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Abstract: [Objective] Low-temperature stress poses a significant threat to rice production, and the development of
cold-tolerant varieties through the identification of cold resistance-related genes represents a critical strategy to address
this challenge. Meta-QTL analysis offers a powerful approach to integrate quantitative trait loci governing complex
agronomic traits, such as cold tolerance, across diverse genetic backgrounds. By improving the precision and reliability of
candidate gene localization, this method provides a robust foundation for the cloning and breeding application of cold
tolerance genes in rice. [Methods] We conducted a comprehensive meta-analysis of 353 quantitative trait loci (QTLs)
associated with cold tolerance at the seedling stage, derived from 38 independent studies. These QTLs were integrated
using BioMercator 4.2, followed by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analyses to identify candidate genes within the Meta-QTL regions. [Results] A total of 82 Meta-QTLs were
identified, of which 67 (81.71%) had confidence intervals of less than 1 Mb. These regions encompassed 9282 annotated
genes, including 25 previously reported genes associated with cold tolerance at the seedling stage. GO analysis revealed
99, 230, and 119 genes associated with abiotic stress response, environmental stress response, and transcription factors,
respectively. KEGG enrichment analysis further identified 27, 69, and 9 significantly enriched genes related to abiotic
stress response, stress response, and transcription factors, respectively. [Conclusion] Through the integration and
analysis of 353 QTLs related to cold tolerance at the seedling stage, 82 Meta-QTLs were identified. GO analysis
pinpointed 448 candidate genes, while KEGG analysis further refined this list to 105 differentially enriched candidate
genes. These findings provide valuable insights for molecular marker-assisted breeding and gene cloning for cold
tolerance at the rice seedling stage.

Key words: rice; cold tolerance; QTL; Meta analysis; candidate gene
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Table 1. Summary of QTLs associated with cold tolerance at the seedling stage in rice

i /N Sy Y iy I
Erre s FHEAT Fik ERL 7% QL HH BHH
Number of
Mapping population parents Population type population Mapping method Number of QTLs Reference
ZYQS8, JX17 DH 128 M 4 [5]
M-202, IR50 RIL 191 M 15 [6]
= 630, 02428 DH 81 CIM 3 [26]
Lemont, 457 RIL 139 CIM 5 [27]
23, HR 1T Fa3 200 M 17 (71
AAV002863, Zhenshan 97B DH 193 M 5 [8]
Dular, Lemont RIL 123 CIM 5 [28]
Asominori, IR24 RIL 71 CIM 3 [9]
i )t/Kasalath, 8¢ BIL 182 CIM 4 [29]
DXWR, FgxL 11 BC, F23 144 CIM 2 [30]
Nipponbare, Kasalath; BIL 98 CIM 3 [31]
Nipponbare/Kasalath//Nipponbare
Geumobyeo, IR66160-121-4-4-2 RIL 153 CIM 2 [10]
Xiushui 09, IR2061 RIL 240 ND 4 [11]
GC2,IL112 Fa3 394 ™M 7 [32]
Lijiangxintuanheigu, Sanhuangzhan-2 RIL 204 ND 15 [33]
HGKN, Hokuriku-142 or Yume-Toiro RIL 162 M 9 [34]
Jinbu, BR29 RIL 123 CIM 6 [35]
Milyang 23, Hapcheonaengmi 3 F2 98 ND 4 [36]
Xiang 743, Katy Fa3 190 CIM, MIM 7 [37]
Xiang 743, Dular F23 181 M, MIM 5 [37]
DXWR, XQZB BIL 94 ™M 15 [38]
1R24, Asominori RIL 213 ICIM 3 [39]
Xieqingzao B, DXWR BIL 229 CIM 19 [40]
BRI, Hbj.BVI Fa3 151 ICIM 6 [41]
XB, XB/DWR BIL 202 M, CIM, MIM 2 [42]
XB, XB/DWR i BIL 138 M, CIM, MIM 3 [42]
SN265, -tili ki RIL 118 ICIM 2 [43]
SN265, IR30 RIL 218 ICIM 2 [43]
Gr89-1, Shuhui 527 RIL 286 M 3 [44]
93-11, Nipponbare Fa3 114 CIM 7 [45]
93-11, NIL11 NIL 229 CIM 2 [45]
BR1, BR18 J 856 CIM, IM, SMA 5 [46]
itk 99, SN625 RIL 144 ICIM 1 [47]
DN422,KY131 Fa3 2570 CIM 2 [48]
DXWR, SN625 BIL 140 ND 114 [49]
National germplasms NG 1992 GWAS 9 [50]
TYLHT R, TLAR 265 RIL 144 ICIM 4 [51]
National germplasms NG 204 GWAS 29 [52]
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A: Meta 73 Hr R RFE B A M SCPER S48 QTL #okk; SR: fFi%3; WI: hZE[E; SDW: A+ Hii; RL: 4IFRIK; SWW: ZiEsEmn
f; CSH: #/HZEK; RC: MAHWTE; RD: MAEAL; LAIR: HEMMHIZ; RRS: MFELL; LRI HAE#EE; RDW: MFBIE; RN: M3
LC: MHSR, B: /K 12 F4etaik L QTL Ml Meta-QTL %&, 4 HINEE AR .

A, Number of original QTLs for cold tolerance-related traits at seedling stage in Meta-analysis; SR, Survival rate; WI, Wilting index; SDW, Seedling dry
weight; RL, Root length; SWW, Seedling wet weight; SSL, Seedling shoot length; RC, Root conductivity; RD, Root diameter; LAIR, Leaf age inhibition rate;
RRS, Root to shoot ratio; LRI, Leaf rolling index; RDW, Root dry weight; RN, Radical number; LC, Leaf conductivity. B, Number of QTLs(dark bule) and
Meta-QTLs (dark purple) on 12 rice chromosomes.

El1 kiEEAImS QTL #1 MQTL M5 7h
Fig. 1. Distribution of QTLs and MQTL for cold tolerance at seedling stage in rice
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Table 2. Number of initial QTL mapping “Consensus” map

rF [E K FERL2£(Chin J Rice Sci) 5540455 3 1 (2026 4E5 A)

Rtk SR RC RDW RD RRS RN Wl  LC RLI LAIR SDW RL CSH SwWw Total
Chromosome
1 22 0 0 1 2 0 9 0 0 1 4 7 2 3 51
2 12 0 1 1 1 1 3 0 3 0 3 2 2 0 29
3 12 1 0 0 0 0 3 0 0 1 1 1 1 1 21
4 8 0 0 0 0 0 8 0 0 0 1 1 1 1 20
5 7 1 0 0 0 0 1 0 0 0 1 4 0 1 15
6 13 0 0 1 0 0 5 0 0 0 18 5 2 8 52
7 8 1 0 0 0 0 4 1 2 0 0 2 1 1 20
8 9 0 0 0 0 0 11 0 0 0 6 1 0 0 27
9 3 0 0 0 0 0 4 0 0 0 5 3 0 1 16
10 2 2 0 0 0 0 3 0 0 0 1 2 0 1 11
11 17 0 1 2 1 0 12 0 0 1 2 2 3 2 43
12 19 0 0 0 0 1 9 0 0 1 7 7 0 4 48
JAit Total 132 5 2 5 4 2 72 1 5 4 49 37 12 23 353

H 82 4> Meta-QTL #%& /> 2 AMgidh QTL Wi, H
W i 2 5 4G QTL FIEHIA 16 M 2). FR 10
SYaRAh, Meta-QTL 7EAF & Ytk - A 7040,
BFX N 0.01 ~3.35Mb, “FIMEMELE QTL i
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1] Meta-QTL F 67 1~ FIX[MA&EEEH 1~671
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Fig. 2. “Consensus” QTL map related to cold tolerance at rice seedling stage and the Meta-analysis results
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Table 3. Meta-analysis of QTLs associated with cold tolerance at the seedling stage in rice

B \, PEEEL oL p® BERE R QTLEE BEME RN
JLQTL Ptttk bR Physical A - :
Meta-QTL  Chr. Flanking marker interval Meta—QTL 95% CI  No. of original Gene Published cold
(Mb) location (Mb) QTLs number tolerance gene
Meta-QTL 1 1 SO01_8430459-RM323 3.785-4.096 3.940 0.311 6 53 OsbZIPO1(VIGI)
Meta-QTL 2 1 RMI-RM283 4.662—4.859 4.760 0.197 9 34
Meta-QTL 3 1 S01_12150755-S01 12275956  6.813-7.347 7.080 0.534 4 104 OsCTKI, OsP3B
Meta-QTL 4 1 Y5714L-RM 10829 12.914-13.264 13.089 0.350 10 60
Meta-QTL 5 1 S01 27714994—-S01 27766901 17.235-17.605 17.420 0.370 3 73
Meta-QTL 6 1 S01_28250887—-S01 28381910 18.015-18.270 18.142 0.255 3 38
Meta-QTL 7 1 S01_40759127-C808 25.428-25.527 25.477 0.099 10 16
Meta-QTL 8 1 RM297-RM319 32.355-33.654 33.004 1.299 7 258 TCM1
Meta-QTL 9 1 RMS8231-R1468C 38.735-38.953  38.844 0.218 9 49 OsCRT3
Meta-QTL 10 2 RG409a—RM423 3.573-3.829 3.701 0.256 5 60
Meta-QTL 11 2 S02 141987-S02 15359168 6.348—-6.383 6.365 0.035 4 4
Meta-QTL 12 2 S02 18887339—S02 19405835  7.926—8.568 8.247 0.642 4 108
Meta-QTL 13 2 S02 23029608-S02 23147657 13.060-14.008 13.534 0.948 3 153
Meta-QTL 14 2 C424-S02 34742671 25.567-26.142  25.854 0.575 9 96 OsLMS
Meta-QTL 15 2 S02_35709093-R21D2877 28.499-28.729 28.614 0.230 7 50
Meta-QTL 16 2 RMS530-RM250 30.746-32.239  31.492 1.493 5 293 OsRING1
Meta-QTL 17 3 RM14586—S03 7188874 6.073-6.532 6.302 0.459 2 99
Meta-QTL 18 3 S03_10154153—S03 10484949  8.893-8.898 8.895 0.005 2 6
Meta-QTL 19 3 S03_11339312-CT339 9.486-9.621 9.553 0.135 4 25
Meta-QTL 20 3 S03 22803832-S03 24600250 19.107-20.001 19.556 0.899 3 152
Meta-QTL 21 3 R250-S03 31399395 25.189-25.436 25.312 0.247 3 48
Meta-QTL 22 3 R2856-Gl64 31.514-33.891 32.703 2.379 3 512 OsSAPKS, OsTCP8
Meta-QTL 23 3 RI1927-RM227 33.885-34.655 34.270 0.770 5 166
Meta-QTL 24 4 S04 2035471-S04 2361227 3.5615-3.7105  3.636 0.149 7 22
Meta-QTL 25 4 S04 753684-S04 7920307 7.828-9.825 8.826 1.997 2 369
Meta-QTL 26 4 S04 _17868488-S04 20190493 15.633—-17.295 16.464 1.662 3 229 OsUGT90A41
Meta-QTL 27 4 S04 25345578-S04 30302637 21.377-24.730  23.053 3.353 2 671 OsV4
Meta-QTL 28 4 S04 30444673-RM1018 26.231-26.740 26.485 0.509 3 125
Meta-QTL29 4  RM349-RM3648 32.793-32.900 32.846 0.107 2 20
Meta-QTL 30 4 S04 35487338-RMI1113 33.869-34.065 33.967 0.196 4 49
Meta-QTL 31 5 S05_1622816—S05 2206645 0.687-1.626 1.156 0.939 3 187
Meta-QTL 32 5 S05_15157600—-S05 16169826 10.909-12.182 11.545 1.273 2 206
Meta-QTL 33 5 S05 22950610—-S05 23110060 14.654—15.233 14.943 0.579 2 101 OsWRKY45
Meta-QTL 34 5 S05_27988265-C1268 19.641-19.941  19.791 0.300 3 51
Meta-QTL 35 5 S05_28253886—RM305 20.424-20.96  20.692 0.536 5 106
Meta-QTL 36 5 S05 29195759-S05 29385239 21.591-22.247 21.919 0.656 4 119
Meta-QTL 37 5 S05 29385239-RM430 22.342-24.074  23.208 1.732 3 371 OsPUB2, OsWRKY70
Meta-QTL 38 6 S06_34346-R6ID0027 0.011-0.051 0.031 0.040 6 5
Meta-QTL 39 6  MRG3332-S06_76033 0.788-1.155 0.971 0.367 7 84
Meta-QTL 40 6  S06_76033—S06_86257 1.537-1.779 1.658 0.242 11 50 OsDREBIC, COLD6
Meta-QTL 41 6  RMS587-RM3805 2.651-2.843 2.747 0.192 8 49
Meta-QTL 42 6 S06_2026942-S06 2573648 5.166-5.691 5.428 0.525 2 87
Meta-QTL 43 6  RMS557-S06_ 6242039 7.367-8.225 7.796 0.858 3 143
Meta-QTL 44 6  S06 _8551070—S06 9117287 10.944-11.184 11.064 0.240 9 40
Meta-QTL 45 6  S06_12025018-R6ID1693 15.176-16.863  16.019 1.687 7 268
Meta-QTL 46 6 S06_26319487-RM5371 25.263-25.311 25.287 0.048 12 11
Meta-QTL 47 7 S07_2206752-S07_2342190 1.543-1.878 1.710 0.335 4 48
Meta-QTL 48 7  RM428-RM481 2.643-2.873 2.758 0.230 4 35 OsTCP14
Meta-QTL 49 7 S07_29374392-RM432 18.112-18.679 18.395 0.567 6 101 ANIPI
Meta-QTL 50 7  RMI182-RMI10 21.721-22.013  21.867 0.292 8 40
Meta-QTL 51 7 R7ID2633-RM134 26.474-26.512 26.493 0.038 10 8
Meta-QTL 52 8  R8ID1243-S08 10035358 12.475-12.882  12.678 0.407 11 65
Meta-QTL 53 8  RZ323a-R8ID1537 13.958-15.344 14.651 1.386 4 216
Meta-QTL 54 8 RM404-S08_21108492 15.581-15.866  15.723 0.285 12 45
Meta-QTL 55 8 RM330A—S08 27371918 25.657-26.163 25910 0.506 5 118
Meta-QTL 56 9 S09 2137067—S09 2195182 2.902-3.316 3.109 0.414 2 67
Meta-QTL 57 9 S09 2195182-S09 2547956 3.487-4.352 3.919 0.865 2 141
Meta-QTL 58 9 S09_5908433—S09 5989512 6.857-7.184 7.020 0.327 2 40
Meta-QTL 59 9 S09_11240451-S09_11542598  9.226-9.763 9.494 0.537 2 90
Meta-QTL 60 9 S09 15958987-S09 16117267 14.258—14.551 14.404 0.293 5 58 qCTS9
Meta-QTL 61 9  S09 16774761-RM434 15.114-15.556 15.335 0.442 7 74
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J6QTL i E BEXIME JIEQTLEH HEF%H

Gene

IC YL 1| bl i
JEQTL - Hefaif Wg bric ["hyswal Meta-QTL ~ 95% CI  No. of original
Meta-QTL  Chr. Flanking marker interval )
(Mb) location (Mb) QTLs number tolerance gene
Meta-QTL 62 9 S09_20394456—S09 2084017 20.145-20.190  20.167 0.045 3 11
Meta-QTL 63 11 S11_6640029-S11_6662625 4.353-4.591 4.472 0.238 7 35
Meta-QTL 64 11  R11M17-S11_9024140 6.139-6.533 6.336 0.394 7 69
Meta-QTL 65 11  RMS536-S11_16884915 9.012-9.329 9.170 0.317 13 55
Meta-QTL 66 11 S11_16889698—R11ID1009 9.615-10.059 9.837 0.444 14 65
Meta-QTL 67 11  S11 22758863—RM21 17.137-19.312 18.224 2.175 6 322 OsICE]
Meta-QTL 68 11  S11_23793431-C1172 19.335-19.679  19.507 0.344 16 65
Meta-QTL 69 11  S11_23795247-S11 2546201 20.632-22.264  21.448 1.632 5 262 COGI, CTPI1A458
Meta-QTL 70 11 S11 26184650—RG553¢ 23.884-24.421 24.152 0.537 6 91 OsRADS51A1
Meta-QTL 71 11 S11 27302936—RM1233 25.320-26.517 25918 1.197 6 201
Meta-QTL 72 11  S11_27344371-S11 2781822 28.302-28.648  28.475 0.346 7 47
Meta-QTL 73 12 G24B-S12_3267494 0.292-1.087 0.689 0.795 3 190
Meta-QTL 74 12 R3375-S12_8957623 5.610-5.855 5.732 0.245 11 35 OsGSTZ1, OsGSTZ2
Meta-QTL 75 12 S12_13855860-R12ID1072 8.906-10.487 9.696 1.581 11 277
Meta-QTL 76 12 RMI101-RM270 8.789-10.603 9.696 1.814 12 319
Meta-QTL 77 12 S12_18216503—S12 1848723 11.696-11.716  11.706 0.020 15 4
Meta-QTL 78 12 RM1337-S12 19944345 12.072-12.377 12.224 0.305 12 55
Meta-QTL 79 12 S12 20179243—-S12 2049911 12.808-13.235 13.021 0.427 15 70
Meta-QTL 80 12 RI12ID1349-RM179 13.737-14.287  14.012 0.550 13 68
Meta-QTL 81 12 S12 20643952-S12 2091201 16.114-16.475  16.294 0.361 8 55
Meta-QTL 82 12 C449-R12ID2187 21.550-21.646  21.598 0.096 10 20
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Fig. 3. GO analysis of candidate genes in Meta-QTL interval for cold tolerance at rice seedling stage
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Fig. 4. Visualization results of candidate genes for cold tolerance of rice seedlings

AR, w0, S5PI4E QTL WFFEAHEL, Meta-QTL
SINTIEIL A 2 AR, 2 T QTL #udE,
BRUEL A LI R Z ST, KiEgs/NES
X ), HHAEEAFH Meta-QTL X [a] N &KL T
OsbZIP01. OsCTK1 R OsUGT90A41 Z3LK, HeilF
T Meta 73 Hrxt QTL 15 B XA 11 52 B FmT AT 14,
SRR N SRATT 7K e 17 A TR 4 1R 38 A ML a B ARt 17 1 s
FAb.
3.2 Meta-QTL X[EW{FEEEFEFIHEETUNS o
#r

4 Meta-QTL JEf7 45 R 5 OB 1 /K Fg i & 5
A5 BTN, £ Meta-QTL XN RILT 25
A CIRIE B K AE TR A L K] - Meta-QTL 9 X [A] &4 —
A EHIITA R OsCRT3, KIEMNA S OsCRT3
AR, GRS OsCIPK7 W45 &3/ 1,
RE S, I H OsCRT3 7 Bh T454% Btk &
F )5t OsCBL7/8 JE&FAI Ca¥ THiEr, i%E A S5 _Ei
OsCIPK7 R - MEAHEAE R, $E KR A S,
Meta-QTL 26 [X [8] & A — /> T A1/ i 4 2k
OsUGT90A1, BT /KRG AEA IR 18 5 1] £R 47 52
fiE, HRERYIFRE TR, ERIARNGT
TEVA W iE S A) CRAr B SE 2 1, IR 7R a1 B2 3 [R] 412
B AR, XS HTE B TR I S B0 I A
I PR A 5061, Meta-QTL 37 [X 8] N & (IR v
H[A OsPUB2, i3RIk WAE MR RN H B4 ()74 Jilie
M5z, RIEFER. HERSE. ETF38RERE
A e 75 AL R RIA T T, 28 BRTiR, @it
X} Meta-QTL [X 1] P 3% 2 K] (1) Dh e Pl -5 43 #

# % A Meta-QTL X 3 N K 3L T OsCRT3 .
OsUGT9041 F1 OsPUB2 %5 TR /KRG 4 H 4,
EATS B R ) AL, A AR R AR
o BESRBIEETE  REEE 5 A ORI
JeFp B e B . PR E PR R TR DL RO T A OO,
P v e ok DA e N 2 T O - S T W,
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fife e, SEONKAET A S AP IR 7 B AR T AR A
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(Cytokinin, CTK). Z#%(Ethylene, ETH). 7R%E%&
(Gibberellin, GA). KAl (Jasmonate, JA). 7K
R (Salicylicacid, SA)F1J 4= P EE (Strigolactone,
SL), Ef1SHEMEEMEmN K R%EY], W5
55 9 3 A ) A A R e S S AR ) B N 2 S &
SRR, ARG FIEE GO 2T TE 82 I~ Meta-QTL
XIE N IFEE T 43 NS 5EDEE R H bRk
K, If Hil it KEGG ‘& &5 th KIEYE R E 5%
SBAFEE PERK, WHEYMEE 5L T 6
XK FEm A A EE/EH . Meta-QTL 31 H&H —
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Table 4. Target genes related to plant hormone regulation
FE OREh SRR AR AL GO R | R Wi EEARK AL GO EFE
Serial ~ Chr. Gene GO annotation Serial  Chr. Gene GO annotation
tolerance gene tolerance gene
1 1 LOC 0s01g56200 OsNPR2; LGB 23 4 LOC Os04g40540 OsPIMT2 It 7 R B2
NH?2 (GO:0009723) (GO:0009737)
2 1 LOC 0s01g56330 FLR2; HREREVERAE| 24 5 LOC _0s05g02500 OsMKPI; YRR A R
DRUS? (GO:0010371) GSNI (GO:0009691)
3 1 LOC 0s01g66890 OsBTBZI WIEIR(E S| 25 5  LOC 0s05g03430 OsSIZI; It 7 R B2
(GO:0009787) OsPHD29 (GO:0009737)
4 2 LOC Os02g50480 OHKS5; M HEESHET| 26 5 LOC Os05g34830 OsNACS52 Jii V5 BR 5 5 i T 4%
OsHk6 (GO:0009736) (GO:0009787)
5 2 LOC 0s02g50970 DSMI; ot T T N 27 5  LOC _0s05g37690 OsCOIlb HKFTRE S
OsMAPKKK6 — (GO:0009737) (GO:0009867
6 2 LOC 0s02g51750 OsANNI; RFARG 5wz 28 5 LOC 0s05g38150 OsP5CS; IEREMERES
OsANN2 (GO:2000022) OsP5CS1 (GO:0009789)
7 2 LOC 0s02g52150 OsHSP24.1 VA R N 25 29 5  LOC 0s05g39720 OsWRKY70 it v BR A 5 m A 4%
(GO:0009737) (GO:0009787)
8 2 LOC 0s02¢52250 OsSKIPa TR TR N 30 5 LOC Os05g41070 OsbZIP42; BT TRAS Tl %
(GO:0009737) HBFI (GO:0009787)
9 3 LOC Os03g55540 OsADR3 BivE iR s Sl 31 6 LOC_0Os06g06050 D3; SOLS LD <6 P9 TR A Y L
(GO:0009787) (GO:1902348)
10 3 LOC 0s03g55600 OsSAPKS BivE R e S| 32 6 LOC_0s06g10230 OsERECTA; AN R R
(GO:0009787) OsERI (G0O:0009823)
11 3 LOC_0s03g55800 OsAOSI FFIE A R 33 6 LOC Os06g10880 OsAREBI; AR ERG BB
(GO:0009695) OsbZIP46 (GO:0010928)
12 3 LOC 0s03g58350 OslAAl4 AR EEEHES 34 6 LOC Os06g14406 CHR720; KRR
(GO:0009734) OsSYD (GO:0009751)
13 3 LOC 0s03g58390 OsSIRP2 Tt 74 BRI 35 6 LOC Os06g27760 OsMSRBI.1 JBL vk BRI 25
(GO:0009737) (GO:0009737)
14 3 LOC 0s03g59610 OsABA2; B TE TR R 36 6 LOC 0s06g29310 OsOTSI BRIE TR NG Rz
XanDH (GO:0009688) (GO:0010115)
15 3 LOC Os03g60080 SNACI; Vg s S| 37 7 LOC_O0s07g04180 OsAAPI MR EEE
OsNAC9 (GO:0009787) (TO:0002660)
16 4 LOC Os04g35190 OsDRFI i R 38 7 LOC 0s07g30970 OsNDPKI KRR
(GO:0009737) (GO:0009751)
17 4 LOC_Os04g35210 Bph6 KRS S @A 39 8 LOC Os08g41190 OsMBTB32 THE R e
(GO:2000031) (T0O:0006002)
18 4 LOC Os04g37619 OSZEPI; JETE R A= 40 9  LOC_0s09g15240 OsZAS JEI G PR A K
OsABAI (GO:0009688) (GO:1901601)
19 4 LOC 0s04g37920 OsCRYIb; FREEE SRR 41 11 LOC Os11g08340 OsGH3-12 HREESES
0sCCT1b (GO:0045487) (GO:0009734)
20 4 LOC 0s04g38950 TDDI; AREETE 42 11 LOC Osl1g42660 WED IR RRAC R 42
0ASBI (T0O:0002672) (GO:0010337)
21 4 LOC 0s04g39150 OsMLP423 g s il R 43 12 LOC 0s12g16720 OsSL; KR 5 B
(GO:0009787) ELLI (GO:0080142)
22 4 LOC_Os04g40410 OsNAR2.2 TR
(GO:0009739)

LSRR, RV I N LRI R IE, T HE A
VIHIFEPECL 021, Meta-QTL 42 N & H — Ol
3K OsABF2, #iBRIRAER, KEEIAN ABA
RN, ABA 5AHMN 124G 12 OsABF2
EABRRL, BRLGH OsABF2 Aghs 553N B
BT X3 ABRE Jufh 4G, TGS T il — R 51
L R L R R IA, (AP RE S 5 4 HhiE
IS EE03], Meta-QTL 78 W &4 — A CARIE
B OsHTD12, 1EIEIERIRA FR, T20 Jmiitox
-8 MR RWEE Z-1SO, S 5K MR L

YY) SL il ABA HIAEDIE e IRABETUABL, SL
5 ABA Z MM EIE R R, SLG5BEREHS
S TS LR OsHOX12 Wik, dEmde
B ABA & ot R OsNCEDI ()23 /K, {3t
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Table 5. Differentially expressed genes (DEGs) involved in carbon fixation, carbon metabolism, and plant hormone signal

transduction pathways in photosynthetic organisms

B etk R DHEER BREAR | 7R Red HH DiEER 4
Serial  Chr. Gene Published Gene name Serial  Chr. Gene Published Gene name
tolerance gene tolerance gene
1 1 LOC _0s01g09450 35 5 LOC Os05g41070  OsbZIP42; HBFIbZIP % 5 [H -+
2 1 LOC 0s01g57730 36 5 LOC 0s05g37690  OsCOIIb F-box &HH
3 2 LOC Os02g51470 37 5 LOC_0s05g40230
4 2 LOC 0s02g51150 38 5  LOC 0s05g35290  OsPAL7 BN
5 2 LOC 0s02g14430  OsPrx30 =R F e 39 5 LOC 0s05g40420
6 2 LOC 0s02g47020 40 5 LOC_0s05g25640 il (28 P450
7 2 LOC Os02g14440 41 6 LOC Os06g13720
8 2 LOC 0s02g07230  OsSPL42 B s i e 42 6 LOC 0Os06g06090  OsMAPKG6; 22 ZF I E A%
OsMPK6
9 3 LOC 0s03g12350 ORRI B 7 B 45 43 6 LOC _0Os06g29110
10 3 LOC Os03g58040 44 6 LOC Os06g27850
11 3 LOC Os03g55410 45 6 LOC Os06g04070  OsAdcl KRR R B
12 3 LOC 0s03g12030 CUTIL; WSL4  JIGIi MR IE KK 46 6 LOC Os06g10880  OsAREBI; bZIP %5 H
OsbZIP46
13 3 LOC 0s03g57200 47 6 LOC Os06g14510
14 3 LOC 0s03g17070 48 6 LOC 0s06g29220
15 3 LOC Os03g59610  OsABA2; XanDH 7 i it 2 49 6 LOC Os06g42130
16 3 LOC 0s03g55600 OsSAPKS L B e 50 7 LOC _0s07g31270
17 3 LOC 0s03g58290 51 7 LOC 0s07g31300
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19 3 LOC 0s03g58350 OslAA14 Aux/IAA S HEIA] 53 7 LOC 0s07g30970  OsNDPKI WA R
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¢
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