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TOM TAT

Nghién ctru nay nhdm 1am rd nén tang di truyén lién quan dén hinh thai va kich thuwéc hat gao, qua dé cung cap
so s& khoa hoc phuc vu céng tac chon tao giéng lia chét lwong cao, phii hop véi nhu ciu thi trwdng. Phan tich
twong quan trén toan hé gen (GWAS - Genome-wide Association Study) dwgc thwc hién véi céc tinh trang hinh thai
va cAu tric hat cGa 102 ngudn gen gao mau. Phan tich GWAS dwoc tién hanh bang phan mém TASSEL, 4p dung
m6 hinh MLM, s dung 60224 SNPs. Két qua phan tich d& xac dinh dwoc 31 vj tri di truyén tinh trang sb lwong
(QTL - quantitative trait locus) lién quan dén céc tinh trang s lwgng gdm chiéu dai hat thoc, chiéu réng hat théc,
chiéu dai hat gao, chiéu réng hat gao, dd day hat gao, ty 1& chidu dai/réng hat thoc, ty & chiéu dai/réng hat gao, mau
sé&c vé trdu va mau séc hat gao. Trong sé 31 QTLs duwoc xac dinh, c6 8 QTLs tring v&i cac QTL/gen da duwgc cong
bd trwdc d6 va 23 QTL mai. Két qua nay cung cap thong tin trong nghién ctru cdp d6 phan tir va chon tao gidng gao
mau tiép theo.

Twr khéa: Gao lat, gao mau, GWAS, GS5, QTL

Genetic Characteristics Associated with the Morphological Traits
of Pigmented Pericarp Rice Grains

ABSTRACT

This study aimed to elucidate the genetic basis underlying rice grain morphology and size, thereby providing a
scientific foundation for the breeding of high-quality rice varieties that meet market demands. A genome-wide
association study (GWAS) was conducted for morphological and grain structural traits in 102 pigmented pericarp rice
accessions. GWAS analysis was performed using the TASSEL software, applying a mixed linear model (MLM), using
60,224 SNPs. A total of 31 quantitative trait loci (QTLs) were identified associated with the following traits: grain
length, grain width, decorticated grain length, decorticated grain width, decorticated grain thickness, grain length-to-
width ratio, decorticated grain length-to-width ratio, lemma color, and decorticated color. Among these, 8 loci
overlapped with previously reported QTLs/genes, while 23 QTLs were novel. These results provide valuable
information for molecular studies and for subsequent breeding of colored rice varieties.

Keywords: Decorticated grain, colored rice, GWAS, GS5, QTL.

ndi nhit. Trong d6, ndi nhit (chiém khoang 70%

1. DAT VAN DE khoi lugng) 1a phan dude st dung chinh, thanh

Luaa la cay luong thuc quan trong cho hon
mdt niia dan s6 trén thé giéi. O Viét Nam, lda
gao 1a ngudn luong thuc chinh (Téng cuc Théng
ké, 2023). Trong nhiing nam gan day, Viét Nam
luén nam trong nhém 5 nudc c6 san lugng lia
gao xuét khiu cao nhat thé giéi. C4u tric hat
lda (théc) gbm vo trau, 16p aleuron, phoi hat va
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phan dinh dudng gom tinh bot, protein, cac
vitamin, khoang chat, vi lugng, axit amin, chat
chéng oxy héa,.. Hién nay, miat hang gao lat
(gao 1at, hat théc da dudc tach bd vé trau) dang
thu hut ngudi tiéu dung, nhat 12 nhém ngudi bi
bénh tiéu duong, viém khdép, tim mach,.. Ching
¢6 thé c6 mau trang, mau vang, mau d, mau



nau, mau tim va mau den; su khéac biét mau sic
thuong di kém khac biét vé thanh phan
flavonoids, anthocyanin, proanthocyanidin, cac
hop chat chong oxy héa, qua d6 tao nén gia tri
dinh duéng va gii tri st dung d#c thu cta ting
giong (Zhu & cs., 2017; Brotman & cs., 2021;
Tran & cs., 2024). Ngoai muc dich st dung 1am
luong thuc, nhiéu san phidm, phu phdm khéac
cua lda gao da va dang dude st dung dé sin
xuft dau gao, thuc phdm chtc nang va my
phdm (Pham Vin Cudng & cs., 2021).

Nghién ctu vé dic diém di truyén cua cay
lda (Oryza sativa L.) c6 vai trd quan trong doi
v6i cong tac gin gidi, chon tao va phat trién céc
giong méi. Trong d6, khao sat va thiét 1ap co s6
dii liéu ngudn gen lda duge xac dinh 1a cong viéce
thudng xuyén nham tim dudc cac mau giong lda
¢6 kiéu gen va tinh trang hiiu ich, qua d6 khai
thac su da dang di truyén va xac dinh nhiing
dong trién vong cho cac chuong trinh chon tao
giéng lda méi tuy theo muc dich st dung. Do
nhiing ap luc vé an ninh luong thuc toan cau,
viéc nghién ctiu chon tao giéng lia mdéi ning
sudt cao, chéng chiu tét, c6 thoi gian sinh
trudng ngin ludn 1a uwu tién hang dau. Tuy
nhién, diéu d6 ciing lam bién mat cac ngudn gen
lda dia phuong quy, cé chit lugng tot va kha
nang thich dng cao v6i moéi trudng bat thuan
cua dia phuong. Vi vay, song song vé6i viéc chon
tao cac gidng mdéi, viéc duy tri ngudn gen lia
ban dia ciing rat can thiét.

Tinh trang hinh thai va kich thudc hat la
cac chi tiéu chat lugng quan trong, mang tinh
dic trung cua gidong va chiu chi phéi béi nhiéu
gen ciing nhu tuong tac gitia kiéu gen va moi
trudng. Viéc lap ban db di truyén tinh trang s6
lugng (QTL - quantitative trait locus) trén quan
thé lai cac ciap b me da cung cdp thong tin di
truyén cho cac tinh trang chat lugng hat. Tuy
nhién, cac QTL dugc tao ra tit quan thé lai cac
cdp bd me thuong cé6 moét s6 han ché nhu chi
phan anh bién di alen ctua hai dong bd me; s6
lan tai t6 hgp han ché nén d6 phan giai dinh vi
con th&p va hiéu ing QTL kho chuyén giao sang
nén di truyén khac. Gan day, phuong phap
phén tich tuong quan trén toan hé gen (GWAS -
Genome-wide Association Study) cay lia, bing
cach st dung vat liéu 1a quan thé cac ngudn gen
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tu nhién, ban dia va da dudc giai trinh tu gen la
huéng ti€p can phu hgp, hién dai va tiét kiém
chi phi so v6i phuong phap truyén thong. Uu
diém ctia phuong phap nay la khai thac dude tai
t6 hop trong quan thé da dang, gitp tang d6
phan gidi phat hién vung gen/bién di lién két
v6i tinh trang. Nhiéu nghién ctiu da chiing minh
hiéu qua cia GWAS trong viéc xac dinh dic
diém di truyén lién quan dén cac tinh trang
khac nhau trén ciy Iia (Phan & cs., 2023; Wang
& cs., 2023; Pham & cs., 2024). D61 v6i gao mau,
nghién ctiu gan day cho thay thong tin di truyén
ctia mau sic hat va cac hgp chéat lién quan 1a da
gen va phu thudc manh vao vat liéu nghién ctu
va cdu tric quan thé. Nghién ctu cta Pham &
cs. (2024) trén ngudn gen lia den ban dia cua
Viét Nam cho thdy tiém ning 16n ciia nguén gen
dia phuong va nhan manh nhu cidu md rong
phan tich sang cac tinh trang hinh thai va ciu
tric hat gao trong nhém vat liéu gao mau.
Chung tbi tién hanh xac dinh cac dac diém kiéu
hinh cta hat laa, gao va phan tich GWAS cac
tinh trang nay. Nghién ctu nay nham cung cip
théng tin di truyén va cac vat liéu nghién ctiu
theo huéng san xuét thuc phdm chiic nang, dau
cam gao va cac huéng st dung khac cta cay laa.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Téng s6 102 ngudn gen lda c6 hat gao c6
mau (niu, 49, den, tim) dugc thu thap & cac
ving cta Viét Nam va cac nudc trén thé gidi,
trong d6 16 ngudn gen lia duge thu thap va luu
trit tai Trung tAm Tai nguyén di truyén thuc vat
va 86 ngudn gen lia duge Vién Nghién ciu Lia
qudc t& IRRI thu thap ti cac qudc gia, vung
lanh thd khéac nhau.

2.2. Phuong phap nghién ctu

2.2.1. Panh gis kiéu hinh

Thi nghiém déng rudng dugc tién hanh tai
khu thi nghiém déng ruéng Khoa Néng hoc, Hoc
vien Nong nghiép Viét Nam ti thang 7 dén
thang 12 nam 2024, thu thap mau hat théc, hat
gao va tién hanh danh gia kiéu hinh cta hat.
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Déc diém di truyén lién quan dén dac diém hinh thai va kich thwéc hat gao mau

Nghién ctiu danh gia hinh thai va ciu tric
hat lda (théc), hat gao dude tién hanh quan sat
trén kinh hién vi soi néi Olympus SZ-61 c6 két
noi camera Olympus EP50 va may tinh dé do
kich thuéc (chiéu dai, chiéu rong ctia hat théc va
hat gao 1at (gao ltt, hat thoc duge boc bo vo trau)
va chup anh miu. Mau sic vd trau, mau bd sung
v6 trdu va mau sic gao lat dude cho diém theo
mo td QCVN 01-65:2011/BNNPTNT. Cac thang
diém cho mau sic vé trdu: 1 - vang nhat,
2 - vang, 3 - nau, 4 - 46 dén tim nhat, 5 - tim,
6 - den. Thang diém cho mau b8 sung vo trau:
1 - khong c6, 2 - ¢6 ranh vang, 3 - ¢6 rdnh néu,
4 - ¢6 d6m tim, 5 - ¢6 ranh tim. Thang diém cho
mau sic gao lat: 1 - tring, 2 - nau nhat, 3 - ¢6
d6m nau, 4 - nau sdm, 5 - hoi dd, 6 - dd, 7 - c6
d6m tim, 8 - tim, 9 - tim sAm ho#c den.

S6 liéu thu thap duge vé kiéu hinh duge vé
hinh thai va kich thuéc duge phan tich két hop
cing s6 liéu kiéu gen dé tién hanh phéan tich
tuong tac v6i chi thi phan ti SNPs.

2.2.2. Théng tin vé kiéu gen liia

Téng s6 1,011,601 GWAS SNPs dugc tai vé
tit kho di liéu Rice SNP-Seek (https://snp-
seek.irri.org). Sau khi loai bd di cac allele hiém
duéi 5% va loai bd ty 1& thiéu > 5%, thu dugc
588.792 SNPs dé phan tich. Sau d6, theo
khuyén nghi cia nghién c@tu truée dé cia Phan
& cs. (2023), chiing t6i lya chon ngau nhién 10%
tong s6 SNPs va thu dugc 60224 SNPs dé st
dung trong nghién ctu nay. Viéc sang loc nay
dugc thuc hién bing phan mém PLINK véi cd
phap: plink --bfile pruned_v2.1 --keep
List102G.txt --maf 0.05 --geno 0.95 --thin 0.1 -
-recode --out 1IM102Gthin10.

2.2.3. Phan tich GWAS

GWAS duge thuc hién bing phian mém
TASSEL (Trait Analysis by aSSociation,
Evolution and Linkage, Bradbury & cs., 2007)
theo m6 hinh Mixed Linear Model (MLM).

Gia tri gi6i han c6 y§ nghia (significant
threshold) dugc xac dinh P <0,001. Khi cac
SNPs vugt trén gia tri giéi han nay va ciing ndm
trong ving c6 khoang cach nhd hon gia tri mat
can bing lién két *+ 140kb theo Phan & cs.
(2023) - thi dugc coi 1a mot QTL. SNP ¢6 gia tri
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P nho va Marker R2 16n nhat nhat duge goi 1a vi
tri dinh ctia QTL.

2.2.4. Xi Iy s6 lidu

S6 liéu thu thap dude phan tich, xi ly st
dung ngon ngt R ver. 4.3.2. Tuong quan gitia
cac tinh trang dudc vé bang géi Performance
Analytics, biéu d6 PCA dugc vé bang géi ggplot2
va ggfortify trén ngon ngit R. D6 thi Manhattan
va QQ dudc bang phan mém TASSEL.

3. KET QUA VA THAO LUAN
3.1. K&t qua danh gia kiéu hinh

Két qua danh gia kiéu hinh vé hinh thai
hat lda cho th&y quan thé gém 102 ngudn gen
lda trong nghién ctiu rat da dang vé hinh dang
hat, kich thuéc hat théc, mau sic vé trau, mau
séc bé sung trén vé trau, mau sic gao lat, hinh
dang va kich thudc hat gao (Hinh 1). Hinh dang
hat gao da dang, tu tron, ban tron, ban thon,
thon va thon dai theo mé6 ta DUS (QCVN-01-
65/2011). Céc hat théc, hat gao c6 chiéu dai tu
ngin dén trung binh; chiéu rong hat tir hep dén
rong. Vo trau ciia cAc ngudn gen c6 mau vang
nhat, mau vang, mau d6 va mau den, khong cé
nguén gen ndo c6 vo tradu mau tim. VO trau
khéng c6 mau bd sung, hodc c6 ngudn gen cb
ranh mau vang, ¢6 rdnh mau niau. Mau hat gao
lat c6 ti nau nhat, ndu sam, hoi do, do, tim sam
hodc den. Nhu vay, tap doan ngudén gen lia cé
mtc d6 bién di kiéu hinh rat cao, day la co sé
quan trong dé tiép tuc phan tich di truyén nham
xac dinh cac vung QTL/gen lién quan va khai
thac hiéu qua ngudn vat liéu cho chon giong.

Két qua thu duge cho cc dic diém chidu
dai, chiéu rong hat théc, hat gao lat, do day hat
gao lat déu tudn theo ham phan phdi chuin
(Hinh 2). Pa s6 hat théc ¢6 chiéu dai ndm trong
khoang tit 7 d&n 11mm, mot sd it nguén gen cb
chiéu dai dudi 6,5mm; mot s6 it ngudn gen cb
chiéu dai hat gao trén 11,5mm. Da s6 cac hat
thoc c6 chiéu rong ndm trong khoang ti 2,5 dén
3,6mm. Mot s§ it ngudn gen cé chiéu rong hat
< 2mm, trong khi cac nguén gen cé chiéu dai
hat > 4mm. D6 day hat gao ctia phan 16n nguén
gen nim trong khoang 1,45-1,95mm, chi c6 mot
s6 it ¢6 dd day hat > 2mm.


https://snp-seek.irri.org/_download.zul;jsessionid=2A3065C6CFA64AACAA68FFAFE3C6CEF4
https://snp-seek.irri.org/_download.zul;jsessionid=2A3065C6CFA64AACAA68FFAFE3C6CEF4
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Déc didm di truyén lién quan dén dac diém hinh thai va kich thudc hat gao mau

S6 484 S6 503 S6 554 S6578

S6 599 s6 603

Sb 649 Sé 671 Sé 681 Sb 684

S6 790 sé 827 S6 840 S6 852

Sbé 855 S6 866 S6 916 S6 963

768



Phan Thi Héng Nhung, Nguy&n Minh Xuan, Bui Quang Tu,
Nguyén Van Léc, Pham Van Cwong, Nguyén Thi Thiy Hanh

Sb6 967 S6 975 S6 976 S6 988

Sb 996 Sé 1011 Sb 1065

Sé 1227 Sb 1234 S6 1248 S6 1263

S6 1445 Sb 1485 S61487 S6 1503

Sb 1506 S6 1533 Sb 1574 S6 1595
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S 1621 S6 1730 s6 1762 S6 1786
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Déc didm di truyén lién quan dén dac diém hinh thai va kich thudc hat gao mau

Sb 1799 Sb 1890 s6 1910 S6 1922

S6 1927 S6 1932 s6 1971 S6 2004

Sé 2021 S6 2025 S6 2043 S6 2056

S6 2078 S6 2116 S6 2153 S6 2166

S6 2167 Sb6 2186 S6 2230

S 2283 S6 2284 S6 2286 S6 2339
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S6 2436

Hinh 1. Hinh thai hat théc va hat gao 1at ctia cac nguén gen lda cé gao mau

Pa s6 nguén gen cé vo trdu mau vang nhat
dén vang (diém 1), mot s6 it c6 mau dé nau dén
tim nhat, hodc den. Pa s6 nguén gen khong c6
mau b sung trén voé trdu. Mau sic hat gao lat
cua cac ngudn gen thuong 14 mau tréng dén nau
nhat, mét s6 it c6 mau hoi d6 dén d3, chi c6 mot
ngudn gen c6 hat mau den. V& mau sic gao lat,
da s6 hat gao 1at c6 mau hoi do (diém 5). R4t it
hat c¢6 cac mau séc con lai.

Nhu vay, quin thé nghién ctu pha hop dé
phan tich tuong quan kiéu hinh - kiéu gen va ting
dd tin cay khi thuc hién phan tich GWAS. Dong
thdi, st phan héa r6 vé mau séc vo trau va gao lat
cho thay tap doan van bao ton dugc cac alen hiém,
c6 gia tri cho phan tich di truyén va chon giéng
chat lugng. Pay 1a diém quan trong trong chon
gidng gao mau, gia tri st dung khoéng chi phu
thudc vao sic t6 ma con phu thudce vao hinh dang
hat (Ponce & cs., 2020, Pham & cs., 2024).

* Phén tich hé s6 tuong quan céc tinh trang

Két qua phan tich tuong quan gifia cac chi
tiéu hinh thai dudc thé hién ¢ hinh 3. Chiéu dai
hat théc tuong quan chit véi chiéu dai hat gao
(0,72, P <0,001), ty 1& chidu dai/chiu rong hat
théc va hat gao véi hé s 1an lugt 14 0,60 va 0,50
(P <0,001). Chiéu rong hat théc tuong quan chit
v6i chiéu rong hat gao 1at (0,67, P <0,001) va véi
do day hat gao lat (0,43, P <0,001). Mau séc hat
théc hay mau sic gao lat khéng cé su tuong

quan véi cac chi tiéu con lai. Chiéu réng hat
théc va chiéu rong hat gao 1at c6 tuong quan
nghich véi chi tiéu ty 1& chiéu dai/rong. Day la
diéu phu hop do cach tinh vé ty 1é.

Két qua phan tich thanh phan chinh (PCA -
principal components analysis) cho cic chi tiéu
(khéng tinh mau siic hat théc va hat gao lat) da
giai thich dude khoang 77% t6ng phuong sai cla
dii lidu ban dau (Hinh 4). Trong d6, PC1 giai
thich 46,57%, PC2 giai thich dugc 31,23%. Biéu
d6 ciing cho thay cac chi tiéu c6 tuong quan thuan
v6i nhau c¢6 mii tén gn nhau (géc nhd) trén biéu
do. Xét vé viéc phan b cac ngudn gen, cac ngudn
gen thudéc cac loai phu khac nhau (indica,
Jjaponica, aus, aromatic va trung gian - admixed)
trai rong lén khip biéu db va khong phan thanh
nhém riéng biét. Diéu d6 chi ra rang cac tinh
trang hinh thai hat 1a tinh trang phiic hgp, chiu
chi phéi bdi cac yéu t§ di truyén va thich hop dé
ti€p tuc phan tich lién két trén toan hé gen.

3.2. Két qua xac dinh QTL

Cac tinh trang lién quan dén hat gao nhu
chiéu dai hat (grain length, GL), chiéu rong hat
(grain width, GW), ty 18 dai/rong (GLWR), do
day hat, khéi lugng 1.000 hat (thousand grain
weight, TGW), hay cdc mau sic hat déu 1a QTL
phtic tap. R4t nhiéu QTL diéu khién cac tinh
trang nay da dudc mé ta trén hau hét ca 12
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Déc diém di truyén lién quan dén dac diém hinh thai va kich thwéc hat gao mau

nhidm sdc thé va dén nay da c6 hang tram QTL
va gen da dugc phan lap/chling minh chtic nang
(Jiang & cs., 2022). Ké&t qua GWAS trong
nghién ctiu nay cho thdy cac SNP c6 y nghia
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P-Values by Chromosome for Daygao
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Expected -Log10(P-Value) vs. -Log10(P-Value)
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Ghi chu: (A): chiéu dai hat théc, (B): chiéu dai hat gao Iat, (C): chiéu réng hat théc, (D): chiéu rong hat gao Iat,
(E): ty 1é chiéu dai/réng hat théc, (F): ty 1é chiéu dai/rong gao lat, (G): mau sdc vé trdu, (H): mau sdc gao Iat,
(D: d6 day hat gao, (J): QQ plot cho tat ca cdc chi tiéu. Pudng ngang mau xanh I4 cdy & cac biéu dé Manhattan

biéu thi ngudng threshold P <0,001.

Hinh 5. Biéu d6 Manhattan va QQ trong phan tich GWAS cac chi tiéu vé hinh thai
va cau tric hat théc, hat gao 1at trong thi nghiém

Nghién ctiu nay da xac dinh duge 31 QTL
lién quan dén cac tinh trang vé hinh thai va cau
trdc hat gao, hat lia (Bang 1). Trong d6 c6 8
QTL trung véi cac két qua da cong bé trude do,
nh4t 14 cidc vung trung véi cic cum QTL/gen
kinh dién lién quan dén chiéu rong, hinh dang,
khéi luong hat. That vay, qPR_GW5.1 va
qPR_GLWR5.1 trong nghién ciiu ctia ching téi
trang véi vi tri cia qSW5 / GW5 / GSE5 / GS5
trén nhiém sic thé (NST) s6 5. Cum nay da
dudc tinh giai va giai ma co ché (vi du dst bién
mat doan trong GW5) va dudc xem 14 mot trong
nhiing locus 16n nhat cho kich thuéc hat ¢ lda
(Yang & cs., 2022; dJiang & cs., 2022).
qPR_GL10.1 trung véi vi tri da céng bo chia cum
QTL 16n trén NST s6 10 nhu qGL10/ qGS10.1/
qGS10.2 (anh hudéng chiéu dai, kich thuéc hat).
Day 1a cac locus hiéu t@ng 16n, lién quan truc
tiép dén nang suit thong qua khéi lugng 1.000
hat (Singh & cs., 2015; Zhang & cs., 2020).
gPR_GLWR5.2 trung véi vi tri qTGW5.3 da
dugc mo ta 14 anh hudng dong thoi chiéu dai hat
va khoi lugng 1.000 hat (Yaobin & cs., 2018).
gPR_GL11.1 trung véi vi tri qGL11/qTGW11,
qPGC11 cho chiéu dai va khéi lugng hat (Yang
& cs., 2022).

Khi béc vo trau (xay xat thd) ta nhin thay
mau 16p v cam/pericarp - dai dién mau sic cla
gao lat. Mau tring, nau, do, tim/den chu yéu do

tich lity proanthocyanidin va anthocyanin. Cé hai
gen kinh dién diéu khién mau sic cta hat 1a gen
Rc va gen Rd. Alen Rc hoat dong sé gy tich lay
proanthocyanidin 1am cho vd cam dd6/niu; alen dot
bién rc (thuong c6 mat doan nhd) sé& cho hat gao
lat ¢c6 mau tring. Khi Re va Rd déu “cé chic
nang”, hat gao lat dé sAm hon; néu thiéu Rd, mau
nhat hon du Rc con hoat dong (Zhu & cs., 2011;
Furukawa & cs., 2007). Ngoai ra, cac locus nhu
Kala4/S1 cting gép phan tao mau den/tim § 1ép
cam khi biéu hién anthocyanin manh. Nhiing
QTL ching tbi da xac dinh khéng ndm & ving c6
gen Rc, Rd hay Kala4/S1. Nghién ctiu nay chi thuc
hién trén hat théc hodc hat gao c6 mau sic dic
thu, do vay, ching t6i da xac dinh duge nhiéu QTL
chua ting dudc tim thiy & cic quin thé rong
hon véi s8 lugng hat gao mau tring chiém da so.
Viéc phat hién cac QTL méi nay 1a két qua phu
hop véi ban chit di truyén phtc tap cta tinh
trang mau sic hat gao mau. Bén canh cac gen
hiéu ting 16n quyét dinh su hién dién sic t6, mtc
d6 dam nhat va mau con c6 thé chiu anh hudng
cua cac gen diéu hoa, gen bién d6i sau téng hgp
va cac locus nén tham gia diéu tiét dong chuyén
héa flavonoid/anthocyanin. Trong quan thé hat
gao mau, cac alen nén nay c6 thé biéu hién rd
hon do tuong tac véi cac alen sic t6 chinh, tit d6
14 xu4t hién cac tin hiéu GWAS mdéi ma khoéng
quan sat thdy ¢ quan thé lda c6 hat mau tréng.
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Két qua nay goi ¥ rang kién tric di truyén caa
mau sic gao lat khong chi do mot vai gen chinh
chi phéi va con c6 su déng gép cua nhiéu locus
hiéu tng viia va nhd, déc biét trong cac ngudn
gen ban dia c6 nén di truyén da dang. Diéu nay

da dugc nhan dinh trong nghién ciiu cia Pham
& cs. (2024), cac bién di mau sic va ham luong
séc t6' ¢ gao mau khoéng chi do mét locus chinh
quyét dinh ma con chiu tac déng ctia mang luéi

nhiéu gen trong cing con dudng chuyén héa.

Bang 1. Danh sach cac QTL lién quan

dén cac tinh trang hinh thai va ciu trac hat laa, hat gao lat

. Vitridinh  Marke 2 2 ax oA < . .
Tinh trang QTL NST (Mbp) ' R2 Két qua da coéng bo trwdc dé
Chiéu dai gPR_GL1.1 1 28,41 0,18
hat gao lat A N R A A
gPR_GL6.2 6 9,90 0,16 Gan qGWS6.1 anh hwéng chiéu rong hat (Wang & cs., 2023)
gPR_GL7.1 7 28,28 0,17
gqPR_GL11.3 11 26,04 0,18
Chiéu dai gPR_GL6.1 6 9,57 0,16  Gan qGW6.1 anh huéng chiéu rong hat (Wang & cs., 2023)
hat tho
atthoc gPR_GL6.3 6 2498 019
gPR_GL10.1 10 3,96 0,18 qGL10/gGS10.x diéu khién chiéu dai/kich thuwéc hat (Zhang &
cs., 2020)
gPR_GL11.1 11 21,96 0,22 qGL11/qTGW11, gPGC11 cho chidu dai va khdi lwgng hat
(Yang & cs., 2022)
qPR_GL11.2 11 25,15 0,19
Chiéu réng gPR_GWS5.1 5 5,34 0,15 qSWS5/GW5/GS5/GSES cho chiéu réng hat, khdi lwgng 1.000
hat gao lat hat va hinh dang hat (Jiang & cs., 2022; Yang & cs., 2022)
gqPR_GW11.2 11 14,72 0,16
Chiéu rong gPR_GW8.1 8 12,36 0,14
hat thé
atthoe gPR_ GWIL1 11 9,07 0,21
Tyléchiéu gPR_GLWR21 2 8,43 0,18
dai/rong hat PR £
théc gPR_GLWR5.1 5 5,39 0,22 qSW5/GW5/GS5/GSES cho chiéu rong hat, khoi lwong 1.000
hat va hinh dang hat (Jiang & cs., 2022; Yang & cs., 2022)
gqPR_GLWR5.2 5 17,67 0,17 qTGWS5.3 cho chiéu dai hat va khéi lwong hat (Yaobin & cs., 2018)
Do day hat gqPR_GT5.1 5 0,82 0,17
gao lat
Mau séc gPR_dHC2.1 2 3,25 0,21
lat
gaold gPR dHC41 4 0,85 0,33
gPR_dHC5.1 5 29,49 0,32
gPR_dHC8.1 8 5,18 0,18
qPR_dHC9.1 9 10,81 0,18 gPGWC-9/gDEC-9/qPGCS9 lién quan bac bung va chét lvong
gao (Yang & cs., 2022)
gPR_dHC9.2 9 16,53 0,23
gqPR_dHC10.1 10 18,26 0,22
gPR_dHC11.1 11 27,48 0,30
gPdRHC12.1 12 11,62 0,29
gPR_dHC12.2 12 12,74 0,21
Mau séc vo gPR_HC2.1 2 24,15 0,26
tr
rau gqPR_HC4.1 4 20,7 0,29
gqPR_HC7.1 7 20,56 0,21
gqPR_HC9.1 9 6,86 0,30
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Nhin chung, cac két qud GWAS trong tap
doan gao mau khéng chi xac nhan lai mot sé
ving gen da biét ma con bé sung cac QTL tiém
nang méi, phan anh day da hon thong tin di
truyén da gen cta tinh trang hinh thai va mau
sdc hat. Cac QTL dugc phat hién trong nghién
cliu nay cé tiém ning lam chi thi phan ti phuc
vu cong tac chon giong bing chi thi phan tu.
Day la co s6 quan trong cho dinh huéng chon tao
giéng lia chat lugng cao va gia tri st dung dic
thu, dap ting nhu ciu tiéu dung noi dia va xuit
khdu. Tuy nhién, do cac tinh trang hinh thai
hat va mau sic c6 thé chiu anh hudng ctia méi
trudng va tuong tac gitta kiéu gen x méi trudng,
cac QTL/gen tiém ning can duge kiém chiing
trude khi trién khai rong

4. KET LUAN

Qua phan tich GWAS cho cac chi tiéu vé
hinh dang, kich thudc hat lia ¢6 mau, chiung toi
da xac dinh duge 31 QTL. Trong d6, c6 8 QTL
trung vi tri véi cac QTL lién quan dén dac diém
hinh thai, kich thuéc va khéi lugng hat rat ndi
tieng nhu GW5/qSW5/GS5 (NST5)  va
qGL11/qTGW11, qPGC11 (NST11), cing nhu
cac viing diém néng QTL vé chiéu dai va khéi
lugng hat trén NST 6 va 10. Diéu nay c6 thay c6
tin c4y cta phén tich trong nghién ctiu nay. Cé
23 QTL méi duge xac dinh, chua khép ro véi cac
QTL da cong b6 cling cho thay day 1a nhiing tGng
vién rat dang quan tdm cho viéc phat hién
QTL/gen méi dic thu cho tap doan vat liéu cua
ban va cho lai tao cai tién ning suat/chat luong
gao trong tuong lai.
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