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ABSTRACT

Rice is a globally important food crop, and drought is a major constraint on its
production, highlighting the need for drought-tolerant varieties. Next-generation
sequencing (NGS) enables the identification of DNA variations, even within closely
related rice lines, offering a powerful approach to unravel the genetic basis of traits like
drought tolerance. ldentifying single nucleotide polymorphisms (SNPs) and
insertions/deletions (InDels) is a crucial application of NGS. This study aimed to
identify candidate genes for drought tolerance by re-sequencing the genome of a
drought-tolerant rice mutant and comparing it to its drought-sensitive parent, Hashemi.
We identified 73,077 polymorphisms (SNPs and InDels) between the two lines. We
then analyzed the segregation of large-effect variants in a segregating F2 population
derived from a cross between the two lines, comparing drought-sensitive and drought-
tolerant progeny. The identified SNPs were validated against previously reported SNPs,
and their functional relevance was assessed based on their location within known
quantitative trait loci (QTLs) and conserved protein domains. This research pinpoints a
potentially valuable target gene for enhancing drought tolerance in rice breeding
programs. It is hoped that by inducing targeted mutations or using genome editing
techniques to produce this protein in drought-sensitive rice varieties, cultivars can be
developed that, in addition to having the desired traits, will also be tolerant to drought
stress.
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F: ATGGGTTTGTGTTTCAGAGC
462 58 R: TTCAAAGCGCAATACGCTAC 051190493000
F: ATCAAGTGCACCGTGATGGA
447 58 R: TGACACGTAACCACAGGTTTTG 051190539500
61 58 F: TTGATTGCTCTTTCCTCTGC 050890133700

R: GATTTGACATGCATCGAACC
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Table 5. Number and ratio of single nucleotide
polymorphisms based on the type of substitution

mutation
Transitions 52,380
Transversions 22,805
Ts/Tv ratio 2.2969
y Transitions
y Transversions

y Transitions/ transversions
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Figure 1. Variant percentage in different regions of the mutant genome
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Table 6. Candidate genes for drought tolerance and their characteristics

Candidate genes 1 2 3
Gene name 051190493000 051190539500 050890133700
LoC LOC_0s11g30060.1 LOC_0s11¢33300.1 LOC_0s08904010.1
SNP ID 1554404362 VCZ2HKGWT 10801921126
Expression Shoots, flower, embryo, endosperm expressed in all tissues low expression, all tissues
Variant frameshift (stop codon lost) stop gained(Q—stop codon) stop gained(S—stop codon)
Interesting truncated protein turned to a compelete protein truncated protein truncated protein

Gene Product Name

Molecular function
Biological process

NBS-LRR type disease resistance protein Hom-B,
putative, expressed

O-methyltransferase,
expressed

putative,
expressed

protein binding

response to stress

transferase activity, protein binding
metabolic process, cellular process

catalytic activity
metabolic process

—Yaminoethanethiol dioxygenase, putative,

HP1
MP1

TAGAATGAGCAAAGTGATTACTGGAAGTCGTTGTGTATGCCGATTTTTGCCTCTACGCGT
TGGAATGAGCAAAGTGATTACTCGAAGTCGTTGTGTATGCCGATTTTTGCCTCTACGCET

0s11g8493000TAGAATGAGCAAAGTGATTACTGGAAGTCGTTGTGTATGCCGATTTTTGCCTCTACGCGT

MU

HP1
MP1

TGGAATGAGCAAAGTGATTACTCGAAGTCGTTGTGTATGCCGATTTTTGCCTCTACGCGT

R BB R SR SR R R ORC R 5B BB B R 5B 6B B R R R R

TGTGACATTATAGTAACTACTCGGAGTGAGGCAGTGLGCAAGGTTAGTTCAGACAATACCA
TGTGACATTATAGTAACTACTCGGAGTGAGGCAGTGLGCAAGGTTAGTTCAGACAATACCA

0s11gB493080TGTGACATTATAGTAACTACTCGGAGTGAGGCAGTGGCAAGGTTAGT TCAGACAATACCA

MU

HP1
MP1

TGTGACATTATAGTAACTACTCGGAGTGAGGCAGTGLGCAAGGTTAGTTCAGACAATACCA

TTCTACAATTTAGACTACTTA-ATCCTGATGACAGCTGGTTGTTATTCAAGCAAACAGCG
TTCTACAATTTAGACTACTTAAATCCTGATGACAGCTGGTTGTTATTCAAGCAAACAGCG

0s11g8493088TTCTACAATTTAGACTACTTA-ATCCTGATGACAGCTGGTTGTTATTCAAGCAAACAGCG

MU

TTCTACAATTTAGACTACTTAAATCCTGATGACAGCTGGTTGTTATTCAAGCAAACAGCG

161
197
oee
9ae

221
257
968
968

288
317
1819
1a2e

Colige pgi5 iSG jl hols g3 :MP1 (O511g0493000) V 43515 5 (sl yaslys b sodle poi 5385 51 ool gy HPL LY JS
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Figure 2. HP1: The sequence obtained from the amplification of the Hashemi genome with primers of candidate gene
1, MP1: The sequence obtained from the amplification of the Mutant genome with primers of candidate gene 1,

0s1190493000: Reference gene sequence, MU: Expected mutant gene sequence

0s11g853950BATGTTCCAATCCATTCCACCAGCGGACGCTGTTCTACTCAAAGTACGTATCACATAGGCA

MU
HP2
MP2

ATGTTCTAATCCATTCCACCAGCGGACGCTGTTCTACTCAAAGTACGTATCACATAGGCA
ATGTTCTAATCCATTCCACCAGCGGACGCTGTTCTACTCAAAGTACGTACCACATAGGCA
ATGTTCTAANCCHNTTCNACCAGCGGACGCTGTTCTACTCAAAGTACGTACCACNTAGGCA

1448
1448
128
126

cilige pgis iS5 5l Jols Jlsi MP2 (051190539500) ¥ w15 5 (sl porlyy b sadle poss iS5 51 Lol JIgs :HP2 ¥ JS

i) 3590 cilige i MU ¢ i3y o5 g3 :0511g0539500 ¥ S 55 yosl b

Figure 3. HP2: The sequence obtained from the amplification of the Hashemi genome with primers of candidate gene
2, MP2: The sequence obtained from the amplification of the Mutant genome with primers of candidate gene 2,

HP3

0s1190539500: Reference gene sequence, MU: Expected mutant gene sequence

ATTGNAATATTCTGCTTACCAACATCGGCGGNTATTCCTCTCCATGATCATCCGGNAATG

0s88g@133700AT TGGAATATTCTGCTTACCAACGTCGGCGGTCATTCCTCTCCATGATCATCCGGGAATG

MU
MP3

ATTGGAATATTCTGCTTACCAACGTAGGCGGTCATTCCTCTCCATGATCATCCGGGAATG
ATTGNAATATTCTGCTTACCAACGNANGCGGNCATTCCTCTCCATGATCATCCGGNAATG

S8coc oM R 38 oo a8 o8 o 380 28 S8 B 28 S 38 S8 8 38 28 R o o e o S 28 DRC 0 JSC DB G B D8 W DB DBC M OBC OB DO OB OB L 0BG M R i

482
1428
1428
390

Colige psi5 iSG jl Jbols g3 :MP3 (OS08g0133700) ¥ wilS 5 (sl yasl s b il poi 5385 51 Jools Jlsi HP3 € S

Sl 3590 cilbge i MU i3y o5 g3 050890133700 & iS55 yesl s b

Figure 4. HP3: The sequence obtained from the amplification of the Hashemi genome with primers of candidate gene
3, MP3: The sequence obtained from the amplification of the Mutant genome with primers of candidate gene3,

0s08g0133700: Reference gene sequence, MU: Expected mutant gene sequence
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Table 7. Comparison of mutation sites in the amplified
sequences of sensitive lines (S1 to S8) and resistant
lines (T1 to T8) using primers for Candidate Gene 1
(with three mutations) and Candidate Gene 2, alongside
the sequences of the mutant Variety, Hashemi variety,
and the reference gene sequence

Os11g0493  0Os1190493  Os1190493  Os08g01

000(L) 000(2) 000(3) 33700

Refer G AA G
ence

Hashe A G AA G
mi

Mn“tta G c AAA c
T G c AAA N
™ G c AAA c
m G c AAA G
T4 A G AA c
5 G c AAA G
T6 G c AAA G
7 A G AA N
8 G c AAA c
st A G AA G
2 A G AA G
s3 A G AA c
s4 A G AA c
S5 G c AAA c
S6 A G AA c
s7 A G AA N
S8 G c AAA N

(LOC_Os11¢30060.1) Os11g0493000 &y

53503 1,8 V) pojesssS (s 051190493000
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.(Eddy et al., 2000 Cheng et al., 2018; Bittner-) »,l> (5,55 Siuiw
Hashemi gene: ....TTGGATAATGTTTAGAATGAGCAAAGTGATTACTGGAAGTCGTT.......... AGACTACTTAATCCTGATGA
CAGCTGGTTGTTATTCAAGCAAACAGCG TTTGTTGAGCATGATAATGTCAGTCCAGCAAACCTAGTA.....
Hashemi peptid: ....LDNV Stop NEQSDY WKS.......... DYLILMetTAGCYSSKQRLLSMetIMetSVQQT Stop
Mutant gene: ... TTGGATGATGTTTGGAATGAGCAAAGTGATTACTCGAAGTCGTT.......... AGACTACTTAAATCCTGATGA
CAGCTGGTTGTTATTCAAGCAAACAGCG TTTGTTGAGCATGATAATGTCAGTCCAGCAAACCTAGTA.....
Mutant peptid: ....LDDVWNEQSDYSKS .......... DYLNPDDSWLLFKQTAFVEHDNVSPANLV.....

Cilige g ol pgi > ol Sty (i 9 051190493000 5,815 5 JIg5 duslio 0 JSUS
Figure 5. Comparison of Os11g0493000 Candidate genes sequence and its peptid prediction in Hashemi and Mutant genome

TLUSTAL 0{1.2.4) multiple sequence alignment

MUTANT MMTLEGSRTGGCMSVLATVEMGELGKTTLAQLYVYHDPFKVAQAFDL FGWVCVSEHFDVMNT 68
RPP11-1ike MMTLEGSRTGGEMEVLATVEMGELGKTT LAQLVYMDPEVADAFDL FGNVCVSEHFDVMNT 68
[ R R R R R R R N R R R R R R R R R RN R R R Lyl
MUTANT TRETLSS TAKRMCDYIQSSELQGOLEML TKDKRVF LVLDDVWNEQSDYSKSLCMPTFAST 128
RPP11-like TRETLES TAKRMCDYIQSSELQGOLEML TKDKRVF LVLDDVWNEQSDYWKSLCMPTFAST 128
LA R R N R R R R R R R R R R R R R R R R R R R A R R Y
MUTANT RCDTIVTTRS EAVARLVOTIFFYHLDY L NFODSWLLFKQTAFVEMDMVSPANLVETGORT 188
RPP11-1ike RCOTTVTTRSEAVARLWVOTTFFYMLDY L NPODEWL LFKOTAFVEMDMYSPANLVETGQRT 188
[ R R R R R R R N R R R R R R R R R RN R R R Lyl
MUTANT AKKCOGLPLALKTLGSWLRF ETHVMEWRDVLOSE LWDLERSQNEVLPALELSYEHMPMHL 248
RPP11-like AKKCOGLPLALKTLGSWLAF ETHVMEWADVLOSELWDLERSQNEVLPALELSYKHMPMHL 248
LA N R R R R R R R R R R R R R R R R R R R R R N Y
MUTANT KLCFVSLSLYLKDTYFDES TVUVWLWKS LHLLQCDCTONSNETGELYFTOLVORSLIQUVD 188
RPP11-1ike KLOFVELSLYPKDTYFDES TVUWLWKS LHL LQCDGTONSNE TGELYFTQLVORSLIOQVD 188
[ R R R N R R R R R R R R R R R R R Y]
MUTANT THERMATHDLVHDLACF LAGEEF FRLEEDGYVETPKGARCMSTMPHPQUKRSTOISNASD 168
RPP11-like THERMATHDLVHDLACF LAGEEFFRLEEDGYVETPKGARYMETMPHPQOKASTQISMASD 168
LA T R R N R R R R R R R R R R R R R N R Y
MUTANT SLRVITLIRRTMIKMPEALFMMCKEFQIIQVIDDS FANVLLDFMGDMELLAMFRLIRSCH 428
RPP11-1ike SLRVITLTRRTMIEMPEAL FMMCKEFRT IQVIDDSFANYVL LDFMGDMEL LAMFRLIASCHN 428
o
MUTANT EVKLVISDSMSQOFMLOTLNCEAYSLHGIGRLANLOMLPNIHLWECGCVLRELRMMNKIR 488
RPP11-like EVELVISDSMEQQFMLOTLNCEAYS LHGIGRLANLQMLPNIHLWECGCVLRELRMMMKIR 488
LA N R R R R R R R R R R R R R R R R R R R R R N Y
MUTANT RLHIVGLOMYES IQDVMEAHLHSKKDL ETLELDF ESCEICKVHKEEADVNQATSTVSGES 548
RPP11-1like RLHIVGLONVSS IQDVMEAHLHSKKDL ETLELDF ESCEICKVHKEEADVNQMISTVSGES 548
[ R R R R R R R N R R R R R R R R R RN R R R Lyl
MUTANT ILESLRPHHQSLEVLAMENLMEVNYPSWLGSASF SKLTKLRLEMCQSOHLPTLGELPSLE 688
RPP11-like TLESLRPHHQSLEVLAMENLMEVIYPSWLGSASFSKLTKLRALEMCQSQHLPTLGELPSLE 688
LA N R R R R R R R R R R R R R R R R R R R R R N Y
MUTANT SIDTROQMEYVEMIGRVFCSLDPSVEGE RS LAHLRFQDMNAF SEWSEVHDGEFSSLETLLT 668
RPP11-1like SIDTROMEYVEMIGRVFCSLDPSVEGFRSLAHLRFODMNAF SEWSEVHDGEFSSLETLLT 668
[ R R R R R R R N R R R R R R R R R RN R R R Lyl
MUTANT WSASELSSLPSVPFSSLRSFELCDCKMLVTFPASATLOILSISSCEKLKELPALPSLASL 728
RPP11-like WSASELSSLPSVPFSSLRSFELCDCKMLVTFPASATLOILSTSSCEKLKELPALPSLASL 728
LA N R R R R R R R R R R R R R R R R R R R R R N Y
MUTANT KLSGCESLVAVEHFPSLTVLHMS TEFEEEVLHKLMMLMLKLEELSTSSOTMELTHLERHS TR
RPP11-1like KLSGLES LVAVEHFPSLTVLHMS TEFEEEVLHKLMNLHLKLEELSTSSOTMELTMLEPHS 7B
[ R R R R R R R N R R R R R R R R R RN R R R Lyl
MUTANT LPLLRELELWCPNLOMCDALASLSSLETLCVNRCSPOLRVENSLOSOLEKLYSP 834
RPP11-like LPLLRELELWCPHLOMCDALASLSSLKTLCVNRCSPQLRVEMSLOSQLEKLYSE  §34
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Figure 6. Alignment of the peptide sequence of the candidate gene Os11g0493000 in the mutant line with the peptide
sequence of RPP13-Like Proteinl (Oryza glaberrima)
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