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Abstract: By dissecting genetic basis and identifying QTL related to anaerobic germination related traits
in rice, and detecting the elite rice lines carrying favorable alleles, this study provided excellent germplasm for
molecular marker-assisted ( MAS ) breeding. The seeds of 318 rice lines were germinated for measuring coleoptile
length under normal and anaerobic conditions. QTL associated with anaerobic germination ( AG ) tolerance was
determined by GWAS and candidate genes were analyzed. The broad variation of AG tolerance was observed
among rice accessions ranged from —0.923 to 3.069, with an average of —0.238, a median of —0.342. A total of 27
QTL revealed by 83 SNPs were detected associating with AG tolerance. The QTL locus g4G4-2 was selected for
analysis and 20 candidate genes in the target interval were annotated. Among them, one gene was up-regulated
and two genes were down-regulated under normal condition compared to anaerobic condition. The excellent
germplasm resources and the QTL loci associating with anaerobic germination were valuable in rice breeding
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Fig.1 Coleoptile length of 318 rice materials under
anaerobic and normal conditions
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Fig.2 The result of GWAS for anaerobic germination tolerance
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®1 ERIKTEMREHLH QTL

Table 1 QTLs for anaerobic germination tolerance

Bt PR AL POGREN SNP {3 # (bp ) P CHRIE YT RS QTL
QTL Chromosome Position of SNP P-value Known QTL related to anaerobic tolerance
qAGl1-1 1 12676602 6.74x10™ —
qAG1-2 1 19072161 3.48x10™ —
qAG1-3 1 26068206 1.51%10™ —
qAG1-4 1 26913917 8.16x 107 —
qAGl1-5 1 45709212 3.18x 107 —
qAG2-1 2 35486705 8.97x10™ —
qAG3-1 3 22622450 3.07x 10" —
qAG3-2 3 23355237 454%10™ —
qAG3-3 3 32553417 4.02x10™ —
qAG4-1 4 21704388 231%x10™ —
qAG4-2 4 29073881 3.10x 107 —
qAGS5-1 5 3990746 6.97x10™ —
qAGS5-2 5 4616114 2.98%x 107 —
qAG6-1 6 31366300 3.42x10° [6]
qAG7-1 7 26080094 8.56x 107 —
qAG8-1 8 20229992 2.19x10™ [8]
qAG9-1 9 1655486 336x 10" —
qAG9-2 9 6691585 496x107° —
qAG9-3 9 10628960 6.06x 107 [9]
qAG9-4 9 14668217 8.90x 10 —
qAG9-5 9 20219086 4.14x10™ —
qAG10-1 10 12815855 3.00x 107 —
qAG10-2 10 14372754 1.96x 107 —
qAG10-3 10 20117592 3.45%x10™ —
qAGl11-1 11 2521730 7.25%107° —
qAG12-1 12 19596189 7.37x 107 —
qAG12-2 12 21949329 7.63x10™ —

—UKi% QTL 1EZHTMRITTE AR IR IE

—represents the QTL has not been reported in previous study

x2 REFHGTESENEFHKEMEHERER

Table 2 List of rice lines with a higher relative coleoptile length under anaerobic condition
%' ¥4 E2] AR IR 2 12 e S AL A
1D Sequencing ID Name The relative coleoptile length The number of favorable alleles
W25 ay GHAIYA 3.068851 14
w381 on 145 100 0.007576 14
w14 an BR-161-2B-58 ( i ) 3.023188 13
w171 an A HuREA -0.07527 13
W268 kf TARE1S 0.144208 13
W380 om s 21 -0.01948 13
w10 aj BG304 1.303728 12
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KX gAG4-2 #8GHE — 25 73 B (&1 3), S5 R ERW,
qAG4-2 X 8] N 35 5 3] 20 IR, BB AUHE Y
fiti (LOC 0s04g51030, LOC Os04g51050, LOC
Os04g51009, LOC Os04g51040 ), H= & ¥ 2 B T
(LOC _0s04g51190), zinc_finger 5% 5% [ F (LOC
Os04g51172 ) % (£ 3), Hsu %% JH 6 /> Tiit IR 46
B & 8 AN R R 7K d AR TE 8 45 RIS A
TR TR SR LA T 3597 AN DR A&
BEPH, 5% 200 20 ML AR I 1 AN SE
(LOC _Os04g51040 ) TEIRAASRAE T AT 1E% A A
Sk FEFRIL, 2 NN (LOC 0504251090, LOC
Os04g51130) FHRIE (£ 3), KL, X 3 A
TRA T RBSE S 5 /KRRl -1 DR 40 ke 1) O B I

x3 qAG4-2 KEINIRIEER
Table 3 The candidate genes in the region of ¢4G4-2

—log,, (p)

545Gk (Mb)

Chromosome 4

Hpar (e SR LB XIS ER P<0.001 7K F 4 b 2

The points above red line show the significant level ( £<0.001 )

Fig.3 The mapping result of ¢4G4-2

B3 qAG4-2 MEERERLR

PRAAM

Anaerobic response

T G Tyfe R
Gene ID Function annotation
LOC_0s04g51009 AN BE SR (1 I
LOC 0s04g51020 TCHIRes
LOC_0s04g51030 21 R IR A R
LOC_Os04g51040 20 A RE SCIDE AR 11 UK
LOC_Os04g51050 2T A RE DI (1 VK
LOC_Os04g51060 Pz

LOC _Os04g51070 helix-loop-helix DNA 4544 5% K 1
LOC_0s04g51080 Tk

LOC Os04g51090 tRNA P
LOC Os04g51100 COBW Jjfigtiliak 1
LOC _0s04g51110 WD_repeat T REIHHE H
LOC _Os04g51120 ENTH JifgiiE
LOC_Os04g51130 JCHIREs
LOC_Os04g51140 E2F FHOCEE
LOC _Os04g51150 AR
LOC _Os04g51160 T AR A
LOC 0s04g51166 JeHIfess

LOC 0s04g51172 BB S50 5L 1
LOC Os04g51180 (eF - {SEXSTERSES
LOC _Os04g51190 AT T

—URBEESATT IR NFIA T B 25 5

—represents that gene expression was not differentiated under anaerobic condition
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Supplementary table 1 Basic information and the relative coleoptile length

& w5 BFK HAXT RSB L
1D Sequencing ID name The relative coleoptile length
Wi aa 06 5| 32 0.533125
W5 ac AG7 -0.723502304
W6 af ANFC-1 -0.616326531
w7 ag AS996-1K -0.83566058
W8 ah B459b-pn-132-8-1 0.175015461
W9 ai BANTIA -0.578571429
w10 aj BG304 1.30372807
Wil ak BG34-8 -0.480769231
wi2 al BINDESHWARI 2.139705882
W13 am BKN 6809-74-40 -0.834745763
w14 an BR-161-2B-58(4l ) 3.023188406
W16 ap BS145 1.200954861
W18 ar CNAR 2888-B-47 -0.011235955
W20 at CNAX4364-4-4-1-1-1 -0.892265193
w21 au CT 19298-(1)-1-12-1-4-2MP -0.362582781
W22 av CT 9685-14-M-1-2-3-2P-M-1 -0.824561404
W23 aw CT 9737-5-21-2-4P-M -0.867346939
W24 ax ule6 -0.630252101
W25 ay GHAIYA 3.068850902
w27 ba GZ 948-2-2-1 0.200234192
W3l be IAC25 -0.442233633
W32 bf IDSA 64 -0.029450549
W33 bg IET3137 -0.144444444
W34 bh IET8580 -0.889649924
W35 bi IN 79-2-1-3-3-M -0.694628403
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