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Nghién ctu dugc thyc hién nhim khai thac cac bién di SNP va INDEL phuc vu phat trién chi thi phéan
tir & cac dong lua dot bién trién vong. Dir li¢u giai trinh ty hé gene cuia ba dong lta dot bién A64, A68,
A83 va gibng dbi chimg D3 dugc sir dung dé phan tich bién di trén 186 gene lién quan dén sinh
truong, nang suat va chat lugng laa. Cac bién di SNP va INDEL nam trong ving trinh tu gene duoc
trich xudt, sang loc va so sanh giira cac dong dot bién vé6i giéng ddi chimg nhdm xéac dinh cac locus da
hinh tiém nang phuc vu phat trién chi thi phan tir. Két qua phan tich xac dinh dugc tong cong 10.614
bién thé SNP va INDEL trong tap hop cac gene khao sét, bao gom: 3.479 bién thé & dong A64; 3.877
bién thé & dong A68 va 3.258 bién thé & dong A83. Nhiéu gene lién quan dén céu trac bong, kién tric
cay va kich thude hat ghi nhan muc da hinh cao, ti€u biéu nhu: ANKI, ANK2, GN2, APO1/SCM2,
DEPI, IPA1/OsSPLI14, GW2 va GS5. Tir cac bién di da xac dinh, nghién ciru di lya chon va thiét ké
42 chi thi INDEL tng vién phyc vu nhan dién kiéu gene va phat trién chi thi phan tur. Két qua nghién
clru cung cap nguén dir liéu blen di di truyen ¢6 gia tri va cac chi thi phan tir tiém ning phuc vu danh

gi4 ngudn gene va hd tro chon gidng lua bang chi thi phan tir trong tuong lai.
Tir khéa: Lia dot bién, SNP, INDEL, chi thi phdn tit, chon giong lia, ndng sudt lia.

1. BAT VAN BE

Lua (Oryza sativa L.) 1a cay luong thyc quan
trong, cung cép ngudn lwong thuc chinh cho hon
mot nira dan sd thé giéi va giir vai tro ddc biét
quan trong ddi v&i an ninh luong thyc tai nhiéu
qudc gia chau A [1]. Trong bdi canh dan s gia
tang, dién tich dat nong nghiép suy giam va tac
dong ngay cang rd rét cua bién ddi khi héu, viéc
phat trlen cac gibng laa co nang sudt cao, chat
lugng t6t va thich nghi véi diéu kién bat loi dang
tré thanh yéu cau cap thiét [2]. Nhirng nim gan
day, nhiéu gene lién quan dén céc tinh trang nong
sinh hoc quan trong nhu: Céu trac bong, sb hat
trén bong, kich thudc hat, thoi gian sinh trudng
va chat lugng gao da dugc xac dinh va itng dung
trong nghién ctru chon gidng la [3, 4]. Viéc khai
thac hiéu qua cac bién di di truyén trén cac gene

ndy c6 y nghia quan trong trong phat hién cac
allele c6 loi va phat trién cac cong cu hd trg chon
gidng hién dai.

Sy phat trién nhanh cua cong nghé giai trinh
tw thé hé¢ mdi (Next Generation Sequencing -
NGS) di tao diéu kién thuan lgi cho viéc phan
tich hé gene va phat hién bién di di truyén & quy
mod 16n [5]. Trong d6, SNP (Single Nucleotide
Polymorphism) va INDEL (Insertion/Deletion) 1a
hai dang bién di pho bién dugc sir dung rong réi
trong nghién ctu da dang di truyén, 1ap ban do
gene, phan tich chtrc ning gene va chon giéng
béng chi thi phan tir [6]. Cac bién di nay co uu
diém phan b6 rong khap hé gene, d6 6 6n dinh cao
va c6 kha ning lién két v6i nhiéu tinh trang nong
sinh hoc quan trong [7]. Pac biét, cac chi thi
INDEL c6 thé duoc phat hién bang phan {ng
PCR thong thuong két hop dién di agarose, gitp
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giam chi phi phan tich va phu hop véi diéu kién
ctia nhiéu phong thi nghiém chon gi6ng [8].

Trong chon giéng Iaa, viéc khai thac dir liéu
SNP va INDEL tr gidi trinh ty h¢ gene dang
dugc ng dung ngay cang rong rdi nhim phat
trién cac chi thi phan tu phuc vu danh gia ngudn
gene va hd trg chon giéng [9]. Nhiéu nghién ciru
da st dung dir liéu hé gene dé phat trién cac chi
thi phan tir lién két v6i cac tinh trang nhu ning
suét, chéng chiu va chat lugng gao [10, 11]. Tuy
nhién, phan 16n céc nghién ctru tap trung vao khai
thac bién di & cac giéng hodc tap doan nguén
gene quy mo 16n, trong khi viéc phéan tich c6 dinh
huéng cac bién di SNP va INDEL trén cac gene
lién quan tryc tiép dén ning suat va chét lugng &
cac dong lta dot bién trién vong van con han ché,
dac biét trong diéu kién nghién ctru tai Viét Nam.
Pidu nay lam han ché viéc khai thac hiéu qua
ngu@)n bién di phuc vy phat trién céac chi thi phéan
tir img dung trong chon gidng.

Céc dong ltia dot bién 1a nguon vat liéu c6 gia
tri trong nghién cuu di truyen va chon giéng do
¢6 kha nang tich lity nhidu bién di lién quan dén
cac tinh trang noéng sinh hoc quan trong [12].
Viéc phan tich dir liéu bién di trén cac gene tmg
vién & cac dong lua dot bién khong chi gop phan
1am 16 ngudn da dang di truyén ma con tao co s
cho viéc phat trién cac chi thi phan tir phuc vu
chon gidng lta bang chi thi phan tir trong twong
lai. Ba dong lua dot bién A64, A68 va A83 duogc
lya chon lam vat liéu trong nghién ctru nay la cac
dong trién vong dugc chon loc tir quan thé dot
bién cua gidng ST3, Van gitt duoc uvu diém vé
chat luong tuong tu gidng ST5 nhung da duogc cai
t1en ve nang suat va thoi gian sinh truong so voi
gidng gdc ban dau, dong thoi da dugc giai trinh
tu hé gene, tao diéu kién thuan loi cho viéc khai
thac cac bién di di tmyén phuc vu phat trién chi
thi phén tu.

Trong nghién ctru nay, dir liéu giai trinh ty hé
gene clia cic dong ltia dot bién A64, A68, A83 va
gidng dbi chimg D3 duogc st dung dé phan tich

cac bién di SNP va INDEL trén 186 gene lién
quan dén sinh trudng, ning suit va chit luong
lua. Trén co s& do6, nghién ctu tién hanh lya chon
cac bién di tiém nang va phat trién cac chi thi
INDEL trng vién phuc vu nhén dién kiéu gene va
hd tro chon gibng lua.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu nghién ctru

Nghién ctru st dung dir li¢u gidi trinh tg hé
gene cua ba dong lua dot bién trién vong A64,
A68, A83 (cac dong lta duoc chon loc trong quan
thé dot bién gidng Séc Tring 5 - ST5) va gibéng
ddi ching D3 (giong ban dau ST5). Cac dong vat
liéu dugc lga chon trén co s& khd nang sinh
trudng va tiém niang ung dung trong nghién ctru
chon gi6ng Ina.

Dt li€u st dung trong nghién ctu 1a bo dix
lidu bién di SNP va INDEL thu duoc tir két qua
gidi trinh ty hé gene cua cac dong nghién ctru.
Viéc gidi trinh ty va phéan tich dit li€u sinh tin hoc
dugc thuc hién theo phuong phap paired-end boi
Cong ty TNHH Lobi Viét Nam (nam 2025), két
qua duoc ban giao dudi dang tép Variant Call
Format (VCF), chira thong tin cac bién di SNP va
INDEL cua tung dong vét li¢u. Dt liéu gidi trinh
tu cia cac dong A64, A68 va A83 dat ty 1€ reads
dong hang v6i hé gene tham chiéu trén 98%, véi
d6 sau giai trinh ty trung binh lan luot 1a 26,15x,
39,12x va 30,27x, dap (g yéu cau cho phan tich
bién di SNP va INDEL. B6 dir liéu VCF duoc sir
dung lam ngudn dir liéu dau vao cho cac budc
trich xuét, sang loc va phan tich bién di trong
nghién ctru nay.

Danh sach 186 gene (Bang 1) lién quan dén
sinh truéng, nang sudt va chat lwgng Iua dugc
téng hop tir cac cong bd qudc té va cac co s dir
liéu h¢ gene laa (MSU Rice Genome Annotation
Project va RAP-DB). Cac gene khao sat bao gorn
Céac nhom gene lién quan dén cdu tric bong, sb
hat trén bong, chiéu cao cdy, thdi gian sinh
trudng, kich thudc hat va chét luong gao.

Bang 1. Danh sich 186 gene lién quan dén sinh truéng, ning suit va chit hrong lia dwoc sir
dung trong nghién ciru

TT Locus_id MSU [Tén gene| TT Locus_id MSU Téngene | TT Locus id MSU Tén gene
1 | LOC 0Os01g03840 | OsJAG | 63 LOC 0s03g51330 GNA 125 | LOC Os06g41850 TGW6
LOC_0Os01g08220 D18 64 | LOC 0Os03g51660 | OsEPFL3 | 126 | LOC _Os06g44100 |OsglHATI
3 | LOC_0Os01g08700 [ OsGI 65 LOC_0s03g51690 %SSI;; 1/ 127 | LOC_Os06g44860 SPL10
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TT Locus id MSU |Tén gene| TT Locus id MSU Tén gene | TT Locus id MSU Tén gene
Gnla/Os OsPIN2 /
4 | LOC_0s01g10110 | TH¥O| 66 | LOC_0s03¢52239 | OsBLH4 | 128 | LOC_Os06ga4970 | O3PI3
5 | LOC 0s01g11040 [TUTOU1| 67 | LOC 0s03g54084 | PHYC | 129 | LOC_ Os06g45460 ?5&12/
6 | LOC 0s01211940 |OSFT-L1| 68 | LOC Os03g54160 | MADSI4 | 130 | LOC 0506246030 | OsGIL2
7 [ LOC Os01213540 |OsNPL3 | 69 | LOC Os03g54160 | MADSI4 | 131 | LOC Os06¢46350 | DEP3
8 | LOC 0s01¢33040 | dbsi | 70 | LOC 050354170 Mngszé 4 | 132 | Loc_0so6gsosd0 | FONI
OSMADSI5
9 | LOC 0s01g40630 | LOGI | 71 | LOC_Os03g55389 |HD6/CK2 | 133 | LOC_0s07g01820 {40
10 | LOC Os01g47710 |0sWOX7| 72 | LOC 0503257240 | DST | 134 | LOC 0507203250 |PLT8/crls
11 | LOC 0s01g49160 | RGNI | 73 | LOC Os03¢60430 | IDSI | 135 | LOC Os0703770 | D6OSHI5
12 | LOC Os01g51610 |OsLFLI | 74 | LOC Os03261760 | SPL6 | 136 | LOC Os07g04020 | OSEPFLS
13 | LOC 0s01g54270 | D10 | 75 | LOC 0503263970 S%T\SIEIL/I 137 | LOC 0507204670 | GI/ELE
14 | LOC 0501254860 | NOGI | 76 | LOC 0503264070 | LOGL5 | 138 | LOC 0507205900 | PROGI
OsbHLH Nglf-1 SNB/
15 | LOC_0s01gs7580 [O0¢0| 77 | LOC_0sodgorson | SETe | 139 | LoC 0s07e13170 | g,
16 | LOC 0501260900 |OSEPFLO| 78 | LOC 0504228280 | Awn-1 | 140 | LOC 0s07g15770 | Ghd7
17 [ TOC 001261480 | LAXI | 79 | LOC Os04g33740 | GIF1 | 141 | LOC 0s07¢41370 | MADSIS
18 | LOC 050166100 | sdi | 80 | LOC 0s04¢38720 Osfﬁflz/o 142 | LOC 0s07g42410 | DEP2/EP2
19 | LOC_0s01g67430 Eg{ll/ 81 | LOC 050439430 GNCS;‘]/BDIH/ 143 | LOC 0s07g44210 | LF2
20 | LOC 0501269850 OSB;[?DS 82 | LOC 0s04g41220 | HBP1 | 144 | LOC 0s07¢47330 |FZP/BFLI
21 | LoC_ 050171310 |0sckx4| 83 | LOC 0s04g45330 |OSYABBY| 145 | Loc 0s07g4s660 | OSED7/
. . 5 - 0sbZIP62
SE13/ D17/
22 | LOC_0s01g72090 | SE | 84 | LOC_Os0agasaro | (P70 146 | Loc_ososgos100 | comT
23 | LoC 050172330 | RR4 | 85 | LOC 0504247890 ﬁ%}?{ 147 | LOC_ 0508206480 | ASPI
24 | LOC 0502202530 | sppl | 86 | LOC 0s04g51000 AIE?LZ/ 148 | LOC_ 0508207740 GhdgngH
TC2/ NALI/qFL
25 | LOC_0s02¢05840 | -G | 87 | LOC Os04gs2479 [NALY 149 | LOC 050812430 | OsVILI
26 | LOC 050205980 qLGRg_/l 88 | LOC 0s04g55230 | FLO2 | 150 | LOC 0s08¢31470 | PAYI
27 | TOC 0502207030 |OsGILI | 89 | LOC 0504357720 | RR6 | 151 | LOC Os08¢37890 | GADI
28 [ TOC 0502014720 | GW2 | 90 | LOC Os04557720 | RR6 | 152 | LOC 0s08¢39630 | POHI
GSN1/ PAL/
29 | LOC_0s02¢15950 | LP/EP3 | 91 | LOC_0s05g02500 | (ool | 153 | LOC_Os08g39890 | Ll
30 | LOC 0s02¢18370 | TAP | 92 | LOC 0505206280 SRS31/ BHS| 154 | Loc 0508239890 ogs)?ﬁ/l A
31 | LOC 050227620 | D50 | 93 | LOC 0505206660 | GS5 | 155 | LOC 0s08¢41940 GWSéSP L1
32 | LOC 0502629040 | ANK1 | 94 | LOC 0505209520 qgwg/ 156 | LOC_ 0508241950 OSMfSDSW
33 | LOC 0502229160 | ank | 95 | LOC 050511730 | GSK2 | 157 | LOC 0s08g42540 | OsOTUBI
34 | LOC 0502629190 | ank | 96 | LOC 0505226890 Ig’éi/l 158 | LoC_0s09g13610 [MED2IPE
35 | LOC 0502229210 | ANK2 | 97 | LOC 0505231040 | OsCKX9 | 159 | LOC 0509213630 | EMF2b
36 | LOC 0s02¢32950 | RCN2 | 98 | LOC 0505233730 | _@dl | 160 | LOC Os09226999 | DEPI
37 | LOC_0s02¢34850 |OsSETS | 99 | LOC_0s05g34854 | . 152)5(;2 161 | LOC_ 0509228520 | SG1
38 | LOC 0s02¢35180 | RR2 | 100 | LOC 0505238000 OSR‘;‘(’)GEF 162 | LOC 050931438 | SPL17
39 | LOC 0502636974 | gid2 | 101 | LOC 0505238120 | VPBI/ | 163 | LOC 0s09532944 | SPLI3
18
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TT Locus id MSU |Tén gene| TT Locus id MSU Tén gene | TT Locus id MSU Tén gene
SH5/RI

MADS24/
40 | LOC_0s02¢41460 |OsGIL3 | 102 | LOC_0s05g38420 |OSLACIS | 164 | LOC_0s09g32948 | NADSH
a1 | LoC_0s02gas160 [PSAIMT) 103 | LOC 0s05g39880 | OSEPFLS | 165 | LOC_Os09g34180 | OsFHIS
42 | LOC_0s0247280 |95 | 104 | LOC_Os05g41760 | MSFI | 166 | LOC_Os09g36160 | SHII

SPA Small
43 | LOC_0s02¢50480 | HK5 | 105 | LOC_Os05g49590 [SPASMA} 167 | 10C 0509g37710 | OsNPL4
a4 | LoC_0s02gs1300 (APUERE| 106 | LOC Os05g51360 | EBS | 168 | LOC_ Osl0g21810 | HK3
45 | LOC_0s02g51410 | sk1 | 107 | LOC 0506203710 OSG;EAS‘ 169 | LOC_ 0510228330 EhodzsllduDl v
46 | LOC_Os02g56630 | GN2 | 108 | LOC_0s06g03970 | OSCR2 | 170 | LOC_Os10g32600 | EndI/EF1
47 | LOC_0s03¢01890 | J-EL! | 109 | LOC 0s06g05060 | Hdi7 | 171 | LOC_ Os10g33780 | TAWI
48 | LOC 0503202160 | EHD4 | 110 | LOC 0506206050 | D3 172 | LOC 0510239130 | MADS36
49 | LOC 0s03¢03070 Ciggé/l 111 | LOC 0506206300 | RFT1 | 173 | LOC Os11g04190 | OsPINc
50 | LOC_0s03g05680 | SEI4 | 112 | LOC_Os06g06530 | HGW | 174 | LOC_Os11g05930 | G%b3%
51 | LOC 0503206610 |OSEPFL6| 113 | LOC 0506206750 |OSMADS5| 175 | LOC Osi1gl2740 | _ SPI
52 | LOC 050307510 | PGLI | 114 | LOC Os06210230 | OsER1 | 176 | LOC Osl1g14220 | SRS5
53 | LOC_0s03g12660 OSdf”larf“ 115 | LOC_Os06g12610 | OsPINa | 177 | LOC_Os11g29840 LAl
54 | LOC 0503212950 | PLT9 | 116 | LOC Os06216370 | Hdl | 178 | LOC Os11g37190 | OSEPFL7
55 | LOC_0s03g17350 OSA;SCG 117 | LOC_ 0506216390 SS]I;(T}%VI 179 | LOC 0s11g37280 | Osc6
56 | LOC_0s03g19480 [SDG718 | 118 | LOC_Os06g19444 |0sCCT22 | 180 | LOC_Ostigagaro | FONY
OsCIPK3

57 | LoC_0s03g20380 [STPK3] 119 | LOC 0s06g30370 | MFT1 | 181 | LOC_ Os12g01120 | NAL3
58 | LOC_0s03g44500 31%133/1 120 | LOC 0s06¢35940 | OSFTL12 | 182 | LOC_Os12¢04000 | OsPINd
59 | LOC 050346930 |OsEPFLA| 121 | LOC 0s06237364 | D35 | 183 | LOC Os12216160 | OsCCT41
60 | LOC 0503249880 O;TCBII/ 122 | LOC 0506939650 | spedl | 184 | LOC Os12224080 | OsUPL2
61 | LOC_0s03g50860 O;fl‘l” 123 | LOC 0s06¢39880 | BRD3 | 185 | LOC 0Os12231748 |0sMADS20
62 | LOC 0s03¢51030 | PHYA | 124 | LOC 0506240780 “é%%é/ 186 | LOC_Os12¢34850 | OsVIL2

2.2. Phuong phap nghién ctiru

2.2.1. Thu thdp va phan tich dit liéu SNP va
INDEL

B dir liéu ddu vao cia nghién ciru 1a cac tép
Variant Call Format (VCF) chtra thong tin bién di
SNP va INDEL cua ba dong lua dot bién A64,
A68, A83 va gidng ddi ching D3. Cac tép VCF
dugc xay dung tir két qua giai trinh ty hé gene va
phan tich tin sinh hoc do Céng ty TNHH Lobi
Viét Nam thuc hién. Tép VCF su dung trong
nghién ctru 1a tép bién di cudi cing di dugc don
Vi cung c?ip dich vu xu 1y, kiém soat chat luong
va sang loc trudce khi ban giao. Trong nghién ctru

nay, da st dung truc tiép tép VCF da dugc xu ly
va khong thuc hién bd sung cac budc loc bién di
hodc thiét 1ap cac ngudng loc bang VCFtools.
Phan mém VCFtools phién ban 0.1.16 duogc sir
dung dé chudn hoa dit liéu va trich xuét cac bién
di SNP va INDEL trén cac gene muc ti€u phuc vu
cac phan tich tiép theo. Sau do, dir liéu duoc xir
ly trén phan mém R phién ban 4.3.2 (R Core
Team, 2024) dé doc dir liéu VCF, trich xuat thong
tin v& nhiém sdc thé, vi tri bién di, alen tham
chiéu (REF), alen bién di (ALT), kiéu bién di
(SNP hodc INDEL) va kiéu gene cua ting dong
vat liéu.

NONG NGHIEP VA MOI TRUSNG - KY 2 - THANG 7/2026 19



KHOA HOC & CONG NGHE

Dit liéu sau xur Iy duoc tong hop va thong ké
theo timg dong lua nghién ciru nham xac dinh sb
lugng SNP va INDEL ctia mdi mau, déng thoi
tao co sé dit liéu phuc vu cac budc khai thac bién
di trén tap hop cac gene muc ti€u va lya chon cac
locus da hinh dé phat trién chi thi phan tir.

2.2.2. Phan tich cdc gene ung vién lién quan
dén nang suat va chat lwong lua

Danh sach 186 gene lién quan dén sinh
truong, nang suat va chat luong lua dugc sir dung
lam tap gene muc tiéu dé khai thac bién di. Toa
dd cua cac gene dugc ddi chiéu véi thong tin vi
tri bién di trong cac tép VCF trén phian mém R
nham trich xuét toan bd cac SNP va INDEL nam
trong vung cua tirng gene.

Céac bién di sau khi trich xuét duoc phén loai
thanh SNP va INDEL, dong thoi théng ké theo
timg gene va tung dong vat liéu nghién ciru. S6
luong bién di cuia mdi gene dugc tong hop va so
sanh giita cac dong A64, A68, A83 véi giong dbi
ching D3 nham xéc dinh cac gene c6 muc do da
hinh cao va cac locus INDEL ¢6 tiém ning tmg
dung trong phat trién chi thi phén tu.

Két qua phan tich dugc sir dung dé danh gia
mirc d0 phan bd cua SNP va INDEL trén cac
gene lién quan dén ning suat va chét luong laa,
déng thoi 1am co s& lya chon céc bién di INDEL
pht hop cho bude thiét ké chi thi phan tir.

2.2.3. Thiét ké chi thi INDEL irng vién

Cac bién di INDEL dugc uu tién lya chon dé
thiét ké cap mdi khi tao ra su sai khac kich thuéc
san pham PCR duy kién tir 9 bp tré 1én giita cac
dong vat liéu nghién ctru. Ngudng nay dugc lya
chon nham ting kha ning phan biét san pham
PCR bang dién di trén gel thong thuong, dong
thoi nang cao kha nang nhén dién da hinh giira

cac dong nghién ctru. Trinh ty ADN bao quanh vi
tri bién di INDEL dugc su dung dé thiét ké cap
mdi bang phan mem ApE phién ban 3.1.6. B¢ dac
hiéu cua cac cip moi duoc kiém tra bang cdng cu
NCBI Primer-BLAST nham dam bao mdi cip
mdi chi khuéch dai mot vi tri muc tiéu trén hé
gene laa.

Céc cap mdi duge lua chon theo céc tiéu chi:
Chiéu dai mdi tir 18-25 bp (t6i wu 20 bp), ham
luong GC tur 40-60%, nhiét d§ nong chay (Tm) tir
57-63°C (t6i wu khoang 60°C) va kich thudc san
pham PCR du kién tir 100-400 bp. Pong thoi, cac
cip mdi duoc danh gia kha nang hinh thanh cu
trac kep toc (hairpin), hién tugng tu bat cap (self-
dimer) va bit cip chéo (hetero-dimer). Nhiing
cdp mdi dap tmg cac tiéu chi trén dugc lua chon
dé xay dung b 42 chi thi INDEL ng vién, phuc
vu cac nghién ciru ddnh gia da hinh va hd trg
chon gibng lta

2.3. Thoi gian va dia diém nghién ciru

- Thoi gian nghién ctu: Nam 2025 - 2026.

- Pia diém nghién ctru: Vién Di truyén
Noéng nghiép.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phan tich bién di SNP va INDEL trén cic
gene lién quan dén niing sut va chét luong lia

Tt bo dir ligu gidi trinh ty hé gene cua cac
dong laa dot bién A64, A68, A83 va gidng ddi
chirng D3, tién hanh trich xuét cac bién di SNP va
INDEL nam trong vung trinh tu cta 186 gene lién
quan dén sinh truéng, ning suit va chét luong
laa. Két qua phan tich xac dinh dugc tong cong
10.614 bién thé SNP va INDEL trong tap hop cac
gene khao sat, bao gom: 3.479 bién thé ¢ dong
A64; 3.877 bién thé & dong A68 va 3.258 bién
thé & dong A83 (Bang 2).

Bing 2. Tong hop s lwong bién di SNP va INDEL & cic dong lia ddt bién

Dong vit li¢u Sb Iwgng SNP/INDEL bac diém nodi bat
A64 3.479 Miic da hinh trung binh
A68 3.877 S6 lugng bién di cao nhat
A83 3.258 Da hinh trén nhiéu gene mg vién

Mirc dé tich lity bién di c6 su khac biét dang
ké giita cac gene va giira cac dong vat liéu nghién
ctru. S6 lugng bién di trén timg locus dao dong tir
vai bién thé dén trén 100 bién thé tuy theo ving
gene khao sat. Phan 16n cac gene ghi nhan mirc
da hinh trung binh, tuy nhién mot s locus xuat

hién s6 lugng 16n SNP va INDEL, cho thiy day
c6 thé 1a cac ving hé gene c6 mirc d6 da hinh cao
& cac dong dot bién. Pang chi y, dong A68 ghi
nhan téng s6 bién di cao nhit (3.877 bién thé),
tiép theo 1a A64 (3.479 bién thé) va A83 (3.258
bién thé). Két qua nay cho thdy, muc dé tich liy
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bién di gitta cac dong dot bién khong hoan toan
gidng nhau, phan anh sy khac biét vé phd bién di
di truyén cia ting dong vat lidu.

Két qua ciing cho thay, nhiéu bién di xuit
hién trén cac gene lién quan truc tiép dén cau trac
bong, kién trac cay va kich thudc hat. Mot $6
gene ghi nhan sd lugng bién di cao gobm: ANKI,
ANK2, GN2, APO1/SCM?2, DEPI, IPA1/OsSPLI14,
GW?2 va GS5. Pay la cac gene di dugc cong bd
¢6 vai trd quan trong trong diéu khién sb nhanh
bong, sd hat trén bong, kiéu khém va kich thude
hat & laa [3, 4]. Viéc phat hién nhiéu SNP va
INDEL trén céc gene nay cho thay, diy 1a ngudn
bién di di truyén co gié tri, co thé dugc khai thac
dé phat trién cac chi thi phan tir va hd trg nhan
dién cac allele lién quan dén niang suit va chat
luong Iua.

So sanh giita cac dong dot bién va gidng dbi
chimg D3 cho thdy, nhiéu bién di xuét hién dic
trung & timg dong vat liéu. Mot sé locus ghi nhin
mirc da hinh cao & A68 va A83 nhung thip hon &
A64, phan anh sy khac biét vé muc dd tich iy
bién di giita cac dong dot bién. Sy khac biét nay
cho thdy, mdi dong dot bién co thé mang cac to
hop allele riéng biét trén cac gene lién quan dén
ning suit va chat luong lua. Bay la co s6 quan
trong dé lya chon nguon vat li€éu phu hgp cho
phat trién chi thi phan tir va khai thac ngudn gene
trong cac chuong trinh chon giéng.

Cac nghién ciru gan day cho thay, dir liéu
SNP va INDEL tir giai trinh ty h¢ gene c6 thé
duoc str dung hi€u qua trong phat trién chi thi phan
tr va hd tro chon giong cay trong [5, 10]. Trong
nghién clu nay, cac bién di phat hién dugc 1a
ngudn dir liéu quan trong cho viéc phat trién cac
chi thi phéan tir ing vién phuc vy danh gia ngudn
gene va chon gidng ltia bang chi thi phan tir.

3.2. Phéan tich cac gene wng vién lién quan
dén niing suit va chit lwong lia

Trong s& 186 gene khao sat, nhiéu locus ghi
nhan s6 lugng 16n bién di SNP va INDEL & cac
dong lua dot bién A64, A68 va A83. Pang chi ¥,
nhiéu gene da duoc cong bd co vai trd quan trong
trong diéu khién céu triic bong, s6 hat trén bong,
kién triic cay va kich thudc hat ciing xuat hién
mirc da hinh cao, cho thiy tiém ning khai thac
cac allele tmg vién phuc vu chon giéng lua. Cac
gene nay dugc lya chon dé phén tich sau do vira

ghi nhan mic da hinh twong ddi cao trong bo dit
liéu nghién ctru, vira da dugc chiing minh c6 vai
trd quan trong dbi voi cac tinh trang nong sinh
hoc chu yéu cua cdy lua. Cac gene thudc cum
ANK/ANK-TPR trén nhiém sic thé 2, bao gdm: ANK/
(LOC 0s02g29040) va ANK2 (LOC 0s02g29210),
ghi nhan s6 lugng 16n bién di & ca ba dong dot
bién, dic biét & A68 va A83. Cac nghién ctru
trude day cho thay, cac gene ANK/ANK-TPR c6
lién quan dén diéu hoa cdu trac béng va sy phat
trién s6 nhanh bong & laa [13]. Sy xuat hién cia
nhiéu SNP va INDEL trén cac locus nay cho théy,
day co thé 1a ngudn allele tiém ning lién quan dén
cc tinh trang ning suat. Két qua nay cho thiy, cum
gene ANK/ANK-TPR 13 nguén bién di dang cha y
va c6 thé duoc vu tién khai thac trong phat trién cac
chi thi phéan tir phuc vu chon gidng.

Mot sb gene lién quan truc tiép dén sb hat
trén bong va ning suét ciing ghi nhan mic da
hinh cao. Gene GN2 va APO1/SCM2 xuit hién
nhiéu bién di SNP va INDEL ¢ cac dong dot
bién, dic biét & A68S. APO1/SCM2 da dugc xac
dinh c6 vai tr0 trong diéu khién s lugng nhanh
so cap va nang suét & lba [14], trong khi GN2 lién
quan dén diéu hoa sb luong hat trén bong [15].
Viéc dong thoi phat hién nhiéu SNP va INDEL
trén cac gene nay cho thiy tiém ning khai thac da
dang cac dang bién di di truyén phuc vu phat trién
chi thi phén tr va nghién ciru mbi lién h¢ giita
kiéu gene vai kiéu hinh.

Bén canh d6, nhiéu gene lién quan dén kién
triic cay va kich thudc hat cling ghi nhan sy hién
dién ctia SNP va INDEL ¢ cac dong dot bién. Cac
gene DEPI, IPAI1/OsSPL14 va MOCI/GNP6
xut hién nhiéu bién di & mot hodc nhiéu dong
vat liéu nghién cou. Pay la cac gene da dugc
chimg minh c6 vai trd quan trong trong diéu hoa
kiéu khom, s6 nhanh hiru hiéu va céu trac tan cay
& la [16, 17]. Ngoai ra, cic gene lién quan dén
kich thuéc va hinh dang hat nhu: GW2, GS5,
qSW5/GW5 va GWS8/SPL16 cling ghi nhan muc da
hinh twong dbi cao. Nhitng gene nay di dugc xac
dinh c6 lién quan dén chiéu dai, chiéu rong va khéi
luong hat & 1aa [18, 19]. Céc két qua nay cho thay,
ngudn bién di thu dugc khong chi tip trung &
nhém gene diéu khién nang suat ma con phan bd
trén cac gene lién quan dén kién triic cdy va chit
luong hat, tao ngudn vét liéu phong phti cho cac
nghién ctru chon giéng bang chi thi phan tur.
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Bing 3. Céc gene ing vién lién quan dén niing suit va chit lwong lia

Nhoém tinh trang Gene Locus ID Churc nang chinh
Cau truc bong ANK1 LOC 0s02g29040 | Diéu hoa s6 nhanh bong
Céu tric bong ANK?2 LOC 0s02g29210 Phat trién bong lia
S hat trén bong GN2 LOC 0s02g56630 Diéu hoa s6 hat
Ning suit APOI/SCM2 | LOC 0s06g45460 | Diéu hoa sd nhanh so cap
Kién tric ciy DEP] LOC 0s09g26999 | biéu hoa kiéu bong day
Kién triic cay IPA1/0OsSPLI14 | LOC 0Os08g39890 Kién truc cay Iy tudng
Kich thuéc hat GW2 LOC 0s02g14720 | Diéu hoa chiéu rong hat
Kich thudc hat GS5 LOC 0s05g06660 | Diéu hoa kich thudc hat
Kich thudc hat qgSW5/GW5 LOC 0s05g09520 | bicu hoa chiéu rong hat
Thoi gian sinh truéng Hdl LOC 0Os06g16370 Diéu hoa trd bong

So sanh gitra cac dong dot bién cho théy, mirc
do tich liiy bién di khong hoan toan giong nhau
tai cing mot locus. Mot sé gene xuit hién s
lwong bién di cao & A68 nhung thap hon & A64
va A83, phan anh sy khac biét vé nguon bién di
gilta cac dong vat li€u nghién ctru. Két qua nay
cho thdy, mdi dong dot bién co thé mang céac to
hop allele khac nhau lién quan dén céc tinh trang
ndng sinh hoc quan trong.

Céc nghién ciru gin ddy cho thdy, viéc khai
thac dir licu SNP va INDEL tur gidi trinh ty hé
gene c6 thé hd tro hiéu qua cho phat trién chi thi
phan tir va chon giéng cdy trong [5, 10]. Trong
nghién ctu nay, cac bién di phat hi¢n dugc trén
cAc gene g vién cung cap ngudn dir liéu co gia
tri cho viéc phat trién cac chi thi phéan tir g vién
phuc vu nhan dién kiéu gene va hd trg chon giéng

ltia bang chi thi phan tr trong twong lai. Trén co
so do, qcécrlocps INDEL phu hop da duoc lua
chon dé thiét ké b chi thi phan ta.

3.3. Phat trién cac chi thi INDEL irng vién
phuc vu chon giéng phén tir

Tir tap hop cac bién di SNP va INDEL di xéac
dinh, nghién ctu tién hanh Iya chon céac bién di
INDEL c6 su khac biét ro rét giira cac dong dot
bién va gidng ddi chimg D3 nham phat trién cic
chi thi phan tor ung vién phuc vu nhan dién kiéu
gene va hd tro chon gidng lua. Cac bién di duoc
wu tién lya chon bao gdm: Cac locus phan bd trén
cac gene lién quan tryc tiép dén cdu trac bong,
kién tric cdy, so hat trén bong va kich thuéc hat
(Bang 4), c¢6 kha nang tao da hinh gilra cac dong
nghién ciru va phu hop dé thiét ké cip moi PCR
theo cac ti€u chi da trinh bay ¢ muc 2.2.3.

Bang 4. Cac chi thi INDEL tng vién phuc vu chon gidng lia

o AL Loai Dong U
Gene Chi thi phan ti bién di da hinh Tiém nang Gng dung
gSW5/GW5 | CM130-5733445 | INDEL | A64/D3 Chi thi phan tr kich thudc hat
APOI1/SCM2 | CM131-29125268 | INDEL A2§/4]53 Chi thi phén tir ning suat
Hdl CM131-10219549 | INDEL A§36/8]53 Chi thi phan tir thoi gian sinh trudng
DEP] CM134-14884130 | INDEL | AS83/D3 Chi thi phan tir kién trac cay
D3 CM131-3328473 | INDEL | A64/D3 Chi thi phan t kieu khém
SPLI10 CM131-28737432 | INDEL | AS83/D3 Chi thi phan tr cau triic bong

Két qua phén tich da lya chon va thiét ké duoc
42 chi thi INDEL tng vién trén cac gene lién quan
dén nang sut va chat luong lta (Bang 5). Céc chi
thi duoc phat trién trén nhiéu gene Ung vién quan
trong nhu: GN2, APO1/SCM2, DEPI, Hdl, D3,
gSW5/GWS, SPL10 va Ghd8/DTHS. Céc cip moi
duoc thiét ké nhdm khuéch dai cac vang trinh tu
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chira bién di INDEL c6 kha ning tao ra sy khac biét
kich thudc san pham PCR gitta cac dong vat liéu
nghién ctru. Viéc phat trién dong thoi nhiéu chi thi
trén cac nhom gene chirc nang khac nhau gop phan
mé rong kha nang tng dung cua b chi thi trong
nhan dién kiéu gene va hd trg chon gidng déi véi
nhiéu tinh trang muyc tiéu.
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Kich thuéc san pham PCR du kién giita cac
dong A64, A68, A83, D3 va trinh ty indica tham
chiéu cho thdy nhiéu chi thi phan tir c6 kha ning
phan biét kiéu gene 1 rét. Kich thudc san pham
PCR dy kién cua cac chi thi INDEL dao dong véi
muc sai khac tir 9-36 bp gilta cac dong vat li€u
nghién ctru. Trong do, céc chi thi trén gene Hdl,
qgSW5/GW5 va DEPI ghi nhan muc sai khac tur
15 bp tré¢ lén, trong khi cac chi thi trén
APOI1/SCM2, D3 va SPLI0 tao ra su sai khac tir 9
- 12 bp nhung van d4p tmg tiéu chi Iya chon dé

phan biét kiéu gene bang dién di trén gel thong
thuong. Pic biét, cac chi thi phan t& phat trién
trén cac gene qSW5/GW5, APOI1/SCM2, D3,
SPL10, DEPI va Hdl cho thiy kha ning da hinh
twong ddi cao giita cac dong nghién ctru (Bang 4).
Miic sai khac kich thudc san pham PCR dy kién
cua cac chi thi nay tao thuan lgi cho viéc nhan
dién kiéu gene bang cac phwong phap dién di
théng dung, gop phan giam chi phi phan tich va
nang cao tiém ning tmg dung trong cic chuong
trinh chon giéng lua.

Bang 5. Danh sach cic cip mdi INDEL irng vién

TT Chi thi Forward 'Reverse A64 | A68 | A83 | D3 | WT Thay d{)i Gene
; primer (5'-3") primer (5'-3") | (bp) | (bp) | (bp) | (bp) | (bp) | polypeptide
1 5%8132962 g"“"g;‘zg“gg "ta"tgt‘;‘:;gg“"‘ 241 | 241 | 255 | 255 | 255 | Khong | OsGI
2 | S gcaaﬁi‘fgcgttcaa ta“g;féfjtca" 202 | 202 | 202 | 202 | 192 | Khéng | Gnla
3 591\562662; gacgg‘c’taggaamga atcgagf;ggtgg“ 120 | 129 | 129 | 161 | 129 | Khong OSLFlT'
4| shoare gata;;ggggmc gcaa(f;;gfgaac 119 | 119 | 119 | 119 | 128 6 OsnP
5 2%11\43121%'9 Cacgtggzzgg;ag gtgggﬁiiiiaaa 124 | 138 | 124 | 124 | 124 | Khong | dbsl
6 2?;&%)67'9 cagéfifgﬁaga gtaif;gggagt 110 | 110 | 110 | 110 | 126 | Khéng | LOGI
7 2(;1;&233'8 Ctagc:ffétg"ca gtg“iﬁgcatm 130 | 139 | 130 | 130 | 130 | Khéng
8 42%19%63'2 gaagt‘;tggtgzgaac gaacjftz?a"ta 124 | 124 | 124 | 115 | 124 Co SEI3
9 4(23/;112669;‘ gg“aftgggtftagtc Ctttcg’titcgggcac 136 | 120 | 120 | 136 | 120 | Knong | RR4
10 121;’{112778'6 g"at:;i‘;ggacacaa ggtg;gtzzga"tg 173 | 164 | 164 | 173 | 173 | Khong | D50
11 3?;’;227865 gggfgitag:;aga thacéggfggtatgt 174 | 174 | 174 | 186 | 186 | Khong | OsHI
12 3?;’{1027%'3 tgtaggatacgty gcgg;tagg'“‘tiia““ 182 | 204 | 204 | 204 | 204 | Khong hg‘l*f
13 ?1\232895 ggttcj‘;i‘:gtgga ggatslca;agg(:%atat 127 | 104 | 127 | 104 | 127 | Khéng | Nglf-1
14 1?;471‘2797'6 camgtcctgfj"wtc gag*:gf‘c"‘ccag%tgag 195 | 195 | 183 | 195 | 195 | Khong | Awn-1
15 | onencon | EHEASECaZCAS g“gtgzgfggtca 187 | 163 | 163 | 163 | 163 6 HBP1
16 | MY gaafj;j;%tcca ggccgz;tfaagt 217 | 217 | 217 | 202 | 217 o qSW5
17 | M0 | eeacatcacteac gaag;‘éiz;gaca 143|133 | 133 | 133 | 143 | Knong | GaAl
18 23%232%'8 gCthth%ttgg“gat ggigtgfcaczggggc 184 | 184 | 184 | 184 | 211 | Khong OSLESP F
19 531;[;2713 "accg:;‘jfgt"c"t thcfgf;%gt“ 160 | 151 | 160 | 160 | 160 6 D3
20 | CMI31- | cccgatcgatcaat | ctttcgetttcaget | 249 | 249 | 249 | 201 | 249 Khoéng D3
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TT Chi thi Porward .Reverse A64 | A68 | A83 | D3 [ WT Thay in Gene
: primer (5'-3") primer (5'-3") | (bp) | (bp) | (bp) | (bp) | (bp) | polypeptide
3334710 tatcgtc ggtg
21| SN Caca‘;"a%g;gtgca coacatcgagtans | 391 | 355 | 355 | 321 [ 321 | Khong | HGW
22 3C71\;[5113§9 gaccgg?ggf“gaa CCRIBEAAEER | 129 | 133 | 133 | 133 | 133 | Khong OSIEASA
23 | e s g“gtgtttcggtgtgcg 169 | 169 | 202 | 202 | 202 6 Hdl
24 | e | BrEcEacca gmggggctgmgg 214 | 214 | 200 | 200 | 200 | Khong | SET24
25 | el chtfgtg;acttcat ggatf;agii‘ccam 133 | 153 | 153 | 153 | 153 | Knong | SET24
26 2(2:%111112 gat‘;i;‘g;cctgcc th“gctt;izg“’tc 131 | 147 | 147 | 147 | 147 | Knong | D35
27 2%%153619'0 gtgtgé‘éfccggtga Cam;;ggf;tgc 143 | 125 | 125 | 125 | 143 | Khong | D35
2 | SMOL ggtggi%;%iiaga Cmagsgggéamc 169 | 169 | 169 | 169 | 148 | Knong | D35
29 | il Catggtggaigggta gaa%fg;igccg 181 | 181 | 193 | 181 | 193 o SPL10
30 2%%153216'8 gaaciececgtee gaagaagicgfgtm 115 | 124 | 124 | 115 | 124 Co 2(1;?412/
L [ [mee i [ [ [ ] oo [
2| Mo Cacaigtc’%gccm caecaaageaace | ysg | 146 | 158 | 158 | 158 | Khong D6
33 fgg;g; Ctacfgfttag;g"“ Cgaiﬁ%tg;‘gtgga 151 | 151 | 151 | 142 | 151 Co gﬁ%
34 2%%163632'8 gagzgga;tgccagga Caga:;tﬁcgtcgcm 157 | 141 | 141 | 157 | 141 | Khong | POHI
35 2%2/;11%32'8 C“gfizgga“g Cagagag;é‘;;;gca 151 | 170 | 170 | 170 | 170 | Khéng 051;[7‘*
36 | SN gtg;z‘g:gtat Caaiaggctgtfgtgg 135 | 135 | 122 | 135 [ 122 Khong | V2P
37 | Sksnrag | B hegeacen ggtgggﬁﬁ‘gaag 182 | 182 | 182 | 167 | 167 | Khong | DEPI
38 | heoreg | CREccaseate thaggtgffgagta 122|122 | 122 | 122 | 143 | Knong | DEPI
39 13%163959'9 Ctafccga::giacg gccgféf;jtcca 125 | 125 | 125 | 116 | 125 Co 1\2/5?
40 C81\é1219357 - Ccacgjécc‘;‘;“at gatgcg?f;%fgca 102 | 111 | 102 | 102 | 111 Co NAL3
a1 | AT | Beagctattzcaac Ctg*f:ggjgcgtagc 179 | 158 | 158 | 158 | 158 | Knong |MAROE
) 1(0%51'6 gcgfgg;%ggcgg ““ii%ingaac 366 | 402 | 366 | 402 | 402 | Khong LA};GE

Céc nghién ctru trude day cho thdy, chi thi
INDEL 1a cong cu hiéu qua trong danh gia da

trong nhan dién kiéu gen, danh gia ngudn vat li¢u

dang di truyén va chon gidng ciy trong do c6 tinh

6n dinh cao, d& phat hién va chi phi phan tich
thap [8, 10]. Trong nghién ctru nay, cac chi thi
phan tir INDEL tmg vién dugc phat trién tir dit
lidu gii trinh ty hé gene co tiém ning ung dung
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va hé trg chon giéng lta bang chi thi phan tu.

Maic du cac chi thi phan tir trong nghién ctru
moi duge danh gia & mirc do tin sinh hoc thong
qua dir liéu h¢ gene va kich thudc san pham PCR

du kién, két qua thu duoc cho thay tiém ning 16n

cho viéc phat trién hé thong chi thi phan tir phuc
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vu nghién ctru va chon gidng lua trong tuong lai.
Céc chi thi phan tir (mg vién nay can tiép tuc
dugc kiém ching bang thuc nghiém PCR va danh
gia trén tap doan vat li€u rong hon nham xac dinh
tinh 6n dinh va kha niang ung dung trong céc
chuong trinh chon gidng thyc tién. Pay ciing 1a
dinh hudng nghién ctru tiép theo nham hoan thién
va danh gia hiéu qua tng dung cua bo chi thi
trong diéu kién san xuét.

4. KET LUAN VA KIEN NGHI
4.1. Két luan

Xac dinh dugc tong cong 10.614 bién thé
SNP va INDEL phén b6 trén nhiéu gene lién quan
dén cau trac bong, kién trac cay, s hat trén bong
va kich thudc hat.

Nhiéu gene tmg vién quan trong nhu: ANK/,
ANK2, GN2, APO1/SCM2, DEPI, IPA1/OsSPL14,
GW2 va GS5 ghi nhan mutc da hinh cao giita cac
dong vat liéu nghién ciru. Cac bién di phat hién
dugc khong chi phan anh sy da dang di tmyen
gitta cac dong lua dot bién ma con cung cip
ngudn dir liéu co gia tri dé khai thac cac allele
mg vién lién quan dén ning suat va chit luong
lua, lam co s& cho viéc phat trién chi thi phan ti
phuc vu nghién ciru va chon gidng laa.

Tir cac bién di INDEL da thiét ké dugc 42 chi
thi INDEL tng vién trén cac gene lién quan dén
ning suit va chat luong lta. Nhiéu chi thi phan tir
cho thiy kha ning tao ra sy khac biét kich thudc
san phém PCR gitra cac dong vat liéu nghién ciru,
¢6 tiém ning Ung dung trong nhan dién kleu gen,
danh gia ngudn vat liéu va hd trg chon gidng lua
bang chi thi phan tu.

4.2. Kién nghi

B6 sung ngudn dit liéu bién di di truyén trén
cac dong ltia dot bién trién vong va tao co so cho
viéc phat trién céac chi thi phan tr phuc vy danh
gia ngudn gene va chon gidng lua trong twong lai.

Céc chi thi phan tir img vién can tiép tuc
duoc kiém chimg bang thyc nghiém va danh gia
trén tap doan vat liéu rong hon nham xac dinh
tinh on dinh va kha nang ung dung trong cac
chuong trinh chon giéng thuc tién.

LOI CAM ON

Nghién curu duoc thuc hién voi sy hé tro kinh
phi cua nhiém vu: “Ung dung cong nghé sinh hoc

va ndang lwong birc xa trong chon tao giong lia
moi nang suat cao, chat lwong 16t phuc vu nji
tiéu va xudt khau”, ma so: 20230923006 thugc
Dé dn phat trién céng nghiép sinh hoc nganh
néng nghiép dén nam 2030, B¢ Néng nghiép va
Moi truwong. Nhom tdc gia xin trdn trong cam on.
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Abstract

This study was conducted to exploit SNP and INDEL variations for molecular marker development in
promising rice mutant lines. Whole-genome sequencing data from three rice mutant lines, A64, A68
and A83, together with the control variety D3, were used to analyze genetic variations in 186 genes
associated with growth, yield and grain quality traits in rice. SNP and INDEL variants located within
gene regions were extracted, filtered and compared among mutant lines and the control variety to
identify potential polymorphic loci for molecular marker development. A total of 10,614 SNP and
INDEL variants were identified in the investigated gene set, including 3,479 variants in A64, 3,877
variants in A68 and 3,258 wvariants in A83. Several genes related to panicle architecture, plant
architecture and grain size showed high levels of polymorphism, including ANKI, ANK2, GN2,
APO1/SCM2, DEPI1, IPA1/OsSPL14, GW2 and GS5. Based on the identified variants, 42 candidate
INDEL primer pairs were designed for genotype discrimination and molecular marker development.
The results provide valuable genetic variation resources and potential molecular markers for
germplasm evaluation and marker-assisted rice breeding in future studies.
Keywords: Rice mutant lines, SNP, INDEL, molecular markers, rice breeding, grain yield.
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