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Genome-Wide Association Study for Resistant Starch in Rice
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BIE Siyuan?, LI Peifu?
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Abstract: Identifying Quantitative Trait Loci (QTLs) and candidate genes related to resistant starch (RS) content in rice grains aids in
elucidating the genetic mechanisms underlying RS accumulation in rice grains and facilitates the breeding of rice varieties with high RS
content. In this study, 139 rice germplasm resources were utilized as research materials, and their grain RS content was measured over
three consecutive years from 2021 to 2023. Combining 255501 high-quality Single Nucleotide Polymorphisms (SNPs) markers, a
genome-wide association study (GWAS) was conducted using the FarmCPU model, revealing a total of 12 QTLs significantly associated
with rice grain RS content. Among them, gRS-8-8 was consistently detected in four environments, explaining 33.99% of phenotypic
variation, while gRS-11-1 was repeatedly detected in two environments, accounting for 14.06% of phenotypic variation. Furthermore,
through gene function annotation, differential gene expression, and haplotype analysis, 2 candidate genes related to grain RS content
were screened within the repeatedly detected QTL intervals. Among them, LOC Os08g28670 encodes a Bet v1-like special domain-
containing protein, the function of which in rice has rarely been reported; LOC Os11g44950 encodes a glycoside hydrolase family
protein, with members of this family participating in physiological activities such as carbohydrate metabolism, growth and development,
and stress resistance in plants. The findings of this study provide a theoretical reference for further elucidating the genetic mechanisms
of RS content formation in rice grains and contribute to the genetic improvement of rice quality.
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XF 2021 4F 2022 4F1 2023 4F 139 /K AEARLTLTEVE Ry & B R AR BEAT Gt o0 B . 2021 4FL 2022 4F
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Table 1 Statistical analysis of rice grains resistant starch content data

FA FEME(%) bRz AR 536 [ (%) 25 A H(%)
Year Average SD Range cV
2021022 0.83 0.19 0.33~2.29 22.89
2022 0.86 0.50 0.03~2.10 57.37
2023 0.38 0.32 0.04~1.85 89.64

2.2 IKFEFFRITMIEM S 2SR EE XS
FIH FarmCPU A45%F 2021 4F, 2022 4. 2023 S /KFEAFRLHLPEE R & = R AUE M BLUP {Hit 17 403

IR T, 2 BME A—-logio P>5.4 I, ILRLIE] S5 ARG MEVER & & 535 RBKH SNP A7 i 57 4>, R
3



MR 0.05%~41.67% (B 1) o KE] 2 KA ER) SNP #Lym al {5 EE SNP ALel, 1E 4 RBAZK
Beorbeh, B 5 A REYE SNP AL E G AR, Hoh 8 SU ik FYEF 4 A SNP (L, RAVE R MR
BN 7.25%~21.32%; 11 SHtfk FEEH] 1 A SNP AL, REERMEREEN 6.79%~14.06%. TEAFIR
BRI A, FEDI LRI BEAE 50 kb BLN ) SNPs # v — 48— QTL X3, 735I7E 7 %4tk %€ i 16
QTL, " QTL £ 55 qRS-11-1 7F 2022 =1 BLUP {8 2 NS E R X 5, gRS-8-8 1F 2021 4E. 2022 4.
2023 4EF1 BLUP {8 4 MR EEEER (K 2) .

2 KRR E M B & KEK QTL

Table 2 Significant QTL associated with resistant starch composition in rice grains

HEVERGLS Jetafk QTL [X & (bp) R IVAL 53 (%) HIR
QTL Chr. QTL region PVE Environment
gRS-1-1 1 22279268 - 22379268 29.46 2023
gRS-2-1 2 11301848 - 11401848 4.41 2021
qRS-7-1 7 18365444 - 18465444 16.12 BLUP
gRS-8-1 8 8042781 - 8142781 9.23 2021
qRS-8-2 8 12582741 - 12683526 25.35 2021
gRS-8-3 8 12703350 - 12803350 19.01 2021
qRS-8-4 8 12994679 - 13094679 32.70 2023
qRS-8-5 8 14953184 - 15053184 41.67 2021
qRS-8-6 8 15285907 - 15391225 36.44 2021
qRS-8-7 8 15370517 - 15470517 26.98 2021
gRS-8-8 8 17442921 - 17545851 33.99 2021/2022/2023/BLUP
gRS-8-9 8 17547639 - 17647639 25.87 2023
gRS-10-1 10 4974570 - 5074573 0.07 2023
gRS-10-2 10 11288596 - 11388598 26.01 2023
qRS-11-1 11 27201439 - 27301439 14.06 2022/BLUP
gRS-12-1 12 11718078 - 11818078 3355 2023

PVE ATEZ A WA I ) B e (L

only the highest value of (phenotypic variance explained) PVE detected in multiple environment was showed
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Fig. 1 Manhattan and Q-Q diagrams of resistant starch content in rice grains for three years
23 FNBERYN I
I I o T4 B SNP AL iR AT B A 0 I, SNP chr08-17489984 ik 1 A 254 G, JEPAY GG 7]
FERS AR 2021 4F 2022 4F, 2023 4FF1 BLUP 258 R HLEERZY AA P44 0.863%- 0.555%+ 0.957%
F10.152%; SNP chr08-17495851 HgidEth G &4 A, ZEFZA AA 73RS FEAE 2021 £, 2022 4, 2023
SEAT BLUP 3585 F ELFE R GG PR35 0.879%- 0.539%- 0.943%A11 0.153%; SNP chr11-27251439 B iy
CAN T, #RFA TT Al S8 RS &8&7E 2021 4. 2022 /1 BLUP 3355 F ELI R CC T4 0.342%.

0.819%7F1 0.136% (& 2) .



RSC: PUMEWEM & E; ns: EREXER; *. 9 BIFRRE 0.05. 001 KFLBEHE*X
RSC: resistant starch content; ns: not significant; *,**  indicate significant correlation at the levels of 0.05 , 0.01 , respectively

2 SNP i RS RL 534
Fig. 2 SNP loci effect analysis

2.4 IKFSFFRITIEIE R & BRI EE Fi%E

FIF Rice Genome Browser %3 Chttp:/rice.uga.edu/cgi-bin/gbrowse/rice) X H & % |1 QTL X AT
FeN G, LR 31 Mook, o 13 ANMEEEBADIRERGER (R 3) o MYk K D) fe iR i
w5 AR SR RLBUIEVE M A R R R, EAL T 8 TRk B EER LOC 050828670
LOC 0508228680 M1 LOC 0s08g28700 43 4wt Bet v I FK W 2 R4 GEEM S dnal S5MHENR;: &
KT 11 SPafk EFER LOC Os11g44940 F1 LOC Os11g44950 4ifFi -1 B EE (1 PM27 FIREIE K fif i 55
%3 EA.

R 3 KFEIFRUMETEN & B IREEE

Table 3. Candidate genes for resistant starch composition in rice grains

2K 1D Petuth YEAL E (bp) ThReER HH 4
Gene ID Chr. Physical position Functional annotation Gene name




LOC_0s08g28570 8 17451968~17456043 pitEEA

LOC_0s08g28600 8 17478892~17470308 itEEH

LOC_0s08g28670 8 17511691~17510084 SRR Betv] FEEH

LOC_0s08¢28680 8 17516101~17513006 RREGH OsUBCSP)
LOC_0s08g28700 8 17540911~17538199 o dnal Z5RIE ) B 5

LOC_Os11g44940 11 27202904~27200303 7 A E PM27 OsPM2712%1
LOC_Os11g44950 11 27210578~27203545 BEH KR % 3 R H Tips-11-927]
LOC_Os11g44960 11 27221855~27226087 NBS-LRR $ij# & H

LOC_Os11g44970 11 27234199~27237260 NBS-LRR Fifi i H

LOC_Os11g44990 11 27242070~27245161 & NB-ARC S5tIIER AR

LOC_Os11g45050 11 27261093~27264194 NBS-LRR $ifi i H

LOC_Os11g45060 11 27268948~27273348 & NB-ARC S5tIIE AR

LOC_Os11g45090 11 27282232~27285045 & NB-ARC S5tIIER AR

-+ T3PS . - no gene accession number provided.

T AR S 5 AT WIR RIS AL T, IR 5 MBI BRI R 2 AR R A K AE S b e
KRR SR ITD AV BT R RS S Fh 7K 28 55 (NJ28) AR G WAL (E B35 25 5% LOC_ 0508228670
FEAFRIER 55 10d FIEE 16 d ik R IRGES, 5 NJ28 HHEL JTD rh3k R ik B 2 FEK: LOC Os11g44950
TEFFRIESR SR 10d FIEHE 16d RiIL B R T Ekass, 5 ITD ML NJ28 fF3k Rk & 5 E o R )i,

KEEMT LOC Os11g44950 SR RIEEIGA m TR 2Mm (E3) .

B 3 KFEFFREI MRS & BIREE E R RIEKFAE

Fig. 3 Relative expression pattern of resistant starch composition candidate genes in rice grains
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LOC_Os11g44950 7374 Hapl. Hap2 M1 Hap3 =FBLf58Y, Hap2 £ HAAREA S L EE 14.20%, 2021 4. 2022
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A: LOC_0s08g28670 W fERIA3HT ;. B: LOC_Oslig44950 HA5R 3 # . *P<<0.05, **P<<0.01. RSC: FMEIEM&&: ns: LREZER

A: Haplotype analysis of LOC Os08g28670; B: Haplotype analysis of LOC Os11g44950. *P < 0.05, **P < 0.01. RSC: resistant starch content; ns: not significant

B 4 it S EREX IRERE A AR S

Fig. 4 Haplotype analysis of the candidate genes related to resistant starch content
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