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TOM TAT

Trong mot thap ky gan day, cung véi sy phat trién clia khoa hoc cong nghé, viéc gidi trinh tw gen
va xay dwng ban dd diém da hinh don nucleotide (SNP) cé d6 phan giai cao da lam sang té nhiéu yéu té
di truyén & nhiéu loai cay tréng, dac biét la & cay lua (Oryza sativa). Dbi v&i cac tinh trang néng hoc
phrc tap nhw nang suét, chat lwong, kha ndng chéng chiu ctia mét quan thé lua thi nghién ctvu lién két
trén toan hé gen (GWAS — Genome Wide Association Study) la cong cu v6 cung hibu hiéu. GWAS cung
cap cai nhin dau tién, sau séc vé cac tinh trang ndng hoc trong moi twong quan voi kiéu gen, qua do
cung cap mot sb Iuong I&n cac locus tinh trang so lwong (QTL) va gen tiém na&ng cho cac nghién ctru
tiép theo. Trong tdng quan nay, ching t6i sé thao luan ve nguyén ly, tiém nang tng dung, cling nhw
nhitng thach thirc khi str dung GWAS trong cac nghién ctru tim kiém QTL va gen tiém nadng ap dung

cho céac chwong trinh chon tao gibng.

Tw khéa: Oryza sativa, GWAS, ndng suét, tinh khang.

I. PAT VAN PE

La mot trong nhirng céy luong thuc quan
trong bac nhét trén thé gioi, nhing hiéu biét vé
co ché di truyén lién quan dén sy sinh truong,
phat trién, chéng chiu véi cac diéu kién bat loi
cua moi truong va da dang hinh thai cua cay
laa chau A (Oryza sativa) cé y nghia 16n trong
viéc bao dam an ninh luong thyc. Trong sb cic
ing dung cong ngh¢ sinh hoc dugc ép dung
trong nhiéu thap ky qua (nudi cay bao phan uu
thé lai, gdy dot bién, cay trong chuyen gen,
v.v), lap ban d6 QTL duya trén quan thé bd me
(bi-parental population) van 1a ky thuat phd
bién nhat trén thé gioi duge tmg dung trong cac
chuong trinh chon tao gidng (Lu et al., 1996).

Hinh 1. Phuong phap phan tich GWAS

Mic du gat hai duogc nhiéu thanh cong, QTL 0
rang khong phai 1a phuong phap t6i wu dé khai
thac ngudn gen to lon vai kiéu hinh da dang
ciia hon 120.000 giéng lta, do (1) gidi han s6
lugng allen quan tdm do e ngai sy phan li gitra
bd me tir doi F2 cta cac dong tai to hop (RIL),
(2) ban d6 QTL c¢6 mirc 46 phan giai bi gidi
han, vi vy khoang tin c@y cia QTL thuong c6
kich thudc rat 16n. Trong khi d6, GWAS véi su
trg gitip cua thé hé giai trinh ty mdi cung cp
bd marker bao phu toan hé gen véi d§ phan
giai cao hoan toan khong chiu nhiing gidi han
trén, trd thanh cong cy manh mé trong viéc
nghién ctu da dang di truyén, dic biét la &
nhitng tinh trang nong hoc phure tap.
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ILVAT LIEU VA PHUONG PHAP
NGHIEN CUU

GWAS duogc str dung 14n dau tién hon 10
nam trude trong di truyén ¢ nguoi, dén nay da
¢6 hon 1.500 cong bd & ngudi, cac sinh vat mod
hinh ciing nhu cay tréng, dac biét 1a cay lua véi
hang loat cac nghién ctru trong khoang 5 nam
tro lai day (Begum et al., 2015; Huang et al.,
2011; Liu et al., 2016).

Nguyén tic co ban cia GWAS 1a dénh
gia mdi twong quan gitta mdi chi thi di truyén
v6i tinh trang quan tdm trong mot quin thé
cung loai. GWAS cung cip céi nhin sdu sic vé
dic tinh di truyén cua céac tinh trang trén, cho
phép lya chon cac cip bd me tot nhat dé phan
tich QTL, cling nhu cac gen tiém nang quy
dinh tinh trang quan tdm (hinh 1). Trong tong
quan nay, chung t6i s¢ thao luén vé nhimg uu
diém va han ché cua nghién ctru GWAS, ciing
nhu tiém ning cua phuwong phap cho cong tac
chon tao giéng Iua tai Viét Nam.

III. THAO LUAN

3.1. Liia 1a ciy trong ly twomg cho cac
nghién ciru GWAS

Lua (Oryza sativa) 1a ciy trong 1y truong
dé tién hanh cac nghién ciru GWAS nho co ché
tu thu phén va su da dang di truyén. Do co ché
tu thu phén cdy lua c6 do phén ra cua cac lién
két mat can bang (LD decay) gitra cac chi thi di
truyén qua cac thé hé cham trong khi khoang
cach dé cac lién két mét can bang phan ra trong
hé gen lai nhanh hon so vdi céc cdy trong giao
phan (Flint-Garcia et al., 2003). Nho d6 cac
dong thuan cé thé dugc duy tri qua nhiéu thé
h¢ trong khi gi6i han d§ phan giai dé lap ban
d6 cac gen lién két lai nho hon so véi cdy trong
giao phan. Riéng trong cac nghién ciru GWAS,
v6i phan gidi SNP cao bao phu toan hé gen,
khoéng tin c@y cua cac QTL chi con khoang 50
- 100 kb (tuy vao phuong phdp phan tich h¢
gen), thay vi vai mega base nhu trong phuong
phap 1ap ban d6 QTL trudc déy, giup cho viéc
khoanh ving va tim kiém cic gen tiém ning
tré' nén don gian hon (Huang et al., 2010).

Véi dién tich phan bd rong khip thé gioi
va hon 127.000 giéng khac nhau (ngin hang
laa qudc té- The International Rice Genebank),
cay lua (O. sativa) thé hién sy da dang vé
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ngudn gen va trd thanh nguén vat li¢u ly tuong
cho cac nghién ciu biang GWAS. Trong vai
nim gan day, sd luong 16n dur lidu ve ngudn
gen duoc cong bd va khong ngimg ting 1én &
ca sb lugng trinh ty gen va ban dd SNP ¢6 do
phan giai cao (Huang et al., 2010, 2012; Zhao
et al., 2011). Nam 2014, du an giai trinh ty
3000 gidng lua thu thap tir 89 qudc gia dai dién
cho 5 nhém chinh cua O. sativa la indica,
aus/boro, basmati/sadri, tropical japonica va
temperate japonica thanh cong (GigaScience).
Niam 2016, McCouch va cs. cong bd dir licu
giai tinh tg phuc vu cho nghién citu GWAS
trén 1568 giong lua tuyén chon véi 700.000
SNP (HDRA SNP). Cac quan thé ltia duoc gidi
trinh ty nay déu dugc dua 1én cac website truc
tuyen dé dang truy cép, cung cap dir liéu khong
16 v& kiéu gen cho cac nghién ciru GWAS.

Tai Viét Nam, trong dy an hop tac Viét -
Phap, Phing va cong su da xdy dung mot quan
thé céac giéng Iua ban dia dai dién cho cac hé
sinh thdi canh tac da dang cua Viét Nam gém
182 gidng dwoc phén tich v6i gan 30.000 SNP
bang ky thuat genotyping by sequencing (GBS)
tao tién dé cho cac nghién ciru GWAS d01 voi
cac tinh trang nhu cdu trac bd ré, cu tric
bong... (Phung et al., 2014, 2016). Cling trong
hai nam 2011-2012, trong du an hop tac gitta
Vién Di truyén Nong nghiép, Trung tim
nghién ctru John Innes va Trung tdm phan tich
genome (The Genome Analysis Centre -
TGAC), 36 gidng laa ban dia wu ti tai Viét
Nam dugc giai trinh ty illumina 7x, du kién
dén nam 2017 dy 4n s& hoan thanh viéc giai ma
trén 300 gidng lua Viét Nam. Thanh cong cua
cac du an giai trinh ty hé gen lua tai Viét Nam
no6i riéng va trén thé giéi noi chung cung cip
ngudn dir liéu v cung phong phl cho céac
nghién ctu GWAS trén cay lua.

3.2. Nhirng nghién ciru GWAS ¢ cay lua

Pé dap tmg nhu ciu luvong thuc ngay
cang ting do bung nd dan sb cing nhu qua
trinh do thi hoéa va khi hau thay ddi, cai thién,
duy tri 6n dinh nang suat lta gao cling nhu tang
cuong tinh khang ludn 1a yéu cau cap bach d6i
v6i nén noéng nghiép cua cac qudc gia. D61 voi
tinh trang ning suét, day l1a mot tinh trang nong
hoc phuc tap chiu anh huong tryc tiép boi sb
bong/cay, s6 hat/bong, trong lugng hat, va chiu
anh huong gian tiép cua cac tinh trang nong
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hoc khac nhu chiéu cao cay, thoi gian ra hoa,
s6 nhanh/cay, hinh thai, mau sic va sé luong
la/cay,... Néu cac phuong phap truyén thong
thuong chi c6 thé tdp trung vao mot vai tinh
trang dé nghién ctru, thi GWAS lai ¢ thé ap
dung nghién ciu trén ca tap doan cung lic
nhiéu tinh trang.

Hién nay c6 hon 400 QTL lién quan dén
tinh trang hinh thai hat dugc phat hi¢n br:ing
nhiéu phuong phap lap ban d6 khac nhau
(http://www.gramene.org/qtl) nhung chi co
khoang 20 gen lién quan dén kich thudc va
trong luong hat dwgc phan 1ap bang phuong
phap cloning. Bang cach ap dung GWAS trén
tap doan lua indica Trung Qubc, Huang va cs
(2011) tim dugc 32 loci méi lién quan dén thoi
gian ra hoa va 10 loci lién quan dén kich thudc
hat. Feng va cs (2016) cong bo 27 loci va 424
gen tiém nang lién quan tryc tlep den hinh thai
hat, trong d6 co 16/27 loci trén nam gan voi
cac QTL quy dinh hinh thai hat da dugc cong
bd trude ddy, dang chi ¥ 1a hai QTL quy dinh
chiéu dai (GS3) va chidu rong hat (qQSW5).
Trong khi d6, trén tap doan lua japonica Trung
Qudc, Si va cs (2016) phat hién mot QTL 16n
trén nhidm sic thé sé 7 chira gen OsSPLI3 quy
dinh kich thudc hat va ciu trac bong théng qua
viéc diéu hoa qua trinh phan chia té bao.
Khong chi cac giéng ban dia, tdp doan cac
giong lua lai cling trd thanh nguoén vat li¢u
quan trong phuc vu nghién ctu GWAS. Véi
tap doan 369 giéng lua lai vu ti (IRRI), Begum
va cs (2015) cong bd 52 QTL mdi lién quan
dén 11 tinh trang nong hoc quan trong gom
nhiéu QTL 16n quy dinh thoi gian ra hoa, cao
cdy, nang suét lua, chidu dai, chiéu rong va ti 1&
dai/rong ¢ hat.

Cac phén tich GWAS trén tinh trang cau
trac bong ciing bung nd trong mot vai nim gan
day. Cac nghién ctru GWAS khong chi tim lai
cac QTL timg dugc cong bd nhu mot minh
chuing cho tinh hi€u qua cua phuong phap, ma
con tim ra rat nhidu QTL méi. Tir cac nghién
ciru GWAS trén cdc tinh trang anh hudng truc
tlep dén nang suit nhu trong luong 1.000 hat,
s0 lugng bong/cay, s6 gié so cap/bong, s6 gié
thir cAp/bong, dai truc bong, sé nhanh/bong, s6
hat/bong (Liu et al., 2016; Zhao et al., 2011),
dén cac nghién clru trén mot so tinh trang anh
huong gian tiép dén niang suit nhu chiéu cao

cay, thoi gian ra hoa (Begum et al., 2015; Liu
et al., 2016), kich thudc, ) lugng, mau sic 14
(Yang et al., 2015), ham lugng diép luc (Wang
et al. 2015) chat lugng hat (Qiu ef al. , 2015).
Nhung thanh tyu nay phan éanh sy pho bién,
mirc 46 dang tin cdy ciing nhu tiém ning to 16n
clia cac nghién ciru bang GWAS trén cac tinh
trang nong hoc ¢ lua.

Bén canh tinh trang nang suat, tdng cuong
tinh khang & la ciing 1a mot thach thirc 16n dbi
v6i cac nha chon gidng. Pbi voi tinh khang
man, dén nay méi chi ¢ ving QTL Saltol chira
3 gen (SKCI, SalT va pectinesterase) dugc
nghién cru chiic nang (Ren ef al., 2005). Nam
2015, nghién ctru GWAS dau tién & tinh trang
chiu man dugc cong bd boi Kumar va cs, két
qua tim thdy mot QTL bao phu ca ving Saltol
va mot s6 QTL khac co anh huong & muic do
nho6 va trung binh dén kha nang khang man. Déi
v6i tinh chdng chiu han, hai nghién ctru dau tién
bang GWAS duoc cong bd nim 2013 (Clark et
al., 2013; Courtois et al., 2013). Tai Viét Nam,
dwa trén phan tich kiéu gen ctia 182 gidng lta
(115 indica va 64 japonica) thu thap tir khip cac
tinh thanh trén ca nudc, Phing va cs (2014) tién
hanh phén tich GWAS trén cac tinh trang lién
quan dén céu trac bo ré nhu dai re trong luong
¢ 6 cac dg sau khac nhau, day ré, s6 luong 1é
bén, ti 18 r&/chdi va mot sd tinh trang khac anh
huong dén kha ning dam sau va hip thy nudc,
qua d6 ting cuong kha ning chiu han. Két qua
nghién ciru tim ra 2 QTL quan trong va mot s6
gen tiém nang trén nhiém sic thé s6 2 va 11 anh
huong 16n dén tinh trang d6 day cua ré va sb
luong r& bén (Phung et al., 2016). Ddi voi kha
ning khang bénh, cic phan tich GWAS van con
han ché, dén nay moi ¢6 2 cong bd trén lua lién
quan dén tinh khang dao on (Wang et al., 2014)
va tinh khadng Meloidogyne graminicola
(Dimkpa et al., 2016).

Tuy chi méi xuit hién trong vai nam
ngan ngli, cic nghién ctru GWAS da dugc ap
dung trén hau hét cac tinh trang néng hoc quan
trong anh huong dén niang suit, chat luong
cling nhu tinh khang & nhiéu tap doan lua. Cac
phan tich GWAS khong chi tim ra cac QTL da
dugc biét dén ma con dua ra gia thiét vé su ton
tai ciia nhidu QTL va gen tiém ning méi dang
quan tdm. Bing cach nay, cac nha chon gibng
c¢6 thé thu hep khoang cach tir viéc xac dinh
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QTL quan trong dén xac dinh gen tiém nang
dap tmg cho cac chuong trinh chon gidng tang
tinh khang ciing nhu tdi wu hoa ning suét va
chat luong lta.

IV. THACH THUC TRONG NGHIEN
CUU GWAS

Mic du git hai duoc nhiéu thanh cong
trong vai nam tr¢ lai day, cac nghién cuu
GWAS ciing gdp rat nhiéu thach thirc. Dé tién
hanh nghién ctu GWAS can 4 yéu td quan
trong: (1) tap doan du l6n dam bao do da dang
va phu hop véi yéu cau nghién ctru; (2) Phan
tich kiéu gen voi SNP bao phu toan b hé gen,
(3) phan tich kiéu hinh va (4) chon dwoc md
hinh phén tich pht hop (hinh 1). Dbi véi yéu t6
dau tién, tdp doan st dung trong nghién ciu
phai 16n, dam bao két qua phan tich thong ké du
manh dé tim duoc nhimg méi lién két du nho
gita kiéu gen va kiéu hinh. Tuy nhién nguyén
tic "cang nhiéu, cang t6t" khong phai ludn
dung, boi sy da dang di truyén ciing nhu mdi
quan hé giita cac ca thé trong tap doan moi la
nhan t6 anh hudng nhiéu dén két qua cua
GWAS (Han va Huang, 2013). Déi véi yéu t6
thir hai, s6 lugng SNP bao phu hé gen hay cic
dir liu giai trinh ty thuong xuyén dugc cip nhat
déu co thé d& dang truy cép tir cic website nhu
gramene, oryzasnp, aws, msu,... Tuy nhién néu
mudn phan tich GWAS trén mdt tdp doan mdi,
viéc giai trinh tu cling nhu luu trit dit liéu can
ngudn kinh phi 16n va cic chuyén gia vé tin
sinh. Van dé tht 3 - phén tich kiéu hinh - cong
viéc quan trong bac nhét trong nghién ciru. Viéc
danh gia kiéu hinh cta hang trim dén hang ngan
ca thé yéu cau quy chuan dam bao do dong nhat,
nhét 13 véi cac thi nghiém ddng rudng. Bé dam
bao cho chit luong cua cac dit liéu vé kiéu hinh,
thi nghiém can dugc lap lai va nén dugc lap lai
trén mot vai diéu kién méi truong khac nhau
(Begum et al., 2015; Clark et al., 2013). Cubi
cung la lga chon md hinh phan tich phu hop
thong qua cac thuat toan mo ta mdi quan hé giita
céc ca thé trong quan thé. Cac mo hinh tinh toan
nhu tuyén tinh hon hop (mixed linear), hdn hop
nhiéu locus (multi-locus mixed) va hdn hop
nhiéu tinh trang (multi-trait mixed) dugc xay
dung, phat trién va toi wu hoa dé giai quyét van
dé trén (Korte et al., 2012; Segura et al., 2012;
Shin va Lee, 2015). Hién nay mo hinh dugc s
dung nhiéu nhét 14 tuyén tinh hdn hop két hop
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v6i ma trin md ta quan hé cia cac ca thé trong
quan thé. Cac md hinh nghién ctru van duoc
hoan thi¢n tung ngay gitp tang thém sic manh
cua GWAS.

Mot thach thirc 16n nita khi tién hanh
phan tich cac tinh trang nong hoc bang GWAS
1a cung cip thong tin va két qua co thé sir dung
ngay cho cac chuong trinh chon tao giéng (vi
du nhu cung cap cac chi thi phan tir lién két v6i
tinh trang quan tam). Két qua cia GWAS dua
trén mo hinh théng ké, do vay QTL va gen tién
ning can duoc nghién ciu va ching minh
true khi dua vao cac chuong trinh chon gibng.
Mac du GWAS giup gidi han doan QTL tur vai
mega base xudng con 50-100kb thi ddy van la
kich thudc 16n ¢6 thé chira hang chuc gen. Tin
tt 1a v6i nhiéu tién bo trong nghién ciru chirc
ning gen nhu chuyén gen, sang loc dot bién tir
ngan hang dot bién T-DNA, bat hoat RNA hay
chinh sira hé gen (genome editing) hd trg rat
nhiéu cho viéc nghién ciru chire ning gen.

Bét chip nhitng kho khin, GWAS duoc
hoan thién va ap dung ngay cang pho bién &
nhiéu tap doan lta khac nhau trén thé gidi. Tai
Viét Nam, du an giai trinh ty toan bd hé gen
cua cac giéng laa ban dia vu ta (Vién Di truyén
néng nghiép) va thanh cong budc dau trong
nghién citu GWAS trén bo ré (Phung et al.,
2016) m¢é ra hudéng di moi bén canh céac
phuong phap truyén thong. GWAS khong chi
khai thac hiéu qua ngudn gen phong phu cua
ciy lta Viét ma con htra hen cung cap nhimng
chi thi phan t&¢r mdi phu hop cho cac chuong
trinh chon tao giéng lua Viét Nam.

LOI CAM ON

“Ce qui embdlit le désert, dit le petit
prince, c'est qu'il cache un puits quelque part....”
- Antoine de Saint-Exupéry, The Little Prince

T6i mubn giri 161 cam on chan thanh cia
minh ti tién si Stephane Jouannic, nguoi thay,
ngudi ban, nguodi dong nghiép tuyét voi; ngudi
d3 truyén cam himg, niém tin va nghi luc cho t6i
trong nhiing nam 1am nghién ctru sinh ciing nhu
gitip t0i ddt nén mong cho cac nghién ciu vé
GWAS va phat trién nhom tai Viét Nam.
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ABSTRACT

Genome wide association study (GWAS): potential applications and challenges for rice
(Oryza sativa L.) breeding programe

Over the last decade, with the development of technology, high-density SNP arrays and
sequencing have elucidated majority of the genotypic for a number of crops, especially in rice (Oryza
sativa L.). For complex agronomic traits in rice such as yield component, quality and tolerance,
Genome Wide Association Study (GWAS) presents a powerful tool to reconnect this trait back to its
underlying genetics. GWAS can offer a valuable first insight into trait architecture in the association
with genotype, providing the numerous of quantitative trait locus (QTLs) and candidate genes for
subsequent validation. In the review, we discuss the principles, potential applications, as well as the
challenges when using GWAS in the rice breeding program.

Keywords: GWAS, rice yield, yield components, tolerance.
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