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Evaluation of salt tolerance at the seedling stage and related gene mining in
mung bean germplasm resources
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! National Key Laboratory of Crop Gene Resources and Breeding / Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing
100081, China; > College of Agronomy, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: Soil salinization poses a serious threat to agricultural production. Exploring salt-tolerant germplasm in mung bean is
crucial for the effective utilization of saline-alkali soils in China and for promoting the sustainable development of the mung bean
industry. In this study, 200 mung bean germplasm accessions were evaluated for salt tolerance (150 mmol L™ NaCl) at the seed-
ling stage based on 13 phenotypic traits, including plant height, above-ground fresh weight, and root fresh weight. The results
showed that the salt tolerance coefficient for root length per unit volume was the highest (0.806), while that for root branching
was the lowest (0.591). Significant differences were observed among germplasms in their responses to salt stress, particularly in
root dry weight, root length per unit volume, and root fresh weight. Based on salt damage symptoms, 16 highly salt-tolerant and
12 highly salt-sensitive germplasms were identified, with the highest proportion of salt-tolerant accessions found in the North
China region. A genome-wide association study (GWAS) based on resequencing data identified 67 SNP loci significantly associ-
ated with salt tolerance, corresponding to 348 candidate genes, of which 99 had annotated functions. Among these,
Vradi04g09980, Vradi0lg06290, and Vradi08g02890 were validated through haplotype analysis as potentially associated with salt
tolerance at the seedling stage. These findings provide a valuable foundation for the genetic improvement of salt tolerance in
mung bean and for further elucidating the underlying regulatory mechanisms.

Keywords: mung bean; seedling stage; salt tolerance; genome-wide association study (GWAS); germplasm resources; haplotype
analysis

A i [ R T & TR H (2023 YFD1200705, 2019YFD1001303), [E 5 [ 48R 3k £ 30 H (32241042) 01 10 B 1A M A A 346 [
RILAAM ™ M H A A 2 B L T (CARS-08) ¥ 1

This study was supported by the National Key Research & Development Program of China (2023YFD1200705, 2019YFD1001303), the Na-
tional Natural Science Foundation of China (32241042), and the China Agriculture Research System of MOF and MARA (CARS-08).

" 5 /E# (Corresponding author): i £%, E-mail: wanglixia03@caas.cn

FH—EH IR F 30 E-mail: leesqaq@163.com

Received (A5 H #): 2025-05-16; Accepted (352 H 1H): 2025-10-30; Published online (I’ %% H} it H 4): 2025-11-12.

URL: https://link.cnki.net/urlid/11.1809.5.20251111.1755.004

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



o 2 4]

TR A 2k SR B A SO0 R A S A S R TR A i

371

2k 5. (Vigna radiata L.)J& 5. Ft(Leguminosae) il
JE 1€ W B} (Papilionoideae) 3% & Ji% (Phaseoleae) 51 5. J&
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1 #MR57I%

R
200 17y &% 5F B EC A E S AE Y RO 9 R
(FE 1), Hrh, BN 175 4y, BN 25 6.

1.1

F1 200 REIMHEEREFERES
Table 1 Source information of 200 mung bean germplasm accessions
Hb [A HUg ﬂil Number of it IA R ﬂij‘ Number of
Region Location Region Location
germplasm germplasm
AALIX T [E g1 Heilongjiang, China 3 R 1 [E 4 # Anhui, China 10
Northeast region H1[E#H#K TJilin, China 13 East China region T E VL5 Jiangsu, China 22
71 E LT Liaoning, China 5 FEYLPY Jiangxi, China 1
FE NS Inner Mongolia, China 25 FiE 4 Shandong, China 8
AL E L5 Beijing, China 2 1E 475 Taiwan, China 1
North China Hr[E [ Jt Hebei, China 11 1EF X H1[E )P Guangxi, China 2
region South China region
f[E 1178 Shanxi, China 14 [iiffa] A 7 & Ningxia, China 1
X H1[E R Henan, China 30 Northwest region " [EPEPY Shaanxi, China 2
Central China F1[E 51t Hubei, China 15 Hr[E B8 Xinjiang, China 1
region J1[E 57 Hunan, China 8 [EZRIAES i N AN A e 17
South Asia region  FXAJEH L)
World Vegetable Center (the
former Asian Vegetable Re-
search and Development Center)
PURG X "R E K Chongqing, China 1 KX H7 Japan 8

Southwest region

East Asia region
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1.2 K H*E

BRI A 5ER AR 11 8
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{H P < Un, B R B{E P<1/99,986 = 1.00014x
107~ 1.0x107° (Hl-log,oP > 5)FH T GWAS 3 #1222
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PE E (Release 56)H 4 5. (Vigna radiata var. radiata)
V6 JRAS %I N GFF3 FERSCHE, HRIUR % X
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DX 11 R B AR OERRR BT AR, KT
20.00%; A& X B AR i B Fh AL s, (H S BUBOR
J o5 G R (33.96%); AR AR DX A E A1 24 G v i kA
5, AHARAR DX $R R0 A7 b 33.33%, AU R A
JEEFP T 7 36.00%
22 HPETHREFMEHEBSERMTERE
ST

13 MR AT $h RECE AN T 1, RIS HRIR
FEPRE IALA BT FREGGR 2). b, AR EEUF
it R B AR (0.591), i B AR AR K 32 S i 45
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R (31.10%); R . 28 SUEURIAR 202 54 1) A5 5



5 2 3 eVl A R TN BT BT U P S T 5 1 2 B A OGS [ %2 4l 379

B 1 e TRRREHREEELEERES

Fig.1 Differences in salt damage symptoms among mung bean germplasm at the seedling stage under salt stress

1: EmtEh; 30 mdh; 50 dhmEh; 7 EhEUR; o e Uk,

1: highly salt-tolerant; 3: salt-tolerant; 5: medium salt-tolerant; 7: salt-sensitive; 9: highly salt-sensitive.

F2 HPETETFRESMEKAN & REHE R LRI

Table 2 Descriptive statistics of salt tolerance coefficients based on mung bean traits under salt stress

PR F/ME S PNIEN M AR R
Trait Min. Max. Mean CV (%)

i PH 0.386 1.172 0.778 24.01
Mo bTREE T AFW 0.207 1.125 0.712 29.01
HREETE RFW 0.157 1.193 0.693 33.23
i E#TE ADW 0.196 1.160 0.636 30.12
T HE RDW 0.134 1.194 0.709 35.40
MK RL 0.310 1.097 0.750 26.73
KM RSA 0.410 1.192 0.682 28.21
TP HEAE RAD 0.165 1.189 0.660 29.62
B RFRARKE RLPV 0.470 1.392 0.806 31.10
WA RV 0.229 1.113 0.711 29.07
HREL RT 0.442 1.198 0.675 30.90
RSB HL RF 0.403 1.061 0.591 26.43
A RC 0.500 1.083 0.656 16.06

PH: plant height; AFW: above-ground fresh weight; RFW: root fresh weight; ADW: above-ground dry weight; RDW: root dry weight; RL:
root length; RSA: root surface area; RAD: root average diameter; RLPV: root length per unit volume; RV: root volume; RT: root tips; RF: root

branches; RC: root crossings.

FRBCEAR, AR b o) 07 400 — 3o 43 B A AR
T AREEE AR B AR A T A2 B E A
i, e/ MAEFAR,
23 ZREMRAHSUERNMERBMRER
BRI HE K M

FHME A BT B, N [R) AR T R 2R Bk o 2 AH
KGR 3). Hrh, M FHPEEE | Mb AT E . ARG
SR 5 AT R R A B B IEASEP < 0.01);
HRAT-H AR RN R R A 2T 2 B TGP <
0.05), Hri 5HR K (-0.62) FIHR I % (—0.6 1) i it £ &
B S B o W eAh, AR SR B I R R AL
588 bR B A DG Mt B, 5 PR AR AR K () 4
KRR 0.97. LT 1 1R 55 90 5 45 IR 1)

WA A EPEP < 0.01), 15 5 A1 B AR 21
B EAROCA, 5 AR S 0 2 AR OG .
24 EEFAXBESWRZIME SNP iR

N4 FE R 2 EE N 3 3R A5 19 7,800,581 4 SNP {37 A
Tt RT3 5] 556,756 /1> B SNP i i (MAF = 5%,
missing < 20%), &4 AR ENA T 13 AR A
ARATR R B, 7F 4L B S R 67 45
FORHK SNP o7 s (18] 2) Hod 7 A Sk SR A AL 6
1435 T Chr. 9 (2.034~2.074 Mb) I3 7 /> 5 H fef
ARALE A 6 AT Chr. 4 (18.810~18.820 Mb) |-,
1 ™MF Chr. 2 F; 7€ Chr. 5 FAUKINE] 14~ -
Bt 2 OCHR A AL . AR R MR, 11 A4 SR A
SIS ST Chr. 1 Al Chr. 9 |, Hip 8 AN
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Fig. 2 Manhattan and Q-Q plots of genome-wide association analysis for salt tolerance coefficients in mung bean seedlings

a: PR br i EEBEEER; o ARBEE; d M BT e MTE; £ RIK; g WMEWHL b WPEWERE; i@ BARBMREK, j: RAR; k

FRAEL 1 ARG m: AR SE B

a: plant height; b: above-ground fresh weight; c: root fresh weight; d: above-ground dry weight; e: root dry weight; f: root length; g: root
surface area; h: root average diameter; i: root length per unit volume; j: root volume; k: root tips; l: root branches; m: root crossings.
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Table 3 Correlation analysis between phenotypic traits and salt damage levels in mung bean under salt stress

Ef; PH AFW  RFW  ADW  RDW RL RSA  RAD  RLPV RV RT RF RC
AFW  0.767

RFW 023" 046"

ADW 0377 072" 063"

RDW  -0.05 0.24™ 071" 0557

RL 0.19" 043" 072" 0577 0.58"

RSA 029" 050" 0777  0.60"  0.60"  0.84"

RAD 0.03 -0.06 -0.18 -0.21" -021" -0.62" -0.46"

RLPV 0267 046" 0717 058"  0.58" 084"

RV 0.30" 054" 083" 0.617 0617 080"
RT 0.12 031" 049" 0467 0457  0.68"
RF 0.19" 036" 0637 0517 0557 074"
RC 025" 0377 0537 0457 0467 067"
SDL 023" -0.38" -0.76" 041" -050" -0.74"

—0.84"  0.24"

0.97"  -0.59"
093" -0.21"  0.85"
0.75" -0.617 0817 0.617

0.86" -0.56" 0.88" 0.72" 071"

0.75" -0.52"  0.78"  0.62” 0.61"  0.937

-0.78"  -0.87" —0.62" -0.59" -0.45"

53 2, SDL: #hFYU. TR 4 HIFRARAE 0.05 A1 0.01 K FHIGHE B

Abbreviations are the same as those given in Table 2. SDL: salt damage level. * and ™ indicate significant correlations at the 0.05 and 0.01

probability levels, respectively.

{37 5 AE Chr. 9 (10.752~10.756 Mb) I-; 7£ Chr. 8 4
ME] 2 ANRRFCE ZE VAL, E Chr. 1 _EAGTE] 1
AR FUAR A B B RO A AR SR B B
R, RAARRRI N B B ARG S, T
Chr. 4 (18.802~18.816 Mb) K& % 20 4~ i%E L2453 Fi
fimi; MAFEAR . AR RCECRIAR 28 SUEL Y DCHR AL
SMEEREERK, 2434 T Chr. 1, Chr. 4, Chr. 5., Chr.
6. Chr. 7, Chr. 8, Chr. 9, Chr. 1145 |, HR%
K BUIE Chr. 6 (13.684~19.878 Mb) [ 4 4 AN iELE4r 4
FHETEZ DA

9 NZRPE SNP s 5 2R i 2 0K, H
FAR B S MR A SUBHIRFE Chr, 6 L[] CHK 2
/> SNP i 5, (13.684 Mb, 19.876 Mb), Jf-7F Chr. 5 11
9.978 Mb i & L f#7F 1 A~3E=E SNP i 45; #£ Chr. 4
(18.812~18.816 Mb)_I Kl £1] 6 4~ 5 4R fif 5 FIAR A FH
PR TR AY SNP v 5, BEEZ) 3.5 kb,
25 SZERHMHEEXREERRBERSH

T LA S Hr i 3% SNP 75, LLH
B g2 ks, 78 bR Ui AN 74 (LD) 3 ik X
[i] P e 037 3] 348 Mg HE A, Horp 99 MR B A
IRETERE (MR 1)

BT 23000 SNP A 5 424 2] 5 AR e 8 FIAR (A
LI BEE L] Viadi04g09980, 25 it B R AR XL
PrihE 19 (TBL19) i SE I i 78 X Be A4 1% 74~ SNP

{7 i ( 3), RIS 200 &k R 5 R 6 B
Al Hapl 1 & & 8B EANRE X . AR X)Fp T, HAE
RIX 5 EAM T A H 55.05%; Hap2 HiAEL X R
ZRABIX A 5 a2k, 3k 63.49%; Hap3 NI4T 52.00%
(A TR IR T N 52 1l (R AL X)) AT RE (4 X)) . Hap3
(AR e E i 22 80735 Hap 1 F1 Hap2 4% 5 25 F0 i
FE5E, ARIREN £ 2 E0) )& Hap3 B 3#{K T Hapl,

LI FERAG Bk, T Chr 1 EEZ#EIISS
i ABC ¥ izHEMH G KGN A 11 R
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A5 FhEAAE L Hirh, Hapl F1 Hap2 b 3282 S5
S 93 A 83 BB, YKk Hap3 (22 7).
Hapl P it 2ok HAENKX MARIL X, &k
75.27%; Hap2 P XFP T 5 L 54.22%, FHRChAE
ZR1X(34.94%); Hap3 HZAEA X jg W X AL AR A X
Pt H 90.91%. Hapl F1 Hap2 fié 840 (A1
it $h 28049 5 Hap3 S BEE

£ F Chr. 8 [ fIEEH Vradi08g02890 4 ithsi s iz
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Fig. 3 Nucleotide diversity in the coding region of Vradi04g09980 (a), RFW differences (b), and RV differences (c) between haplo-
types

RFW: RfFH; RV: ARAB . #F #3538 R7E 0.05 F1 0.01 K22 53 3

RFW: root fresh weight; RV: root volume. * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Fig. 4 Nucleotide diversity in the coding region of Vradi01g06290 (a) and RLPV differences (b) between haplotypes
RLPV: B ARBURE . **3RIR1E 0.01 K22 F7 B ¥ .

RLPV: root length per unit volume. ** means significant difference at the 0.01 probability level.
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Table S1 Candidate genes for salt tolerance identification of mung bean germplasm
KRR S ID hRETERE
Associated traits Gene ID Functional annotation
RAD Vradi0l1g04810  ARFESPERRE A HH 2 #ZEH Non-specific lipid-transfer protein 2-like
RAD Vradi0lg04850  AMIHEE 1 LOC106773804 Uncharacterized protein LOC106773804
RAD Vradi0lg04920  RMIHEE 1 LOC106769195 Uncharacterized protein LOC106769195
RLPV Vradi0l1g06280  KHMIJAEEE 4 LOC106769919 Uncharacterized protein LOC106769919
RLPV Vradi01g06290  ABC #3281 G IG5t 11 ABC transporter G family member 11
RLPV Vradi0l1g06370  ARFNIEEHE H LOC106766299 Uncharacterized protein LOC106766299
RL Vradi0l1g08580  AMIfELE 1 LOC106765526 Uncharacterized protein LOC106765526
RL Vradi01g08590 608 B MR 1 L36 60S ribosomal protein L36
RL Vradi0lg08600  KHPIfEE 1 LOC106764536 Uncharacterized protein LOC106764536
RL Vradi01g08640 A2 A5 EH 2 FIE4Y Nucleolar complex protein 2 homolog
RL Vradi0lgi4660  CEN #ZE[1 1 CEN-like protein 1
RAD Vradi04g04000 A FME P YI5E # W 3L /K f7F Xyloglucan endotransglucosylase/hydrolase
RAD Vradi04g04010  o-FEEAZRIIR O-Fu B % £ i A i 11
Omega-hydroxypalmitate O-feruloyl transferase-like
RAD Vradi04g04030  GPI $5 & 414> PIG-S GPI transamidase component PIG-S
RAD Vradi04g04040  AHINHEE 1 LOC106758832 Uncharacterized protein LOC106758832
RV Vradi04g09650 %% 5% [H-F BIM2 Transcription factor BIM2
RFW/RV Vradi04g09660  O-7 Wb I 44 FLBlf 27 O-fucosyltransferase 27
RFW/RV Vradi04g09670  BEAgIELEE 4-34 05 v 7 ¥EZE 1 Phosphatidylinositol 4-kinase gamma 7-like
RFW/RV Vradi04g09700  F-box/kelch T & H H At5g15710 F-box/kelch-repeat protein At5g15710
RFW/RV Vradi04g09740 5 PPR (TR B)EE MY A9 8 11 At2g31400, 2Rk
Pentatricopeptide repeat-containing protein At2g31400, chloroplastic
RFW/RV Vradi04g09790 & PPR (T E )45 B (19 2 11 At3g02330, ZRkifk Rl
Pentatricopeptide repeat-containing protein At3g02330, mitochondrial
RFW/RV Vradi04g09800 W 5 R R i 4% 45 11 43 Basic leucine zipper 43
RFW/RV Vradi04g09810  6-Bi R 71 26 Wi IR It S, My A
6-phosphogluconate dehydrogenase, decarboxylating
RFW/RV Vradi04g09880 % PPR (LK &2 )45 W I 11 At3g02490, ZokifAf:
Pentatricopeptide repeat-containing protein At3g02490, mitochondrial-like
RFW/RV Vradi04g09890  JE %% R S /38 JiU B ATA1 Short-chain dehydrogenase reductase ATA1
RFW/RV Vradi04g09920  YIF1B #£ZE 1 Protein YIF1B-like
RFW/RV Vradi04g09940  PIREMY 2,3- WAL H- i BR AR AR IR T iih B A8 57 g
Probable 2,3-bisphosphoglycerate-independent phosphoglycerate mutase
RFW/RV Vradi04g09970  FLX M1 2 Protein FLX-like 2
RFW/RV Vradi04g09980  FBAIRMAEMITHSFEEE A 19 Protein trichome birefringence-like 19
RC/RF Vradi05g05350  HEE)ZPCE FHEE 1 K X2
Protein tapetum determinant 1 isoform X2
AFW Vradi05g14520 ~ WUSCHEL A 5¢ A 5 JE & 8 &8 H WUSCHEL-related homeobox 8-like
AFW Vradi05g14540  RING % E3 {7 K iEH RING-type E3 ubiquitin transferase
AFW Vradi05g14570 W] REMTER FIBEAR M 2C 27 Probable protein phosphatase 2C 27
AFW Vradi05g14580  3-W§MR T imEE i Z 8 Glyceraldehyde-3-phosphate dehydrogenase
AFW Vradi05g14630  Z SRR S 1
Protein multiple chloroplast division site 1
AFW Vradi05g14660  AT-hook 3/ 4% %E {3 % I1 10 AT-hook motif nuclear-localized protein 10
AFW Vradi05g14670 5 psbP G E H 3, HaRiky

psbP domain-containing protein 3, chloroplastic
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Associated traits Gene ID Functional annotation
AFW Vradi05g14680  SWI/SNF & & ¥k SWI3B SWI/SNF complex subunit SWI3B
AFW Vradi05g14700  AFINHEFE 1 LOC106759854 Uncharacterized protein LOC106759854
AFW Vradi05g14750  BURP 254433 1 USPL1 BURP domain protein USPLI1
RC/RF Vradi06g08010  PRA1 ZJ 1 PRAI family protein
RC Vradi07g04190 % CBS 45H 4 1 CBSX2, M-4kiA7
CBS domain-containing protein CBSX2, chloroplastic
RC Vradi07g04200 LR IFH RS A % 1 Polyadenylate-binding protein
RC Vradi07g04260  Atl1g66480 FEARFDJHERE 1 Uncharacterized protein Atlg66480-like
RC Vradi07g04280 €M 1-BENE M ALNE-3-BE R -5-1 i FAB1C
Putative 1-phosphatidylinositol-3-phosphate 5-kinase FAB1C
RC Vradi07g04300  JLT %54 %E4E % 1 Chitin-binding lectin 1
RC Vradi07g04430  SECI12 # 1 2 RH{A& X1 SEC12-like protein 2 isoform X1
RC Vradi07g04470 10 kD fEABEE 1A 10 kD chaperonin-like
RC Vradi07g04490  MilEBE4§EG A XUIN4 % Phytanoyl-CoA dioxygenase
RAD Vradi08g02890  4i¥%iz 5 H CCH Copper transport protein CCH
RAD Vradi08g02900 it & 41K Exocyst complex component
RAD Vradi08g02910  Polycomb (£ i )3 i 7 4#£ & 1 Enhancer of polycomb-like protein
RAD Vradi08g02950  FFAEAL S D #£EE [ Protein flowering locus D-like protein
RAD Vradi08g02960 K FINEERE 4 LOC106772352 Uncharacterized protein LOC106772352
RAD Vradi08g03010  FrEELHIEE A: 1EH E 3-0-M A M -6"-O-F E B 6 i | BERMIE X2
Coumaroyl-CoA: anthocyanidin 3-O-glucoside-6"-O-coumaroyltransferase 1-like isoform X2
RC/RT Vradi08g10930  ARFNTNHEF H LOC106771460 Sk X1
Uncharacterized protein LOC106771460 isoform X1
RC/RT Vradi08g10970  MYBI108 ¥4 5K -F Transcription factor MYB108-like
RC/RT Vradi08g10990  J5{+ ADP #Hi 3L [ F 1 Similar to ADP-ribosylation factor 1
RT Vradi08g11000  NIM1 EAEZE T 1 #8 1 Protein NIM1-INTERACTING 1-like
RT Vradi08g11010  RMIIHEHE 1 LOCI106771693 Uncharacterized protein LOC106771693
PH Vradi09g02010  CPN60 FEr TR 1 2, ZokifkmR
Chaperonin CPN60-like 2, mitochondrial
PH Vradi09g02040  AFINFEF 1 LOC106773708 Uncharacterized protein LOC106773708
PH Vradi09g02060  EE 1 F-box/FBD/LRR & K [ Atlg78840 SHik X1
Putative F-box/FBD/LRR-repeat protein Atlg78840 isoform X1
PH Vradi09g02080 2 PR/F AR E A BERR A 7 K B[R IR Y
Serine/threonine-protein phosphatase 7 long form homolog
PH Vradi09g02120 & 1Q Z5¥93 1Y IQM1 A 1 1Q domain-containing protein IQM1-like
PH Vradi09g02170 T HIEEE 1A Casein kinase I-like
PH Vradi09g02190  HEBERK N-T ULt I # i Glycylpeptide N-tetradecanoyltransferase
RAD Vradi09g05880 & PPR (TLAKH &) BRI TE 1 Atl 202150
Pentatricopeptide repeat-containing protein At1g02150
RAD Vradi09g05900 % PPR (TLfKH 245 MM AU 1 Atlg71460, M-L4{AF:
Pentatricopeptide repeat-containing protein Atlg71460, chloroplastic-like
RAD Vradi09g05920 ERKFEAYEM 4 FH#IK X1 Elongator complex protein 4 isoform X1
RAD Vradi09g05930 & PPR (TLMKE )M IE M Atlgl5510, H-LEiAm
Pentatricopeptide repeat-containing protein Atlg15510, chloroplastic
RAD Vradi09g05940 6% -tRNA HE L0, 4% Tryptophan-tRNA ligase, cytoplasmic
RAD Vradi09g05950 M R-tRNA HEHERG, 4R k/2 kK 5

Lysine-tRNA ligase, chloroplastic/mitochondrial
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RAD Vradi09g05970 & ELMO Z5H3k 1 A FEEE 55 M1k X1
ELMO domain-containing protein A-like isoform X1
RAD Vradi09g05980 4B Cyclin
RAD Vradi09g06060  S.2 FE3ZRTE (114§ Receptor like protein kinase S.2-like
RL Vradi09g06870 T 4:J& P1B Al ATP W, #%%ic ATP B, #=HIKAF-R PR
Heavy metal P1B-type ATPase, Cu-transporting ATPase, control of Cu accumulation in rice grai
RL Vradi09g06880 T RERY T RN UI-1,3-B-H A ME 1T Ao
Probable glucan endo-1,3-beta-glucosidase A6
RL Vradi09g06900 & A X% 1 Protein kinase superfamily protein
RC Vradillg00960  RFINEEEH LOC106776934 Uncharacterized protein LOC106776934
RC Vradillg00980 — FEJFN T K, M-4%14&% Stromal processing peptidase, chloroplastic
RC Vradillg00990  HE N Z BB EE MCC1 SHK X1
Histone acetyltransferase MCC1 isoform X1
RC Vradillg01000  KAIIEEE 1 LOC106776944 Uncharacterized protein LOC106776944
RC Vradillg01010 — W %% 5% 1 F A-1b BEFE 1 Heat stress transcription factor A-1b-like
RC Vradillg01030  TOMI1 FEZE [ 2 TOMI-like protein 2
RC Viadillg01040  £F4EE & lfFEE 1 D2 Cellulose synthase-like protein D2
RC Vradillg01060  DPB FE&%4 55K F Transcription factor-like protein DPB
RC Vradillg01200  KHIIEEHE 4 LOC106777204 Uncharacterized protein LOC106777204
RC Vradillg01210 A4 3L JEIHEE (1 20.1, APC B ARSI N FREE A
Cell division cycle 20.1, cofactor of APC complex-like
RC Vradillg01220 ~ HVA22 FEHE [ HVA22-like protein
RC Vradillg01230  U4/U6 /NMERBIEEH Prp3 KEEH
U4/U6 small nuclear ribonucleoprotein Prp3-like
RC Vradillg01240 AR EREAREE M Rubredoxin family protein
RC Vradillg01270  AFINFEFE 1 LOC106777046 Uncharacterized protein LOC106777046
RC Vradillg01280  FHYEEPLIESE A 10 Protein plant cadmium resistance 10
RC Vradillg01290 ¥ PPR (FLAKTE &)S5F I 146 14 Atlg71420
Pentatricopeptide repeat-containing protein Atlg71420
RC Vradillg01300 % PPR (HIKE )L At3gl8110, Matik#!
Pentatricopeptide repeat-containing protein At3g18110, chloroplastic
RC Vradillg01310  BRIARRN S BELA 2N+ 1, Lehifkmy
Succinate dehydrogenase assembly factor 1, mitochondrial
RC Vradillg01340  Z4UfE{43 ¢ Cytochrome ¢
RC Vradillg01350 )& N 2455 5% [F-F ERF022 Ethylene-responsive transcription factor ERF022

PH: s AFW: Hb ¥R d; RFW
IR RC: M2 UK,
PH: plant height; AFW: above-ground fresh weight; RFW: root fresh weight; RL: root length; RAD: root average diameter; RLPV: root

. MEEE; RL: MK RAD: R FHEAE; RLPV: BAREURK; RV: MAT; RT: R4 RF: R

length per unit volume; RV: root volume; RT: root tips; RF: root branches; RC: root crossings.



