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TOM TAT

QTLY la moét QTL tiém nang méi lién quan dén cAu trdc bong lua, chon loc dwoc tir két qua phan tich GWAS céac
tinh trang nang suét cla tap doan Ita ban dia Viét Nam. Hai gibng IGa G6 va G189, nam trong tap doan nghién
ctu GWAS va thudc hai haplotype khac biét, duwoc str dung lam bé me dé tao quan thé lai tai t& hop nhdm nghién
clru chirc ndng ctia QTLY. Trong nghién ctru ndy, ching téi (’ng dung cdng nghé Gene Capture két hop voi giai
trinh tw thé hé méi (lllumina) d& tim kiém cac bién thé di truyén trong ving QTL9 cua hai giéng lia G6 va G189.
Két qua phan tich va sang loc bién thé di truyén da thu dworc 1002 bién thé déng hop trong d6 c6 827 bién thé
SNPs, 175 bién thé INDELs ndm trén cac vung exon, intron, promoter, UTR-3’, UTR-5’ va vung giao thoa gitra
cac gen. Tr do, xac dinh dwgc 12 SNPs nam trong vi tri catcua 5 enzyme gidi han (Sacl, Dral, EcoRV, BamH|,
Sall) dé phat trién chi thi phan t&r CAPS (Cleaved Amplified Polymorphic Sequences), phuc vu cac nghién ctru
chon tao giéng Ita ndng suét cao & Viét Nam.

Tir khéa: CAu tric bong lta, Cong nghé Gene Capture, gidi trinh tw thé hé méi NGS, QTL9, SNP.

MO PAU

Cay lua (Oryza sativa. L) cung cap lwong thuc cho hon mét niva dan sbé thé gisi (Gross et al., 2014) va ciing la cay
moé hinh trong cac nghién ciru hé gen cho céc loai mot I4 mam khac. Hon 3000 gibng l0a d& dwoc giai trinh tuw,
bao gém Nipponbare (Kawahara et al., 2013), 93-11 (Yu et al., 2002), DJ 123, IR64 (Schatz et al., 2014),
Zhenshan 97, Minghui 63 (Zhang et al., 2016), Shuhui 498 (Du et al., 2017), Oryza glaberrima (Wang et al., 2014;
Wang et al., 2018), hai giéng Ita thom thudc nhém Japonica cta Viét Nam 1a Tam Xoan Hai Hau va Tam Xoan
Béc Ninh ciing da dworc giai trinh tw (Trung et al., 2017). Sw s&n c6 clia cac bo di liéu giai trinh tw tao co s& thuan
loi cho cac nghién ctru trén toan hé gen va chon tao gidng IGa (Jain et al., 2019).

Nhirng tién bod trong cong nghé gidi trinh tw thé hé thi hai va k¥ thuat tin sinh hoc trong thap ky qua la co s& dé
phat trién cac phwong phap nghién clru danh gia da dang di truyén cho nhidu loai thuc vat. Tuy nhién, ddi voi
nhirng cay c6 bd gen Ién va cé tinh 13p lai cao bao gdm nhiéu loai cay ngii cdc, cac thach thire ki thuat va chi phi
c6 thé tao thanh rao can cho viéc giai trinh tw ca bd genome véi 6 phan giai cao, nhét 13 trén quy mé quan thé.
Cac phwong phap giai trinh tw “rit gon” chi tap trung vao mét ving cu thé trong genome, bao gém gidi trinh tw
exome, gidi trinh tw RNA (RNA-seq) va giai trinh tw ving muc tiéu lam gidm dang ké& lwong di¥ liéu tao ra cling nhw
cbng viéc xt ly tin sinh, c6 thé dwoc ap dung cho bét ky loai ndo da ¢ trinh tw cta gibng tham chiéu (Kawahara et
al. 2012). Chup gen két hop véi gidi trinh tw thé hé méi, 1a phwong phap hiéu qua dé& kham pha cac vung di truyén
muc tiéu & do phan gidi cao va qua dé xac dinh nhanh chéng hang ngan da hinh di truyén (Hill et al., 2019).

Trong nghién clru nay, chung t6i str dung phwong phap chup gen két hop véi gidi trinh tw thé hé méi (lllumina) dé
xac dinh cac bién thé di truyén (SNP - Single Nucleotide Polymorphism, INDELs) trong ving QTL9 (Quantitive
Trait Loci 9) lién quan dén cAu trdc bong Ita. QTLY ndm trén nhiém s&c thé sb 2, c¢é chiéu dai 780 kb, dwgc chon
loc thdng qua phan tich lién két trén toan hé gen (GWAS Geneome Wide Association Study) cta tap doan Ita ban
dia Viet Nam (Ta et al., 2018). QTL9 lién két voi ca 2 tinh trang sb hat/bong va sb gié thi cip/bong, 1a hai tinh
trang quan trong quyét dinh dén nng suét Ita. Day 1a mét QTL hoan toan méi, hon 130 gen tim thay trong viing
QTL9 nhung chwa gen nao dwoc nghién clru chirc nang lién quan dén cAu tric béng. Tuy nhién két qua phan tich
GWAS chu yéu dwa vao cac thuat toan thong ké, dé cé thé trng dung vao cac chwong trinh lai cai tao nang suét,
QTLY can dwoc nghién clru chirc nang va phat trién cac chi thj lién két théng qua cac quan thé lai. Hai gibng lua
ban dia G6 (S6m Giai Hwng yén) va G189 (Khdu Nam Rinh) thudc hai haplotype khac biét va cé cau tric bdng
twong phan (bdng to va béng nhd) dwoc st dung 1am bd me dé tao quan thé lai (Vi Thi Nhién et al. 2018). Két
qué phan tich bién thé di truyén trong ving QTL9 clia 2 gibng Ita bd me da thu dwoc 1002 bién thé déng hop.
Trong doé c6 12 SNPs nam trong vi tri cat ciia 5 enzyme gi6i han (Sacl, Dral, EcoRV, BamH|, Sall) dwoc chon loc
ra nhadm muc dich phat trién chi th| phan tlr CAPS (Cleaved Amplified Polymorphlc Sequences) phuc vu viéc danh
gia sw phan ly ctia QTL9 trong quan thé F2 va cac nghién ctru chon tao giéng lta néng suét cao.
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NGUYEN LIEU VA PHUONG PHAP

Nguyén liéu

Hai giéng lta G6 va G189 thudc tap doan lia ban dia Viét Nam st dung dé nghién ctru GWAS va duwogc xac dinh
thudc 2 haplotype khac biét vé QTL9 (Ta et al., 2018). Gibng G6 chira 9 SNP (gagagcgaa) cé kiéu hinh béng
nhd, s gié th® cAp/béng dao dong tir 23 - 34 gié, sb hat/bong tr 130 - 187 hat; gidbng G189 chra 9 SNP
(atataaatt) c6 kiéu hinh bdng to, sb gié thtr cAp/bdng khodng 45 - 48 gié va sb hat/bong tir 220 - 250 hat (Vi Thi
Nhién et al. 2018).

Trinh tw gen gibng lta tham chiéu Nipponbare (Kawahara et al., 2013; (Matsumoto et al. 2016).
Phwong phap

Tdch chiét DNA: DNA tdng sé dwoc tach chiét tir 14 cla cac cay lua non 2 tuan tudi, s dung bd kit DNeasy
Plant Mini Kit (Qiagen) theo huwéng dan cla nha san xuét. Ndng dd va do tinh sach ciia DNA dwoc kiém tra trén
may Nanodrop. Chéat lwgng DNA dwoc kiém tra trén gel agarose 1% (100 V, TBE 0,5X, 60 pht).

Xay dwng thw vién mau do RNA biotin héa: Ving QTL9 cha 137 gen, mau do dwoc thiét ké bao phl 77 gen
ma hoa, ké ca vung promoter (1000 pb trwéc ma mé dau) va vung 3 -UTR (500 pb sau méa két thuc). Mau do
duwoc thiét ké bang phan mém MYcroarray va st dung trinh tw cla giéng lta tham chleu Nipponbare, Mbi doan
mau do cé chiéu dai 80 pb, trong d6 40 pb trung v&i mau do ké tlep Céc trinh tw mau do sau khi thiét ké xong,
duoc tébng hop bdi cong ty DNAid (Phap) tao thanh mét thw vién cac soi DNA oligonucleotide. Cac soi don DNA
sau d6 dwgc phién ma “in vitro” thanh RNA va dwgc biotin héa.

Xay dwng thw vién DNA muc tiéu va lam giau vang muc tiéu: 1 ug DNA tong sb ctia méi gibng lta duoc cat
thanh nhi*rng manh nhé DNA c6 dd dai trung binh khodng 350 bp bang may cat siéu am tap trung. D6 dai cac
manh DNA duogc kiém tra bang dién di Fragment Analyser. DNA dwoc tinh sach bang cac hat tw tinh Agencourt
AMPure XP SPRI (Beckman Coulter, Australla) tiép theo 1a stra chiva két thic va cat dudi A, sau d6 dwoc gan
v&i adaptator va index co6 trinh tw dac thu cua lllumina p5 (CACTGC) va p7 (GCGCTA) (IDT Gen Custom
Blockmg O|IgOS) Phan &ng PCR dwoc thyc hién dé lam glau cac doan DNA muc tiéu, st dung cap mdi dac hiéu
cla lllumina. bé k|em tra chét lwong cla qua trinh lam glau muc tiéu, phan rng qPCR dwoc thye hién voi céap
mdi dac hiéu cho mdi viing muc tiéu. Cubi cling tat c& cac mau DNA muc tiéu dwoc gdp chung lai v&i nhau dé
phuc vu viéc gidi trinh tw.

Qua trinh lai mau do va vung muc tiéu: Qua trinh lai mau do va DNA viing muc tiéu dwoc thuc hién bang cach st
dung bd kit homemade cia hang DNAId, theo phwong phap ‘MYBAITs” phién ban 2 cla MYcroarray (“MyBaits -
Hyb Capture Kits”) (Hinh 1): (1) Bién tinh DNA muc tiéu: cac mau DNA duwoc blen tinh & 95°C trong 5 phut dé&
glan mach, tao thanh cac DNA mach don. (2) Lai mau do véi DNA muc tiéu: Cac mau do RNA biotin hoa dworc lai
véi DNA muc tiéu mach don trong dung dich lai, & 65°C trong 36 gid. (3) H&n hop lai mau va dau do dwoc gan
vao cac hat tlr tinh streptavidin. (4) Thu hdi cac doan DNA muc tiéu: Cac phtrc lai DNA-RNA sau d6 duoc gitr lai
sau khi loai bd cac doan DNA khdng phai la muc tiéu, tach khéi dau do va dugc 1am giau. (5) Nhan 1&n: Cac doan

DNA dwoc nhan 1én bing PCR va sau d6 dwoc giai trinh tuw.
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Hinh 1. Qua trinh lai m3u do va viing muc tiéu (theo MyBaits V2 ctia MYcroarray)
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Giai trinh tw: Cac phan doan DNA phan Iap dwoc trén may gidi trinh ty thé hé méi lllumina Miseq en pair end
(2 x 250).

Goi bién thé: D lidu trinh tw doc thoé dwoc danh gia, kiém tra chat lwong va nhan dién cac 16i trong di liéu bing
cbng cu FastqC. Sau dd, di¥ liéu sé dwoc giéng hang véi bd gen tham chiéu clia gibng Nipponbarre (Kawahara et
al., 2013) va loai bd vj tri phan t tring I&p, st dung phan mém BWA mem. Két qua giéng hang dir liéu sé duoc
sang loc bang phan mém SAMtools d& dam bao cac doan trinh tw doc da dwoc gidéng hang chinh xac véi b gen
tham chiéu va loai bd nhitng sai x6t. Cac bién thé (SNPs, indels) s& dwgc phat hién bing coéng cu
Haplotypecaller.

Goi va sang loc bién thé: Goi cac bién thé bang cong cu TOGGLe (Monat et al., 2015). Qua trinh loc d& lwa
chon SNP ddng hop va loai bd SNP di hop va tring l&p duwoc thwe hién bang cach s& dung VCFtools 0.1.16
(Danecek et al., 2011), SAMtools 1.9 (Li et al., 2009) va GATK 4.0.0.0 (DePristo et al., 2011; Auwera et al., 2013)
theo cac tiéu chi: S6 lan doc téi thiéu d& gan 1 bién thé di hop vao mét gidng (-minalcov = 3); D6 bao phu tdi
thidu (5 1an doc) va do bao ph téi da (3000 1&n doc) dwoc phép dé& gan mot kidu gen cho mdt mau (dpmin 5,
dpmax 3000); Sé lwgng mau téi da chira mot kiéu gen bi thiéu (mising = 3). Cac SNPs chét lwong va biallelic
dwoec gilr lai cho cac phan tich tiép theo.

Chu giai bién thé: Viéc cha giai bién thé dwoc thyc hién bang phan mém SnpE. Céac budc chu gidi bién thé va
chuyen hoéa cac file dwoc thwe hién bang cong cu Galaxy cla plateforme Southgreen, st dung SNiPlay3, mét
&ng dung trwc tuyén dé& kham pha va phan tich quy mé Ién vé cac bién thé gen (Dereeper et al., 2011).

KET QUA VA THAO LUAN

Phan tich trinh tw dwa trén bd gen tham chiéu Nipponbare

Téng coéng c6 1.830.925 trinh ty doc da dwoc tao ra. Kich thuwéc trung binh cla cac 1an doc dao dong 1a 350 bp.
M6t budc phan tach véi fastg-multx cho phép tach cac 1an doc thudc vé tivng mau. D lieu kém chat lwong,
adaptator va index duwoc loai bé béng céng cu Cutadapt. T hon 1,8 triéu lwot doc trinh tw dwoc truy xuat, giéng
hang di liéu v&i bd gen tham chiéu Nipponbare va loai bd nhitng phan tt trung lap, thu dwgc hon 98% sb doan
trinh ty dworc gilr lai, trong d6 68,67-71% di¥ liéu dwgc anh xa vao viung muc tiéu QTL9 (Bang 1).

Bang 1. So sanh va phan tich trinh tw

Tén méu S6 doan trinh tw giéng S6 doan trinh tw gidng hang thanh céng S6 doan trinh tw dwoc anh xa
hang thanh céng sau khi loai bé phan tr trung lap vao vung muc tiéu QTL9
G6 1.023.987 1.006.256 (98,26%) 714.128 (70,1%)
G189 778.852 765.081 (98,23%) 525.416 (68,67%)

Xac dinh, sang loc va chu giai bién thé

Cac bién thé (SNPs, indels) dwoc phat hién bdng cong cu Haplotypecaller. S6 bién thé thu dwoc 1an wot [a 4524
va 4522 cho 2 giébng G6 va G189. Sau dé nhirng bién thé c6 tan suét allen thap hon 5% (Minor Allele Frequency-
MAF <5%) va nhirng bién thé di hop hoac thiéu di¥ liéu bi loai bé béng céng cu SNiPlay, 1178 bién thé cling vi tri
dwoc gil lai cho ca 2 gidng. So sanh v&i bod div liéu di truyén DArt (Diversity Arrays Technology) (Phung et al.,
2014), bod dir lieu GBS (Genotyping By Sequencing) (Phung et al., 2016) va d liéu kiéu hinh cAu tric béng cla 2
haplotype (Ta et al., 2018), nhitng bién th& khdng c6 mat trong cac bd di¥ liéu nay bi loai bd. Bd di¥ liéu cubi cling
thu dwoc gitra 2 haplotype c¢é 1002 bién thé ddng hop trong dé cé 827 bién thé SNPs va 175 bién th& INDELs
(Bang 2).

Bang 2. Két qua goi va sang loc bién thé

Vi tri
Tén bién Téng
the SO Exon Intron Promoter UTR-3’ UTR-5’ Ving glao thoa gitra
cac gen
SNP 827 107 325 256 38 6 95
INDEL 175 10 66 64 17 1 17
Téng sb 1002 117 391 320 55 7 112

Cac bién thé trong viing exon (117 bién thé) dwoc chu thich va dw bao anh huéng clia cac bién thé dén ciu tric
protein nhu thay ddi axit amin, lam léch khung doc, thém bd ba mé hda, mét bd ba ma hoa... Viéc chu giai bién
thé dwoc thyc hién bang phan mém SnpE. Cac bwéc chd gidi bién thé va chuy&n héa cac file dwoc thuc hién
bang céng cu Galaxy cua plateforme Southgreen, s dung SNiPlay3, mét (ng dung trwc tuyén dé kham pha va
phan tich quy mé 16n vé cac bién thé gen (Dereeper et al., 2011).Cac bién thé ndm trong bd ba ma héa nhung
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khéng d&n dén lam thay déi axit amin dwoc goi la bién thé dong nghia, ngugc lai bién thé nam trong b ba ma
hdéa dan dén lam thay doi axit amin duoc goi la bien the sai nghia. Cac bien the thém bot (INDELs) lam I1éch
khung doc chuan hodc mat bé ba ma hoa (Bang 3).

Bang 3. Phan loai bién thé

Higu trng Tén bién thé SNP INDEL
Bién thé ddng nghia 38

Bién th& sai nghia 62

Dét bién léch khung doc 0 8
Thém bd ba ma mé dau 1

Thém bd ba ma két thic 6

M4t b ba ma hoa 0 2

Sang loc SNPs ndm trong vi tri cat ciia enzyme gi®i han dé xay dwng chi thi CAPS

Phan mém CAPSDETECTOR duoc str dung d& sang loc cac SNPs nam trong vi tri cat cia enzyme gidi han dé xay dung
chi thi phan t&r CAPS, phuc vu viéc danh gia kiéu gen clia quan thé F2. K&t qua thu duoc 12 SNP nam trong vi tri cat clia
5 enzyme gidi han (Sacl, Dral, EcoRV, BamH, Sall) (Béng 4). Trong d6, c6 6 SNP ndm trong vi tri cat cla enzyme
gi&i han Dral, 2 SNP ndm trong vi tri c&t clia enzyme BamHI|, 2 SNP nam trong vi tri cat clia enzyme EcoRV,
1 SNP ndm trong vi tri c&t clia enzyme Sacl va 1 SNP ndm trong vi tri cat ctia enzyme Sall. Cac SNP nay chi
yéu nam trong viing promoter (7 SNP), chi c6 2 SNP ndm trong vung intron, 1 SNP nam trong viing 3-UTR va
1 SNP n&m trong ving exon lam thay dbi bé ba ma héa tr CCG thanh CTG tir d6 lam thay ddi axit amin tw
Proline (P) sang Leucine (L).

Bang 4. Danh sach SNP nam trong vi tri cat ctia cac enzyme gi&i han

STT | Vitri SNP Tén Locus Dé\fi ‘t’;fm T;‘:Lgéhi i :):f‘;g‘l": (gg) H2 (G189) | Enzyme
1 16748183 LOC_0s02g28334 exon cCg/cTg P/L GG AA Sacl
2 16805351 LOC_0s02g28410 Promoter GG TT Dral
3 16882053 LOC_0s02928530 Intron AA T Dral
4 16919772 intergenic TT TATA Dral
5 16961918 LOC_0s02g28670 Promoter AA TT EcoRV
6 17035526 LOC_0s02928810 Promoter AA GG BamHl
7 17039753 LOC_0s02g28820 Promoter TT cC EcoRV
8 17124682 LOC_0s02g28910 Promoter TATA TAT Dral
9 17161487 LOC_0s02g28980 Promoter TATA TT Dral
10 17205540 LOC_0s02g29040 Promoter AA TT Sall
11 17254246 LOC_0s02g29130 intron T AA Dral
12 | 17271258 LOC_0s02g29150 3-UTR GG cCc BamH|

Ghi chi chi viét tat: H1: Haplotype 1, H2: Haplotype 2; P: Proline, L: Leucine.

KET LUAN

T hon 1,8 triéu lwot doc trinh tw dwoc truy xuét,’giéng hang di¥ liéu véi bd gen tham chiéu Nipponbare va loai
bd nhirng phan t& tring I13p, thu dwgc hon 98% s6 doan trinh ty dwoc gilr lai, trong dé 68,67 - 71% d liéu dwoc
anh xa vao vung QTL9.

Goi bién thé bang cdng cu Haplotypecaller thu dwoc 9.046 bién thé trong ving QTLY, trong d6 & gidng lta G6 ¢
4524 bién thé va & gibng lua G189 c6 4522 bién thé. Sang loc bién thé thu dwoc 1002 bién thé ddng hop cua
2 haplotype trong d6 c6 827 bién th& SNP va 175 bién thé INDELs. Trong 827 bién thé SNP c6 107 bién thé ndm
trong vuing exon, 325 bién th& ndm trong viing intron, 256 bién thé ndm trong viing promoter, 38 bién th& ndm trong
viing UTR-3’ va 6 bién thé ndm trong viing UTR-5’, con lai 95 bién th& ndm trong viing giao thoa gitra cac gen.
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Sang loc cac bién thé nam trong vi tri cat clia enzyme gi6i han thu dwoc 12 SNPs nam trong vi tri cat clia 5 enzyme gidi
han (Sacl, Dral, EcoRV, BamHl, Safll) phuc vu cho viéc phat trién chi thi phan t&» CAPS nham phan tich sy phan ly
clia QTL9 trong quan thé F2.

Loi cam on: Nghién ciu ndy duoc tai tro boi Quy Phat trién khoa hoc va cong nghé Quoc gia (NAFOSTED) thong qua dé
tai md so 106-NN.02-2016.60. Cac tac gid xin chdn thanh cam on.
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APPLICATION OF GENE CAPTURE TECHNOLOGY TO IDENTIFY
GENETIC VARIANTS IN QTL9 RELATED TO RICE PANICLE STRUCTURE
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Agricultural Sciences

SUMMARY

QTL9 is a new potential QTL related to rice panicle structure, selected from a GWAS analysis of yield traits
using a Vietnamese local rice panel. In order to validate the GWAS site, a bi-parental population was developed
using the low branching Sém Giai Hung Yén (G6) and the high branching Khau Nam Rinh (G189) accessions
from 2 haplotypes characterized by a contrasted phenotype for the spikelet number and sencondary branch
number traits. In this study, Gene Capture technology combined with next generation sequencing (Illumina) was
applied to identify genetic variations in the QTL9 region of G6 and G189 varieties. Analysis and screening of
genetic variants yielded 1002 homologous variants, including 827 SNPs and 175 INDELs. Of which, 12 SNPs
are located in the cleavage sites of 5 restriction enzymes (Sacl, Dral, EcoRV, BamHI, Sall) serving to develop
CAPS (Cleaved Amplified Polymorphic Sequences) markers for high yield rice breeding programs in Vietnam.
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