.02

Error 167 809009 809009 4844

Total 187 1015966

S = 69.6015 R-Sg = 20.37% R-Sg(adj) = 10.83%

Unusual Observations for ADG

Obs ADG Fit SE Fit Residual St Resid
13 632.00 783.16 14.83 -151.16 -2.22

188

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

P
3
4
6
2

R
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30 934.00 783.16 14.83 150.
41 923.00 783.16 14.83 139.
51 683.00 853.32 26.53 -170.

68 654.00 720.57 41.40 -66.
78 741.00 758.17 43.55 -17.

96 820.00 720.57 41.40 99.
111 665.00 811.32 12.38 -146.
113 635.00 770.10 18.82 -135.
118 678.00 829.61 22.57 -151.
129 786.00 818.85 44 .84 -32.
130 921.00 856.45 46.14 64.
131 780.00 827.20 51.53 -47.
140 655.00 799.04 15.064 -144.
155 980.00 844.92 29.52 135.
160 792.00 744.80 51.53 47.
167 980.00 827.21 13.81 152.
187 1000.00 960.01 42.64 39.
188 782.00 829.39 48.14 -47.
R denotes an

X denotes an

Least Squares Means for ADG

LEP Mean SE Mean
CT 884.23 23.420
TT 807.44 7.753

84 2.22
84 2.06
32 -2.65
57 -1.19
17 -0.32
43 1.78
32 -2.14
10 -2.02
61 -2.30
85 -0.62
55 1.24
20 -1.01
04 -2.12
08 2.14
20 1.01
79 2.24
99 0.73
39 -0.94

XX O XWX X XTI X X X T XD

observation with a large standardized residual.
observation whose X wvalue gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

LEP N Mean Grouping
CT 11 884.23 A
TT 177 807.44 B

Means that do not share a letter are significantly different.

General Linear Model: BF versus LEP, SEX, Ma bé

Factor Type Levels Values

LEP fixed 2 CT, TT

SEX fixed 2 C, D

Ma bb fixed 18 CA140D5024B,

TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

Analysis of Variance for BF,

Source DF
LEP 1
SEX 1
LEP*SEX 1
Ma bb 17
Error 167
Total 187
S = 2.80753

Unusual Observations for BF

Obs
68
78
96

BF

8.1000
8.8000
15.4000

Seq SS Adj SS Adj MS F
0.007 0.059 0.059 0.01 O
1.923 0.392 0.392 0.05 O
0.357 1.432 1.432 0.18 0

140.052 140.052 8.238 1.05 0
1316.328 1316.328 7.882

1458.667
R-Sg = 9.76% R-Sg(adj) = 0.00%

Fit SE Fit Residual St Resid

11.4761 1.6698 -3.3761 -1.50
10.0090 1.7568 -1.2090 -0.55
11.4761 1.6698 3.9239 1.74

189

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

using Adjusted SS for Tests

P
.931
.824
.670
.413

X
X
X
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129 10.6000 11.1479 1.8087 -0.5479 -0.26 X
130 8.2000 9.6808 1.8613 -1.4808 -0.70 X
131 14.3000 12.9372 2.0786 1.3628 0.72 X
160 11.7000 13.0628 2.0786 -1.3628 -0.72 X
173 15.3000 9.8116 0.7854 5.4884 2.04 R
183 16.2000 10.6435 0.6310 5.5565 2.03 R
187 15.6000 13.8511 1.7198 1.7489 0.79 X
188 13.0000 10.3103 1.9419 2.6897 1.33 X

R denotes an observation
X denotes an observation

with a large standardized residual.
whose X value gives it large leverage.

Least Squares Means for BF

Information Using Tukey Method and 95.0% Confidence

LEP Mean SE Mean

CT 11.40 0.9447

TT 11.31 0.3127
Grouping

LEP N Mean Grouping
CT 11 11.40 A

TT 177 11.31 A

Means that do not share a letter are significantly different.

General Linear Model: KLBG versus LEP, SEX, Ma bé

Factor Type Levels Values

LEP fixed 2 CT, TT

SEX fixed 2 C, D

Ma bb fixed 18 CA140D5024B,

Analysis of Variance for KLBG,

TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

using Adjusted SS

Source DF Seq SS Adj SS Adj MS F
LEP 1 10.124 5.603 5.603 1.02 O
SEX 1 1.062 1.475 1.475 0.27 O
LEP*SEX 1 2.796 0.529 0.529 0.10 O
Ma bd 17 129.688 129.688 7.629 1.39 O
Error 167 916.431 916.431 5.488
Total 187 1060.101
S = 2.34257 R-Sg = 13.55% R-Sg(adj) = 3.20%
Unusual Observations for KLBG
Obs KLBG Fit SE Fit Residual St Resid
10 26.0000 30.7435 0.6359 -4.7435 -2.10
23 34.0000 29.2715 0.4991 4.7285 2.07
68 29.0000 30.1328 1.3933 -1.1328 -0.60
69 23.0000 30.3197 0.7149 -7.3197 -3.28
78 29.0000 29.7101 1.4659 -0.7101 -0.39
96 32.0000 30.1328 1.3933 1.8672 0.99
129 30.0000 30.7343 1.5091 -0.7343 -0.41
130 32.0000 30.3115 1.5531 1.6885 0.96
131 29.0000 30.2202 1.7344 -1.2202 -0.77
140 24.0000 29.4326 0.5265 -5.4326 -2.38
152 26.0000 30.6936 0.40648 -4.6936 -2.04
160 31.0000 29.7798 1.7344 1.2202 0.77
164 18.0000 27.1074 0.9936 -9.1074 -4.29
167 36.0000 30.6936 0.40648 5.30064 2.31

190

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

for Tests

P

.314
.605
.757
.147

T WX X X X X X
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177 35.0000 30.1526 0.7943 4.
183 34.0000 29.4326 0.5265 4.
187 32.0000 32.5570 1.4350 -0.
188 30.0000 30.9784 1.6203 -0.
R denotes an observation

8474 2.20
5674 2.00
5570 -0.30
9784 -0.58

XX W

with a large standardized residual.

X denotes an observation

Least Squares Means for KLBG

LEP Mean SE Mean

CT 30.78 0.7882

TT 29.93 0.2609
Grouping

LEP N Mean Grouping
CT 11 30.78 A

TT 177 29.93 A

Information Using Tukey Method and 95.0% Confidence

Means that do not share a letter are significantly different.

General Linear Model: KLKT versus LEP, SEX, M4 bd

Factor Type Levels Values

LEP fixed 2 CT, TT

SEX fixed 2 C, D

Ma bd  fixed 18 CA140D5024B,

Analysis of Variance for KLKT,

TW140001-05,
TW140005-01,
TW140012-06,
TW140335-03,

CA140D5025B,
TW140002-05,
TW140006-03,
TW140037-01,
TW140336-01

using Adjusted SS

Source DF Seq SS Adj SS Adj MS F
LEP 1 881.43 576.77 576.77 7.92 0
SEX 1 70.95 27.31 27.31 0.38 0
LEP*SEX 1 35.56 5.03 5.03 0.07 O
Ma bb 17 1226.03 1226.03 72.12 0.99 O
Error 167 12156.66 12156.66 72.79
Total 187 14370.62
S = 8.53196 R-Sg = 15.41% R-Sg(adj) = 5.28%
Unusual Observations for KLKT
Obs KLKT Fit SE Fit Residual St Resid
49 75.000 92.572 3.252 -17.572 -2.23
68 98.000 99.517 5.075 -1.517 -0.22
78 101.000 91.888 5.339 9.112 1.37
84 115.000 96.112 1.518 18.888 2.25
96 102.000 99.517 5.075 2.483 0.36
111 77.000 96.112 1.518 -19.112 -2.28
119 81.000 98.715 3.232 -17.715 -2.24
129 108.000 108.965 5.497 -0.965 -0.15
130 97.000 101.336 5.657 -4.336 -0.68
131 107.000 108.725 6.317 -1.725 -0.30
135 110.000 89.435 2.618 20.565 2.53
160 100.000 98.275 6.317 1.725 0.30
169 117.000 92.301 1.918 24.699 2.97
187 102.000 103.739 5.227 -1.739 -0.26
188 94.000 98.775 5.901 -4.775 -0.77

CA140D5059B,
TW140003-02,
TW140008-01,
TW140316-01,

for Tests

P
.005
.541
.793
471

XX WX X X X X X X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

191

whose X value gives it large leverage.
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Least Squares Means for KLKT

LEP Mean SE Mean

CT 102.72 2.8709

TT 94.05 0.9504

Grouping Information Using Tukey Method and 95.0% Confidence
LEP N Mean Grouping

CT 11 102.72 A

TT 177 94.05 B

Means that do not share a letter are significantly different.

MOI LIEN KET PA HINH GEN VOI TINH TRANG MO GIAT

General Linear Model: IMF versus ADRB3, SEX, MA BO

Factor Type Levels Values

ADRB3 fixed 3 AA, AG, GG

SEX fixed 2 C, D

MA BO fixed 23 CA140D5059B, DB1500513-7, DB1500538-5, DB1501290-7,

DB1501341-7,
DB1502205-4,
TW140002-05,
TW140335-03,
TW150128-05,

DB1501492-3,
DB1502205-5,
TW140006-03,
TW140336-01,
TW150140-06,

DB1502022-7,
DB1502205-6,
TW140037-01,
TW150126-05,
TW150147-08

DB1502023-7,
TW140001-05,
TW140316-01,
TW150128-04,

Analysis of Variance for IMF, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F p
ADRB3 2 0.7053 0.7613 0.3806 1.80 0.169
SEX 1 0.3898 0.3331 0.3331 1.57 0.212
ADRB3*SEX 2 0.0465 0.0380 0.0190 0.09 0.914
MA BO 22 3.6567 3.6567 0.1662 0.78 0.741
Error 172 36.4305 36.4305 0.2118
Total 199 41.2288
S = 0.460223 R-Sg = 11.64% R-Sqg(adj) 0.00%
Unusual Observations for IMF
Obs IMF Fit SE Fit Residual St Resid
3 1.70000 2.59389 0.18815 -0.89389 -2.13 R
13 2.00000 2.41758 0.31418 -0.41758 -1.24 X
29 4.80000 2.89795 0.11539 1.90205 4.27 R
31 1.80000 2.69164 0.12867 -0.89164 -2.02 R
35 3.80000 2.76756 0.13561 1.03244 2.35 R
39 1.80000 2.71219 0.14466 -0.91219 -2.09 R
43 4.40000 2.84505 0.11765 1.55495 3.49 R
74 2.60000 2.60000 0.46022 -0.00000 * X
89 2.50000 3.24823 0.26845 -0.74823 -2.00 R
95 1.60000 2.47158 0.17102 -0.87158 -2.04 R
109 1.70000 2.75222 0.12089 -1.05222 -2.37 R
111 3.60000 2.77852 0.23385 0.82148 2.07 R
147 3.80000 2.86781 0.15534 0.93219 2.15 R
182 3.70000 2.71906 0.13149 0.98094 2.22 R
186 1.80000 2.73005 0.16475 -0.93005 -2.16 R
200 3.10000 3.10000 0.46022 0.00000 * X
R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for IMF
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ADRB3
AA
AG
GG

Mean
2.589
2.820
2.897

SE Mean
0.16119
0.05426
0.06788

Grouping Information Using Tukey Method and 95.0% Confidence

ADRB3 N Mean Grouping
GG 60 2.897 A
AG 125 2.820 A
AR 15 2.589 A

Means that do not

share a letter are significantly different.

General Linear Model: IMF versus PLIN2, SEX, MA BO

Factor Type Levels Values

PLINZ2 fixed 2 AG, GG

SEX fixed 2 C, D

MA BO  fixed 23 CAl40D5059B,

DB1501341-7,
DB1502205-4,
TW140002-05,
TW140335-03,
TW150128-05,

Analysis of Variance for IMF,

DB1500513-7,
DB1501492-3,
DB1502205-5,
TW140006-03,
TW140336-01,
TW150140-06,

DB1500538-5,
DB1502022-7,
DB1502205-6,
TW140037-01,
TW150126-05,
TW150147-08

using Adjusted SS for Tests

DB1501290-7,
DB1502023-7,
TW140001-05,
TW140316-01,
TW150128-04,

Source DF Seq SS Adj SS Adj MS F P
PLIN2 1 0.1461 0.3253 0.3253 1.53 0.218
SEX 1 0.2436 0.0431 0.0431 0.20 0.653
PLIN2*SEX 1 0.0355 0.0097 0.0097 0.05 0.831
MA BO 22 3.7916 3.7916 0.1723 0.81 0.710
Error 174 37.0119 37.0119 0.2127
Total 199 41.2287
S = 0.461207 R-Sg = 10.23% R-Sqg(adj) 0.00%
Unusual Observations for IMF
Obs IMF Fit SE Fit Residual St Resid
7 3.60000 3.16241 0.29630 0.43759 1.24 X
13 3.10000 3.10000 0.46121 -0.00000 * X
21 1.70000 2.77481 0.13328 -1.07481 -2.43 R
32 4.80000 2.88895 0.10836 1.91105 4.26 R
36 1.80000 2.70574 0.12270 -0.90574 -2.04 R
40 3.80000 2.77481 0.13328 1.02519 2.32 R
44 3.80000 2.77481 0.13328 1.02519 2.32 R
46 1.80000 2.73155 0.14202 -0.93155 -2.12 R
53 4.40000 2.87029 0.11123 1.52971 3.42 R
103 2.60000 2.60000 0.46121 -0.00000 * X
129 2.50000 3.31880 0.27409 -0.81880 -2.21 R
139 3.70000 2.66757 0.11245 1.03243 2.31 R
142 1.60000 2.54107 0.16873 =-0.94107 -2.19 R
153 1.80000 2.67713 0.14939 -0.87713 -2.01 R
161 1.70000 2.77261 0.11396 -1.07261 -2.40 R
165 3.60000 2.80116 0.23355 0.79884 2.01 R
R denotes an observation with a large standardized residual.

X denotes an observation

whose X value gives it large leverage.

Least Squares Means for IMF

PLIN2
AG
GG

Mean
2.659
2.847

SE Mean

0.
0.

14429
05022
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Grouping Information Using Tukey Method and 95.0% Confidence

PLIN2
GG
AG

N Mean
187 2.847
13 2.659

Means that do not

Grouping

A
A

share a letter are significantly different.

General Linear Model: IMF versus ACSL4, SEX, MA BO

Facto
ACSL4
SEX

MA BO

Analysis of Variance for IMF,

r

Type

fixed
fixed
fixed

Source DF
ACSL4 1
SEX 1
ACSL4*SEX 1
MA BO 22
Error 174
Total 199

S = 0.459440

Unusual Observations for IMF

Obs
3

6

8
19
23
28
29
30
37
87
113
123
126
144
183

WHERFPFWNNDdWE WERE SEFEEFEDN

IMF

.00000
.90000
.70000
.80000
.80000
.80000
.90000
.80000
.40000
.60000
.50000
.70000
.60000
.70000
.10000

WNNNDWNDNDNDNDDNDNDDNDDNDDNDDNDN

S

0.
0.
0.
3.
36.
41.

.90
.82
.82
.90
.72
.82
.82
.82
.85
.60
.26
.67
.53
.77
.10

Levels

2
2
23

eq SS
7619
2827
0909
3645
7288
2287

Fit
373
181
181
373
843
181
181
181
498
000
667
338
975
225
000

Values
AA, AG

C

, D

CA140D5059B,
DB1501341-7,
DB1502205-4,
TW140002-05,
TW140335-03,
TW150128-05,

loNoNeoNoNoNoNoNoNoNoNolNolNoNolNol

R denotes an observation
X denotes an observation

Least Squares Means for IMF

ACSL4
AA
AG

Mean
2.842
2.627

SE Mean
0.04702
0.12891

DB1500513-7,
DB1501492-3,
DB1502205-5,
TW140006-03,
TW140336-01,
TW150140-06,

Adj SS Adj MS
0.5928 0.5928
0.3228 0.3228
0.0629 0.0629
3.3645 0.1529
36.7288 0.2111

R-Sqg(adj)

R-Sq = 10.91%

SE Fit
.10856
.13660
.13660
.10856
.12319
.13660
.13660
.13660
.11125
.45944
.26526
.11216
16717
.11258
.45944

Residual
-0.
-0.
-1.
.89627
-0.

0.
-0.

0.
.54502
-0.
-0.
.02662
.93975
.07225
.00000

1

1

90373
92181
12181

92843
97819
92181
97819

00000
76667

O O N

St

F

.81
.53
.30
.72

.00

DB1500538-5,
DB1502022-7,
DB1502205-6,
TW140037-01,
TW150126-05,
TW150147-08

using Adjusted SS for Tests

P
.096
.218
.586
.810

[eNeNeNe)

Resid

-2.
-2.
.56
.25
-2.
.23
-2.
.23
.47

-2.
.30
-2.
-2.

02

10

10

10

04

20
41

baliZS I el v B v B v B s v B VI v B v v« s B o)

with a large standardized residual.
whose X value gives it large leverage.

Grouping Information Using Tukey Method and 95.0% Confidence

ACSL4

N Mean

Grouping
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AA 183 2.842 A
AG 17 2.627 A

Means that do not share a letter are significantly different.

General Linear Model: IMF versus FABP3 (Hinfl), SEx, MA BO

Factor Type Levels Values

FABP3 (HINFI) fixed 2 CT, TT

SEX fixed 2 C, D

MA BO fixed 23 CA140D5059B, DB1500513-7, DB1500538-5,

DB1501341-7, DB1501492-3, DB1502022-7,
DB1502205-4, DB1502205-5, DB1502205-6,
TW140002-05, Tw140006-03, TW140037-01,
TW140335-03, TwW140336-01, TW150126-05,

TW150128-05, Tw1l50140-06, TW150147-08

Analysis of Variance for IMF, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
FABP3 (HINFI) 1 0.4282 0.5897 0.5897 2.80 0.096
SEX 1 0.2373 0.2316 0.2316 1.10 0.296
H-FABP3*SEX 1 0.0609 0.0321 0.0321 0.15 0.697
MA BO 22 3.8184 3.8184 0.1736 0.82 0.694
Error 174 36.6840 36.6840 0.2108

Total 199 41.2287

S = 0.459159 R-Sq = 11.02% R-Sg(adj) = 0.00%
Unusual Observations for IMF
Obs IMF Fit SE Fit Residual St Resid

18 2.00000 2.91090 0.10818 -0.91090 -2.04 R

23 1.70000 2.77374 0.13269 -1.07374 -2.44 R

33 4.80000 2.91090 0.10818 1.88910 4.23 R

35 1.80000 2.70063 0.12228 -0.90063 -2.03 R

41 3.80000 2.77374 0.13269 1.02626 2.33 R

45 3.80000 2.77374 0.13269 1.02626 2.33 R

47 1.80000 2.71270 0.14110 -0.91270 -2.09 R

53 4.40000 2.88339 0.11730 1.51661 3.42 R
103 2.60000 2.60000 0.45916 -0.00000 * X
131 2.50000 3.26667 0.26510 -0.76667 -2.04 R
138 3.70000 2.67253 0.11208 1.02747 2.31 R
141 1.60000 2.52004 0.16660 -0.92004 -2.15 R
153 1.80000 2.68883 0.14927 -0.88883 -2.05 R
162 1.70000 2.79847 0.11465 -1.09847 -2.47 R
164 3.60000 2.80754 0.23261 0.79246 2.00 R
200 3.10000 3.10000 0.45916 -0.00000 * X

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.

Least Squares Means for IMF
FABP3 (HINFTI) Mean SE Mean
CT 2.616 0.0468

TT 2.841 0.13609

Grouping Information Using Tukey Method and 95.0% Confidence

FABP3 (HINFI) N Mean Grouping
TT 185 2.841 A
CT 15 2.616 A

Means that do not share a letter are significantly different.
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