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ABSTRACT

Introduction: Improving yield-related traits in major crops such as rice requires accurate identification of the genomic regions controlling these traits. Although
many studies have reported QTLs for photosynthesis-related traits in rice, differences in mapping populations and experimental conditions have made it difficult
to combine their results for practical applications. Meta-analysis provides an effective approach to integrate QTL data from different studies, identify consensus
genomic regions (Meta-QTLs, MQTLs), and overcome the limitations of individual QTL mapping studies.

Materials and methods: In this study, studies reporting QTLs associated with photosynthesis-related traits in rice were first collected and reviewed. Among the
27 identified studies, 17 studies comprising 129 eligible QTLs were finally selected for the meta-analysis. A consensus map was then constructed, and MQTL
regions were identified in centiMorgans (cM) according to the software guidelines. Subsequently, genes and molecular markers located within or adjacent to the
MQTL regions were identified. Finally, the functional pathways of the candidate genes were analyzed using relevant bioinformatics databases and tools.
Results: A total of 32 MQTLs were identified. Chromosomes 1 and 3 each contained five MQTLs, representing the highest number, whereas chromosome 9
contained only two MQTLs. No MQTLs were detected on Chromosomes 7, 8, 10, or 11. Candidate genes within the MQTL regions were identified using online
databases and bioinformatics tools. Overall, 131 gene IDs were found in 29 MQTLs. MQTL6.3 contained the largest number of candidate genes (59), while
MQTL1.2, MQTL3.2, and MQTL4.3 each contained only one gene. No candidate genes were identified in MQTL12.3 or MQTL3.1. Several important genes,
including OsCML19, OsSTA36, OsRDCP4, OsPP2C60, OsSEC18, OsZIP54, and OsUCL18, were identified as promising candidates. Gene ontology and
pathway analyses indicated that environmental stresses such as cold, heat, and salinity affect photosynthesis and chlorophyll content by activating biological
processes related to protein folding, cell wall metabolism, hydrogen peroxide response, and root development. In addition, molecular functions associated with
transcription factor binding, nitrate reductase activity, and molybdenum cofactor binding were significantly enriched.

Conclusion: Although QTL mapping in individual studies is challenged by environmental effects, differences among parental genotypes, genetic background,
and chromosome map characteristics, the QTL meta-analysis conducted in the present study provided a comprehensive chromosomal map, enabling the
simultaneous analysis of the collected QTLs and the identification of significant meta-QTLs (MQTLS). Investigation of the genomic regions underlying these
MQTLs led to the identification of key genes involved in stress responses, stress-responsive pathways, and their encoded protein products, ultimately revealing
the identification of important biological and functional pathways at the cellular and molecular levels. These findings may improve our understanding of the
molecular mechanisms underlying photosynthesis and provide a basis for more effective crop breeding. However, the results of QTL meta-analysis depend on
the quality and diversity of the primary studies, including population type, marker density, statistical methods, environmental conditions, and developmental
stage. In the present study, due to the limited number of studies addressing photosynthesis-related traits, all available data were included without accounting for
variation in environmental conditions and developmental stages. Therefore, the identified MQTLs and candidate genes require validation in independent
populations and environments through fine mapping, gene expression analysis, and molecular approaches.
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Tablel-photosynthetic traits included in the current Meta-analysis of QTLs associated with photosynthesis

Abbreviation

o JolS S5l ol

Full name of trait in English

o g8 Joles

Persian equivalent of the trait

of the trait

RCC Relative cholrophyll content Jdg IS o (Slgioma
CHLa Chlorophyll a a g IS
DG Degree of greenness oy Olyae b a0
RDG Retension-degrees of greenness Sl Lai> 4z
CcC Chlorophyll content Jedg IS Glgime
HSPAD SPAD value-Heading stage Poadgs a6 ;0 SPAD jlaie
RGA Retension of green area (S ) o elaw Laa>
RRG Relativa retension of greenness Sl (s Laa>
CSFL Cumulative SPAD values of flag leaf o2 Sy il aezs SPAD
TCS Total cumulative SPAD value of four leaves Sy ez o JS 4l sezs SPAD
Pn Net photosynthetic rate Sygd Al &5
CHRF Chlorophyll content (reduction rate)-flag leaf w7 R S n Bl slyime
CHRT Chlorophyll content (reduction rate)-3' leaf Py S p Jedo S lyimme
DCF Chlorophyll content of flag leaf-heading stage by Al e 0 02 Sp g IS sl
DCS Chlorophyll content of second leaves-heading stage PoabgE Al e 13 095 Sy 89 IS lyime
o 8kee lajoms Cdo oS5 512 DCS 3 DCF (S5l

DCFS The average of DCF and DCS to complement the functional stay-green trait
(Slojew JoSo)
CCF Cumulative chlorophyll content of flag leaves oz S el ailil by S lyie
CCS Cumulative chlorophyll content of second leaves P90 S ool andlil J8g IS (slgioms
CCFS Mean of cumulative chlorophyll contents of flag and second leaves P90 S sz Syroad alilil Ld)ls slyime (2Ske
CCHJ Chlorophyll content at flowering 235 0598 33 Judg S (glgime
SPAD SPAD value of flag leaves-heading stage GRogS al>ye 10 oz 55 SPAD i
NPR Net photosynthetic rate Smgd Al g
MSPAD SPAD value-Maturity stage Sy al> 50 ;3 SPAD jlaie
CH Chlorophyll content-heading stage PoabgS al o y0 Ldg S lgime
CM Chlorophyll content-maturity Sy al o 30 Judg IS slgime
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chlorophyll content at 25 DAF (day after flowering)
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Nitrogen accumulation account
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Figure 1- Circos plot illustrating the distribution of the identified Meta-QTLs (MQTLs) of
photosynthesis-related traits across the 12 rice chromosomes. Chromosome numbers are
shown outside the circle, and the outer ring represents the relative length of each
chromosome in cM. Colored rectangles within the circle indicate the positions of the
identified MQTLs on each chromosome. The name of each MQTL is displayed adjacent to
its corresponding position, while the mean phenotypic variance explained (PVE, %) for

each MQTL is presented in the inner ring of the circle.
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Figure 2- Schematic representation of meta-QTLs (MQTLSs) derived from the meta-analysis of QTLs associated with photosynthesis-related
traits across the rice chromosomes. From left to right, chromosomes 1, 2, 3, and 4 are shown, respectively. The colored regions on each

chromosome represent individual MQTLs. The colored lines to the left of each chromosome indicate QTLs identified in different studies.



007-RIL-dcfss

0 I
0
Yoo,

7-RIL-defu_2010-4cs5-5u

2008-gChla-5

Yan

000 RG207 000  SNPS_11 ———— 000 Rusess a 000  Indel0s
377 TEL1 479 RZ516 : 17,32 Indel08
3 : 133 S9_266914 g
= . =t i o 25 e
587  C11805S 980 SPs_27 % 33 S9 5873024 Soen caab.
772 VoA =——_ 1177 SNPE.S0 % 7L Sasesooane 4105  Indell09
: : p o 4255 G193
132 597891368 ] +
121 asasss: 322 vas22LA 182 sgeremges 4845 C1336
! 518 S6_529603 \ ! -t
48 V82 716  waxy \ 493  915850! 4848  R367
651 4892211 12 Geois 1703 gzets 5203 R3375
846 S5 1908119 13 ce52 = L 5263 R617
20007 S2878 3316 RWMG7 2105 E2msddoe: 3322  Risse
2190 C11368 3517 S 2982606 TNz sioiozor = o555  daliz
2362 V122 3712 R100695 TN 03 Somaiass E52 M b
2552 552495045 25 Est2 U7 Swond S E 5808 S12_525178
338 Roose % o NN s Leg 018  RM41S
. 19 S6_3772780 = QoS g
079  E080-M150-10 : = 93 PMIS sasl H
2’5 57 A9 <omes. ) =350 cooseo 883 H 6225 Rz797a
436 S5_4565557 20 RM314 S U349 Eromegogep: = e
612 E38MB1-11 75 EMP3. 6 et N = 228 6519 RM5795
7.8 5083084 4321 €235~ =} \ 63 9437279 2T 66,40 C1069
9,5 id5004380 4500 6053591 = \10.35 - §13
f‘;; 512?3}3793 4720 R2171 = ng’gﬁ §§g44-1 a 69,09 12002714
. 49111 3 : = :
4508  Ri12998 © : 4588 MES 9
468 ME7 Sl 1 L5 RiZig ool ? Y x‘w,ﬂ’a S9_Tod15391 =1 7065 S12.1732728
4852 RG229 2 g = 494 9_1661080: S
076  RMes54 i 528 §R2as ol EE2 x 36 R1751 & T —
1,99 RM5311 2k 07 V194A a 8 \ 17 S9_16978520 o« ! —
381 RM169 & : 08  S6_6996522 & Y 3agezrase (3 = 7532 RM19
556 RMS5844 A : 78 RMi0I5 ) g ; X9 Ssanzsaasno = A b S
8,04 S5_7810000 SE g 2 ‘15 E403725 3 ¥ U596 Ss1s03asto = - :
912 RS31 5 8 A5 Edoard A 3] NN T R = % 7979 E36-M60-11
088 G5004 g 3 : g =12 ;
276 S5.10996263 & 5 3 o eiaaas = Sig ! % 403  RM3600 S 81,71  E36-M61-9
452 120 Sk = 7321 RGI62 & SEIR \ 77 E20M47.195-P1 (-1 s ——
621  RM3838 £ 15 ; - = 7. 25
802  E0S0-M140-7 ] = ) £213 «SeA01nes S = x 942 S9 20228711 S E —_8377 S12.3516136
6971  id5006411 o N of 7693 Rz6io g — z 2 X" 7E Ruzass gs e Seieeth  HoTed
= e \ K 3 i = ey 5
7187 RZ67 = b 102 E61794SB 8 2 8 B R%  igoomer E o — %334  Si> asasian
7328 S5 16659818 3 305  S06100 2 By PR _\ 7485 C2070 = 18 \ 90,33 51274923642
Bl e 2le =3 Bem R BNED Be™ o =g neee
; = a8 7.1 59-1 Sl |4 EE et : —= &
78168 505087 w ; 043  RM3808 SEX 9716  S12 7409593
3 TR S 2 s = £ S S
2,23 FROGAIS 2 301 E120-M150-6 2 = s 2ag :Spsrel = — 0135 $13-91005ss
4.1 S5_18758461 [=i 3.9 RG433 4354 % \ 5.8 32 o xmsm S127946203
B2t RMas & 7.03 L655 "SI < \ 773 1gBs12 =) % 10577 S 271 3829274
3 i & 8BI3 ; 107 8 12714950509
949 S5_19814904 & Bite o6 16886915 83 B N 1.4 MEE43 ] — 19058 123730
141 S27842 10321 5620402875 = A1y ovexs = —"11919 13233393
2 oo ; 185 B SEEC H—=pe e == F
; = = 3 X o~ 11646 S12_18335201
634 5521184918 o708 Sosglatetae SRE L] 10215 RM1013 i % 118)62 S12°19257062
8,71 5634356 1097 S6_23132012 <= - ——_10224 Indel79 o \ 120,97 S12719620168
i 2E Bem 8 =i & B | EUiRY BT
0372 _22296823 1710 S6._24039384 = | "1oe7a pSaa = = x 12739 12732307
05,44 22574827 1912 S6.24228831 =4 0] | —/——_10950 HSP34A = 1295 S12_23173265
06.98 23249605 2185 RNT243 H——"11085 HSP& = 13181 512723822177
0907 S5°23524408 3385 iie0isan1 T"112a8  cress 133195 S12°22088920
pis ) HE & EEE| B ——ime S
: = 2707 S6_25108804 = 140, id1200680
114,30 Va1 128,93 CAT- = :123:3? 2;5?,‘550 124-p1 > X 140,85 S12_25142846
11586 S5_25192793 131,14 S6_25681324 \ 1428 S12_ 900
117,64 S5_25687880 13314 S6_26150634 124,40 E24M50.279-P1 1450 12903145
119,81 S5 25714516 & 13516 S6_26592155 147 1 S12_25671628
e e g == B v e =
2484 S5726926426 8 3175 56 27599088 || 13197 G295 % 15389 12955052
X =5 =l 4486 SB_27918570 15595 S12_27326026
28177 27441026 =1 4516 S6-27924404 fasi6H {RGASE T ~"13831 RMZ734
30,23 27518830 5 4719 S6_28173425 m v ———_ 1624 13048465
o e S —=iEs e
. = 5169 S6.28652850 ;
13553 08583956 K 2z
137.26 29011275 2341 Se-2ononaer
13078 353085050 Soar SEaaess
; — 15921 SE7 1
14508  Indeids 1eel. S5S020e U 14869 RG451 178,37 RM5479
16320 S6.30869147

12

S B sLpgigeg s cui Y d Cawly a1 0 PRy igeg T Fwwgd b b po law LQTL Judxilyd 51 Jol> (MQTLS) QTLLw M5 glos ¥ JSi

Gl Wikl ‘SLQQTL oD ul-‘“-’ £9)909,5 B e Coww ‘;J) bolks RO 0 QL.»; 5 MQTL & £9)909,5 B ‘ﬁ) ‘Sbw RS (0 QL«»J 1,V g4

Figure 3- Schematic representation of meta-QTLs (MQTLSs) derived from the meta-analysis of QTLs associated with photosynthesis-related
traits across the rice chromosomes. From left to right, chromosomes 5, 6, 9, and 12 are shown, respectively. The colored regions on each

chromosome represent individual MQTLs. The colored lines to the left of each chromosome indicate QTLs identified in different studies.
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Table 2-Information on meta-QTLs (MQTLSs) identified through the meta-analysis of QTLs associated with photosynthesis-related traits in rice

QT Meta- Meta- S Mean QTL slaws
) Gl caz) QTLL. S5 alols oy sl
a35a5S o el o™ L QTL peak Meta-QTL CI QTLCI by s> gla Sl phenotypic No. of
ch Meta-QTL » o ) Meta-QTL physical . o No. of
r. AlCc mod position range (cM) 95% Markers interval i ) variance of the origins
istance enes
(M) (M) (bp) QTL (%) ot ¢
1 MQTL1.1 217.43 5 80.4 71.65—-89.15 175 RM576 - E25M48.190-P1 8,138,458-16,095,252 0.1 5 6
MQTL1.2 139.5 138.57-140.44 1.87 S1_17545743 - R530 24,407,031-30,502,629 0.3 12 1
MQTL1.3 162.73 154.97 - 170.49 15.52 S1_21887517 - id1016674 23,971,321-27,080,956 0.31 10 3
MQTL1.4 200.35 196.54 — 204.17 7.63 S1_31076665 - PM423 34,862,041-38,202,659 0.24 11 3
S1_38035395 -
MQTL1.5 229.4 223.08 - 235.72 12.64 41,813,528-42,923,549 0.05 2 5
S1_39578656
2 MQTL2.1 162.52 3 65.44 62.2 - 68.68 6.48 S10847A - R1521 17,436,262 - 28,171,165 0.51 10 2
S2_ 21749834 -
MQTL2.2 101.51 98.175 — 104.845 6.67 23,837,109 - 25,141,391 0.26 8 2
S2_ 22529400
S2_29401210 -
MQTL2.3 146.88 142.19 — 151.57 9.38 31,980,076 - 34,057,190 0.23 4 2
S2_31117728
3 MQTL3.1 360.2 5 67.53 61.62-73.44 11.82 E37-M59-3-S3_6011601 4,828,338-6,807,354 0.16 9 0
MQTL3.2 102.77 97.695-107.845 10.15 W580-V218A 12,928,253-14,981,256 0.26 16 1
MQTL3.3 124.76 118.115-131.405 13.29 V224-RM16 24,624,002-23,126,256 0.16 10 2
7.69 S3_17143997- 0.14
MQTL3.4 147.05 143.205-150.895 17,143,997-22,480,825 9 2
S3_22480825
MQTL3.5 182.68 180.365-184.995 4.63 S3_27843566-RM1230 27,843,566-32,753,589 0.27 10 0
4 MQTL4.1 218.78 5 15.4 6.31-24.49 18.18 S4_1966593-RM5424 1,966,593-20,427,708 0.12 7 2
MQTL4.2 46.32 41.78 - 50.87 9.09 4044134-RG214 18,444,943-32,487,098 0.38 10 3
MQTL4.3 104.84 102.34 -107.33 4.99 RM3276 -RM1100 30,496,500-31,442,472 0.18 10 1
MQTL4.4 111.98 109.95 - 114.01 4.06 RM6909 — RM349 31,875,539-32,499,619 0.27 11 5
S4_30862338 —
MQTL4.5 132.76 116.42 - 149.11 32.69 30,862,338-35,501,387 0.05 3 3
S4_35501387
5 MQTL5.1 128.02 4 57.26 46.88 — 67.65 20.77 RM87-E10916S 17,624,185-18,854,867 0.08 3 2
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MQTLS5.2
MQTL5.3

MQTL5.4
MQTL6.1
MQTL6.2

MQTL6.3

MQTLO9.1
MQTL9.2

MQTL12.1
MQTL12.2
MQTL12.3
MQTL12.4
MQTL125

115.27

223.49

146.92

3

2

5

76.15

97.03

112.82
54.47
97.52

160.91

58.72
93.11
51.54
78.92
98.62
134.76
168.41

yo¥
73.67 - 78.64
91.06 - 103

110.695 - 114.95
47.27-61.67
85.025-110.15

159.24-162.58

57.275-60.165
91.65-94.57
49.25-53.83
68.525-89.315
94.695-102.545
129.46-140.06
164.665 -172.155

4.97

11.94

4.25
14.4
24.99

3.34

2.89
2.92
4.58
20.79
7.85
10.6
7.49

S5_16671007-S05087
S5_20461863-
S5_22296823

RM6972-S5_25133353

RM2615-S6_7137088

RM541 -6737662
S6_30296317-
S6_30869147

RM5652-RM328

RM6643-RM1026

R367-C443

RM3483-RM6998

RM3455-RM3103

RM309-RM1015

RM4552-RM5479

21,309,979-23,761,464

25,208,346-26,781,565

25,346,041-25,133353
5,970,899-7,869,013
19,910,922-25,214,659

30,296,317—30,869,147

14731280-16527170
21405830-22304358
4,053,131-12,239,832
1,611,769-4,745,301
4,919,619-7,461,871
21,454,591-22,406,889
27019670-24446246

0.37

0.3

0.25
0.72
0.09

0.18

0.77
0.23
0.25
0.08
0.25
0.25
0.17

25
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Table 3- nformation on the initial QTLs and their associated traits within the identified photosynthesis-
related meta-QTLs (MQTLS) in rice

MQTL (No. of
chr QTL( ol adsl LQTL L L e #olio
QTL)
1 MQTLL1.1 (5) Zhang et al., 2014- Teng et al., 2004- Dong et al., 2007- Yoo et al., 2007 HSPAD- CC- LCC- DCFS
Zuo et al., 2007- Barik et al., 2020- Dong et al., 2007- Yoo et al., 2007- Sun et
MQTL1.2 (12) LCC- CHLa- LCC- DCFS-CC
al., 2019
Dong et al., 2007- Yoo et al., 2007- Zuo et al., 2007- Sun et al., 2019- Dong et
MQTL1.3 (10) LCC- DCFs-CC
al., 2007
Dong et al., 2007- Yoo et al., 2007- Zuo et al., 2007- Barik et al., 2020- Bing et
MQTL1.4 (11) LCC- DCFS- RCC- Rdg-
al., 2006
MQTL1.5 (2) Zhang et al., 2014- Dong et al., 2007 HSPAD- LCC
. . RFC- Dg- Chla- Rdg- Chlb- FCM-
2 MQTL2.1 (10) Lin et al., 2010- Bing et al., 2006- Yang et al., 2008- Dong et al., 2007
LCC-RSC
MQTL2.2 (8) Lin et al., 2010- Dong et al., 2007- Bing et al., 2006- Fu et al., 2011 FCM- LCC- RSC- rga- SCH- Rrg-csfl
MQTL2.3 (4) Fuetal., 2011- Sun et al., 2019- Bing et al., 2006 csfl- Pn-tcs-QRrg
Sun et al., 2019- Yoo et al., 2007- Yang et al., 2008- Teng et al., 2004- Pn- dcs- Chlb- Total chl- CC- CHRF-
3 MQTL3.1 (9)
Yamamoto et al., 2017 dcfs- ccf
MQTL3.2 (16) Teng et al., 2004- Yamamoto et al., 2017- Yoo et al., 2007- Lin et al., 2010- CC- CHRF- CHRT- dcf- ccfs- dcs-
' Zuo et al., 2007- Dong et al., 2007 dcfs- ccf- FCM- RFC- SCH- LCC-
. dcs- dcfs- ccf- FCM- RFC- SCM-
MQTL3.3 (10) Yoo et al., 2007- Lin et al., 2010- Zuo et al., 2007- Dong et al., 2007
SCH- LCC-
Yoo et al., 2007- Lin et al., 2010- Zuo et al., 2007- Dong et al., 2007- Sun et
MQTL3.4 (9) ccf- SCH- LCC- Pn-CC
al., 2019
. LCC- ccf- CHRT- Rrg- rga- Rdg-
MQTL3.5 (10) Zuo et al., 2007- Yoo et al., 2007- Yamamoto et al., 2017- Bing et al., 2006
NTRO- NTR3
‘Yamammoto et al., 2017- Lin et al., 2010- Dong et al., 2007- Zuo et al., 2007-
4 MQTL4.1 (7) . CHRT- RFC-FCM-LCC- CCHJ
Abdelkhalik wt al., 2005
Lin et al., 2010- Dong et al., 2007- Zuo et al., 2007- Takai et al., 2010- Bing et RFC- FCM- LCC- SPAD- FLHS-Dg-
4 MQTL4.2 (10) .
al., 2006- Teng et al., 2004- Abdelkhalik et al., 2005 NPR- CCFJ
Abdelkhalik et al., 2005- Bing et al., 2006- Dong et al., 2007- Yoo et al., 2007- CCFJ- Dg- Rdg- dcf- rga- CM-
MQTL4.3 (11)

Jiang et al., 2012- Zhang et al., 2014

MSPAD- CH- HSPAD



MQTL4.4 (11)

MQTL4.5(3)
MQTL5.1 (3)

5 MQTL5.2 (9)

MQTL5.3 (6)
MQTL5.4(8)

MQTLS6.1 (8)
6 MQTL6.2 (3)

MQTL6.3 (2)

MQTL9.1 (25)

9 MQTL9.2 (14)

MQTL12.1 (3)
12 MQTL12.2 (1)
MQTL12.3 (3)
MQTL12.4 (3)
MQTL12.5(2)

Vo0 MAAY (DD DV F0 O condiom 5 555 5m 0], Ko 5 sobolS

Abdelkhalik et al., 2005- Bing et al., 2006- Yoo et al., 2007- Jiang et al., 2012-
Zhang et al., 2014
Jiang et al., 2012-Fu et al., 2011
Yang et al., 2008- Fu et al., 2011
Yang et al., 2008- Lim et al., 2015- Bing et al., 2006- Yoo et al., 2007- Fu et
al., 2011
Yang et al., 2008- Lim et al., 2015- Bing et al., 2006
Lim et al., 2015- Bing et al., 2006- Yang et al., 2008
Yoo et al., 2007- Lin et al., 2010- Teng et al., 2004- Abdelkhalik et al., 2005-
Dong et al., 2007-
Dong et al., 2007- Yang et al., 2008
Fuetal, 2011

Lim et al., 2015- Lin et al., 2010- Yoo et al., 2007- Bing et al., 2006- Yang et
al., 2008- Yamamoto et al., 2017- Abdelkhalik et al., 2005

Yoo et al., 2007- Yang et al., 2008- Lin et al., 2010- Yamamoto et al., 2017-
Abdelkhalik et al., 2005- Bing et al., 2006- Fu et al., 2011
Sun et al., 2019- Zuo et al., 2007
Yamamoto et al., 2017
Yoo et al., 2007- Dai et al., 2015
Dai et al., 2015- Zhang et al., 2014
Fuetal, 2011

CCFJ- Dg- Rdg- dcf- rga- CM-
MSPAD-CTH- CH- HSPAD
CM-CH-tcs
Tcs-Chib-Totalchl
Chlb-Chla- Totalchl- Dcf- Dcfs- Dg-
Dcs-tcs
Chla- Totalchl- Dg- Dcf-Dcs-Dcfs
Dcfs-Dcf-Dcs-Dg-Totalchla-Chla
ccs- RSC- NPR- dcfs- SCM- RCRJ-
LCC-

LCC- Chla
csfl
Dcf- FCH- ccs- Dcfs- Rdcfs- Dcs- Dg-
ccfs- Chlb- SCH- CHRF- CCAI-
CCAJ- CCFJ- Total chl
ccfs- Chib- SCH- CHRF- CCAI-
CCAJ- CCFJ- Totalchl- Rdg- csfl- tcs
CC- LCC-

CHRF
NH-dcs-dcfs
NAA- MSPAD- HSPAD

csfl

Relative cholrophyll content (RCC),

Chlorophyll a (CHLa), Degree of greenness (DG), Retension-degrees of greenness (RDG), Chlorophyll content (CC), SPAD value-

Heading stage (HSPAD), Retension of green area (RGA), Relativa retension of greenness (RRG), Cumulative SPAD values of flag leaf (CSFL), Total cumulative SPAD value
of four leaves (TCS), Net photosynthetic rate (Pn), Chlorophyll content (reduction rate)-flag leaf (CHRF), Chlorophyll content (reduction rate)-3rd leaf (CHRT), Chlorophyll
content of flag leaf-heading stage (DCF), Chlorophyll content of second leaves-heading stage (DCS), The average of DCF and DCS to complement the functional stay-green
trait (DCFS), Cumulative chlorophyll content of flag leaves (CCF), Cumulative chlorophyll content of second leaves (CCS), Mean of cumulative chlorophyll contents of flag
and second leaves (CCFS), Chlorophyll content at flowering (CCFJ), SPAD value of flag leaves-heading stage (SPAD), Net photosynthetic rate (NPR), SPAD value-Maturity
stage (MSPAD), Chlorophyll content-heading stage (CH), Chlorophyll content-maturity (CM), Chlorophyll content from tillering to heading stage (CTH), Reduction in
chlorophyll content (RCRJ), chlorophyll content at 25 DAF (day after flowering) (CCAI), chlorophyll content at 25 DAF (day after flowering) (CCAJ), chlorophyll content at
flowering (CCFJ), Relative degree of chlorophyll content of flag and second leaf (RDCFS), Leaf chlotophyll content (LCC), Total chlorophyll (Totalchl), Second-leaf LCC at
maturity (SCM), Nitrogen accumulation account (NAA), Nitrogen harvest index (NH), Flag leaf chlorophyll content at heading stage (FCH), Reduction-speed of second leaf
LCC(RSC).
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Table 4- List of identified gene 1Ds and selected genes within each photosynthesis-related meta-QTL (MQTL) across the rice chromosomes.

9359 (03 pB) 55wl 939095 (03 pD) &5 anlids £33509S (03 P (&5 awlids
MQTL MQTL MQTL
Chr Gene ID (Gene name) Chr Gene ID (Gene name) Chr Gene ID (Gene name)
1 MQTL1.1 050190135900 (Oshspl7.9B.) 6 MQTL6.1 0s0690664800 6 MQTL6.3 0s06g0725800
050190136000 (Oshsp16.9C) 0s06g0664900 0s06g0725000 (OsStr9)
0s01g0136050 0s0690665000 0s06g0719500 (OsbZIP54)
050190136100 (Oshsp16.9A) 0s06g0665100 050690725300
0s01g0136200 (Oshsp16.9B) 050670665200 0s06g0724650 (SIP1)
050190136300 MQTL6.2 0s06g0594600 050690724500 (OsWD40-135)
MQTL1.2 050190282251 050690594650 0s06g0722700
MQTL1.3 050190645900 (OsSultr5) MQTL6.3 0s06g0719900 050690725350
050190646000 0s06g0720400 0s06g0722450
050190646300 (OsSLRL1) 0s06g0722201 050690720100
MQTL1.4 050190848766 0s06g0724300 0s0690720900 (BZIP55)
050190848550 0s06g0724600 050690726300 (NAC95)
050190848700 (OsSTA36) 0s06g0720500 0s06g0722650
MQTL15  0s01g0955400 (OSCML23) 0s06¢0726100 (Cht3*) 0s06g0717900
0s01g0955050 0s06g0720000 0s06g0720601
050190955100 (OsCML31) 0s06g0719600 0s06g0722600
0s01g0955000 (OSNPC2) 0s06g0717800 (OsPP2C60) 0s06g0718300
050190955500 (OSCML19) 0s06g0723900 0s06g0725100 (OsGELP89)
2 MQTL2.1 050290770500 (OSWRKY32) 0s06g0724800 (OsbHLH155) 9 MQTL9.1 0s09g0560900
0s02g0770600 050690725250 050990560500
MQTL2.3 0s02g0783700 0s0690720301 0s09g0560800
050290783650 050690723650 050990560850
3 MQTL3.2 0s03g0577800 0s0690725550 0s09g0560700
MQTL3.3  Os03g0678400 (OSRDCP4) 0s06g0726200 (Cht1*(Chil)) 050990560600
0s03g0678800 0s06g0725200 (OsGELP90) 0s09g0561000
MQTL3.4  Os03g0776400 0s06g0722300 MQTL9.2 050990439050
0s03g0776900 (OsDjC35) 0s06g0725500 050990439100
4 MQTL4.1  Os04g0192350 0s06g0724100 050990439150
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file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0664900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0719500
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0665000
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0665100
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0724650
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0665200
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0724500
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0594600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722700
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0594650
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725350
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0719900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722450
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720400
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0646000
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720100
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722201
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0646300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0724300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0848766
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0726300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0724600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0848550
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722650
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720500
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0848700
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0848700
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0717900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0726100
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os01g0955400
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720601
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720000
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0719600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0718300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0717800
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725100
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0723900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560900
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0724800
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os02g0770500
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560500
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725250
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os02g0770600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560800
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0720301
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560850
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0723650
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560700
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725550
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os03g0577800
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0560600
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0726200
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os03g0678400
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0561000
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0725200
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os03g0678800
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0439050
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os06g0722300
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os03g0776400
file://///plants.ensembl.org/oryza_sativa/Gene/Summary%3fdb=core;g=Os09g0439100
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MQTL4.2
MTL4.3
MQTL4.4

MQTL5.1

MQTLS5.2

MQTL5.3

0s0490192775

050490461000 (Os-MYB39)
0s04g0608100 (GalK2)
0s0490644675

0s04g0644700

0s0490644750

0s04g0644800 (OsCBSCLC5)
050490644900 (OSNTMC2T2.1)
050590386000

0s05¢0386100

050590386201

0s05g0452900

050590453100

0s05g0519200

050590519300

0505¢0519400 (OsSec18)
050570519500 (OsWD40-120)

0506¢0724200
0s06¢0718400 (OsUCL18)
0s06¢0725700
0s06¢0721600
0506¢0725400
0s06¢0724000 (BZIP56)
0s06¢0720700
0s06¢0718100 (OSEXPA29)
0506¢0722100
0s06¢0724400 (OsDNLZ1)
0s06¢0726400 (SBE1)
0s06¢0721900
0s06¢0724700
0s06¢0718000
0s06¢0725900 (OsFtsH1)
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