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Transcriptomic Analysis of Salt and Alkali Stress-Responsive Genes in
Medicago truncatula

YUE Shi-yao"*, LIANG Yan-xia®, YAN Yi-nuo*, DAI Shu-jie*, LI Wen-xiang”, XIE Xin-lei’,
XIAO Su-juan®, WANG Yu-xiang", JIANG Wen-bo™*
(1. Key Laboratory of Grassland Resources and Ecology of Western Arid Region, College of Grassland Science, Xinjiang Agricultural University,
Urumgqi, Xinjiang 833052, China; 2. Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. The

National Center of Technology Innovation for Comprehensive Utilization of Saline-Alkali LLand, Dongying, Shandong Province 257300, China)

Abstract: This study employed high-throughput transcriptome sequencing to analyze gene expression changes
in Medicago truncatula under salt stress (150 mmol-L."' NaCD) and alkali stress (135 mmol-L ' NaHCO;+15
mmol-1.7" Na,CO3) at five time points: 0 h, 6 h, 12 h, 24 h and 48 h. The results showed that alkali stress
induced more drastic gene expression changes, with downregulated genes generally outnumbering upregulated
ones. Differentially expressed genes were significantly enriched in pathways related to ABA signaling transduc-
tion, osmotic regulation, antioxidant defense, and ion homeostasis. A total of 60 genes were commonly upregu-
lated and 16 genes were commonly downregulated under both salt and alkali stresses. The commonly upregu-
lated genes were mainly involved in stress-resistance mechanisms such as hormone regulation and signal trans-
duction, whereas the commonly downregulated genes covered multiple functional categories including hormone
signaling and cell wall remodeling. This study elucidates key genes involved in the responses of M. truncatula
to salt and alkali stresses and identifies candidate genes for salt and alkali tolerance, providing a theoretical basis
for molecular breeding of alfalfa.

Key words: Medicago truncatula; Salt and alkali stress; Transcriptome analysis; Mechanisms of stress toler-
ance; Differentially expressed genes
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HE B A AE TR E T 5 R T B X CnH R
i) BA mEAE R S A UM, e B P KR
e R M"Y, BEEETE Medicago truncatula) VEN &
BHSE LY, B AT AP AR 41/ (454~526 Mb)
A R G ABARTE IR A T S 3 A8 B A B R U AR I
H J& 4k /K % (Oryza sativa) . 8 B I¥ (Arabidopsis
thaliana) J5 5 = A~ 5¢ B4 5 R AL P A , 5 554k
B RGO R, R SRME YIS A A

R, R B R A BRI AR T R R
JE M, A ERE 95 438 J7 43 il + Hb 3z TR AR 0, 20 04 B
Hb R 50 Y6 THE IR A FH TR NG 56 BT IRURS: 0 5 R B
T AR K 9900 J7 23 bt , He vhof i o 42 5 1/3, 3R BT b
T AUE 2. 81X 107 hm* ™ $h o 38 2 T BUH Y B
B e B TR AR A T A (Reactive
oxygen species, ROS) B 8, il YK 4 Jifd Ji& 38 375 P 5 ot
LRARGE Y, B AR A AR R il A AR T
Shy g %ok R BB 38 A ) Ak L SR i AL A
AR AR S B A LR R B R L E IE
SR A AR 2 A RE SR R 45 H 5 w [U Myo-Inosi-
tol Oxygenase 2CMsMIOX2) & H 75 5 SN2 £ 4
FRE] AR Na W5 K/ Na ' L J#iE A4
Wy o 3 N [Late Elongated Hypocotyl (MLHY) ,
Elongation Factor 1 Alpha 1(MtEFIAD ], X 3T &
1L 2 45 [ A AL ¥ 15 AL 1§ (Superoxide dismutase,
SOD) 3t &AL ¥ I (Peroxidase, POD) , b 4 1k AUl
(Catalase, CAT) |55 J5 =B SR i b M7, [] i 52 7
H 4 T WRKY Transcription Factor 11
(MsWRKY 11> , Homeodomain Leucine Zipper
Transcription Factor 7(MsHB7) , WRKY Transcrip-
tion Factor 33 (MsWRKY33) , NAC Transcription
Factor(NAC) 45 5 R 138 i) 4% 8 7P \ROS ¥
bR S Sl #00 Ah 5 B A g 4 R Cln
CRISPR-Cas9) Y Fl i A2 ) B A CHUR B 3L 12D
KA BT Opb B 4 N T (R TR AR OR R — SR
FE DV N 55 T B, Bl T S AT R T A R

AR K i RNA WP (RNA-Seq) # A N
ik AT AL 49 306 5 e 1 ML 4 R T O TE R AT ] A
DR B PR R W38 T 1Y 3R G878 4 32 HE SC B T fiE
B ok, LA B A AF e B AN R — D7 T, 24K
WF 58 5 £6 T 30 W 30 sOm 30 B — a2 AL b L
YIS ERNE, = AR A S S N (A S5 R cP )
e o3 BT AN R, G HE X P o 22 S i IO ATL A C o B PR R
IR BE T R R DR 22 SR ) K OC B 07 B TR] 5 R

AR Z RAIRR ;) — i, B S e
e T 30 5E DA, {EL AR e B 38 T e W) e i KR DAY D g
A 42 I 245 i R T T Al AT, M LA 4 T R B 2E A
N7 XoF kB[R] B i g e R S DR T R A TR
i AL (7] s TS 58 AR T Ak 174 2 35 PR B 05

ET LERURIIRE AR, A5 5 7R
RNA-Seq AR, RGe Mg 2 H & 753 (150 mmol-L ™!
NaCD F1## (135 mmol-L " NaHCO;-+15 mmol-L "
Na:COD I8 T AR [E] £ (0 h, 6 h,12 h, 24 h,48 h)
5L R R A A . 3B e ER B T Y 25 R
35 L 4 (Differentially expressed genes, DEGs) , fif
B D B B A 30, WA AR e 3 e 7 1) 22 e 5 3
P 425 4 DG B T 3350 A DG 5 ) R 080 428 I 8%, e 2 i 1o 114
ELA VAR A (B A TS B T A 2 R R, Sy i A T
AR RN 8003 7 b4 (it I S A 30 A 5 R IR U

1 MRS

1.1 a5 iiE a2

A A R S BB ALY, R ORIE T
Samuel Roberts Noble Foundation, {f /% T E 4\l
Bh 2z Be b ot & S B W SE T o B Rl D 40
P2, 40 Bh R 2 TGO L K b B I RD LA B AR
15.5 cm A7 8 48 (Y B B B 57 L, B OAGE i 1/2
Hoagland & 37 W . 4ACARRALFE 2 K, J5 7 A BB
Fr R HE IR 4 K B FRARBE e IS ] 16 h/8 h(O
W& /BB /S ), O BB 5% B2 54 80 umol-m “+s ', i B R
24°C BN 60% . FFF 2RI E Kb
# 96 fL PCR B0 S 4k 2L 1 1/2 Hoagland #%
FRWIEFE . NP IR R SR P A A T R e
FEWL o 6 KT 43 ) T ER FR B 2E 47 b B, % B 20 4k 22
% M 1/2 Hoagland & 7% W 4b 31, £6 40 3R 1/2
Hoagland & 3% % Sl 150 mmol-L ' NaCl(pH {f K
5. 8, At BR ] 1/2 Hoagland B 570 135 mmol-L !
B NaHCO; #l 15 mmol - L ' # Na,CO; (pH {H H
9.5, 4 AL HE 0 h,6 h,12 h, 24 h F148 h i B4tk
25 D R R R R AT T — 80°CUKAR .

1.2 RNARESNRF

i H Promega 1 Eastep Super &t RNA #& B i
F L PR RE B0 A RNA I 2R F B8 B 5E 1
TR AN 66 B A I RNA 1 52 5 fali i . 5 4%
) RNA FE f (ODyy/ODy 75 1.8~2.2 Z Jd] ,
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28S/18S rRNA &4 i i) H T Ie g SCEM & . 9
AFEEIZY 5 pg S RNA, FIF Oligo(dT) 1 B & 4&
mRNA (2B rRNA) , 2R J5 il Fragmentation 2% i %
B mRNA T W i 200 nt &2 45 A BE o LA 24 1Y
mRNA Sy B, F Rl AL S RAK S 6 5 — 6
cDNA, 5 2: DNA % & i 1 f1 RNaseH & B 55 — &
cDNA . 3 cDNA £ 4lifb J5 R m i &2, i A & Jf
I 323k, B AMPureX P R B 5 1% 200 bp 4
i BoAE R A R B, B 5 i AT PCRY 3, JF H
AMPure XP beads #lifk PCR 724y , £5 5| 5 & 1) SC % .
SCIER B SE UG Je T Qubit 2. 04740 4 i
B CFEZ 1. 5ng-pl L Bl 5 £ H Agilent 2100 % 3¢
JE (R A AR B R B AT R 4 AR B R B4
TS 8 Q-PCR J512:6) ST A 550 B 3904 T HE
TE R CUFEA R E ™2 nmol- L, DI IE SO ik

1.3 HREAHBEHW

D Jehy W A S AT R A AR R gL A
FH FastQC B AFPEAk i 3 5 2 , R A Trimmomatic X
11 25 B 42 3K P 20 VA B i 132 B, 3K 45 Clean reads %X
. SRJF B Clean reads b ¥F 2| 222 B 15 = % HL [H
4 (NCBI U B % 55 - GCF _003473485. 1, 2018
E9H N . HeXE R HISAT2 540, i e &
2ANBRFEEE T , DA 3RATF A read 76 3 41 F (1 52 07 .
TE AR Lo 25 5 0 3 |, f ] String Tie #7485 He
Xif 1) 35 PR 41 1) reads PEAT 20 2 3L PR Rk g L TR
AN B D TE 4% B 5 b i) FPKM B AR B8R reads 3
B, BfJ5 R RiE S DESeq2 4% 45 kb B 20 5 %F 1
4l Rk E R IHTRITRLE ., 2R RIEEEY
FIE bR - RIE R B B 3 MK O P<<0.05, A
Fold Change™2 C Bl & ik % % b & T 94 2= > 2
£ o AR AR AR 1 B R Ok 25 S R AR
(DEGs) , #R4 log, (FCO{E () 1F B A W I 8 5l T 4 .

1.4 DEETFBRSEESH

F A b Blast L% FT Annotate i A4S, ¥ g 22 1
1 S R 1) e 1) 8 L ) B R 1 L 36 NR, Swis-
sProt, GeneOntology (GO) 1 KEGG %, H 1 3K B
A R B GO 40 213 B A KEGG A 3 % v B {5
B MT%emeR Rk EWES, 01T GO
BAESPTKEGG &40, 238 B2 5 £
HE S Il FLE 2% . GO & 4 43 Hr i ] FunRichv3. 1.3
A, 2R I Fisher K 0 46 56 V7 & 48 8 % 0k, T 45 &

% B IX K 56 4% 1IF (Bonferroni, BH il Q-value J5
POk EE £ M GO & H K IE G P<<0.05) .
KEGG i % & 5 70 7 2 T8 JL Al 53 A0 K 55, 3 8
F R H P<<0. 05, 4t it DEGs 78 4% Hi ¥ 3 8% b 1
AR, X T REEEN GO YR KEGG i@
6, B OCH AR M BT AR DC T RE EAT A BT .
Joi 6 o ELAT AR e 1k 1 25 5 6 8 B PR R FH I i ¢
I 4 B PCR(qRT-PCR) $7 A& #F 17 2 4 B X 56 30F
PLfiTA RNA-Seq 25 3 10l §g 4

1.5 ELHRAXEEZEPCR(qRT-PCR)H K
T WA RNA -Seq s s 1 1 ARDW F 45
FR R 1 L 4 I RNA G 8 22 4% 24 7] EastepSuper &
RNA #BGR7 & , I+ 1 FastKing — 2515 & B 4
S cDNASE—4E . ARYE AL RNA T A7 | WO A
FURNAFES f RNA B AF] 1000 ng, il A 5 X Fast-
RT super Mix AT & W B 10A5 5 28 Hl o G4
AR 22 57 K FE KT ] 2 X Real Star B kAT
PN (qRT-PCROIE: (R D, LA Actin ZEHAE RN
ZIEH (2, WA :95°C 2 min,94°C 15,60°C
155,72°C 30 s, 3L 404MEFR . AN FER ] 3R A W) 77
R 2 AR R R AR ik A
F1 HREBPCRENKR
Table 1 RT-qPCR reaction system

i 7] Reagent A Volume/pL

2 X Realstar green fast 10
Mixture with ROX [I
NRLEIEY 0.4
Forward primer(10 pmolsL. " ")

AR 0.4

Reverse primer(10 pmol-L. ")
DNA 4 DNA template 1

RNase-free H,O L E 20
Adjusted to a total volume of 20

2 ER5HMH

2.1 MEFEHEBEBREIFMH

ABIF 5 M0k 5 2 AE A W) Ak B 30 3 A il (L
FEXTROhMAS h & 3N EE ,#h 4 # 6 h, 12 h,
24 h,48h & 3N EE AL 6 h,12h,24 hf 48 h
5 3 H ) g i Sk A1 S I HEAT Tlumina il 7 .
W7 AR AT 24 6. 542 % TR IR 524K 2 150 bp Y X
reads. i 5 B0 HE AT BT i 5 S, B RE RS
Clean reads £ 0. 2242 %, Q30 B £ 1 4 L ¥ 7E 92 %
PL L, GC & 2400 41 % ~45% (55 3) , % B @& Ji it
Clean reads i J& &2 Ho XJ F40#r o
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Table 2 Primers for RT-qPCR analysis

JEH Gene E 59/ 5 0519 (5'—3)Forward primer/ Reverse primer(5'—3")
MtActin GCTGACCGTATGAGCAAGGA
TGCCAAGATAGACCCACCAA
gMIAHAG (Plasma Membrane H"-ATPase 6) TGGCTGCTCGGGCTTCCAGA
CTCCGGCGCACCTTTGCTGA
gNCED (9-cis-epoxycarotenoid dioxygenase) TCTACAAAAAGCCGCCGCCA
GGCGCCGTTACGGAGGTAAA
gMIPS (Myo-Inositol-1-Phosphate Synthase) TGCACCACAAACCTTCCGCT
GCTCTCTTGCTGTCCCCCAC
gNFEFYBS(Nuclear Factor Y subunit BS) AAGCGTTACCGACGAGAGCA
AGCCAAGTGTAGTCATGGCCC
gPYL4 (Pyrabactin Resistance-Like 4) TCTCCGCCGTATGGCCTGTA
GCGCCGACGGTGATGTTTTC
qPERS5 (Peroxidase 5) TTCACTCAACCCCGGCATCG

TGCCGCCACTAACTTTGCGA

x3 NMEFRER
Table 3 Sequencing quality data
FE i 44 Sample 3ok 8 5 A A P 5L Clean reads Clean Reads 1) £ 58 3£ 44 Clean base/Gb Q20/% Q30/% GC/%

0-1 20 087 349 6.03 97.75 93.53 42.57
0-11 24 082 902 7.22 97.85 93.74 42.67
0-111 24 248 770 7.27 97.93 93.98 42.47
48- 1 24 095110 7.23 97.96 94.03 42.42
48-11 20 115 485 6.03 97.5 92.85 41.86
48- 11 24102 210 7.23 97.86 93.86 42.52
A6- 1 23 287 033 6.99 98.04 94.22 42.18
A6-11 20 406 189 6.12 97.98 94.02 42.16
A6-1l 23 587 791 7.08 97.85 93.75 42.57
Al2- 1 21375 312 6.41 97.95 94.02 42.61
Al2-11 21 566 965 6.47 97.96 94.06 42.19
Al2-11 21457 810 6.44 97.97 94.02 42.1
A24-1 20 357 325 6.11 97.81 93.81 42.37
A24-11 25222990 7.57 97.75 93.51 43.32
A24-11 23990 072 7.2 97.61 93.34 43.33
A48-1 17 808 507 5.34 97.6 93.66 44.99
A48-11 19 432 628 5.83 96.86 92.66 42.65
A48-11I 21624 380 6.49 96.95 92.67 41.84
Né6- 1 20994 644 6.3 97.84 93.75 42.34
N6- 11 20609 593 6.18 97.84 93.7 42.48
N6-1l 20422 519 6.13 97.83 93.75 42.44
N12- 1 19 764 304 5.93 97.79 93.72 41.58
Ni12-11 19 733 274 5.92 97.79 93.69 41.82
N12-11 22179 430 6.65 97.82 93.72 42.18
N24- [ 21296 941 6.39 97.71 93.52 42.23
N24-1 19 783 519 5.94 97.85 93.77 42.46
N24-11 22 744 037 6.82 98.08 94.32 42.27
N48- 1T 21 059 956 6.32 97.96 94.03 42.73
N48- 11 22177038 6.65 97.73 93.52 42.48
N48-1ll 23 850 934 7.16 97.81 93.72 42.51

2 A R 8 4b B 4] (Alkali treatment) , N % 7R £ A B2 41 (NaCl treatment, Salts tress) ; 6, 12, 24, 48 7% Ab B /9 B 8] 45, 50057 b /N B 5
Clean reads J& 7 28 32 Ji 45 22 Ji7 09 T reads £ ; Clean base J& 48 £ b 5 4% 22 Jo (900 15 A8 00 B0 5L 250, DA G o B 5 Q20 2 8 it 2 1 K F 20 19
B o S B 14 T 43 FE 5 Q30 A BT B KT 30 M B 7 BB T A3 LY s GO B iR AR B G ORI C SRS Y 4 b e Q20, Q30
GC & i #8J2& Clean data (48 1145 51

Note: A represents the alkaline treatment group (alkaline treatment) , and N represents the salt treatment group (NaCl treatment, salt
stress) ; 6, 12, 24, and 48 represent the time points after processing, with the unit being hours. “Clean reads” refer to the number of sequencing
reads after quality control. “Clean base” refers to the total number of bases in the sequencing data after quality control, measured in G. Q20 refers
to the percentage of bases with a mass value greater than 20 among the total bases. Q30 refers to the percentage of bases with a mass value greater
than 30 among the total bases. The GC content refers to the percentage of bases G and C in the total number of bases. Among them, Q20, Q30
and GC content are all the statistical results of Clean data
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2.2 BRAYEESEEEARFFILEXT

# Clean reads Fb X EHEH B 15 A7 S H FH
I B N N O P R T NN £ 53 = e (U R )
BORTE 9020~9604 Z ], K B 2 2% 3k ] 241 5 0 Fp

BodE HA B DS I s v LA SO R R
SR RS B o H B 0 48 h kb BER R RE
A48, H H 6k A0 AL A 8] A1 S M B 5 AR K ({2 53 %
Z_‘EE)O

x4 HEWWMESITE
Table 4 Mapped reads and rate data

FEdh 4 BOWF R B WA BT B R BRIY B ME— X IR B 2 R Y B R ORES
Sample Total reads Mapped reads Unmapped reads Unique mapped reads Multiple mapped reads Mapped rate
0-1 20 087 349 19 230 843 856 506 17 813767 1417076 95.736 09%
0-11 24 082 902 22 381 486 1701416 20 590 498 1790988 92.93517%
o-11 24 248 770 23164 778 1083992 21656 701 1508077 95.5297%
48- 1 24 095110 23 004 576 1090 534 21 589 850 1414726 95.474 04%
48-11 20 115485 19 209 402 906 083 18 460 059 749 343 95.495 59%
48-11 24102 210 22103 995 1998 215 20 370 936 1733059 91.709 41%
A6- 1 23 287033 22212 769 1074 264 20 587 450 1625319 95.386 86 %
A6-11 20 406 189 19 528 775 877 414 18 174 597 1354178 95.700 26 %
A6-1ll 23587 791 22 467 640 1120 151 20334 922 2132718 95.251 14%
Al2-1 21375312 19 377 508 1997 804 17 906 695 1470813 90.653 68%
Al2-1 21 566 965 20 286 937 1280 028 18 797 724 1489213 94.064 87%
Al2-1l 21457 810 20 180 918 1276 892 18 824 629 1356 289 94.049 29%
A24-1 20 357 325 17 846 800 2510525 16 041 703 1805097 87.667 71%
A24-11 25222990 21092418 4130572 18 551 399 2541019 83.623 78%
A24-11 23990 072 18 834 864 5155208 16 418 780 2416 084 78.511 08%
A48-1 17 808 507 10 460 743 7 347 764 9388071 1072672 58.740 15%
A48-11 19 432 628 8 311 362 11 121 266 7 546 575 764 787 42.770 14%
A48-11 21624 380 12 442 462 9181918 11473763 968 699 57.539 05%
Né6- 1 20 994 644 20 068 669 925975 18 627 712 1440 957 95.589 47%
N6- 11 20609 593 19 784 890 824 703 18 468 921 1315969 95.998 45%
N6-1lI 20422 519 19 286 153 1136 366 18 042 022 1244 131 94.43572%
N12-1 19 764 304 18 654 014 1110290 17 488 114 1165900 94.382 35%
N12-1I 19 733 274 18 826 973 906 301 17 702 579 1124 394 95.407 24%
N12-11 22179 430 21088 443 1090 987 19779 662 1308 781 95.081 09%
N24- | 21296 941 20171 532 1125409 18 719 292 1452 240 94.715 63%
N24-1I 19783 519 18 585 249 1198 270 17 386 992 1198 257 93.943 09%
N24-1l 22 744 037 21621810 1122227 20214 789 1407 021 95.065 84 %
N48- 1 21059 956 19 243 054 1816 902 18 079 642 1163412 91.372 72%
N48- 11 22177 038 20 702 306 1474732 19 359 371 1342935 93.350 18%
N48-11 23 850 934 22 146 755 1704179 20 630 670 1516 085 92.854 88%

4 : Total reads f{ # Clean reads ${ H ; Unmapped reads {8 3 & L X} 2] 2 % 2 H 41 I () Reads ; Mapped reads f{ £ Lo 8] 2 % 3L K 41 119
Reads ; Unique mapped reads £ 2% Ho % £ 2 25 36 R 41 o — {37 ¥ (1) Reads ; Multiple mapped reads {3 H X 1) 2 2% 5L H 4 24 & 1Y Reads
Note: Total reads represent the number of clean reads; Unmapped reads represent reads that were not aligned to the reference genome;

Mapped reads represent reads aligned to the reference genome; Unique mapped reads represent reads aligned to a unique position in the reference

genome; and Multiple mapped reads represent reads aligned to multiple positions in the reference genome

M La ] LA, oAb 5l 8 52 ) 35k i By
— B A 5 R R>>0. 95) , 7 [f] 4ob 351 i) AF 56 1 4
A%, 3 2% W0 7 i LA A v 1 B PR R AT A
A5 Aab F 6T 35 DR 2 3K 5 LA AT AT (0 25 5

F 4 Hr (PCAY R W, £ #i4r 1(PCD 5T ik
A 50.29% ,PC2 TTHk % 10. 32% (& 1b) . A [F]
A FRR R AR 2E A RIS ER AL B R R[]

[i) 32 B 22 S M AR, B Ak BT AN ] s 391 18] 3= B o
2 SRR Ul AR B T ER a0, Bl 30 X 5 AR
5 B0 300 1 P S5, L3252 o B A 3 e ) A2 4 T
H I

2.3 ERERIZEHEAR
MIRAER P AL 2. 7T AR TS A,
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Fig. 1 Correlation diagram of gene expression profiles (a) and PCA analysis of gene expression profiles (b)
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samples. The x-axis values of the points on the curves indicate the
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Table 6 Genes up-regulated and down-regulated under salt and alkali stresses

[ )£ K Upregulated genes

TR EH Downregulated genes

D Gene ID ik Description JHID GenelD it Description D Gene ID ik Description
11443124 heat shock 70k Da protein 11412582 protein INGUBANG 11413056 abscisic acid receptor PYL4 like
25487063 9-cis-epoxycarotenoid dioxygenase (NCED) 11414756 beta-galactosidase 8 11413806 abscisic acid receptor PYL4
11436220 protein phosphatase 2C 11413840 Peroxidase 5
11408102 protein phosphatase 2C 11420145 protein NRT1/ PTR FAMILY 3.1 25490864 ammonium transporter AMT1;3
25482353 protein phosphatase 2C 11421661 18 kDa seed maturation protein 25500555 cafleoyl-CoA O-methyltransferase
11411180 myo-inositol-1-phosphate synthase (MIPS) 11423089 non-specific lipid-transfer protein 25495100 glutamine amidotransferase GAT1
11417689 myo-inositol transporter 11425012 non-specific lipid-transfer protein 11425066 probable aspartic proteinase GIP2
11433093 inositol 3-alpha-galactosyltransferase 11425619 protein SIEVE ELEMENT OCCLUSIONB 25479874 T-deoxyloganetin glucosyltransferase
25499633 inositol 3-alpha-galactosyltransferase 11425899 phospholipase A1 PLIP2, chloroplastic 11422589 albumin-1
11408932 RING/U-box domain-containing protein 11427095 zinc finger CCCH domain-containing protein 20 11412408 2-methylene-furan-3-one reductase
11421298 receptor expression-enhancing protein 11431892 thaumatin-like protein 1h 11416050 xyloglucan endotransglucosylase/hydrolase protein 9
11429341 zinc metalloprotease EGY 11432152 putative receptor-like protein kinase At3gd7110 11416757 2-methylene-furan-3-one reductase
11430769 polyphenol oxidase 11437338 18 kDa seed maturation protein 11426319
11442519 nucleoredoxin 11437936 18 kDa seed maturation protein 11427618
25484824 Ras-related protein Rab-18 11438219 late embryogenesis abundant protein D-29 25499551
25487687 E3 ubiquitin—protein ligase UNKL 11441262 late embryogenesis abundant protein At3gh3040 11407736
25490743 amino acid permease 11444966 kunitz-type trypsin inhibitor-like 2 protein
25494319 nuclear transcription Y subunit beta (NF-YB8) 25485072 low-temperature-induced 65 kDa protein
25495267 H' -transporting ATPase (AHA6) 25485262 cysteine-rich receptor-like protein kinase 25
25497444 solute carrier family 50 (sugar transporter) 26401142 cation/H (+) antiporter 4
25498173 serine/threonine-protein kinase OXI1 25491334 late embryogenesis abundant protein 2
25496855 dehydrin DHN1 25491336 late embryogenesis abundant protein 2
25499829 probable leucine-rich repeat receptor-like protein kinase Atlg35710
25501241 NAC domain-containing protein 72 25493317
25491475 UPF0098 protein CPn_0877/CP_0992/CPj0877/CpB0906 25501965
112422319 58 ribosomal RNA 11405634
120575797 non-specific lipid-transfer protein 11412046
120580484 probable beta-D-xylosidase 7 11420081
11407700 (=) -isopiperitenol/ (—) -carveol dehydrogenase, mitochondrial 11442485
11409423 salicylic acid-binding protein 2 11442614
11411871 late embryogenesis abundant protein D-34 25489285

TE 2546y Tk R A )

Note: Blank spaces indicate regions that can not be annotated
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