BO GIAO DUC VA PAO TAO VIEN HAN LAM KHOA HOC
VA CONG NGHE VIET NAM

HOC VIEN KHOA HQC VA CONG NGHE

TRAN THI HUYEN TRANG

NGHIEN CUU PA HINH MOQT SO GEN LIEN QUAN PEN
TiINH TRANG TANG TRUONG O CA TRA NUOI
(Pangasianodon hypophthalmus)

LUAN AN TIEN SI SINH HQC

Ha Noi — 2023




BO GIAO DUC VA PAO TAO VIEN HAN LAM KHOA HQC
VA CONG NGHE VIET NAM

HQC VIEN KHOA HOC VA CONG NGHE

TRAN THI HUYEN TRANG

NGHIEN CUU PA HINH MOT SO GEN LIEN QUAN PEN
TiINH TRANG TANG TRUONG O CA TRA NUOI
(Pangasianodon hypophthalmus)

LUAN AN TIEN SI SINH HQC

Chuyén nganh: Cong ngh¢ sinh hec
Ma so chuyén nganh: 9.42.02.01

X&c nhan cia Hoc vién Thay hwéng din
Khoa hoc va Cong nghé

TS. Kim Thi Phwong Oanh

Ha Ngi - 2023




LOI CAM POAN
Tbi xin cam doan ddy 1a cong trinh nghién ciru cua riéng t6i véi su huong dan
cua TS. Kim Thi Phuong Oanh. Nhitng két qua thu dugc cua luan &n 1a maéi, trung thuc
va chua timg dugc cong bd trong bat ky cong trinh ndo khac. Cac két qua cong bd

chung d3 dugc can b hudng dan va cac déng tac gia cho phép st dung trong Luan an.

Ha Noi, ngay  thang nam 2023

T&c gia luan an

Tran Thi Huyén Trang



LO1 CAM ON

Truéc tién, toi xin bay té 1ong biét on chdn thanh va sdu sdc nhat téi TS. Kim
Thi Phuong Oanh- Truong phong Hé gen hoc Moi truong, Vién Nghién ciu hé gen,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Tinh than say mé, nghiém tic trong
nghién cizu khoa hoc, su hwdéng dan tdn tinh va sw dong vién khich 1¢ cua cb la dong
luc 16n lao gitp tdi khdng nging cé geang, phdn dau, vieot qua nhiéu khé khan dé hoan
thanh Lugn an.

TOi xin chan thanh cam on Ban Lanh dao Vién nghién cuiu hé gen, Vién Han
lam Khoa hoc va Cong nghé Viér Nam da luén tao moi diéu kién thudn loi trong suot
qua trinh tdi hoc tdp va thuc hién Lugn an. Bén canh do, téi ciing xin gui loi cam on
deén cac nha khoa hoc, cac can bg nghién ciru cua Vién da cé nhirng gop y quy bau
trong cac busi bao céo, hgi thao, gitp tdi hoan thién Ludn &n cia minh.

Toi ciing xin chan thanh cam on ban Giam doc, tap thé can bé Hoc vién Khoa
hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam da tao diéu kién
thudn loi nhdt cho tdi trong qua trinh hoc tdp va nghién ciu tai day.

Sau cung, toi xin it loi cdm on sdu sdc dén gia dinh, ngwoi than va ban bé da
luén tin tuwong va dong vién tdi trong sust qua trinh hoc tap, nghién cizu va hoan thanh
Ludn an.

Ha Ngi, ngay thing nam 2023

Tac gia luan éan

Tran Thi Huyén Trang



MUC LUC
Trang

Trang phu bia
LOT CAM DOAN ..ottt i
LOT CAM ON .ottt i
IMUC LUC ..ottt ettt sttt et et e seebeeneatestesrenteneenean iii
DANH MUC CAC KY HIEU, CAC CHU VIET TAT .cocoviviieiiesieiese s vii
DANH MUC CAC BANG.......cooiiiiiiiiniinninsie sttt ix
DANH MUC CAC HINH VE, DO THI ....ooviviieeeeeeeeeeseeees s Xi
MO DAU ..ot 1
CHUONG 1. TONG QUAN ......ooieieeeeeeeeee e eeee e eer e et se et se e s st en s e en s neneens 3
1.1. Giéi thiéu chung vé ca tra nudi Pangasianodon hypophthalmus......................... 3
1.1.1. Vi tri phan 1ogi va ddc diéM SINNNOC ..o, 3
1.1.2. Tinh hinh nudi trong Va gid tri KINN 16 .........ccvvveveeveeereeeeeeeeeee s, 4
1.1.3. Cac nghién citu lién quan dén chon giong CA tra.......c..cc.ceeeveeevsresrnrnrnnnn, 4
1.2. Tang trudng (phat trién co) & €4 va CAC gen liEn QUaN ...........cccovvvveeveveeeseeeeenene, 7
1.2.1. Qud trinh tAng triroNQ 0 CA c..ccueeveeeee e sre e 7
1.2.2. Diéu hoa tAng tFUONG G CA...c.ovveeeveevesrseeieeeerssesssssesses s sesssassessessensn s, 8

1.2.3. Mét 6 gen lién quan dén tinh trang ting triéng da dweoc nghién ciru ¢ ca

1.3.1. Vai tro, chizc ning ciia mét sé protein thuge hé thong IGF doi Véi su ting

treONG CUA SINN VAT e e 12



\Y
1.3.2. Bdc diém cdu tric mét sé gen va protein twong 1ng thuge hé thong IGF
CUA CA XUOTIG ...tttk ettt b e b e e e e e et e et e e nne e ne s 15

1.4. Co s¢ tién hanh xéac dinh cac da hinh don nucleotide (SNP) trén mot sb gen

thudc hé théng IGF lién quan dén tinh trang ting trudng cia ca tra nubi................. 22

1.4.1. Vai tro quan trong cua SNP trong viéc xdc dinh cac chs thi phan tu lién

quan dén NN traNG QUAN TAM ......oeveeeieeeeeeseeeee st 22
1.4.2. Mét 86 phirong phép xdc dinh SNP (SNP genotyping) trén gen dich ........ 23

1.4.3. Céc nghién cizu vé SNP trén mét so gen thuge hé thong IGF lién quan dén

tinh trang tang truoNQ G CA XUONG .....c.veviiiiiiiiie e 28

1.4.4. Cac gen thugc hé thong IGF dda dwoc xdc dinh dira trén thong tin hé gen ca

L= 11010 U SUPT RS 30
CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP .......ccccoovvimrnrreireiieiniinns 33
2.1 NQUYEN VAL HEU ...ttt et re e snne s 33
2.2, PRUONZ PRAP ..ottt 35
2.2.1. Phan tich cau tric Cila cdc en dich ..........umweeeererreeeeeeeeeieeeseseessesenieeens 35
2.2.2. TACH Chiét DNA TONG SO......cveeveereeeveereseesierieeteseesssssessessessessessesessessnsensenens 36
2.2.3. Khuéch dai cac gen bang phdn NG PCR........c.coveveeeeeeeeeeeeeeeee e 36

2.2.4. Gidi trinh tw cac gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7 bcing
PRUONG PRAD SANGEF ...ttt 46

2.2.5. Kiém tra tinh xac thuc cua két qua gidgi ma bang Sanger so véi trinh tie
ENAM CRIGU......ecveeeee ettt 47

2.2.6. Phat hién va sang loc cdc SNP trén cdc gen dich trén bé mau khéi tao ....47

2.2.7. Xdc dinh cdc SNP duwoc sang loc trén bg mdu kiém nghiém bang phirong

phap kéo dai mot nucleotide (SBE) .......c.cccueiieiieiiiiiccec e 49
2.2.8. PRAN tICh diZ TIEU........ocveiiciieece e 52

CHUONG 3. KET QUA ..ottt ettt 54



\Y

3.1. Phan tich ciu tric cua mot s6 gen/protein thudc hé thdng IGF cua ca tra nudi .54

3.1.1. Cac gen ma hoa IGF (IGF1 va IGF2) va cac protein tuwong ung............... 54
3.1.2. Gen méa hda thy thé IGFI (IGFIR) va protein twong vy ......c..eevvrvenen. 57
3.1.3. Mét s6 gen ma hoa IGFBP va céac protein twong UNg........occoeeeveeveernrrnnnn. 59

3.2. Xac dinh tinh xéc thyc cua trinh tu giai ma bang Sanger so véi trinh ty tham

52T SRS 63
3.3.1. Phét hién va sang loc SNP trén gen IGFL .......cccccovvvveievecice e 63
3.3.2. Phat hién va sang loc SNP trén gen IGF2 .........ccccovvevievecceccecce e, 65
3.3.3. Phat hi¢n va sang loc SNP trén gen IGFLIR ........ccccooevieiieveececce e 67
3.3.4. Phat hi¢n va sang loc SNP trén gen IGFBP-1 ........ccccoeivevievicce e, 69
3.3.5. Phat hién va sang loc SNP trén gen IGFBP-2 ........ccccccevveviivecceececee, 70
3.3.6. Phét hién va sang loc SNP trén gen IGFBP-3 ... 71
3.3.7. Phat hi¢n va sang loc SNP trén gen IGFBP-5 ..., 73
3.3.8. Phat hi¢n va sang loc SNP trén gen IGFBP-6 .........c.ccceevevievicce e, 75
3.3.9. Phét hién va sang loc SNP trén gen IGFBP-7 ..o 78

3.4. Phan tich su lién quan dén tinh trang tang truéng cia cac SNP duoc sang loc .82
3.4.1. SNP genotyping trén c4c cé thé thugc bé mau kiém nghiém. ...................... 82

3.4.2. Phan tich mai lién quan giiza SNP dwoc sang loc va tinh trang tang truéng

(o3 1N ox- MU £ W 100 )] (VTR TUOT TR 84
CHUONG 4. THAO LUAN ..ottt ettt ettt ee et en e 98

4.1. Trinh tu va cau tric hoan chinh cua céc gen thudc hé thong IGF cua cé tra nudi

duoc phan tich twong ddng Vi cac 10ai cd xwong KhAc .........cvveevveeeeeeeeeeeeeeae 98

4.2. Sy da dang di truyén cua cac gen thuoc hé thong IGF cua ca tra nudi............. 100



Vi

4.3. Sy lién quan gitra da dang di truyén cua cac gen thudc hé théng IGF vai tinh

trang tang trrdNG CUA CA TrA NUOT ....oveveieiiiicie e 105

4.4. Phat trién chi thi phan tir SNP nham ¢ng dung chon gidng c4 tra theo huéng

12 0Tl 1 1 (o 0o (USSP 108
KET LUAN VA KIEN NGHL.....cooviiieieieieseeieeiee e sesseseesaesies s sesssss s sessenes 110
DANH MUC CONG TRINH CUA TAC GIA ..ot 111
TALLIEU THAM KHAO. ..ot sess s anss s 112

PHU LUC .t 126



Tén
viet tit

AFLP

ALS
Alt
ATP
BLAST

CDS
CpG
Cys

E
EBV
FRET

GF
GH
GHIH

GHRH

H
|

IGF
IGFBP

IGFBP-rP
IGFR

LD

Vil

DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Tén diy di

Amplified fragment length
polymorphism
Acid labile subunit

Alternative
Adenosine triphosphate

Basic Local Alignment Search
Tool
Coding sequence

Cysteine
Exon
Estimated breeding value

Fluorescence resonance energy
transfer
Growth factor

Growth hormone

Growth hormone-inhibiting
hormone

Growth hormone-releasing
hormone

Haplotype

Intron
Insulin like growth factor

Insulin like growth factor
binding protein
IGFBP-related protein

Insulin like growth factor
receptor
Linkage disequilibrium

Nghia tiéng Viét dung trong
ludn an

Da hinh chiéu dai cac doan khuéch
dai
Tiéu don vi axit khéng bén

Thay thé

Cong cy tim kiém so sanh trinh ty co
ban

Vung ma hoa

Do CpG

Exon
Gia tri chon gidng udc doan

Chuyén d6i nang luong cong hudng
huynh quang
Nhén t6 tang truong

Hormone tang truong

Hormone trc ché hormone ting
trudng

Hormone giai phong hormone tang
trudng

Kiéu gen don boi

Intron
Nhan t6 ting truéng twong ty insulin

Protein bam voi IGF

Protein lién quan dén IGFBP
Thuy thé IGF

Mit can bang lién két



LOH
MAF
MAS
MRFs
NCBI

NGS
NN
NST
PIC

QTL
RAD

RAPD

Ref
RNA-seq
SAP
SBE
SNP

SP
MAP
TTC
TTN
UTR
WGS

Loss of heterozygousity
Minor allele frequency
Marker-assisted selection
Myogenic regulatory factors

National Center for
Biotechnology Information
Next generation sequencing

Non-identified
Chromosome

Polymorphism information
content
Quantitative trait loci

Restriction site associated
DNA

Random amplified
polymorphism DNA
Reference

RNA sequencing
Shrimp alkaline phosphatase
Single base extension

Single nucleotide
polymorphism
Signal peptide

Simple sequence repeat

Untranslated region

Whole genome sequencing

viii

Mit tinh di hop tir

Tén s6 alen thiéu sb
Chon gidng nho chi thi
Cac nhan t6 diéu hoa co

Trung tdm Thong tin Cong nghé sinh
hoc Quéc gia
Giai trinh tu gen thé hé moi

Khong xac dinh duogc
Nhiém sic thé

Thong tin da hinh

Locus quy dinh tinh trang s lugng

Vi tri cit cia enzym gidi han trén
DNA
Nhan ngau nhién DNA da hinh

Tham chiéu

Giai trinh ty RNA

Kéo dai mot nucleotide

Pa hinh don nucleotide

Peptit tin hi¢u

Doan 13p trinh ty don gian
Tang trudng cham

Tang truong nhanh

Vung khong dich ma

Giai trinh tu toan bg h¢ gen



DANH MUC CAC BANG

Bang 1.1. Céc gen thudc hé thong IGF ctia CA tra NUOI..........c.cveveeeeeeeeeeeeeeeeeeeeeee e, 31

Bang 1.2. Sb dinh danh trinh tw gen, mMRNA, protein trén NCBI cia mot s gen trong

hé thong IGF cua c4 tra nudi duoc lwa chon dé phan tich CAU triC..........coeveeveeeereenne, 32
Bang 2.1. Thong tin 20 ca thé ca tra nudi trong bo MAu Khdi ta0........ccoeeeevveeeveceennee. 34
Bang 2.2. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGF1......... 37
Bang 2.3. Danh sach c&c cip mdi duoc thiét ké nhdm nhén cac doan gen IGF2.......... 38

Bang 2.4. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGF1R........40
Bang 2.5. Danh sach cé&c cap moi duoc thiét ké nham nhén cac doan gen IGFBP-1....41
Bang 2.6. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGFBP-2....42
Bang 2.7. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGFBP-3....44
Bang 2.8. Danh sach céc cip mdi duoc thiét ké nhdm nhén cac doan gen IGFBP-5....44
Bang 2.9. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGFBP-6....45
Bang 2.10. Danh sach céc cip mdi duoc thiét ké nham nhén cac doan gen IGFBP-7..46

Bang 2.11. Trinh tu mdi nhan cac doan chita SNP duoc sang loc va mdi SBE cho phan

ung kéo dai mot nUCIEOLIdE (SBE) ......c.oiiiiiieise e 50
Bang 3.1. Danh sach cac SNP duoc phat hién trén gen IGFL ........cccooviveeveviee e 65
Bang 3.2. Danh sach cac SNP duoc phat hién trén gen IGF2 ... vvvvevvvveee 66
Bang 3.3. Danh sach cac SNP duogc phat hién trén gen IGFLIR........cccooviiiiiiiiiee, 68
Bdng 3.4. Danh sach cac SNP duoc phéat hién trén gen IGFBP-1.......ccccooevvvveieiinne. 70
Bang 3.5. Danh sach cac SNP dugc phéat hién trén gen IGFBP-2.........ccccovviiiiiienen, 71
Bdng 3.6. Danh sach cac SNP duoc phéat hién trén gen IGFBP-3.........cccocevvvveieninee. 73
Bang 3.7. Danh sach cac SNP duoc phéat hién trén gen IGFBP-5........ccccoviiiviiniene. 75
Bdng 3.8. Danh sach cac SNP duoc phéat hién trén gen IGFBP-6..........cccccevvvveieninee. 77
Bang 3.9. Danh sach cac SNP duoc phéat hién trén gen IGFBP-7 ..., 80
Bang 3.10. Danh sach cac SNP duoc sang loc trén bo mau Khoi tao ............cceveveeeee. 82

Bang 3.11. Phan tich méi lién quan gitra SNP 13680 A>T trén gen IGF1 vai tinh trang

tANg trirdNQG CUA CA T NUOK.....cvveiieieeie et e e ae s 85



X

Bang 3.12. Phan tich méi lién quan gitta 3 SNP trén gen IGF1R véi tinh trang ting
tIUONG CUA CA T NMUOI. ...veveieeie ettt e b sreeneebenre s 86

Bang 3.13. Phan tich su mat can bang lién két (linkage disequilibrium (LD)) cua 3 SNP

trén gen IGF1R thdng qua gid tri D’ VA R2.....cccciiiiiiieiic e 87
Bang 3.14. Phan tich méi lién quan giita haplotype phat sinh tir 3 SNP caa gen IGF1R
[én tinh trang tang trudNQ CUA CA tra NUOI. ....eccvveieeie e 88
Bang 3.15. Phan tich méi lién quan giita SNP 704 C>G (p.Leu8Val) trén gen IGFBP-3
Vi tinh trang tang trudNQ CUA CA Tra NUOT .....ccveiveiie e 89
Bang 3.16. Phan tich méi lién quan gitta SNP 525 T>A (p.Val16Glu) trén gen IGFBP-
5 vai tinh trang tang trrdNg ClA CA tra NUOT ......c.eiveiviiieieieieee e 90
Bang 3.17. Phan tich mai lién quan giita SNP 2278 C>A trén gen IGFBP-6 vai tinh
trang tang trurGNG CUA CA TrA NUOT .....eveveieieieeeee et 91

Bang 3.18. Phan tich mai lién quan giita 3 SNP trén gen IGFBP-7 véi tinh trang ting
tIUONG CUA CA A NMUOI. ...veveieciecie ettt sreene e renre s 92
Bang 3.19. Phan tich su mat can bang lién két (linkage disequilibrium (LD)) cia 3 SNP
trén gen IGFBP-7 thong qua gid tri D’ va R2. ..o 93
Bang 3.20. Phan tich méi lién quan gitra haplotype phat sinh tir 3 SNP caa gen IGFBP-
7 18N TiNN trang tANG trIOMNQ . ....eveiieeeieseeie et reere e sne e 94
Bang 3.21. Phan tich tac dong cua cac haplotype phét sinh tir 6 chi thi SNP duoc lua
chon Ién tinh trang tang tredNg CUa CA tra NUOL........ccveierieieie e 95
Bang 3.22. Phan tich tic dong cua cac to hop kiéu gen phét sinh tir 6 chi thi SNP duoc

lua chon Ién tinh trang tang trurdng Ciia Ca tra NUOT ......covvevvveieieseeee e 97



Xi

DANH MUC CAC HINH VE, PO THI

Hinh 1.1. C4& tra nu6i Pangasianodon hypophthalmus ..........c.ccccoviieviiiiiincie e 3
Hinh 1.2. Sy phét trién co sau giai doan phdi & C4 XWONZ .....c.veeveeeereeeseeeseeeseeeeeeean. 8
Hinh 1.3. M6 hinh diéu hda phat trién co & Chu....oviverveieeiceseieeeeeseseees s, 9
Hinh 1.4. H& thdng IGF & dONG VAL CO VU.....e.veieeeeeeeeeeeeeeeeeeeeseeees s 12
Hinh 1.5. C4u trdc tién than IGF va cau trdc bac ba caa protein IGF & ca xuong. ....... 16
Hinh 1.6. CAu trac tetramer IGF1R gém 2 chudi di dimer alphabeta..............cccoe....... 18
Hinh 1.7. Céu trlc gen, protei"n IGF1Ra (A) va IGF1Rb (B) cua cé4c 10di Ca.............. 20
Hinh 1.8. C4u tric gen va protein cia CAC IGFBP...........cc.ocvvvveereeeeeeeseeesee s 21
Hinh 1.9. Nguyén ly k¥ thuat PCR dac hi¢u alen dua trén FRET ......ccooovvvvvivvinine, 25
Hinh 1.10. Hinh anh minh hoa qua trinh thuc hién thi nghiém SBE sir dung SNapShot
........................................................................................................................................ 26
Hinh 2.1. N6i dung nghién ctru va cac nhém phuong phap nghién ctru twong ung......35
Hinh 2.2. Vi tri cac cdp moi duoc thiét ké trén trinh tw gen IGFL ......coovvvevveeeveee, 37
Hinh 2.3. Vi tri cac cap moi duoc thiét ké trén trinh tw gen IGF2 ........coovvvvcevieeen, 38
Hinh 2.4. Vi tri cac cap moi duoc thiét ké trén trinh tw gen IGFIR ......covvvvcvvcveeeee, 39
Hinh 2.5. Vi tri c4c cdp moi duoc thiét ké trén trinh tu gen IGFBP-1 .......c.cocvvveeeee.e. 41
Hinh 2.6. Vi tri cac cap moi duoc thiét ké trén trinh tu gen IGFBP-2..........ccovevevneee, 42
Hinh 2.7. Vi tri cac cap mdi duoc thiét ké trén trinh tu gen IGFBP-3, IGFBP-5 va
IGFBP-6 ... 43
Hinh 2.8. Vi tri cac cdp modi duoc thiét ké trén trinh tu gen IGFBP-7 .......coovvcvvvenee. 45
Hinh 2.9. Tiéu chi sang loc cac SNP duoc phat hién & bo mau Khoi tao ...................... 48
Hinh 3.1. Két qua phan tich cau tric gen va protein IGF1 ciia C& tra NUBI.................... 54
Hinh 3.2. Két qua phan tich cau triic gen va protein IGF2 cua ca tra nudi.................... 56
Hinh 3.3. Két qua phan tich ciu triic gen va protein IGF1R cua ¢4 tra nudi.................. 58
Hinh 3.4. Két qua phan tich cau trc gen, protein IGFBP-1 va IGFBP-2...................... 59
Hinh 3.5. Két qua phan tich ciu tric gen, protein IGFBP-3 (A), IGFBP-5 (B) va

TE =L (o N 60

Hinh 3.6. Két qua phan tich cau tric gen va protein IGFBP-7. ........c..cccocvvvvevveerennnen. 62



xii
Hinh 3.7. Két qua phat hién IGF1.13680 A>T trén gen IGF1 thong qua so sanh cac
trinh ty twong tng duoc giai ma bang phuong phap Sanger véi trinh ty tham chiéu. ..64
Hinh 3.8. Két qua phat hién IGF1R.83894 A>G trén gen IGF1R théng qua so sanh cac
trinh ty twong tng dugc giai ma bang phuwong phap Sanger véi trinh ty tham chiéu. ..67
Hinh 3.9. Két qua phét hién IGFBP-3.704 C>G trén gen IGFBP-3 thong qua so sanh

c4c trinh ty twong tmg dugc giai ma bang phwong phap Sanger véi trinh tu tham chiéu.

Hinh 3.10. Két qua phat hién IGFBP-5.525 T>A trén gen IGFBP-5 théng qua so sanh

c4c trinh ty twong tmg duogc giai ma bang phuong phap Sanger véi trinh tu tham chiéu.

Hinh 3.11. Két qua phat hién IGFBP-6. 2278 C>A trén gen IGFBP-6 thong qua so
sanh céc trinh ty twong tng duogc giai ma bang phuong phap Sanger vdéi trinh ti tham

oL 1T TCTT TP 76
Hinh 3.12. Két qua phat hién IGFBP-7.4559 C>A trén gen IGFBP-7 thdng qua so sanh

c4c trinh ty twong tmg duoc giai ma bang phuong phap Sanger vai trinh tu tham chiéu

Hinh 3.13. Két qua dién di mao quan san pham SNaPshot trén mot mau dai dién caa
nhém moi SBE thir nhat sau khi duoc phan tich trén phan mém GeneMapper. ........... 83
Hinh 3.14. Két qua dién di mao quan SNaPshot trén mot mau dai dién cua nhém mai
SBE thtr hai sau khi dwoc phan tich trén phan mém GeneMapper. ........ccovveevvvernenne. 84
Hinh 4.1. Két qua phan tich vi tri caa cac SNP duoc phat hién trén cac gen........... 100

Hinh 4.2. Ti 16 cac SNP duoc sang loc trén tong sé SNP duoc phét hién trén cac

Hinh 4.3. Két qua so sanh céc trinh tu protein IGFBP-7 cuaa ca tra nudi

(Pangasianodon hypophthalmus) va cac loai ca xwong khac............................. 103



MO AU

Cé tra nudi (Pangasianodon hypophthalmus) la loai c& cua vung Iuu vuc sdng
Mé Koéng va song ChaoPhraya (Thai Lan), dugc nudi phé bién va cé gia tri kinh té
rat 16n ¢ Viét Nam va mot s6 nuéc khac. Theo quyét dinh 50/2018/QD-TTg cua
Tha tudng chinh phu, ca tra 1a d6i twong nudi chi luc ¢ nudc ta phuc vu xuat khau
va tiéu thu trong nuéc. Tuy nhién nghé nudi cé tra cua Viét Nam dang gap nhiéu
thach thac 16n nhu chat luong giéng ngay cang giam sut, hang nam dich bénh xay
ra lam thiét hai 16n cho ngudi nudi. Pé phat trién bén viing nganh san xuat c4 tra,
mét trong nhitng nhiém vu cap thiét can thyc hién dau tién chinh Ia nang cao chat
lwong ngudn gidng.

Tang truong la tinh trang duoc quan tdm hang dau trong cac chwong trinh
chon gidng thay san. Chuong trinh chon gidng c4 tra theo hudng ting truéng nhanh
duwa trén di truyén sé luong da duoc thuc hién tir nam 2001. Viéc két hop giita di
truyén sb luong va di truyén phan tir da gitp rat ngin thoi gian chon gidng, dat nén
mong ban dau cho cong tac chon gidng va nghién ciru da dang sinh hoc cua giéng
thay san c6 gia tri kinh té cao nay. Trong chon giéng nho chi thi (Marker - assisted
selection (MAS)), trén thé giéi, chi thi da hinh don nucleotide (Single-nucleotide
polymorphism (SNP)) da duoc trng dung thanh céng ¢ cac loai cd, giap xac va hai
manh vo. Véi thanh tyu giai ma hé gen cé tra nudi duoc céng bd gan day, viéc
nghién ctu sy da dang di truyén caa cac gen lién quan dén tinh trang ting truong
cua cé tra nudi hira hen mang dén trién vong khai thac nhanh théng tin hé gen,
huéng téi tng dung som nhat co6 thé cac chi thi SNP trong cong tac chon gidng céa
tang truedng nhanh.

Hé thong cac yéu té tang trudng twong tu insulin (Insulin-like Growth Factor
(IGF)) bao gom cac phéi tar IGF1, IGF2, cac thy thé tuong 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 dan t6i qua trinh ting truéng, biét hoa va ting sinh té bao.
Mic di viéc tim kiém céc chi thi SNP trén cac gen thuoc hé théng IGF lién quan

dén tinh trang tang truéng da duoc tién hanh & mot sé loai ca xwong, tuy nhién sb
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lwong cac nghién ciu van con han ché va chua timg duoc trién khai trén déi twong
ca tra nuoi.

Dya vao nhimng co sé néu trén, Luan an quyét dinh nghién ctu da hinh SNP
trén mot sé gen thudc hé théng IGF lién quan dén tinh trang ting truéng & ca tra
nudi, tim ra chi thi phan tir hd tro chon gidng ca tra nudi theo hudng ting truong
nhanh, phuc vu nhu cau cia nganh nudi tréng thay san ¢ nudc ta.

Muc tiéu nghién ceiru cra lugn an

Nghién cau phat hién cac da hinh SNP trén mot sé gen thudc hé thong IGF
va kiém nghiém sy lién quan ctia cac SNP nay véi tinh trang ting truong ¢ ca tra
nudi, & xuat duoc mot s chi thi phan tir tiém ning hudéng téi tng dung trong
chuong trinh chon gidng c4 tra theo hudng tang trudng.

Ngi dung nghién ciu cia lugn an:

- Phan tich cau trlc cac gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7
thudc hé thdng 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 ty so véi trinh ty tham chiéu.

- Giai trinh tu cac vung quan trong thudoc 9 gen néu trén trén bo mau khoi tao
gom 10 cé thé tang truong nhanh va 10 cé thé tang truéng cham bang phuong phap
Sanger, so sanh céc trinh ty twong tmg thu duoc Véi trinh tu tham chiéu dé phét hién
SNP trén cac gen va sang loc cac SNP.

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

- Phan tich dit liéu SNP thu duoc tir ca bo mau khoi tao va bo mau kiém
nghiém, gdbm tong cong 80 ca thé ting truong nhanh va 80 ca thé tang truong cham,
phan tich su lién quan cua cac SNP duoc sang loc, cac haplotype, t6 hop kiéu gen
lién quan véi tinh trang tang truong cua cé tra nuoi.

Nhitng dong gop méi cia lugn an:

- Pa phat hién, phan tich, sang loc dugc 6 chi thi SNP tiém nang trén 9 gen
thudc hé théng IGF lién quan dén tinh trang ting truéng cua ca tra nudi.

- B phan tich cac haplotype, cac to hop kiéu gen lién quan dén cac SNP ¢6

tiém nang lién quan dén tinh trang ting truéng cta ca tra nuoi.
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CHUONG 1. TONG QUAN
1.1. Giéi thiéu chung vé ca tra nudi Pangasianodon hypophthalmus
1.1.1. Vi tri phan logi va déc diém sinh hoc

Loai ca tra nudi Pangasianodon hypophthalmus (Sauvage, 1878) cé tén gbc la
Helicophagus hypophthalmus (Sauvage, 1878), hay con cd tén khac la Pangasius
sutchi, thuoc chi Pangasius, ho ca tra (Pangasiidae), bo ca da tron hay ca nheo
(Siluriformes), 1a mot trong nhitng loai ca dwoc nudi phd bién cua ving luu vuc
séng Mé Kong (Viét Nam, Théi Lan, Lao, Campuchia). O Théi Lan, c4 tra con dugc

gap o luu vuc séng Chao Phraya [1].

Hinh 1.1. Ca tra nubi Pangasianodon hypophthalmus

Ca tra nubi P. hypophthalmus la ca da tron than dai, sau det va khéng c6 vay;
dau tuong d6i nho, mat I6n, miéng rong, rang nho, sic nhon; viy mau xam den hoic
den, tia vay lung 6, mau sic co thé dong nhit véi mau xam nhung d6i khi cé sic
Xanh luc va cac mat bén mau bac, con non c6 mét soc den doc theo duong bén. Ca
¢6 kha ning di cu manh mé véi quing duong vai traim km tir ving thuong nguén
dén noi sinh san, noi kiém an va wong dudng & ha ngudn.

Ca truong thanh c6 thé dat chiéu dai co thé t6i 130 cm va khdi lugng 1én dén
44 kg. C4 tra nudi thé hién tinh séng day véi pham vi pH tir 6,5 dén 7,5 va nhiét do
tir 22 dén 26°C va thé hién tinh an tap, v6i thic dn gdm tao, thuc vat bac cao, dong
vat phu du va con trung, ca 16n con an trai cay, dong vat gidp xac va ca.

V& sinh san, trong diéu kién nudi nhdt ciing nhu trong tu nhién, con cai mat
khoang ba nam con con duc mat khoang hai nam dé thanh thuc khi dat can nang
khoang 3 kg. Mua vy thanh thuc cua ca trong ty nhién bat dau tir thang 5-6 dwong
lich. C4 c6 tap tinh di cu dé ty nhién trén nhimg khuc séng co diéu kién sinh thai
phu hop, sau khi trimg duoc dé ra khoang 24 gio s& né thanh cé bot va troi vé ha
ngudn. Mot con céi trudng thanh ning 10 kg c6 thé dé hon mot triéu qua trimg. Ca

tra ty nhién thuong sinh san hai 1dn mdi nim, nhung trong diéu kién nudi 16ng &
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Viét Nam da ghi nhan duogc 14n sinh san tht hai cta c tra chi cach tir 6 dén 17 tuan
sau 1an sinh san dau tién [2].
1.1.2. Tinh hinh nuéi tréng va gia tri kinh té

Do c6 thit tring, khong mui, b6 dudng, chia nhiéu cac thanh phan vitamin
A, D, E, cac axit béo khdng no thiét yéu cho co thé, khong chira cholesterol, huong
vi sau khi ndu thom ngon, gia ca phai ching nén ca tra dwgc wa chudng st dung,
nhat 1a ¢ chau Au va chau My. Can ct Quyét dinh s6 50/2018/QD-TTg ngay 13
thang 12 ndm 2018 cua Thu tudng chinh phu, ca tra 1a dbi twong thuy san nudi cha
luc & nuéc ta, phuc vu xuéat khau va tiéu thu trong nudc. Theo bao cdo tir Hiép hoi
ché bién va xuat khau thiy san Viét Nam (VASEP), nam 2021 du d6i mit véi dich
Covid-19, xuit khau c4 tra van tang 8,4% so voi 2020, kim ngach xuét khau dat trén
1,61 ty USD [3]. Theo Bo Nong nghiép va Phat trién Nong thon (Bo NN&PTNT),
trong nam 2022, nganh ca tra du kién ké hoach san xuat véi san lugng cé thuong
pham dat 1,6-1,7 triéu tdn; kim ngach xuat khau dat trén 1,6 ty USD [4]. Cu thé, ké
hoach nam 2022 cia Pong Thap, mot trong ba ving nudi cé tra 1on nhat dong bang
song Ctru Long, 1a ting dién tich tha nudi nhim ting san luong 1én 495.000 tin
(tang 1,8% so vo1 nam 2021), ngoai ra, tang san lugng ca tra bot 24.000 tri¢u con
(ting 28,3% so v&i nam 2021) va san luong ca tra gidng 1.750 triéu con (ting
55,4% so vai nam 2021) [4]. Tinh chung quy I nam 2022, san luwgng ca tra dat 342,6
nghin tan, ting 6,5% so voi cing Ky nam trugc. Tinh dén thang 5/2022, xuat khau
ca tra ca nudc ude dat hon 1,1 ty USD, ting 97% so véi cung ky nam 2021, cac
doanh nghiép ché bién va xuat khau ca tra dang tich cuc mé rong thi truong moi
song song véi xuét khau sang cac thi truong truyén théng nhu My, chau Au [5]. Bé
dat dugc muc tiéu dé ra, Bo NN&PTNT yéu ciu cac dia phuong nang cao chét
lugng gidng cé tra, chi dao san xuat cung tng da con giong chat luong cao dé nang
cao hiéu qua san xuat, giam hao hut, ha gia thanh san xuat [4]. Mot trong sé nhitng
nhiém vu cap thiét chinh l1a trién khai va tng dung cac két qua thu duoc tir cac
chuong trinh chon gidng hudng téi nang cao tinh trang ting truong ciing nhu chdng
chiu bénh trén ca tra nudi.

1.1.3. Cac nghién citu lién quan dén chen giéng ca tra
Trong nhitng ndm gan day, ¢ nudc ta, cac nghién ciu nham nang cao chat

lwong di truyén va kiém soat dich bénh & mot sé gidng thay san da ngay cang duoc
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chu ¥ dén. Trong d6, c4c nghién ctru da va dang tién hanh trén ca tra di dat nén
mong ban dau cho cong tac chon gidng va nghién ciru da dang sinh hoc cua giéng
thay san c6 gia tri kinh té cao nay.

Céac tac gia Pham Anh Tuin va Nguyén Hitu Ninh (2003) di st dung 4
microsatellite tim kiém méi twong quan giita marker phan tir vgi mau sic thit cia céa
tra [6]. Nam 2015, tac gia Nguyén Minh Thanh va cong su da nghién ciu hé gen
chtc nang & md than caa ca tra nudi nham xac dinh c&c gen tiém ning lién quan dén
kha ning chiu min cua cé tra [7]. Mot sb nghién ctru da dang di truyén sir dung cac
marker phan tir nhu RAPD va AFLP [8], [9] va chi thi phé&n tir microsatellite danh
gia da dang di truyén quan dan [10] di dwoc tién hanh trén cé tra.

Céc chuong trinh chon tao giéng ca tra nudi duoc Vién Nghién cau Nudi
trong Thiy san 2 bit dau tir nim 2001. Tir d6 cho dén nam 2016, cac dé tai lién
quan dén cac chuong trinh chon tao giéng duoc tién hanh xuyén sudt va co tinh ké
thira, bao gdm: 1) chuong trinh chon giéng dau tién (2001 — 2005) trén ca tra theo
tinh trang tang truong bang phuong phap chon loc ca thé, vai su hd tro kinh phi cua
Hop phan Phat trién Nudi trong Thay san (SUFA), 2) dé tai nghién ciu cip Bo
‘Chon gidng cé tra nham tang ti 1¢ philé bang chon loc gia dinh’ (2006 — 2008) V&i
hai tinh trang chon loc 1a tang truong va ti 1¢ philé, 3) dé tai cip nha nudc thuoc
Chuong trinh Cong ngh¢ Sinh hoc Nong nghi¢p Thuy san ‘Panh gia hiéu qua chon
giong cé tra vé ting truong va ty 18 philé’ tiép tuc duoc thyuc hién trong giai doan
2010 — 2012, 4) dé tai ‘Ung dung di truyén phan tr va di truyén sé luong chon
giong nang cao tdc do sinh truong ca tra’ ciing thudc chuong trinh Cong nghé Sinh
hoc NOng nghiép Thuy san dugc thuc hién trong giai doan 2013 — 2016 tap trung
nghién ctu vao tinh trang ting truong. Cu thé, cac dé tai &p dung ly thuyét di
truyén sé lugng va mot phan di truyén phan tir vao chon giéng ca tra nang cao toc
d6 tang truong qua 3 thé hé. Quan thé chon gidng ban dau (G0) co bién di truyén
cao duogc thanh 1ap dua trén ca bé me c6 ngudn gdc tir 3-4 trai giéng khac nhau va
dugc danh bat tir tw nhién trude d6. Phuong phap ghép phdi thi bac va giai thira
mot phan duoc ap dung thé hé G1-G3 cho phép udc tinh cac théng sé di truyén
chinh xac va tir d6 4p dung cho chon loc chinh xac. Phuong phap danh dau tir PIT
(Passive Integrated Transponder) phan biét dén ting ca thé dugc 4p dung nhim

phan biét dén tirng ca thé dé so sanh tdc do tang truong cia ca thé va phdi tranh can
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huyét trong cac dé tai. Cac phan mém théng ké va céc thuat todn méi va hién dai
ludn dugc cap nhat va ap dung nhu Excel, SAS, R va ASReml dugc dung dé quan
ly va xu ly s6 ligu, dé wac tinh céc théng sb di truyén chinh xéac va tir 6 ap dung
cho chon loc chinh xac hon. Bic biét, phuong phap dong gop tdi wu OC (Optimum
Contribution) dwgc ap dung nham xac dinh cac ca thé va gia dinh can chon loc va
phdi san xuét gia dinh tao thé hé tiép theo dé tdi vu hiéu qua chon loc— ting truéng
nhanh va giéi han hé sé can huyét & mac giéi han duoc ap dung tir thé hé G2 tro di.
Ap dung phuong phap chon loc két hop (combine selection), tirc chon loc dua trén
bién di di truyén giira (between family) va trong noi bo gia dinh (within family)
nham tang do chinh xac va hiéu qua chon loc. Hiéu qua chon loc tinh trang ting
truong thong qua khoi lugng lic thu hoach dugc so sanh gitra nhém da qua chon loc
so v&i nhom ddi ching ciing thé hé chon gidng va nhém cé c6 b me tir ty nhién
(chua qua chon loc). Két qua thu dugc hé sb di truyén udc tinh cho cac tinh trang
tang truong o thé hé tha 2 (G2) nam & muc trung binh (0,24 — 0,30) [11], [12], tinh
trang khéi luong thu hoach duoc chon loc dén thé hé thir 3 véi hé sé di truyén uéc
tinh & mic trung binh-cao (0,34-0,52) va hé s di truyén thuc té & mac trung binh
(0,24-0,38) [13]. Chuong trinh chon tao gidng ciing dua ra danh sach chon loc va
phdi tranh can huyét va chon tao duoc quan thé chon giong nang cao téc do ting
truong thé hé G3 (G3-cong gop) véi hé s di truyén wéce tinh tinh trang khdi lwong
thu hoach cao (0,51), dam bao hiéu qua chon loc cao nhat nhung van han ché ty 1&
can huyét & mtc xac dinh truéc. Tir dan G3-cong gop, 1.230 ca thé G3 thuoc 157
gia dinh duoc chon (G3-chon loc) cho chon gibng tiép theo 1am ca bé me dé san
Xuat quan thé ca tra ting trudng cao tiép theo va c6 hiéu qua chon loc thuc té cao
hon 20,4% so v6i dan ca chua qua chon loc [14], [15]. Tiép do6, dé tai “Nghién ctu
chon gidng ca tra (Pangasianodon hypophthalmus) nang cao sinh trudng” thyc hién
trong giai doan 2019-2022 da chon loc thém mot thé hé nita (G4-ting trudng) nham
nang cao hon nira hiéu qua chon loc cua tinh trang tang truéng.

Tac gia Kim Thi Phuong Oanh va nhém nghién ctru (2018) da giai ma toan
bo hé gen (genome) cua mot cé thé cé tra nudi bang k¥ thuat giai trinh ty thé hé méi
(hé théng Illumina), dit liéu thu duoc duoc sir dung dé 13p rap bo gen véi kich thudc
hé gen nhan wdc tinh khoang 700 Mbp. Két hop véi dir liéu transcriptome tir cac mo

co quan va cac giai doan phat trién khac nhau, genome cé tra da duoc dy doan mo



hinh gen va chu giai, du doan c6 28600 gen ma hoa protein. Pay la dir liéu genome
dau tién cua ca tra nudi, cd thé dung l1am trinh ty tham chiéu cho céc nghién ctu sau
sau nay [16]. Nhom nghién ctu ciing st dung ky thuat RNA-seq dé giai ma
transcriptome tir m6 co va mo ndo cua cua hai nhdm céa tang truong nhanh va tang
treong cham, sau d6 phan tich, so sanh, tim kiém va kiém nghiém duoc cac SNP
trén hé gen biéu hién lién quan dén tinh trang ting treéng & ca tra nudi [17], [18].

Téc gia Marnis va cong su (2018) ciing kiém nghiém su lién quan cua 5 chi
thi microsattelite véi cac tinh trang ting trueéng cua cé tra nudi, két qua cho thiy
mét chi thi lién quan téi chiéu dai co thé, mot chi thi lién quan dén khéi luong co
thé va mot chi thi lién quan dén ca hai tinh trang trén. Cac kiéu gen tao nén tir 3 chi
thi trén ciing cho thay mdi lién quan dén céc tinh trang ting truéng cua cé tra nudi,
cd thé sir dung lam cac chi thi phan tir hd trg chon gidng theo hudng ting truong
[19].
1.2. Ting trwéng (phat trién co) ¢ ca va cac gen lién quan

1.2.1. Qua trinh tang truéng o ca

Phat trién co 1a mét trong nhitng qué trinh ting truéng quan trong & cé, bat
dau tir giai doan som cua phéi véi su didu khién cua cac phan ti co trong long do
tring va cac yéu té kich thich khéc tir méi trudng nhu nhiét do va oxi. Nhiéu quan
thé cé4c té bao tién than sinh co phan bd trong cac dét phdi va Iép té bao bén ngoai
da tham gia vao qua trinh tao thanh cac soi co ¢ cac giai doan phdi, ca bot, c& con
va ca truong thanh. Nhiéu protein tin hiéu va cac nhan té phién ma can thiét cho qua
trinh nay da duoc nghién ciu. Trong tat ca cac truong hop, su phat trién co déu bao
gom su ting sinh cta nguyén bao co, di cu, hop nhat va biét héa cudi cing. Ngoai
ra, sy phét trién cua hé tuan hoan va hé bach huyét cing cac co quan tiéu héa, noi
tiét, than kinh va mién dich 1am tang cudng trao d6i thong tin gitta cac md va véi
moi trudng bén ngoai khién cho qua trinh diéu hoa ting trudng co trd nén phac tap
hon. Ca xuong thuong thé hién mot mé hinh ting trudong khong xac dinh, véi kich
thude co thé va khdi lugng co bip ting cho dén khi su tir vong hoic 140 hoa xay ra.
Sy gia tang ddng ké khéi lugng co giita giai doan phdi va giai doan truong thanh
doi hoi phai san xut soi co lién tuc cho dén khi dat duoc 40 dén 50% chiéu dai co
thé tdi da [20].
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Sy phat trién co sau giai doan phdi ¢ ca xwong duoc minh hoa trong Hinh
1.2. Céc té bao gdc co thé tu 1am mai (stem cell renewal) hoic bién di thanh cac té
bao tién than sinh co (myogenic precursor cells (MPCs)) (determination). Céc
MPCs c6 thé tang sinh (proliferation) va di cu (migration) xuyén qua cac co trudc
khi hoan thanh chu trinh té bao va budc vao giai doan biét hda cudi cing. Céc té
bao tién than sinh co hoic cac nguyén bao co (committed myoblast) s& bién doi
theo mot trong hai huéng: hoic hop nhat véi nhau (fusion) dé tao thanh cac soi co
ngin trén bé mat cua céc soi co, hodc dugc hap thyu vao trong céac soi co gilp ching
dai ra va tang cuong kich thuéc trong qua trinh ting truong (bdi tu hat nhan -

nuclear accretion).

Hop nhat véi nhau - tao sgi co maéi

Tiine i
ang sinh ° o ° °
&)
cAn A4 Di cu —t— —1—
Bién doi 6] e | Sty
0 ; : —
Su gia tang kich thuwdce cua co
H )
Té bao goc : ¢
tw lam mai ) Té bao tién than
sinh co

vi Nguyén bio co Nhén cua té bao co
Boi tu hat nhan
Hinh 1.2. Sy phat trién co sau giai doan phdi ¢ ca xuong [16]
1.2.2. Piéu hoa tang trueng é ca
Hé truc hormone lién quan dén ting truéng gom: hormone ting truéng
(Growth hormone (GH)), hormone giai phéng hormone tiang truéng (Growth
hormone-releasing hormone (GHRH)), hormone ¢ ché hormone ting truong
(Growth hormone-inhibiting hormone (GHIH)), cic nhén t6 ting trudng tuong tu
insulin (Insulin-like growth factors) (IGF1 va IGF2), mot s6 protein mang va thy
thé khac dong vai trd quan trong trong viéc diéu hoa ting truong, dic biét 1a quéa

trinh phat trién co & ca xuong. Trong d6, GH diéu hoa su tong hop co, xac dinh sy
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tang trudng co & ca hai qua trinh: hyperplasia (ting san- tang kich thuéc cua co bip
nho su gia ting vé s6 luong té bao) va hypertrophy (gia ting kich thudc cua té bao
soi o). Cac nhan t ting trudng twong tu insulin, dac biét 1a IGF1 déng vai tro
quan trong trong diéu hoa su tao co, bao gom su hoat héa, ting sinh va biét hda
[21].

Hormones
=
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Sinh trwong

Hinh 1.3. M5 hinh diéu hoa phat trién co & ca [17]

Co ché diéu hoa sy phat trién co cta hé truc nay nhu sau: céc tin hiéu tir moi
truong bén ngoai sau khi duoc thu nhan tir cac tuyén (vi du tuyén ting & trén ndo
bo) s& dugc xir Iy & viung dudi doi, dan toi diéu hoa cac hormone nhu GHRH va
GHIH. GHRH va GHIH duoc tiét ra tinh mach cua ¢ thuy trudc tuyén yén va bam
vao cé4c thu thé dic hiéu kich thich hoic wc ché su tiét hormone GH. GH bam
protein dic hiéu va duoc tiét vao trong mau, roi tiép tuc bam céc thu thé trén mang
dic hiéu v6i GH (GH receptor (GHR)) & trén cac md khac nhau, dau tién thuong 12
& md gan. GH kich thich t& bao san xuat IGF1, IGF1 duoc van chuyén boi cac
protein bam véi IGF (IGF binding protein (IGFBP)) téi nhiéu loai té bao khac nhau
c6 cac thu thé IGF (IGF receptor (IGFR)). IGFs kich hoat sy phan bao va cac qua
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trinh chuyén hoa khac nhu chuyén héa duong, né duoc coi la chét trung gian quan
trong gitra GH va su kich thich ting truong tai cap d6 mé co ¢ dong vat c6 xuong
séng (hyperplasia va hypertrophy) théng qua su diéu khién ¢ gan. Gan 13 noi san
xuit IGFBP doéng vai tro ting cudng/ic ché va kéo dai hoat dong cua cac IGFs
(Hinh 1.3). Ngoai ra tham gia vao hé truc nay con c6 cac hormone khac nhu insulin,
leptin, glucocorticoid va hormone tuyén giap diéu khién su tong hop va luan chuyén
cua GH va/hoac IGF1 [21].

Ngoai hé truc hormone ting trudng, cac nhan té ting truong (Growth Factors
(GFs)) (nhu myostatin — MTTN) va cac nhan té diéu hoa co (Myogenic Regulatory
Factors (MRFs) (nhu myogenin (MyoG), MyoD, myf-5 va myf-6) thuong duoc san
Xuit & mo co cling tham gia vao sy ting truong (phét trién co) ¢ ca xuong (Hinh
1.3). V& tac dong qua lai gitta GFs va MRFs, mot sé nghién ctu chi ra rang GFs
nhu myostatin c¢é thé 1a dich gan tryc tiép cia GH & cac soi co va lam giam biéu
hién caa MRFs, vén chiu trach nhiém tc ché hoic ting cuong su biét hda nguyén
bao co thanh soi co, trai ngugc voi ¥ kién cho rang cau tric cuaa MRFs bam vao
motif diéu hoa & dau 5’UTR cua GFs lam ting hodc giam su biéu hién cua GFs.
Tuy nhién, ddi véi su ting truong cua dong vat c6 xuong séng, ca GFs va MRFs
déu dong vai tro tich cuc trong qué trinh biét hoa cac nguyén bao co thanh té bao
sgi co va dugc coi la cac ung vién quan trong trong nghién ctu tang truéng ¢ cé
xuong [22].

1.2.3. Mgt sé gen lién quan dén tinh trang ting trwéng di dwoc nghién ciru 6
cd xwong

Dua trén vai trd cua hé truc hormone lién quan dén ting trudng, cac nhan tb
ting truong va cac yéu té diéu hoa co 18n sy phét trién co - mét trong nhitng tinh
trang ting trudng quan trong nhat cua ca xuong, cac gen quy dinh cac protein thudc
hé truc nay hoidc cac protein diéu hda mac do phét trién cua co thuong duoc lua
chon 1am céc gen g vién dé nghién ciru sy da hinh c6 lién quan dén céc tinh trang
tang truong [22].

Nhiéu nghién ciru da chi ra méi lién quan giita da hinh ¢ cac gen nay va tinh
trang tang truong cua cd xuong. Vi du nhu tinh da hinh ctia gen hormone tang
truong GH (Growth hormone) c6 lién quan dén tinh trang tang trudng dugc nghién

ctru bang ky thuat giai trinh ty truc tiép trén 282 cé thé ca qué Siniperca chuatsi cho
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thiy: c6 4 da hinh don nucleotide (SNP) duoc tim thiy trén gen GH gdm 2 da hinh
trén intron 4 (g.4940A>C, g.4948A>T), 1 da hinh trén exon 5 (g.5045T>C) va 1 da
hinh trén intron 5 (g.5234T>G). Trong d9, trir da hinh g.4940A>C, 3 da hinh con lai
déu co tac dong dén tinh trang ting trueéng cua ca qué, co thé dugc sir dung 1am chi
thi phan tir lién quan dén chon loc tinh trang ting truong cua loai cac nay [23]. Mot
nghién cu méi hon ciing tim kiém méi twong quan giira s da hinh chi thi phan tir
trén gen GH va tinh trang tang truong cua S. chuatsi bang cach nhan toan bé ving
trinh tu cua gen GH, tir d6 xac dinh duoc 32 chi thi SNP va SSR (Simple sequence
repeat- doan Iap trinh ty don gian). Trong s6 d6, 8 SNP (G1 dén G8) va 1 SSR duoc
lya chon dé tién hanh genotyping va phan tich méi twong quan vdéi tinh trang ting
tredng trong mot quan thé ngau nhién, tir do, chi ra su lién quan chat ché giira cac
da hinh nay véi tinh trang ting truong cua ca qué. Cac phuong phép phén tich tong
hop nhiéu SNP cho thay cac SNP tao thanh 4 kiéu gen don boi (haplotype), trong
d6, kiéu gen don boi thir nhat thé hién mdi lién quan chat ché vai mot sé tinh trang
tang truong hon ca. Nhu vay, cac SNP trén gen GH cua cé qué co thé duoc coi nhu
nhitng chi thi phan tir tiém niang chon loc tinh trang ting truéng cho loai ca nay
[24]

Wenne (2018) da tong hop céac két qua nghién ctu vé ung dung dau chuan
SNP trong nudi trong thity san va danh gia tic dong cua ching 1én cac quan dan tu
nhién [25]. Theo d6, cac nghién citu vé ca hoi Bic cuc & Canada Salvelinus alpinus
da tim ra sy twong quan gitra SNP trén gen GHRH/PACAP2 (gen quy dinh hormone
kich thich tiét hormone ting trudng va gen quy dinh chudi polypeptide hoat hoa
enzyme adenylate cyclase cta tuyén yén) va su ting truéng ¢ giai doan dau cua loai
ca nay. O cé héi Pai Tay Duong Salmo salar, nghién ctu trén gen IGF1 chi ra c6
mot SNP trén promoter va mot SNP trén intron 3 ¢6 méi lién quan chit ché ti khoi
luong co thé, ¢o tiém ning tré thanh chi thi phan ti cho tinh trang ting truéng caa
loai ca nay [26]. Pi véi ca chép Cyprinus carpio, mot SNP trén intron 2 cia gen
IGF1 ciing c6 mdi lién quan chit ch& véi tinh trang khéi lwong co thé va chiéu dai
than [27]. Kiéu gen tao nén tir SNP thudc ving 5°-UTR cia gen IGF1 cua ca vuoc
chau Au Dicentrarchus labrax, L. duoc ching minh 13 c6 lién quan dén chiéu dai
va khéi lugng co thé cua loai ca nay [28]. O ca chép, 2 SNP & exon 3 c.42A > G va

c.72C > T trén gen MTTN c6 lién quan chat ché t&i tinh trang khéi lugng co thé va
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cac yéu té diéu kién [29]. Mot nghién ciru khac trén loai ca ngdo Ancherythroculter
nigrocauda cting chi ra SNP 9.1129T>C va g.1289G>A trén gen MTTN-1 c0 lién
quan dén sy ting truong nhanh cta loai nay [30]. O c& ré phi song Nin
Oreochromis niloticus, nghién ctiru SNP trén cac gen lién quan dén ting truéng (bao
gom: GH, IGF-1 va MyoG) di tim ra cac SNP mdi trén gen GH va MyoG c6 tiém
nang tng dung 1am chi thi phan tir chon giéng [31].
1.3. Vai tro, chitc niing va dic diém ciu tric caa mét sé gen /protein thugc hé
théng IGF

1.3.1. Vai tro, chiee ning cia mgt sé protein thugc hé thong IGF doi véi sw

tang truwong cua sinh vat

Hé thong céc yéu td tang truong twong ty insulin (Insulin-like Growth Factor
(IGF)) bao gom cac phéi tor IGF1, IGF2, cac thu thé tuwong ung cua IGF (IGF
Receptors (IGFRs)) 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 hidu s& dan t6i qué trinh ting truong, biét héa va ting sinh té
bao (Hinh 1.4) [32].

Cac protein bam véi IGF (IGFBPs)

Phéi tir IGF (ALS) (ALS
0 0 § § @
> B I I
il i I i
I 1 2 3 5

A

4

\\‘
Thu thé cia IGF1 II II Thy thé cta IGF2 l Ngoai bao

l Noi bao
Chudi truyén tin hiéu l

: Lysosome

l (Phan huy)

Hinh 1.4. Hé théng IGF ¢ dong vat c6 v [32]
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Phéi tr IGF truyén tin hiéu théng qua IGF1R —mét thu thé tyrosine kinase.
IGF2R c6 kha ning bam cao hon véi IGF2 nhung theo huéng dé phan hay IGF2.
Céac 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 véi cac thy thé. IGFBP-3 va -
5 ¢6 thé tao cau trdc bac ba véi IGFs va cac tiéu don vi axit khdng bén (acid-labile
subunit (ALS)); phan I6n céc IGF trong huyét thanh c6 thé tao phic hop voi
IGFBP-3 (Hinh 1.4).

IGF1 va IGF2 Ia nhitng chudi polypeptide c6 do bao thu cao, dugc tong hop
duéi dang tién than véi 5 domain 1a B, C, A, D, E, sau 6 domain E s& bj it bo boi
qua trinh phan hay protein dé tao thanh chudi peptit IGF trudng thanh. Mac do tuan
hoan cua cac IGF trong mau duge xac dinh chu yéu bai kha nang tiét IGF cua gan,
dudi sy diéu khién caa hé truc tuyén yén/hormone ting truong [33]. Céc phdi tu
IGF ¢c6 nhiéu chirc ning da dang, can thiét cho sy phét trién binh thuong va kha
ning séng caa dong vat thong qua con dudng kich thich noi tiét va kich thich tu tiét/
can tiét [34]. IGF1 va IGF2 thuc day sy tang truong bang cach ting cuong sy phan
chia va biét hda cac té bao vé tinh co xuong, kich thich sinh téng hop protein va

phét trién phinh co, dong thai e ché phan huy protein va teo co [35].

Su dap ung té bao dbi voi IGF1 duoc diéu khién bai thu thé IGF1 (IGF1R)
thugc siéu ho enzyme tyrosine kinase. Ca IGF1 va IGF2 déu c6 thé bam vao
IGF1R, kéo theo sy hoat hdéa cua chudi dan truyén tin hiéu bao gom con dudng
PI3/AKT/mTOR (Phosphatidylinositol-3-kinase/ Protein kinase B/ Mammalian
target of rapamycin) va MAP (Mitogen-activated protein) kinase, dan dén sy phan
chia, séng s6t va biét hda cua té bao [36]. Khdng gidng véi thu thé IGFIR, thu thé
IGF2R c6 céu triic twong ty véi thu thé mannose 6-phosphate va khdng chira trung
tam hoat dong cua enzyme tyrosine kinase. Mac du chudi dan truyén tin hiéu tur
IGF2R dugc xac dinh 1a nguyén nhan phét trién ciia nguyén bao co tim [37], hién
nay chitc ning cua thy thé van chua dugc 1am rd hoan toan. Xét vé vai tro d6i véi
hé thong IGF, thu thé IGF2R khi lién két voi IGF2 s& dan dén sy phan hiy cac phoi
tir, 1am on dinh nong do caa phdi ta IGF [34].

Hoat dong cia cac IGF con duoc diéu khién boi cac protein bam dic hiéu
IGF (insulin-like growth factor binding proteins (IGFBPs)). Cac IGFBPs thudc ho
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protein tiét, duoc chia 1am 6 loai tir IGFBP-1 dén -6, c6 &i luc cao voi IGF [38]
[39]. Cac protein nay duoc dic trung boi cau tric rat dac thu ¢ dau amino va dau
carboxyl, do chtra 12 dén 18 phan tur cysteine c6 do bao thu cao. Cac IGFBP khac
nhau s& duoc biéu hién tai cac giai doan phat trién khac nhau caa md, ¢ tac dung
diéu phéi hoat dong cua céac phdi tir IGE. Trong d6, IGFBP-1 han ché céc tin hiéu
cta IGF khi co thé roi vao cac trang thai di hoa nhu doi, stress va giam oxi huyét,
dugc coi nhu mot nhan té e ché ting truong cua té bao sinh dudng, dan toi qué
trinh chét cua té bao [40]. O 16p tha, IGFBP-3 tao phtc hop véi ALS bao vé céac
IGF khoi su phan huy cua cac protease va kéo dai thoi gian luan chuyén cua IGF
trong méau. Ngoai ra, IGFBP-3 con lién két vai p53 dan t6i con duong kich thich ty
tiét/can tiét cua té bao, kéo theo cac qua trinh duoc diéu khién hoic phu thudc vao
cac IGF nhu ting truong, bién nap va song sét cua té bao. Tuy nhién ¢ 16p cé
xuong, IGFBP-3 c0 thé déng vai trd 1a chat kich thich hoic uc ché tang truong, tiy
thuoc vao ting loai cad. Miac du it dugc quan tdm nghién ctru nhu IGFBP-1 va
IGFBP-3, IGFBP-2 ciing dugc xac dinh vira 1a tic nhan @c ché ciing 1a tac nhan
kich thich hoat dong cua cac IGF, dic biét 12 IGF2 va c6 lién quan dén su phét trién
cua hé than kinh & giai doan phoi cia cac loai ca xwong [41]. Ddi vai 16p thi va
phan 16n cac loai ca xwong da duoc nghién cau, IGFBP-4 dong vai tro 1 chat tc
ché hoat dong cua chudi tin hiéu tir IGF, dan téi tc ché ting trudng, nhung lai ¢6
chtc ning kich thich ting truong ddi véi mot s6 loai ca xwong nhu ca hdi va cé
bon. IGFBP-5 Ia protein bao thu nhét trong ho IGFBP, tuong tu véi IGFBP-3,
protein nay ciing lién két vai ALS gilp van chuyén IGF trong hé tuan hoan, nhung
V6i lugng it hon so v6i IGFBP-3 [42]. Déi véi ca xuong, IGFBP-5 thuc day qué
trinh tao co, tang co va hoan thién chirc nang vay [41]. Riéng voi IGFBP-6, mac du
co ché hoat dong chua duoc sang té toan bo, nhung protein nay duoc ching minh Ia
chat trc ché ting trudng trong cac didu kién khan cap. Chinh vi cac protein trong hé
théng IGF c6 vai trd quan trong ddi véi ting truong, nén viéc nghién ciu da hinh
cac gen quy dinh céc protein ndy nhiam tim ra chi thi lién quan dén tinh trang ting
treong 1a rat can thiét [41].

Ngoai cac IGFBP-1 dén -6 c6 &i luc cao véi IGF, con cd 9 loai protein lién
quan véi IGFBP (IGFBP related protein (IGFBP-rPs)) ¢6 cau tric twong dong véi
IGFBP, nhung c6 4i lyc véi IGF thap hon cac IGFBP [43]. Trong d6, IGFBP-7 hay
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con goi 12 IGFBP-rP1 bam véi IGF1 va IGF2 dé diéu hoa luong IGF trong dich co
thé va cac mo, ngoai ra n6 con cé ai lyc cao vai insulin [44]. Do d6, protein nay
dong mot vai trd quan trong trong con dudng tin hiéu lién quan dén IGF va insulin
(insulin/insulin-like growth factor signaling pathway (IIS)), giup diéu hoa qué trinh
tang truong, phat trién va su chuyén héa niang lugng [45]. Vai tro cua IGFBP-7 dén
su tang truéng, phét trién caa nhiéu loai da duoc chitng minh. O chudt va ngudi,
IGFBP-7 dugc coi nhu mdt nhan té wc ché khdi u, sy ting cudng biéu hién cua
IGFBP-7 ngin chin tin hiéu IGF va su hinh thanh mach, din dén su Gc ché ting
truong té bao, déng thoi kich hoat qué trinh tu chét té bao ddi vai bénh ung thu dai
truc trang [46], ung thu va [47], ung thu duong mat [48]. Trong khi d6, su giam,
mat biéu hién hoac su methyl hda ciia gen nay c6 thé dan téi bénh ung thu tuyén
gidp [49], ung thu tuyén tién liét [50], ung thu t& bao gan [51] va ung thu da day
[52]. Trong cac qua trinh khac lién quan dén ting truéng, nguyén bao soi & nguoi
cd thé duoc biét héa thanh nguyén bao xwong vai su 6 mat cua IGFBP-7 tai to
hop, dan t&i su tai tao xuong [53]. P6i véi gia sdc, gen IGFBP-7 dugc biéu hién
manh mé trong sudt qué trinh phat trién nang trimng caa trau [54]. Vi su diéu khién
cua kich thich tuyén sinh duc, cac gen IGFBP-7 va IGFBP-6 cing dugc ting cuong
biéu hién trong qua trinh truong thanh nodn bao cua ca hdi van Oncorhynchus
mykiss [55]. Tuy nhién, hién c6 rat it nghién ciru vé méi lién quan giita IGFBP-7 va
c4c tinh trang tang truong (chiéu dai co thé, khdi lugng...) cta ca xuong.
1.3.2. Péc diém cdu tric mét sé gen va protein twong ing thugc hé thang

IGF cua ca xwong

1.3.2.1. Phoi tir IGF (IGF ligands): IGF1 va IGF2

Ciing nhu cac loai dong vat co xuong séng khac, cDNA cua IGF1 cua cé
xuong ma hoa cho dang tién than vai chiéu dai tir 159 dén 193 axit amin. Tat ca cac
dang tién than nay déu c6 chudi peptit tin hiéu, sau d6 s& duoc loai bo dé tao thanh
mot tién phdi tir IGF1 véi 5 domain theo thir tu tir ddu N dén dau C la B-C-A-D-E,
tuong tu nhu IGF cua 16p tha. Tiép theo d6, domain E bi loai bo dé tao thanh IGF1
truong thanh gém cac domain B-C-A-D vai 68 dén 70 axit amin, tly thudc tirng
loai (Hinh 1.5). Su khéac nhau vé chiéu dai nay phu thudc vao sy c6 hoic vang mit
cua 2 axit amin cua domain C. Cu thé, IGF1 truéng thanh cua ho ca chép, ca hoi va

ca nheo chtra axit amin histidine va asparagine ¢ vi tri 39 va 40, néu nhu tinh axit
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amin dau tién caa chudi peptit truong thanh 12 vi tri sb 1. Bén canh d6, 2 axit amin
nay lai ving mat trong domain C cua IGF1 céc loai thudc bo ca vuoc, bo ca mi lan
va bo ca than bet. Trinh ty chudi IGF1 truéng thanh cia ca xuong c6 72-81% do
turong déng voi IGF1 trudng thanh & nguoi va chice ning cua protein nay ciing duoc

bao ton trong sudt qué trinh tién hoa cua cac loai dong vat cé xuwong sdng [32].

Bi loai bo trong Bi loai bo sau
qua tx}inh tiét qua tr;nh tiét

| |
|

Peptit IGF1 truong thanh

Hinh 1.5. C4u trdc tién than IGF va cau trdc bac ba cua protein IGF & c4 xuong
[32].

(Chudi peptit tin hiéu (S) bi loai bé d@é tao thanh tién phoi tir bao gom 5 domain B-C-A-D-
E. Domain E tiép theo dé ciing bi logi bé khéi tién phoi tir dé tao thanh IGFI triong thanh

vgi 4 domain.)

C6 su khac biét vé cau tric gen IGF1 & 16p thi va lép ca. O nguoi, IGF1
dugc ma hoa baoi mot gen véi 6 exon, trai dai hon 100 kb trén DNA genome, trong
khi d6 gen IGF1 cua ca ngua van Danio rerio, ca hdi chd Oncorhinchus keta va ca
bon vi Paralichthys olivaceus chi bao gém 5 exon, trai dai khoang 15, 22 va 17,5 kb
trén genome, twong ung. IGF1 truong thanh ¢ ca hoi dugc ma hda bai exon 2 va 3
trén gen IGF1, twong ty nhu & 16p thi va ga. Cac diém khaoi dau phién ma duoc xéc
dinh nam ¢ doan 385 bp truéc codon khoi dau ATG cua gen o cé hoi chd, ca ngua
van va ca ré phi Oreochromis mossambicus [32].

Tuong tu nhu IGF1, sau khi loai b chudi peptit tin hiéu khoi dang tién than,
tién phdi tir IGF2 ciing chtra 5 domain B-C-A-D-E, tiép d6, domain E duoc loai bo

dé tao IGF2 truong thanh gdom 67 axit amin & ngudi, 70 axit amin ¢ ca xwong va 68
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axit amin & ca nham gai. Su khac nhau vé s6 luong axit amin trong chudi peptide
gitta nguoi va ca xwong phu thudéc vao sy c6 hoic vang mat cac phan tir trong
domain C. O thl, domain nay chtza 8 axit amin, trong khi & da phan cac loai ca
xuong cd 11 axit amin, ngoai trir IGF2b ¢ ca ngwa van D. rerio va ca nham gai
Squalus acanthias chi c6 tuong ttng 9 va 8 axit amin trong domain C. Tuy tuong
ddng vé sé lugng axit amin trong domain C véi 16p th, trinh tu IGF2 cua c& nham
gai chi twong ddng 66% Vi trinh tu IGF2 caa ngudi, trong khi ti 1& nay giira IGF2
cua nguoi va IGF2 cac loai ca xuong 1a 70 dén 75% va giita cac loai ca xwong véi
nhau 13 85 dén 100%. Domain A va B cua IGF2 c6 d6 bao thi cao trong céc loai
dong vat c6 xuong séng vai mic do trong dong vé trinh ty dat tir 70 dén 90%. Nam
axit amin dau tién cia domain B rat khac nhau giira cac loai ca va céac loai thuoc 16p
tha tuy nhién chirc nang cua né hién chua duoc lam séng to. Khac vai IGF1 ¢6
domain D vé&i mic d6 da dang vé trinh tu cao, domain D cua IGF2 kha bao thu giira
cac loai ca va cac loai dong vat c6 xuong séng khac, voi 5 trén 6 axit amin tuong
d6ng giira nguoi va cac loai ca xwong. Domain E cua tién phdi tir IGF2 véi 98 axit
amin, thuong dai hon so véi domain E ciia IGF1. Mot s dac diém vé cau tric IGF2
truong thanh duoc bao ton trong céc loai ca va khac vai IGF1, bao gdm: axit amin
dau tién cia domain A luén 1a Glu va dugc bao ton & tat ca céc trinh tu IGF2 da
duogc biét, trinh tu Glu-Thr-Leu-Cys-Gly (ETLCG) tim thiy & domain B dwgc dan
trudc bai 4 hoac 5 axit amin trong IGF2, trong khi ¢ IGF1 1a bai 2 axit amin va
domain A cua IGF2 chi chta 2 axit amin ky nuéc (RR) trong khi IGF1 lai chia
motif Leu/Phe-Arg-Arg-Leu (L/FRRL) ¢ domain nay [32].

Cau tric gen IGF2 ¢ 3 loai ca xwong gdm cé& hdi chd O. keta, ¢4 chém Lates
calcarifer va ho ca ndc Tetraodontidae khi dugc so sanh véi cau tric gen IGF2 caa
I6p tha cho thay su it phic tap hon. Cac gen IGF2 cua 3 l0ai c& nay gom 4 exon va
3 intron, trai dai 7,9 kb, 5,5 kb va 4,2 kb trén genome, twong ung [32].

1.3.2.2. Thu thé IGF (IGF Receptor - IGFR)

Protein kinase (PTK) xuc tic cho qua trinh van chuyén nhém phosphoryl
gamma tir ATP dén tyrosine (tyr) trong cau tric protein. IGFIR 1a mot protein
thudc siéu ho protein kinase, dong vai trd 1a thu thé xuyén mang trung gian trong
con dudng van chuyén tin hiéu cia hé théng IGF. Protein nay duoc tong hop tir mot

chudi peptit don, qua trinh sau dich ma s& loai bo chudi peptit tin hidu dai khoang
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30 axit amin va phén cét thanh hai tiéu phin anpha dai 710 axit amin va hai tiéu
phan beta dai 627 axit amin. Tiéu phan anpha va beta duoc ndi v6i nhau bang cau
nbi bisulfit dé tao nén chudi di dimer anphabeta, hai chudi di dimer anphabeta nay
tiép tuc dugc ndi véi nhau dé tao nén cau trac tetramer IGF1R truéng thanh (Hinh
1.6). Su bam ctia cac phdi tir nhu insulin, IGF1, IGF2 véo tiéu phan alpha ngoai
mang té bao ciia IGFIR s& kich hoat cac domain tyrosine kinase & bén trong té bao
clia tiéu phan beta xuyén mang. Thu thé duoc kich hoat s& dan t6i sy phosphoryl
hoa tr dong, ting cudng cac hoat dong kinase dé khoi phat cac chudi truyén tin hiéu
va cac chirc nang sinh hoc. IGFIR va Insulin receptor (InsR) c¢6 mirc do twong dong
vé trinh tu & domain kinase dat 84% va vé chtrc nang cua cac domain xuc tac nhu
serine/threonine kinases/ RIO kinases/ aminoglycoside phosphotransferase, choline

kinase va phosphoinositide 3-kinase [32].

o o
Ciu Bisulfit Vung trinh fir giau cystein
Ngoai bao ) X .
Noi ba Domain Xuyen mang
e Vi tri bam cia IRS
Vi tri bam cua ATP
Domain Tyrosine kinase
Vi tri bam cua PI3-kinase
B B

Hinh 1.6. Cau trdc tetramer IGF1R gom 2 chudi di dimer alphabeta [32]
(Hai tiéu phdan anpha dwoc lién két véi nhau bang cdu néi bisulfit, tzo nén vi tri bam véi
phdi tir ¢ ngodi mang té bao. Hoat dong tyrosine kinase dwoc xUc tién béi tiéu phan beta

V6i cau tric xuyén mang. Tiéu phan beta bao gom cac vi tri bam cia ATP va P13-kinase.)

Hai tuyp IGF1R 14 IGF1Ra va IGF1Rb cua ca c6 mirc do twong dong cao vé
ciu trdc, chira 1405 va 1380 axit amin, twong ddng 63,2 va 59,6% véi IGF1R cua
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ngudi, twong wng. Domain tyrosine kinase ¢ tiéu phan beta cua IGFIR duoc tim
thiy & ca ngua van D. rerio, ca hdi van O. mykiss, ca than bet Psetta maxima va cé
bon vi P. olivaceus. Béi voi c4 ngua vian, domain tyrosine kinase & ca 2 tuyp
IGFIR déu chira mot sé ving bao thu vé chire ning, bao gdbm céc vi tri bam voi
ATP, mét bo 3 axit amin tyrosine twong ung vai vi tri phosphoryl héa tyrosine ¢
IGF1R giéng I6p tha va motif bAm v&i thy thé insulin dugc cho 14 can thiét véi con
duong tin hiéu lién quan dén IGF1R ¢ l6p tha [32].

C4u tric gen IGF1Ra va IGF1Rb ¢ cac loai ca gom 21 exon, cach nhau boi
cac intron véi kich thude da dang (Hinh 1.7) [56]. Cac gen IGF1Ra va IGF1Rb déu
ma hoa cho céc domain chirc ning tir dau N dén dau C lan luot 14 domain thy thé L
thir nhat, domain twong tu Furin giau cysteine, domain thy thé L thir 2, ba domain
Fibronectin tuyp 3 (FN3) lién tiép nhau, domain xuyén mang va domain Tyrosine
kinase (Hinh 1.7) [56].

Theo Maures va cong su (2002), protein IGFIR ¢ ¢4 ngua van D. rerio c6
chua vi tri thity phan gom 4 axit amin co ban la RKRR & vi tri axit amin tha 734—
737 cho IGF1Ra va RRRR ¢ vi tri axit amin the 727-730 cho IGF1Rb. Domain
tyrosine kinase c6 mirc d6 bao thu cao nhit, bao gom cac dic diém cau trac lién
quan dén chirc nang riéng biét nhu: mot vi tri bam cua ATP 1a GXGXXXG21XK tir
axit amin thir 1004 dén 1033 cua IGF1Ra va tir axit amin thir 994 dén 1021 cua
IGF1Rb, mot cluster chira 3 tyrosine YXXXYY dong vai tro chinh tao nén vi tri
phosphoryl héa ty dong cia IGFIR & 16p thu, tir axit amin 1159 dén 1164 trén
IGF1Ra va tir axit amin 1148 dén 1153 trén IGF1Rb. Motif bao thii gan véi co chat
cua thy thé insulin (insulin receptor substrate-1(IRS-1)-binding motif) NPEY déng
vai tro rat quan trong trong con duong tin hiéu cia IGF1R, lan luot nam ¢ vi tri 975
dén 978 va 965 dén 968 trén IGF1Ra va IGF1Rb. VVing trinh tu giau cysteine 13 mot
nhan té chinh lién quan dén mic do dic hiéu cua qué trinh bam véi phéi tir cua
IGF1R, vung nay chuira 26 cystein trai dai trong mot khoang 196 axit amin tur vi tri
156 dén 352 trén IGF1Ra va 151 dén 348 trén IGF1Rb. Ngoai trir 24 axit amin cudi
cing ¢ dau C cua IGFIR, cac ving IGFIR nam trong té bao chat c6 muc d6 da

dang cao [57].
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(A)
S. salar (Chr. 10) 94 564 307 137 145 209 127 236 166 208 272 143 166 103 71 230 105 181 130 135 535
IGF-IRa1 12,507 76,160 1569 477 737 146 99 217 256 13,525 148 96 153 211 102 703 1,134 244 1250 5,182
S. salar (Chr. 16)
IGF-IRa2 18,430 97,528 3703 476 2,806 3059 359 1,669 656 5,051 175 165 138 225 119 678 243 261 9979 9,500
E. lucius (LG19) 94 564 207 137 145 200 127 236 168 208 212 143 166 103 71 230 109 160 130 135 529
IGF-IRa
14,677 57.519 1629 550 3123 87 128 232 337 6,875 167 113 121 218 100 604 224 223 1835 3394
D. rerio (Chr. 18) EI_; 564 1 | 304 | [437] [14s] [ 208 | [127] | 236 | [68] [ 205 | [ 276 | [143] [466] [t03| [7a] | 230 | [108] [463| [#30] f[a3s] [ s02 |
IGFRa 21,958 100,946 1403 2122 163 2521 95 3163 1,181 8,055 194 105 1854 94 398 2742 203 111 2485 8,571
Roceptor L (I B Rocoptor.
B Roceptor . N v B Roceptor. Wl FN3 [ ] FN3 | TR RO | TyrKe I
[ | Receptort | [eo | | Receptort [ [ FNs ] | FN3 [T e T Joa] TyrKe I ]
(B)
Fragment 1 Fragment 2 Fragment 3 Fragment 4
T T | T 1T !
S. salar (Chr. 26) 166 ////////////////////w/q___
IGF-IRb
851 388 7,774 1790 55222 11,745 1,045 855 2,237 4254 1776 944 120 531
E. lucius (LG17) [ 180 374 298 137 145 209 127 238 168 208 [T -~ === == === m——————————————— 108 W
IGF-IRb
7,038 291 34454 888 932 1,800 3185 762 255 1,403 1,503 2,245 94
D. rerio (Chr.7) [&2] 531 298 [149] [1as] [‘200 | [427] | 254 | [#e8] [205 | [ 281 | [134] [1e6] [wo0] [7a] [ 230 | [108] [130] [135]
IGFRD 11,236 84,683 2535 353 9536 %6 2734 1,788 735 9,564 4392 3475 84 211 954 454 622 2548 4727 10818

Receptor. [ v B  Receptor L

Recoptor. [ ru

| | Receptort | [ Fu | | Receptort | | FN3 [ 1 FN3 11 ens | [rm | TyrKe | |

Hinh 1.7. Cau trdc gen, protein IGF1Ra (A) va IGF1Rb (B) cua cac loai cé [56]

Salmo salsa: c& hoi Pai Tdy Dwong, Exos lucius: c¢d ché phirong Bdc, Danio rerio: ca ngua van, Receptor L: thy thé L, FU: Furin-
like (twong tw Furin), FN: Fibronectin tuyp 11, TM: transmembrane - xuyén mang, TyrKc: Tyrosine kinase.
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1.3.2.3. Mét sé protein bam IGF (IGF binding protein - IGFBP)

Céc gen IGFBP tir 1 dén 6 déu chua 4 exon va 3 intron quy dinh cac IGFBP ¢6
chiéu dai tir 240 dén 328 axit amin va cd chung cau tric chira 2 domain bao thu vé
chie ning 13 domain bam véi IGF hay con goi la domain IGFBP ¢ dau N va domain
thyroglobulin tuyp 1 & dau C, duoc ndi véi nhau bang domain néi ¢ gitta. Trong do,
domain IGFBP duoc ma héa boi duy nhit mot exon trén gen IGFBPs, con domain
thyroglobulin tuyp 1 duoc ma hoa bai 2 exon trén gen. Cac protein khac lién quan dén
ho IGFBP (IGFBP-related protein (IGFBP-rP)) nhu IGFBP-7 (IGFBP-rP1) cling chira

domain IGFBP, tuy nhién domain nay chi cé ai luc yéu véi IGF [58].

exon 1 exon 2 exon 3 exon 4
gene // // //
. . thyroglobulin type-1
protein | SP IGFBP domain e i
i ‘ | |
GEGOOXXE Ewev

Hinh 1.8. Céu trlc gen va protein cua cac IGFBP

Domain IGFBP chira 60 axit amin véi cac axit amin cysteine phan bé tir dau dén
cudi domain. Trong tat ca cac trinh tu IGFBP cia dong vat c6 xuong song duoc khao
sat, domain IGFBP thuong chira 12 phén tir cysteine vai d bao tha cao, trir IGFBP-6
chi chtra 10 cystein & 16p tha va 8 cystein ¢ 16p ca xuong. Trong d6, 4 cystein nam rai
rac trong motif géom 8 axit amin 1a Gly-Cys-Gly-Cys-Cys-Xxx-Xxx-Cys
(GCGCCXXC), rieng ddi voi IGFBP-6, chi con 2 cystein va khdng con motif nay
trong domain IGFBP cua cac loai ca xuong [58].

Domain thyroglobulin tuyp 1 ¢ dau C cia IGFBP thuong chira khoang 75 axit
amin. Mic do twong dong vé trinh ty & domain nay gitta IGFBP-3 va IGFBP-5 dat cao
nhat voi 59%, trong khi IGFBP-1 va IGFBP-5 chi dat 31%. Domain nay chta 6
cystein, 2 trong s6 d6 nam trong motif gém 4 axit amin 1a Cys-Trp-Cys-Val (CWCV)
duoc bao ton trong tat ca cac protein IGFBP cia dong vat cé xuong séng ciing nhu

phan nganh Séng dudi hay 16p Ludng tiém [58].



22

Maéc du c6 cac domain chinh tuong ty nhau, cic IGFBP ciling c6 mdt s dac
diém riéng vé cau trdc. Motif Asn-Xxx-Ser/Thr (NXS/T) trén IGFBP-3 tao diéu kién
dé carbohydrate bam vao asparagine. Motif Arg-Gly-Asp (RGD) ¢ dau C duoc bao tén
trong cau tric cua IGFBP cua cac loai dong vat c6 xuwong song, bao gom ca IGFBP-2a
va IGFBP-2b cua cac loai ca xuwong, IGFBP-3b cua ca ndc. Tin hiéu dinh vi trong nhan
bao gom 10 axit amin Lys va Arg caa IGFBP-3 va IGFBP-5 dugc giir nguyén & trinh
tu cua c4c loai c4 xwong ciing nhu cac loai dong vat co xwong séng khac; tuy nhién sb
luong axit amin co ban ciia IGFBP6 ciia ¢4 xuong it hon mot so véi sb lugng axit amin
co ban cua IGFBP6 cua lép th, c6 thé dan dén muac do tin hiéu dinh vi nhan thip hon
[58]. Mot motif bam véi heparin (PKKXRP) & IGFBP-2 dugc coi 1a bao ton ¢ 16p tha
va 16p chim, duoc gitr lai phan I6n & ca chém L. calcarifer (PKKTRL), nhung chi con
mét phan nho & c& ngua van D. rerio (PK—AP). Chudi peptit dugc ma hoa boi cDNA
IGFBP-1 lan lugt c6 40% va 39% do6 tuong dong vé trinh tu véi IGFBP-1 va IGFBP-4
cua nguoi [59].

1.4. Co s6 tién hanh xac dinh cac da hinh don nucleotide (SNP) trén mot so gen
thudc hé thong IGF lién quan dén tinh trang ting trwéng ciaa ca tra nudi
1.4.1. Vai tro quan treng ciia SNP trong viéc xdc dinh cac chi thi phan te lién

quan dén tinh trgng quan tam

DPa hinh don nucleotide (Single nucleotide polymorphism (SNP)) la mét dang da
hinh duoc tao ra do su thay thé, thém hoic bét mot nucleotide tai mot vi tri dac biét
trong locus. SNP duoc chli y nhat trong cac chi thi phan tir do né cé thé duge xac dinh
mot cach tuong minh nhat trong genome caa bat ky loai nao (ca ¢ ving ma hoa va
khéng ma hoa), phan anh sy da hinh tiém an ma cac chi thi dugc phat hién bang
phuong phap khac khong thé hién dugc [60], [61], [62]. Trong toan bo hé gen, SNP
Xuat hién kha nhiéu ¢ cac ving khdng ma hoa. G ving ma hoa, SNP c6 thé dan t6i su
thay doi trinh ty axit amin (non-synonymous SNPs), hoic khong 1am thay doi trinh ty
axit amin (silent) tuy nhién cé thé lam thay d6i su cit n6i mMRNA (mRNA splicing).

Cho du trinh ty toan b hé gen cia mot sé loai thay san chwa duoc biét rd [63],

su phat trién chi thi SNP c6 thé dya vao cong nghé giai trinh tu gen thé hé méi (next
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generation sequencing (NGS)) théng qua k¥ thuat genotyping toan bo cac diém duoc
cit boi enzyme cat gigi han (restriction site— associated DNA sequencing (RAD-seq)).
SNP c¢6 thé duoc st dung dé 1ap ban db lién két. Trong thay san, SNP thuong duoc st
dung rong réi trong viéc xac dinh céc chi thi dé chan doan bénh [64], cac nghién ctu
lién quan dén cac chuong trinh chon giéng nhu a) chi thi phan tir hd trg chon loc dua
trén hé gen, b) 1ap ban d5 QTL va nhan dong vi tri (positional cloning) - xac dinh céc
gen lién quan dén tinh trang quan tdm trén NST, c) phan tich kiéu gen don boi va pha
hé va d) gidm sét hiéu suat cia cac té hop alen khic nhau trong méi trudng dich [65],
tir d6 tim kiém duoc cac SNP tiém ning ¢ thé duoc st dung 1am chi thi phan ti.

Déi vai nhiing loai di co genome tham chiéu, trinh ty vé cac gen lién quan dén
tinh trang quan tam c6 thé duoc sir dung dé thiét ké cac cap moi khuéch dai mot phan
hodc toan bo cac gen d6 1én. Bang phuong phép Sanger, cac gen tmg vién dé s& dugc
giai ma & nhiéu ca the, tir d6, so sanh trinh ty ciia cac ca thé thuoc nhom déi chung va
cac cac thé thuoc nhém thir nghiém dé xac dinh dugc cac SNP va tim ra mdi twong
quan giira su da hinh d6 voi khac biét vé kiéu hinh tinh trang. Quy mé cua thi nghiém
kiém tra s& dugc mé rong voi sy ting 1én vé s6 lugng ca thé trong mdi nhém nham
dam bao tinh chinh xac ciia x4c suat thong ké. Bang phuwong phap nady, cac SNP trén
gen dich duoc khang dinh tham gia tryc tiép vao diéu khién su di truyén caa tinh trang,
hoic rat gan, co lién két khong can bang véi chi thi quy dinh tinh trang s& duoc coi la
c6 méi twong quan véi tinh trang quan tam, cé thé duoc si dung trong chon gidng [22].
Mic du chua nhiéu nhung mét sé gen tiém ning quy dinh céc tinh trang san luong, kha
ning phong bénh hoic man cam vai bénh da dwoc phat hién, tao tién dé cho viéc xéac
dinh sy da hinh chi thi phan tir lién quan dén tinh trang mong muén ¢ mot s6 loai thay
san.

1.4.2. Mét s6 phwong phdp xdc dinh SNP (SNP genotyping) trén gen dich
1.4.2.1. Phirong phdp gidi md lai trén nhiéu cd thé

Trong truong hop chua biét chinh xé&c s6 luong va vi tri cac SNP trén gen dich
thi viéc sir dung phuong phép giai trinh tu Sanger dé giai ma lai doan gen dich d6 trén
nhiéu ca thé va so sanh dé tim kiém SNP s& mang lai hiéu qua tét. Dé tién hanh phuong

phap nay, cac doan gen dich can dugc nhan Ién mot cach dic hiéu bang phan ung PCR,
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sau do duoc sur dung lam khuén cho phan tng giai trinh ty toan bo doan gen dich do.
Uu diém caa phuong phap nay 1a ¢6 do chinh xéc, dic hiéu cao, xac dinh duoc dong
thoi nhiéu SNP. Nhuoc diém cia phuong phap nay 1a doi hoi ki thuat cao, can nhiéu
thoi gian, chi phi va trang thiét bi dé tién hanh céc thi nghiém PCR dic hiéu va giai
trinh ty. Do d6, SNP genotyping bang phuong phép giai mé lai trén nhiéu ca thé s& phu
hop Véi yéu cau xac dinh SNP trén gen dich v6i do chinh xac cao nhung & sé lugng cé
thé nho.

1.4.2.2. Phuong phap lai phan tie

Phuong phap nay s& duoc ap dung khi SNP can duoc xac dinh da dugc biét rd
thong tin vé vi tri trén gen dich va cac alen c6 thé xuit hién tai vi tri SNP do (allele
discrimination). V&i mdi vi tri SNP thudc DNA dich can duoc xac dinh, mot cip gom
hai trinh tw dau do dic hiéu alen s& dwoc thiét ké dé lai véi DNA dich chi khi sy bat
cap bod sung dién ra hoan toan. Trong diéu kién thi nghi¢m duoc t61 wu hoa, chi can tai
vi tri SNP khong c6 su bat cip giita dau do va DNA dich ciing khién cho phan tng lai
bi ngan chdn. Cu thé, cac dau do dic hiéu alen duge cb dinh trén bé mit rin, trong khi
cac doan DNA can giai trinh ty SNP da dugc dan nhan tin hi¢u khong duoc ¢ dinh.
Néu su bat cap hoan toan gitra dau do va doan DNA dién ra, doan DNA sé& duoc bat
gitr lai trén bé mit, khi d6 nhan tin hiéu cua doan DNA dugc nhan dién cho théy phan
ung lai da dién ra. Nguoc lai, néu khong co6 su bat cap hoan toan, doan DNA s¢ khong
lai duoc véi dau do va bi rira troi, dan t6i khong c6 tin hiéu duge nhan dién. Do d6, khi
biét chinh xac vi tri ctia cac ddu do dugc cb dinh trén bé mit rin, qua phan ung lai
phat/khong phét tin hiéu, kiéu gen cta doan DNA lién quan dén SNP s& duoc lam rd
[66]. Mot bé mit dugc ¢ dinh nhiéu cip dau do da biét rd vi tri s& giup xac dinh nhiéu
vi tri SNP khéc nhau trén DNA dich cung mét luc, day chinh 1a co sé cua phuong phéap
SNP array. Phuong phap lai c6 nguyén 1y don gian nhat trong cac phwong phap xac
dinh SNP do khong str dung enzyme trong qua trinh thuc hién, nén dé tién hanh trong
thoi gian ngan, khong doi héi thao tac thi nghiém phirc tap. Thach thirc 16n nhét cia
phuong phap nay nim & viéc thiét ké dau do that sy dic hiéu, tuy nhién véi sy trg giup
ctia cac phan mém thiét ké dau do ngay cang duoc tdi wu hoéa thi ti 18 thiét ké dau do

thanh cong cho phan ng lai ngay cang cao [66].
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1.4.2.3. Phuwong phdp PCR ddc hiéu allen (Allele-specific -PCR) dua trén
FRET (ASQ)

Trong phuong phap PCR dic hiéu alen dya trén hé chuyén doi niang luong cong
hudong huynh quang (Fluorescence resonance energy transfer (FRET)) (ASQ), huynh
quang va quencher bt giir duoc gan vao hai oligonucleotide riéng biét c6 trinh ty bd
sung véi nhau. Hai thanh phan duoc dua vao dong thoi trong cling mot phan ung PCR
gom hén hop cac moi dic hiéu alen va méi thuong; va hdn hop phat hién khdng phu
thuoc khuén DNA bao gom 2 dén 4 mau do phd quéat (UP-1 dén -4) va mot mau do
oliogonucleotide phd quat cho quencher (Uni-Q). Vi tri SNP dugc dinh vi tét hon ¢ vi
tri 4 chot caa mdi mdi dic hiéu alen, giup ting tinh dic hiéu cta phan tng va kha

nang phan biét alen (Hinh 1.9).

Mabi xubi dic hién alen . _ Mau db phé quat gan dye
y ~ " @ rrrrTTT—

’ A~
Pusi Dye dac

hi¢u Trinh ty dic

barcode hiéu alen

¢ @
Dye DPudl Dye dic hiéu barcode

- > Quencher Duo.i
Moi ngurge thwong Maiu do phé quit gan quencher

1 LELEETL Bién tinh DNA khuén v
B Khong nhin 1én gan cic thanh phan,

I I~ ~ Nhan lén PCR vong 1

|
Kéo dai li(;p phéu trinh ty
TTTTTITT dye dac hién barcode va

18]

l trinh tr dudi, PCR vong 2
3 Bién tinh cic mAu do phé quat
& — T . S X % = -
Ol O-iiilil gan dye va mau do pho quit
Bién tinh v dve dic hiéu barcode Bi€D tinh va hoi tinh l3i gan quencher
dwge nhan dign %
4

TN Phan dudi va dye dic hi¢éu barcode
.TTTI'T‘(T_? O cua miu do phé quan gan dye bim véi
phan dudi va dye dac hi¢éu barcode
| cia moi dic hi¢u alen

Giai phong tin hiéu huynh quang,
#1'1111 ITITTTTTITTITTTIOTT P(.Rp‘,b“:‘ 2 e s

Hinh 1.9. Nguyén ly k¥ thuat PCR dac hiéu alen dya trén FRET
Uu diém cia phuong phéap nay 1a c6 thé xac dinh ré rang duoc luong huynh
quang phat ra, it bi nhiéu tin hiéu, quy trinh don gian, dé thuc hién, gia thanh ré hon

nho céc thanh phan phé quéat [67].
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1.4.2.4. Phuong phdp kéo dai mgt nucleotide (Single base extention)

Phuong phap kéo dai mot nucleotide (Single base extention (SBE)) duoc tién
hanh trong diéu kién cac SNP can xac dinh di duoc biét rd vj tri trén gen dich, tuy
nhién khéng can phai biét rd cac alen c6 thé c6 & vi tri SNP d6. Nguyén 1y cua phuong
phap nay 1a moéi SBE s& duoc thiét ké dic hiéu ngay trude vi tri dau 3¢ cua SNP can
xac dinh trén gen dich; thdng qua phan tng PCR, sau khi méi SBE dugc gin vao
khuén, 1 ddNTP c6 gin huynh quang phan biét cho céc nucleotide A, T, G, C sé& duogc
bat cap bd sung véi khudn tai chinh vi tri SNP can xac dinh va phan ang ding lai, do
do6 phuong phap nay c6 tén 1a kéo dai mot nucleotide. Thong qua dién di mao quan san
pham va doc tin hiéu huynh quang caa mot ddTNP dugc gan thém trén may giai trinh
tu (mini-sequencing), trinh tuw SNP s€ duoc xac dinh [68].

Multiplex PCR

Viing trinh tw dudi

o dau 5' khéng bat 3, %, l (1) Tinh sach bang EXO-SAP

C,ap %‘\)’\)"\5}
O 3
9 ;' — g ddGTP ddCTP ddTTP
5
Phin img "z‘% -------------------- %} Moi SBE
: @,
ons multlplex< . % CGGAAYCAGG\TCAATCAC o
’»& P s TGCCTTAGTCCAGTTAGTGATCAGT -
> 5
3.._\ : 5, / \ 2
\ ) Sin phim PCR lim khuén S?IO‘:“W
(1)Tinh sach bang SAP Zenony
(2)Dién di mao quan
& <¢<“
“ E&E
@Bonghdptuééé“ & & Dihop ti

Kich thudc nhé nhat
./ / / / Kich thirdic Ion st
‘ i ‘CC |7

Chiéu dai san pham tinh theo nucleotit

RFU

Hinh 1.10. Hinh anh minh hoa qua trinh thuc hién thi nghiém SBE sur dung SNapShot
Phuong phap nay cho phép phat hién dong thoi dén hon 30 diém SNPs nam rai
rac trén gen dich [69]. Uu diém cia phuong phap nay 1a kha ning phat hién tetra —
allelic SNPs, nhanh nhay, c6 tinh dac hiéu va kha nang giai trinh tuy tu dong. SBE da

dugc ap dung trong mot vai ung dung khac nhu phan tich té bao don dong cho chan
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doan di truyén trudc khi ciy ghép, chan doan phan tir truede va sau sinh [70], phan tich
va giam dinh DNA ti thé trén mAu da bi phan hay [71] va sang loc SNP hiéu ning cao
trong nghién ctu quan thé [72]. Nhuoc diém cia phuong phap nay 1a doi hoi ki thuat,
chi phi cao va trang thiét bj phirc tap dé thyc hién.

Mot trong nhitng cong nghé da dugc thuong mai hoa trén co so ky thuat cua
phuong phap SBE la bd kit thwong mai SNaPshot Multiplex Kit caa hdng Applied
Biosystems, M¥. Phan ung kéo dai mot nucleotide trong bd kit SNaPshot sir dung cac
ddNTP dugce danh dau huynh quang khéac nhau, gom dATP mau xanh 14 (dR6G), dTTP
mau d6 (dROX), dCTP mau den ({TAMRA) va dGTP mau xanh duwong (dR110). Bé
thue hién phan ang multiplex xac dinh nhiéu SNP trén cac doan gen dich, cac moi SBE
duoc thiét ké gom phan trinh tu 16i bat cap bd sung véi trinh tu dich tai vi tri 3’ nam
ngay sat vi tri SNP va phan trinh tu dudi la cac doan lap & phia 5° ctia mdi SBE, c6
chiéu dai khéac nhau tir 5 dén 8 nucleotide giita cac moi, nham phan biét vé chiéu dai
cac san pham thu duoc trong qua trinh dién di mao quan tu dong (Hinh 1.10). Theo
mét sé nghién ciu trude d6, phuong phap kiém nghiém chi thi SNP bang bo kit
SNaPshot thudong dugc phan tich bang phan mém GeneMapper (ABI) véi cac phién
ban khac nhau [73]. Phdn mém nay kha da dang vé chirc ning nhu phan tich tinh da
hinh chiéu dai cac doan khuéch dai (AFLP), xac dinh trang thai di hop tir cta gene dot
bién (LOH), microsatellite va phan tich két qua SNP genotyping.

1.4.2.5. Phwong phdp cdt enzyme gi6i han (Enzymatic cleavage)

Enzym dic hiéu ciu tric s& cat phirc hop duoc tao ra boéi cac dau do
oligonucleotide chong 1ap 1én nhau (overlap) hoan toan tai vi tri SNP can xac dinh. Cac
dau do dugc thiét ké bao gom: dau do xam lan (Invader oligo) bat cip véi trinh tu &
dau 3’ ctia DNA dich cho dén vi tri lién trude dau 3° ciia SNP can xac dinh va dau do
ddc hiéu alen bt cap véi trinh ty tu vi tri SNP can xac dinh cho dén dau 5’ cia DNA
dich. Pau do dic hiéu alen ngoai phan bat cip voi trinh tw dich con cé trinh ty dudi &
dau 5° dugc treo 1ong 1éo (Flap) [66]. O budc dau tién khi ddu do xam 14n bat cip bod
sung voi trinh ty dich, néu diu do dic hiéu alen cling bat cap duoc hoan toan vai trinh
tu dich, phirc hop véi cac oligonucleotide chong 1ap hoan toan s& duoc tao ra, kich hoat

enzym dic hiéu cau tric cat roi trinh tw dudi (Flap) va nucleotide & vi tri chong lap ra
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khoi dau do dic hiéu alen. O budc th hai, trinh ty dugc giai phong sé& tiép tuc bat cip
hoan toan véi trinh ty loop di chta san tin hiéu huynh quang va quencher trong hé
chuyén d6i ning luong cong huong huynh quang thir nhét, tao nén mot phic hop
chdng 14p méi, tir 6 kich hoat enzyme cit tai vi tri chdng 14p, tach tin hiéu huynh
quang xa khoi quencher bat giit, gidi phong tin hiéu huynh quang. Trong truong hop
dau do dic hiéu alen khong bét cap duoc hoan toan voi trinh tu dich, phirc hop voi cac
oligonucleotide chdng 14p hoan toan s& khong duoc tao ra, khong kich hoat dugce sy cét
roi trinh tw dudi (Flap), din dén khong kich hoat duoc hé chuyén doi nang lugng cong
hudng huynh quang [66].

C6 thé ap dung phuong phap nay dé xac dinh nhiéu vi tri SNP trén cing DNA
dich trong cung mot luc, voi tin hiéu huynh quang phat ra manh mé ma khong can phai
thong qua phan ing PCR khuéch dai DNA dich. Tuy nhién phuong phap nay doi hoi
luong DNA dich dau vao phai du 16n, cac dau do phai dac hiéu va c6 do tinh sach cao,
hon nita viéc thiét dau do 1a kha phuc tap vi phai dam bao tiéu chi dé hai budc phan
tmg dién ra tuan tu trong khi tat ca cac thanh phan phan tng cta hai budc nay dugc
tron cung mot luc [66].

1.4.3. Cac nghién cizu vé SNP trén mét sé gen thugc hé théng IGF lién quan dén
tinh trang tang truwong ¢ cd xwong

O cé hoi Pai Tay duong S. salar L., tir 16 ¢4 thé, 3 SNP trén gen IGF1 da duogc
phat hién gom 1 SNP trén promoter g.5763G>T, 1 SNP trén intron 1 g.7292C>T va 1
SNP trén intron 3 g.4671A>C. Két qua genotyping 3 SNP nay trén 4800 cé thé ngau
nhién da chi 2 SNP g.5763G>T va g.4671A>C ¢ lién quan chat ché voi khbi lwong co
thé va day ciing 1a nhitng chi thi tiém nang c6 thé tng dung cho chon giéng [26]. Trinh
tu gen IGF1 cua 17 ca thé ca chép Cyprinus carpio duoc so sanh véi nhau, tim ra 3
SNP trén intron va 1 SNP trén exon cua gen, 4 SNP nay sau d6 duoc genotyping trén
289 c4 thé duoc chon loc ngiu nhién va cho két qua SNP nam trén intron 2 cua gen
IGF1 (g.7627T>A) c6 lién quan chat ché dén khdi lugng va chiéu dai co thé. Cy thé, ca
chép c6 kiéu gen AA c6 khéi lwong trung binh cao hon ca c6 kiéu gen TT 5,9%, ca co
kiéu gen TT tuong ung c6 khéi luong trung binh thap nhat [27]. Két qua phat hién va

kiém nghiém SNP lién quan dén tinh trang tang truong trén 80 ca thé ca vugc chau Au
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D. labrax, L. cho thay kiéu gen tao nén tir SNP g.46672A >G va g.46749C > T thudc
vung 5°-UTR cua gen IGF1 duoc chitng minh c6 lién quan dén chiéu dai co thé cua
loai ¢ nay, ngoai ra, kiéu gen duoc tao nén tir SNP g.46749C > T con ¢6 lién quan dén
tinh trang khéi luong co thé [28].

Ngoai mirc d6 biéu hién cua gen IGF2 duoc ching minh c6 lién quan dén tinh
trang ting truong cua nhiéu loai ca [74], [75], [76], [77], cho d&én nay, mot sb nghién
ctru cling di chi ra dwgc mdi lién quan gitra cac SNP trén gen nay vdi tinh trang ting
truong cua cac loai ca xuong. Vi du ¢ c& rd phi séng Nin Oreochromis niloticus L,
thong qua cac budc giai trinh ty toan bo gen IGF2 trén 10 ca thé, Juhua va cong su
(2010) da phét hién dugc 13 SNP gém 9 SNP trén intron va 4 SNP thudc ving ma hoa
nhung khong 1am thay d6i trinh tu axit amin, sau d6 4 SNP nay duoc genotyping trén
192 c4 thé va két qua da chi ra SNP G161A trén exon 3 lién quan dén tinh trang ting
truong cua loai c& nay [78]. SNP trén intron 3 cua gen IGF2 dugc phat hién sau khi so
sanh trinh ty cua 16 ca thé ca vuoc chau Au D. labrax, L. va duoc ching minh c6 lién
quan dén tinh trang khéi luong co thé cua loai c4 nay sau khi SNP dwogc genotyping
trén 298 ca thé dugc chon loc ngau nhién [79].

Nghién cau phat hién va kiém nghiém SNP trén 195 cé thé ca ban dia Trung
Qudc Odontobutis potamophila da phat hién duoc 3 SNP trén intron cua gen IGF1R la
1777T>C, 1704G>A, and 1208G>A, tuy nhién chi c6 SNP 1208G>A lién quan chat
ch& dén cac tinh trang ting truéng quan trong. Cac ca thé co kiéu gen AG c6 su phat
trién tot hon vé chiéu dai than, chiéu rong than, khéi luong co thé so véi céc ca thé co
kiéu gen GG [80]. Tuy vay, cac nghién ctru vé mirc d6 biéu hién gen va da hinh phan
tir, dac biét 12 SNP trén gen IGF1R lién quan dén tinh trang ting truong ¢ cac loi ca
con rat hiém.

Haplotype, t6 hop kiéu gen phéat sinh tir SNP trén cac gen thudc hé théng IGF
cling duoc chimg minh c6 lién quan dén ting truéng cua ca xwong. Haplotype tao nén
tir 3 SNP trén gen IGF1 lién quan chit ché vai khéi lugng co thé ldc thu hoach va ti 18
phi I& cua cé hdi Pai Tdy Duong S. salar [26]. T6 hop kiéu gen tao nén tir 2 SNP trén
gen IGF1 ciing dugc ching minh cé lién quan dén tinh trang chiéu dai co thé va khéi

lugng co thé caa ca chép C. carpio [27].
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1.4.4. Cac gen thugc hé théng IGF di dwee xdc dinh dga trén théng tin hé gen

ca tra nuoi
Str dung ky thuat giai trinh tu thé hé méi (hé thong lllumina), toan bo hé gen
(genome) ctiia mot ca thé ca tra duc di duoc giai ma bao gom dit liéu thu vién pair-end
va dir lidu tir thu vién mate pair. Két hop véi dir liéu transcriptome tir cac mé co quan
va cac giai doan phat trién khac nhau, genome c4 tra da duoc dy doan mé hinh gen va
cha giai, du doan c6 28600 gen ma héa protein. T4t ca cac thdng tin vé trinh ty genome
clia cé tra nudi duoc cong bd trén ngan hang di lisu DDBJ/EMBL/NCBI véi ma sé
BioProject 1a PRINA448819, hé gen lip rap duoc cong bd lan dau tién véi ma sb
QUXB00000000. B dir liéu nay ciing dugc céng bd trén genome browser tai dia chi

http://marinegenomics.oist.jp/gallery/ hoac http://catfish.genome.ac.vn. Pay la dir liéu

genome dau tién caa ca tra, c6 thé dung 1am trinh tu tham chiéu cho cac nghién ctu sau
sau nay [16].

Dit liéu hé gen lap rap cia ca tra nudi da duoc céng bd trén ngan hang dir liu,
tir 46 cung cap céc thong tin vé ma sé dinh danh cua céc scaffold, gen, mMRNA va
protein cho ngudi st dung. Theo d6, cac gen thudc hé théng IGF cua ca tra nudi da
dugc xac dinh (Bang 1.1) [16]. Cu thé, trong genome cua c tra nudi di xac dinh duoc
2 gen quy dinh cho IGF1 (IGF1 va IGF isoform X1) va 2 gen quy dinh cho IGF2,
tuong tu V6i 4 gen quy dinh IGF1a, 1b, 2a, 2b ¢ ¢4 ngua van D. rerio va nam trén céc
scaffold khac nhau. Trong khi & c& ngua van c6 hai gen quy dinh thu thé IGF — IGFR
(IGF1Ra va IGF1RDb) nam trén nhidém sac thé sb 2 va 22, thi & ca tra nudi, cd 3 gen ma
hoa cho thu thé IGF (IGFR, IGFIR, IGFIR isoform X1). Thém vao do, 11 gen quy
dinh IGFBP gdom IGFBP-1, -2A, -2B, -3, -5, -6, -7 dugc tim thay trong genome cua ca
tra nudi, tuy nhién khong c6 gen nao quy dinh IGFBP-4, kha twong dong vdi ca ngua
van (Bang 1.1). Can ctr vao vai trd cia mot sé gen thuoc hé théng IGF lién quan dén
qua trinh ting trudng cua cac loai dong vat c6 xwong sdng noéi chung va céc lodi ca
xuong noi riéng, vao cac co s dir lidu vé trinh ty genome tham chiéu cua cé tra nudi P.
hypophthalmus véi d6 tin cay cao, cling nhu vao tinh kha thi cia phuong phap nghién
ctru da dang di truyén (SNP) trén céc gen dich lién quan dén tinh trang can quan tam,

trong dé tai nay, mot s6 gen thudc hé thong IGF cua céa tra nudi (Bang 1.2) s& duoc


http://catfish.genome.ac.vn/
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phan tich, phat hién cac da hinh (SNP) cua cac gen d6 va kiém nghiém su lién quan cua

ching véi tinh trang ting trudng trong quan thé cé tra ting trudng nhanh va ting

truong cham, hudng téi tim kiém chi thi phan tir 1ién quan dén tinh trang ting truong

Bang 1.1. Cac gen thuoc hé théng IGF cua cé tra nudi

Ho gen Sfaffold Gene IDs M6 ta E:;Iéeuo:zllie gét}l:trjrlino
axit
IGF 11 phy g435.t1 insulin-like growth factor | 736 245
IGF 16 ohy_g25602.11 i)giulin-like growth factor | isoform 549 183
IGF 28 phy g10034.t1 | insulin-like growth factor 11 639 213
IGF 8 phy g13975.t1 | insulin-like growth factor 11 711 237
IGFBP |58 phy_g11974.t1 | insulin-like growth factor-binding1 | 735 245
IGFBP |42 phy g24144.t1 | insulin-like growth factor-binding1 | 796 265
IGFBP | 46 phy g8897.t1 | insulin-like growth factor-binding 2A | 786 262
IGFBP | 3* phy_g8121.t1 | insulin-like growth factor-binding 2B | 675 225
IGFBP |58 phy g11973.t1 | insulin-like growth factor-binding 3 | 856 285
IGFBP |42 phy g24145.t1 | insulin-like growth factor-binding 3 | 906 302
IGFBP | 3* phy_g8120.t1 | insulin-like growth factor-binding5 | 919 306
IGFBP | 46 phy g8896.t1 | insulin-like growth factor-binding5 | 760 253
IGFBP | 9* phy g1604.t1 | insulin-like growth factor-binding6 | 612 204
IGFBP | 22* phy_g27470.t1 | insulin-like growth factor-binding 6 | 579 193
IGFBP | 54 phy g24954.t1 | insulin-like growth factor-binding 7 | 792 264
IGFR 19 phy_g25100.t1 | insulin receptor-like 4026 1342
IGFR 19 phy_g25233.t1 | insulin-like growth factor 1 receptor | 4057 1352
IGER 15 ohy g24431.11 insulin-like growth factor 1 receptor 4237 1412

isoform X1

* Hox cluster containing scaffolds
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Bang 1.2. S6 dinh danh trinh ty gen, mRNA, protein trén NCBI cua mét s gen trong

hé théng IGF cua ca tra nudi duoc lra chon dé phan tich ciu tric

Tén gen

STT . Gene ID Vi tri trén genome MRNA ID Protein ID
(Gene ID ban dau)
IGF1L sc0000011
1 113532358 | NW_020824206.1 | XM_026923725.1 | XP_026779526.1
(phy_g435.11)
(8211039..8230392)
GE2 5c0000028
2 113540971 NW_020824223 XM_026937691.1 | XP_026793492.1
(phy_g10034.t1)
(1585727..1590597)
) sc0000015
IGF1R isoform X1
3 113534424 | NW_020824210.1 | XM_026927204.1 | XP_026783005.1
(phy_g24431.t1)
(3316677..3410561)
$c0000042
IGFBP-1
4 113545355 | NW_020824237.1 | XM_026944681.1 | XP_026800482.1
(phy_g24144.t1)
(1915945..1918707)
sc0000046
IGFBP-2A
5 113545824 | NW_020824241.1 | XM_026945448.1 | XP_026801249
(phy_g8897.11)
(4399897..4427991)
5c0000042
IGFBP-3
6 113545296 | NW_020824237.1 | XM_026944580.1 | XP_026800381.1
(phy_g24145.t1)
(1921250..1939687)
sc0000003
IGFBP-5
7 113525861 | NW_020824198.1 | XM _026912477.1 | XP_026768278.1
(phy_g8120.11)
(9142631..9154838)
sc0000009
IGFBP-6
8 113530376 | NW_020824204.1 | XM_026920287.1 | XP_026776088.1
(phy_g1604.11)
(3855817..3860008)
IGFBP-7 sc0000054
9 (IGFBP-rP1) 113546920 | NW_020824249.1 | XM_026947045.1 | XP_026802846.1

(phy_g24954.t1)

(1267971..1277002)
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CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP
2.1. Nguyén vat liéu

Cac c4 thé ca tra nudi (P. hypophthalmus) str dung trong luan &n dugc ké thira tir
cac dé tai nghién ctru trudc. Cu thé, 160 ca thé di duoc chon loc tir thé hé tha 3 (G3)
cong gop (ndm 2015) caa quan dan chon gidng ca tra theo hudng tang truéng dya trén
phuong phép di truyén sb lugng cua Vién Nghién ciu Nubi trong Thuy san 2, Viét
Nam [15]. Qua trinh thu mau dugc thiét ké dé phuc vu 2 giai doan chinh cua thi
nghiém la phat hién, sang loc SNP trén cac gen dich va kiém nghiém su lién quan cua
SNP Ién tinh trang tang trudng.

Dau tién, SNP trén cac gen thudc hé thong IGF s& dugc tim kiém va sang loc
trén bo mau khai tao. Dua vao gia tri gia tri chon gidng udc doan EBV trung binh cua
ca thé va EBV trung binh cua gia dinh trén toan dan, 10 ca thé c6 EBV cao nhat thudc
9 gia dinh c6 EBV trung binh cao nhat duoc lya chon 1am 10 mau ting truéng nhanh
(ky hiéu tir N1 dén N10) va 10 cé thé c6 EBV thap nhat thudc 9 gia dinh c6 EBV trung
binh thap nhat duoc lya chon 1am 10 mau tang truéng cham (ky hiéu tir C1 dén C10).
Luan an lya chon sé luong 20 cé4 thé cho bd mau nay do c6 tham khao cac cong trinh
khoa hoc trén céc loai ca hoi Pai Tay dwong S. salar L. [26], c4 chép C.carpio [27], c&
ré phi song Nin O. niloticus L [78], c4 vuoc chau Au D. labrax, L. [79] da st dung tur
10 dén gan 20 ca thé dé phat hién SNP trén cac gen thudc hé thong IGF. Pay ciing 14 s6
lugng cé thé phl hop véi quy md thoi gian va chi phi tién hanh thi nghiém cua Luan
an. Thong tin vé khéi luong co thé va EBV cua cac ca thé dugc trinh bay trong Bang
2.1.

Tiép theo, cac SNP dugc sang loc tir bo mau khai tao s& duoc xac dinh trén bo
mau kiém nghiém. Bo mau kiém nghiém duoc thu thap bao gom: 70 ca thé ca tra co
chi s6 EBV cao nhat thudc 24 gia dinh c¢6 chi s6 EBV cao nhat theo thir ty xép hang va
70 cé thé ca tra co chi s6 EBV thap nhat thudc 31 gia dinh c6 chi sé EBV thip nhat
theo thtr ty xép hang. Thong tin vé khdi luong co thé va EBV cua cac ca thé nay duoc

trinh bay trong Phu luc 1.
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Cac mau vay cua 160 cé4 thé nay ciing dugc thu va bao quan ngay trong con

tuyét doi & nhiét do -20° C dé sir dung cho nghién ctu.

Bang 2.1. Thdng tin 20 c4 thé ca tra nudi trong bo mau khaoi tao

Théng tin 10 miu ca thé ting trwéng nhanh

STT ID Ngay tudi | Khéi hrong (g) EBV Gla =BV
dinh gia dinh
N1 | 0418CBE232 385 1969,8 400,9 131 173,1
N2 | 0418CBCBD7 394 2160 439,4 113 251,4
N3 | 0418CC3BB3 383 1702,6 420,9 38 170,7
N4 | 0418CBE610 361 1750,4 313,6 161 179,4
N5 | 0418CBCB67 371 1691,4 314,1 161 179,4
N6 | 0418CBF2A2 380 2017,8 366,5 175 232,1
N7 | 0418CBFB40 362 1439,2 310,7 180 213,1
N8 | 0418CBBF81 406 1585 405,4 30 263,6
N9 | 04179DF375 369 1269,8 295,8 105 205,7
N10 | 0418CBEE7B 370 1882,8 332,1 175 232,1
Trung binh 1.746,9+272,0 359,9+53,1 210,1+33,9
Théng tin 10 miu c4 thé ting truéng chim
STT ID Ngay tudi | Khéi luwgng (g) EBV Gla =BY
dinh gia dinh
Cl | 0418CBDC66 384 767,2 -170,4 51 -120,9
C2 | 0418F7E641 363 606 -124,3 200 -58,1
C3 | 0418CC464D 349 230,4 -220,7 249 -68,4
C4 | 0418CBD251 398 516,6 -195 51 -120,9
C5 | 0418CBD623 393 657,8 -153,3 114 3,3
C6 | 041799FD22 403 500,2 -148,5 31 - 78,9
C7 | 0418F7CC7B 371 394,2 -230,5 255 -171,6
C8 | 0416D9227A 378 447 -127,9 174 -39,9
C9 | 04179E0B12 405 445,6 -155,3 31 -78,9
C10 | 0418CBDA71 360 557,2 -110,4 296 -45,9
Trung binh 512,2+148,8 -163,6+40,6 -78,0+49,5
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2.2. Phuwong phap

Luén an dwogc tién hanh theo cac bude dugce trinh bay trong Hinh 2.1.

PHAN TiCH CAU TRUC GEN THUQC HE THONG IGF CUA CA TRA NUOI
Sir dyng cac phurong phap tin sinh hoc xac dinh cac viing quan trong trén cic gen dich,
xic thyre trinh ty céc viing gen d6 durgc giai mé bang Sanger trén mét ca thé so véi trinh ty tham chiéu

g

PHAT HIEN SNP
Phén 13p va gidi trinh ty bing phuong phap Sanger cac viing quan trong thudc gen IGF1, IGF2, IGFIR,
IGFBP-1, -2, -3, -5, -6, -7 trén 20 mau thudc bd mau khri tao (10 ca thé TTN va 10 ca thé TTC)
va so sanh v&i trinh ty tham chiéu dé phat hign SNP

4

SANG LOC SNP
Sang loc SNP gy nén sy thay ddi axit amin hodc
€6 tan s6 xudt hién SNP tir 0,3 tr&r 1én & it nhdt mot nhém TTN/TTC va c6 sy khac biét vé thanh phan kiéu gen
va/hodc tin s& alen gilra 10 c4 thé TTN va 10 ca thé TTC (gié trj p < 0.05)

4

KIEM NGHIEM SNP
Genotyping cac SNP dugc sang loc bing phurong phap Kéo dai mét nucleotit (SBE) trén 140 miu
thudc bd miu ki€m nghiém gdm 70 ca thé TTN va 70 ca thé TTC

4

PHAN TiCH SNP TRONG QUAN THE NHAM TIM KIEM CHI TH| PHAN TU TIEM NANG
Tim ki€m céc SNP thé hién sy khac biét vé thanh phin kiéu gen va/hodc tin s& alen gilra
80 ca thé TTN va 80 ca thé TTC (gia trj p < 0.05)
Phan tich cac thdng s6 di truyén PIC, MAF, sy khac biét gii¥a 2 nhom veé tin s haplotype, to hop kigu gen
tao nén tir cac SNP duoc sang loc

Hinh 2.1. N6i dung nghién ctru va cac nhém phuong phap nghién ctru tuong urng

2.2.1. Phan tich cdu truc cia cdc gen dich

Dua trén trinh tu cac gen thudc hé théng IGF cua ca tra nuodi da duoc cha giai tir
genome giai ma bang NGS [16], cac gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -

7 s& duoc phan tich ciu triic dé tim cac ving quan trong dé xac dinh SNP. Trinh ty

protein suy dién tir trinh t cac gen dich duoc phan tich bing ProteinBLAST (blastp)

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) véi ngan hang dit liéu PDB, nham tim ra cac

ving bao thu quy dinh cidc domain dic trung. Ngoai ra, trinh tu protein suy dién ciing

dugc phan tich bang phan mém SignalP5.0 [81] dé du doan chudi peptit tin hiéu.

Nhitng ving gen quy dinh cac viing domain chtic ning, chudi peptit tin hiéu trén

protein va cac ving gen lién quan dén diéu hoa phién m4, dich ma s& duoc wu tién giai

ma lai dé xac dinh SNP.


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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2.2.2. Tach chiét DNA téng sé
Céc té bao mo vay cua ca tra dugc nghién trong ni to 1ong thanh dang bot va
ddng nhat trong dung dich dém (0,01 M EDTA, 0,01 M Tris-HCI pH 7,5, 0,1 M NaCl,
2,1% SDS va 100 ul/ml Proteinase K) & 56°C trong 3 gio. DNA tong s6 dugc tach
chiét tr dung dich dong nhit bang phuong phap thuong quy st dung
phenol/chloroform [82]. Nong do va chat luong DNA tong s6 duoc kiém tra bang
quang phd ké NanoDrop One Spectrophotometer (Thermo Fisher Scientific) va dién di

trén gel agarose 1 %.

2.2.3. Khuéch dai cac gen bang phdan i#ng PCR

DNA tong s6 tach chiét tir cac mau vay cé tra duoc lam khudn cho phan {ng
PCR véi cac cap mdi thiét ké dé nhan cac doan gen mong muén. Nam muoi lam cap
mbi duoc thiét ké bang phan mém Primer 3 (v.0.4.0) [83] dé khuéch dai cac doan gen
IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7 cua ca tra nudi dua trén trinh tu
genome tham chiéu, véi ma sé dinh danh cua cac gen trén ngan hang di liéu duoc trinh
bay trong Bang 1.2. Vi tri caa cac doan gen duoc nhan 18n va trinh tu cac cap méi duoc
thiét ké cho cac gen IGF1; IGF2; IGF1R; IGFBP-1; IGFBP-2; IGFBP-3, -5, -6 va
IGFBP-7 lan luot dugc trinh bay trong Hinh 2.2/ Bang 2.2, Hinh 2.3/ Bang 2.3, Hinh
2.4/ Bang 2.4, Hinh 2.5/ Bang 2.5, Hinh 2.6/ Bang 2.6, Hinh 2.7/ Bang 2.7, Bang 2.8,
Bang 2.9 va Hinh 2.8/ Bang 2.10.

Phan tng PCR duoc tién hanh dé khuéch dai cac doan gen véi thé tich 25 pl
gom: 1 pl DNA khudn, 1 pl mdi méi (10 pmol/ul) va 12,5 pl Taq 2X Master Mix
(NEB). biéu kién phan tmg nhu sau: bién tinh chung & 95°C 3 pht; 30 chu ky gém
buéc bién tinh & 95°C 30 gidy, diéu kién gan moi cho mdi cap mdi dugc trinh bay
trong cac Bang 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 2.10, kéo dai doan ¢ 68°C 1 phut;
kéo dai doan chung 68°C 7 phdt; bao quan 4°C. Cac san pham duoc dién di kiém tra
kich thudc trén gel agarose 1% va tinh sach bang kit GeneJET PCR Purification Kit

(Thermo Fisher Scientific) theo huéng dan cia nha san xuat.
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Hinh 2.2. Vi tri cac cap mdi duoc thiét ké trén trinh tu gen IGF1
E1 dén E4: cac exon, I dén 13: cac intron. Vi tri cia cac cap mai xubi (Fw) va mai
nguwoe (Rv) dwoc danh s6 theo vi tri trén gen.
Bang 2.2. Danh sach cac cap moi duoc thiét ké nham nhan cac doan gen IGF1
Ky higu | Mdi nhan Kich thuéc biéu
cap mdi | gen IGF1 Trinh tw mai (5°-3°) san pham du kién
kién (bp) gan moi
Fw-130 TGGAGTTAAATGTCTGCTTGTGA 53°C
! Rv407 | TGGTATCAGTATCAGAGTCAAAACG >3 30 gidy
Fw13070 | CGTTCTTAAATGTGTGATAAACTCC 51°C
: Rv13975 AAGTCACAAAAGCACTGATTTCA 206 30 giay
Fw16198 GTGTCACTGCTTGTATTGTAAAGA 51°C
3 Rv17103 AAAACCTTCACCTCTCCTCCA 900 30 gidy
Fw16525 TTACACCACTCCGTCGTTGATTA 53°C
4 Rv17428 TCCTGCTTAGCCATGTTCTCA 904 30 giay
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Hinh 2.3. Vi tri cac cap moi duoc thiét ké trén trinh tu gen IGF2

El dén E4: cdc exon, 11 d@én 13: c&c intron. Vi tri cia cac cap mai xudi (Fw) va méi nguroc
(Rv) dwoc danh sé theo vj tri trén gen.

Bang 2.3. Danh sach céac cap moi duoc thiét ké nham nhéan cac doan gen IGF2

Ky | Moi Kich biéu
hiéu | nhan thuéc kién
cip | gen Trinh tw moi (5°-3°) San gan
moi | IGF2 phamdy | moi
kién (bp)
Fw49 CCTCATCATCACCCTCATCCTCATCC 62°C
> Rv1020 CTCTGTCTCCACACACGAACTGCAGAG o7 30 giay
Fw918 GCTTTTCACGGTGGCATTGTCACTG 56°C
° Rv2444 GACGACCTGCAGCGTAGTGGTG 12t 30 giay
Fw2328 | CCTCACCGAGGAATAGTGGAGGAATGCTG 56°C
! Rv3555

1228
TAGGATCCCAAGGTCAAGGCTAATAATCC

30 giay
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Hinh 2.4. Vi tri cac cip moi duoc thiét ké trén trinh ty gen IGF1R

El d@én E21: cdc exon, I1 dén 120: c&c intron. V; tri ciia cac cigp mai xudi (Fw) va moi nguoe (Rv) dieoe danh sé theo vi tri trén gen.
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Bang 2.4. Danh sach c&c cip moi duoc thiét ké nham nhén cac doan gen IGF1R

Ky Moi Kich thwéc | Diéu
higu nhan . san pham kign
Trinh tw moi (5°-3) , ,

cap gen dw Kien gan
moi | IGFIR (bp) moi
Fw12625 TTATTTTCTGTAAGCCTGCACC 51°C

° Rv13547 GTGAATCCAACAGTGATCCGAG 9 30 giay
Fw13429 ACGGGGCTTTAGATGTATTTCTC 51°C

° Rv14328 | TTCCAAACAGCCAAAACACTATC 200 30 giay
Fw14997 | CTATACAGAGAACATGAGTCTCCAC 53°C

10 Rv16132 | AAGCTAAGCATGCGAAACTCCTG 130 30 giay
Fw16031 | CAAGAAGCTGGAGAACTGCACG 54°C

H Rv17041 AGCAATATGACAGTTACTCCA toH 30 giay
Fw83542 TTCTCTATGCCTCTGTAAACCCA 53°C

e Rv84544 AAACTACTCCCAGCAACCGTA 1003 30 giay
Fw84299 TTCCTCAATGAAGCCTCTGTC 56°C

s Rv85707 CGGAAATCTCGCCAGCCATC 1409 15 giay
Fw85565 | AGAGAAAGAAAAGGGAGTTGTAA 51°C

14 Rv86622 CTGGAGGATGTTAAGAGTGC 1058 30 giay
15 Fw86693 | GCTTTTGAAGTCCTCCAGATGAA 1005 51°C

Rv87697 | CAGTTTGAAGTGGTTATGTTTTGA 30 giay
Fw87429 | ACATCTAATTGTGCTTTGCTCTCT 51°C

10 Rv88394 CTGGATATGTGACGCCCATCT 900 30 giay
Fw90459 GGCACTTTACTCCGTTTCAC 53°C

Y Rv91541 GACTCCATCTTTGCTCCTTGA 1083 30 giay
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Hinh 2.5. Vi tri cac cdp mdi duoc thiét ké trén trinh tu gen IGFBP-1

E1 dén E4: céc exon, 11 dén 13: c&c intron. Vi tri cia cac cap mai xudi (Fw) va méi nguoc
(Rv) dwoc danh sé theo vi tri trén gen.

Bang 2.5. Danh sach céac cap moi duoc thiét ké nham nhén cac doan gen IGFBP-1

Ky Maoi nhan

Kich thuéc | Diéu
hiéu | gen IGFBP-1 . san pham kién
. Trinh tw moi (5°-3%) , i

cap moi dw kien gan
(bp) moi
Fw-308 GTTCACCCCTGCTGCTGTATG 56°C

18 Rv713 GACCATCACCCTCCACCTC 102t 30 giay
Fwo611 CGCCGATTAGTGTCTGGAG 51°C

19 Rv1677 TACATCAGCCCAAACAATGTG 1067 30 giay
Fw1405 GATTGCTCGATCCCAACAGAAG 53°C

20 Rv2408 GCAGTGACAATGTGGTTTGG 1004 30 giay




42

ATG T
oo 2406
l o 1% 17474 ML U1 15901 28093
[Vingbiin [T BT T 7 T (B o 7/ 0 B . 1 . T, [ Ving biéa |
A | ’ - P I Lo o '
L . » o i e Ll e !
Fw.129 Rv10+4 Fwl6sT RT3 23613 1 Rv24648 Fw5262) i Rv26233 Fl\26977} Rv28144
L = | e
=¥ "y
w4378 Ry25SIS w2603 Rv27143
Hinh 2.6. Vi tri cac cap mdi duoc thiét ké trén trinh tu gen IGFBP-2
E1 dén E4: cdc exon, 11 d@én 13: cac intron. Vi tri cia cac cap moi xudi (FW) va moi ngieoe (Rv) dwoc danh sé theo vi tri trén gen.
Bang 2.6. Danh sach cac cap mdi dugc thiét ké nhim nhan cac doan gen IGFBP-2
Ky | Moinhan Kich bieu | Ky | Mainhan Kich biéu
higéu gen thwoc kién | hiéu gen thwoc kién
cap | IGFBP-2 Trinh tw mdi (5°-3) >an gin | cdp | I1GFBP-2 Trinh tw mdi (5°-3%) san gan
moi pham moi moi pham moi
duw kién dw kién
(bp) (bp)
21 Fw-129 GTATTTTTGGTGAACCCCTTG 1173 51°C 25 Fw25262 | GAGCATCCAAACATCCCAGTTC 972 53°C
Rv1044 TAGCCAAGATGTCAGCAAGC 30 giay Rv26233 | CACCTGTTGTATGCTGGGTTTC 30 giay
29 Fw16872 TCCTGCTCAATGTTTGGTCA 1072 51°C 26 Fw26038 CACCTTCAGCATCGCAAAAC 1106 53°C
Rv17943 | CAGTCAGCAATCCAGTTCATC 30 giay Rv27143 ACAGCTTCCTAATCCAGCCA 30 giay
23 Fw23613 | TGTTGGGAAAGGGTGAAATG 1036 51°C 97 Fw26977 TACAGGATGTCCCAAAGGTC 1168 51°C
Rv24648 | TCCTGCATATGGATCCTCAAC 30 giay Rv28144 CTGGCTGTCCTGAAAACTGA 15 giay
o4 Fw24578 | TGTAAACCCCAGGACAGTGA 938 53°C
Rv25515 | AAGGTGCAGGCTCTTTGTTG 30 gidy
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Hinh 2.7. Vi tri c&c cap mdi duoc thiét ké trén trinh tu gen IGFBP-3 (A), IGFBP-5 (B)

va IGFBP-6 (C).

El dén E4: cdc exon, I1 dén 13: céc intron. Vj tri cua cac cap moi xudi (Fw) va moi nguroc

(Rv) deoC ddnh s6 theo vj tri

trén gen.
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Bang 2.7. Danh sach céac cap moi duoc thiét ké nham nhén cac doan gen IGFBP-3

Ky | Mainhan Kich thwéc | Diéu

higu en . Xe ‘25 25 san phAm |  kign

szl.p IGgBP-S Trinh ty moi (5°-37) dulcl)(ié'n gin

moi (bp) moi

08 Fw267 GGGCAGTTGTATAGCTCGTG 1021 54°_C
Rv1287 TCCTGTAGAAGTTTCGTTCGATT 30 giay

29 Fw4511 ACTGTTGAGTGTTGATCGGT 876 51°C
Rv5386 TCCTTCTCTTTCCTGACTCCTAATA 30 giay

30 Fw4925 CGGTATGCAGAAAACAGAGCTG 1154 51°C
Rv6078 CTTCAAAACGCTTTCCATCTCTC 30 giay

31 Fw5734 AGAGAGGTGTGTTCAAGTGGTAT 996 53°C
Rv6729 TGAGTGAGAGCATTTACAAGCAG 30 giay

39 Fw16252 GCTTCTCCAACTGTCATATTTCCT 1051 51°C
Rv17302 GCCAACCACATACTTTCAGTCA 30 giay

Bang 2.8. Danh sach céac cap mdi duoc thiét ké nham nhén cac doan gen IGFBP-5

Ky | Maéinhan Kich thwéc | Diéu

higu en . X 2y san pham |  kién

czj.p IGgBP-B Trinh ty mdi (5°-3°) dl.l’ﬁ)(ién gin

moi (bp) moi

33 Fw-123 CGTCATTTATTAGGGCGTCAGG 876 53°C
Rv753 AGTGCGTGTAGTGGCTTCTC 30 giay

34 Fw569 CAGAAGGCGCTGTCCATGTG 869 53°_C
Rv1437 AGGAATGCAAGTGGGGATGT 30 giay

35 Fw7106 | AAGTGTTTTTGGCCTGTTATTCCTC 944 53°C
Rv8049 GCTGCTTCTTCTTGTCCTTGCG 30 giay

36 Fw7936 AGACTGACACAACGGAGGAG 931 56°_C
Rv8866 GGGACTCAGCTCGTAACACA 15 giay

37 Fw8583 CCGACTACAGTGGAGGGAAC 846 53°C
Rv9428 AGTGGGCCAGTGAGAGAATG 30 giay

38 Fw10737 AGCCATTCCCTGCCACAG 848 56°C
Rv11584 CCCACTTGACGGGGTAGTGA 30 giay

39 Fw11439 CACAGCTATTGATCTCAGTCCA 804 51°C
Rv12242 AACATTTTCACGGTCCTCCTG 30 giay




45

Bang 2.9. Danh sach céac cap mdi duoc thiét ké nham nhén cac doan gen IGFBP-6

Ky | Ma&inhan Kich thwéc | Diéu
hig¢u | gen IGFBP-6 ] . san pham | kién
Trinh tw moi (5°-3°) ., ,
cap dw Kien gan
Mmoi (bp) moi
40 Fw-493 ATGCAAGAGTCAGATAGTTGAACG 908 53°C
Rv505 CGTCCTGATCTGCTTGGTGC 30 giay
" Fw190 GGAGTCCCACAGCGCAAAG 894 53°C
Rv1083 GTGTATGAATCAGCACCATGAGAA 30 giay
1 Fw787 GCTGGGAATAGCTGTCAGTTTG 059 53°C
Rv1745 TCCTGTAGTAGCCACGAGTGT 30 giay
13 Fw1256 CCCACAGCGGTGAAATTGAAA 961 51°C
Rv2216 AGCAAAGCCTTGAAACTGAC 30 giay
14 Fw1896 AGTGGAGAAGTGTAGCTGAG 993 51°C
Rv2888 TTGGGATGGTAGGGTGACG 30 giay
45 Fw2850 TGGTGCGTGGACGAATTAGG 073 56°C
Rv3822 CCATCAAAGCCCGGTGTTCA 30 giay
ATG
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Hinh 2.8. Vi trf c&c cdp moi duoc thiét ké trén trinh tu gen IGFBP-7

E1 dén E5: cdc exon, 11 d@én 14: c&c intron. Vi tri cia cac cap mai xudi (Fw) va méi nguroc
(Rv) dwoc danh sé theo vi tri trén gen.
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Bang 2.10. Danh sach cé&c cap mdi duoc thiét ké nham nhén cac doan gen IGFBP-7

Ky Moi Kich thwéc biéu
higu | nhangen Trinh tw méi (5°-3) san phamdy | kién

cap méi | IGFBP-7 kién (bp) gan moi
Fw-516 TCTGTGAGCCCCGACTTTCT 56°C

%0 Rv445 TGTACTCCACCCCGTCCGAG %ot 30 giay
Fw336 TAAAGCCCTGGAGGACAAGA 51°C

A Rv1220 CTACGCTCGAAATCTGGACT 985 30 giay
Fwl1112 GCTCTCTAACTCCTGCTTGGAC 53°C

8 Rv1975 ACCTAGCGTGACATGGCTAA oo 30 giay
Fw1862 CGGTGCTCAGGTCTTCCTCA 53°C

0 Rv2857 | TCTGTTTTGGGTTTCCATGTTGTC 9% 30 giay
Fw3598 TGACGAGCCAATGTGAAGAGG 56°C

>0 Rv4570 TCCGGGGAGCATCTGAGAG o7 30 giay
Fw4314 | TCCTATAACAGCATGACAGCGA 53°C

>l Rv5235 CATTTTCTGCGTGAGGGAACAG % 30 giay
Fw5047 GTCTGTGTTGGTGCTGAGTTA 51°C

> Rv5881 GCTGCACATCATAGCACATTC 83 30 giay
Fw5652 AAGGGTGAGGTGCCAGGTTT 56°C

> Rv6629 CCTCTGACTGCCGTGATGC o8 30 giay
Fw7313 TCCCCCTCATAGCATTGACAG 51°C

> Rv8312 GCTCATCATCCTGGACCT 1000 30 giay
Fw8206 TGCTGAACAACCAATCTGAG 51°C

> Rv9047 TGATCTTAAACCACGTCACTTC o4 30 giay
2.2.4. Giai trinh tw cac gen IGF1, IGF2, IGFI1R, IGFBP-1, -2, -3, -5, -6, -7

bing phwong phdp Sanger

Céc doan san pham tinh sach cua cac gen dich duoc dung lam khudn cho phan

ung PCR giai trinh tu st dung bd kit BigDye Terminator v3.1 Cycle Sequencing Kit
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(ThermoFisher Scientific) theo huéng dan cua nha san xuat. San pham thu dwoc dugc
tinh sach va tua lai bang EDTA va EtOH theo huéng dan caa nha san xuat bo kit trén,
sau d6 duoc bé sung 10 pl Hi-Di Formamide va bién tinh & 95°C trong 5 phiit dé dién
di mao quan, xac dinh trinh tu trén may giai trinh tu tuw dong ABI PRISM 3500 Avant
Genetic Analyzer. Dbi voi mdi doan gen, két qua thé thu duoc tir may giai trinh tu s&
duoc bién tap lai bing phan mém BioEdit [84] dé thu dwogc trinh ty chinh xac cudi
cung.
2.2.5. Kiém tra tinh xac thec cia két qua gigi ma bang Sanger so véi trinh tew
tham chiéu
Pé xac dinh cac da hinh, céc trinh ty tuong (ng giai ma bang Sanger cua cac cé
thé khac nhau s& duoc so sanh véi trinh tu tham chiéu, do vay, trudc tién, can kiém tra
tinh xé4c thuc cua két qua giai ma bang Sanger trén mot c& thé so véi trinh tu tham
chiéu. Theo d9, trinh tu cia cac gen dich thudc hé théng IGF ctia mot cé thé ca tra nudi
thu dugc giai ma lai bang Sanger (thong qua cac phuong phap & muc 2.2.2, 2.2.3,
2.2.4) s& duoc so sanh véi cac trinh ty tham chiéu thong qua NucleotideBLAST

(BLASTN) (https://blast.ncbi.nlm.nih.gov/Blast.cgi), dé tim ra mtc do twong dong.

Mtc do twong ddéng cang I6n chiing to tinh xac thuc cua két qua giai ma bang Sanger
s0 Vi trinh ty tham chiéu cang cao, 1am co s& dé tién hanh nghién ciru xac dinh da
hinh trén gen dich theo hudng da dé ra.

2.2.6. Phat hién va sang loc cdc SNP trén cdc gen dich trén bé mdu khéi tao

Trinh ty nucleotide ciia cac doan thudc cac gen dich twong ing ¢ 10 ca thé ca tra
tang truong nhanh va 10 cé4 thé ca tra ting truong cham duoc giai ma bang phuong
phap Sanger (thdng qua cac phuong phap ¢ muc 2.2.1, 2.2.2, 2.2.3, 2.2.4) dugc so sanh
(aligment) véi trinh ty tham chiéu tuong tng duoc giai ma bang NGS [16] bang phan
mém MUSCLE [85] dé phat hién cac SNP.

SNP duoc xac dinh chinh xéac & tat ca 20 ca thé thuoc bo mau khai tao (sé luong
cac ca thé khong doc duogc trinh ty & vi tri SNP d6 (Non-identify, ky hiéu NN) = 0
trong mdi nhém tiang trudng nhanh/cham) dugce quan tim dé danh gia cac tiéu chi sang

loc.


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Hinh 2.9. Tiéu chi sang loc cac SNP duoc phét hién & bo mau khoi tao

Véi muyc tiéu tim kiém SNP tiém ning lién quan dén tinh trang tiang truéng, tir

nhitng SNP duoc phét hién va xac dinh chinh xac ¢ tat ca 20 ca thé, luan an can sang

loc dugc nhitng SNP c6 thé tac dong dén chirc ning cua protein lién quan dén tinh
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trang, hoic nhirng SNP ¢d tan s6 xuat hién dua 16n trong quan thé va dai dién cho nhém
tang trudng nhanh hodc cham théng qua su khéc biét vé thanh phan kiéu gen va/hoic
thanh phan alen giita hai nhém. Theo co s ndy, tiéu chi sang loc SNP gom: (1) gay
nén su thay d6i axit amin trén protein twong (ng (Hinh 2.9); hoic (2) ¢6 tin s6 xuat
hién SNP dat it nhat 0,3 & mot nhdm tro 18n va (3) thanh phan kiéu gen giira 2 nhém
khac biét co y nghia théng ké va/hoic (4) thanh phan alen gitta 2 nhém khéc biét c6 y
nghia théng ké (gia tri p <0,05 theo kiém dinh Fisher Exact Test) (Hinh 2.9). Cu thé,
tan s6 xuat hién SNP & mdi nhém tiang truong nhanh/cham duoc xac dinh bang ti 16
giita s6 ca thé mang kiéu gen chtra alen thiéu s6 va sb ca thé mang kiéu gen chua alen
con lai. Ti 1& ndy can dat it nhat 0,3 dé dam bao SNP d6 khong phai chi xuét hién & sd
it c4 thé riéng Ié ma pho bién trong quan thé. Alen thiéu sé duoc xac dinh 12 alen c6 tan
s6 nho hon trong tong sé alen cia ca nhém tang truong nhanh va ting truong cham
cong lai. Su khac biét vé thanh phan kiéu gen/ thanh phan alen giita hai nhém tang
truong nhanh/chdam dugc xac dinh  bang phan mém SHEsis software

(http://analysis.bio-x.cn/ myAnalysis.php) [86].

2.2.7. Xdc dinh cac SNP dwoec sang loc trén bé mdu kiém nghiém béing phwong

phap kéo dai mgt nucleotide (SBE)

Pé xac dinh 10 SNP dugc sang loc trén 140 cé thé s& can 1400 phan tng SBE
don 1¢, day 1a sd luong phan tng 16n, can nhiéu thoi gian, hoa chat, chi phi dé tién
hanh. Do d6, luan an chia 10 SNP duoc sang loc thanh 2 nhém dé xac dinh théng qua
phan wng SBE multiplex (Bang 2.11) dé giam s6 luong phan (ng SBE xudng con 2
phan ng cho mdi ca thé (tong cong 280 phan wng). Ngoai ra, bo kit ABI SNaPshot
Multiplex PCR Kit (Applied BioSystems) duoc su dung dé tién hanh phan tng SBE
multiplex cho phép xac dinh t6i da 10 SNP trong mat phan tng.

DNA tong sb tach chiét tir mau vay cia 70 ca thé ca tra ting truang nhanh va 70
c4 thé c4 tra tang truéng cham (theo phuong phap & muc 2.2.2) duoc st dung 1am
khuon cho phan g PCR (theo phwong phap & muc 2.2.3, tuy nhién thiét ké lai cac cap
mdi) dé nhan cac doan gen chira cac SNP di duoc sang loc (thu duoc tir phuong phap

& muc 2.2.6). Cac cap mdi cho phan ang PCR duogc thiét ké lai bing phan mém
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Primer3 [83] dé cd thé thu dugc cac doan gen chira SNP duoc sang loc véi kich thude
ngdn va déng déu nhau tir 500 d&én 600 bp (Bang 2.11).

Bang 2.11. Trinh tw mdi nhan cac doan chira SNP duoc sang loc va méi SBE cho phan

ung kéo dai mot nucleotide (SBE)

NP | o g sin
dwoc Tén moi Trinh tw moi (5°-3°) Muc dich z
sang loc phlz:inegndly
Nhom 1

IGFL. Fw13392 | ATTCAGGGTCGTTCTGTACTC | Nhan doan chira | 597 bp

13680 Rv13988 | TCTGAAACCACTGAAGTCAC | SNP

A>T SBE1 TCTCTAATCCAATATGTAAAAA | Phanung kéo | 31
GGAACATT dai 1 nucleotide | nucleotide

IGFIR. | Fw12827 | ATCGGTTTCTAGGCTGTTCC Nhan doan chia | 595 bp

13357 Rv13421 | GCCCATTCCACAAGGATTGC  |SNP

T>C SBE?2 rrrrrrrrerrrrrtrrrrrrrrrn Phéntrngkéo 56
TTTTTTATATCTTTGCATTTTTA | dai 1 nucleotide | nucleotide
TAATACCC

IGFIR. | Fw15037 | TTTCCGACACATTGAGTTGC Nhan doan chia | 501 bp

15392 Rv15537 | GGACGCCAATTTCACCAGA SNP

T>A SBE3 | TCTCTTCTCTTATTTCAGACAG | Phaningkéo | 36
TATAGTCAAATAA dai 1 nucleotide | nucleotide

IGFIR. | Fw83571 | TTCAGTGCCGCAGAGAGTAA | Nhan doan chira | 586 bp

83894 Rv84156 | ATCTTCTCACGAGCCACCTC SNP

A>G SBE4 [TTTTTTTTTTTTTTTCTCTACA | Phan ung kéo 46
AAATACAACTTACACTATCTGC | dai 1 nucleotide | nucleotide




o1

Nhoém 2
IGFBP-3. | Fw446 | CTTGTTGCCCGTGCCTTTTC Nhén doan chira | 553 bp
704C>G [Ry998 | GCAGCGGTTTGCTCTCAC SNP
SBE5 GAACATGAAGCCCATATTCCG |Phantngkéo |26
CTCT dai 1 nucleotide | nucleotide
IGFBP-5. | Fw204 | GCTGGACCTTACTGGTGCTATC | Nhan doan chira | 547 bp
525T>A [Rvy750 | GCGTGTAGTGGCTTCTCCTC SNP
SBE6 TTTTTGTGATGGTGCCGTTTCT |Phanungkéo |31
GTCGGCTG dai 1 nucleotide | nucleotide
IGFBP-6. | Fw2199 | CAGTTTCAAGGCTTTGCT Nhan doan chia | 627 bp
2278 Rv2825 | AGAGGACCGACACTGAGGAA |SNP
C>A SBE7 TCTCTCTCTCTCTCTCTCTCATT |Phanungkéo | 46
TTAAAGCCAAAACTGACAACA | dai 1 nucleotide | nucleotide
A
IGFBP-7. | Fw31 TCTGCGTCTCTACTCCGTCA Nhan doan chua | 518 bp
344T>C [Fw548 | CACTCCTCACCTCTGGCACA SNP
SBES [TTTTTTTTTCTTCTTCAGCTTG |Phanungkéo |36
TTCTTGTCCTCC dai 1 nucleotide | nucleotide
IGFBP-7. | Fw1738 | CACACACACCACATGACCTG | Nhan doan chtra | 551 bp
2060 Rv2288 | GTTGGCAGAATGTCTGTTGG | SNP
A>G SBE9 CTCTCTCTCTCTCTCAGGAGAT |Phantngkéo |41
GTAGCCTAATATCTCAAA dai 1 nucleotide | nucleotide
IGFBP-7. | Fw4680 | TCAACCCCAGAGTGTAGCAG | Nhan doan chira | 529 bp
4559 Rv4152 | TGGGAAAATGGCTGTCAGTG |SNP
C>A SBE10 TTTTTTTTTTTTTTITTTTITTTTTT | Phan ing kéo 51
TCATGGACAATAAGAAGTTCT | dai 1 nucleotide | nucleotide

CTCAG




52

Cac doan san pham PCR chira cdc SNP can xac dinh thugc cing moét nhom
(Bang 2.11) cua mdi ca thé dugc don lai thanh mot mau, tinh sach bang kit GeneJET
PCR Purification Kit (Thermo Fisher Scientific) theo huéng dan cua nha san xuat dé
lam khuén cho phan ung SBE multiplex. Cac moi SBE st dung cho phan tng kiém
nghiém ciing dugc thiét ké chia 1am 2 nhém multiplex (Bang 2.11), mdi méi gdom phan
trinh tu 16i bat cap bd sung vai trinh ty dich lién trude dau 3’ caa SNP va phan trinh tu
duéi 1a cac doan 13p & phia 5’ cia mdi c6 chiéu dai khac biét 5 dén 8 nucleotide gitta
c&c moi, nham phan biét vé chiéu dai cac san pham thu duoc trong qué trinh dién di

mao quan ty dong.

Phan @ng SBE dugc tién hanh st dung bo kit ABI SNaPshot Multiplex PCR Kit
(Applied BioSystems) theo hudng dan caa nha san xuat. San pham SNaPshot duoc tinh
sach bang 1unit enzyme Shrimp Alkaline Phosphatase (SAP) (Thermo Fisher
Scientific) trong 37°C 30 phut, bat hoat enzyme trong 65°C 15 phut. Sau d6, 0,5 pL san
pham tinh sach dugc tron cung 9 pL Hi-Di Formamide va 0,5 pL GeneScan-120 LIZ
Size Standard (Applied Biosystems) dé bién tinh & 95°C 5 phut trude khi dua san pham
vao hé thong may giai trinh ty ABI 3500 Applied BioSystems dé dién di mao quan. Di
licu thd duoc xir ly bang phan mém GeneMapper 5.1 (Applied BioSystems) s& cung

cap két qua xac dinh SNP trén mdi ca thé.
2.2.8. Phén tich diz ligu

Dit liéu dugc phan tich 12 bo dir liéu cua 160 cé thé, gom 80 ca thé ting truong
nhanh va 80 cé thé tang truong cham (duoc tong hop tir dir liéu xac dinh SNP cua 140
ca thé thuoc bo mau kiém nghiém va 20 c4 thé thuoc bo mau khai tao). Cac phan tich
huéng téi danh gia da dang di truyén caa 160 ca thé; danh gia kha niang di truyén cing
nhau caa cac SNP duogc sang loc trén cung mot gen; 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 ting trudng nhanh va nhom ting truéng cham; danh gia tic dong téng
hop cua cac SNP Ién tinh trang tang truéng thong qua sy khéc biét co y nghia vé tan s
kiéu gen don boi haplotype tao nén tir cac SNP duoc sang loc trén cling mot gen hay tir

cac chi thi SNP tiém ning giita hai nhém; va sy khéc biét co ¥ nghia vé tan sé té hop
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kiéu gen tao nén tir cic SNP tiém ning gira hai nhdm. Cac SNP c6 sé luong cé thé
khong doc dugc trinh tu SNP (Non-identify, ky hiéu NN) trong mot nhém tang trudng
nhanh hoic ting truéng cham vuot qué 30% (NN>24 trong tong s 80 ca thé caa nhém
tang truong nhanh/tang truedng cham) s€ bi loai.

Sy da dang di truyén cua 160 c4 thé bao gom cac thong tin da hinh
(Polymorphism Information Content (PIC)), tan s6 alen thiéu sé (Minor Allele

Frequency (MAF)) dugc phan tich bang phian mém Gene-Calc (https://www.gene-

calc.pl). Dé cd thé dai dién cho quan thé va c6 thé ung dung trong chon gidng, cac SNP
can cho thay mirc do da dang di truyén & mic trung binh dén cao thong qua gia tri PIC
nam trong khoang 0,25 dén 0,5 [87] va I cac bién di thuong gap véi gia tri MAF trong
khoang tir 0,2 dén 0,5 [88].

Kha nang di truyén cing nhau cia cac SNP trén cing mot gen dugc danh gia
théng qua sy mat can bang lién két (linkage disequilibrium — LD). Sy mat can bing
lien két (LD) 1a su két hop khong ngau nhién gitta cac allen thudc cac locus khac nhau,
dugce danh gia dyua trén céc gia tri D’ va R? [89] véi khoang gié trj tir 0 dén 1. Gia tri
D’ hodc R? bang 0 cho thay cac alen o hai locus khac nhau dat trang thai gan giong
phan ly doc lap, con khi D’ hoic R? cang gan dén 1 chung té ching cé kha ning cao
dugc di truyén cuing nhau [89]. Céc gia tri D’ va R? dugc tinh toan tir dit liéu SNP trén

160 ca thé duoc tinh toan bang phan mém SHEsis (http://analysis.bio-x.cn/

myAnalysis.php) [86].

Su khac biét co y nghia vé cac thong sb hai nhdm tiang truong nhanh/cham dugc
xac dinh thdng qua gia tri p< 0,05 theo kiém dinh Fisher Exact Test. Cu thé, su khac
biét vé thanh phan kiéu gen, thanh phan alen, tan sé haplotype dugc phan tich bang

phan mém SHEsis (http://analysis.bio-x.cn/ myAnalysis.php) [86], voi diéu kién mic

dinh it nhat tan s6 cua mdi haplotype cia mot trong hai nhdm nhanh hoac cham phai
I6n hon 0,03. Sy khac biét vé tan sb cac td hop kiéu gen tao nén tir cac SNP tiém ning
dugc phan tich bang phan mém NCSS 2021 Data Analysis (NCSS Statistic Software),
vé6i didu kién mic dinh it nhat ti 1é cua mdi té hop kiéu gen cua mot trong hai nhém

nhanh hoac cham phai l6n hon 3%.
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CHUONG 3. KET QUA

3.1. Phan tich céu tric cia mét sé6 gen/protein thudc hé théng IGF cia cé tra nudi

Tt trinh tu cac gen thudc hé thong IGF tham chiéu, cau trdc cac gen nay dugc
phan tich théng qua trinh ty protein suy dién bang ProteinBLAST véi ngan hang di
licu PDB, nham tim ra cac ving bao tha quy dinh cic domain dic trung & cac gen quan

tdm va phan mém SignalP5.0 dé du doan chudi peptit tin hiéu.

3.1.1. Cac gen ma hoa IGF (IGF1 va IGF2) va cac protein twong irng
3.1.1.1. Gen va protein IGF1

A AIG TAG
16681
1 175 13446 13627 14038 14073 16622 19354
[_EI 11 1 pe2]| o |Ey I3 [ Ed = o
exonm 1 exon 2 exon 3 exon 4
B CDS CDs DS DS FUIR
Gen IGF] 1 1 D + | f l
Protein 1GF1 sp IGF1 domain

S

E DDRGEY VYV FQS KR

Hinh 3.1. Két qua phan tich ciu tric gen va protein IGF1 cua ca tra nudi

A: Cdu trlic gen gom C&c exon va intron, véi chiéu dai twong ing.

B: Cdu triic gen twong g véi cac domain trén protein. SP: Signal peptide - chugi peptit tin
hiéu. Cys: cysteine phan bé trong mdi domain. Céc doan thang di kém véi trinh tir axit amin:
motif dién hinh cia domain.

C: Két qua nhdn biét cdu trdc chudi peptit tin hiéu cia protein bang phan mém SignalP5.0.
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Trinh tu gen IGF1 phan tich dugc & ca tra nubi dai khoang 19,4 kb chra 4 vung
trinh tu exon véi chiéu dai 175 bp, 182 bp, 36 bp, 2733 bp va 3 intron, trong d6 ca 4
exon déu tham gia vao ma hoa cho céc phan thuoc protein IGF1 (Hinh 3.1 A, B). Theo
két qua BLAST v&i ngan hang dit liéu, trinh tw ndy ¢6 mirc do twong ddng cao nhét voi
trinh tu gen IGF1 cua c& nheo My |. punctatus & mirc do 81,25%. Trong d6, mot phan
exon 1 quy dinh chudi peptit tin hiéu, mot phan cua exon 1 va mot phan cua exon 2
quy dinh domain IGF, mot phan cua exon 2, exon 3 v mot phan nho caa exon 4 quy
dinh quy dinh domain E- 1a phan s& duogc loai bo khoi tién phdi tir IGF dé tao thanh
IGF truong thanh (Hinh 3.1 A, B).

O protein, chudi peptit tin hiéu dai khoang 33 axit amin, véi diém cat cua
enzyme cat chudi peptit tin hiéu nam & gitra axit amin thir 33 va 34 la ARA-GP (theo
du doan cua phan mém SignalP5.0 (Hinh 3.1 C). Cau trdc domain IGF cua IGF1
truong thanh chira 6 phan tir cysteine nam rai rac va cung chira cac motif bam voi
IGFBP, thu thé tuyp 1 va tuyp 2 cia IGF/Insulin (Hinh 3.1 B).

Toan bo exon 1 va exon 2 tham gia ma héa cho chudi peptit tin hiéu va domain
IGF1, cling cac vung trinh tu intron xung quanh hai exon nay c6 thé lién quan dén diéu
hoa phién m4, dich ma s& dugc khuéch dai dé tim kiém cac SNP. Ngoai ra, viing trinh
tu thudc exon 4 c6 chira codon két thiic va gan 1000 nucleotide thudc ving 3°-UTR
cuing intron lién ké trude exon nay ciing duoc nhan Ién vi ¢d thé ¢ chaa céc trinh ty
diéu hoa lién quan dén dich ma cua protein IGF1. Nhu vy, ¢6 4 cap moi dugc thiét ké
dé khuéch dai cac viing quan trong trén cua gen IGF1 dé tim kiém cac SNP (Hinh 2.2,
Bang 2.2).

3.1.1.2. Gen va protein IGF2

Trinh ty gen IGF2 phan tich dugc ¢ ca tra nudi chura 4 vang trinh ty exon voi
chiéu dai 230 bp, 139 bp, 170 bp va 1597 bp va 3 intron, trai dai 4,9 kb (Hinh 3.2 A).
Theo két qua BLAST véi ngan hang dit liéu, trinh ty ndy c6 mtc do twong déng cao
nhét véi trinh tu gen IGF2 cta ca nheo My I. punctatus & mirc do 94,22%. Trong d6 ca
4 exon déu tham gia vao ma hoa cho cac phan thudc protein IGF2. Gen IGF2 ¢4 mot

phan exon 1 va mot phan exon 2 quy dinh chudi peptit tin hiéu, mot phan cua exon 2
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va mot phan cua exon 3 quy dinh domain IGF, con exon 4 quy dinh domain IGF2-C
(Hinh 3.2 B).

ATG TAA
A 156 sn
1 2 595 1003 229 468 3278 87
1 12 1 I ) ]
exonm | exon 2 exon 3 cxon 4
L3 | |R DS DS cDs chs UIR

B r~ r
carrs | o i L]

E DDRGEY V¥ FRs 11

Hinh 3.2. Két qua phan tich ciu tric gen va protein IGF2 cuaa ca tra nudi

A: Cdu tr(ic gen gom cac exon va intron, véi chiéu dai twong 1ng.

B: Cdu triic gen twong g Véi cac domain trén protein. SP: Signal peptide - chugi peptit tin
hiéu. Cys: cysteine phan bé trong méi domain. Céc doan thang di kém véi trinh tir axit amin:
motif dién hinh cia domain.

C: Két qua nhdn biét cdu tric chudi peptit tin hiéu cia protein bang phan mém SignalP5.0.

Cau tric domain IGF cua IGF2 gidng véi cau tric domain nay ¢ IGF1 khi cing
chira 6 phan tir cysteine nam rai rac va ciing c6 chira cac motif bam vai IGFBP, thu thé
tuyp 1 va tuyp 2 caa IGF/Insulin, cho thay sy trong dong vé chirc ning cua hai protein
nay. Chudi peptit tin hiéu dai khoang 48 axit amin, véi diém cat caa enzyme cét chudi
peptit tin hiéu nam ¢ gitra axit amin tht 48 va 49 1a VSA-ET (theo du doan cuiia phan
mém SignalP5.0 (Hinh 3.2 C).
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Do ca 4 exon déu tham gia ma héa cho cac ving chiic ning cia protein, nén
nhitng ving trinh ty trén exon thugc CDS, mét phan nhé trinh tu thudc ving 5-UTR,
3°-UTR va céc intron xung quanh (c6 thé lién quan dén diéu hoa phién ma) cua gen
IGF2 s& duoc khuéch dai boi cac cap mdi duoc trinh bay ¢ Hinh 2.3, Bang 2.3 dé tim
kiém SNP.

3.1.2. Gen ma hoa thu thé IGF1 (IGFIR) va protein tuwong iing

Gen IGF1R cua ca tra nuoi ¢6 21 exon, 20 intron, trai dai 93,9 kb, v&i ving ma
hoa protein bat dau tir exon 1 va két thuc & exon 21 (Hinh 3.3A). Chiéu dai cia céac
exon lan luot 1a 848, 561, 304, 137, 145, 208, 127, 233, 168, 208, 281, 143, 166, 103,
71, 230, 108, 163, 130, 135 va 2882 bp. Khi tién hanh BLAST trinh tu gen IGF1R cua
c4 tra nudi v4i ngan hang dir liéu, gen nay dugc nhan thay c6 mic do twong dong cao
nhat dat 91,37% véi trinh tu gen IGF1R cua c4 nheo My |. punctatus.

Trinh tu protein IGFIR khi dugc BLAST véi ngan hang dit liéu nham tim cac
domain chirc nang cho thdy IGF1R gdm c6 cac domain chirc nang theo thir ty tir dau N
dén dau C 13: domain thy thé L thtr nhat, domain twong tu Furin giau cysteine, domain
thu thé L thir 2, 3 domain Fibronectin tuyp 3 (FN3) va domain Tyrosine kinase. Theo
d6, domain thy thé L thtr nhat do exon 2 quy dinh, domain twong ty Furin giau cysteine
do mot phan exon 2, exon 3 va mdt phan exon 4 quy dinh, domain thy thé L thtr hai do
mot phén exon 4, exon 5 va mot phén exon 6 quy dinh, domain FN3 thu nhét do mét
phan exon 6, exon 7 va mot phan exon 8 quy dinh, domain FN3 thir hai do mot phan
exon 8 va exon 9 quy dinh, domain FN3 thir ba do mét phan exon 12 va exon 13 quy
dinh va domain Tyrosine kinase do exon tir 16 dén 21 quy dinh (Hinh 3.3 B).

Do domain thy thé L thir nhat tham gia bam véi phdi tir IGF va domain Tyrosine
kinase dong vai tro quan trong trong viéc hoat hoa tin hiéu sau khi IGF1R bam véi cac
phdi tir IGF [90], nén cac exon quy dinh cac domain nay (exon 2 va céac exon tir 16 dén
21) va cac ving trinh tu intron xung quanh s& dugc khuéch dai dé tim kiém cac SNP

bang cé&c cap moi duoc trinh bay & Hinh 2.4, Bang 2.4.
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Hinh 3.3. Két qua phan tich ciu tric gen va protein IGF1R cua cé tra nudi

A: Cdu tric gen gom cac exon va intron, véi chiéu dai twong #ng. B: Cdu triic gen twong g véi cac domain trén protein.
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3.1.3. Mgt sé gen ma hda IGFBP va céc protein twong &ng

C4u trGc cac gen IGFBP-1, -2, IGFBP-3, -5, -6 va IGFBP -7 cua ca tra nudi

duoc phan tich va biéu dién trong cac Hinh 3.4, 3.5 va 3.6.
3.1.3.1. Gen va protein IGFBP-1, -2, -3, -5, -6

Cac gen IGFBP-1, -2, -3, -5, -6 déu chira 4 exon va 3 intron, exon tht nhat chira

codon khéi dau va exon thir tu chira codon két thac (Hinh 3.4, Hinh 3.5). 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 véi
muc d6 twong dong vé trinh tu dat cao nhat 1a 90,92%, 86,57%, 95,84%, 92,30% va

93,03% Vi cac trinh ty gen twong ng cia ca nheo My . punctatus. D6 1a két qua thu

duoc khi tién hanh BLAST trinh tu cic gen IGFBP cua c4 tra nudi véi ngan hang dit

liu./
2 AlG 16,
134 1920
1 503 687 839 1367 1493 1795 2763
| El | n | E2| 12 s 1 | E4 |
exon 1 exon 2 exon 3 exon 4
S.UTR__ CDS DS CDS DS 3UIR
gen IGFBP-] I " " 1" |
Cys NN B
B GOGOOXNC CWEY
A G 1A
476 ) " 26060
I §27 17299 17474 24141 24281 15902 28093
[ El | 1 11 TEX] 12 12 | E3] 13 | E4 |
exon 1 exon 2 exon 3 exon 4
SSUTR DS DS DS DS 3-UIR
gen IGEBP-2 1 " /" {- " m -‘
Protein IGFBP-2 SP || IGFEP domain

(v

T

GOGUOXNG CWOV

Hinh 3.4. Két qua phan tich cau triic gen va protein IGFBP-1 (A) va IGFBP-2 (B).

Cdc doan trinh tir axit amin chiza cysteine (C): cde motif dién hinh cua méi domain.
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Hinh 3.5. Két qua phan tich cau trdc gen, protein IGFBP-3 (A), IGFBP-5 (B) va
IGFBP-6 (C).

Cdc dogan trinh ty axit amin chiza cysteine (C): cdc motif dién hinh cia méi domain.
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Két qua phan tich céu truc cac gen IGFBP-1, -2, -3, -5, -6 duoc trinh bay trong
Hinh 3.4, Hinh 3.5 va Phu luc 2 cho thay cac protein nay déu chtra cac vung trinh tu
quy dinh IGFBP domain & diu N cua protein, lién ngay sau doan peptit tin hiéu (SP)
khoang 3 dén 9 axit amin. Domain IGFBP nay déu duoc quy dinh bai trinh tu nam gon
trong exon 1 ciia mdi gen twong (g (Hinh 3.4, 3.5) va déu chira 12 cystein (C) bao thu
tao thanh motif “GCGCCXXC” dac trung cho IGFBP (Hinh 3.4, 3.5), trir IGFBP6 chi
chira 6 cystein (Hinh 3.5).

Domain thyroglobulin type 1 domain & dau C cua céc protein IGFBP-1, -2, -3, -
5, -6 déu cd chiéu dai nho hon 80 axit amin va duoc ma hoa boi ving trinh tu nam
trong exon 3 va 4 cua cac gen tuwong tng. Domain nay cé chira 5-6 cysteine bao thu,
tao thanh motif “CWCV” (Hinh 3.4, 3.5), g6p phan tao nén su on dinh cau hinh khdng
gian cua cac IGFBP trén.

Nhu vay, ciu trdc cac gen va céc protein IGFBP-1, -2, -3, -5, -6 & ¢4 tra nudi rat
tuong dong véi nhau. Tir d6, cac ving gen thuéc CDS, ving 5°-UTR, 3’-UTR cling c4c
viing intron 1an can cd thé lién quan dén diéu hoa phién ma cua cac gen nay s& duoc
lya chon dé khuéch dai bang cac cap moi duoc trinh bay trong Hinh 2.5/Bang 2.5, Hinh
2.6/Bang 2.6 va Hinh 2.7/Bang 2.7, 2.8, 2.9.

3.1.3.2. Gen va protein IGFBP-7

Khéc voi cac gen IGFBP-1, -2, -3, -5, -6, gen IGFBP-7 ¢6 chiéu dai khoang 9
kb, chira 5 exon va 4 intron, véi exon thit nhat chira codon khoi dau va exon the nim
chaa codon két thic (Hinh 3.6). Két qua BLAST trinh ty gen IGFBP-7 cua ¢ tra nudi
v6i ngan hang dit liéu cho thdy muac do twong déng cao nhat dat 88,01% véi cé4c trinh
tu gen IGFBP-7 cua ca nheo My I. punctatus.

Pau N cua protein IGFBP-7 ciing chtra chudi peptit tin hiéu va domain IGFBP
voi motif dién hinh tao nén tur 12 cysteine bao tha nhu cac protein IGFBP-1, -2, -3, -5,
-6 (Hinh 3.6). Domain IGFBP cua protein ndy ciing dugc quy dinh bai trinh ty nam
gon trong exon 1 cua gen tuwong (ng. Tuy nhién, khac véi céac protein IGFBP-1, -2, -3,
-5, -6 ¢6 chaa domain néi & gitra va domain thyroglobulin type 1 ¢ dau C, protein
IGFBP-7 lai chia cac domain KAZAL-FS, 1g3 va lg, véi cac cysteine trong cac

domain & dau C phan b rai rac, khdng tao nén motif dic trung (Hinh 3.6). Cac domain
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nay duoc ma hoa bai cac trinh tu thudc ca 5 exon. Do dd, trinh tu cta ca 5 exon va cac
viing intron lién ké cua gen IGFBP-7 s& duoc khuéch dai dé tim kiém SNP, thong qua

cac cap moi dugce trinh bay & Hinh 2.7/Bang 2.10.
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Hinh 3.6. Két qua phan tich cau trdc gen va protein IGFBP-7.

Cdc dogn trinh ty axit amin chiza cysteine (C): cdc motif dién hinh cia domain,

3.2. Xac dinh tinh x4c thwc cia trinh tw giai ma bang Sanger so véi trinh tw tham
chiéu

Két qua dién di DNA tong s6 mot ca thé duoc tach chiét (khong trinh bay cu thé
trong luan an) cho thay DNA c6 chat luong tét vai mot bang dién di duy nhat, rd nét,
khong bi dut gay, cac chi s vé nong do DNA, A260/A280 du tiéu chuan dé sir dung
cho céc thi nghiém tiép theo. Két qua dién di san pham PCR khuéch dai cac doan gen
boi cac cap moi va tinh sach bang phuong phap qua cot (khdng trinh bay cu thé trong
luan &n) cho thay cac bang thu duogc rd nét, dac hiéu véi kich thude dung nhu du kién,
du tiéu chuan dé st dung cho phan ng giai trinh ty bang phuong phép Sanger.

Trinh tu cac doan gen sau khi duoc giai ma bing phwong phap giai trinh tu
Sanger duogc so sanh vai trinh ty doan gen tham chiéu tuong tng thu dugc nho giai ma
NGS [16] bang phan mém BLASTn cho thdy do twong dong vé trinh tu cac doan gen
tuong (mg dwoc giai ma bang hai phuong phap nam trong khoang tir 99,9 dén 100 %

(Phu luc 3), khing dinh duoc tinh xac thuc cua két qua giai ma bang Sanger so véi
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trinh ty tham chiéu. Do do chinh xac cua hé théng giai trinh tu gen thé hé méi cd thé
lén téi 99 % [91] va phuong phap giai ma bang Sanger ciing dugc coi 12 tiéu chuan
vang trong s6 cac phuong phap giai trinh tu, nén két qua nay la hoan toan hop ly, 1a co
s& dé tién hanh nghién ctru x4c dinh da hinh trén gen dich theo huéng da dé ra.
3.3. Phat hién, sang loc SNP trén cac gen dich thudc hé théng IGF trén by miu
khéi tao

Hai muoi mau DNA tng s6 duoc tach chiét tir 10 ca thé ca tra ting truong
nhanh va 10 mau cé tra tang truong cham thuoc bo mau khai tao duoc dién di kiém tra
chat luong trén gel agarose 1%. Két qua (trinh bay & phan Phu luc 4) cho thay ca 20
mau déu co chat luong tét véi mot bang DNA tong sé duy nhat, rd nét, khong bi dat
gdy, du tiéu chuan dé sir dung cho céc thi nghiém tiép theo.

Két qua dién di san pham PCR khuéch dai tir 55 cap mdi nhan cac doan gen
IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7 duoc trinh bay trong Phu luc 5, cho
thay cac bang thu duoc rd nét, dac hiéu voi kich thude dang nhu du kién, du tiéu chuan
dé sur dung cho phan ng giai trinh ty bang phuong phap Sanger.

3.3.1. Phét hi¢n va sang loc SNP trén gen IGF1

Trinh ty cac doan gen IGF1 tir 10 c4 thé ting truong nhanh va 10 ca thé ting
treong cham dugc so sanh véi trinh ty tham chiéu dé xac dinh SNP. Binh tin hiéu giai
trinh tu cua tung vi tri SNP duoc kiém tra. Vi du vé mét vi tri SNP dugc minh hoa &
Hinh 3.7. C6 10 SNP dugc phat hién trén gen IGF1, tat ca déu nam trén intron (Bang
3.1).

Theo tiéu chi sang loc, 10 SNP nam trong ving khéng mi hoa nay trudc tién s&
duoc kiém tra tan s6 xuat hién SNP ¢ hai nhém ting truéng nhanh va nhém ting
truong cham. Két qua cho thiy c6 4 SNP 13185 C>T, 13263 T>C thudc intron 1 va
13680 A>T va 13684 G>C thugc intron 2 dat tiéu chi co tan s xuat hién SNP dat it
nhat 0,3 & mot nhém tra [1én (Bang 3.1). Do vay, 4 SNP nay duoc tiép tuc danh gia sy
khac biét vé thanh phan kiéu gen/thanh phan alen giita hai nhém ting truéng
nhanh/cham théng qua gia tri p nho hon 0,05. Két qua, chi c6 SNP 13680 A>T thé hién

su khac biét vé thanh phan kiéu gen giita nhom ting truong nhanh va nhom ting
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truong cham, véi gia tri p 12 0,03. Cuy thé, nhom ting truéng nhanh c6 2 kiéu gen phat
sinh tr SNP nay 1a AA va TT, véi kiéu gen AA chiém wu thé, trong khi nhom ting
truong cham lai c6 3 kiéu gen 1a AA, AT va TT (Hinh 3.7), véi TT chiém ti 1& cao nhat
(Bang 3.1). Thanh phan alen cua SNP nay ¢ hai nhom ting truéng nhanh/ chim ciing
c6 su khac biét c6 ¥ nghia, voi gia tri p 1 0,005. G nhém tang truong nhanh, alen A
chiém ti 18 cao hon rd rét (18/20 alen), con & nhom ting truedng cham, alen T lai 6 ti 18
cao hon (11/20 alen) (Bang 3.1). Nhu vay, SNP IGF1.13680 A>T s& duoc sang loc dé
x4c dinh trén bo mau kiém nghiém nham phan tich sy lién quan cua né dén tinh trang

tang trudng cua ca tra nudi.

Nhom tang tricong nhanh Nhom ting tricong chiam
IGF1.13680 A>T IGF1.13680 A>T

REF: AAGGAACAT ATGCAAAAT REF : AAGGAACATTATATGCAAAAT
N1: AAGGAACATT ATGCAAAAT cl:z: AAGGAACATIIATATGCAAAAT.
N2: AAGGAACAT ATGCAAAAT C2= AAGGAACATITITATGCAAAAT.
N3: AAGGAACATTIATATGCAAAAT C3: AAGGAACATTIWITATSCAAAAT.
N4: AAGGAACATT "ATGCAAAAT Ccq: AAGGAACATITITATGCAAAAT.
NS: AAGGAACATT ATGCAAAAT CS5: AAGGAACATIIATATGCAAAAT.
NG6: AAGGAACATT ATGCAAAAT C6: AAGGAACATTITITATCCAAAAT.
N7z AAGGAACAT ATGCAAAAT  OFF - AAGGAACATITITATGCAAAAT.
N8g: AAGGAACATT ATGCAAAAT Cc8: AAGGAACATTIATATGCAAAAT.
NO: AAGGAACATITIAIIATGCAAAAT C9: AAGGAACATITITATCCAAAAT.
N1O: AAGGAACAT ATGCAAAAT Cl0: AAGGAACATIAITATGCAAAAT.
L O O L L I A AAAAAE AN A L

‘\‘\GOI\‘\(’\‘TKT‘\IG(‘.\A\\Z AAGGAACATTATATGCAAAAT

Kiéu gen AA 053.9 Kiéu gen AA
ALAADALAALALAAL LA VAL v (YY Y YYYYYYVV V)
A | | |
AAQGAACATTITITATGCAAAAT ‘.\GG\\C'\TT\A_I'\?('C\\\«I
.'/‘\

KieugenTT |, {« 4 Kiéu gen AT |, T A

J [\& AN ,'/\,x.»' Y N AN

:  HA 2 384084 oddidy v3 Bl s A0k, 48008

L4 .

AAGGAACATTTTATCCAAAAT

Kiéu gen TT |/ f\ ARAMAAAMAA - A A AR

]V v!,'Y"_‘.'!'itl.”".".l

Hinh 3.7. Két qua phat hién IGF1.13680 A>T trén gen IGF1 théng qua so sanh cac
trinh ty twong ing duoc giai ma bang phuong phap Sanger véi trinh ty tham chiéu.
REF: trinh ti tham chiéu. N1 - N10: trinh tir cia 10 ca thé ca tra tang trwong nhanh. C1 -

C10: trinh tir cua 10 ca thé ca tra ting trueng chdm. Miii tén va khung mau do: vi tri SNP
dwoc phét hién trén méi ca thé.
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Bang 3.1. Danh sach cac SNP dugc phat hién trén gen IGF1

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TIN | TTC
@) )
1 |11.13185@ | Cc | T" 8CC:2CT 6CC:2CT:2TT | 18C:2T | 14C:6T
(0,20) (0,50)
p=0,42 p=0,23
2 |11.13263@ | T | C" | 6TT:3TC:1CC 7TT:3TC 15T:5C | 17T:3C
(0,44) (0,30)
p=0,81 p=0,69
3 11 13268 c | T 10CC 9CC:1CT 20C 19C:1T
(0,00) (0,10)
4 11 13366 C |G 9CC:1GG 8CC:2CG 18C:2G | 18C:2G
(0,11) (0,20)
5 11 13367 C | A 9CC:1AA 9CC:1CA 18C:2A | 19C:1A
(0,11) (0,10)
6 11 13387 cC | G 8CC:2CG 8CC:1CG:1GG | 18C:2G | 17C:3G
(0,20) (0,22)
7 12_ A | T | 9AA:ITT | 4AA:IAT:STT | 18A:2T | 9A:11T
13680234 (0,11) (1,50)
p=0,03 p =0,005
8 12_ G | C” 10GG 71GG:1GC:2CC 20G 16G:4C
13684 (0,00) (0,38)
p=011 p=0,10
9 1213820 cC | T 10CC 9CC:1TT 20C 18C:2T
(0,00) (0,11)
10 | 12.13843 | T | A" | 6TT:3TA:1AA | 3TT:2TA:3AA: | 15T:5A | 8T:8A
2NN

*: alen thiéu so; (3): Tan so xuat hién SNP cia moi nhém, @: @ @: 74y 4ing tiéu chi sang loc
SNP s6 2, 3, 4 twong 1mg.

3.3.2. Phét hi¢n va sang lgc SNP trén gen IGF2

Trinh ty cac doan gen IGF2 tir 10 c4 thé tang truong nhanh va 10 ca thé ting

truong cham duoc so sanh vai trinh ty tham chiéu, tir d6 phat hién dugc 12 SNP, trong

d6 c6 1 SNP thudc ving mi hoa nhung khong lam thay d6i trinh ty axit amin trén

protein va 11 SNP thugc cac intron (Bang 3.2).
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Bang 3.2. Danh sach cac SNP dugc phat hién trén gen IGF2
ST | Vitri | Ref | Alt Thanh phan kiéu gen Thanh phan alen
T | SNP TTN TTC TTN TTC
trén gen @) @)
1 E1l A |G 9AA:INN TAA:2GA:INN 18A 16A:2G
CDS_
179
2 11 237 G | A" | 8GG:1GA:INN | 5GG:4GA:INN | 17G:1A | 14G:4A
3 12_ A" | G | 3AA:4AG:3GG | 2AA:2AG:6GG | 10A:10G | 6A:14G
1355@ (1,00) (0,5)
p=0,45 p=0,33
4 12_ G" | A | 4GG:3GA:3AA | 3GG:2GA:BAA | 11G:9A | 8G:12A
1391@ (1,16) (0,71)
p=0,63 p=0,53
5 2 1393 | T | A" 8TT:2AA 10TT 16T:4A 20T
(0,25) (0,00)
6 |12.1674| G" | C | 1GC:6CC:3NN 1GG: 9CC 1G:13C | 2G:18C
7 1121736 | A | T" | 6AA:1AT:3NN 8AA:2NN 13A:1T 16A
8 13 T | A 8TT:2TA 7TT: 3AT 18T:2A | 17T:3A
2601 (0,20) (0,30)
p=10 p=1,0
9 132685 | A | T 10AA 8AA: 2AT 20A 18A:2T
(0,00) (0,20)
10 |13.2794 | G | A" 10GG 8GG:2GA 20G 18G:2A
(0,00) (0,20)
11 [13.2819| A | T 10AA 8AA2TA 20A 18A:2T
(0,00) (0,20)
12 133061 | C | A" 10CC 8CC:2CA 20C 18C:2A
(0,00) (0,20)

*: alen thiéu so; (%): Tan so xuat hién SNP cia moi nhém, @- dap ing tiéu chi sang loc SNP sé

2.

Theo tiéu chi sang loc SNP, c6 8 trén 12 SNP duoc xac dinh trén toan bo 20 ca

thé (NN =0) s& duoc danh gid tan sd xuit hién SNP & hai nhém ting truéng

nhanh/cham can dat it nhat 0,3 & mot nhdm trg 18n. Két qua cho thay ¢ 2 SNP dat tiéu
chi nay la 1355 A>G, 1391 G>A ¢ intron 2 va 2061 T>A ¢ intron 3 (Bang 3.2). Tuy

nhién, 3 SNP nay khong thé hién duoc sy khac biét c6 y nghia vé thanh phan kiéu gen

va/hoic thanh phan alen giita hai nhdm théng qua gia tri p nhé hon 0,05 (Bang 3.2). Do
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d6 khong c6 SNP nao trén gen IGF2 dugc sang loc dé tiép tuc duoc xac dinh ¢ bo mau
kiém nghiém.
3.3.3. Phat hién va sang lec SNP trén gen IGF1R
Trinh tu cac doan gen IGFAR tir 10 cé4 thé ting truong nhanh va 10 cé thé ting
tredng cham dugc so sanh véi trinh tu tham chiéu dé xac dinh SNP. Binh tin hiéu giai
trinh tu cua tung vi tri SNP duoc kiém tra. Vi du vé mét vi tri SNP dugc minh hoa &

Hinh 3.8. Tat ca 9 SNP duoc phat hién & gen IGF1IR hoan toan nam trong cé4c intron

(Bang 3.3).
Nhom tang trieong nhanh Nhom tang tricong cham
IGF1R.83894 A>G IGF1R.83894 A>G
REF: TTTGTGTTTAA GATA REF: TTTGTGTTT. GCAGATA
Nl: TTTGTGTTTAAGCAGATA Cl: TTTGTGTTTAGICAGATA
N2: TTTGTGTTTAGGCAGATA C2: TTTGTGTTTAGIECAGATA
N3: TTTGTGTTTARGCAGATA C3: TTTGTGTTTAGIECAGATA
N4: TTTGTGTTTAAGCAGATA C4: TTTGTGTTTAGIECAGATA
N5: TTTGTGTTTAHAGCAGATA C5: TTTGTGTTTAGIECAGATA
N6: TTTGTGTTTAGGCAGATA C6: TTTGTGTTTAGSCAGATA
N7: TTTGTGTTTAAGCAGATA C7: TTTGTGTTTAGHECAGATA
Ng: TTTGTGTTTANGGCAGATA C8: TTTGTGTTTAGECAGATA
N9 : TTTGTGTTTAGGCAGATA C9: TTTGTGTTTAGIECAGATA
N10: TTTGTGTTTANGGCAGATA C10: TTTGTGTTTAAIZCAGATA
L S U O kAN ANANN L I O O I O I SR O
TTTGO CGTTTAAGCAGATA TTTOT G'—T\‘\OC-\G-\'\
-~ |"‘v
Kiéugen AA | . = 7 Kiéu gen AA |1 ’ ‘|1| l‘i A\
VAR AIAAAAD . ARA TN . | | ; | -
_A W WY Y j\ 16 3
ARGCAGA A T'.GTGT'.'.\GG(\G\ A
Kiéu gen AG Kiéu gen GG
i ‘ ‘ 0‘ ‘ } 1"" " 1 I: .. "N ‘. v‘ 1 .y |I \ Y l
' f\mw MW
TTTOTGT'T\OOC\G&T
Kiéu gen GG

Hinh 3.8. Két qua phét hién IGF1R.83894 A>G trén gen IGF1R théng qua so sanh cac
trinh ty twong ng duoc giai ma bang phuong phap Sanger véi trinh ty tham chiéu.
REF: trinh t tham chiéu. N1 - N10: trinh tw cia 10 ¢4 thé cd tra ting truwong nhanh. C1 -

C10: trinh tw cia 10 cé& thé cd tra tang trwong cham. Miii tén va khung mau do: vi tri SNP
dwoc phéat hién trén méi cé thé.
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Bang 3.3. Danh sach 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:1IAC | 6AA:2AC:2CC | 19A:1C | 14A:6C
12992@ (0,10) (0,50)
p=0,29 p=0,09
2 11 T |C ATT:6TC 8TC:2CC | 14T:6C | 8T:12C
13357(23) (0,60) (1,25)
p = 0,04 p=0,11
3 11_ cC |G 7CC:3GG 4CC:6GG | 14C:6G | 8C:12G
15359@ (0,43) (1,50)
p=0,37 p=0,11
4 11 T | A 5TT:5TA 10TT 15T:5A | 20T
15392234 (0,50) (0,00)
p=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 | 9A:11G | 2A:18G
8389424 (0,83) (0,11)
p=0,08 p=0,03
7 117 _ T |C 10TT 7TT:1TC:2CC | 20T | 16T:4C
85057 (0,00) (0,38)
p=0,11 p=0,1
8 119 T | C 10TT 7TT:3TC 20T | 17T:3C
87147@ (0,00) (0,30)
p=0,21 p=0,23
9 120_ AT 7AA:ZAT 10AA 17A:3T | 20A
90590 (0,30) (0,00)
p=0,21 p=0,23

*: alen thiéu so; (3): Tan so xuat hién SNP ciia moi nhom, @ ©: @: g4y 4ing tiéu chi sang loc
SNP s6 2, 3, 4 twong ing.

Chin SNP nay déu c6 tan sd xuat hién SNP dat it nhat 0,3 & mot nhom ting

truong nhanh/cham trg 18n (Bang 3.3), do do tat ca cac SNP tiép tuc dugc danh gia su
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khac biét vé thanh phan kiéu gen/ thanh phan alen giita hai nhém ting trudng
nhanh/cham théng qua gia tri p nhé hon 0,05. Theo dé, c6 3 SNP thé hién duoc sy
khac biét vé thanh phan kiéu gen va/hoic thanh phan alen gitta hai nhém 1a 13357
T>C, 15392 T>A va 83894 A>G (Bang 3.3). Cu thé, dbi véi SNP 13357T>C & intron
1, nhém tang truéng nhanh c6 kiéu gen TT va TC, trong khi nhém ting trudong cham
c6 kiéu gen TC va CC, vai gia tri p 12 0,04 (Bang 3.3). SNP 15392 T>A & intron 1 thé
hién ca sy khac biét vé thanh phan kiéu gen va thanh phan alen giita hai nhém ting
truong nhanh/cham, vai gia tri p lan luot 1a 0,03 va 0,04. V6i SNP nay, c6 2 kiéu gen
trong nhdm tang truong nhanh 1a TT va TA vaéi ti 1€ ngang nhau, trong khi chi c6 1
kiéu gen TT trong nhdm sinh cham, dan tai ti 1& alen T va A ¢ hai nhom ciing c6 sy
khac biét (Bang 3.3). O SNP 83894 A>G trén intron 15, thanh phan alen giita hai nhém
c6 su khac biét véi p bang 0,03, cu thé ti Ié alen A/G (alen thiéu sé/alen da sd) cua
nhom ting truang nhanh (0,81) cao hon han nhdm tang truang cham (0,11) (Bang 3.3).
Nhu vay, 3 SNP 13357 T>C, 15392T>A trén intron 1 va 83894 A>G trén intron 15 cua
gen IGF1R dugc sang loc dé xac dinh trén bo mau kiém nghiém.
3.3.4. Phét hi¢n va sang lgc SNP trén gen IGFBP-1

Trinh ty cac doan gen IGFBP-1 tir 10 c4 thé ting truong nhanh va 10 ¢ thé ting
tredong cham duoc so sanh vai trinh ty tham chiéu, tir d6 phat hién dugc 4 SNP, trong
do6 c6 1 SNP thudc vung promoter va 3 SNP thudc cic vung intron cua gen (Bang 3.4).

Theo tiéu chi sang loc SNP, 4 SNP nam trong viing khdng ma hoa trén s& duoc
danh gia tan s xuat hién SNP can dat it nhat 0,3 & mot nhdm tro 18n va két qua cho
thiy ca 4 SNP déu dat tiéu chi nay (Bang 3.4). Tuy nhién, khéng ¢ SNP nao c6 su
khac biét c6 ¥ nghia vé thanh phan kiéu gen va/hoic thanh phan alen giira hai nhém
thdng qua gia tri p nho hon 0,05 (Bang 3.4). Do d6, khong c6 SNP nao trén gen

IGFBP-1 dugc sang loc dé xac dinh ¢ bo mau kiém nghiém.



70

Bang 3.4. Danh sach cac SNP duogc phat hién trén gen IGFBP-1

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TTN TTC
® )
1GG:4GC:5CC | 2GG:6GC:2CC
6G:14C | 10G:10C
1 POy 6| ¢ | ©sp) (0,50)
p=0,40 p=0,33
7AABAT | TAARATATT
17A:3T | 16AAT
2 | 12.1053@ | A | T (0,30) (0,33)
p=0,81 p=0,99
5TT:4TC:1CC | 5TT:4TC:1CC
14T:6C | 14T:6C
3 [12.1333@ | T | C” (0,56) (0,56)
p=10 p=1,0
5CC:4CG:1GG | 4CC:5CG:1GG
14C:6G | 13C:7G
4 |13.1659@ | Cc | G (0,56) (0,67)
p=10 p=0,99

*: alen thiéu so; (%): Tan so xuat hién SNP cua méi nhom, @ dép ig tiéu chi sang loc SNP so
2.
3.3.5. Phat hign va sang loc SNP trén gen IGFBP-2

Trinh ty cac doan gen IGFBP-2 tir 10 cé thé ting truong nhanh va 10 ¢ thé ting
truong cham duoc so sanh vai trinh ty tham chiéu, tir ¢6 phat hién dugc 10 SNP, trong
d6 c6 1 SNP thuoc ving exon véi 1 SNP 787 G>A nam trong ving ma hoa nhung
khong 1am thay di trinh ty axit amin va 2 SNP nam trong ving 3’-UTR va 7 SNP
thudc cac vung intron cua gen (Bang 3.5).

Céac SNP chi dugc dua vao sang loc khi dugc xac dinh chinh x4c trén trén toan
bo 20 ca thé. Do do, trong 10 SNP duogc phat hién, chi co 2 SNP 26814 A>T va 27414
C>T thude ving 3°-UTR & exon 4 duoc tiép tuc danh gia tan sé xuat hién SNP & nhém
tang truong nhanh/cham. Két qua cho thay chi c6 SNP 27414 C>T c6 tan sé xuat hién
SNP dat it nhat 0,3 & mot nhom tro 1én (Bang 3.5) va dugce danh gia su khac biét vé
thanh phan kiéu gen/thanh phan alen giira hai nhém théng qua gié tri p nho hon 0,05.
Tuy nhién, cé&c gia tri p déu khong dat nho hon 0,05 (Bang 3.5), cho thay khong c6 su
khac biét vé thanh phan kiéu gen va /hozc thanh phan alen phat sinh tir SNP nay giira
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hai nhom. Do d6 khong c6 SNP nao trén gen IGFBP-2 dat du tiéu chi dé duoc sang

loc.
Bang 3.5. Danh sach cac SNP dugc phat hién trén gen IGFBP-2
STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TIN | TTC
) )
1 ELCDS | G | A 3GATAA 3GA:6AA:INN | 3G:17A | 3G:15A
787
2 12_23777 cC | T 10CC 7CC:1CT:2NN 20C 15C:AT
3 12 23916 | G* | A AGA6AA 3GA5AA2NN | 4G:16A | 3G:13A
4 13_24467 T | A TTT:3TA 8TT:2NN 17T:3A 16T
5 13 24480 T |G 10TT 7TT:1GG:2NN 20T 14T:2G
6 13 24542 T |G 10TT 7TTT:1GG:2NN 20T 14T:2G
7 13 25376 A | T" | 6AA:3AT:INN | 8AA:ITT:INN | 15A:3T | 16A:2T
8 13 25443 G | A" 9GG:INN 6GG:2GA1AA: 18G 14G:4A
INN
9 |E43UTR| A | T 8AA:2AT 9AA:1AT 18A:2T | 19A:1T
26814@ (0,20) (0,10)
10 |E4 3’°UTR | C | T° 6CC:4CT 8CC:2CT 16C:4T | 18C:2T
27414@) (0,40) (0,20)
p=0,63 p=0,66

*: alen thiéu so; (?): Tan so6 xuat hién SNP cia méi nhom, @: ddp iing tiéu chi sang loc SNP sé

2.

3.3.6. Phét hi¢n va sang loc SNP trén gen IGFBP-3

Trinh ty cac doan gen IGFBP-3 tir 10 c4 thé ting truong nhanh va 10 ¢4 thé ting

tredong cham dugc so sanh véi trinh ty tham chiéu dé xac dinh SNP. Binh tin hiéu giai

trinh tu cua ting vi tri SNP duoc kiém tra. Vi du vé mét vi tri SNP dugc phat hién

dugc minh hoa ¢ Hinh 3.9. Trong cac vung duoc khao sat cua gen, 10 SNP duoc phat

hién gom 6 SNP thudc cac intron va 4 SNP thudc cac exon. Cac SNP thudc exon nam
trong cac vung 5°-UTR, CDS va 3’-UTR (Bang 3.6).
Theo tiéu chi sang loc SNP, SNP 704C>G ¢ exon 1 nam trong CDS Iam codon

CTC bién d6i thanh GTC, gay thay doi trinh ty axit amin thir 8 trong chudi polypeptit
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Leucine thanh Valine, nén SNP nay dugc sang loc dé tiép tuc xac dinh trén bo mau
kiém nghiém (Hinh 3.9), (Bang 3.6). Cac SNP con lai nim trong ving khdng ma hda
duoc danh gia tn s6 xuat hién SNP can dat it nhat 0,3 & mot nhom tro Ién, két qua co 2
SNP 1123 G>T & intron 1 va 17119 A>G & exon 4 dat tiéu chi nay (Bang 3.6). Tuy
nhién, 2 SNP nay lai khéng thé hién dugc su khac biét vé thanh phan kiéu gen hay
thanh phan alen giira hai nhém, véi céac gia tri p I6n hon 0,05 (Bang 3.6), nén ching
khong dugc sang loc. Do d6, chi ¢ SNP 704 C>G (p.Leu8Val) duoc sang loc dé duoc

tiép tuc xac dinh trén bo mau Ién hon.

Nhom tang tricong nhanh Nihom tang triecong cham
IGFBP3.704 C>G IGFBP3.704 C>G

REF': ATTCCGCTCTNATCCGGCTCGG REF: ATTCCGCTC IE CCGGCTCGG
N1l: ATTCCGCTC CCGGCTCGG Cl: ATTCCGCTC 'CCGGCTCGG
N2: ATTCCGCTC ITCCGGCTCGG C2: ATTCCGCTC E CCGGCTCGG
N3: ATTCCGCTCTGIICCGGCTCGG C3: ATTCCGCTCTEICCGGCTCGG
N4g: ATTCCGCTCT CCGGCTCGG C4: ATTCCGCTC ﬁ CCGGCTCGG
N5: ATTCCGCTC I'CCGGCTCGG CO: ATTCCGCTCTRICCGGCTCGG
N6: ATTCCGCTC CCGGCTCGG Cé6: ATTCCGCTC g CCGGCTCGG
N7: ATTCCGCTCTIGIICCGGCTCGG CcC7: ATTCCGCTC CCGGCTCGG
N8: ATTCCGCTCT CCGGCTCGG C8:s ATTCCGCTC CCGGCTCGG
NG: ATTCCGCTC CCGGCTCGG C9: ATTCCGCTC é CCGGCTCGG
N10: ATTCCGCTC CCGGCTCGG C1l0: ATTCCGCTC 'CCGGCTCGG

LR O A A A A AN AN AA A AR AE T IR R
a::ccocrcritcccoctcaa *77CCGCTC7£7CC°°C7CGG
GG

Kiéu gen CG Kiéu gen CG |

W WY (W
|

ATTCCGCTCTGTCCGGCTCGG

ATTCCGCTCTGTCCGGCTCGO
Kiéu gen GG Kiéu gen GG

[y V"‘f‘JU‘A/"\\".W '*. .";A’ﬁxf\z\i,f‘iM‘xﬂ/\m\j"

Hinh 3.9. Két qua phat hién IGFBP-3.704 C>G trén gen IGFBP-3 thdng qua so sénh

c4c trinh tu twong ung duoc giai ma bang phwong phap Sanger véi trinh ty tham chiéu.

REF: trinh ti tham chiéu. N1 - N10: trinh tir cia 10 ca thé cd tra tang trwong nhanh. C1 -
C10: trinh ti cua 10 ca thé cd tra ting trueng chdm. Miii tén va khung mau do: vi tri SNP
dwoc phét hién trén méi ca thé.
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Bang 3.6. Danh sach cac SNP dugc phat hién trén gen IGFBP-3

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TTN TTC
() ()
1 E1l T A" 8TT:2AA 8TT:1TA:1AA | 16T:4A | 17T:3A
5’UTR_ (0,25) (0,22)
647
2 E1CDS | C" | G 1CG:9GG 2CG:8GG 1C:19G | 2C:18G
704 M
3 11 1115 G T 9GG:1TT 9GG:1ITT 18G:2T | 18G:2T
(0,11) (0,11)
4 |1_1123(2) G” T 2GG:8TT 3GG:7TT 4G:16T | 6G:14T
(0,20) (0,43)
p=10 p=072
5 11 4638 Cc | G 8CC:2CG 10CC 18C:2G 20C
(0,20) (0,00)
6 11 4695 C | A" 9CC:1CA 8CC:2CA 19C:1A | 18C:2A
(0,01) (0,20)
7 12 5187 G | A" 10GG 9GG:1GA 20G 19G:1A
(0,00) (0,10)
8 12 5375 G A" | 6GG:2GA:2NN | 8GG:1GA:1INN | 14G:4A | 17G:1A
9 E4 3’UTR A" | G 3AA:TGG 2AA:8GG 6A:14G | 4A:16G
17119@ (0,43) (0,25)
p=1,0 p=0,72
10 | E4 3°UTR | C G” 8CC:2GG 10CC 16C:4G 20C
17128 (0,25) (0,00)

*: alen thiéu so; (?): Tan so6 xuat hién SNP cia moi nhom, @ @ Zip ieng tiéu chi sang loc SNP
s6 1, 2 tirong ing.

3.3.7. Phét hi¢n va sang lgc SNP trén gen IGFBP-5

Trinh ty cac doan gen IGFBP-5 tir 10 c4 thé ting trudng nhanh va 10 ¢ thé ting

truong cham duoc so séanh véi trinh tu tham chiéu, tir 6 phat hién dugc 4 SNP thudc

cac exon, trong d6 c¢6 2 SNP thudc vung ma hda & exon 1 va exon 4, 2 SNP thugc ving

3°-UTR & exon 4 (Bang 3.7). Binh tin hiéu giai trinh ty cua ting vi tri SNP duoc kiém

tra. Vi du vé mot vi tri SNP dugc minh hoa ¢ Hinh 3.10.
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REF:
N1:
N2:
N3:
N4:
N5:
NG6:
NT:
N8:
N9:

N10:

Kiéu gen TT

Kiéu gen TA

Nhom ting trwong nhanh
IGFBP5.525 T>A

CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTEMGCCCCAGTGC
CTGTCGGCTGWECCCCAGTGC
CTGTCGGCTGWGCCCCAGTGC
CTGTCGGCTENECCCCAGTGC
CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTENGCCCCAGTGC
CTGTCGGCTRNGCCCCAGTGC

dFxkkhkhkdkk kx| Ak EEr kA ki

CTGTCGGCTGTGCCCCAGTGC

REF:
9
c2s
C3s
C4:
C5:
Cé:
Gls
C8:
94

C10:

Kiéu gen TT

Nhom tiang truong cham
IGFBP5 525 T>A

CCCCAGTG
CCCCAGT
GCCCCAGTGC
GCCCCAGTGC
SCCCCAGTGC
GCCCCAGTGC
GCCCCAGTGC
SCCCCAGTGC

Q
(®]

Ll Gl

Q
(7P|
a

CTGTCGGCTG
CTGTCGGCTG[
CTGTCGGCTG
CTGTCGGCTG
CTGTCGGCTG
CTGTCGGCTGNGCCCCAGTGC
CTGTCGGCTGINGCCCCAGTGC
CTGTCGGCTGHECCCCAGTGC
ook ok ok e ke ok ok ok ok

e e e ke ke ke e ke ke ke

TGTCGGCTGTGCCCCAGTGC

g

Hinh 3.10. Két qua phat hién IGFBP-5.525 T>A trén gen IGFBP-5 théng qua so séanh

c4c trinh tu twong ung duoc giai ma bang phuwong phap Sanger véi trinh ty tham chiéu.

REF: trinh ti tham chiéu. N1 - N10: trinh tir cia 10 ca thé cd tra tang trwong nhanh. C1 -
C10: trinh tir cia 10 ca thé cd tra ting trueng chdm. Miii tén va khung mau do: vi tri SNP
dwoc phét hién trén méi ca thé.

Theo tiéu chi sang loc SNP, SNP 525T>A ¢ exon 1, nam trong viing ma hda va

gay ra su thay doi codon GTG thanh GAG, 1am thay dbi trinh ty axit amin thir 16 trong

chudi peptit tir Valine thanh axit Glutamic nén SNP nay duoc sang loc dé xac dinh trén
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bo mau 16n hon (Hinh 3.10), (Bang 3.7). Ciing ndm trong ving ma hda, nhung SNP
8599 G>A khong lam thay ddi trinh tu axit amin, nén SNP d6 cung hai SNP con lai
nam trong ving khong ma héa duoc kiém tra tan sé xuat hién SNP ¢ hai nhom ting
treong nhanh/cham. Két qua chi c6 SNP 11992 T>C c6 tan s6 xuit hién SNP dat it
nhat 0,3 & mot nhdm trg 1én (Bang 3.7) va duoc tiép tuc kiém tra su khac biét vé thanh
phan kiéu gen/thanh phan alen giira hai nhém, tuy nhién véi cac gia tri p 16n hon 0,05,
SNP nay khong dat duoc tiéu chi sang loc. Do do, chi c6 SNP 525 T>A (p.Val16Glu)
duoc sang loc dé duoc tiép tuc duoc xac dinh trén bo mau kiém nghiém.
Bdng 3.7. Danh sach cac SNP dugc phét hién trén gen IGFBP-5

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TIN | TTC
@) ©)
1 E1ICDS | T | A" 7TT:3TA 10TT 17T:3A 20T
5250
2 E4 CDS G | A 8GG:2AG 9GG:1GA 18G:2A | 19G:1A
8599 (0,20) (0,10)
3 |E4 3UTR | C | A" | 8CC:1CA:1AA 10CC 17C:3A 20C
11713 (0,22) (0,00)
4 |E4 3°UTR | T C* | 6TT:1TC:3CC | 7TT:2TC:1CC | 13T:7C | 16T:4C
119920 (0,57) (0,33)
p=0,55 p =048

*: alen thiéu so; (?): Tan so6 xuat hién SNP cia moi nhom, @ @ Zip ieng tiéu chi sang loc SNP
s6 1, 2 tirong ing.

3.3.8. Phét hi¢n va sang loc SNP trén gen IGFBP-6

Trinh ty cac doan gen IGFBP-6 tir 10 ca thé tang truéng nhanh va 10 ca thé ting
truong cham duoc so sénh véi trinh tu tham chiéu dé xac dinh SNP. Dinh tin hiéu giai
trinh ty cua ting vi tri SNP duoc kiém tra. Vi du vé mét vi tri SNP dugc minh hoa &
Hinh 3.11. C6 17 SNP duoc phét hién ¢ gen IGFBP-6, trong d6 c6 14 SNP thudc cac
intron va 3 SNP nam ¢ ving 3’UTR cuia exon 4 (Bang 3.8).

Céac SNP thudc ving khong ma hoa nay dugce danh gia tan s xuat hién SNP &
hai nhom tang truang nhanh/cham can phai dat it nhat 0,3 & mot nhom tro 1én. Két qua
cd 7 SNP dat tiéu chi nay la SNP 560 A>G thudc intron 1, 2275 C>A, 2278 C>A va
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2423 G>T thuoc intron 3, 3177 T>C, 3469 T>C va 3505 G>A thuoc exon 4 (Bang
3.8). Cac SNP nay tiép tuc dugc danh gia su khéc biét c6 ¥ nghia vé thanh phan kiéu
gen/thanh phan alen gitta hai nhom ting truong nhanh/cham théng qua gié tri p nho
hon 0,05. Theo d6, chi c6 SNP 2278 C>A dugc sang loc do cé su khac biét c6 y nghia
vé thanh phan kiéu gen (p = 0,02) (Bang 3.8). Nhu vay, SNP 2278 C>A duoc sang loc

dé genotyping ¢ bo mau 16n hon.

Nhom ting trwéng nhanh Nhom tang trwong chim
IGFBP6.2278 C>A IGFBP6.2278 C>A

REF: CTGACAACA
N1: CTGACAACAPR
N2: CTGACAACAP
N3: CTGACAACA
N4: CTGACAAC
N5: CTGACAACAA
N6: CTGACAAAA

AAAAAAAAAA REF: CTGACAAC
AAAAAAAAAA Cl: CTGACAACAP
RAAAAAAAAA C2: CTGACAAAAPR
AAAAAAANR C3: CTGACAAC
AVAVAVAVAVAVAVAV. C4: CTGACAAC
RAAAAAAAAA C5: CTGACAAAANARAAAAAAAAA
AAAAAAAAA Cé6: CTGACAACAP

N/: CTGACAACAACAAAAAAAAAA C7: CTGACAAAA
N8: CTGACAACAALCAAAAAAAAAA C8: CTGACAAAAAARAAAAAAAAA
N9: CTGACAACAACRAAAAAAAAAA CY: CTGACAAC
N10: CTGACAAA AAAAA C10: CTGACAAA

* ok ok ok k Kk *ok ok ok ok ok ok ko * ok ok ok ok ok ok

Kiéu gen CC Kiéu gen CC

. CTGACAAAAA .-\.-\ AAAAAAAAA
i .
Kicu gen AA Kiéu gen AA

A
AfNAn AAAAN M AL A f u} A “1 !
NV WYY W W\ ' ,"n."f,"l'“"u PV ,f'u'n\

Hinh 3.11. Két qua phat hién IGFBP-6. 2278 C>A trén gen IGFBP-6 thong qua so
sanh c4c trinh tu twong tng dwoc giai ma bang phuong phap Sanger véi trinh ty tham
chiéu.

REF: trinh t tham chiéu. N1 - N10: trinh tw cia 10 ¢4 thé cd tra ting triwong nhanh. C1 -
C10: trinh tw cia 10 C& thé cd tra tang trwong cham. Mii tén va khung mau doé: vi tri SNP
dwoc phét hién trén méi ca thé.
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Bang 3.8. Danh sach cac SNP dugc phat hién trén gen IGFBP-6

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén 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
2 11_770 T | C° | 8TT:1TC:1CC 10TT 17T:3C 20T
(0,22) (0,00)
3 | 121517 | C | T 8CC:2TT 8CC:2TT 16C:4T | 16C:4T
(0,25) (0,25)
4 | 121527 | Cc | T 10CC 8CC:2TT 20C 16C:4T
(0,00) (0,25)
5 | 131898 | T | C” 9TT:1TC 8TT:2TC 19T:1C | 18T:2C
(0,10) (0,20)
6 | 132121 | G | T 10GG 8GG:2TT 20G 16G:A4T
(0,00) (0,25)
7 | 132141 | G | T 9GG:1GT 8GG:2GT 19G:1T | 18G:2T
(0,10) (0,20)
8 | 132198 | T | C” 10TT 8TT:2CC 20T 16T:4C
(0,00) (0,25)
9 | 132225 | G | T 9GG:1TT 8GG:2TT 18G:2T | 16G:AT
(0,11) (0,25)
10 | 132244 | C | T 9CC:ATT 10CC 18C:2T 20C
(0,11) (0,00)
11 13_ C | A 8CC:2AA 5CC:5AA 16C:4A | 10C:10A
2275@ (0,25) (1,00)
p=0,35 =0,09
12 13_ c | A 8CC:2AA ACC:6AA 16C:4A | 8C:12A
22784 (0,25) (1,50)
p=0,17 p = 0,02
13 13_ G | T 6GG:ATT 4GG:6TT 12G:8T | 8G:12T
24232 (0,67) (1,50)
p=0,66 p=0,34
14 | 132671 | A | T 9AAILTT 10AA 18A:2T | 20A
(0,11) (0,00)
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STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TTN TTC
®) ®)
15 |[E4 3’UTR| T | C 6TT:4CC 6TT:4CC 12T:8C | 12T:8C
3177@ (0,67) (0,67)
p=10 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=10 p=0,74

*: alen thiéu sé; (?): Tan so xuat hién SNP cua méi nhom, @ @ dip iing tiéu chi sang loc SNP
$6 2, 4 tirong g,
3.3.9. Phat hi¢n va sang loc SNP trén gen IGFBP-7

Trinh tu cac doan gen IGFBP-7 tir 10 ca thé tang truong nhanh va 10 ca thé ting
tredng cham dugc so sanh véi trinh tu tham chiéu dé xac dinh SNP. Binh tin hiéu giai
trinh ty caa ting vi tri SNP duoc kiém tra. Vi du vé mét vi tri SNP dugc minh hoa ¢
Hinh 3.12. C6 27 SNP duoc phét hién trén gen IGFBP-7, trong d6 c6 25 SNP nam trén
viing khéng ma hoéa va 2 SNP gay nén su thay thé axit amin la SNP 344T>C trén exon
1 va 4559C>A trén exon 3, lan luot din dén thay d6i trinh tu axit amin Leu78Pro va
Leul89Met trén protein (Bang 3.9).

Theo tiéu chi sang loc, 2 SNP gay nén su thay doi axit amin la 344 T>C
(p.Leu78Pro) va 4559 C>A (p.Leul89Met) s& duoc sang loc dé genotyping & bo mau
l6n hon. Trong khi d6, cac SNP con lai s& duoc danh gia tan sé xuat hién SNP & hai
nhom ting truong nhanh/cham phai dat it nhat 0,3 & mot nhom tré 1én. Két qua duoc
trinh bay ¢ Bang 3.9 cho thay c6 17 SNP dat tiéu chi nay 1a -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 ¢ intron 4 (Bang 3.9). Trong s6 17 SNP
nay, chi cd6 SNP 2060 A>G dat tiéu chi vé su khéc biét co ¥ nghia vé thanh phan kiéu

gen, ciing nhu thanh phan alen giita hai nhém ting truéng nhanh/cham (véi ca 2 gié tri
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p nho hon 0,05) (Bang 3.9). Do vay, SNP 2060 A>G trén intron 2 va 2 SNP 344 T>C
(p.Leu78Pro) va 4559 C>A (p.Leu189Met) thudc ving ma hoa gy thay ddi trinh ty

axit amin s& duoc sang loc dé tiép tuc genotyping & bo mau Ién hon.

Nhom tang triecang nhanh Nhom tang tricong cham
IGFBP7.4559 C>A IGF8P7ISS9 CA
REF: GTTCTCTCAGCIGCTCCCCGG REF: GTTCTCTCAGCI'GCTCCCCGG
N1l: GTTCTCTCAGIIGCTCCCCGG cl: GTTCTCTCAGATGCTCCCCGG
N2: GTTCTCTCAGAIIGCTCCCCGG C2: GTTCTCTCAGATGCTCCCCGG
N3: GTTCTCTCAGAI'GCTCCCCGG C3: GTTCTCTCAGATGCTCCCCGG
N4: GTTCTCTCAGAI'GCTCCCCGG C4: GTTCTCTCAGATGCTCCCCGG
N5: GTTCTCTCAFIGCTCCCCGG C5: GTTCTCTCAGATGCTCCCCGG
N6: GTTCTCTCAGMIGCTCCCCGG Cé6: GTTCTCTCAGATGCTCCCCGG
N7: GTTCTCTCAGMIGCTCCCCGG C7: GTTCTCTCAGATGCTCCCCGG
NB: GTTCTCTCAGMIGCTCCCCGG C8: GTTCTCTCAGATGCTCCCCGG
N9: GTTCTCTCAGAIGCTCCCCGG C9: GTTCTCTCAGATGCTCCCCGG
N10: GTTCTCTCAGAIIGCTCCCCGG C10: GTTCTCTCAGATGCTCCCCGG
LE R R RS B S S IR R R R PR R R R R T R R LI LR R R R R
PEFETCIFAASTICTRCCCNS GTTCTCTCAGATGCTCCCCGE
Kiéu gen CC , Kiéu gen AA A
fn ;.‘, f“, Al a | l
. BTTCTCTCAGMTIGCTCCCCOG
Kieu gen CA ch
o
N \
@WM\( WA MWWW\
.
GTTCTCTCAGATGCTCCCCGG
Kiéu gen AA
{
W WS

Hinh 3.12. Két qua phat hién IGFBP-7.4559 C>A trén gen IGFBP-7 thdng qua so sénh
c4c trinh ty twong ung duoc giai ma bang phuong phap Sanger véi trinh ty tham chiéu

REF: trinh t tham chiéu. N1 - N10: trinh tw cia 10 ¢4 thé cd tra ting truwong nhanh. C1 -
C10: trinh tw cia 10 C& thé cd tra tang trwong cham. Miii tén va khung mau doé: vi tri SNP
dwoc phét hién trén méi ca thé.
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Bang 3.9. Danh sach cac SNP dugc phét hién trén gen IGFBP-7

STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TTN TTC
) @)
1 Promoter T G" | 5TT:3TG:2GG | 4TT:1TG:5GG | 13T:7G | 9T:11G
-376@ (0,63) (1,20)
p=20,39 p=0,34
2 E1 CDS T C ITT:2TC:7CC 3TT:3TC:4CC | 4T:16C | 9T:11C
344 1)
3 11 561 G A" | 6GG:1GA:3AA | 2GG:3GABAA | 13G:7A | 7G:13A
(0,57) (1,60)
p=0,19 p=0,11
4 11598 C A" 10CC 7CC:2CA:1AA 20C 16C:4A
(0,00) (0,33)
p=0,11 p=0,10
5 11.1052@ | T~ A ATT:1TABAA | 3TT:1TA6AA | 9T:11A | T7T:13A
(0,83) (0,57)
p=1,0 =0,75
6 11 1117@ C G" | 7CC:2CG:1GG | 5CC:2CG:3GG | 16C:4G | 12C:8G
(0,33) (0,71)
p=0,51 =0,30
7 11_1160@ G C" | 7GG:2GC:1CC 10GG 16G:4C 20G
(0,33) (0,00)
p=0,11 p=0,10
8 11 1216® C A" | 5CC:2CA:3AA | 8CC:1CA:1AA | 12C:8A | 17C:3A
(0,71) (0,22)
p=0,36 p=0,16
9 11 1597 C G" 8CC:2CG 10CC 18C:2G 20C
(0,20) (0,00)
10 11 1618 T o 9TT:1CC 9TT:1CC 18T:2C | 18T:2C
(0,11) (0,11)
11 12_2030 A G" 9AA:1AG 10AA 19A:1G 20A
(0,10) (0,00)
12 12 A G” 10GG 3AA2AG:5GG 20G 8A:12G
206034 (0,00) (1,40)
p=0,02 p = 0,003
13 12_ T C 1TC:9CC 3TC:7CC 1T:19C | 3T:17C
213822 (0,10) (0,30)
p =0,58 p = 0,60
14 12_2240 T o 9TT:1CC 10TT 18T:2C 20T
(0,11) (0,00)
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STT | Vitri SNP | Ref | Alt Thanh phan kiéu gen Thanh phan alen
trén gen TTN TTC TTN TTC
@) @)
15 12 2634 C T 9CC:ATT 8CC:2CT 18C:2T | 18C:2T
(0,11) (0,20)
16 | 12.3981@ | T~ G 4TT:6GG 3TT:7GG 8T:12G | 6T:14G
(0,67) (0,43)
p=1,0 p=0,74
17 | 12_4058@ | A" G 4AA1IAG:EGG | 4AA2AG:AGG | 9A:11G | 10A:10G
(0,83) (1,00)
p=0,86 p=20,99
18 | 12.4334@ | G A" | 7TGG:2GA:1AA | 8GG:1GA:1AA | 16G:4A | 17G:3A
(0,33) (0,22)
p=0,79 p=10
19 | 12_4465@ C T ACCACT:2TT 1CC:7CT:2TT | 12C.8T | 9C:11T
(0,75) (1,13)
p=0,30 p=053
20 | E3.CDS4 | C” A | 2CC:3CA:5AA 10AA 7C:13A 20A
559 W
21 | 13_4685@ T C" | 4TT:1TC:5CC 7TT:3CC oOT:11C | 14T:6C
(1,20) (0,43)
p=0,26 p=0,20
22 13 4761 A G" 9AA:1AG 10AA 19A:1G 20A
(0,01) (0,00)
23 | 14_7405@ C T 8CC:1CT:ATT 6CC:2CT:2TT | 17C:3T | 14C:.6T
(0,22) (0,50)
p=0,51 p=0,45
24 14 7486 G A" 10GG 9GG:1GA 20G 19G:1A
(0,00) (0,10)
25 | 14 7676 | G o 7GG:3CC 5GG:5CC 14G:6C | 10G:10C
(0,43) (1,00)
p=0,65 p=0,33
26 | 14 7692 T o 6TT:4CC 5TT:5CC 12T:8C | 10T:10C
(0,67) (1,00)
p=1,00 p=0,75
27 14 8154 A" T 1ATOTT 10TT 1A:19T 20T
(0,10) (0,00)

*: alen thiéu so; (3): Tan so xuat hién SNP ciia moi nhom, @ @: G- @ z4p 4ing tiéu chi sang loc
SNP s6 1, 2. 3. 4 twong 1ing.
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Nhin chung, luan an da phat hién dugc 10, 12, 9, 4, 10, 10, 4, 17, 27 SNP lan
luot trén céc gen IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6, -7 thudc 20 c4 thé cua
bo mau khai tao, trong d6 c¢6 10 SNP duoc sang loc theo cac tiéu chi da dé ra dé tiép
tuc duoc xac dinh trén bo mau lén hon (Bang 3.10).

Bang 3.10. Danh sach cac SNP duoc sang loc trén bd mau khoi tao

STT | Téngen | Vitri SNP trén gen | Ref | Alt
1 IGF1 Intron 2_13680 AT
2 Intron 1_13357 T C
3 IGF1R Intron 1_15392 T | A
4 Intron 15_83894 A | G
5 IGFBP-3 | Exon 1l CDS_704 C | G
6 IGFBP-5 | Exon 1l CDS 525 T | A
7 IGFBP-6 Intron 3_2278 C | A
8 Exon1 CDS 344 T C
9 IGFBP-7 Intron 2_2060 A | G
10 Exon3 CDS 4559 | C | A

3.4. Phan tich sy lién quan dén tinh trang ting trwéng cia cac SNP dwoc sang loc
3.4.1. SNP genotyping trén cac ca thé thugc bg mdu kiém nghiém

3.4.1.1. Phan ldp cdc doan gen cb chira SNP dwoc sang loc

Mot trim bén muoi mau DNA téng s6 duogc tach chiét tir 70 ca thé ca tra ting
truong nhanh va 70 mau ca tra ting trudng cham (thdng tin mau trinh bay tai Phu luc
1) duoc dién di kiém tra chat luong trén gel agarose 1% va do ndng do va do tinh sach
bang may do quang phé & budc song A260 va A280. Két qua dien di mot s6 mau (trinh
bay ¢ phan Phu luc 6) cho thay cac miu déu co chat lugng tt véi mot biang DNA tong
s6 duy nhat, rd nét, khong bi dut gay va két qua do nong do, do tinh sach (trinh bay o
Phu luc 7) cho thay tat ca cac mau DNA tong sé déu du tiéu chuan dé sir dung cho cac
thi nghiém tiép theo.

Két qua dién di san pham PCR khuéch dai cac doan gen chita SNP duogc sang

loc trén 140 cé thé thudc bo mau kiém nghiém duoc trinh bay trong Phu luc 8, cho thay
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cac bang thu duoc 1d nét, dic hiéu véi kich thude dung nhu dy kién, du tiéu chuan dé
duoc tinh sach va st dung cho phan rng genotyping kéo dai mét nucleotide.

3.4.1.2. Xdc dinh kiéu gen cua tirng ca thé & vi tri SNP

San pham PCR khuéch dai cac doan gen chira 10 SNP duoc sang loc sau tinh
sach cua 70 c4 thé tang truong nhanh va 70 cé thé ting truong cham duoc sir dung 1am
khuén cho phan tng kéo dai mot nucleotide multiplex nhdm genotyping cac SNP d6
theo hai nhdm méi (Bang 2.11). Két qua thé thu duoc tir may giai trinh tu cua hai
nhém phan ang SBE trén mot ca thé duoc trinh bay & Hinh 3.13 va Hinh 3.14, cho thay
cac san pham c6 chiéu dai khac nhau dwugc phan tach rd trén dién di mao quan, dinh
mau huynh quang @ng véi mdi ving vi tri lién quan dén mdi SNP 1 rang cho phép

nhan biét va genotyping chinh xac duoc SNP d6.
A

| \\
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Hinh 3.13. Két qua dién di mao quan san pham SNaPshot trén mot mau dai dién cua
nhoém mdi SBE thir nhit sau khi duoc phan tich trén phan mém GeneMapper.
A. Binset md ta chiéu dai cua cac san pham ing véi méi SNP trong nhém dwoc hién thj trong

dién di mao qudn. B. Cdc dinh huynh quang cia cdc SNP trong nhém dwoc hién thj sau khi
chay phan mém phan tich két qua GeneMapper.
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Hinh 3.14. Két qua dién di mao quan SNaPshot trén mot mau dai dién cia nhom moi
SBE thtr hai sau khi dugc phan tich trén phan mém GeneMapper.
A.Binset md ta chiéu dai cia cac san pham thu duwoc #ng véi méi SNP trong nhém duwoc hién

thi trong dién di mao qudn. B. Cdc dinh huynh quang cia cdc SNP trong nhém duwoc hién thi
sau khi chay phan mém phan tich két qua GeneMapper.

Két qua genotyping 10 SNP trén 140 c4 thé, két hop cung véi dit liéu SNP thu
duoc tir bo mau khoi tao gdm 20 cé thé duoc trinh bay trong Phu luc 9.
3.4.2. Phan tich méi lién quan gi#a SNP dwoc sang loc va tinh trang ting
trwong cua ca tra nudi
Két qua SNP genotyping trén bo mau kiém nghiém két hop voi két qua phat
hién va sang loc SNP trén bo mau khai tao trude d6 dugc sir dung dé phan tich méi

lién quan gitra 10 SNP duoc sang loc vai tinh trang tang trudng cua cé tra nudi trén 80
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c4 thé tang truong nhanh va 80 ca thé tang truong cham thong qua: thanh phan kiéu
gen, thanh phan alen; cac thong sb vé quan thé gom PIC, MAF; trang thai mat can bang
lien két va ti 1& cac kiéu gen don boi haplotype tao nén tir cac SNP dugc sang loc trén
cling mot gen; va ti 1& cac kiéu gen don boi haplotype, t& hop kiéu gen tao nén tir cac
SNP tiém ning trén cac gen khac nhau.

3.4.2.1. SNP duwoc sang loc trén gen IGF1

Thanh phan kiéu gen va thanh phan alen cua 80 cé thé ting trudng nhanh va 80
c4 thé tang truong cham clng cac chi s di truyén quan thé tir SNP 13680 A>T trén
gen IGF1 duoc trinh bay trong Bang 3.11.

Bang 3.11. Phan tich méi lién quan gitra SNP 13680 A>T trén gen IGF1 véi tinh trang
tang trudng cua ca tra nudi

Cé4c thong sé Nhém Nhém p

tang trwéng nhanh | tang trwéng cham
Thanh phan kiéu gen | AA (18) AA (07) 0,009"
(v) AT (61) AT (64)

TT (01) TT (07)

NN (02)

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

(b}: So lwong ca thé mang kiéu gen tirong g, NN: ca thé khong xdc dinh dwoc kiéu gen, (°):
so lwong alen twong vng, ™ : p < 0,01.

Khi so sanh véi bo mau khai tao (Bang 3.1), thanh phan kiéu gen phéat sinh tir
SNP IGF1:13680 A>T ¢ bd mau Ién hon cua nhém ting truéng nhanh cd thém kiéu
gen AT. Tuy nhién, kiéu gen AA van chiém ti I& 16n hon kiéu gen TT ¢ nhém ting
truong nhanh va kiéu gen TT ngang bang véi kiéu gen AA ¢ nhom ting trudong cham
(Bang 3.11). Pang cht y, mic du khdng con thé hién duoc su khac biét vé thanh phan
alen gitta hai nhém tang truong nhanh/cham (véi p bang 0,06), SNP nay van biéu hién
dugc su khac nhau rd rét vé thanh phan kiéu gen giira hai nhém véi p nhé hon 0,01 (p
bang 0,009) khi duoc phan tich trén bo mau 16n hon (Bang 3.11). Nhu vay, SNP 13680

A>T ¢ intron 2 caa gen IGF1 lién quan dén tinh trang ting trudng cua ca tra nudi.
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Ngoai ra SNP nay c6 gia tri PIC 1a 0,494, nam trong khoang 0,25 dén 0,5, cho thay

SNP nay c¢6 mutc do da dang di truyén trung binh. Gia tri MAF caa SNP nay 12 0,446,
cho thidy SNP 13680 A>T xuét hién phé bién trong quan thé.
3.4.2.2. Cac SNP duoc sang loc trén gen IGF1R

a)

Thanh phdn kiéu gen, thanh phan alen, c&c chi sé PIC, MAF

Thanh phan kiéu gen va thanh phan alen cua 80 cé thé ting trudng nhanh va 80

ca thé tang truang cham cung cac chi sb di truyén quan thé tir 3 SNP 13357 T>C,
15392 T>A va 83894 A>G trén gen IGF1R duoc trinh bay trong Bang 3.12.
Bang 3.12. Phan tich mdi lién quan gitra 3 SNP trén gen IGF1R véi tinh trang ting

trudng cua cé tra nuoi.

Tén Thanh phan kiéu gen (?) Thanh phan alen (%) PIC | MAF
SNP
Nhom Nhom p Nhom | Nhom p
tang tang tang tang
truéng truwéng truéng | truwéong
nhanh cham nhanh | cham
13357 |TT(32) |TT(26) |0,03 |T(111) [T (96) |0,11 |0,454 | 0,349
T>C |TC47) |TC (44) C (49) |C(62)
CC (01) | CC (09)
NN (01)
15392 |TT(06) |TT(10) |035 |T(80) |T(84) |0,74 |0,495 | 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(B4) |A(73) |0,22 [0,499 | 0,491
A>G | AG (66) | AG (69) G (76) |G (87)
GG (05) | GG (09)

(°): S6 lirong ca thé mang kiéu gen niwong iing, NN: c& thé khéng xdc dinh dwoc kiéu gen, (°):

s6 lirong alen twong ing, "> p < 0,05.

Dir liéu vé thanh phan kiéu gen cia 3 SNP trén thu duogc tir 80 c4 thé ting

truong nhanh va 80 cé thé tang truong cham (Bang 3.12) c6 nhiéu kiéu gen dugc xac

dinh hon so véi bo mau khai tao (Bang 3.3). Trong s6 do, chi con SNP 13357 T>C tiép
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tuc thé hién duoc sy khac biét vé thanh phan kiéu gen giita nhom ting truong nhanh va
nhém ting trudng cham (gid tri p bang 0,03), véi su xuat hién caa kiéu gen CC & nhém
tang tredng cham cao hon so véi nhom tang trudng nhanh (Bang 3.12). Nhu vay, SNP
13357 T>C trén intron 1 cia gen nay duoc coi la chi thi MAS tiém ning hd tro chon
loc tang trudng cho ca tra nudi.

Céc gié4 tri PIC cua ca 3 SNP déu nam trong khoang 0,25 dén 0,5 cho thay
chung déu c6 muc d6 da dang di truyén & mire do trung binh. Cac gi tri MAF cua ca 3
SNP déu xap xi 0,5 cho thay chiing déu la ca 3 SNP déu 14 cac bién di xuat hién thuong
Xuyén trong quan thé.

b)  Swmdt can bang lién két thdng qua gié tri D’ va R?

Sy mat can bang lién két dugc sir dung dé danh gia kha ning di truyén cung
nhau cua 3 SNP trén théng qua gia tri D’ va R2 Dit liéu trén tong sé 160 cé thé cua 3
SNP trén (Phu luc 9) dugc sir dung dé khao sat su mat can bang lién két nay. Véi gia
tri D’ cao 0,935 (D’ 16n hon 0,8), SNP 15392 T>A va SNP 83894 A>G c6 kha nang
cao di truyén clng nhau; véi gia tri D’ trung binh 0,718 va 0,490 (D’ nim trong
khoang tir 0,33 dén 0,80), SNP 15392 T>A va SNP 13357 T>C, SNP 83894 A>G va
SNP 13357 T>C c6 kha ning di truyén cuing nhau (Bang 3.13). Céc gia tri R? giira c4c
cap SNP déu 16n hon 0 (Bang 3.13), ciing cho thdy 3 SNP trén gen IGF1R dat trang
thai mat can bang lién két, c6 kha nang cao duoc di truyén cling nhau.

Bang 3.13. Phan tich sy mat can bang lién két (linkage disequilibrium (LD)) cia 3 SNP
trén gen IGF1R thong qua gia tri D’ va R2.

D’ va R? 13357 T>C 15392 T>A 83894 A>G
13357 T>C - va - 0,718 va 0,223 | 0,490 va 0,124
15392 T>A 0,718 va 0,223 | -va- 0,935va 0,743

83894 A>G 0,490 va 0,124 | 0,935va 0,743 | -va-

¢)  Tan s6 kiéu gen don boi (haplotype)
Sy khac biét vé thanh phan va ti & cac haplotype tao nén tir 3 SNP 13357 T>C,
15392 T>A va 83894 A>G ¢ nhom tang trudng nhanh va nhom tang truong cham ciing
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duoc phan tich tir két qua genotyping cua 3 SNP trén tong sé 160 cé thé (Phu luc 9),
cho thay haplotype IGF1IR_H1 (CAA), H4 (TTA) va H5 (TTG) c¢6 méi lién quan chat
ché véi nhom tang truong nhanh (p<0,01), trong khi haplotype H2 (CTG), H3 (TAA)
cé lién quan chat ch€ véi nhom tang truong cham (p<0,01) (Bang 3.14). Haplotype H5
Vvéi 42,3% va H3 vai 36,5% lan luot chiém ti 1¢ 16n nhat trong tong sé cac haplotype &
nhém ting truéng nhanh va nhém tiang treéng cham (Bang 3.14). Céc két qua trén nay
cho thiy cac haplotype duoc hinh thanh tir 3 SNP trén gen IGF1R c6 méi lién quan
chat ché véi tinh trang tang trudng cua cé tra nudi.

Bang 3.14. Phan tich méi lién quan giira haplotype phat sinh tir 3 SNP cua gen IGF1R

I&n tinh trang tang trudng cua ca tra nuoi.

Haplotype tao nén tir 3 SNP
13357 | 15392 [83894 | .| TN ) TTC () P
T>C | T>A | ASG -

C A | A |IGFIR H1|3539(0239) | 10,18 (0,068) | 2,73e-5""
C T | 6 |IGFIR H2 | 377(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 |IGFIR H4|1115(0,075) | 101(0,007) | 0,002
T T | G |IGFIR H5| 6259 (0,423) | 3417 (0,228) | 0,00018"™"

(%): tan s xuat hién haplotype trong méi nhom, haplotype cé tan sé xudt hién trong ca hai

nhém déu nhé hon 0,03 sé khong dwoc phan tich gia tri p, **p<0,01, ***p<0,001.

3.4.2.3. SNP duoc sang loc trén gen IGFBP-3

Thanh phan kiéu gen va thanh phan alen cua 80 cé thé tang truong nhanh va 80
ca thé tang trwong cham cung cac chi s di truyén quan thé tir SNP 704 C>G
(p.Leu8Val) trén gen IGFBP-3 dugc trinh bay trong Bang 3.15.

Theo d6, chi c6 2 kiéu gen phét sinh tir SNP nay & ca hai nhém, tuy nhién, ¢
nhom ting truong nhanh, kiéu gen CG chiém da sb, trong khi & nhom ting truéng
cham, kiéu gen GG chiém wu thé (Bang 3.15). Sy khac biét vé thanh phan kiéu gen
gitra hai nhom tang truong nhanh/cham c6 y nghia, véi gid tri p 12 0,03 (p < 0,05)
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(Bang 3.15). Ngoai ra, thanh phan kiéu gen giita hai nhom ciing khac biét ¢6 ¥ nghia
thng ke, vai gia tri p 12 0,013 (p < 0,05), cu thé 1a ti Ié alen thiéu sé C trén alen da sb
G & nhom ting truong nhanh 13 45/115 (0,39) cao hon han ti 1é ndy & nhom ting
treong cham la 26/132 (0,19) (Bang 3.15). Nhu vay, SNP 704 C>G (p.Leu8Val) trén
gen IGFBP-3 dugc coi la chi thi phan tir tiém ning lién quan dén tinh trang ting truong
cua cé tra nudi.

Chi s6 PIC, MAF cua SNP 704 C>G (p.Leu8Val) lan luot 1a 0,347 va 0,223
(Bang 3.15), tuy thap hon so véi cac SNP dugc sang loc & cac gen IGF1 va IGFIR da
néu trude do, nhung van thé hién mic do da dang di truyén va muac do xuat hién pho
bién cua SNP nay.

Bang 3.15. Phan tich méi lién quan giita SNP 704 C>G (p.Leu8Val) trén gen IGFBP-3
Véi tinh trang tang trudng cua cé tra nudi

CA4c thong sé Nhom Nhom p
tang trweéng nhanh | ting trwéng cham

Thanh phan kiéu gen (?) | CG (45) CG (26) 0,03™
GG (35) GG (53)

NN (01)

Thanh phan alen (°) C (45) C (26) 0,013"
G (115) G (132)

PIC 0,347

MAF 0,223

(b2: So lwong ca thé mang kiéu gen tirong g, NN: ca thé khong xdc dinh dwoc kiéu gen, (°):
so lwong alen twong 1ng, 'p < 0,05, ™: p < 0,01.

3.4.2.4. SNP duoc sang loc trén gen IGFBP-5

SNP 525 T>A (p.Vall6Glu) duoc kiém nghiém sy lién quan dén tinh trang ting
trudng cua ca tra nudi théng qua su khac biét vé thanh phan kiéu gen va/ hoic thanh
phan alen gitta hai nhém ting trudng nhanh/cham, cling nhu danh gia muc d6 da dang
di truyén théng qua chi sé di truyén quan thé PIC, MAF (Bang 3.16).

Két qua cho thay su khéc biét c6 ¥ nghia vé ca thanh phan kiéu gen Ian thanh
phan alen phat sinh tir SNP nay gitta hai nhom ting truong nhanh/cham (véi ca 2 gié tri

p déu nhé hon 0,001) (Bang 3.16). Cu thé, nhom ting truéng nhanh c6 3 kiéu gen TT,
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TA va AA, véi kiéu gen TA chiém wu thé, trong khi d6, nhém tang truéng cham chi co
2 kiéu gen, véi kiéu gen TT chiém da sé. Vé thanh phan alen, trong khi s6 lugng alen T
va alen A gan nhu ngang nhau ¢ nhom ting trudng nhanh, sé lugng alen T lai nhiéu
gap 3 1an sé luong alen A & nhom ting truéng cham (Bang 3.16). Do d6, SNP 525
T>A (p.Vall6Glu) duoc coi la chi thi phan tir tiém ning lién quan dén tinh trang ting
truéng cua ca tra nudi. Céac chi sé da dang di truyén PIC, MAF cho thdy SNP nay c6
muc do da dang di truyén trung binh va c6 mac do xuat hién phé bién trong quan thé
(Bang 3.16).

Bang 3.16. Phan tich méi lién quan gitta SNP 525 T>A (p.Val16Glu) trén gen IGFBP-
5 vai tinh trang tang truong cua cé tra nudi

Céc thdng sé Nhom Nhom p
tang trweéong nhanh | tang trwéng cham

Thanh phan kiéu gen (?) | TT (07) TT (41) 1,13e-8™"
TA (69) TA (37)
AA (03)
NN (01) NN (02)

Thanh phan alen (°) T (83) T (119) 1,14e-5™
A (75) A (37)

PIC 0,459

MAF 0,357

©): So lwong ca thé mang kiéu gen tirong g, NN: ca thé khong xdc dinh dwoc kiéu gen, (°):
so lwong alen twong 1ng, 'p < 0,05, ™: p < 0,01.

3.4.2.5. SNP duoc sang loc trén gen IGFBP-6

SNP 2278 C>A trén intron 3 cua gen IGFBP-6 duoc kiém nghiém su lién quan
dén tinh trang ting truong cua cé tra nudi thong qua su khac biét vé thanh phan kiéu
gen v&/ hoic thanh phan alen gitta hai nhém ting truong nhanh/cham, ciing nhu danh
gia mic d6 da dang di truyén théng qua chi sé di truyén quan thé PIC, MAF. Tuy
nhién két qua duoc trinh bay ¢ Bang 3.17 cho thay khdng c6 su khac biét c6 ¥ nghia
giita thanh phan kiéu gen va ca thanh phan alen phéat sinh tir SNP nay gitra hai nhém
tang truong nhanh/cham, voi cac gia tri p déu 16n hon 0,05 (Bang 3.17). Céc chi s6 da
dang di truyén quan thé cho thdy SNP 2278 C>A cua gen IGFBP-6 c6 muc d6 da dang

di truyén trung binh va xuat hién pho bién trong quan thé.



Bang 3.17. Phan tich méi lién quan gita SNP 2278 C>A trén gen IGFBP-6 vdi tinh
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trang tang truedng cua ca tra nudi

Céc thong sé Nhém Nhém p
ting trwong nhanh | ting treéng cham

Thanh phan kiéu gen (°) | CC (08) CC (07) 0,895
CA (57) CA (55)
AA (15) AA (17)

NN (01)

Thanh phan alen (°) C (73) C (69) 0,726
A (87) A (89)

PIC 0,494

MAF 0,447

(b}: So heong ca thé mang kiéu gen twong 1ing, NN: ca thé khéng xdc dinh dwoc kiéu gen, (°):
so lwong alen twong 1ving, 'p < 0,05, 7: p < 0,01.

3.4.2.6. Cac SNP duwoc sang loc trén gen IGFBP-7

a)  Thanh phan kiéu gen, thanh phan alen, cac chi s¢ PIC, MAF

Thanh phan kiéu gen va thanh phan alen cua 80 cé thé tang truang nhanh va 80
ca thé tang truong cham cing cac chi sd di truyén quan thé tir 3 SNP 344 T>C
(p.Leu78Pro), 2060 A>G va 4559 A>C (p.Leul89Met) trén gen IGFBP-7 duoc trinh
bay trong Bang 3.18.

Khi dugc phan tich trén 160 cé4 thé, SNP 344 T>C, vén duoc sang loc do lam
thay doi axit amin trén protein, khong thé hién dugc su khac nhau vé thanh phan kiéu
gen, hay thanh phan alen giira hai nhom ting truéng nhanh/cham, véi céc gia tri p déu
I6n hon 0,05 (Bang 3.18). Trong khi d6, SNP 2060 A>G trén intron 2 van duy tri duoc
su khac biét ¢ y nghia vé ca thanh phan kiéu gen va thanh phan alen giita hai nhom
tang truong nhanh/cham, véi ca hai gia tri p déu nho hon 0,001 (Bang 3.18). Cu thé, ¢
nhom ting truang nhanh, kiéu gen GG va alen G chiém ti I& cao hon han kiéu gen AA
va alen A, trong khi ¢ nhom tang truong cham, kiéu gen AA va alen A lai chiém ti Ié

cao hon kiéu gen GG va alen G (Bang 3.18).
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Bang 3.18. Phan tich méi lién quan giita 3 SNP trén gen IGFBP-7 véi tinh trang ting

trrdng cua cé tra nuoi.

Tén Thanh phan kiéu gen (°) Thanh phan alen (°) PIC | MAF
SNP | Nhom Nhom p Nhom Nhom p
tang tang tang tang
truéng | trudéng truéng | trwéng
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) |[1,0%le- |[A(B4) |A(107) |6,34e- | 0,499 | 0,491
A>G | AG (46) |AG(37) |97 G (106) | G (49) 107
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)

(°): S6 lwong céa thé mang kiéu gen tirong g, NN: ca thé khong xdc dinh dwoc kiéu gen, (°):

s6 lirong alen twong g, "> p < 0,05 ™ p < 0,01,

*kk

: p <0,001.

Khéc véi SNP 344 T>C, SNP 4559 C>A gay su thay thé axit amin trén exon 3

van tiép tuc thé hién duoc sy khac biét vé thanh phan kiéu gen gitra hai nhom, vai kiéu

gen AC ¢ nhom tang trudng cham cao hon ¢ nhom tang trudng nhanh (p nho hon 0,05)
(Bang 3.18). Nhu vay, 2 SNP 2060 A>G trén intron 2 va SNP 4559 C>A
(p.Leu189Met) trén exon 3 ciia gen IGFBP-7 duoc coi la 2 chi thi SNP tiém ning lién

quan dén tinh trang tang trudng cua cé tra nudi.

Vé chi s6 da dang di truyén quan thé cua cac SNP (Bang 3.18), trong khi SNP

344 T>C (p.Leu78Pro) va 2060 A>G thé hién su mtc do da dang di truyén trung binh
véi cac gia tri PIC thuoc khoang tir 0,25 dén 0,5 va mirc ¢6 xuat hién pho bién trong
quan thé véi cac gia tri MAF déu lén hon 0,2, SNP 4559 C>A lai ¢d 2 gia tri PIC
(0,216) va MAF (0,123) nho hon cac khoang gi tri ndy (Bang 3.18), cho thay muc do

da dang di truyén thap ciing nhu su kém phé bién trong quan thé cua né.
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b)  Swmdt can bang lién két théng qua gié tri D’ va R?

Sy mét can bang lién két dugc sir dung dé danh gia kha ning di truyén cung
nhau cua 3 SNP trén théng qua gia tri D’ va R2 Dit liéu trén tong sé 160 cé thé cua 3
SNP trén (Phu luc 9) duogc sir dung dé khao sat sy mat can bang lién két nay. Theo do
chi c6 SNP 344 T>C va 4559 C>A c6 gia tri D’ rat cao bang 0,999 (Bang 3.19). Cac
cip SNP 344 T>C va 2060 A>G, 2060 A>G va 4559 C>A déu cd ca gia tri D’ va R?
nhé hon 0,33 (Bang 3.19). Tuy thé hién trang thai mat can bang lién két & mae do yéu,
3 SNP vin c6 kha nang di truyén cing nhau.
Bang 3.19. Phan tich sy mat can bang lién két (linkage disequilibrium (LD)) cua 3 SNP
trén gen IGFBP-7 thong qua gid tri D’ va R2.

D’vaR? | 344T>C 2060 A>G 4559 C>A
344T>C |-va- 0,210va 0,024 | 0,999 va 0,073
2060 A>G | 0,210va 0,024 | -va- 0,231 va 0,007
4559 C>A | 0,999 va 0,073 | 0,231 va 0,007 - va -

¢)  Tan s kiéu gen don boi (haplotype)

Mbi twong quan gitta haplotype dwoc tao nén tir 3 SNP cua gen IGFBP-7 véi
tinh trang tang truéng van dugc phan tich trong luan an (Bang 3.20) cho thdy, trong s6
6 haplotype, haplotype IGFBP-7_H3 (CGA) chiém ti 1¢ cao nhat & nhom ting trudng
nhanh, con & nhom ting trudng cham, ti 18 cao nhéat thudc vé haplotype H1 (CAA).
Ngoai ra, haplotype IGFBP-7_H1 (CAA) va H2 (CAC) c¢6 mbi lién quan véi nhom
tang truong cham véi gia tri p nho hon 0,001 (p bang 2.97e-7 va 3,97e-5). Trong khi
do, haplotype IGFBP-7_H3 (CGA) va H4 (CGC) lai twong quan chat ché véi nhom
tang truong nhanh voi gia tri p nhé hon 0,001 (p bang 1,31e-7) va p nho hon 0,01 (p
bang 0,0054) (Bang 3.20).
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Bang 3.20. Phan tich méi lién quan gitra haplotype phat sinh tir 3 SNP cua gen IGFBP-

7 1én tinh trang tang truong

Haplotype tao nén tir 3 SNP
d d
344 | 2060 | 4559 _ TTN () TTC () p
Ky hi¢u
T>C | A>G | C>A
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

(9): tan ‘So”’ xuat hién haplotype trong moi nhom, haplotype cé tan sé xudt hién trong ca hai
nhom déu nho hon 0,03 sé khéng dwoc phan tich gia tri p,” p<0,01, “p<0,001.

3.4.2.7. Tdc déng tong hop cua cac SNP cO tiem ndng lién quan dén ting
truong

a)  Tiléhaplotype tgo nén tir 6 SNP tiém nding

Tac dong tong hop cia 6 SNP tiém ning lién quan dén tinh trang ting truong
gdm: IGF1. 13680 A>T, IGF1R. 13357 T>C, IGFBP-3. 704C>G (p.LeusVal), IGFBP-
5. 525T>A (p.Vall6Glu), IGFBP-7. 2060 A>G va IGFBP-7. 4559 C>A
(p.Leu189Met) da duogc phan tich thong qua su khac biét vé ti & haplotype ciing nhu to

hop kiéu gen gitta hai nhém ting truéng nhanh va tiang truéng cham (p < 0,05).
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Bang 3.21. Phan tich tac dong cua cac haplotype phat sinh tir 6 chi thi SNP duoc lua

chon Ién tinh trang tang truedng cua ca tra nudi

Haplotype tao thanh tir 6 SNP Ky TTN TTC P
IGFL [ IGFIR | IGF [ IGF [ IGF [ IGF | higu | (9 )
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_ | 6544 4,69 2,22e-16
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-5""
H11 | (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, (%): tan so xuat hién haplotype trong mai nhom, haplotype ¢6 tan so xudt
hién trong ca hai nhém déu nhé hon 0,03 sé khéng dwoc phén tich gid tri p, "p<0,05,

“p<0,01,

kK

p<0,001.

Phan tich tac dong cua cac haplotype phét sinh tir 6 chi thi SNP trén Ién tinh

trang ting truong cua ca tra nudi (Bang 3.21) cho thiy co 4 haplotype chiém ti 16 cao
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hon & nhém ting truong nhanh 13 CO_H2, H5, H11, H14 (v&i cac gia tri p déu < 0,05)
va 7 haplotype chiém ti 1& cao hon & nhém ting truong cham la CO_H1, H3, H7, H8,
H9, H10, H14 (véi cac gia tri p déu < 0,05). Trong d6, haplotype CO_H2 chiém ti I¢
cao nhat trong nhdém ting trudng nhanh (0,414) va cho thay su khac biét rd rét nhat vé
tan sb gira nhom ting truong nhanh va nhdm tiang truong cham (p=2,22e-16) (Bang
3.21). Nhu vay, cac chi thi haplotype CO_H2 (ATGTGA), CO_H5 (TTCAGA),
CO_H11 (TCCAAA) va CO_H14 (TCGAAA) phat sinh tir 6 chi thi SNP trén c6 thé
dugc coi nhu cac chi thi phan tir hd trg chon gidng ca tra theo huéng ting truong
nhanh.

b)  Tiléto hop kiéu gen tao nén tir 6 SNP tiem ndng

Ung véi céc vi tri SNP IGF1. 13680 A>T, IGF1R. 13357 T>C, IGFBP-3.
704C>G, IGFBP-5. 525T>A, IGFBP-7. 2060 A>G va IGFBP-7. 4559 C>A, 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 s cao hon & nhom ting trudng nhanh, to 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 (cac gia tri p<0,05) (Bang 3.22).

Két qua nay phu hop vai két qua vé thanh phan kiéu gen caa mdi chi thi SNP
trén 160 cé thé, cu thé voi SNP IGF1.13680 A>T, tan s kiéu gen AT ngang nhau ¢ hai
nhom tang truong nhanh/cham (Bang 3.11), véi SNP IGF1R. 13357 T>C tan sb kiéu
gen CT ciling nhu TT ngang nhau ¢ hai nhdm tang truéng nhanh/cham (Bang 3.12), voi
SNP IGFBP-3. 704 C>G tan s6 kiéu gen GC chiém ti 1& cao hon & nhém ting truong
nhanh (Bang 3.15), véi SNP IGFBP-5. 525 T>A tan s6 kiéu gen AT chiém ti Ié cao
hon & nhém ting truang nhanh (Bang 3.16), vai SNP IGFBP-7. 2060 A>G tan s6 kiéu
gen GA ciing nhu GG chiém ti 1& cao hon ¢ nhém ting truong nhanh va véi SNP
IGFBP-7. 4559 C>A tan s kiéu gen AA ngang nhau ¢ hai nhém ting truéng
nhanh/cham (Bang 3.18). Hai t6 hop kiéu gen dai dién cho nhdm ting trudong nhanh
trén dugc xac dinh diplotype 1a H2/H11 va H2/HS, dugc tao nén tir nhitng haplotype
H2, H5, H11 ciing déu 1a nhiing haplotype dai dién cho nhdm ting truong nhanh (Bang
3.21).
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Bang 3.22. Phan tich tac dong cua céc té hop Kiéu gen phat sinh tir 6 chi thi SNP dugc

lua chon Ién tinh trang tang trudng cua ca tra nudi

T6 hop kiéu gen dwoc tao thanh tir 6 SNP

IGF1 | IGF1R IGF | 16F 1 IGF 1 IGF TTN TTC

13680 | 13357 BP3 | BP5 | BP7 | BP7 © © p

AST ToC 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%) |0,004™
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
TT CT GG TT GG AA 0 (0%) 3(3,75%) | 0,083

CO: Combination, (°): tan so té hop kiéu gen trong mai nhdm, 6 hop kiéu gen ¢ tan sé xudt
hién trong cd hai nhém déu nhé hon 3% sé khéng dwoc phan tich gid tri p, 'p<0,05, ~p<0,01,
“*p<0,001.
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CHUONG 4. THAO LUAN
4.1. Trinh tw va cau tric hoan chinh cia cac gen thudc hé théng IGF cia ca tra
nudi dwoc phan tich twong dong véi cac loai ca xwong khac

Tt ca cac gen dich thudc hé thong IGF cua ca tra nudi duoc phan tich trong luan &n
déu c6 mirc do trong dong vé trinh tu cao nhat véi cac trinh ty tuong tng ctia ca nheo My
(Ictalurus punctatus) (Két qua duoc néu & cac phan thuéc muc 3.1). Pay 1a mot két qua
hop Iy vi c& nheo My 12 mét loai rat gan véi cé tra nui trong hé théng phan loai, cuing
thudc bo ca da tron hay ca nheo (Siluriformes). Genome cta mét trong nhirng loai cé
cha lyc trong nudi trong thity san caa My nay lan dau tién dugc cong bd vao nam 2016,
véi uwdc tinh khoang 54.000 SNP va khoang 26.661 gen méa hoa protein [92].

Trinh ty protein cua cac gen thuoc hé thong IGF duoc quan tam trong luan an
duoc so sanh véi cac trinh tu twong g cua cac loai ca xwong khac dé tim ra céc ving
bao thu, ciing nhu cac doan trinh ty quan trong lién quan dén chirc ning cua Ccac
protein, nham danh gia ban dau cac tic dong cua cac SNP giy thay doi trinh ty axit
amin duoc tim thiy khi phén tich da hinh cac gen. Céc so sanh d6 duoc trinh bay trong
Phu luc 10, cho thay protein IGF1 cua cé tra nudi co su twong ddng vé mit cau tric cac
domain B, C, A, D va E tir dau N dén dau C véi protein cac loai ca khac, véi mic do
bao thii cao & domain A, B [93] va C [32] chua cac trinh tu thuoc motif dién hinh bam
vé6i thu thé tuyp 1, 2 cua insulin/IGF va céc IGFBP [32], [94], [95]. Domain D cua céc
IGF1 cua ca duogc cho 1a ¢ d6 bao thu it nhat so véi cac domain khac, véi do tuong
d6ng chi dat 37,5 dén 75%, trong khi ti 1¢ nay ¢ domain E la tir 62,16 dén 100% [93].
Diéu nay ciing duoc nhan thay khi phan tich cau tric IGF1 cua ca tra nudi, ¢d thé do
domain E cua IGF1 dong vai trd quan trong trong viéc van chuyén noi bao, hoan thién
va gap nép protein [32] va céc bién di trong cau tric cua domain E trong IGF1 c6 thé
lién quan dén thoi gian ton tai cua IGF1 trong hé tuan hoan [93].

Khéc véi IGF1 c6 viing domain D véi trinh tu nhiéu bién di, ving D & IGF2 lai
rat bao tha [32], diéu nay ciing dugc nhan thay trén domain D cua IGF2 cé tra nudi
thdng qua so sanh vai trinh ty protein IGF2 cta céc loai ca xuong khac (Phu luc 11).
Domain E-phan s& bj loai bo khoi IGF2 dé khién protein nay dwgc hoan thién, c6 hoat

tinh sinh hoc, thuong c6 d6 dai [6n hon 98 amino acid [96]. Trong nghién ctu nay, do



99

dai cua domain E 1a 101 amino acid va chira IGF2_C_super family twong dong véi
trinh tu cua cac loai ca xuwong khac (Phu luc 11).

Céac motif va cac vi tri dién hinh trong IGF1Ra cua c& ngua van (D. rerio) [57]
da duoc tim thiy trong céu tric IGFIR cua cé tra nudi (Phu luc 12), bao gdm: vj tri
thay phan gom 4 axit amin co ban RRRR nam & vi tri axit amin thir 756 dén 759; vi tri
bam ctia ATP GXGXXG21XK nam tir axit amin thar 1026 dén 1055; cluster chaa 3
tyrosine YXXXYY dong vai trd chinh tao nén vi tri phosphoryl héa tu dong nam tur
axit amin 1181 dén 1186; motif bao thi gan véi co chét caa thu thé insulin (insulin
receptor substrate-1(IRS-1)-binding motif) NPEY nam & vi tri 997 dén 1000; ving
trinh tu giau cysteine trai dai 196 axit amin tir vi tri 179 dén 374 véi 25 cystein.

Két qua phan tich cau tric céc protein IGFBP-1, -2, -3, -5, -6, -7 cta ca tra nudi
cho thay cac IGFBP tir 1 dén 6 déu chira domain IGFBP & dau N, lién ngay sau doan
peptit tin hiéu, tiép theo 1a domain ndi va domain thyroglobulin tuyp 1 & dau C. Tuy
nhién, domain IGFBP cua IGFBP-6 chi chira 6 cystein (Hinh 3.5), khong tao duoc
motif “GCGCCXXC” dac trung nhu cac IGFBP con lai v6i 12 cystein bao thu (Hinh
3.4, 3.5). Do céc cysteine nay tao thanh nhiéu cau ni bisulfit, 1am 6n dinh cau trac dau
N cua IGFBP [97], nén viéc giam thiéu sb luong cysteine nay & IGFBP-6 cé thé 1a
nguyén nhan lam giam kha nang bam véi IGF cua protein nay so véi cac IGFBP con
lai [98]. Trong khi ¢ dau C cua cac IGFBP-1 dén -6 1a domain thyroglobulin tuyp 1
(Hinh 3.4, 3.5), thi ¢ IGFBP-7, tai vi tri d6 lai la cac domain KAZAL-FS, Ig3 va Ig
(Hinh 3.6). Cac cysteine trong cac domain nay phan bé rai rac, khong tao nén motif dic
trung & dau C cuaa protein (Hinh 3.6) nhu cac IGFBP-1, -2, -3, -5, -6 (Hinh 3.4, 3.5).
Piéu nay c6 thé khién cau truc IGFBP-7 kém bén hon so véi cac protein con lai von c6
c4c cysteine bao thi & ca hai dau N va C [97], dan t6i kha ning bam véi IGF-1 va IGF-
2 kém hon han céc IGFBP khéc [43]. Mic du c6 cac domain chinh tuong ty nhau, cac
IGFBP cua cé tra nudi ciing c6 mot s dic diém riéng vé cu trdc. Motif Asn-Xxx-
Ser/Thr (NXS/T) trén IGFBP-3 tao diéu kién dé carbohydrate bam vao asparagines va
motif Arg-Gly-Asp (RGD) & dau C cua IGFBP-2 [58] déu duoc tim thay trong cau tric
IGFBP-3 (XP_026800381) va IGFBP-2A (XP_026801249) cua cé tra nudi. Motif bam
véi heparin (PKKXRP) ¢ IGFBP-2 dugc coi la bao thu ¢ 16p tha va Iop chim, chi con
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mot phan nho & ca ngua van D. rerio (PK—AP) [59], con ¢ IGFBP-2A cua ca tra nudi
13 PK-AS (XP_026801249).

4.2. Sw da dang di truyén caa cac gen thudc hé théng IGF cia cé tra nudi

Luan an da phat hién SNP trén tat ca 9 gen thuoc hé théng IGF cua cé tra nudi
duoc phan tich, trong do6 s6 lugng SNP trén gen IGFBP-7 cao nhat, s luong SNP trén
gen IGFBP-1 va IGFBP-5 thip nhat. Trong tong s6 103 SNP duoc phat hién, cd 96
SNP nam trén cac ving khong ma hoa nhu intron, promoter, 5’-UTR va 3°UTR (Hinh
4.1, Bang 3.1 dén 3.9), chiém ti I&¢ khoang 93,2%. Biéu nay phu hop véi thong ké tir
cac nghién ctu vé da hinh & quy mo hé gen da khang dinh s lugng SNP nam trong
ving khdng ma hoa thudng cao hon han so véi cdc SNP nam trong ving mé hoa,
chiém ti 1 khoang 90% [99], [100], [101]. O quy mé gen dich, cac nghién ctu tim
kiém SNP trén cac gen lién quan dén ting truong cia ca nhu: gen Growth Hormone
(GH) trén ca qué S. chuatsi [23], gen IGF1 trén cé chép C. carpio [27], gen myostatin-
1 trén cé& ngdo A. nigrocauda [30], gen GH, IGF1 va Myogenin (MyoG) trén ca rd phi

song Nin O. niloticus cling dua t&i nhan dinh nay [31].
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& SNP trén vurg ma héa @ SNP trén vung khéng ma hoa

Hinh 4.1. Két qua phan tich vi tri caa cac SNP duoc phat hién trén cac gen
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Trong sé cac SNP nam trong ving ma hoa dugc phat hién trong luan &n, sé
lrong SNP 1am thay doi trinh ty axit amin va khong 1am thay déi trinh tu axit amin gan
tuong duong nhau, khac véi két qua dugc ¢ nghién ciru trén ca hoi Pai Tay Duong S.
salar chi ra so luong SNP gay thay dbi trinh tu axit amin chiém ti 1& cao hon [102],
hoic ¢ cé tuyét Pai Tay Duong Gadus morhua khi khang dinh SNP gy thay doi trinh
tu axit amin chi chiém 36% s6 luong SNP ¢ ving ma héa [101]. Tuy vy, sb luong
SNP gay thay ddi trinh tu axit amin cling chi chiém 3,8 % tong sé6 SNP duoc phét hién
trén cac gen dich ctia ca tra nudi (4/103 SNP), day 1a mét ti 1& nho, c6 thé 1a do khi céc
axit amin bi thay doi s& dan dén su han ché vé chirc ning, nén cac da hinh dang nay
khong duoc vu tién gitr lai trong qué trinh tién hdoa [103]. Diéu nay phu hop voi mot s6
nghién ctru khac trén ca xuong ciing khang dinh ti 1¢ cac da hinh gay sy thay thé axit
amin trén tong s6 SNP duoc phat hién trén cac gen chiém ti 1 thap, khoang 4% & ca
hoi [104], 10% & ca nheo My |. punctatus [105], c4 bon Solea solea L. [103], 11% dén
14% & ca bon Pai Tay Duong Scophthalmus maximus [106], [107].

Trong tong sé 103 SNP duoc phat hién trén 9 gen, chi c6 10 SNP dugc sang loc
thudc cac gen IGF1, IGF1R, IGFBP-3, -5, -6 va IGFBP-7 (Hinh 4.2), (Bang 3.10) tiép
tuc dugc xac dinh véi b mau I6n hon, chiém ti 18 9,7%. Do cac da hinh xuét hién
trong quan thé chi yéu la cac bién di mang tinh chét trung tinh, c6 thé khdng cé tac
dong rd rét 1am phan hda trinh trang trong quan thé do, nén viéc khu tra dwgc mot phan
nho cac SNP cd kha ning cao lién quan dén tinh trang thong qua céc tiéu chi sang loc
so bo, dé tiép tuc phan tich ¢ cac budc tiép theo 1a rat can thiét dé dam bao tinh chinh
X4C ma van tiét kiém thoi gian va chi phi nghién ctu. Diéu nay da duoc chitng minh
trong cac nghién ciru trén nhiéu loai ca xwong nhu: ca hoi Pai Tay Duong S. salar khi
chi c6 mot b chi thi 60 SNP trong tdng s6 7000 SNP dugc sir dung dé xac dinh cé hoi
trong tu nhién va cé hoi nudi [108], trén ca nheo lyc Ictalurus furcatus khi sir dung 64
SNP trén téng sé 4275 SNP dé genotyping xac dinh ca tu nhién va ca duoc gia hoa
[109], trén c& rd mo Trung Quédc S. chuatsi khi st dung 48 trén tong sé 5205 SNP dé
danh gia cac tinh trang sinh trudong nhu trong lwong, chiéu dai, 6 day, chiéu cao than

cua loai cé nay [110].
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Hinh 4.2. Ti 1 cac SNP duoc sang loc trén tong sé SNP duoc phét hién trén cac gen

Khong ¢6 SNP duoc sang loc trén cac gen IGF2, IGFBP-1 va gen IGFBP-2 cua
ca tra nudi (Hinh 4.2, cac két qua & muc 3.3.2, 3.3.4, 3.3.5). Cac nghién cau trén thé
giéi phan 16n méi chi ra duoc su lién quan & mie d6 biéu hién caa ba gen nay véi céc
tinh trang ting truéng cia ca xwong. Cu thé, biéu hién cua gen IGF2 lién quan dén céc
tinh trang tang truong cua ca nheo My I. punctatus [74], ca ludi trdu Cynoglossus
semilaevis [75], ca rd phi séng Nin O. niloticus [76], ca vuoc chau Au D. labrax, L.
[77]; su tang cuong biéu hién cua gen IGFBP-1a ¢ phdi cua cac loai ca thuoc ho ca
chép va cua gen IGFBP-2a va IGFBP-2b ¢ ca ngua van D. rerio duoc chang minh gay
nén su cham tang trudng va phat trién [41]. Trong khi d6, ¢6 rat it nghién cau chi ra sy
méi lién quan chit ché SNP trén gen IGF2 véi céc tinh trang tang trudng cua cd xuong
[78], [79] va chua c6 nghién cttu ndo vé mdi twong quan gitra SNP trén gen IGFBP-1
va IGFBP-2 vai céc tinh trang tang truéng cia ca cho két qua kha quan. Do d6, két qua
trén thu duoc trong luan an kha phd hop vai tinh hinh nghién ctu thé gigi. Riéng ddi
Vv6i gen IGF2, c6 thé giai thich diéu nay do su da dang cua gen IGF2 & ¢4 rat han ché,

dan téi cAu triic kha don gian, it bién doi cua gen nay [111].
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Hinh 4.3. Két qua so sanh cac trinh ty protein IGFBP-7 cua c& tra nudi
(Pangasianodon hypophthalmus) va cac loai ca xwong khac

Astyanax mexicanus: cd& hang mu Mexico, Ictalurus punctatus: cd nheo My, Lepisosteus
oculatus: cd lang dom, Salmo salar: ca hoi Pai Tdy Duong, Oncorhynchus mykiss: cd hoi
van, Oreochromis niloticus: c& rd6 séng Nin, Haplochromis burtoni: Burton's mouth-brooder
(Mot loai ca nudc ngot), Maylandia zebra: zebra mbuna (mét loai ca canh), Pundamilia
nyererei: mét lodi cd nudéc ngot thuge ho Cichlidae, Amphiprion ocellaris: ca hé ocellaris,
Seriola dumerili: ca cam.
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Mot trong nhitng tiéu chi quan trong dé SNP duoc sang loc d6 1a gay thay doi
trinh ty axit amin. Khi do, cac vi tri axit amin bi thay thé trén protein twong (ng s&
duge xac dinh ¢d nam trong ving chirc nang dic biét cua protein hay khong dé budc
dau danh gia muc do anh huong cua SNP I1&n cu trdc, chirc ning cua protein. Trong
luan an, 4 SNP IGFBP-3. 704C>G, IGFBP-5. 525T>A, IGFBP-7. 344 T>C va IGFBP-
7. 4559 C>A gay thay ddi trinh ty axit amin Leu8Val, Vall6Glu, Leu78Pro va
Leul89Met trén protein twong tng. Trong d6, Leu8Val, Vall6Glu duoc xac dinh nim
trong chudi peptit tin hiéu & dau N cua protein IGFBP-3 va IGFBP-5, twrong (tng theo
két qua caa phan mém xac dinh chudi tin peptit tin hiéu SignalP-5.0 (Phu luc 2). Do
chudi peptit tin hiéu déng mét vai trd quan trong trong viéc van chuyén va bai tiét
protein IGFBP-3 [112] va IGFBP-5 [113], nén tac dong cua nhitng su thay doi trinh ty
axit amin trén Ién chicc ning cua hai protein nay sé can tiép tuc dugc nghién cau sau
hon néu 2 SNP IGFBP-3. 704C>G va IGFBP-5. 525T>A thé hién duogc su lién quan
dén tinh trang tang truong cua ca tra nudi. Luan an ciing tién hanh so sanh trinh ty
protein IGFBP-7 cua ca tra nubi va céc trinh tu IGFBP-7 cta céac loai ca xuong khac
(Hinh 4.3), qua d6 nhan thay Leucine & vi tri 78, bi thay thé boi Proline do SNP
344T>C, khdng nam trong ving bao tha, trong khi Leucine & vi tri 189, bj thay thé boi
Methionine do SNP 4559C>A, lai nam trong viing bao thu thudc domain lg va 1g3, von

c6 chire ning chinh trong mién dich [114](Hinh 4.3).

Ngoai 4 SNP cua gen IGFBP-3, -5, -7 giy thay doi trinh tu axit amin trén
protein tuong (tng, 6 SNP ¢on lai dugc sang loc déu nam trong cé4c intron cia cac gen
(Bang 3.10). Néu thé hién duogc su lién quan dén tinh trang ting truéng cua ca tra nudi,
tac dong cua cac SNP nay dén su diéu hoa mirc d6 biéu hién cta gen/protein twong ng
can duoc nghién ctru sdu hon ¢ céc thi nghiém tiép theo. Nghién cau phat hién va
genotyping cac SNP trén gen IGF1 dé xac dinh su lién quan dén tinh trang ting truong
cua ca chép C. carpio da phat hién dugc 4 SNP, trong d6 ¢6 3 SNP thudc intron 2 va 1
SNP gay thay doi trinh ty axit amin [27], trén c& hoi Dai Tay Duong S. salar phat hién
dugc 3 SNP trong ving khéng ma hda gédm 1 SNP thudc ving promoter va 2 SNP

thuoc cac intron [26], trén ca r6 phi séng Nin O. niloticus phat hién 4/8 SNP thudc
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intron, 4 SNP con lai thuoc promoter [31]. Nhu vay, két qua phat hién cac SNP trén
gen IGF1 cua ca tra nudi déu nam trong intron (Bang 3.1), trong d6 c6 1 SNP thudc
intron 2 duoc sang loc dé genotyping trong bo mau 16n hon (Bang 3.10) 1a kha phil hop
Vvé6i céc nghién cau néu trén véi ti 16 SNP trén intron cua gen IGF1 chiém da sb. Ddi
véi gen IGF1R, so sanh véi két qua SNP genotyping trén 195 c4 thé ca ban dia Trung
Quéc Odontobutis potamophila di phat hién 3 SNP déu nam trong vang intron [80],
luan an cling sang loc duoc 2 SNP nam trong intron 1 va 1 SNP nam trong intron 15
cia gen nay ¢ ca tra nudi dé kiém nghiém sy lién quan dén tinh trang ting truong
(Bang 3.10). Mac du nghién ctru tim da hinh trén gen IGFBP-6 lién quan dén ting
truong cua ca xuong chua timg duoc tién hanh, tuy nhién Fang va cong su (2015b) da
khuéch dai cac doan chtra 257 bp cua intron 3, exon 4 va 170 bp cua doan 3’UTR cua
gen nay trén cac gidng lon nho Bama va Tibetan (Trung Quéc), lon Landrace, lon
Yorkshire va lon rimg Pong Bac va phat hién ra 3 trén 6 SNP thudc ¢ intron 3, sau do
kiém nghiém méi twong quan ciia cac SNP nay Ién tinh trang ting truong cua cac giéng
lon trén [115]. Két qua thu duoc trong luan an twong dong khi ciing sang loc dugc SNP
trén intron 3 cua gen IGFBP-6 dé tiép tuc kiém nghiém sy lién quan dén tinh trang ting
trudng cua cé tra nudi (Bang 3.10).
4.3. Sw lién quan giira da dang di truyén caa cac gen thudc hé thong IGF véi
tinh trang tang trwdéng caa ca tra nudi
Sau chi thi SNP tiém nang trén cac gen thudc hé thong IGF lién quan dén tinh
trang ting trudng cua ca tra nudi duoc so sanh vaoi cac SNP lién quan dén tinh trang
tang truong cia cac loai ca xuong khac trong cac nghién ctu trén thé gidi. Cu thé, SNP
13680 A>T ¢ intron 2 cua gen IGF1 thé hién sy lién quan dén tinh trang ting truong
cua ca tra nudi. Piéu nay phd hop véi céc nghién ciru khéc ciing tim ra cac SNP nam
trén ving khéng ma hoa cua gen IGF1 c¢6 lién quan dén tinh trang ting truéng cua
khong chi cac loai c4 xwong nhu ca chép C. carpio [27], c& hoi Pai Tdy Duong S. salar

[26], ma con trén céc loai gia suc [116], [117] va chim sé [118].

Trong sé 3 SNP duoc sang loc va genotyping caa gen IGF1R cua cé tra nudi,
chi c6 SNP 13357 T>C trén intron 1 tiép tuc thé hién dugc su khac biét vé thanh phan
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kiéu gen giita nhom ting truéng nhanh va nhom tiang truong cham. Nghién ctu vé da
hinh trén gen IGF1R trén mot loai ca ban dia Trung Quéc O. potamophila ciing xac
dinh duoc 3 SNP trén ving khong ma héa nhung chi c6 1 SNP 1208G>A lién quan dén
c4c tinh trang ting truéng quan trong nhu chiéu dai va khéi lugng c6 thé, chiéu rong
than vai gia tri p nho hon 0,05 [80].

Phan I6n cac SNP trén gen IGFBP-3 va IGFBP-5 lién quan dén tinh trang ting
truong déu nam trong ving khéng ma hoa, chu yéu la promoter, vi du nhu & nghién
ctu trén nguoi [119], lon [120], ca chép [121], ga [122], hoac & trén intron trong
nghién ctiu trén lon [123]. Nhu vay, két qua cua luan an da co su khac biét khi tim
duoc 2 SNP nam trén ving ma hoa lam thay ddi trinh tu axit amin 1a IGFBP-3. 704
C>G (p.Leu8Val) va IGFBP-5. 525 T>A (p.Val16Glu) c6 lién quan dén su ting truong
cua c4 tra nudi. Pidu ndy, mat khac lai phd hop véi cac nghién cau vé méi lién quan
gitta cac SNP gay su thay thé axit amin véi tinh trang ting truong cua cac loai thay
san. Vi du, tit ca 3 da hinh gdy su thay thé axit amin c.543C>T (Phel81Leu),
c.848A >G (Tyr283Cys) va ¢.1625G >C (Gly542Phe) trén gen FOXO déu thé hién
mébi lién quan t&i cac tinh trang khéi luong co thé, chiéu dai, do rong va chiéu cao vo
cua ngao [124]. Ddi véi cac ca thé con lai cua Culter alburnus (?) x Ancherythroculter
nigrocauda (&), cac phép phan tich da chi ra SNP (c.6T>C) trén exon 2 cua gen
MTTN, gay su bién ddi axit amin Serine thanh Proline, c6 mdi lién quan chat ché véi
tinh trang chiéu dai tong, chiéu dai than, chiéu cao than, chiéu dai dau va khéi luong co
thé [125]. Mot trong hai SNP gay sy thay thé axit amin dugc sang loc trén gen
Myogenin 13 MYOG131 (g.529T>A) duogc coi 1a c6 mdi lién quan dén su ting cuong
tang tredong cua ca nheo My [105].

Tu dir liéu SNP cua bo mau khai tao, c6 mot SNP 2278 C>A & trén gen IGFBP-
6 dugc sang loc nhung SNP nay lai khdng thé hién sy khac biét vé thanh phan kiéu gen
hay thanh phan alen giira nhém ting truong nhanh va nhém tiang truéng cham caa cé
tra nudi khi duoc phan tich trén 160 ca thé. Piéu niy ciing phu hop véi tinh hinh
nghién ctu hién chua sang to vé vai tro va chtrc ning cta IGFBP-6 ddi véi su ting

trudng cua ca xuong [41].
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Trong s6 3 SNP dugc sang loc cua gen IGFBP-7, SNP 2060 A>G trén intron 2
va SNP 4559 C>A (p.Leul89Met) trén ving mé hoa 1am thay dbi trinh tu axit amin thé
hién dugc mbi lién quan dén tinh trang ting trudng cua cé tra nudi. Pay 1a mot két qua
phu hop véi nhiéu nghién ctu khéc trén thé gisi khi chi ra dugc méi lién quan chat ché
gitra tinh trang tang trudong cua ca xwong vai cac SNP trén intron [103], [23], [27],
[126], hay vé6i cac SNP 1am thay doi trinh ty axit amin [127], [128].

Céc gié tri PIC, MAF cua 6 chi thi SNP tiém ning dugc tinh toan trén tong sé
160 ca thé cho thay cac gia tri PIC cua cac SNP da phan nam trong khoang 0,25 dén
0,5 cho thay muc d6 da dang di truyén trung binh [87], 14 co sé tiém ning cho viéc st
dung ching trong chon giéng. Phan I6n cac gia tri MAF cua cac SNP cao, trong
khoang tir 20 dén 50 %, cho thay cac SNP nay la cac bién di thuong gap, gop phan
dang ké vao sy da dang di truyén [88]. Riéng gia tri PIC vd MAF cua SNP IGFBP-7.
4559C>A (p.Leu189Met) thap hon so véi cac SNP tiém ning con lai va khong nam
trong khoang gia tri trén (Bang 3.18), nguyén nhan co thé do SNP nay gay thay doi
trinh ty axit amin trong vung bao tha cua domain Ig-1g3 cua protein IGFBP-7 (Hinh
4.3, muc 4.2.2) [129].

Tur mdi gen IGFIR va IGFBP-7 cua ca tra nudi, luan an déu sang loc dugc 3
SNP dé danh gia sy mat can bang lién két hay kha nang két hop khong ngau nhién giira
cac SNP duoc sang loc trén ciing mot gen nay. Sy mat can bang lién két gitra hai alen
thuoc céc locus khac nhau cé thé lién quan dén céc su kién dot bién, su tai té hop,
khoang céch di truyén, chon loc trén quan thé va lich sir phat trién cia quan thé do
[89], [130]. Két qua cho thay cadc SNP trén cing mot gen déu co thé két hop khdng
ngau nhién véi nhau va dugc di truyén cing nhau, tir d6 cung ¢ cho céc phan tich vé
cac kiéu gen don boi tao nén tir cac SNP do.

Ddi véi gen IGFIR, mic du SNP 15392 T>A va 83894 A>G khong thé hién
duoc mbi lién quan dén tinh trang ting truéng cua cé tra nubi khi dang riéng 1é (Bang
3.12, muyc 3.4.2.2.a), cac haplotype duoc tao nén tir 2 SNP nay va SNP 13357 T>C trén
cung gen d6 lai lién quan chat ch& dén tinh trang ting truong (Bang 3.14, muc 3.4.2.2).
Tuong tu, dbi v6i gen IGFBP-7, SNP 344 T>C (p.Leu78Pro) khong lién quan dén tinh

trang tang truong cua cé tra nudi (Bang 3.18, muc 3.4.2.6.a), nhung su két hop cua
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SNP nay voi 2 chi thi SNP tiém ning trén cing gen 1 2060 A>G va 4559 C>A
(p.Leul89Met) ciing chi ra cac haplotype wu thé cho mdi nhém ting trudng
nhanh/cham (Bang 3.20, muc 3.4.2.6.c). Két qua nay chi ra rang cac SNP dang riéng Ié
d6i khi khong cé y nghia, nhung khi dugc phan tich két hop vai cac SNP khac dudi
dang haplotype lai thé hién dugc sy lién quan dén tinh trang quan tim, twong tu nhu
véi tinh trang tang trudng cua cé [131], [132] va loai khac [133], hay véi cac tinh trang
kinh té quan trong [134]. Ngoai ra, nghién ctu trén cac gen thuoc hé théng IGF trén
cac loai ca ciing da chi ra haplotype tao nén tir cac SNP trén cung mét gen IGF1 cua cé
vuoc bién den Micropterus salmoides lién quan chat ché dén khéi luong co thé [135],
haplotype phéat sinh tir cac SNP trén gen IGF1 caa c& hoi Pai Tay Duong S. salar anh
huong dén can nang thu hoach cua loai ca nay [26].

4.4. Phét trién chi thi phan tirt SNP nham @ng dung chon gidng ca tra theo huéng

tang truong

Céc haplotype, t6 hop kiéu gen cung cap théng tin rat y nghia dé tim méi twong
quan gitra cac SNP trén gen dich va tinh trang tang truéng cua cé [135], [26], [27],
[136]. Trong nghién ctu nay, tic dong tong hop cua 6 SNP tiém ning lién quan dén
tinh trang tang truong da duoc phan tich thong qua su khéc biét vé ti 1é haplotype ciing
nhu t6 hop Kiéu gen giira hai nhém ting truong nhanh va tang truang cham. Két qua da
chi ra cac haplotype chiém ti 1& cao & nhom ting truéng nhanh/cham. Céc gia tri p
danh gia sy khac biét vé tan s cac haplotype tao nén tir 6 SNP tiém ning giira hai
nhom tang trudng nhanh/cham phan Ién déu thé hién sy khac biét c6 ¥ nghia (11/14
haplotype c6 gié tri p nhé hon 0,05) (Bang 3.21). Biéu nay cho thay viéc phan tich cac
haplotype tao nén tir cac chi thi SNP tiém ning van c6 thé dem lai hiéu qua tét, nham

bd sung thém céc chi thi phan tir lién quan dén tinh trang quan tam.

Ung véi céac vi tri SNP IGF1. 13680 A>T, IGF1R. 13357 T>C, IGFBP-3.
704C>G, IGFBP-5. 525T>A, IGFBP-7. 2060 A>G va IGFBP-7. 4559 C>A, 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 sé cao hon ¢ nhém ting trudng nhanh va té hop kiéu gen
AT, TT, GC, AT, GG va AA (tao nén tur haplotype CO_H2 va CO_H5 (diplotype
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H2/H5) chi xuat hién & nhém tang trudong nhanh (Bang 3.22). Két qua nay phi hop véi
két qua vé thanh phan kiéu gen lién quan dén tinh trang ting truéng cia mdi chi thi
SNP trén 160 cé thé (cac két qua & muc 3.4.2.1, 3.4.2.2.a, 3.4.2.3, 3.4.2.4 va 3.4.2.6.3)
va két qua vé tan sb haplotype tao nén tir 6 chi thi SNP (Bang 3.21, muyc 3.4.2.7.a), cho

thay tinh thdng nhét caa cac két qua nghién ciru duoc trinh bay trong luan an.

Tac dong tong hop cua cac SNP trén nhiéu gen khac nhau thuoc hé thong IGF
|&n tinh trang ting trudng cla ca tra nudi dwgc néu trén da gop phan chi ra tinh trang
tang truong cua ca tra nudi la tinh trang da gen, twong tu nhu tinh trang tang trudng
cua cac loai ca khac nhu cé hoi van O. mykiss [137], ca chép C. carpio [138]. Nhu vay,
viéc phét trién chi thi phan tir dang panel, c6 tich hop nhiéu SNP tiém ning trén céc
gen lién quan khac nhau dé danh gia tinh trang ting truong, phuc vy céng tac chon
gidng ca tra nudi 1a co co so khoa hoc va rat y nghia, can duogc tién hanh song song voi

viéc tim kiém cac chi thi SNP riéng lé.
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, KET LUAN VA KIEN NGHI
Ket luan

1. Trinh ty va cau trdc caa 9 gen thuéc hé théng IGF (bao gom IGF1, IGF2,
IGF1R, IGFBP-1, -2, -3, -5, -6, -7) da duoc phan tich, cac vung gen chira SNP lién
quan dén tinh trang ting trudng cua cé tra nudi dugc Xac dinh va giai ma.

2. Tong sb 103 SNP trén 9 gen (IGF1, IGF2, IGF1R, IGFBP-1, -2, -3, -5, -6 va -7)
cua cac céa thé ca tra nudi thuoc bo mau khoi tao gébm ca thé tang truang nhanh va cé
thé tang truong cham dugc phét hién, 10/103 SNP nay dugc chon loc cho kiém nghiém
trén quan thé 16n.

3. Cac SNP duoc kiém nghiém trén quan thé 16n bang phuong phap kéo dai mot
nucleotide (Single base extension) va thu dugc 6 SNP tiém nang lién quan dén tinh
trang ting truong cua cé 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.Leu189Met).

4. Céc haplotype tao nén tir 6 SNP tiém nang (theo tha tu trinh bay & két luan 3)
lién quan dén tinh trang ting truéng nhanh gém: 4 haplotype CO_H2 (ATGTGA),
CO_H5 (TTCAGA), CO_H11 (TCCAAA), CO_H14 (TCGAAA); lién quan dén tinh
trang tang truong cham gom: 7 haplotype CO_H1 (ATGTAA), CO_H3 (ACGTTA),
CO_H7 (TTGTAA), CO_H8 (TTGTAC), CO_H9 (TTGTGA), CO_H10 (TTGAGA),
CO_H13 (TCGTGA). Phan tich t6 hop kiéu gen (diplotype) cho thay 2 t6 hop kiéu gen
AT,CT,GC,AT,GA AA (diplotype H2/H11) va AT, TT,GC,AT,GG,AA (diplotype
H2/H5) lién quan dén tinh trang tang truang nhanh.

Kién nghi
T nhitng két qua dat duoc, luan an dua ra kién nghi nhu sau:
Can tiép tuc kiém nghiém su lién quan giira tinh trang ting truéng cua ca tra
nudi va cac chi thi SNP ciing nhu cac haplotype, diplotype, cac to hop Kiéu gen phét
sinh trén mot bo mau 16n hon nita, huéng téi str dung chung nhu cac chi thi phan tir hd

trg chon gidng ddi véi tinh trang tang trudng cua ca tra nuoi.
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PHU LUC
Muc luc phu luc
Phu luc 1: Danh sach 140 ca thé ca tra nudi (70 c4 thé tang truéng cham va 70 cé thé
tang truéng nhanh) dwoc sir dung trong bé mau kiém nghiém.
Phu luc 2: Két qua xac dinh chudi peptit tin hiéu va vi tri domain chirc nang trén
protein IGFBP-1, -2, -3, -5, -6 cua ca tra nudi.
Phu luc 3: D6 twong dng vé trinh tu cac doan gen trén contig duoc giai ma bang NGS
va cac doan gen twong ung dugc giai ma bang phuong phap Sanger
Phu luc 4: Két qua tach chiét 20 mau DNA tong sb thuoc bo mau khai tao.
Phu luc 5: Pién di d6 san pham PCR ciia cac doan gen dich dugc khuéch dai tir DNA
tong s6 cua 20 mau thudc bo mau khai tao.
Phu luc 6: Dién di 6 mot s6 mau DNA téng sé thuoc bo 140 mau kiém nghiém.
Phu luc 7: Két qua do nong do va do tinh sach cia DNA tong sé tach chiét duoc tir
140 c4 thé c4 tra nudi (70 c4 thé tang truong cham va 70 ca thé ting truong nhanh)
duogc sir dung trong bo mau kiém nghiém.
Phu luc 8: Pién di d6 san pham PCR cua cac doan gen dich dugc khuéch dai tir DNA
tong s6 cua 140 mau thudc bo mau kiém nghiém.
Phu luc 9: Két qua genotyping 10 SNP dugc kiém nghiém trén 160 ca thé su dung
trong luan an.
Phu luc 10: So sanh trinh tu protein IGF1 cua ca tra nudi va cac loai ca khac.
Phu luc 11: So sanh trinh ty protein IGF2 cua cé tra nudi va cac loai ca khac.

Phu luc 12: So sénh trinh tu protein IGF1R cua cé tra nubi va cac loai ca khéc.



127

Phu luc 1: Danh séch 140 cé thé ca tra nudi (70 cé thé tang truang cham va 70 ca thé

tang truéng nhanh) dwoc sir dung trong bé mau kiém nghiém.

STT ID Khéi lweng (gr) | EBV | Loai | Gia dinh | Ky hiéu miu
1 | 0416D52B61 707,2 -341,2 | TTC 85 016
2 | 0418CBCFB9 309,8 -332,5 | TTC 47 207
3 | 04179E10A1 585 -295,4 | TTC 45 190
4 | 0418CCO5EC 423,6 2916 | TTC| 201 067
5 | 0418CBCA37 528,2 -291,3 | TTC 57 046
6 | 0418CBD433 431,2 -287,5| TTC| 201 180
7 | 0418CBEAF0 858,2 -286,9 | TTC 48 220
8 | 0416D555B3 435,6 2812 | TTC 45 111
9 | 0418F810F1 346,4 -269,9 | TTC| 201 072
10 | 0418CBDF76 498,6 2679 | TTC| 201 009
11 | 0418CBF2EC 473,2 -257,3 | TTC| 201 053
12 | 0418F7D24D 677 -251,3 | TTC| 179 84
13 | 0418F8183F 420,2 -238,6 | TTC| 250 080
14 | 0418CCODA47 694,4 2216 | TTC| 196 137
15 | 170001960895 4412 -219,2 | TTC| 116 141
16 | 0418F8451E 691,4 2175 | TTC| 198 149
17 | 170001856229 6158 2159 | TTC| 116 119
18 | 0418F81CCC 7276 -2158 | TTC| 199 049
19 | 0418F7D24D 677 -251,3 | TTC| 179 135
20 | 0418CBF86A 690,6 211 [ TTC| 196 079
21 | 0418F7E42B 704 2089 | TTC| 199 192
22 | 0418F805B4 495,6 200 | TTC| 222 096
23 | 0418F7FC1D 4440 -194,7 | TTC| 229 409
24 | 170002049774 6040 -191,8 | TTC| 116 418
25 | 0418C831F0 351,8 -190,2 | TTC| 301 182
26 | 0418F8000F 700,4 -180,6 | TTC| 199 007
27 | 0418CBD57C 698,6 -183,5 | TTC 51 014
28 | 0418CBD031 447 4 -176,3 | TTC| 296 045
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STT ID Khéi lweng (gr) | EBV | Loai | Gia dinh | Ky hiéu miu
29 | 0418F7E379 695,2 -1753 | TTC 200 176
30 | 0418CC5E52 715,2 -135,1 | TTC 31 061
31 | 170002052222 7124 -170,1 | TTC 162 017
32 | 0418C843D6 6152 -164,1 | TTC 111 124
33 | 170001770021 6130 -163,2 | TTC 61 185
34 | 170001822893 4890 -163 | TTC 55 052
35 | 0418CCO09F5 795,6 -162 | TTC 195 155
36 | 0418CBF5A0 968 -156,4 | TTC 57 133
37 | 0418CBFE25 834,1 -152 | TTC 200 191
38 | 0418CBBF8B 941,6 -151,4 | TTC 200 150
39 | 0418CBFOB7 705,2 -148,1 | TTC 222 082
40 | 0416D54FA4 530,6 -146,6 | TTC 31 055
41 | 0418CCO0B25 870 -1455 | TTC 196 062
42 | 0418F7DAB6 749,2 -143,4 | TTC 200 188
43 | 0418F7D64F 741 -141,9 | TTC 198 077
44 | 0418CBF6F6 1158,6 -141,6 | TTC 196 040
45 | 0418F7D799 854,8 -140,5 | TTC 200 189
46 | 0418CBC36E 659,2 -138,8 | TTC 174 162
47 | 0418F7C992 745,2 -138 | TTC 199 112
48 | 04179136B7 526,6 -136,7 | TTC 31 047
49 | 0418CCO0OBE 574,6 -136,1 | TTC 249 144
50 | 0418C84FB4 430,2 -136 | TTC 174 136
51 | 0418F7CE3A 768 -135,7 | TTC 199 076
52 | 0418CC5E52 715,2 -135,1 | TTC 31 125
53 | 0418F7E2C2 774,4 -130,6 | TTC 200 146
54 | 0418CBEO050 993,6 -129,4 | TTC 200 120
55 | 0418CBF2CF 831,2 -126,3 | TTC 200 209
56 | 0418CBF7DE 590 -125,9 | TTC 296 211
57 | 0418F80237 787,8 -124,7 | TTC 222 199
58 | 0418CBDEDB 773,8 -123,4 | TTC 222 186
59 | 0418CBCC10 729 -121,8 | TTC 249 202
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STT ID Khéi lweng (gr) | EBV | Loai | Gia dinh | Ky hiéu miu
60 | 0418CBC992 607,6 -121,2 | TTC 222 212
61 | 0418F7CC77 665,2 -121 | TTC 222 131
62 | 0418CBE555 907,8 -120,2 | TTC 200 179
63 | 0418CBD6F2 800,8 -119,6 | TTC 201 148
64 | 0418CCOFCE 432,6 -119,4 | TTC 296 173
65 | 0418CCOE56 473,4 -119,2 | TTC 174 215
66 | 0418F81D38 796 -117,9 | TTC 198 075
67 | 0418CBC9A9 906,4 -117,8 | TTC 201 138
68 | 0418CBC3D1 589,4 -114,2 | TTC 242 054
69 | 0418CC0717 845,6 -1135| TTC 222 034
70 | 0416D57970 677,8 -100,6 | TTC 296 069
71 | 0418CC0B29 981,5 84,7 | TTN 191 101
72 | 0418CBFD5B 1248,6 2132 | TTN 149 097
73 | 0418CBEOBD 1307,6 221,8 | TTN 149 134
74 | 0418CBE8B1 1603,2 242 | TTN 191 159
75 | 0418CBDE1B 1768,6 278,1 | TTN 154 216
76 | 0418CBBE75 1815,4 2819 | TTN 154 092
77 | 0418CC1122 1624 286,7 | TTN 154 194
78 | 0418CC45B1 1354,6 287,6 | TTN 269 063
79 | 0418CC0484 1293,2 287,6 | TTN 105 167
80 | 0418CBBF3B 1345,8 295,7 | TTN 105 078
81 | 0418CBF5C1 1364,4 300,5 | TTN 105 107
82 | 0418F7FCTF 1247,4 302,1 | TTN 271 023
83 | 04179A1D97 1367,4 303,8 | TTN 105 030
84 | 0417BD3998 25005 305 |TTN 11 020
85 | 0418C7C760 1307,6 3056 | TTN 271 201
86 | 0417D8752A 21866 308,9 | TTN 30 411
87 | 0418C7D957 1303,2 309 | TTN 271 057
88 | 0418CBDC9A 1873,6 310,6 | TTN 154 197
89 | 0418CC23BC 1413,4 311,3 | TTN 38 195
90 | 0418CCOAO03 1506 314,1 | TTN 110 166
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STT ID Khéi lweng (gr) | EBV | Loai | Gia dinh | Ky hiéu miu
91 | 0418CBE46D 1365,6 316,1 | TTN 180 122
92 | 170002054001 18290 320,8 | TTN 10 170
93 | 170001820441 21438 3235 | TTN 269 412
94 | 0418C7COF3 1326,6 323,6 | TTN 271 011
95 | 0418CBF29E 1486,6 323,6 | TTN 105 088
96 | 0418CC04C5 1432,4 3248 | TTN 180 177
97 | 0418CBF227 1950,2 326,3 | TTN 10 121
98 | 0418CBFB3F 1341,2 327,3 | TTN 110 066
99 | 0418CBFAOD 1585,6 328,8 | TTN 149 175
100 | 0418CBD78B 1608,4 3294 | TTN 173 068
101 | 0418CBC351 1568,6 329,4 | TTN 180 074
102 | 0418CBDEBO 1439 3316 | TTN 152 157
103 | 0418CCO083A 1494,2 334 | TTN 131 018
104 | 0418CBEDA42 1422,2 3349 | TTN 180 012
105 | 0418CBFAAE 1394,6 3356 | TTN 269 123
106 | 0418CC4729 2188 3375 | TTN 10 038
107 | 0418CCOCF7 1352,4 338,6 | TTN 105 158
108 | 0418CBE696 1568,2 3433 | TTN 173 218
109 | 0418C7CBC9 1367,2 343,8 | TTN 271 083
110 | 0418CBCE50 1353,2 3452 | TTN 101 035
111 | 0418CBEB95 1962,2 345,7 | TTN 175 204
112 | 0418F7F836 1386 346,8 | TTN 269 118
113 | 0418CBEFDB 1312,8 348,6 | TTN 101 168
114 | 0418CBDG6EF 1599,2 3515 | TTN 131 042
115 | 0418CBCB8E9 1992,4 351,8 | TTN 175 183
116 | 0418CBCO037 1566 354,3 | TTN 46 181
117 | 0418CC132A 1457,6 357,6 | TTN 173 031
118 | 0417BFAF20 25384 3579 | TTN 38 094
119 | 0418C81B18 1434,2 360,4 | TTN 241 172
120 | 0418CBC88A 1924,6 360,7 | TTN 95 021
121 | 0418CBEAEA 1677,6 363,7 | TTN 131 130
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STT ID Khéi lweng (gr) | EBV | Loai | Gia dinh | Ky hiéu miu
122 | 0416D539B6 1375,3 363,9 | TTN 117 205
123 | 0418CC138E 1785,4 366,2 | TTN 161 102
124 | 0418CBEFDB 1312,8 348,6 | TTN 101 043
125 | 0418CBDCAB 2267,6 367,8 | TTN 154 013
126 | 0418CBFCCS8 1388 3795 | TTN 30 200
127 | 0418CBF36B 1353 382,1 | TTN 101 003
128 | 0418CC1056 1694 382,5 | TTN 46 024
129 | 0418CBFD3B 1467,6 383,1 | TTN 101 002
130 | 0418CBDE1B 1768,6 278,1 | TTN 154 090
131 | 0418CBFD5B 1248,6 2132 | TTN 149 041
132 | 0418CC0003 1709,6 416,7 | TTN 173 151
133 | 0418CBECA42 1802,2 418,6 | TTN 101 059
134 | 0418CBC3F8 1970,6 419,1 | TTN 113 143
135 | 0418CCOCES8 1802,2 428,55 | TTN 180 165
136 | 0418CBD6DA 2598 449,7 | TTN 175 109
137 | 0418CBC4D4 1713,4 458 | TTN 153 142
138 | 0418CBD171 2205,4 464,2 | TTN 113 213
139 | 0418CC029B 2157,6 485 |TTN 113 145
140 | 0418CBF51E 2056 5142 | TTN 153 128
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Phu luc 2: Két qua xac dinh chudi peptit tin hiéu va vi tri domain chirc ning trén

protein IGFBP-1, -2, -3, -5, -6 cua ca tra nudi.

Vi tri cit ciia enzyme trén

Vi tri domain chire niing trén protein twong ng

(Tir axit amin dén axit amin)

Protein chudi peptide tin higu
trén protein twong wng Domain IGEBP | Domain thyroglobulin type 1
Gitra axit amin 25 va 26
] 32-109 184-259
IGFBP-1 (LRA-SP)
|GEBP-2 Gitra axit amin 20 va 21 94-102 178-258
(ARA-EL)
|GEBP-3 Gitra axit amin 34 va 35 39-116 224-285
(VHA-AG)
|GEBP-5 Gitra axit amin 21 va 22 94-100 188-259
(CSG-SY)
IGEBP-6 Gitra axit amin 31 va 32 40-101 130-201

(TLA-SR)
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Phu luc 3: D6 twong dong vé trinh tu cac doan gen trén contig duoc giai ma bang NGS

va cac doan gen twong (mg dugc giai ma bang phuong phap Sanger

Tén contig @/ Tén gen/ Chiéu dai doan /
vi tri doan trén contig Vi tri doan trén gen | Do twong dong
sc0000011 IGF1/ 537 bp/
NW_020824206.1(8210909..8211445) -130 dén 407 100 %
sc0000011 IGF1/ 906 bp/
NW_020824206.1 (8224108..8225013) 13070 dén 13975 100 %
sc0000011 IGF1/ 1231 bp/
NW_020824206.1 (8227236..8228466) 16198 dén 17428 99,9 %
sc0000028 IGF2/ 3507 bp/
NW_020824223 (1587043..1590549) 49 dén 3555 99,9 %
sc0000015 IGF1R/ 4417 bp/
NW_020824210.1 (3329301..3333717) 12625 dén 17041 99,9 %
sc0000015 IGF1R/ 3081 bp/
NW_020824210.1 (3400218..3403298) 83542 dén 86622 99,9 %
sc0000015 IGF1R/ 4849 bp/
NW_020824210.1 (3403369..3408217) 86693 dén 91541 100 %
sc0000042 IGFBP-1/ 2716 bp/
NW_020824237.1 (1915637..1918352) -308 dén 2408 99,9 %
sc0000046 IGFBP-2/ 1173 bp/
NW_020824241.1 (4426946..4428118) -129 dén 1044 99,9 %
sc0000046 IGFBP-2/ 1072 bp/
NW_020824241.1(4410046..4411118) 16872 dén 17943 100 %
sc0000046 IGFBP-2/ 4532 bp/
NW_020824241.1 (4399846..4404377) 23613 dén 28144 99,9 %
sc0000042 IGFBP-3/ 1021 bp/
NW_020824237.1 (1938399..1939421) 267 dén 1287 99,9 %
sc0000042 IGFBP-3/ 2219 bp/
NW_020824237.1 (1932959..1935177) 4511 dén 6729 100 %
sc0000042 IGFBP-3/ 1051 bp/
NW_020824237.1 (1922386..1923436) 16252 dén 17302 100 %
sc0000003 IGFBP-5/ 1560 bp/
NW_020824198.1 (9142508..9144067) -123 dén 1437 100 %
sc0000003 IGFBP-5/ 2323 bp/
NW_020824198.1 (9149736..9152058) 7106 dén 9428 100 %
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~ (*): Theo trinh tu hé gen c& tra nudi giai ma bing NGS [16].

Tén contig @/ Tén gen/ Chiéu dai doan /
vi tri doan trén contig Vi tri doan trén gen | Do twong dong

sc0000003 IGFBP-5/ 1506 bp/
NW_020824198.1 (9153367..9154872) | 10737 dén 12242 100 %

sc0000009 IGFBP-6/ 4315 bp/
NW_020824204.1 (3856187..3860501) -493 dén 3822 100 %

sc0000054 IGFBP-7/ 3373 bp/
NW_020824249.1 (1274146..1277518) -516 dén 2857 99,9 %

sc0000054 IGFBP-7/ 3032 bp/
NW_020824249.1 (1270374..1273405) | 3598 dén 6629 100 %

sc0000054 IGFBP-7/ 1735 bp/
NW _020824249.1 (1267956..1269690) 7313 dén 9047 99,9 %
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Phu luc 4: Két qua tach chiét 20 mau DNA tong sb thuoc bo mau khai tao.

Cl1 C2 C3C4 C5 C6 C7 C8 C9 C10 N1 N2 N3 N4 N5 N6 N7 N8 _NINI10

Dién di d6 20 mau DNA tong sb trén gel agarose 1%.

C1I dén C10: DNA tong sé cua 10 mdu ca tang trweeng cham. NI dén N10: DNA tong sé cua

10 mau ca tang trweng nhanh.

Két qua do ndng do va do tinh sach cia DNA tong sb tach chiét duoc tir 20 ca thé trén
(10 c4 thé tang truong nhanh (TTN) va 10 cé thé tang truang cham (TTC))

STT Miu | Nong dd oD STT MAau | Nong do oD
TTN | (ng/ul) | (A260/A280) TTC | (ng/ul) | (A260/A280)
1 N1 1214 1,85 1 C1 402 2,06
2 N2 222 2,03 2 C2 435 2,09
3 N3 374 2,04 3 C3 288 2,08
4 N4 435 2,08 4 C4 340 2,07
5 N5 252 2,07 5 C5 196 2,08
6 N6 399 1,78 6 C6 239 1,92
7 N7 352 1,99 7 C7 284 2,04
8 N8 1155 2,11 8 C8 415 2,09
9 N9 536 2,09 9 C9 196 2,05
10 | N10 350 1,83 10 | C10 357 1,93
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Phu luc 5: Pién di d6 san pham PCR cua cac doan gen dich dugc khuéch dai tir DNA
téng s6 cua 20 mau thudc bo mau khai tao

Cap mbiso 1:

Fw-130/ Rv407 i e 537 bp
M' NI N2 N3 N4 NS N7 N8 NS N10 C1 (3 C4CS C6 C7 8 9 C10

Cép mbi 56 2:

Fw13070/ Rv13975 | o+~ 906 bp

N1 N2 N3 N4 NS NE NB N9 NIOM* C1 C2 €3 CAC5 06 C7 €8 C9

Cip mdi s6 3: it
Fwl6198/ Rv17103

N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 M C1 €3 C4 C5 C6 C7 C8 C9 C10
Cap moi so 4

4
Fyw 16525/ Ryv17428 P04 bp

Dién di d san pham PCR khuéch dai cac doan gen IGF1

Tir NI dén N10 1a san phdam PCR dwoc nhan 1én tir DNA téng sé cua 10 ca thé ca tra ting
triong nhanh. Tir CI dén C10 1a san phdm PCR dwoc nhan Ién tir DNA téng sé cua 10 ca thé
cé tra tang truong chdm. M’: Marker 100 bp (Fermentas). Cac miii tén ¢ bén phdi hinh 1a vi
tri cdc bang san pham.

Céip moi 56 5:

: 972 by
Fw49/ Rv1020 P
N1 N2 N3 N4 N5 N6 N7 N8B N9 N1O'M C1 C2 €3 C4 C5 C6 C7 CB C9 Ci0
Cip mdi 56 6 PP
g s 1527 bp
Fw918/ Rv2444
N1 N2 N3 N4 NS N6 N7 N8 N9 N10 M'C1 € C3 €4 C5 C6 C7 €8 (€9 C10
Ciip moi 56 7
Fw2328/ Rv3555 1228 bp

Dién di d6 san pham PCR khuéch dai cac doan gen IGF2

Tir NI dén N10 1a san phdam PCR dwoc nhan Ién tir DNA tong sé cua 10 ca thé ca tra tang
treeng nhanh. Tir CI dén C10 1a san pham PCR dwoc nhan 1én tir DNA téng sé cua 10 cé thé
cé tra tang truong cham. M: Marker 1 kb (Fermentas). M’: Marker 100 bp (Fermentas). Cac
miii tén ¢ bén phdi hinh 12 v tri cdc bang san pham.



Cip mbi s6 8:
Fw12625/ Rv13547

Cip moi 50 9:
Fwl3429/ Rv14328

Cap mbi so 10:
Fwl4997/ Rvi6132

Cap mbi 56 11:
Fwl16031/ Rv17041

Ciip moi 56 12:
Fw83542/ Rv84544

Cép méi so 13:
Fw84299/ Rv85707

Cap mai 50 14:
Fw&5565/ Rv86622

Cap moi 5a 15:
FwR6693/ Rv87697

Cap mai 50 16:
FwX7429/ Rv88394

Cap mbi 50 17:
Fwo0459/ Rv91541
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Dién di d6 san pham PCR khuéch dai cac doan gen IGF1R

923 bp

e 136 bp

1011 bp

 Je— 1003 bp

1409 bp

1005 bp

g+ 966 bp

g+ 1083 bp

Tir NI dén N10 la san pham PCR dwoc nhan 1én tir DNA téng sé cua 10 ca thé ca tra ting
treeng nhanh. Tir CI dén C10 1a san pham PCR dwoc nhan 1én tir DNA téng sé cua 10 cé thé
cé tra tang truong cham. M: Marker 1 kb (Fermentas). M’: Marker 100 bp (Fermentas). Cac
miii tén ¢ bén phdi hinh 12 vi tri cdc bang san pham.
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N4 N5 N6 N7 N8 N9 NIOCIL €2 C3 CA CS C6 C7 CB €9 ciowm

Cap mor s0 18:

Fw-308/ Ry713 . 1021 bp

N3 N4 N5 N6 N7 NEB N9 NIOCI C2 C €4 C5 C6 C7 C8 ©9 Cl10

Cidp mo1 so 19:

e | (6T bp
Fw611/ RvI677 ¥

N4 N5 N6 N7 NB N9 NIOM C1 €2 €3 C4 C5 C6 C7 €8 €3 C10

Cap moi so 20 1004 bp

Fwi405/ Rv2408

Dién di d6 san pham PCR khuéch dai cac doan gen IGFBP-1

Tir NI d@én N10 1a san pham PCR dwoc nhan Ién tir DNA téng sé cua 10 cé thé ca tra ting
trieeng nhanh. Tir CI dén C10 la san pham PCR dwoc nhan 1én tir DNA téng sé cua 10 ca thé
ca tra tang truong cham. M: Marker 1 kb (Fermentas). M’: Marker 100 bp (Fermentas). Cac
miii tén ¢ bén phdi hinh 1a vj trf cdc bang san pham.

Cap mai =0 21

Fw-129/ Rv1044 1173 bp

Cap mos s0 22

o
FwI6872/ Rv17943 1072 bp

Cap moi s0 23:

FWw23613/ Rv24648 1036 bp

Cap mdi =0 24:

Fw24578/ Rv25515 938 bp

Cap mdi sb 25 972 bp

Fw25262/ Rv26233

Cap mor 56 26:
Fw26038/ Rv27143

1106 bp

Cap mor so 27

Fw26977/ Rv28144

Pién di 46 san pham PCR khuéch dai cac doan gen IGFBP-2

@ | 168 bp

Tir NI @én N10 1a san phdam PCR dwoc nhan Ién tir DNA téng sé cua 10 cé thé ca tra ting
trieeng nhanh. Tir CI dén C10 1a san pham PCR dwoc nhan 1én tir DNA téng sé cua 10 cé thé
cé tra tang truong cham. M: Marker 1 kb (Fermentas). M’: Marker 100 bp (Fermentas). Cac
miii tén & bén phai hinh 12 vi tri cdc bang san pham.
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8 N9 NIOM €1 C2 3 S C6 C7T €8 OOCH

Ciip moi 50 28:
Fw267/ RvI287

NHOMCI C2 3 . 5 C7 C8 9 C10
Cap mdi 0 29; &
FwdS11/ Rv§386 §76 bp
NiOM €1 C2 €3 © S 06 C7T C8 9 C10
Ciip mdi s 30:
1154 bp

Fw4925/ Rv6078

NIOM' €1 €2 €3 ¢4 €5 C6 €T €8 (9 C10

Cap moi s0 31
FwS734/ Rv6729

NIDQL €1 €2 3 C4 (5 C7 8 9 C1o

Cip m6i s 32:
Fwl6252/ Rvi7302 E

Dién di db san pham PCR khuéch dai cac doan gen IGFBP-3

Tir NI dén N10 1a san pham PCR dwoc nhan Ién tir DNA tong sé cua 10 ca thé ca tra tang
trwong nhanh. Tir CI d@én C10 1a san pham PCR dwoc nhan Ién tir DNA téng so cua 10 cé thé
ca tra tang truong cham. M: Marker 1 kb (Fermentas). M’: Marker 100 bp (Fermentas). Cac
miii tén & bén phdi hinh 1a vj tri cdc bang san pham.
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NE N9 NIOM C1 02 3 s o i
Cap mdi sb 33:
Fw-123/ Rv753 £76 bp
NI C1 €2 03 5 . \ 9 C1n
Cap mbi b 34 S — -— 569 bp
Fwi6ey Rvl437
N9 NI1O €1 2 €3
Cap mdi sb 35;
Fw7 106/ Rv8049 — . o Sub SED 5 > e Loand.

NI 1 2 O

Cap mbi 50 36
Fw7936/ Ryv8SS66

NioM

Cap mdi $6 37 _
FWBSE3/ Rv9428 > 46 bp
N1O M LS 4 ] 9 1o

Cap mi sb 38!
Fwi0737/ Rv11584

N8 N9 Nioaae 1

Cap moi sd 39:
Fwl 1439/ Rv|2242

Dién di 6 san pham PCR khuéch dai cac doan gen IGFBP-5

Tir NI dén N10 la san pham PCR dwoc nhan 1én tiz DNA téng sé cua 10 ca thé ca tra ting
trieeng nhanh. Tir CI dén C10 1a san pham PCR dwoc nhan 1én tir DNA téng so cua 10 cé thé
ca tra tang truong chdam. M: Marker 1 kb (Fermentas). Cac miii tén ¢ bén phdi hinh la v; tri
cdc bang san pham.



Cap mdi s6 40;
Fw-493/ Rv505

Cip mdi so 41;
Fwl19%0/ Rv1083

Ciip moi so 42:
Fw787/ Rv] 745

Cap mdi s0 43;
Fwi256' Rv2216

Cip moi s0 44:
Fw 1896/ Rv2888

Clip moi sb 45:
Fw2830/ Rv3822
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998 bp

NS NIOM C1 €2 €3 €4 (5 (€6

NIOIME €1 2 €3 (4

NIOM C1 C2 3 4

+— 961 bp

NIOBE €1 €2 €3 4 708 9 C1o

NIOM C1 C2 3 4

Dién di d6 san pham PCR khuéch dai cac doan gen IGFBP-6

Tir NI d@én N10 1a san pham PCR dwoc nhan Ién tir DNA tong sé cua 10 cé thé ca tra
ting trweng nhanh. Tir CI d@én C10 1a san phdm PCR dwoc nhan 1én tir DNA tong so
cia 10 ca thé ca tra tang trieong cham. M: Marker 1 kb (Fermentas). M’: Marker 100
bp (Fermentas). Cdc miii tén ¢ bén phdi hinh 12 vi t7i cdc bang san pham.



Cap moi 50 46:
Fw-516/ Rva45

Cap mdi s0 47:

N3 Na NS

142

C3 C4 G5

g 961 bp

4 G5 C6

Fw336/ Rv1220 8835 bp
N3 N4 NS

Cap mbi sb 48:

Fwll12/ RvI97S 864 bp

Clip méi s6 49:
Fwi862/ Rv2857

Céip mai so 50:
Fw3598/ Rv4570

Ciip mdi s6 51:
Fwd314/ Rv5235

Cap mdi b 52:
Fw5047/ Rv5881

Cap mdbi sb 53:
Fw5652/ Rv6629

Cip moi 50 54:
Fw7313/ Rv8312

Cip moi 50 55:
Fw8206/ Rvo047

N3 N4 NS

N3 N& N5

N3 N4 NS5

N8 N9

N7 N8 N9 NIOC1

N7 NS N9 NIOC1

N8 N9 NIOMI| C1

N7 NB N9 NIOCL

4 C5 G

+— 996 bp

€4 C5 G
e U373 bp

3 G4 G

— 922 bp

— 835 bp

3 ¢G4 G5

978 bp

- | ({X) bp

Dién di d6 san pham PCR khuéch dai cac doan gen IGFBP-7

Tir NI dén N10 1a san pham PCR dwoc nhan Ién tir DNA tong sé cua 10 cé thé ca tra
ting trweng nhanh. Tir C1 d@én C10 la san phdm PCR dwoc nhan 1én tir DNA tong so
cua 10 ca thé ca tra tang trwong chdam. M: Marker 1 kb (Fermentas). Céac mili tén &
bén phdi hinh 1& vi tri cdc bing san pham.
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Phu luc 6: Pién di ¢ mot s6 mau DNA tong sé thuoc bo mau kiém nghiem

111 137 192 409 418 067 159 167 107

Pién di @6 mot sé mau DNA tong sb trén gel agarose 1%.

(S6 trén mdi giéng la sé ky hiéu mau)
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Phu luc 7: Két qua do ndng d6 va do tinh sach cia DNA tong sb tach chiét duoc tir

140 c4 thé ca tra nudi (70 ca thé tang truéng cham va 70 cé thé tang trudng nhanh)

duoc sur dung trong bé mau kiém nghiém.

STT Miu | Nong dé oD STT MAiu | Néng do oD
TTN (ng/ul) | (A260/A280) TTC | (ng/ul) | (A260/A280)
1 2 1516,9 1,84 1 7 1693,4 1,82
2 3 2554,9 1,75 2 9 1988,3 1,77
3 11 1002,4 1,83 3 14 | 10111 1,83
4 12 1295,3 1,84 4 16 | 19145 1,81
5 13 1658,3 1,85 5 17 | 19101 1,75
6 18 1696,3 1,82 6 34 | 27042 1,75
7 20 1463,2 1,82 7 40 | 1801,9 1,82
8 21 1932,5 1,80 8 45 | 1486,3 1,82
9 23 1876,5 1,84 9 46 | 14153 1,81
10 24 1316,4 1,87 10 | 47 | 19932 1,83
11 30 1997,5 1,76 11 | 49 | 25409 1,75
12 31 1354,3 1,89 12 | 52 | 26584 1,76
13 35 1356,8 1,88 13 | 53 | 19584 1,75
14 38 1856,4 1,85 14 | 54 | 2346,2 1,77
15 41 1352,9 1,86 15 | 55 | 26584 1,81
16 42 1728,6 1,86 16 | 61 | 26584 1,82
17 43 1059,8 1,84 17 | 62 | 25409 1,75
18 57 1540,9 1,85 18 | 67 | 20568 1,86
19 59 1530,6 1,83 19 | 69 | 20356 1,83
20 63 1889,4 1,82 20 | 72 | 22594 1,81
21 66 1658,4 1,84 21 | 75 | 25894 1,83
22 68 1468,2 1,87 22 | 76 | 2560,6 1,81
23 74 1069,2 1,87 23 | 77 | 17561 1,79
24 78 1463,8 1,85 24 | 79 | 20953 1,75
25 83 2053,8 1,81 25 | 80 | 1011,2 1,81
26 88 1968,6 1,81 26 | 82 | 2040, 1,78
27 90 1509,4 1,79 27 | 84 | 19031 1,86
28 92 1560,6 1,86 28 | 96 | 2256,1 1,82
29 94 1530,2 1,81 29 | 111 | 27209 1,75
30 97 1595,3 1,88 30 | 112 | 1298,7 1,82
31 101 2017,3 1,81 31 | 119 | 24009 1,76
32 102 1456,8 1,84 32 | 120 | 29121 1,75
33 107 2006,4 1,89 33 | 124 | 29656 1,75
34 109 2090,3 1,85 34 | 125 | 2450,1 1,80
35 118 1325,6 1,82 35 | 131 | 26845 1,79
36 121 1865,4 1,75 36 | 133 | 2400,9 1,79
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STT Miu | Nong dd oD STT MAiu | Néng do oD
TTN (ng/ul) | (A260/A280) TTC | (ng/ul) | (A260/A280)
37 122 1958,3 1,87 37 | 135 | 2460,3 1,81
38 123 1980,6 1,89 38 | 136 | 22431 1,75
39 128 1563,5 1,83 39 | 137 | 13897 1,79
40 130 1496,8 1,84 40 | 138 | 2009,1 1,85
41 134 2661,3 1,77 41 | 141 | 21935 1,81
42 142 1060,3 1,81 42 | 144 | 14983 1,84
43 143 1264,1 1,83 43 | 146 | 2998,7 1,79
44 145 1763,7 1,86 44 | 148 | 22684 1,80
45 151 2035,2 1,81 45 | 149 | 25091 1,79
46 157 1615,2 1,76 46 | 150 | 2620,3 1,82
47 158 1669,1 1,82 47 | 155 | 2596,2 1,80
48 159 1445,3 1,83 48 | 162 | 18495 1,79
49 165 1356,3 1,85 49 | 173 | 2098,9 1,81
50 166 1298,3 1,76 50 | 176 | 3995 1,85
51 167 1569,8 1,81 51 | 179 | 2540,9 1,81
52 168 1599,2 1,82 52 | 180 | 1740, 1,79
53 170 1012,3 1,75 53 | 182 | 1790,9 1,82
54 172 1011,2 1,75 54 | 185 | 26891 1,79
55 175 1259,3 1,84 55 | 186 | 2560,8 1,80
56 177 2931,1 1,75 56 | 188 | 2478,9 1,79
57 181 2921,6 1,81 57 | 189 | 1750,1 1,82
58 183 1848,2 1,86 58 | 190 | 1648,2 1,82
59 194 1556,1 1,85 59 | 191 | 26353 1,81
60 195 1865,2 1,86 60 | 192 | 2056,2 1,75
61 197 1963,5 1,84 61 | 199 | 1865, 1,81
62 200 1560,1 1,86 62 | 202 | 26482 1,79
63 201 1720,1 1,84 63 | 207 | 2556,1 1,79
64 204 1457,0 1,81 64 | 209 | 2865,2 1,76
65 205 1886,2 1,85 65 | 211 | 24570 1,75
66 213 1432,0 1,83 66 | 212 | 2486,2 1,82
67 216 1405,2 1,89 67 | 215 | 2256,1 1,86
63 218 1409,8 1,88 68 | 220 | 22692 1,76
69 411 1905,7 1,87 69 | 409 | 29652 1,78
70 412 2398,2 1,75 70 | 418 | 1550,3 1,75
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Phu luc 8: Pién di d6 san pham PCR duoc khuéch dai tir DNA tong s6 cua 140 mau

thuoc bo mau kiém nghiém.

i 59 00 61 62 63 64 65 66 67 68 o9

7576 77 78 79 80 81 82831 84 85 86 87 88 89 90 91 92 93 94 95 96

e e e e S e D GEED @ W w e W e w ww G s G GED S - . G— -
99 100 101 102 103 104 103 106 107 108 109 110 111 112 115 114 115 116 117 118 119 120 M
.-

e e - — — T — —— e QIS wee D W W SR e WS ED N Gwn S
- -

121 123123 124 125 126 127 128 129 130 131132 135 134 135 156 137 138 139 140§

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 597 bp chita SNP
IGF1.13680 A>T tir DNA tong s6 cua 140 cé thé thudc bo mau kiém nghiém.

So trén mai giéng 1 sé thi tir mau ¢ bang Phuy luc 1. M: Marker 1 kb (Fermentas).
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56 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 M 25

----—----—---—---—«---“

b L T R L DL LoD RSl bp

7374 7576 77 78 79 80 81 8283 84 8586 87 88 89 90 91 92 93 9495 %6 M

-_.-....b-.-mmﬂﬂhﬂuhm..i
w -

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 M

Két qua dién di san pham PCR khuéch dai tir cip moi nhan doan dai 595 bp chira SNP
IGF1R.13357T>C tir DNA téng sé cua 140 cé thé thudc bdo mau kiém nghiém.



6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 M 25

[

s N G Gl B s ep B + e » »

26 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 M 49 50

5859 60 61 62 63 64 65 66 67 68 69 70 71 712 M
(88!

.

s e ew = o B8

7576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 FMI

.-l
ot

..

.4

97 98 99 100 101 102 103 104 105 106 107 108 109 110111 112 113 114 115 116 117 118 M

137138 139 140 M

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 501 bp chira SNP
IGF1R.15392 T>A tir DNA tng sé caa 140 ca thé thuoc bo mau kiém nghiém.
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8§ 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M 25

26 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 M 49 30

:

56 57 5859 60 61 62 63 64 65 66 67 68 69 70 71 72 M

7374 7576 77 78 79 80 81 8283 84 85 86 87 88 89 90 91 92 93 94 95

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

119 120 121 122 123 124 125 126 127 128 129 130 131 1321

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 586 bp chira SNP
IGF1R.83894 A>G tir DNA tong s cua 140 cé thé thuoc bo mau kiém nghiém.
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6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M 2

33 34 3536 37 38 39 40 41 42 43 44 4546 47 48 M 49

59 60 6162 66 67 686970 71 M
<1000 [
<— 5009

7576 77 78 79 80 81 8283 84 85 86 87 88 89 90 91 92 93 94 95 M

99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 M

118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 M
i

5 ’

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 553 bp chira SNP
IGFBP-3.704 C>G tir DNA tong s caa 140 cé thé thuoc bo mau kiém nghiém.
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11 12 13 14 15 16 17 18 19 20 21 22 23

24 M 25

5 36 37 38 39 40 41 42 43 44 45 46 47 48 M 49 30

6162 63 64 65 66 67 68 69 70 71 72 M

-2

.-

7374 7576 77 78 79 80 81 8283 84 85 86 87 88 89 90 91 92 93 94 95

97 98 99100 101 102 103 104 105 106 107 108 109110 111

=
o
—

-

Két qua dién di san pham PCR khuéch dai tir cip moi nhan doan dai 547 bp chira SNP

IGFBP-5.525 T>A tir DNA téng s6 ctia 140 céa thé thudc bo mau kiém nghiém.



8§ 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 M 25

“ 4w e e een em D e G - - W

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 M 48 49

e B e e e e e e R e D eee G0 Gee GED BN Gas GES GED aae S

P OIEEEEEE

v

56 57 5859 60 61 62 63 64 65 66 67 68 69 70 71

e S G G e G D e G G R e e e s D e s G =

BRLELLL

4

A

72 7374 7576 77 78 79 80 81 8283 84 85 86 87 88 89 90 91 92 93 94 9

B2 A EF N2 & § EBF B R R°R R R R R G B G e
[}

96 97 98 99 100 101 102 103 104 105 106 107 108 100 110 111 112 113 114 115 116 117 N

M 118 119 120 121 122 123 124 125126 127128 129 130 131 132 133 134 135 136 137 138

1 —

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 627 bp chira SNP
IGFBP-6.2278 C>A tir DNA tong s6 ciia 140 ca thé thuoc bo mau kiém nghiem.
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10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 49M 49

61 62 63 64 65 66 67 68 69 70 71 72 M

7374 7576 79 80 81 8283 84 85 86 87 88 89 90 91 92 93 94 95 M

96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 M

118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 M
to

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 518 bp chira SNP
IGFBP-7.344 T>C tir DNA tong s caa 140 cé thé thuoc bo mau kiém nghiém.

38
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6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 M?23

2425 26 27 28 29 30 313233 34 353637 3839 40 41492434 ML

4647 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 M 70

71 7273 74 7576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 M 94 95

96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 M

118 119 120 121 122 123 124 125 126 127128 129 130 131 132 1

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 551 bp chira SNP
IGFBP-7.2060 A>G tir DNA tong s6 cua 140 cé thé thudc bo mau kiém nghiém.
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7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 M 25

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 49M 49

TS s G e ED oD GED D GER es eEn s D

5859 60 61 62 63 64 65 66 67 68 69 70

76 77 78 80 81 8283.84 85 86 87 88 89 90 91 92 94 95 96 M

—
e . X 1L 2 T T " " hCT ---'

98 99 100 101 103 104 105 106 107 108 109 110 111 112 113 114 115116 117 M

118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 1383 139 140 M

Két qua dién di san pham PCR khuéch dai tir cip mdi nhan doan dai 529 bp chira SNP
IGFBP-7. 4559 C>A tir DNA tong sb cua 140 ca thé thuoc bo mau kiém nghiém.
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Phu luc 9: Két qua genotyping 10 SNP duoc kiém nghiém trén 160 ca thé st dung trong luan an.
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Phu luc 10: So sanh trinh ty protein IGF1 cua c tra nudi va cac loai ca khéc.

Labeo rohita MSSGHFFQGHWCDVFKCTMRCLPCTHT---LSLVLCVLALTPATLEASSHINSEINGE 57

Cirrhinus molitorella MSSGHFFQGHWCDVFKCTMRCLPCTHT-~~LSLVLCVLALTPATLEAGINSANSIARNDN 57

Cyprinus carpio MSSGHFFQGHWCDVFKCTMRRLSCTHT=-~~LSLVLCVLALTPATLEAGINSANGNAAIN 57

Danio rerio MSSGHFFQGHWCDVFKCTMRCLPSTHT---LSLVLCVLALTPATLEASH AELVD TN

Megalobrama terminalis MSSGHFFQGHWCDVFKCTMRCLSCTHT---LSLVLCVLALTPATLER I\VWF‘ 57

‘Hypophthalmichthys nobilis 57

Ctenopharyngodon idella MSSGHFFQGHWCDVFKCTMRCLSCTHT---LSLVLCVLALTPATLEA _ 57

Elopichthys bambusa MSSGHFFQGHWCDVFKCTMRCLSCTHT-~-~LSLVLCVLALTPATLEA AELVD TSN

Tachysurus_ussuriensis ---=-======w-- MOWTTRCVSRGRALSRLL~LLCALALTPVESRAS AELVDTEEE
Ictalurus punctatus ----- MSRGHLGDVLKWTMRCVSRGRALARULLLLCALALTPV-"-~

| Pangasianodon_hypophthalmus

Labeo rohita

Cirrhinus molitorella
Cyprinus carpio

Danio rerio
Megalobrama terminalis
Hypophthalmichthys nobilis
Ctenopharyngodon idella
Elopichthys bambusa
Tachysurus_ussuriensis
Ictalurus punctatus
Pangasianodon hypophthalmus

Type 1
IGF/insulin
Receptor
Labeo rohita B (GFAnsuin
- Receplor

Cirrhinus molitorella
Cyprinus caroio

Danio rerio

Megalobrama terminalis
Hypophthalmichthys nobilis
Ctenopharyngodon idella
Elopichthys bambusa
Tachysurus_ussuriensis
Ictalurus punctatus
IPangasianodon_hypophthalmus

o shEanw R e N R e R R R

Labeo rohita: ca trdi An P, Cirrhinus molitorella: cd tréi den, Cyprinus carpio: cd chép, Danio
rerio: c& ngwa van, Megalobrama terminalis: c& bong den Amur, Hypophthalmichthys nobilis:
cd mé hoa, Ctenopharyngodon idella: c& trém cd, Elopichthys bambusa: ca vang (kanyu),
Tachysurus ussuriensis. ca da tron Ussuri, Ictalurus punctatus: ca nheo My.

Céc khung vién den danh sé 1,2,3,4,5,6,7: 7 vi tri Cystein (C) bdo ton. C4c trinh ti axit amin
dong khung: vi tri bam vgi cac protein chitc nang.
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Phu luc 11: So sanh trinh ty protein IGF2 cua cé tra nudi va cac loai ca khéc.

Acipenser schrenckii -——-- MGDHLSYNKROAYCHNCIESGNSSNSIKVREMSTSROLLVFTIALTVYIVDVANS 55
Lepisosteus oculatus ———-- MEDQQRY - SYQAFCHTCLGTE - ~NRRMEMREMSTSROMLVFTIALTFY INDVAKP 52
Anguilla japonica ===== ME COORY ~NYH S LCH T CSRTE -~ KRK IR IRKMPT SSRVIMFIMALALY FVELA ~~ 50
Salmo salar ===== METOXRE~-EMHSVCHTCRARTE -~ ~NTRMEVEMM S SENRVLVIALALTLYIVEVA ~~ 50
‘Oncorhynchus mykiss ----= TORRH-EYHSVCHICRRIE - - NI RMRVEMMS SSNRVLVIALALTLYIVEVA~~ S50
Epinephelus coicides ===== ME T PORY ~-GHHS LCHICRRTE -~ SSRMRAVRRMS SSSRALLFALALT LY VVEIA~~ S0
Takifugu rubripes -———-—— METOHRN-AAPSPCHICRRTE -~ ISIMRVEIMS SSSHALLFALALTLYIVVEVT — se

Danio_rerio —————————= MDDYHVFCASCRRTEZETRT

Cyprinus carpio -—————=—=—=- MDDYHLPCASCRKTGEEQT

Astyanax _mexicanus MEEQOAGAQHSARAARGLCRTCRRSNKCOKT

_Ic'.alu:us._{u:ce:us MEEQK———~——~ VSADHSVCRSCRRAERHTT
Pangasiancdon_hypophthalmus MEEQK-—-—--VRADHSVCRSCRRAERHTT

Acipenser schrenckii
Lepisosteus oculatus
Anguilla japonica

. Salmo salar
Oncorhynchus mykiss
Epinephelus coicides
Takifugu_rubripes
Danio_rerio

Cyprinus carpio
Astyanax mexicanus
Ictalurus furcatus

Fangasianodon hypophthalmus

Acipenser schrenckis
Lepisosteus oculatus
Anguilla japonica
: Salmo malar
Oncoxhynchus mykiss
Epinephelus coicides
Takifugu_rubripes
Danio_rerio
Cyprinus carpio
Astyanax mexicanus
Ictalurus furcatus
|Pangassiansdon hypeph

Acipenser schrenckii
Lepisosteus oculatus
Anguilla japonica
Salmo salar
Oncerhynchuas mykiss
Epinephelus coicides
Takifugu_rubripes
Danio_rxerio

Cyprinus carpio
Astyanax mexicanus
Ictalurus furcatus
Pangasiancdon hypophthalmus

Acipenser schrenckii: Ca tam séng Amur/C& hoang, Lepisosteus oculatus: Cd ling dom,
Anguilla japonica: Ca chinh Nhat Ban, Salmo salar: C& hoi Pai Tay Dwong, Oncorhynchus
mykiss: C& hoi cau vong/ C& hoi vin, Epinephelus coioides: Ca mii den cham nau, Takifugu
rubripes: C& néc ha, Danio rerio: C& ngwa van, Cyprinus carpio: Cé chép, Astyanax mexicanus:
Ca hang mu Mexico, Ictalurus furcatus: Ca nheo luc

Céc khung vién den danh s6 1,2,3,4,5,6: 6 vi tri Cystein (C) bdo ton. Cac trinh tu axit amin déng
khung: vi tri bdm véi cac protein chize nang.



Phu luc 12: So s&nh trinh ty protein IGF1R cua ca tra nubi va cac loai ca khac.
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XP_027017178.1 Tachysurus_fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7699092.1 5ilurus meridionalis

XP 026783005.2 Pangasianodon hypophthalma
XP 017321963.1 Ictalurns_punctatus
KAF4031542.1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAGT333206.1_Hemibagrus_wyckioides
KAF7639092.1 5ilurus meridionalis

XP 026783005.2_Pangasiancdon hypophthalmus
XP 017321963.1 Ictalurus_punctatus
KAF4091542.1 Zmeiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7639092.1 5ilurus meridionalis

XP | 026783005.2 Pangaslanodon hypephthalms
XP 017321963.1 Ictalurus_punctatus
KAF4091542, 1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7639092.1 5ilurus meridionalis

XP | 026783005.2 Pangaslanodon hypephthalms
XP 017321963.1 Ictalurus_punctatus
KAF4091542. 1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7639092.1 5ilurus meridionalis

XP 026783005.2 Pangasianodon hypophthalma
XP 017321%63.1 Ictalurus_punctatus
KAF4031542.1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7639092.1 5ilurus meridionalis

XP 026783005.2 Pangasianodon hypophthalmia
¥F 017321963.1 [ctalurus punctatus
KAF4091542. 1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7639092.1 5ilurus meridionalis

XP | 026783005.2 Pangaslanodon hypephthalms
XP 017321963.1 Ictalurus_punctatus
KAF4091542, 1 Ameiurus melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7699092.1 5ilurus meridionalis

XP 026783005.2 Pangasianodon hypophthalma
XP 017321963.1 Ictalurus_punctatus
KAF4031542.1 Ameiurus melas

¥P_027017178.1 Tachysurus_fulvidraco
KAGT333206.1 Hemibagrus wyckioides
KAF76599092.1_Silurus meridionalis

P | 026783005.2 Pangaslanodon hypophthalmus
XP 017321963.1 Ictalurus_punctatus
KAF4091542, 1 Ameiurus melas

—-mmmwmmmmpmmmmslwcmmﬂnssn IGEICERHID
--——---——-MRQSASE0IGEICERHID
WLLERNPLNMMS Grrmsmrmslmmnmmssn IGEICERHID
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[WRCITKEVCAQVHL ESEVD FVIHDEECMEDCEPGETRNE S0SMECSACDGLCOKFCOTHT
[WRCITKEVCAQVHLESEVDEVIHDEECMEDCPHGETRNE S)SMFCSACDGLCOKFCOTHT
FFTEFRTARE IR RAFARRIFRRATAAIAAIAT FF FRFFFITIF FHIFIFAT ki
IDSVDARDSLOGCTVIRGHLAINIRRGNNTASELESFMGLIQTVIGYVRIKHSHALGSLS
IDSVDAAQSLO @RGMHINI RRGNNIRSELESFMGLIQTVIGYVRIKHSHALGSLS
IDSVDAAQSLOGCTVIKGHLHINTRRGHNIASELESFMGLI QTVIGYVRIKHSHILGSLS
IDSVDAAQSLC GCTVIKGNLHINTRRGHNTASELESFMGLIQTVIGYVRIKHSHILGSLS
IDSVDAAQSLOGCTVIKGHLHINT RRGHNIASELESFMGLIQTVIGYVRIKHSHILGSLS
IDSVDAAQSLOGCTVIKGNLEINT RRGHNTASELESFMGLI QTVIGYVRIKHSHTLGSLS
Tt
FLESLRYINGEELLENMYAFSALDNORLQYLWDWSQHNLT TRAGKL.FFRINFKLCMSETHE
FLESLRYINGEELLDNMYAFSALDNORLQYLWDWSQHNLT IRIGKL.FFRINFKL.CMSELQ
FLESLRY INGEELLDOMYAFSALINQHLOYLWDWSQHNLT I RAGKLF FRSNEKL.CMSEIR
FLESLRYINGEELLDOMYAFSAT.DNORLOYLWDWSQHNLT TRAGKL.LFRSNFKL.CMSETR
FLESLRY INGEELLDOMYAFSALIONQHLOHLWOWSQHNLT I RAGKLFFRSNEKL.CMSEIR
FLESLRYINGEELLDOMYAFSALDNORLCHLWDWSQHNLT TRAGKL.FFRENPKL.CMSETR

**t!*****t**t*::*t**t****t***:***t!******t ***:**t**t****t*:

AMWEKT SVLEKMECDDVRNNGERASCESHITKFKTH
AMWEKT SVGEKMECQDDVRNNGERASCESHITKFKTH
AMWEKT GV SEKMKEDDVRNNGERASCESHILKFKSK
AMWEKT sVLDKMEEDDVRHNGERASCESHI
AMWEKT GVLEKMEEDDVRNNGERASCESHILRFHSH
AWEKT GVLEKMEEDDVRNNGERASCESHILRFHSH

BARERE b cEEARRRRRRRRRAREARAL

QSNRIKLIWERYRPELYRDLIS
QSTRIKLIWERYRPPLYRDLIS
TQSNRIKLTWERYRPEDYRDLIS
TQSNRIKLTWERYRPEDYRDLIS
QSNRIKLIWERYRPPDYRDLIS
QSHRIKLIWERYRPEDYRDLIS

B RAE FERRARRRRIRARRAREAE

340
338

417
378
417
420
400
398

477
438
477
480
480
438

537
498
537
540
520
5198
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XP_027017178.1 Tachysurus_fulvidraco
Kn57333206.1_Remibagrus wyckioides
KAF7699092,1 Silurus meridionalis

b4 026783005 2 Pnnwmodon hypophthalmus
XP 017321963,1 Ictalurus punctatus
KRF4081542. I'Amelurus_melas

XP 027017178, 1 Tachysurus_fulvidraco
KnG733320¢.1_Remibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026783005.2 mqusianodon hypophthalms
1P ' 017321963, 1 Ictalurus punctatus
KAF4091542, 1_Ame1urus_melas

XP 027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7699092.1 Silurus meridionalis
KP_026783005.2_Pangasianodon_hypophthalmis
XP 0173219631 Ictalurus_punctatus
KAF4091542,1 Ameiurus melas

XP_027017178.1 Tachysurus_fulvidraco
KnG7333206.1_Hemibagrus wyckioides
KRF7699092,1 Silurus meridionalis
%P_026783005..2_Pangasianodon_hypophthalmus
XP 017321963.1_Ictalurus punctatus
KAF4091542.1 Ameiurus melas

XP_027017178.1 Tachysurus_fulvidraco
Kn37333206.1 _Remibagrus wyckioides
KAF7699092,1 Silurus meridionalis
XP_026783005,2_Pangasianodon hypophthalmus
XP 017321963,1 Ictalurus punctatus
KAF4091542.1 Ameiurus melas

XP_027017178.1 Tachysurus fulvidraco
KAG7333206.1 Hemibagrus wyckioides
KAF7699092.1 Silurus meridionalis

P 026783005 2 mgumodon hypophthalmus
XP 017321963.1_Ictalurus_punctatus
KAF4091542.1 Amelurus  melas

XP_027017178.1 Tachysurus_fulvidraco
KAG7333206,1 _Hemibagrus wyckioides
KAF7699092.1 Silurus meridionalis

KR 026758005 2 Pancuianodon hypophthalms
XP | 017321963.1 _lctalurus_punctatus
KAF4091542., I_Amurus_melas

IVYYKERPFQNITEFDGQDGCGRSWIMVDVDLPQEKSLDPGVLLY PLKENTQYAL
F TVY YKERPEQNT TEFDGQDGCGS SWTMVDVDLPQEKSMDPGVLLAKLKEWTQYAL
FTVY YKERPFONT TEFDGQDGCGS SWIMVDVDLPQEKSLDPGVLLYPLKPNTQYAT

FDGQDGCOSSWIMVIVDLPQEKSLOPGVLLY PLKFWT QYA
F IVYYKEARFON I TEFDGQDGCA SWTHVOVDL BQEKSMDPGVLLYBLKEWTQYAL
FIVYYKEAPFONITEFDGQDGCGS SWIMVDVDLPQEKSMDPGVLLY PLKPNTQYAL

T LV DK TV GAKSNVYY TR TR SEP S PRDAR S Y ANT S8 SLVVKHS PP I SENGNATEY
LWV EDKHTVGAMSKVVY TRTKASE PSMPRDARAYANTSSSLUVKHSBRTSBNGNSTEY
I TLVMEDH-~GAKSEVVY TRTKASE PSMPRIARAYANS SHSLYVKHS BRVSRIGNSTEY
TTLVEDKATL THASE PSNPROARAYANSSSSLVVKRSPRISENGNSTEY]
I TLVEDKHT L GAKSEVVY TRTKASE PSMERDARAYANGSSSLUVKHS BRI SENGNSTEY
LV VE DKL GAKSE VY IRTKASE PSMERDARAYANS SSSLIVKAS PRI SPNGNSTEY]
iifﬁ:tﬁfi L i:Q#ttiiiﬁii'tiii*i’:i*i:i i'ti*iii’:t t**:i!ﬁ
TR QOQPEDRE LY QHINYCSHELKTPIRISATALSEVEEDSQPTHS IMAGGEKGOCCHER
LLRKO00PEDRELYQHNYCSHELKTPIRISATAL SEVEEDSKETKSIVTGGEKGACCRCE
L QP AL PRLSKISLSEVEE DTS IAGEE G

KIKEAL!G\EAIERALSKVFENFLEWSVFI PRPHN 3
KTKEALKREAEERALSKVEENFLHANSVET PRPHNSRRREELF-GVANDTLTRSLGQNMUTA
LT iitﬁ::ii.'tiii*"'ﬁii**ii't**iiif Fokhdh & hhdaad
SDGNMTEPELVERVYPFSETTSQIERME IENLQPETVYRI DIRACNHEVQRCSARREVES
TEGNMTERELVERVYPFSETTSQTEFME TENLQPETVYRI DIRACNHEVQRCSARAEVES
LEGNMTERELTERVY PFLETTSQTEFIETFSLQPET IYRIDIHACNHEVQRCSARREVES
LEGNMTE PELVERVY PESETTSQTEFME TVNLQPETVYRLDIRACNHEVORCSARREVES
SEGNMTEPELVERVYPFSETTSRTERME IFNLQPETVYRI DIRACNHEVQRCSAAREVES
SEGNMIEPELVERVYSFSETTSRAERME IFNLQPETVYRI DIHACNHEVQRCSAAREVES

:i'ittiiO.tﬁii * tttt: t':td..itOQO:tt:‘ﬁ"ﬁ*ﬁ#f'tttﬁﬁiﬁ"t

RTHPAEKSDNTRGEVTHEMDEKTE GUVLLKWREPPQPSGLT LMYELKFRLGSEPEKHEC

FLF-GVANDTLTRSLGONVSA

ROQYRELKGTRLINLGEGNYSVRVRATSLAGNGSWIDSVS
RQQYRDLAGARLINLGEGNYSVRVRATSLAGNGSWTE

iii'i::: f:it*iiﬁi.ii***i’iiii*ii'iii: * ifitii::ttt'i‘i:iﬁ

597
558
597
600
580
579

657
618
695
660
640
639

m
678
18

836
795
835
839
819
818

896
855
895
839
879
878

456
915
955
959
939
938

Domain
Fibronectin
type 3 (FN3)
(517 dén 622)

Domain
Fibronectin
type 3 (FN3)
(627 dén 671)

L, Vitri
thiy phan
(756 dén 759)

Domain
Fibronectin

type 3 (FN3)
(851 dén 943)
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XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026783005.2 Pangasianodon hypophthalmus
XP 017321963.1 Ictalurus_punctatus
KAF4091542.1 Ameiurus melas

XP_027017178.1 Tachysurus_fulvidraco
KAG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026783005.2 Pangasiancdon hypophthalmus
XP_017321963.1 Ictalurus_punctatus
KAF4091542.1 Ameiurus melas

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KRF7699092.1 Silurus meridionalis
XP_026783005.2 Pangasiancdon hypophthalmus
XP_017321963.1 Ictalurus_punctatus
KAF4091542.1 Zmeiurus_melas

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026783005,2 Pangasiancdon hypophthalmus
XP 017321963.1_Ictalurus_punctatus
KAF4091542.1 Imeiurus melas

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026783005.2 Pangasianodon hypophthalmus
XP 017321863.1 Ictalurus_punctatus
KRF4091542.1 Ameiurus_melas

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP 026763005,2 Pangasianodon hypophthalmus
XP_017321963.1 Ictalurus_punctatus
KAF4091542.1 Ameiurus melas

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KAF7699092.1 Silurus meridionalis

XP | 026783005.2 Panga51anodon | hypophthalmis
XP 017321963.1 Ictalurus_punctatus
KRF4091542. 1_Ame1urus_me1as

XP_027017178.1 Tachysurus_fulvidraco
KRG7333206.1 Hemibagrus_wyckioides
KRF7699092.1 Silurus meridionalis

XP 026783005,2 Pangasianodon hypophthalmus
XP_017321863.1 Ictalurus_punctatus
KRF4091542.1 Ameiurus melas

LPIGVLILFVIVISTFFLVKKKRNSDRLGNGVLY,
LPIVLLILVLFLIFTIIFVRKKRNSDRLGNGVLY,
LPIIVLILFITLIVIIIFVKKKRNSDRLGNGVLY
LPIVVLILLVILIITIIFVKKKRNSDRLGNGVLY,
LPIIVLILIATLITTIIFVKKKRNSDRLGNGVLY
LPIMILLATLIIIIIFVKKKRNSDRLGNGVLY
kkx *** * + i EL T T T e TSI
TLCMngssmwmmmm_zpzzmmm"smm' ARERIEELN msvm"mc
[LCRELGOGSFGMVYEGIAKGYVKDEEETRVATKTVNE SASMRERTE FLNEASVMKE NG
rLSREL@ GSECMVYEGTAKGYVVKDEEETRVAIXTVNE SASMRERTER

1016
978

Motif gén vdi
co chét cla thy thé insulin
(997 dén 1000)

Vitri bam
» claATP

TLCRELG)GSFGMVYEGTAKGUVKDEPETRVATKTVNE SASMRER TEFLNEASVMKEFN(]
TLCRELGOGSEGMVYEGIAKGVVKDEPETRVATKTVNE SASMRER TEFLNEA SVMKEFNG
ILCRELGQGSEGWYEGIARGWKDEPEIMIKEVNESASIMRIEFLNHSVIMFNC

HHWRLLGVVSQGQPTLVII1ELMIRGDLKSYLRSLRSK-QGSCSQELPPLMIQI@.GEI
FHVVRLLGVVSQGQPTLVIMELMTRGDLKSYLRSLRSKQOGSCSQAL PPLKKMIQMAGET)
HHVVRLLGVVSQGOPTLVIMEIMTRGDLKSYIRSLRSKQOGSCSQAL PPLKKMIOMAGET)
FHVVRLLGYVSQGQPTLVIMELMTRGDLKSYLRSLRSKQQGSCSQALPPLKKMIQMAGET)
FHVVRLLGYVSQGQPTLVIMELMTRGDLKSYLRSLRSKQOGSCSQAL PPLKKMIQMAGET)

EEEEEEEE R R RS EEEEE EEEEEEEEE RS A N E R EEE SR EEEEEEEE SRS

' 1 : Ermﬂ-v AR
nsmmmmﬂkmmcwmmmnmmm RKGGKGLLPVRWb
VI RRKGGKGLLEVRY

PESLKDGVFTTNSDVRSFGVVLWEIATLAEQPYQGMSNEQVLREVMEGGLLDKEDNCE!
PESLKDGVETTNSDVRSEGVVLWEIATLAEQPYQGMSNE QVLRFVMEGGLLDKEDNCE!
PESLKDGVETTNSDVWSEGVVLHEIATLAEQPYQGMSNEQVLREVMEGGLLDKEDNCE.
PESLKDGVETTNSDVWSFGVVLWE IATRAEQPY QGMSNEQVLREVME GGLLDKPDNCE!
PESLKDGVETTNSDVRSEGVVLWEIATLAEQPYQGMSNEQVLREVMEGGLLDKEDNCE!

EE R L T L T T e L e T R L T T T TR

LFGLMRMCWQYNPKMRPSFLEI ISSIKEELEPSFREDVSFFYSDENKPPDTEELD--MGN
ALFELMRYCNQYNPKMRPSELETT SSIKEE LEPSFROVSFFY SDENKPPDTEELDVEVEN
AL FELMRMCNQYNPKMRPSELE T SSIKEELEPSFSEVSFFY SDENKEPDTEGLDVDVEN

FELMRMCWQYNPKMRPSFLETISSIKEELEPSFROVSFFYSDENKPPDTEELDVEVEN
LFELMRMCNQYNPKMRPSFLEI ISSIKEELEPSFEDVSFFYSDENKPPDIEELDVEVEN
ALFELMRMCNQYNEKMRPSFLETT SSIKEELEPSFRDVSFFY SDENKPPDTEELDVEREN
KRR FRARRRRFRRRRRRZRRARRRRZRAARMARE kbbb REIAbRAARES 4% #
MENIPLDPASTLTPPSSQGLTETATLPSAPMICTSVRTPSTSPSSSTASPALDSHFDNTQ
MENIPLDPASTLTPPSSQGLTETAALPSAPMICTSVRTPSTSPSSSTASPALDSHFDNTQ
MENIPLDPASTLTPPSSQGLIETATLPSARYACTSVRTPSTSPSSSTASPALDSHFDTTQ
MENTPLDPASTLTPPSSQGLTETATLESAPMTCTSVRTPSTSPSSSTASPALDSHFENTQ
MENIPLDPASTLTPPSSQGLIETATLPSABMICTSVETPSTSPSSSTASPALDSHFDNTQ
MENIPLDPASTLTPPSSQGLTETAALPSARMICTSVRTPSTSPSSSTASPALDSHFDNTQ

FhExkddhik Rk kbbb kk i hhkhh kkd bk kkkd bbbk kb bk khdhh, ¥

PYRHMNGGRKNERALPLPQSSAC 1397
PYAHMNGGRKNERALPLPQSSAC 1357
PYARMNGERKNERALPLPQSSAC 1398
PYRHMNGGRKNERALPLPQSSAC 1402
PYRHMNGGREKNERALPLPQSSAC 1382
PYAHMNGGRKNERALPLPQSSAC 1381

kkEEEk kR F R Rk kR AR

(1026 dén 1055)

Domain
PTKc_InsR_like
(1012 dén 1288

Vitri
phosphoryl hoa
ty dong
(1181 dén 1186)

Tachysurus fulvidraco: cd wé dau vang, Hemibagrus wyckioides:

ca lang nha, Silurus

meridionalis: ca tré da Biwa, Ictalurus punctatus: ca nheo My, Ameiurus melas: cd da tron den.




