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MO DAU

1. Tinh cap thiét cia luan an

Cé tra nudi (Pangasianodon hypophthalmus) la loai ca cua vung Iuu
vuc song Mé Kong va song ChaoPhraya (Thai Lan), duoc nudi pho bién
va c6 gia tri kinh té rat 16n ¢ Viét Nam va mot s6 nude khac. Theo quyét
dinh 50/2018/QD-TTg caa Thu tuéng chinh phu, ca tra 1a d6i twong nudi
chu lyc & nudc ta phuc vu xuat khau va tiéu thyu trong nuéc. Tuy nhién
nghé nudi ca tra cua Viét Nam dang gip nhiéu thach thic 16n nhu chat
lwgng gidng ngay cang giam sat, hang ndm dich bénh xay ra l1am thiét hai
16n cho ngudi nudi. Bé phat trién bén viing nganh san xuat ca tra, mot
trong nhitng nhiém vu cap thiét can thuc hién dau tién chinh 1a nang cao
chat luong nguon giéng. Trong d6, huéng tim kiém cac chi thi phan ti,
dic biét 1a cac SNP trén gen dich lién quan dén cac tinh trang ting truong
rat tiém nang. Hé thong c4c yéu té ting trudng twong tu insulin (Insulin-
like Growth Factor (IGF)) bao gom cac phéi tir IGF1, IGF2, cé4c thu thé
teong ung cua IGF (IGF Receptor (IGFR)) va cac protein bdm vao cac
IGF (IGF binding proteins (IGFBPs)). Su tuong tac gitra IGF, IGFR va
IGFBP cung cac protein khac trong chudi din truyén tin hiéu s& dan téi
qua trinh sinh trudng, biét héa va ting sinh té bao ¢ dong vat c6 xuong
séng ndi chung va ca xuong noi riéng. Do do, nghién ctru da hinh mot s6
gen thudc hé thdng IGF lién quan dén tinh trang ting truéng & cé tra nudi
(P. hypophthalmus) 1a rat can thiét, gop phan tim ra chi thi phan tir hd trg
chon gidng ca tra nudi theo hudng ting trudng nhanh, phuc vu nhu cau caa
nganh nudi trong thity san & nudc ta.
2. Muc tiéu nghién cau caa luan an

Nghién ctu phat hién cac da hinh SNP trén mot s6 gen thudc hé
théng IGF va kiém nghiém su lién quan caa cac SNP nay véi tinh trang
tang truéng ¢ cé tra nudi (Pangasianodon hypophthalmus), dé xuat duoc
mot s6 chi thi phan tir tiém ning hudng téi tng dung trong chuong trinh
chon gibdng c4 tra theo hudng tang truong.
3. Cac noi dung nghién ciru chinh cuaa luan an

- Phan tich cau tric cac gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5,

-6, -7 thudc hé thong IGF cua cé tra nudi, tim cac ving quan trong dé xac
dinh da hinh SNP va giai trinh ty cac ving d6 trén 1 c4 thé bang phuong
phap Sanger dé kiém tra tinh xac thuc vé trinh tu so vai trinh tuy tham
chiéu.



2

- Giai trinh ty cac vung quan trong thudc 9 gen néu trén trén bdo mau
khoi tao gom 10 cé thé tang truéng nhanh va 10 ca thé ting truong cham
bang phuong phap Sanger, so sanh céc trinh tu twong ung thu duoc véi
trinh tu tham chiéu dé phat hién SNP trén cac gen va sang loc cac SNP.

- Xac dinh kiéu gen (genotyping) cac SNP duoc sang loc trén bd mau
kiém nghiém gom 70 cé thé tang truong nhanh va 70 cé thé ting truong
cham bang phuong phap kéo dai mot nucleotide (SBE).

- Phan tich dir liéu SNP thu duoc tir ca bo mau khoi tao va bo mau
kiém nghiém, gom tong cong 80 cé thé tang truong nhanh va 80 ca thé
tang trudng cham, phan tich su lién quan cia cac SNP duoc sang loc, cac
haplotype, to hop kiéu gen lién quan véi tinh trang ting truong cua cé tra
nuoi.

CHUONG 1. TONG QUAN

1.1. Giéi thiéu chung vé ca tra nudi Pangasianodon hypophthalmus

Loai ca tra nu6i Pangasianodon hypophthalmus (Sauvage, 1878) co
tén gbc la Helicophagus hypophthalmus (Sauvage, 1878), hay con cé tén
khac la Pangasius sutchi, thuoc chi Pangasius, ho ca tra (Pangasiidae), bo
ca da tron hay ca nheo (Siluriformes), la mét trong nhitng loai ca duogc
nudi phd bién cua ving luu vuc sdng Mé Koéng (Viét Nam, Thai Lan, Lao,
Campuchia) va séng ChaoPhraya (Thai Lan). Can ci Quyét dinh s
50/2018/QD-TTg cua Tha tuéng chinh phu, ca tra 1a d6i twong thiy san
nudi cha luc ¢ nudce ta, phuc vu xuat khau va tiéu thu trong nude. Trong
nam 2022, nganh ca tra dy kién kim ngach xuit khau dat trén 1,6 ty USD.
Pé dat dugc muc tiéu dé ra, Bo Nong nghiép va Phat trién Nong thén yéu
cau cac dia phuong nang cao chat lwong giéng ca tra, chi dao san xuat
cung tmg du con gidng chat lugng cao dé nang cao hiéu qua san xuat, giam
hao hut, ha gi4 thanh san xuat. Nam 2018, toan bd hé gen cua ca tra nudi
(P. hypophthalmus) da duoc giai ma bang NGS véi kich thuéc hé gen
nhan khoang 700 Mbp, chira 28600 gen ma hda protein, cé thé duoc str
dung 1am hé gen tham chiéu, trén co s& d6 phat trién cac nghién cau tim
kiém chi thi phan tar lién quan dén céc tinh trang quan tdm phuc vu chon
giong.
1.2. Tang truwéng (phat trién co) é ca va cac gen lién quan

Phét trién co 1a mét trong nhitg qua trinh ting trudng quan trong &
ca dugc diéu khién boi hé truc hormone lién quan dén sinh truong, trong
d6 c6 hé thong cac nhan té tang truong twong tu insulin (IGF). Nhiéu
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nghién ciru da chi ra méi lién quan giira da hinh ¢ cac gen thudc hé truc
hormone lién quan dén tang trudong, dic biét 1a cac gen thudc hé thong IGF
va tinh trang tang truéng cua ca xuong.

1.3. Vai tro, chire niing va dic diém cau trdc cia mdt sé6 gen /protein
thugc hé thong IGF

Hé thong cac yéu td ting truong twong ty insulin (Insulin-like
Growth Factor (IGF)) bao gom céac phdi tir IGF1, IGF2, céc thu thé twong
ung cua IGF (IGF Receptor (IGFR)) va cac protein bam vao cac IGF (IGF
binding proteins (IGFBPs)). Su tuong tac gitra IGF, IGFR va IGFBP cung
cac protein khac trong chudi dan truyén tin hiéu s& dan toi qua trinh sinh
truong, biét hoa va ting sinh té bao. IGF1 va IGF2 thuc day su ting truéng
bang cach ting cuong su phan chia va biét hoa cac té bao vé tinh co
xuong, kich thich sinh tong hop protein va phét trién phinh co, dong thoi
¢ ché phan hay protein va teo co. Phéi tir IGF truyén tin hiéu thong qua
IGF1R —mét thu thé tyrosine kinase. IGF2R c6 kha niang bam cao hon véi
IGF2 nhung theo huéng dé phan huy IGF2. Cac IGFBP diéu khién hoat
tinh sinh hoc cua cac IGF trong méi truong ngoai bao, tir d6 tac dong dén
kha ning bam cua cac phdi tir IGF voi cac thu thé. Cac IGFBPs thudc ho
protein tiét, duoc chia 1am 6 loai tir IGFBP-1 dén -6, c6 &i luc cao véi IGF.
Ngoai ra, IGFBP-7 hay con goi la IGFBP-rP1 (thuoc 9 loai protein lién
quan véi IGFBP (IGFBP related proteins (IGFBP-1Ps)) ciing c6 cau trdc
trong déng v4i IGFBP, nhung co 4i luc véi IGF thap hon cac IGFBP-1
dén -6.

Trong khi cau tric gen IGF1 ¢ 16p thi ¢ 6 exon thi ¢ 16p c4, gen
nay chi c6 5 exon. Cau tric gen IGF2 & cac loai ca khi duoc so sanh voi
cau tric gen IGF2 cua lop tha cho thay sy it phic tap hon, 6n dinh véi 4
exon. Cau tric gen IGF1Ra va IGF1Rb & cac loai ca gom 21 exon, céach
nhau bai cac intron véi kich thude da dang. Céc gen IGFBP tir 1 dén 6 déu
chtra 4 exon quy dinh cac IGFBP c6 chung cau tric bao thu voi hai
domain chirc ning 1a IGFBP ¢ dau N va thyroglobulin tuyp 1 ¢ dau C,
duoc ndi véi nhau bang domain néi o gitra.

1.4. Co sé tién hanh xac dinh cac da hinh don nucleotit (SNP) trén
mot so6 gen thudc hé thong IGF lién quan dén tinh trang tiing trwéng
cua ca tra nudi

Vai tro quan trong cia SNP trong viéc xac dinh cac chi thi phan tu
lién quan dén tinh trang quan tam ca & quy mé hé gen lan quy mé gen dich
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déu da dugc chitng minh. Trong thuy san, SNP thuong dugc sir dung rong
rdi trong viéc xac dinh cé4c chi thi phan tu tiém nang lién quan dén cac tinh
trang chon giéng, kinh té nhu tang truéng, chdng chiu bénh. G quy md tim
kiém SNP tiém ning trén gen dich, cac phuong phap SNP genotyping dua
trén nguyén ly PCR su dung dau do, hay giai trinh tu déu khé phat trién, co
thé dugc ung dung rong rii. Trong d6, phuwong phap kéo dai mot nucleotit
(Single Base Extension —SBE) c6 thé phat hién tetra — allelic SNPs véi do
nhay va dac hiéu cao va kha nang giai trinh tu tu dong trong thoi gian
ngan. Cac nghién cau vé SNP trén mot sé gen thudc hé thong IGF & cé
xuong ciing da chi ra mdi lién quan giira cac SNP trén cac gen IGF1,
IGF2, IGF1R ciing nhu cac kiéu gen don boi (haplotype), t6 hop kiéu gen
phat sinh vai tinh trang ting trudng cia cac loai ca nhu: ca hoi Pai Tay
Duong Salmo salar, ca chép Cyprinus carpio, ca vuoc chau Au
Dicentrarchus labrax, ca r6 phi song Nin Oreochromis niloticus, ca ban
dia Trung Québc Odontobutis potamophila. Tir hé gen tham chiéu, cac gen
thuoc hé thdng IGF cua ca tra nudi da duge xac dinh gom 2 gen quy dinh
cho IGF1, 2 gen quy dinh cho IGF2, 4 gen quy dinh IGF1R, 11 gen quy
dinh IGFBP gom IGFBP-1, -2, -3, -5, -6, -7, ¢6 thé duogc st dung dé thiét
ké cac thi nghiém phan tich da hinh trén gen lién quan dén tinh trang quan
tam.
CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP

2.1. Nguyén vat liéu

Cac ca thé ca tra nudi (P. hypophthalmus) sir dung trong luan an
duoc ké thira tir cac dé tai nghién ctu trude day. Cu thé, 160 ca thé da
duoc chon loc tir thé hé tha 3 (G3) cong gop (ndm 2015) cua quan dan
chon gidng ca tra theo hudng ting trudng dua trén phuong phap di truyén
s6 luong cua Vién Nghién ciru Nudi trong Thuay san 2, Viét Nam. Trong
d6, 20 cé thé thuoc bé mau khai tao duoc sir dung dé phat hién va sang loc
SNP gom: 10 ca thé tang truong nhanh cd gia tri chon giéng udc doan
(EBV) c4 thé cao nhét thudc 9 gia dinh c6 EBV gia dinh cao nhat va 10 c4
thé tang truong cham c6 EBV ca thé thap nhat thudc 9 gia dinh c6 EBV
gia dinh thap nhat. Bo mau kiém nghiém gom 140 ca thé sir dung dé xac
dinh cac SNP duoc sang loc trén quy md lén hon gém: 70 cé thé ting
truéng nhanh c6 EBV ca thé cao nhat thudc 24 gia dinh c6 EBV gia dinh
cao nhat theo thtr tu xép hang va 70 ca thé tang truéng cham c6 EBV cé
thé thap nhat thudc 31 gia dinh c6 EBV gia dinh thap nhét theo thir tu xép
hang.



2.2. Phuong phap
2.2.1. Phan tich cdu tric cia cdc gen dich
Dua trén trinh tu tham chiéu cua cac gen IGF1, IGF2, IGFIR,
IGFBP-1, -2, -3, -5, -6, -7 cua ca tra nudi di duoc giai mad bang NGS, cu
trdc cac gen/protein suy dién dugc phan tich bang phan mém BLASTN,
ProteinBLAST (blastp), SignalP5.0 dé xac dinh cac ving gen quan trong
quy dinh domain chirc ning, chudi peptit tin hiéu trén protein, cac ving
diéu hoa phién m4, dich ma dé giai ma trén nhiéu cé thé nham phat hién
SNP.
2.2.2. Tach chiét DNA tong sé
DNA tong sé tir cac té bao md vay duoc tach chiét theo phuong phap
thuong quy sa dung phenol: chloroform, sau dé duoc kiém tra nong do va
chat luong bang quang pho ké NanoDrop One Spectrophotometer (Thermo
Fisher Scientific) va dién di trén gel agarose 1 %.
2.2.3. Khuéch dgi cac gen bang phdan #ng PCR
Pé khuéch dai cic doan gen IGFL, IGF2, IGF1R, IGFBP-1, -2, -3, -
5, -6, -7 da xac dinh, DNA tong so tach chiét tir cac mau vay cé tra duoc
ding 1am khudn cho phan ¢tng PCR véi 55 cap moi thiét ké bang phan
mém Primer 3 (v.0.4.0). San pham PCR sau d6 dugc dién di kiém tra kich
thuéc trén gel agarose 1% va tinh sach bang kit Thermo Scientific
GeneJET PCR Purification Kit (Thermo Fisher Scientific) theo huéng dan
ctia nha san Xuat.
2.2.4. Giai trinh tw cac gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5,
-6, -7 bang phwong phdp Sanger
Cac san pham PCR tinh sach duoc sir dung lam khuén cho phan tng
PCR giai trinh tu s dung bd kit BigDye Terminator v3.1 Cycle
Sequencing Kit (ThermoFisher Scientific) theo huéng dan cua nha san
xuat. C&c san pham PCR giai trinh tu duoc tinh sach va dién di mao quan
trén hé théng ABI®3500 Genetic Analyzer (Applied Biosystems). Két qua
giai md thu duoc tr may giai trinh tu dugc bién tap biang phan mém
BioEdit.
2.2.5. Kiém tra tinh xac thuc cia két qud gigi ma bang Sanger so Vdi
trinh tz tham chiéu
Trinh tu caa cac gen dich thudc hé thong IGF ctia mot ca thé ca tra
nudi giai ma bang Sanger duoc so sanh véi cac trinh tu tham chiéu bang
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phan mém BLASTn dé tim ra mtc do twong dong, phan anh tinh xéc thuc
cua trinh ty giai ma bang Sanger so vaéi trinh tu tham chiéu.

2.2.6. Phat hign va sang loc cdc SNP trén cdc gen dich trén bé méiu
khet tao

Dé phat hién SNP, trinh ty nucleotit cua cac doan duoc xac dinh & 20
ca thé thuoc bo mau khoi tao duoc giai ma bang phwong phap Sanger, sau
d6 so sanh véi trinh tu tham chiéu twong (ng giai md bang NGS théng qua
phan mém MUSCLE.

Trong s cac SNP dugc phat hién, nhimg SNP dugc danh gia va sang
loc s& 14 SNP dugc xac dinh ¢ ca 20 ca thé (sé luong ca thé khdng xac
dinh dugc SNP (NN) = 0), gay nén sy thay d6i axit amin trén protein
twong tng @, hoic dam bao c6 ti 1& xuat hién SNP dat it nhat 0,3 & mot
nhém tré 1én @ va thanh phan kiéu gen va/hoic thanh phan alen giita 2
nhom khac biét co ¥ nghia thong ké @ @ (gia tri p <0,05 theo kiém dinh
Fisher Exact Test). Ti I& xuat hién SNP caa mdi nhom duoc xac dinh bang
ti 1& giira s6 c& thé mang kiéu gen chua alen thiéu s6 va sé cé thé mang
kiéu gen chtra alen con lai. Ti 1& ndy can dat it nhat 0,3 dé dam bao SNP d6
khong phai chi xuat hién & sb it ca thé riéng 1é ma pho bién trong quan thé.
Alen thiéu sb duoc xac dinh 1a alen c6 ti 1& nho hon trong tong sb alen cua
20 cé thé. Su khac biét vé thanh phan kiéu gen/ thanh phan alen gitra hai
nhom tang trudng nhanh/cham duoc xac dinh bang phan mém SHEsis.

2.2.7. Xdc dinh cdc SNP dwoc sang loc trén bg mdu kiém nghiém
bang phwong phdp kéo dai mgt nucleotit (SBE)

Cac SNP duoc sang loc dugc chia 1am 2 nhom dé xac dinh bang
phan tng SBE multiplex trén 140 c& thé thudc bo mau kiém nghiém nham
giam thiéu s6 luong phan ung. Ngoai ra, bo kit ABI SNaPshot Multiplex
PCR Kit (Applied BioSystems) dugc st dung dé tién hanh phan ung SBE
multiplex cho phép xac dinh t6i da 10 SNP trong mot phan tng. Cac mdi
SBE duoc thiét ké chia lam 2 nhdm, mdi moi trong nhom déu chira phan
trinh tu chinh bat cdp bo sung véi trinh tu lién trude dau 3 caa SNP va
phan trinh tu l3p & dudi c6 kich thudc khac nhau giira cac moi trong nhom.
DNA tong s6 tach chiét tir mau vay cua 70 ca thé ting truong nhanh va 70
ca thé tiang truéng cham duoc st dung 1am khuén cho phan tng PCR nhan
cac doan gen chtra cac SNP da duogc sang loc. Cac cap moi cho phan tng
PCR duoc thiét ké lai dé cd thé thu dugc cac doan chita SNP ¢6 kich thuéc
doéng déu. Cac doan san pham PCR chira cac SNP thudc cing mét nhdm
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ctia mdi cé thé duoc gop lai, tinh sach bang kit GeneJET PCR Purification
Kit (Thermo Fisher Scientific) theo huéng dan cua nha san xuat. Phan ¢ng
SBE duoc tién hanh bang bo kit ABI SNaPshot Multiplex PCR Kit
(Applied BioSystems) theo huéng din ctia nha san xuat, san pham thu
duoc dugc tinh sach bang enzyme Shrimp Alkaline Phosphatase (SAP)
(Thermo Fisher Scientific) va duoc giai trinh tu bang hé thong ABI3500
Applied BioSystems. Két qua SNP genotyping duoc Xt Iy bang phan mém
GeneMapper 5.1 (Applied BioSystems).
2.2.8. Phén tich di ligu

Dit liéu SNP genotyping thu duoc tir 160 ca thé caa bo mau khoi tao
va bo mau kiém nghiém géom 80 cé thé tang truong nhanh va 80 ca thé
tang truong cham duoc sir dung dé: danh gia da dang di truyén théng qua
thong tin da hinh (Polymorphism Information Content (PIC)) va tan sé
alen thiéu sé6 (Minor Allele Frequency (MAF)) bang phan mém Gene-
Calc; danh gia kha ning di truyén cing nhau caa cac SNP duoc sang loc
trén cing mot gen théng qua su mat can bang lién két (linkage
disequilibrium — LD) bang phan mém SHEsis; tim kiém cac chi thi SNP
tiém ning qua danh gia sy khac biét co y nghia vé thanh phan kiéu gen,
thanh phan alen gitta hai nhom tang truéong nhanh/cham; danh gia tac dong
tong hop cua cac SNP 1én tinh trang ting truong bang: su khéc biét cd y
nghia gitta hai nhom Vvé tan sé kiéu gen don boi haplotype tao nén tir cac
SNP trén cling mot gen hay tir cac chi thi SNP tiém ning, su khac biét ¢ y
nghia gitra hai nhdm vé tan s6 t6 hop kiéu gen tao nén tir cac SNP tiém
ning, c4c su khéc biét c6 ¥ nghia duoc kiém dinh Fisher Exact Test voi gia
tri p< 0,05 biang phan mém SHEsis va phan mém NCSS 2021 Data
Analysis (NCSS Statistic Software).

CHUONG 3. KET QUA
3.1. Phan tich cau tric cia mat sé gen/protein thudc hé thong IGF ciaa
ca tra nudi

Tat ca cac gen thudc hé théng IGF cua ca tra nudi dugc phan tich
trong luan an déu c6 mic do twong dong vé trinh tu dat cao nhat voi cac
trinh tu twrong &ng cua ca nheo My Ictalurus punctatus.

Trinh ty gen IGF1 dai khoang 19,4 kb chtra 4 exon déu tham gia vao
ma hoa cho protein IGF1. Protein IGF1 c6 chudi peptit tin hiéu dai khoang
33 axit amin, cau tric domain IGF chtra 6 phan ti cysteine nim rai rac va
cac motif bam voi IGFBP, thu thé tuyp 1 va tuyp 2 cua IGF/Insulin. Cac
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vung duoc khuéch dai dé tim kiém cac SNP trén gen IGF1 gom: exon 1, 2
tham gia ma hoa cho chudi peptit tin hiéu va domain IGF1 va c4c ving
trinh tu intron xung quanh, mét phan trinh tu exon 4 c6 chira codon két
thuc va vang 3°-UTR clng intron lién truge. Trinh tu gen IGF2 dai khoang
4,9 kb chira 4 exon déu tham gia vao ma hda cho cac phan thuoc protein
IGF2 véi ciu trac domain IGF tuong tu IGF1. Do c6 kich thudc nhd, nén
toan bo phan trinh tu thudc 4 exon tham gia ma hoéa cho protein va céc
intron lién ké cua gen IGF2 déu duoc khuéch dai dé tim kiém SNP. Gen
IGF1R dai 93,9 kb, cd 21 exon, véi ving ma hoa protein bat dau tir exon 1
va két thiic ¢ exon 21. Protein IGF1R gom c6 cac domain chirc ning theo
thtr tu tir du N dén dau C 1a: domain thu thé L thir nhat, domain tuong tu
Furin giau cysteine, domain thy thé L thr 2, ba domain Fibronectin tuyp 3
va domain Tyrosine kinase. Do domain thu thé L thir nhat tham gia bam
véi phéi tir IGF va domain Tyrosine kinase dong vai trd quan trong trong
viéc hoat héa tin hiéu sau khi IGFIR bam véi cac phéi tr IGF, nén cac
exon quy dinh cac domain nay (exon 2 va cac exon tir 16 dén 21) va céc
vung trinh tu intron xung quanh caa gen IGF1R s& duoc khuéch dai dé tim
kiém cac SNP. Cac gen IGFBP-1, -2, -3, -5, -6 cua cé tra nudi déu chua 4
exon va 3 intron, exon thtr nhat chira codon khoi dau va exon thi tu chta
codon két thic. Chiéu dai cac gen IGFBP-1, -2, -3, -5, -6 lan luot 12 2,7
kb, 28,1 kb, 18,4 kb, 12,2 kb va 4,2 kb. Pau N cia cac protein nay déu
chira doan peptit tin hiéu va domain IGFBP duogc quy dinh baéi trinh tu
nam gon trong exon 1 ctia mdi gen twong tmg. Pau C cua cac protein nay
déu chira domain Thyroglobulin type 1 duoc ma hda boi trinh ty nam
trong exon 3 va 4 cua cac gen twong ung. Pé tim kiém SNP, cac ving gen
thuoc vung ma hoa cho cac protein (CDS), vung 5’-UTR, 3’-UTR cung
cac ving intron 1an can c6 thé lién quan dén diéu hoa phién ma cua céc
gen nay s& duoc lua chon dé khuéch dai. Gen IGFBP-7 cua cé tra nudi co
chiéu dai khoang 9 kb véi 5 exon, exon tha nhat chira codon khoi dau va
exon thr nim chitra codon két thuc. Pau N cua protein IGFBP-7 ciing chira
chudi peptit tin hiéu va domain IGFBP duogc quy dinh bai trinh ty nam gon
trong exon 1 caa gen. Khac vai cac protein IGFBP-1, -2, -3, -5, -6, protein
IGFBP-7 lai chtra cac domain KAZAL-FS, Ig3 va Ig ¢ dau C, duoc ma
hda bai cac trinh tu thudc ca 5 exon. Do @6, trinh ty cta ca 5 exon va cac
vung intron lién ké cua gen IGFBP-7 duoc khuéch dai dé tim kiém SNP.
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3.2. Xac dinh tinh xac thwc caa trinh tw giai ma bang Sanger so véi
trinh tw tham chiéu

Trinh tu cac doan gen dugc Xac dinh trén mot cé thé sau khi duogc
giai ma bang phuong phap Sanger dwoc so sanh véi trinh tu doan gen tham
chiéu twong ¢ng giai ma bang NGS, thdong qua phan mém BLASTn, da
xéac dinh d6 twong dong vé trinh ty nam trong khoang tir 99,9 dén 100 %,
khang dinh dugc tinh xé&c thuc cua két qua giai ma bang Sanger so Véi
trinh tu tham chiéu, 1am co so dé tién hanh nghién ctru xac dinh da hinh
trén gen dich theo hudng da dé ra.
3.3. Phét hién, sang loc SNP trén cac gen dich thudc hé thong IGF trén
bé mau khéi tao

Trinh tu cac doan gen dich cta 10 c4 thé ting truong nhanh va 10 cé
thé tang truong cham duoc giai md bang phuong phap Sanger va so sanh
véi trinh tu tham chiéu dé phat hién SNP. Céc tiéu chi sang loc SNP duoc
trinh bay & muc 2.2.6.

3.3.1. Phat hién va sang loc SNP trén gen IGF1
Badng 3.1. Cac SNP duoc phat hién trén gen IGF1

Vi tri SNP Thanh phan kiéu gen Thanh phan alen
STT | “trengen | R6T | Alt 7 (® TTC (@ TTN | TTC
8CC2CT 6CC2CT 2TT . .
1 | 11131850 | ¢ | T (0.20) (0,50) 18C:2T | 14Ci6T
p=0,42 p=0,23
B6TT:3TC:1CC 7TT3TC . .
2 | 11.13263@ | T | C* (0,44) (0,30) 15T:5C | 177:3C
p=0,81 p=0,69
3 | 1113268 | Cc | T (1888 9((7(?:110? 20C | 19C:AT
4 | 1113366 | Cc | G* 9C(g:111G)G 8(2(?:220()% 18C:2G | 18C:2G
5 | 1113367 | C | A" 9%8111§A 9(263110()” 18C:2A | 19C:1A
6 | 1113387 | Cc | G 8%:220()36 8CC:(%)CZ%1GG 18C:2G | 17C:3G
9AALTT AAAIATBTT . .
7| ey | A | T i) 0] 18A2T | 9AI1LT
p=003 p =0,005
106G 7GG1GC.2CC .
8 |12 13684@ | G | C* (0,00) (0,38) 20G | 16G:4C
p=0,11 p=0,10
: 10CC 9CCATT .
o | 1213820 | c | T (0,00 i 20c | 18C:2T
10 | 1213843 | T | A* | STT3TALAA | a1 oTA:3AA2NN | 15T5A | 8T:8A

“: alen thiéu so, TTN: tang trucng nhanh, TTC: tang truéng cham, (): T7 I¢ xuat hién SNP

ciia moi nhom, @ @ @) dap 4eng tiéu chi sang loc SNP s6 2, 3, 4 twong ing.
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Mudi SNP dugc phét hién trén gen IGF1, tat ca déu nam trén intron
(Bang 3.1). B6n SNP 13185 C>T, 13263 T>C thudc intron 1 va 13680
A>T va 13684 G>C thuoc intron 2 dat tiéu chi ¢ ti I¢ xuat hién SNP dat it
nhat 0,3 & mot nhém tro 1én (Bang 3.1). Tuy nhién, chi c6 SNP 13680
A>T thé hién su khéc biét vé thanh phan kiéu gen va thanh phan alen giira
hai nhém, véi gia tri p 1a 0,03 va 0,005 (Bang 3.1) va duoc sang loc dé
kiém nghiém trén bo mau lén hon.

3.3.2. Phét hién va sang loc SNP trén gen IGF2

Muoi hai SNP duoc phat hién trén gen IGF2, trong d6, 3 SNP 1355
A>G, 1391 G>A ¢ intron 2 va 2061 T>A & intron 3 c6 ti 1& xuat hién SNP
dat it nhat 0,3 & mot nhom tré 18n, nhung khong thé hién dugc su khéc biét
c6 y nghia vé thanh phan kiéu gen va/hoic thanh phan alen. Do d6 khong
c6 SNP nao trén gen IGF2 duoc sang loc dé tiép tuc duoc kiém nghiém.

3.3.3. Phét hién va sang lec SNP trén gen IGF1R
Bang 3.3. Cac SNP duoc phat hién trén gen IGF1R

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN (%) TTC (® TTN TTC
1 11 A C 9AA:1AC 6AA:2AC:2CC | 19A:1C | 14A:6C
12992@ (0,10) (0,50)
=0,29 p =0,09
2 11 T C 4TT:6TC 8TC:2CC 14T:6C 8T:12C
133573 (0,60) (1,25)
=0,04 p=0,11
3 11 C G 7CC:3GG 4CC:6GG 14C:6G 8C:12G
15359@) (0,43) (1,50)
=0,37 p=0,11
4 11 T A" 5TT:5TA 10TT 15T:5A 20T
15392734 (0,50) (0,00)
=0,03 p=0,04
5 11 T G 5TT:3TG:2GG 8TT:2TG 13T:7G 18T:2G
15397@ (0,63) (0,20)
p=0,23 p=0,12
6 115 A G 4AA:1AG:5GG 1AA9GG 0A:11G | 2A:18G
8389474 (0,83) (0,11)
p =0,08 p=0,03
7 117 T C 10TT /(TT:1TC:2CC 20T 16T:4C
85057® (0,00) (0,38)
p=0,11 =0,1
8 119 T C 10TT /TT:3TC 20T 17T:3C
871471 (0,00) (0,30)
=0,21 p=0,23
9 120 A T TAA:3AT 10AA 17A:3T 20A
90590®@ (0,30) (0,00)
p=0,21 p=0,23

“: alen_thiéu so, TTN: tang trucong nhanh, TTC: tang truong cham, (%): T/ I¢ xuat hién SNP
cua moi nhom, @ G @ gap g tiéu chi sang loc SNP s6 2, 3, 4 tuong 1ng.

Tat ca 9 SNP duoc phét hién & gen IGF1R nam trong céc intron va
déu co ti 1é xuat hién SNP dat it nhat 0,3 & mot nhom tro 1én (Bang 3.3).
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Tuy nhién, chi c6 3 SNP thé hién su khac biét vé thanh phan kiéu gen
va/hoic thanh phan alen giira hai nhém 1a 13357 T>C, 15392 T>A va
83894 A>G, nén duoc sang loc dé kiém nghiém trén bé mau Ién hon
(Bang 3.3).
3.3.4. Phét hién va sang lec SNP trén gen IGFBP-1
Bbn SNP duoc phat hién trén gen nay, trong d6 ¢6 1 SNP thudc ving
promoter va 3 SNP thudc cac vung intron. Tuy nhién, khéng c6 SNP nao
dat du tiéu chi dé duogc sang loc
3.3.5. Phat hién va sang loc SNP trén gen IGFBP-2
Mudi SNP duoc phét hién trén gen IGFBP-2 gom 1 SNP thudc ving
ma hoa, khong 1am thay doi trinh ty axit amin va 9 SNP nam trong ving
khéng ma hoa, nhung khong c6 SNP nao dat du tiéu chi dé duoc sang loc.
3.3.6. Phat hién va sang loc SNP trén gen IGFBP-3
Mudi SNP duge phat hién, gom 6 SNP thudc céc intron va 4
SNP thudc cac vung 5’UTR, vung ma héa (CDS) va vung 3’-UTR.

Nhém sinh truéng nhanh Nhém sinh trwéng chim
IGFBP3. 704 C>G IGFBP3.704 C>G

|
REF: ATTCCGCTCTCTCCGGCTCGG REF: ATTCCGCTCTICITCCGGCTCGG
N1: ATTCCGCTCTS[TCCGGCTCGG Cl: ATTCCGCTCTGICCGGCTCGG
N2: ATTCCGCTCTGTCCGGCTCGG C2: ATTCCGCTCTGTCCGGCTCGG
N3: ATTCCGCTCTIGTCCGGCTCGG C3: ATTCCGCTCTGTCCGGCTCGG
N4: ATTCCGCTCTGTCCGGCTCGG C4: ATTCCGCTCTGICCGGCTCGG
N5: ATTCCGCTCTGTCCGGCTCGG C5: ATTCCGCTCTGTCCGGCTCGG
N6: ATTCCGCTCTIGTCCGGCTCGG C6: ATTCCGCTCTS[TCCGGCTCGG
N7: ATTCCGCTCTGTCCGGCTCGG C7: ATTCCGCTCTGTCCGGCTCGG
N8: ATTCCGCTCTGTCCGGCTCGG C8: ATTCCGCTCTGTCCGGCTCGG
N9: ATTCCGCTCIGTCCGGCTCGG C9: ATTCCGCTCTS[TCCGGCTCGG
N10:ATTCCGCTCTHTICCGGCTCGG C10:ATTCCGCTCTGICCGGCTCGG
* Kk k k Kk Kk k Kk Kk K [k k k k Kk ok k k k% **********_**********
CCGCTC i((((,(;( CGG ‘ CC G C s{‘((,(,( cCGG

Kiéu gen CG : ;- ) f‘x[ Kiéu gen CG 7
f . ., ‘;“"‘. “‘.I‘ i !5‘ " ‘n“"“"“f\f Jll‘- ‘;-‘ f". f U T }f‘ll o
ShARAANaac o R ARLLENd VYV YVEYYAY VYV YV VY VY

| I ( !
CCGC L G CCGGC cCGao A CCGC C G CCGGC cCGo

Kiéu gen GG e ;i - f.\ " Kiéu gen GG e T S

434 v ‘lr'f \'1‘ \ r.“! J \ ¢“I' “JN “lm‘i r‘l'!n’“ Ll,_'__ll_“': .‘.‘lﬁil_!’k_iub‘\_!!"s ,"‘.Jj,‘ \_!‘:!}.Tll"/ll

Hinh 3.9: Két qua phat hién IGFBP-3.704 C>G trén gen IGFBP-3
thdng qua so sanh cac trinh tu tuong trng duoc giai ma bang phuong phap
Sanger vaéi trinh tu tham chiéu.

REF: trinh tu tham chiéu. N1 - N10: trinh tu cua 10 C& thé cd tra tang truond nhanh. C1 -
C10: trinh tuw cua 10 ca thé cd tra tang truong cham. Miii tén va khung mau do: vi tri SNP
dwoc phat hi¢n trén moi cé theé.

SNP 704C>G ¢ exon 1 (Hinh 3.9) nam trong viing ma héa lam thay
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ddi trinh ty axit amin thir 8 Leucine thanh Valine, nén SNP nay duogc sang
loc dé kiém nghiém trén bo mau 1én hon. Cac SNP con lai nam trong ving
khong mi hoa khong dat du tiéu chi dé duoc sang loc.
3.3.7. Phat hién va sang loc SNP trén gen IGFBP-5

Bén SNP dugc phat hién trén gen thudc cac exon, trong do, SNP
525T>A ¢ exon 1 gay ra sy thay doi trinh ty axit amin thir 16 Valine thanh
axit Glutamic duogc sang loc dé kiém nghiém lai trén b mau 16n hon
(Hinh 3.10). Ba SNP con lai khéong dat du tiéu chi dé dugc sang loc.

Nhém tang truwéong nhanh Nhoém ting trwéng chim
IGFBP5.525 T>A IGFBP5.525 T>A

REF: CTGTCGGCTHTGCCCCAGTGC REF: CTGTCGGCTGIIGCCCCAGTGC
Nl: CTGTCGGCTIICCCCAGTGC Cl: CTGTCGGCTGIGCCCCAGTGC
N2: CTGTCGGCTGETIGCCCCAGTGC C2: CTGTCGGCTGIGCCCCAGTGC
N3: CTGTCGGCTGWIGCCCCAGTGC €3: CTGTCGGCTGIISCCCCAGTGC
N4: CTGTCGGCTGWIGCCCCAGTGC C4: CTGTCGGCTG[IGCCCCAGTGC
N5: CTGTCGGCTGWGCCCCAGTGC C5: CTGTCGGCTG[IGCCCCAGTGC
N6: CTGTCGGCTGEHTGCCCCAGTGC C6r CTGTCGEGETGIECCCCAGTGE
N7: CTGTCGGCTHICCCCAGTGC C7: CTLGTCGGCTGEINECCCCAGTGE
NE8: CTETCGGCTEIRECCCCAGTGC C8: CTGTCGGCTGGCCCCAGTGC
N9: CTGTCGGCTGETIGCCCCAGTGC C9: CTGTCGGCTGIIGCCCCAGTGC

N10: CTGTCGGCTETIGCCCCAGTGC Cl0: CTGTCGGCTGIGCCECCAGTGE

ok ok ke ok ke ok ok ok A e Ak ke ok ok ok ok ok ok Wk ek Nk k¥ de ke K ke ok ok ok ok ok K
CTGTCGGCTGTGCCCCAGTGC CTG:CGGCTG}GCCCC&G IGC

Kiéu gen TT Kiéu gen TT

i

M\/M\MW\

CTGTCGGC TGWGCCCCAGTGC

!

Hinh 3.10. Két qua phat hién IGFBP-5.525 T>A trén gen IGFBP-5 thong
qua so sanh cac trinh tu twong ung duoc gidi ma bang phuong phap Sanger
vai trinh tu tham chiéu.

REF: trinh t tham chiéu. N1 - N10: trinh tu cia 10 c& thé cd tra ting truona nhanh, C1 -
C10: trinh tw cua 10 ca thé cd tra tang trueng chdm. Miii tén va khung mau do: vi tri SNP
dwoc phat hi¢n trén moi cé thé.

3.3.8. Phat hién va sang lec SNP trén gen IGFBP-6

Muoi bay SNP duoc phat hién ¢ gen IGFBP-6, déu thudc ving
khéng ma hoa. Trong d6, c6 7 SNP ¢ ti 1é xuat hién SNP dat it nhat 0,3 &
mot nhom tré 18n gom: 560 A>G, 2275 C>A, 2278 C>A, 2423 G>T, 3177
T>C, 3469 T>C va 3505 G>A (Bang 3.8, trich). Tuy nhién, chi c6 SNP
2278 C>A duoc sang loc do cd su khéc biét co ¥ nghia vé thanh phan kiéu
gen (p =0,02) (Bang 3.8, trich).

Kiéu gen TA
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Bang 3.8. Cac SNP duoc phat hién trén gen IGFBP-6 (trich)

STT | VitriSNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
tren gen TTN (%) TTC (®) TTN TTC
1 11 560® A G™ | 6AA:2AG:2GG 8AA:1AG:1GG | 14A:6G | 17A:3G
(0,50) (0,22)
p=0,52 p=0,45
11 13 2275 C A’ 8CC:2AA 5CC:5AA 16C:4A | 10C:10A
(0,25) (1,00)
p=0,35 p=0,09
12 13 22784 | C A 8CC:2AA 4CC:6AA 16C:4A | 8C:12A
(0,25) (1,50)
p=0,17 p =0,02
13 13 2423 G T 6GGATT AGG:6TT 12G:8T | 8G:12T
(0.67) (1,50)
p=0,66 p=0,34
15 E4 3’UTR T C 6TT:4CC 6TT:4CC 12T:8C | 12T:8C
3177 (0,67) (0,67)
p=1,0 p=1,0
16 E4 3’UTR | T C 3TT:2TC:5CC 1TT:9CC 8T:12C | 2T:18C
3469@ (0,71) (0,11)
p=0,13 p = 0,06
17 E4 3’UTR | G A’ 7GG:3AA 6GG:4AA 14G:6A | 12G:8A
3505@ (0,43) (0,67)
p=1,0 p=0,74

“: alen_thiéu so, TTN: tang truong nhanh, TTC: tang truong cham, (%): T/ I¢ xuat hién SNP
cua moi nhom, @ @ gap ieng tiéu chi sang loc SNP s6 2, 4 tuong 1ng.
3.3.9. Phat hién va sang loc SNP trén gen IGFBP-7

Bang 3.9. Cac SNP duoc phat hién trén gen IGFBP-7 (trich)

STT | VitriSNP | Ref | Alt Thanh phan kieu gen Thanh phan alen
tren gen TTN () TTC O TIN | TTC
2 El- CH)DS T ITT:2TC:7CC 3TT:3TC:4CC 4T:16C | 9T:11C
344
12 12 - A |G 10GG 3AA:2AG:5GG 20G 8A:12G
2060234 (0,00) (1,40)
p=0,02 p =0,003
20 E3-CDS | C° | A | 2CC:3CA:5AA 10AA 7C:13A 20A
4559 W

“: alen thiéu so, TTN: tang truéng nhanh, TTC: tang trueng cham, (%): Tz I¢ xuat hi¢n SNP
cua moi nhom, O @ @) @: dgap 4eng tiéu chi sang loc SNP so 1, 2. 3. 4 twong ng.

Co6 27 SNP duoc phat hién trén gen IGFBP-7, trong d6 2 SNP gay su
thay d6i axit amin 1a 344 T>C (p.Leu78Pro) va 4559 C>A (p.Leul89Met)
(Bang 3.9, trich). Trong cac SNP con lai, 17 SNP ¢4 ti 1¢ xuat hién SNP
dat it nhat 0,3 & mot nhom trg Ién, bao gom -376 T>G & promoter, 561
G>A, 598 C>A, 1052 T>A, 1117 C>G, 1160 G>C va 1216 C>A ¢ intron
1, 2060 A>G, 2138 T>C, 3981 T>G, 4058 A>G, 4334 G>A va 4465 C>T
¢ intron 2, 4685 T>C ¢ intron 3, 7405 C>T, 7676 G>C va 7692 T>C ¢
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intron 4. Tuy nhién, chi co6 SNP 2060 A>G dat tiéu chi vé su khéc biét c6
y nghia vé thanh phan kiéu gen/thanh phan alen gitta hai nhom ting trudéng
nhanh/cham (véi ca 2 gia tri p nho hon 0,05) (Bang 3.9, trich). Do vay, 3
SNP 344 T>C (p.Leu78Pro), 2060 A>G va 4559 C>A (p.Leul89Met)
duoc sang loc dé tiép tuc genotyping ¢ bo mau lén hon.
3.4. Phan tich sy lién quan dén tinh trang ting truwéng cia cac SNP
dwoc sang loc
3.4.1. SNP genotyping trén céc ca thé thugc bg mdu kiém nghiém

Cac doan gen chira 10 SNP duoc sang loc ¢ cac gen IGF1, IGF1R,
IGFBP-3, -5, -6, -7 cia 140 cé thé thuéc bo mau kiém nghiém dugc phan
lap thanh cbéng, lam khu6n cho phan tng SBE xac dinh SNP. Dit liéu SNP
thu duoc tir tong cong 160 cé thé cua bo mau khai tao va bo mau kiém
nghiém duoc gop lai dé phan tich sy lién quan caa cac SNP duoc sang loc
va tinh trang tang trudng.

3.4.2. Phan tich méi lién quan gii#a SNP dwoc sang lec va tinh trgng

ting trwong cua ca tra nuoi

3.4.2.1. SNP duoc sang loc trén gen IGF1

Su khac biét vé thanh phan kiéu gen phat sinh tir SNP IGF1.13680
A>T gitta hai nhom ting truong nhanh/cham c6 y nghia véi p bang 0,009
(Bang 3.11), cho thidy SNP nay co lién quan dén tinh trang tang truong.

Bdng 3.11. Phan tich moi lién quan gitra SNP 13680 A>T trén gen
IGF1 vai tinh trang tang truéng cua ca tra nudi

Céc thdong s6 | Nhdm tang trweéng nhanh | Nhom ting trwong cham | p
Thanh phan | AA (18) AA (07) 0,009™
kieu gen AT (61) AT (64)
®) TT (01) TT (07)

NN (02)
Thanh phan | A (97) A (78) 0,06
alen () T (63) T (78)
PIC 0,494
MAF 0,446

(®): So lwong ca thé mang kiéu gen tiwong ung, NN: ca thé khong xdc dinh dwoc kiéu gen,

(°): s6 lwong alen tiwong iing, ™ p < 0,01.

3.4.2.2. Cdac SNP duwoc sang loc trén gen IGF1R

Trong s6 3 SNP dugc sang loc trén gen IGF1R 13357 T>C,
15392T>A va 83894 A>G, chi con SNP 13357 T>C thé hién duoc su khac
biét vé thanh phan kiéu gen gitta nhom ting trudng nhanh va nhom ting
trudng cham (gia tri p bang 0,03) (Bang 3.12).
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Bang 3.12. Phan tich méi lién quan giita 3 SNP trén gen IGF1R véi tinh
trang tang truong cua cé tra nuoi.

Tén Thanh phan kiéu gen (°) Thanh phan alen (%) PIC | MAF
SNP | TTN TTC p TTN TTC p
13357 |[TT(32) |[TT(26) |[0,03" |T(111) [T(96) |[0,11|0,454 | 0,349
T>C | TC(47) | TC (44) C (49) C (62)
CC(01) |CC(09)
NN (01)
15392 | TT (06) |TT (10) [0,35 T (80) T(84) 0,74 10,495 | 0,450
T>A | TA(68) |TA(64) A (68) A (66)
AA (01)
NN (06) | NN (05)
83894 | AA(09) | AA(02) |0,06 A (84) A(73) 0,22 | 0,499 | 0,491
A>G | AG (66) | AG (69) G (76) G (87)
GG (05) | GG (09)

TTN: Tang truong nhanh, TTC: Tang truong cham, (°): So luwong ca the mang kieu gen
twong 1vng, NN: ca thé khong xdc dinh dwoc kiéu gen, (6): sé liwong alen twong vng, : p <
0,05.

Két qua phan tich haplotype cho thay haplotype IGF1IR_H1 (CAA),
H4 (TTA) va H5 (TTG) c6 méi lién quan chat ché voi nhom ting truong
nhanh (p<0,01), trong khi haplotype H2 (CTG), H3 (TAA) cdé lién quan
chat ché véi nhém tang truong cham (p<0,01) (Bang 3.14).
Bang 3.14. Phan tich méi lién quan giita haplotype phat sinh tir 3 SNP cua
gen IGF1R Ién tinh trang tang truedng caa ca tra nuoi.

Haplotype tao nén tir 3 SNP
13357 | 15392 | 83894 | (i, TTN (%) TTC (%) P
T>C T>A A>G s
C A A | IGFIR H1 | 35,39(0,239) | 10,18 (0,068) | 2,73e-5™"
C T G IGFIR_H2 | 3,77(0,025) | 46,79 (0,312) | 7,47e-11"
T A A | IGFIR_H3 | 28,96 (0,196) | 54,78 (0,365) 0,001
T T A IGF1IR_H4 | 11,15 (0,075) 1,01(0,007) 0,002
T T G | IGFIR H5 | 62,59 (0,423) | 34,17 (0,228) | 0,00018™"

TTN: Tang trudng nhanh, TTC: Tang truong cham, (%): tan so xuat hién haplotype trong
mai nhom, haplolype o tan 6 xudt hién trong cd hai nhém déu nhé hon 0,03 sé khong
dwoc phan tich gid tri p, ~'p<0,01, ***p<0 001.

3.4.2.3. SNP duwoc sang loc trén gen IGFBP-3

Thanh phan kiéu gen phét sinh tir SNP 704 C>G (Leu8Val) giira hai
nhom tang truong nhanh/cham khac biét c6 y nghia, vai gia tri p 12 0,03 (p
< 0,05) (Bang 3.15). Ngoai ra, thanh phan alen giita hai nhém ciing khac
biét c6 ¥ nghia thong ké, vai gia tri p 1a 0,013 (p < 0,05) (Bang 3.15).



16

Bang 3.15. Phan tich méi lién quan giira SNP 704 C>G (p.Leu8Val)
trén gen IGFBP-3 vai tinh trang ting trudng cua ca tra nudi

Céc thong sé6 | Nhom tiing trwéng nhanh | Nhom tiing trwéng cham | p
Thanh phan | CG (45) CG (26) 0,03"
kiéu gen () GG (35) GG (53)

NN (01)
Thanh phan | C (45) C (26) 0,013
alen (°) G (115) G (132)
PIC 0,347
MAF 0,223

: S¢ luwong ca thé mang kiéu gen twong ung, NN: ca thé khong xdc dinh dwoc Kiéu gen,
©): so luong alen twong ung, p < 0,05.

3.4.2.4. SNP duoc sang loc trén gen IGFBP-5

Thanh phan kiéu gen va thanh phan alen phat sinh tir SNP 525 T>A
(p.Val16Glu) khac biét co6 y nghia gitra hai nhom tang truedng nhanh/cham
(v6i ca 2 gia tri p déu nho hon 0,001) (Bang 3.16).
Bang 3.16. Phan tich méi lién quan gitra SNP 525 T>A (p.Val16Glu) trén
gen IGFBP-5 vai tinh trang tang truéng cua ca tra nudi

Cac thong s6| Nhom ting trwéng nhanh | Nhdm ting truwéng cham| p
Thanh phan | TT (07) TT (41) 1,13e-8™
kiéu gen (°) | TA (69) TA (37)
AA (03)
NN (01) NN (02)
Thanh phan | T (83) T (119) 1,14e-5™
alen (9 A (75) A (37)
PIC 0,459
MAF 0,357

(®): So luwong ca thé mang kiéu gen nwong ung, NN: ca thé khong xdc dinh dwoc Kieu gen,
(°): so lwong alen tuwong ung, “p < 0,05, *: p < 0,01.

3.4.2.5. SNP duroc sang loc trén gen IGFBP-6

SNP 2278 C>A trén gen IGFBP-6 sau khi duoc kiém nghiém khéng
cho thay su khac biét c6 y nghia giira thanh phan kiéu gen hay thanh phan
alen gitra hai nhém tang truéng nhanh/cham.

3.4.2.6. Cdc SNP dwoc sang loc trén gen IGFBP-7

Két qua kiém nghiém cho thay SNP 344 T>C (p.Leu78Pro) khéng
thé hién dugc su khac nhau vé thanh phan kiéu gen/thanh phan alen gita
hai nhém tang treéng nhanh/cham, véi céac gia tri p déu 16n hon 0,05. SNP
2060 A>G thé hién su khac biét c6 y nghia vé ca thanh phan kiéu
gen/thanh phan alen gitra hai nhoém ting truang nhanh/cham, véi ca hai gia
tri p déu nho hon 0,001. SNP 4559 C>A (p.Leu189Met) van thé hién duoc
su khac biét vé thanh phan kiéu gen gitta hai nhém véi p nho hon 0,05



17

(Bang 3.18). Nhu vay, 2 SNP 2060 A>G va 4559 C>A (p.Leul89Met)
duoc coi 1a 2 chi thi SNP tiém ning lién quan dén tinh trang ting truéng
cua ca tra nuoi.
Bang 3.18. Phan tich méi lién quan gitra 3 SNP trén gen IGFBP-7 vai tinh
trang tang truong cua ca tra nudi.

Tén | Thanh phan kiéu gen (°) Thanh phan alen (°) MAF
SNP [ Nhém Nhom P Nhom Nhom |[p
tang tang tang tang
truéng | trudéng truwéng truéng
nhanh cham nhanh cham
344 | TT(01) |TT(03) |0,165 T (58) T(50) |0,43 0,449 | 0,342
T>C | TC (56) | TC (44) C (102) | C(106)
CC (23) | CC (31
NN (02)
2060 | AA(04) |AA(35) |1,01e-9™ | A (54) A (107) | 6,34e- | 0,499 | 0,491
A>G | AG (46) | AG (37) G (106) |G (49) |10™
GG (30) | GG (06)
NN (02)
4559 [ CC (04) [CC(03) [0,047" C (15) C(24) (0,104 |0,216 | 0,123
C>A |CA(07) |CA(18) A (145) | A(132)
AA (69) | AA(57)

(®): So luwong ca thé mang kiéu gen twong 1ng, NN: ca the khong xdc dinh duwot kiéu gen,
(%): so lwong alen twong ung, ": p < 0,05

:p<0,01,™: p<0,001.

Tao nén tr 3 SNP dugc sang loc trén gen IGFBP-7, haplotype

IGFBP-7 H1 (CAA) va H2 (CAC) c6 méi lién quan voi nhom ting trudng
cham vo1 gid tri p nhé hon 0,001. Trong khi do, haplotype IGFBP-7_H3
(CGA) va H4 (CGC) tuong quan chat ché vo1 nhdm tang trudng nhanh voi
gia tri p nho hon 0,001 va p nho hon 0,01, twrong tng (Bang 3.20).
Bang 3.20. Phan tich méi lién quan giita haplotype phat sinh tir 3 SNP cua
gen IGFBP-7 1én tinh trang tang truong

Haplotype tao nén tir 3 SNP . .
344 2060 [ 4559 | v hicw TTN () TTC () p
T>C | A>G | C>A y hig
C A A | IGFBP7_H1 | 20,32 (0,127) 58,84 (0,377) | 2,97e-7"
C A C | IGFBP7 H2 | 2,75(0,017) 22,13 (0,142) | 3,97e-5"
C G A | IGFBP7_H3 | 66,69 (0,417) 23,17 (0,148) | 1,31e-7"
C G C | IGFBP7_H4 | 12,25 (0,077) 1,86 (0,012) 0,0054™
T A A | IGFBP7_H5 | 30,93 (0,193) 26,02 (0,167) 0,54
T G A | IGFBP7_H6 | 27,07 (0,169) 23,97 (0,154) 0,708

TTN: Tang truong nhanh, TTC: Tang truong cham, (%): tan so xuat hién haplotype trong
moi nhém, haplotype cé tan so xuat hién trong ca hai nhéom déu nho hon 0,03 sé khong
dwoc phan tich gid tri p, ~ p<0,01, ““p<0,001.
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3.4.2.5. Tdac déng tong hop cua cac SNP ¢ tiém nang lién quan dén
tang truong
Bdng 3.21. Phan tich tac dong cua cac haplotype phat sinh tir 6 chi thi SNP

Haplotype tao thanh tir 6 SNP Ky TTN TTC p
IGF1 | IGFIR | IGF | IGF | IGF | IGF | hiéu (% (%
13680 | 13357 | BP3 | BP5 | BP7 | BP7
A>T T>C 704 | 525 | 2060 | 4559
C>G | T>A | A>G | C>A
A T G T A A CO- 5,39 26,92 7,18e-5™"
H1 | (0,034) | (0,179)
A T G T G A | CO- 65,44 4,69 2,22e-16 7
H2 (0,414) | (0,031)
A C G T A A | CO- 0,00 33,54 | 9,09e-10 ™
H3 (0,000) | (0,224)
T T C A A A | CO- 6,98 12,46 0,218
H4 (0,044) | (0,083)
T T C A G A | CO- 9,37 1,99 0,022"
H5 (0,059) | (0,013)
T T G A A A | CO- 6,34 2,32 0,152
H6 (0,040) | (0,015)
T T G T A A | CO- 0,00 7,88 0,004™
H7 (0,000) | (0,053)
T T G T A C |CO- 0,00 8,52 0,003™
H8 (0,000) | (0,057)
T T G T G A | CO- 1,20 7,70 0,029
H9 (0,008) | (0,051)
T T G A G A | CO- 2,27 9,64 0,032"
H10 (0,014) | (0,064)
T C C A A A | CO- 16,54 0,00 2,04e-57
H1l (0,105) | (0,000)
T C C A G A | CO- 3,20 4,51 0,658
H12 (0,020) | (0,030)
T C G T G A | CO- 0,00 7,79 0,005™
H13 (0,000) | (0,052)
T C G A A A | CO- 7,84 0,00 0,003™
H14 (0,050) | (0,000)

CO: Combination, TTN: Tding trwong nhanh, TTC: Téang trweng cham, (%): tan sé
xudt hién haplotype trong méi nhém, “p<0,05, ~*p<0,01.

Tac dong tong hop cua 6 SNP tiém ning lién quan dén tinh trang
ting truong gdm: IGFL. 13680 A>T, IGF1R. 13357 T>C, IGFBP-3.
704C>G (p.Leu8Val), IGFBP-5. 525T>A (p.Val16Glu), IGFBP-7. 2060
A>G va IGFBP-7. 4559 C>A (p.Leul89Met) duoc phan tich théng qua su
khac biét vé ti 1& haplotype/td hop kiéu gen giita hai nhoém tang truong
nhanh/cham, cho thay 4 haplotype chiém ti I¢ cao hon & nhom ting trudng
nhanh 12 CO_H2, H5, H11, H14 va 7 haplotype chiém ti 1& cao hon &
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nhom tang trudéng cham la CO_H1, H3, H7, H8, H9, H10, H14 (Bang
3.21).

Bang 3.22. Phan tich tac dong cua céc to hop kiéu gen phat sinh tir 6 chi
thi SNP duoc lya chon Ién tinh trang tang trudng caa cé tra nudi

T6 hop kiéu gen dwoc tao thanh tir 6 SNP

IGF1 | IGF1R IGF | 1GF 1 IGF 1 1GF TTN TTC

13680 | 13357 BP3 | BP5 | BP7 | BP7 ) ©) p
AST | T>C 704 | 525 | 2060 | 4559

C>G | T>A | A>G | C>A

AA CT GG AT GG AA | 3(3,75%) 0 (0%) 0,083
AA CT GC AT GA | AA | 3(3,75%) 0 (0%) 0,083
AT CT GG AT GG AA | 3(3,75%) 0 (0%) 0,083
AT CT GG AT GA | AA 8 (10%) 6 (7,5%) 0,592
AT CT GG TT AA | AA 0 (0%) 3(3,75%) | 0,083
AT CT GG TT AA AC 0 (0%) 3(3,75%) | 0,083
AT CT GG TT AG AA 0 (0%) 3(3,75%) | 0,083
AT CT GC AT GG AA | 3(3,75%) 0 (0%) 0,083
AT CT GC AT GA | AA |14 (17,5%) | 5(6,25%) | 0,038"
AT CT GC AT AA | AA 2 (2,5%) 6 (7,5%) 0,157
AT TT GG AT GA | AA 4 (5%) 4 (5%) 1,000
AT TT GG TT AA AC 0 (0%) 3(3,75%) | 0,083
AT TT GG TT AG AA 0 (0%) 3(3,75%) | 0,083
AT TT GG TT AG AC 0 (0%) 3(3,75%) | 0,083
AT TT GC AT GG | AA 8 (10%0) 0 (0%) 0,004™
AT TT GC AT GA | AA 6 (7,5%) 1(1,25%) | 0,058
AT TT GC AT AA | AA 1 (1,25%) 4 (5%) 0,179
1T CT GG TT GG AA 0 (0%) 3(3,75%) | 0,083

CO: Combination, (°): tan so to hop kiéu gen trong moi nhom, to hop kiéu gen co tan so
xudt hién trong ca hai nhém déu nhé hon 3% sé khéng dwoc phan tich gid tri p, “p<0,05,

“p<0,01, "“p<0,001.

Tao nén tir 6 SNP tiém ning theo thtr tu néu trén, t6 hop Kiéu gen
AT, CT, GC, AT, GA va AA (tao nén tir haplotype CO_H2 va CO_H11
(diplotype H2/H11)) c6 tan s6 cao hon & nhém tang truang nhanh, t6 hop
kiéu gen AT, TT, GC, AT, GG va AA (tao nén tir haplotype CO_H2 va
CO_H5 (diplotype H2/H5) chi xuat hién ¢ nhom tang truong nhanh (céc
gia tri p<0,05) (Bang 3.22).
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CHUONG 4. THAO LUAN

4.1. Trinh tw va ciu tric hoan chinh cia cac gen thugc hé thong IGF
ciia ca tra nudi dwoe phan tich twong dong véi cac loai ca xwong khac

Céc gen dich thudc hé thong IGF cua ca tra nuodi dugc phan tich déu c6
muc d6 twong doéng Vé trinh tu cao nhat véi cac trinh tu twong vng cua ca
nheo My Ictalurus punctatus rat gan véi cé tra nudi trong hé thong phan loai,
thuoc bd ca da tron Siluriformes. Cau tric gen/protein IGF1, IGF1R,
IGFBP-1, -2, -3, -5, -6, -7 clia ca tra nudi twong tu VGi CAu tric gen,
protein twong ng & cac loai ca xuwong khac, véi cac domain chirc nang
dién hinh.
4.2. Sy da dang di truyén cua cac gen thugc hé théng IGF cia ca tra
nuoi

Trong luan an, s lwong SNP nam trong viing khong ma hoa chiém ti
16 93,2%, phu hop véi thong ke tir cac nghién cau vé da hinh & quy md hé
gen da khang dinh ti 18 ndy khoang 90%. O quy mé gen dich, cc nghién
ctru tim kiém SNP trén cac gen lién quan dén ting truéng cua ca nhu: gen
Growth Hormone (GH) trén ca qué Siniperca chuatsi, gen IGF1 trén cé
chép C. carpio, gen myostatin-1 trén cd ngdo Ancherythroculter
nigrocauda, gen GH, IGF1 va Myogenin (MyoG) trén cé ré phi séng Nin
O. niloticus ciing dua tdi nhan dinh nay. Nguoc lai, s6 luong SNP gay thay
ddi trinh tu axit amin duoc phét hién trong luan &n chi chiém 3,8% tong s6
SNP duoc phét hién, day 1a mét ti 1& nho, co thé 1a do cac axit amin bi thay
d6i s& dan dén su han ché vé chiic niang, nén cac da hinh dang nay khdng
duoc uu tién giit lai trong qua trinh tién hoa. Biéu nay phd hop véi mot sé
nghién cau khéc trén ca xuong cling khang dinh ti 1 cac da hinh gay su
thay thé axit amin trén tong sé SNP duoc phat hién trén cac gen chiém ti 1&
thap, khoang 4% & cé hoi S. salar, 10% ¢ ca nheo My I. punctatus, ca bon
Solea solea L., 11% dén 14% & c4 bon Pai Tay Duong Scophthalmus
maximus.

Chi ¢6 10 SNP duoc sang loc thuoc cac gen IGF1, IGF1R, IGFBP-3,
-5, -6 va IGFBP-7 dé genotyping v&i bo mau kiém nghiém, chiém ti 1&
9,7%. Viéc khu trt duwgc mot phan nho cac SNP ¢6 kha ning cao lién quan
dén tinh trang thdng qua céc tiéu chi sang loc so b, dé tiép tuc phan tich &
cac budc tiép theo 1 rat can thiét dé dam bao tinh chinh x4c ma van tiét
kiém thoi gian va chi phi nghién ctru. Huéng nghién ctru nay tuong tu
nghién ctu trén c4 hoi Pai Tay Duong S. salar, sir dung 60 trén 7000 SNP
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dé xac dinh ca hoi ty nhién va ca hoi nudi, trén ca nheo luc Ictalurus
furcatus khi str dung 64 trén 4275 SNP dé genotyping xac dinh ca tu nhién
va ca dugc gia hoa, trén ca qué S. chuatsi khi st dung 48 trén 5205 SNP dé
danh gia cac tinh trang tang trudng.

Khoéng c¢6 SNP duogc sang loc trén cac gen IGF2, IGFBP-1 va gen
IGFBP-2 cua c4 tra nudi. Cac nghién ciru trén thé gidi phan 16n mai chi ra
duoc su lién quan & mac d6 biéu hién caa ba gen nay véi cac tinh trang
tang trudng cad nheo My I. punctatus, ca ludi trau Cynoglossus semilaevis,
ca rd phi séng Nin O. niloticus, ca vuoc chau Au D. labrax, cac loai ca
thudc ho Ca chép, c4 ngya van Danio rerio, nhung c6 rat it hodc chua co
nghién ctru chi ra mdi lién quan chat ché gitta SNP trén cac gen nay voi
cac tinh trang tang trudng cua ca xuong.

Bon SNP IGFBP-3. 704C>G, IGFBP-5. 525T>A, IGFBP-7. 344
T>C va IGFBP-7. 4559 C>A gay thay d6i trinh tu axit amin Leu8Val,
Vall6Glu, Leu78Pro va Leul89Met trén protein tuong ung. Trong do,
Leu8Val, Val16Glu duoc xac dinh nam trong chudi peptit tin hiéu ¢ dau N
cua protein IGFBP-3 va IGFBP-5. Do chudi peptit tin hiéu dong mot vai
trd quan trong trong viéc van chuyén va bai tiét protein IGFBP-3 va
IGFBP-5, nén tac dong cua nhiing su thay doi trinh tu axit amin trén Ién
chtrc nang cua hai protein nay cua ca tra nudi s& can tiép tuc duoc nghién
ctru sdu hon. So sanh trinh ty protein IGFBP-7 cua ¢4 tra nudi va mot sb
loai ca xuwong khac cho thay Leucine & vi tri 78, bi thay thé bai Proline do
SNP 344T>C, khéng nam trong ving bao tha, trong khi Leucine & vi tri
189, bi thay thé boi Methionine do SNP 4559C>A, lai nam trong ving bao
thir thuoc domain 1g va 1g3, von ¢6 chiic ning chinh trong mién dich.

4.3. Sw lién quan giira da dang di truyén ciaa cac gen thugc hé théng
IGF véi tinh trang tang trwéng cia ca tra nuoi

SNP 13680 A>T ¢ intron 2 cua gen IGF1 thé hién sy lién quan dén
tinh trang tang truedng caa cé tra nudi, phu hop vaéi cac nghién cau khac
cling tim ra cac SNP nam trén ving khong ma hoa caa gen IGF1 cd lién
quan dén tinh trang ting truéng cia cac loai ca xuong nhu ca chép C.
carpio, ca hoi Pai Tay Duong S. salar va trén céc loai gia sic va chim.
Trong s6 3 SNP duoc sang loc va genotyping cua gen IGF1R cua ca tra
nudi, chi cd6 SNP 13357 T>C trén intron 1 tiép tuc thé hién duoc su khac
biét vé thanh phan kiéu gen gitta hai nhom tang truong nhanh/cham, twong
tu nghién ctu vé da hinh trén gen IGFIR trén mot lodi c& ban dia Trung
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Quéc O. potamophila ciing xac dinh duoc 3 SNP trén ving khéng ma hda
nhung chi c6 1 SNP lién quan dén céc tinh trang ting truong quan trong.
Phan I6n cac SNP trén gen IGFBP-3 va IGFBP-5 lién quan dén tinh trang
tang truéng cta ngudi, lon, ca chép, ga déu nam trong ving khéng ma hoa.
Nhu vay, luan an da c6 phat hién mai vé 2 SNP nam trén ving ma héa lam
thay d6i trinh tu axit amin 14 IGFBP-3. 704 C>G (p.Leu8Val) va IGFBP-
5. 525 T>A (p.Vall16Glu) ¢6 lién quan dén sy tang truong cia ca tra nudi.
Picu nay, mat khac lai pht hop vai cac nghién ctu vé méi lién quan giira
cac SNP trén cac gen FOXO, MSTN, Myogenin gay su thay thé axit amin
véi tinh trang tang truéng caa cac loai thay san nhu ngao, Culter alburnus
(?) x Ancherythroculter nigrocauda (J3') va ca nheo My I. punctatus. C6
mot SNP ¢ trén gen IGFBP-6 duoc sang loc dé kiém nghiém nhung khdng
thé hién su lién quan téi tinh trang tang truéng cua cé tra nudi. Pidu nay
cling phu hop véi tinh hinh nghién ctu hién chua sang to vé vai trd va
chtrc ning cua IGFBP-6 ddi véi sy ting truong cia ca xuong. Hai SNP
2060 A>G trén intron 2 va 4559 C>A (p.Leul89Met) trén gen IGFBP-7
thé hién duoc mdi lién quan dén tinh trang ting truong cua cé tra nudi,
cung cd thém méi lién quan chat ché giira tinh trang tang truong cua cé
xuong vai cac SNP trén intron, cling nhu V6i cac SNP lam thay doi trinh
tu axit amin nhu cac nghién ctru truéc d6 da chi ra. Sau SNP tiém ning
lién quan dén tang truong co cac gia tri PIC da phan nam trong khoang
0,25 dén 0,5, cho thay mirc d6 da dang di truyén trung binh, 13 co s& tiém
nang cho viéc sir dung chdng trong chon gidng; va phan 16n cac gia tri
MAF trong khoang tir 20 dén 50 %, cho thay cac SNP nay la céc bién di
thuong gap, gop phan dang ké vao sy da dang di truyén. Riéng gié tri PIC
va MAF ciia SNP IGFBP-7. 4559C>A (p.Leul89Met) thap hon so v6i cac
SNP tiém ning con lai va khdng nam trong khoang gia trj trén, c6 thé do
SNP nay gay thay doi trinh tu axit amin trong ving bao thu cia domain 1g-
Ig3 cua protein IGFBP-7.

Péi vai gen IGFIR, mic di SNP 15392 T>A va 83894 A>G khong
thé hién duoc mai lién quan dén tinh trang ting truong cua cé tra nudi khi
dang riéng Ié nhung cac haplotype duoc tao nén tir 2 SNP nay va SNP
13357 T>C trén cing gen d6 lai lién quan chit ché dén tinh trang ting
truong. Tuong tu, d6i véi gen IGFBP-7, SNP 344 T>C (p.Leu78Pro)
khong lién quan dén tinh trang ting truéng cua ca tra nudi, nhung su két
hop cua SNP nay véi 2 chi thi SNP tiém nang trén cing gen la 2060 A>G
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va 4559 C>A (p.Leul89Met) ciing chi ra cac haplotype wu thé & mdi nhom
tang truong. Két qua nay chi ra ring cac SNP dung riéng Ié d6i khi khong
¢ y nghia, nhung khi dugc phan tich két hop véi cac SNP khac dudi dang
haplotype lai thé hién dugc sy lién quan dén tinh trang quan tAm, tuong tu
nhu vai tinh trang tang truéng cua ca vuoc miéng rong Micropterus
salmoides, cd nheo My I. punctatus va nhan manh vai trd cuaa chi thi
haplotype véi tinh trang ting truong nhu nghién ciu trén c hdi Dai Tay
Duong S. salar.
4.4. Phét trién chi thi phan tir SNP nham w&ng dung chen gidng cé tra
theo hudng tang truong

Tac dong tong hop cua 6 SNP tiém ning lién quan dén tl'nh trang
tang truong Cua ca tra nu6i duoc phan tich thong qua su khac biét vé tan s6
haplotype ciing nhu t6 hop Kkiéu gen gitta hai nhoém ting truong
nhanh/cham d3 cho thay su théng nhat, hop Iy va xuyén suét cua cac két
qua thu duoc, cung cap thém céc chi thi haplotype, t6 hop kiéu gen tiém
nang lién quan dén tinh trang quan tam. Tur do, tinh trang ting truong cua
ca tra nuoi cling dugc nhan dinh la tinh trang da gen, twong tu nhu tinh
trang ting trudng cua ca hdi van Oncorhynchus mykiss, ca chép C. carpio,
cung ¢ cho viéc phat trién chi thi phan ta dang panel, tich hop nhiéu SNP
tiém ning trén cac gen lién quan khac nhau dé danh gia tinh trang ting
truong.

KET LUAN

1. D3 phan tich duoc trinh tu va cau tric cua 9 gen thudc hé théng IGF
(bao gdm IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7, x4c dinh va giai
ma duoc cac ving gen chira SNP lién quan dén tinh trang tang truong.

2. Da phan tich va phat hién dugc 103 SNP trén 9 gen (IGF1, IGF2,
IGF1R, IGFBP-1, -2, -3, -5, -6 va -7) cua Cac cé thé ca tra thudc bo mau
khoi tao gdom cé thé tang truong nhanh va ca thé tang truéng cham, tir do
lya chon duge 10/103 SNP dé kiém nghiém trén bo mau kiém nghiém.

3. Pa kiém nghiém dugc 10 SNP trén bo mau kiém nghiém bang
phuong phap Kéo dai mot nucleotide (Single base extension) thu duoc 6
SNP lién quan dén tinh trang ting truong cua ca tra nudi bao gom: IGF1.
13680 A>T, IGF1R. 13357 T>C, IGFBP-3. 704C>G (p.Leu8Val), IGFBP-
5. 525T>A (p.Vall6Glu), IGFBP-7. 2060 A>G va IGFBP-7. 4559 C>A
(p.Leul89Met).

4. Pi phan tich duoc 11 haplotype, cac to hop kiéu gen phét sinh tir cac
SNP c6 tiém nang lién quan dén tinh trang tang truong cia ca tra nudi.
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KIEN NGHI
Can tiép tuc kiém nghiém su lién quan gitra tinh trang ting truéng
cua ca tra nudi va cac chi thi SNP ciling nhu cac haplotype, diplotype, cac
t6 hop kiéu gen phat sinh trén mét bo mau Ién hon nira, hudéng toi st dung
chung nhu cac chi thi phan tir hd tro chon giéng d6i vai tinh trang ting
trrong cua ca tra nuoi.

NHUNG PONG GOP MOI CUA LUAN AN
- b3 phat hién, phan tich, sang loc duoc 6 chi thi SNP tiém ning trén
9 gen thudc hé thong IGF lién quan dén tinh trang ting truong cua ca tra
nuoi.
- P phan tich cac haplotype, cac to hop kiéu gen phét sinh tir cac
SNP ¢6 tiém nang lién quan dén cac SNP ¢ tiém nang lién quan dén tinh
trang tang truéng cua ca tra nudi.
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