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1. Giéi thiéu

Tu hai (Lutraria rhychaena, Jonas 1844) la dong vat than mém hai manh vo, 1a loai thay
san nudi co gia tri kinh té cao. O Viét Nam, tu hai duoc nudi phé bién & Van Bon — Quang
Ninh va Nha Trang — Khanh Hoa. Hang nam nhu cau con giéng cho ngudi nudi khoang 100 triéu
con giéng. Tuy nhién, chit lugng nguon con giong 1a van dé rat dugc quan tam. Nguon giong tu
hai do di nhap tir nudc ngoai vao nudc ta khong duoc kiém soat, thuong co chat luong thap da
gay hau qua nghiém trong trong qua trinh nu6i, anh huéng khong nho dén sy phat trién bén viing
nghé nubi tu hai. Chinh vi vay, viéc nghién ctru san xuat gidng tu hai c6 chat luong cao la viéc
lam can thiét ddi véi cac nha chon giéng. Chon gidng tu hai theo phwong phap hién dai I tim
kiém cac gen chirc niang dya trén co sé hé gen tham chiéu cua tu hai da duoc cong bé [1]. Viéc
khai thac va ung dung hiéu qua h¢ gen tham chiéu cua tu hai vao qua trinh nghién ctru 1a diéu rat
can thiét dé nang cao chat lugng di truyen cho tu hai, ddng thoi tuyén chon duoc nhiing gen lién
quan dén tinh trang c6 gia tri kinh té, day 1a hudng chon gidng méi hién nay, gop phan nang cao
hiéu qua cua qué trinh chon gibng.

Da hinh nucleotide don dugc xac dinh do sy bién ddi trinh tw DNA xay ra khi mot nucleotide
(A, T, C hogc G) trong trinh tu b gen bi thay ddi. Su phan bé cua cac SNP (Single Nucleotide
Polymorphism) trong h¢ gen khong ddng nhat. SNP thuong xay ra véi tan s6 khac nhau trong cac
phan nhiém sic thé khac nhau va trong cac vung khong méa hoa thuong cao hon so voi cac vung
ma héa [2], [3]. Hau hét cac SNP déu ¢ dang hai alen va lién quan dén sy thay thé Cytosine (C)
v6i Thymine (T), ddy 1a bién thé phong phi nhét trong chudi DNA giita cac cé thé trong mot
quan thé [4]. Nhiing bién doi cua SNP ¢6 thé lam thay doi tinh trang va dugc st dung dé dénh gia
da dang di truyén va tién héa. Trung binh & bd gen ga, ctr 225 bp sang loc dwoc 1 SNP; ddi véi
bd gen nguoi, khodang 1.250 bp sang loc dugc 1 SNP [5]. O ving gen ma hoa cac SNP c6 thé tac
dong dén 50 tinh trang quan tam, do d6 rat hidu qua trong viéc xac dinh mdi tuong quan gitra
SNP va tinh trang nao do [6]. Lan dau tién ung dung SNP trong nghién ctru chon glong tu hai
duoc tién hanh. O cac loai thity san khéc, cac SNP duoc tng dung dé sang loc cac gen tiém ning
lién quan dén tinh trang ting truong ¢ ca hoi Salvelinus alpinus [7], ca chém [8], tdm thé chan
tring Penaeus (Litopenaeus) vannamei va tém su P. monodon [9], tém cang xanh [10] va cé tra
[11]. Hién nay c6 rat nhiéu phuong phap dé xac dinh cac SNP [12], tuy nhién sir dung cong nghé
giai trinh ty gen thé hé méi duoc coi 1a phuong phéap téi uu vi giai quyét duge dong thoi nhiéu
véan dé va sang loc duogc lugng 16n cac SNP phuc vu cho viéc phan tich di truyén.

Trong nghién ctiu nay, ching tdi tién hanh giai trinh ty gen thé hé mai va sang loc chi thi SNP
cho hai nhom tu hai va marker SNP sang loc duoc s& cung cip ngudn co sd dit liéu quan
trong phuc vu cho cdng tac chon gidng & tu hai lién quan dén tinh trang ting truong trong thoi
gian toi.

2. Phwong phap nghién ciru
2.1. Vit ligu nghién ciru
2.1.1. Poi tuong nghién ciu

Tu hai voi trén‘g (Lutraria rhychaena, Jonas 1844) dugc nudi tai Trung tam gidng thay san lo
man dat tai Van Bon, Quang Ninh tryc thuge Truong Cao dang Kinh t&, Ky thuat va Thay san — Tur
Son — Bac Ninh.

2.1.2. Mdu nghién citu

Tong s6 60 mau tu hai nghién ciru, trong d6 ¢6 30 mau tu hai ting tredng nhanh va 30 mau tu
hai tang truong cham duoc cung cap tir ket qua nghién cau cua de tai “ong dung di truyen so
lugng va di truyen phan tir chon giong tu hai tang trudng nhanh”, theo hop dong so 01/2017/Hb-
TS-CNSH. Mau thu cua tu hai tang trudng nhanh duoc lya chon tir 30 gia dinh c6 gia tri chon
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gidng woc tinh EBV (Estimated Breeding Value) cao va mau thu cua tu hai tang truong cham
duoc lya chon tir 30 gia dinh ¢6 gia tri EBV thap, gid tri chon giong dugc mo ta tai Bang 1.
Bang 1. Gia tri chon gidng wéc tinh cho tinh trang ting trueng gida hai nhom tu hai

Gia tri Nhom tang trwéng nhanh Nhom tiang trwéng cham
S6 luong mau (con) 30 30
S6 luong gia dinh (gia dinh) 30 30
Khéi lugng trung binh (g) 56,4 +0,20 38,5+0,18
EBV trung binh 32,6 £ 28,3 21,7272

Ghi chii: S6 liéu biéu dién & dang trung binh + d¢ léch chuan.

Nhom tang truong nhanh gom 30 cé thé, khdi lueng trung binh 56,4 g/con va gia tri EBV
trung binh dat 32,6. Nhom tang trudng cham gom 30 cé the, khoi lwgng trung binh 38,5 g/con va
gia tri EBV trung binh dat -21,7 (Bang 1).

2.2. Phwong phap nghién curu
2.2.1. Tach chi¢t DNA

DNA dugc tach chiét tr 50 mg miu mé co mang 4o ctia 60 ca thé tu hai bang cach sir dung bo
kit DNAeasy tissue extraction kit (Qiagen, Dtrc) theo hudng dan cua nha san xuat. )

DNA dugc kiém tra bang ky thuat dién di trén gel agarose 1,5%. Cac bang DNA c6 ket qua
sang rd, khong bi dat gay duoc lya chon dé tien hénlj thi nghiém. Ham lugng DNA dugc xac
dinh bang bo do huynh quang Qubit 2.0 theo huéng dan cua nha san xuat, nong d6 dam bao toi
thiéu 3 ng/ul dugc su dung cho phén tich EzZRAD.

2.2.2. Xay dung thu vien DNA phuc vu gidi trinh ty hé gen cho hai nhom tu hai

Tién hanh gop 30 mau DNA cua tu hai ting trudng nhanh, gop 30 mau DNA cua tu hai ting
truong cham. Str dung 2 enzyme cit gioi han Mbol va Sau3AI dé cat dong thoi hai mau tu hai
tang truong nhanh va tang truong cham sau khi gop. Thu vién DNA cta 2 nhdm tu hai dugc xay
dung bang k¥ thuat ezRAD [13].

Khuéch dai thu vién DNA: Thu vién DNA dugc khuéch dai véi thé tich 15 pl, thanh phan caa
phan g PCR gdém 6 ul Enhanced PCR Mix, 1,5 pl Primer Cocktail, 5,625 ul DNA va 1,875
H,O. Chu trinh nhiét cua phan &ng nhu sau: Bién tinh ban dau ¢ 94°C trong 3 phut, tiép theo 1a 7
chu ki & 98°C trong 20 gidy, 60°C trong 15 gidy, 72°C trong 30 gidy va kéo dai & 72°C trong 5
phat, luu gitr ¢ 4°C.

San pham PCR duoc kiém tra trén gel Agarose 1,5% nhudém voi ethidium bromide va duoc
tinh sach bang Sample Purification Beads. Thu vién DNA c6 dai kich thuéc dai tir 350 — 550 bp,
trong do6 kich thudc cua adapter duoc chén vao 1a 120 bp va trinh ty cua mau trung binh 1a 380
bp. Cac thu vién DNA duoc bao quan trong diéu kién gitr lanh ¢ -20°C dén -80°C cho dén khi
giai trinh tu.

Giai trinh tu Genomic cua tu hai duoc thyc hién bing may Illumina NovaSeq6000, doc két
qua duoc thuc hién tai Trung tim Cong nghé Gennomic, Truong Dai hoc Téng hop Deakin,
Geelong, Australia.

2.2.3. Gidi trinh tw va ldp rap hé gen tham chiéu cho tu hdi tang truong nhanh va ting truong cham

Co s6 HIMB Core chay mot bo loc kiém soat chat luong tiéu chuan va phan tich ci phap do
may Illumina doc dugc thanh cac tép FASTQ duogc sip xép theo chi muc. Sir dung phan mém
Trimmoatic v0.33 dé loai bo cac adapter va cac doan trinh tu ¢é chat lwong thip (Q< 10) [14]. S6
liéu dugc xtr ly theo quy trinh ctia dDocent v2.24 [15].

Phan tich de novo trong Stacks dugc thuc hién véi 6 bude chinh: Dau tién, cac doan doc dugc
phan tach va kiém tra chat lugng bai chuong trinh process_radtags. Ba budc tiép theo bao gom:
Xay dung loci (Ustacks), tao danh muc (Catalog) cac loci (Cstacks) va khap loci véi danh muc
(Sstacks). O budc thir 5, chwong trinh stacks dugc tién hanh dé lap rap va hop nhat cac contig,
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phét hién cac vi tri bién thé trong quan thé va xac dinh kiéu gen caa mdi ca thé. O budc thir 6,
dira trén kiéu gen ca thé trong quan thé, cac dir lidu SNP duogc xac dinh va xuat duéi dinh dang
vcf hodc genpop.

Dua trén hé gen tham chiéu, cac doan doc dugc tao thanh tir hai nhom tu hai sinh truong
nhanh va sinh truéng cham duoc dong hang bang cong cu BWA v0.7.12-r1044 [16]. Danh so chi
muc (index) cho céc nucleotid can so sanh véi hé gen tham chiéu thyc hién bang pham mém
SAMtools [17].

2.2.4. Phat hi¢n chi thi SNP cho tu hai sinh truéng nhanh, sinh truong cham

Dit liéu SNP thé duoc loc biang phan mém vcftools v.0.1.13 qua céc théng sé minor Allele
Frequency (mAF > 0,05), minimum Mean Depth (mean DP < 10) [18], kiéu SNP (thay thé vi tri
Nucleotide), HWE (Hardy-Weinberg Equilibrium) véi gia tri P — value < 0,001, Mean quality
score (Q)> 30, va max-missing = 0,95 (ty I& phéat hién SNP = 95% trén tt ca cac ca thé). Tiép do,
phan mém vcffilter s& loc lay cac SNP dya vao Allele Balance (AB) >0,3, Mean mapping quality
(MQM/MQMR) (0,9 — 1,05), tan sb thay thé allele (PAIRED/PAIREDR) (0,05 — 1,75). Di li¢u
SNP dugc kiém tra rad_haplotyper dé loai bo céc bién di va xac dinh 1 SNP/contig thu dwgc SNP
dic trung loai (Validated SNP). Xac dinh SNP, xac dinh indel do thém doan (Insertion), mat doan
(Deletion) trinh tu dugc tién hanh khi déng hang cac contig dua vao sai khac trén it nhat bon
trinh tu doc [19]. X ly sé lidu thé dwoc thuc hién theo quy trinh Stacks [20], [21] trén hé diéu
hanh Ubuntu Server 15.10.

2.2.5. Kiém dinh outlier loci va sang loc SNP tiém ndng & nhém tu hai tang triedng nhanh, ting
truong cham

Outlier loci dwoc xac dinh la nhirng vi tri loci co gia tri khac biét so v6i phan con lai cia bo gen
(Neutral loci). Pé x4c dinh cac oulier loci dugc tién hanh bang phuong phap linkage disequibrium
(LD). LD dugc do bang hé sé twong quan cip binh phuong giira cac locus (r2) bang cach sir dung
ham ‘LD” trong géi dir lidu “genetic” thudc phan mém R [22]. Str dung LD network (Phan mém
R) dé x4c dinh Selected outlier clusters (SOC) va Compound outlier clusters (COC). Gié trj tdi
vu ‘LDna” [23] véi cac tham s ¢ va |[E| min va ngudng LD duoc thiét 1ap cho cac SOC. Mang
LD duoc xay dung bang goi dit liéu “igraph” trén phan mém R [22]. Céc loci dugc xac dinh la
outlier duoc loai bo dé tao bo dit liéu SNP trung tinh. Sir dung chwong trinh Lositan dé xac dinh
cac oulier loci, cac outlier loci duge xac dinh bang cach so sanh phan bé loci quan sat & mtc do
tin cay 99% va 1% (voi gia tri FDR < 0,05). Cac loci bén ngoai khoang tin cay 99% va 1% dugc
xac dinh la outlier loci.

3. Két qua va ban luan
3.1. Tach chiét DNA, xay dung thuw vién DNA cho nhém tu hai ting truwéng nhanh va ting
trwong cham

_Két qua dién di DNA tong s6 cho thay céc dai bang DNA sang 5 va khong bi dut gdy dam bao du
dieu kign thyc hién thi nghi¢m ticp theo (Hinh 1).

Hinh 1. Két qua dién di DNA tong SO Ccua Cac mau tu hai tang truong nhanh (gjéng N1 - N5),
tang truong cham (giéng C1-C5), trong dé giéng M: Marker (thang chudn DNA).
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Sau khi tién hanh PCR, san pham duoc dién di trén gel agarose 1,5%. Két qua thu dugc dai
bang gon, sang rd. Thu vién DNA cta nhom tu hai tang truong nhanh va tang truong cham dugc
tinh sach bang SPB dé loai bo cac trinh ty co do dai trén 550 bp va nho hon 350 bp. Trinh tu
DNA c¢6 @6 dai trong khoang tir 350 — 550 bp dwoc gitr lai va xac dinh ham luong DNA. Thu
vién DNA cuia hai nhom tu hai dam bao du diéu kién dé giai trinh tu.

3.2. Gidi trinh tw va xay deng hé gen tham chiéu cho hai nhém tu hai

Két qua giai trinh ty va xay dung hé gen tham chiéu cho nhom tu hai ting truong nhanh va
tang truong cham dugc mo ta qua Bang 2.
Bang 2. Tom tat két qua xit ly gidi trinh tye

Giatri
Chi s6 phan tich Nhom Nhom
ting trweéng nhanh  ting trueéng cham
Do bao phu giai trinh tu 200 200
S6 lugng doan trinh tu (read) sir dung dé két ndi contig 212.340.022 212.980.396
Téng sb contig 832.712 762.040
Kich thudc hé gen tham chiéu tam thoi (Mb) 434 429

O tu hai tang truong nhanh, sau khi giai trinh tu va phan tich da thu dwugc 276.023.281 doan
trinh tu tho (raw read), trong d6 c6 230.479.439 (chiém 83,5%) doan trinh tw mang barcode. O tu
hai ting trudng cham, thu dugc 279.136.083 doan trinh ty thd (raw read), trong s6 do c6
230.845.540 (chiém 82,7%) doan trinh tu barcode. Sau khi tinh sach, loai bo cac doan adapter va
cac doan trinh ty c6 chat lwong thap ¢ hai nhém tu hai, chung t6i thu dwoc 212.340.022 (76,8%)
doan trinh ty c6 chat luong tét ¢ tu hai ting trudng nhanh va 212.980.396 (76,3%) doan trinh tu
c6 chat luong t6t & tu hai tang truong cham. Poan trinh tu ¢6 chat luong tot ¢ tu hai ting truong
nhanh va ting truong cham duoc sir dung dé két ndi contig va thiét Iap hé gen tham chiéu tam
thoi, vai dung lugng dir liéu 200GB. Tir 212.340.022 doan trinh ty ¢ tu hai ting truéng nhanh va
212.980.396 doan trinh ty & tu hai ting truong cham sau khi két ndi thu duoc lan lugt 832.712 va
762.040 constig vai sy phan b kich thude cac contig dugc thé hién ¢ hinh 2. Contig ¢6 chiéu dai
tir 70 - 150 bp chiém sb lwong 16n nhat (454224 va 433534 contig), tiép dén 1a cac contig c6
chiéu dai tir 150 - 200 bp (269037 va 248516 contig), contig c6 chiéu dai 200 - 300 bp (83752 va
62558 contig), contig co chiéu dai 300 - 400 bp (25692 va 17421 contig) va contig c6 chiéu dai
tir 450 bp tro 18n (7 va 11 contig) chiém sb lugng thap nhat (Hinh 2).

Tir cac doan doc chét luong cao, viéc lap rap da thu duoc hé gen tham chiéu véi sé lugng
doan contig cao, ty 1¢ % A+T va G+X la twong duong nhau (50:50).

S0 lugng
500000 4 contig X . . .
150000 Low - Nhém tang trwdng cham

40000C

e 372583
. 703228
200000
oot 394723
10000C 83752 P
70-150 150-200 200-300 300-400 450 A A Ay
Kich thude contig (b) Fast - Nhém téng truvéng nhanh
BFas- Nhanh BLlow - Chim
Hinh 2. Phan bé contig giita cdc nhom tu hdi tang Hinh 3. Sé lirong SNP 6 nhém tu hai ting
trieong nhanh va tang truong chgm sau ket noi trueong nhanh va tang truong chgm
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3.3. Két qud sang loc chi thi SNP ¢ nhém tu hai sinh truwéng nhanh va sinh truong cham

Dua trén hé gen tham chiéu cua tu hai di xay dung, phat hién va sang loc duoc téng sé
1.470.534 SNP, trong d6 c¢6 703.228 SNP xuat hién & nhom tu hai ting truong nhanh, 394.723
SNP xuét hién & nhdm tu hai tang truong cham va 372.583 SNP xuét hién & ca hai nhom tu hai
(Hinh 3).

Két qua sang loc SNPs trén hé gen & ca hai nhém tu hai cho thiy, s lugng SNPs xuit hién &
nhom tu hai ting truong nhanh cao gap 1,78 lan (703.228 SNPs) so véi tu hai ting truong cham.
Vi s6 lugng SNP sang loc duoc gép phan ma ra huéng khai thac dir liéu SNP ¢6 y nghia thuc
tién; trén co so d6 xac dinh dugc céc chi thi SNPs ¢ kha ning lién quan dén tinh trang ting
truong o tu hai. Hién nay, phan 16n hé gen cua cac loai thay san cé gié tri kinh té chua duoc giai
ma, trong d6 c6 cac loai nhuyén thé. Viéc giai ma thanh cong hé gen tham chiéu cho tu hai 1a co
so dé xac dinh duoc cac SNPs lién két vai cac gen chirc ning, tir d6 gop phan mo ra tiém ning
g dung phuc vu chon giéng dbi vai cong tac chon gidng va nudi trdng tu hai. Cac chi thi SNPs
sang loc duoc chiém tdi 90% sy khac biét vé di truyén giira cac c& thé [24]. Trong qua trinh trao
d6i chéo thuong khong tach roi céc chi thi SNPs ra khoi gen chire nang [11].

Bang 3. Thong tin vé SNP sau cdc buéc loc ¢ hai nhom tu hai

Thong sé loc Nhém sinh trwéng nhanh Nhom sinh truéng chim
: So cé thé So SNP So ca thé So SNP
D6 nhiéu locus 90% 30 12728 30 6424
Tan s6 alen (Mac) <3 30 4844 30 5748
Tén sb alen nho (Maf) (0,01 - 0,05) 30 1467 30 881
Khuy !NDV ) o 30 12728 30 6424
Tan s6 alen nho nhat < 0,05 va tan sé
alen I6n nhit > 0,464 30 2503 30 1660
Vi tri lién két haplotype 30 663 30 386
HWE < 0,001 30 1467 30 604
Loai bo LD 30 525 30 211
Locus trung tinh/ Locus khac biét 30 525/138 30 211/175

Dir liéu SNPs tho thu duoc tir hai nhém tu hai dugc sang loc qua cac bude bang cong cu VCF
tool dé loai bo cac bién thé. Sé luong cac chi thi SNP ¢ hai nhdm tu hai sau khi phét hién va
tuyén chon thu duoc 525 SNP & tu hai ting truéng nhanh va 211 SNP & tu hai ting truéng cham.
Két qua chi tiét viéc sang loc cac SNP dugc mo ta & (Bang 3).

3.4. Kiém dinh outlier loci va sang loc SNP tiém ning ¢ nhom tu hai ting trwéng nhanh, ting
trwong cham

Két qua kiém dinh céc outlier loci cho ca hai nhdm tu hai da phat hién duoc 138 outlier loci &
nhom tu hai tang truong nhanh va 175 outlier loci & tu hai ting truong cham. Tién hanh loai bo
cac locus nay, cudi cung da thu duoc 525 va 211 locus trung tinh (Neutral loci). Viéc chon loc
cac SNP tiém ning tir cac SNP trung tinh ¢ hai nhom tu hai duoc thuc hién nho st dung cac cong
cu tin sinh hoc trén hé diéu hanh linu. Locus trung tinh cua ca hai nhém tu hai dugc xay dung
dua trén tham chiéu dDocent va Stacks. Bong thoi, tién hanh phan tich lién két bién di thay thé
ddng hoén (Transition) va bién di thay thé di hoan (Tranversion), da xac dinh dugc 4 bién di
transition (dong hoan) voi tong s6 340 SNP & nhom tu hai ting truong nhanh va 150 SNP &
nhom tang truéng cham. Nguoc lai, x4c dinh dwoc 8 bién di tranversion (di hoan) véi téng s6 185
SNP ¢ nhém tu hai tang trudng nhanh va 61 SNP & nhém tang truong cham. Viéc kiém dinh cac
neutral loci (loci trung tinh) nham ting d6 chinh xac cia cac SNP sang loc duoc [25].

Tir viéc phan tich céc lién két va sang loc di thu duoc 100 SNP cho mdi nhém tu hai dya trén
su 6n dinh cua céc nucleotide ¢ ddu 3°. Tir 100 chi thi SNP tiém ning tiép tuc duoc sang loc dya
vao céc tiéu chi 1a chi s6 QUAL (chon chi sé cao nhat), hé s6 FPKM giita tu hai ting truong
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nhanh va tang truong cham, chirc nang dugc cha giai cho tieng chi thi cta gen quy dinh tinh trang
tang truong. Két qua da sang loc dugc 32 chi thi SNP tiém ning nhét, trong d6 c6 20 SNP tiém
nang cho nhom tu hai tang truong nhanh va 12 SNP tién nang cho nhom tu hai tang truong cham
(Bang 4).

Bang 4. V; tri contig va SNP ¢ hai nhom tu hai

Nhém sinh trwéng nhanh Nhom sinh truéng cham
STT  No. Stacks Vi tri No. dDocent SNP No. Stacks ~ Vitri  No. dDocent SNP
contig SNP contig contig SNP contig

1 4256* 14 1731* T/IA 42278 52 8465 T/IC
2 89920* 43 5700* G/C  160179* 69 17437* G/C
3 23172* 46 12709* T/IA  194687* 70 17765* G/C
4 13193+ 49 3570* T/G 209666* 75 33025* G/C
5 61085* 52 3881* G/IC  206834* 78 14306 CIT
6 103149* 61 8058* T/IC  169228* 89 37770 T/IC
7 14190 73 11689 AlG 19013 91 38550 T/IC
8 6162 75 3765 A/C 53272* 94 12648* T/IC
9 4649* 88 7534* CIT 204613 96 8330 G/A
10 225978 89 1121 T/IC 10876* 130 1365* C/IA
11 168086 98 4771 AlG 55129 132 36889 TIC
12 120192 99 9875 CIT 54383* 146 55268* GIT
13 200347 100 7897 AlG
14 38178* 102 5226* G/A
15 19584* 104 14664* G/A
16 9952 112 3770 G/IA
17 86987 115 6904 T/IC
18 12694 117 10792 CIT
19 9980 121 2440 CIG
20 84806 133 8290 T/C

Ghi chi: * Kiéu bién d; thay thé d; hoan; Sé béi mau dam 1a cac SNP c6 thé thiét ké diroc moi.
4. Két luan

Nghién ctru da xac dinh duogc kich thudc hé gen tham chiéu cho tu hai ting truéng nhanh 1a
434Mb va tu hai sinh truéng cham 1a 429Mb. Sang loc va phat hién duoc tong sé 1097951 diém
SNP lién quan dén ting trudng & ca hai nhém tu hai, trong d6 c6 703228 diém SNP & tu hai ting
truong nhanh va 394723 diém SNP & tu hai ting truéng cham. Tir 1097951 diém SNP & ca hai
nhém tu hai ¢ 372.583 SNP xuét hién chung & ca hai nhém tu hai.

Nghién ctru da sang loc dugc 32 SNP marker tiém ning c6 lién quan dén tinh trang ting
truong ¢ tu hai, trong do ¢6 20 SNP & tu hai lién quan dén ting truéng nhanh va 12 SNP ¢ tu hai
lién quan dén ting trueéng cham.
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