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Abstract: To uncover the molecular mechanism of halophyte Tamarix ramosissima (T. ramosissima) in response to
salt stress was analyzed at the transcriptome level to provide references for further exploration of key salt-tolerant genes. T.
ramosissima plants were treated with 200 mmol/L NaCl for O h, 48 h and 168 h, respectively, and the leaves were collected
for transcriptome sequencing. The differentially expressed genes (DEGs) were excavated and further verified by qRT-PCR.
In total, 105 702 unigenes were spliced from the raw data of transcriptome sequencing, of which 27 670 were retrieved from
KEGG, KOG, NR and SwissProt. After 48 hours of NaCl stress treatment, the expression levels of 6 374 genes in 7. ramo-

sissima leaves were up-regulated and 5 380 genes were

WS B 9 .2022-01-20 down-regulated. After 168 hours of NaCl stress treatment,

ESTE (14 40l LR T A3 H (20191.2GC009) ; % [ A FHE the expression levels of 3 837 genes were up-regulated and
B4 ETOH (32071612); B R M2 4 F T H 7 808 genes were down-regulated. According to the DEGs

(202108320311) annotated to the KEGG pathway, eight highly differentially
EE BN EWHE(1990-) , 5 VAT A A, BhFERF 5T 51, BT expressed DEGs were obtained, which mainly encoded
I A MBS . (E-mail) chenyahui01@ 163.com transcription factors such as WRKY and bZIP families. In

BIWEE % %, (E-mail) ecologyjiang@ gmail.com addition, the analysis of KEGG pathway showed that
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MAPK signal transduction pathway may be involved in the growth and development of T. ramosissima and its response to

NaCl stress. This research article aims to measure and analyze the transcriptome information of T. ramosissima under high

salinity stress conditions. This article also reveals that the salt stress activates the MAPK signal transduction pathway and

WRKY, MYB, bZIP and other possible transcription factors involved in the salt tolerance regulation process. This research

builds a foundation for future research on transcriptome information of T. ramosissima.
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Table 1 Sequences of specific primers
He[H SIMFFI(5'—3")
Unigene0104732 F.TGGCCGGTCCACCCGTATCC
R:GCTGACAACCGAACGGCGGA

Unigene0028215 F:CGGTGGCGCAAGGAGCTGTT
R:CATCACCACCGCCACCGACC
Unigene0083695 F:ACCCTGCGCCCATCCCTCTT
R:CGGCGGAGGGCCGAGTTTAT
Unigene0069097 F:AGCAGCCGATTGTCTCCTTGGGA
R:GCACTGCTCCTTTCTCCCTCTGC
Unigene0090596 F: TCCCGCAGTACCTGCTCACGA

R:TGGAGACCCCGACGAGGTGG
F:ACCATGTCGGCCCGCTTGAC
R:TCCGCTGCAGTGGCCCTAGT

Unigene0024962

Unigene0007135 F:AGGAAGGCGGTGAGGGTGCT
R:GCAGCACCGGGAGTCGTAGC
Unigene0088781 F:GGTGGTGGCGGCGGTGATAC

R:TGCTGCAACTGCCGCTCCTC
Actin F: TCGTAGCAGAGCATCGGAGAA
R:TGACCCATGCCAACCATAACA
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Table 2 Statistics of base information

R pria U U

e 1oL U A A TR JE AR Q20 VL LAYy Q30 LL IR LB TS
(bp) (bp) B L (%) Bl L (%) B G+C 5 IE (%)
CK1-0 h 6 341 519 400 6 017 997 220 97.34 92.65 45.15
CK2-0 h 6 216 526 200 6 057 604 903 97.54 93.11 45.12
CK3-0 h 6 627 399 900 6 507 140 412 97.77 93.55 45.24
NaCl1-48 h 6 654 895 800 6 541 177 895 98.78 95.93 45.04
NaCl2-48 h 6 888 168 900 6 782 061 623 98.72 95.71 44.94
NaCl3-48 h 6 720 560 700 6 605 897 734 98.79 95.94 44.90
NaCl1-168 h 6 691 086 000 6 551 036 697 98.85 96.17 45.42
NaCI2-168 h 6 181 114 500 6 032 346 218 98.83 96.16 45.44
NaCl3-168 h 6 396 633 600 6 256 461 214 98.93 96.43 45.35
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Fig.1 Venn diagrams of gene expression in Tamarix ramosis-

sima leaves annotated to four major databases under

NaCl stress
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Fig.2 Analysis of differentially expressed genes
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Fig.3 GO function analysis of differentially expressed genes
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Fig.4 KEGG function analysis of differentially expressed genes
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o & 6A Y MPK4 AKXl 6B Ay MPK4/MPK6
Hh R AL & A R 2 R ( Unigene0016609) , Hoiis o 78
FHIE . F G HE T, $h e S 7R AR il
Py 1 o 3 R AR R {5 S AR B B, W] AR
MKK2 J#{% T MPK4,
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Fig.5 Top 20 KEGG pathways in 7. ramosissima leaves under NaCl stress

A FR CK-0 h; B 371 200 mmol/L NaCl-48 h;C 75 200 mmol/L NaCl-168 h, CK-0 h 200 mmol/L NaCl-48 h 200 mmol/L NaCl-168 h .32 i,
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Table 3 Transcription factor genes annotated to the KEGG pathway

N i AR X K
W R i — — —
A5BIEA BHCHKEA AL C i
Unigene0010090 ¥4 5% 1A- 7 WRKY33 ko04626 .ko04016 -0.75 0.35 -0.40
Unigene0014406  'WRKY DNA 5411 27 ko04626 .ko04016 0.46 0.33 0.79
Unigene0024962 %% 5A WRKY1 ko04626 0.64 0.06 0.69
Unigene0077293 % F[AF WRKY k004626 . ko04016 -1.96 -0.08 -2.04
Unigene0079542  #55%HF WRKY11 k004626 -0.20. 0.38 0.18
Unigene0026888 ¥4 5%HF bZIP4 ko04016 0.67 -0.31 0.36
Unigene0008868 %3N F bZIP2 ko01100, ko01110, ko01200, ko01212 ko04146 0.64 -0.65 -0.01
k000071 k00640  ko00410 , ko01040  ko00592
Unigene0010561 5% HF bZIP10 ko04075 -0.82 0.43 -0.39

A FIR CK-0 h; B 378 200 mmol/L NaCl-48 h;C 37~ 200 mmol/L NaCl-168 h, CK-0 h 200 mmol/L NaCl-48 h 200 mmol/L NaCl-168 h W32 i,

FEER I —Wa0 38 WA S AR R v, s
1% (ABA) (53153825 PYR/PYL {55, 7 PYR/PYL {5
S A 2 A 3 ( Unigene0071368  FlI
Unigene0030832) F&ikAEE 38 0 h 48 h #1168 h J5 2
JE TG L FHER A 3 I (Unigene0011883 , Uni-
gene0017324 F1 Unigene0005290) F53R1EERHE 0 h 48 h
F168 h Ja s FFHE TR, M5 51%3E] PP2C
BF, A 3 4 3 A ( Unigene0002530 . Unigene0087395 Fll
Unigene0051628) 7% 0 h 48 h F1 168 h I}k FiH)5
T, 515 5453 3] SnRK2 B} Unigene0056876 %K (1)

&4 MAPK E5EZHEXH KEGG ER TR

Fik—3%, (E51E%5] MAPKKK17/MAPKKK18 i, A
1 DI (Unigene0025820) 7E 0 h 48 h #11 168 h B ik
— T F 1%, 4 MAPKKKI17/MAPKKKI18 15 5 1% i 5|
MPK1/MPK2 i} , Unigene0064719 F:HFIA7E 0 h 48 h
F1168 h 25 FREE LI (Bl 6C, 3% 4) . Hikn]
DIHE  7E ABA {551 SnRK2 ;B FETHEAMER], £
et~z B = Eh M0 5, SnRK2 5 ABA 4541 PYR/
PYL ZE[FIF1 PP2C AH B A HIF 30 i FL s %, fff SnRK2
URZARHFRALTE MRS R BTE e M N 3572

Table 4 KEGG annotation of genes involved in MAPK signaling pathway

A AR B %o $UE
S R i
AS5BIKA BHCHWEH A5CHE4H
Unigene0054151 24 ZYR0EALZE 10 5 ko04626 ko04016 ko04075 -1.27 147 0.20
Unigene0055797  #4Z4J50% A28 FI40H 3 ko04626 ko04016, -2.95 2.69 -0.27
Unigene0070215 %3 [HIF WRKY27 ko04626 ko04016 ., -3.61 3.85 0.24
Unigene0016609 224535 LR IR IRIEY) MMK2 ko04626 ko04016 -2.09 1.34 -0.75
Unigene0071368  JIVKTRAZ K PYLA ko04016 ko04075 -6.75 521 -1.54
Unigene0030832  JBVKIRZ K PYLA ko04016 ko04075 -1.27 1.17 -0.09
Unigene0011883  JRiVERRZ AR PYL2 ko04016 .ko04075 1.26 -1.10 0.17
Unigene0017324  WiVEIRZ1A& PYL12 ko04016 ko04075 2.11 -4.67 -2.56
Unigene0005290  MiVEFRZAAK PYLO ko04016 ko04075 2.54 -2.14 0.39
Unigene0002530 225l J3 AR FIWRIRNG ko04016 ko04075 1.21 -2.04 -0.82
Unigene0087395 R [IWATRI 2C56 ko04016 ko04075 2.18 -2.32 -0.14
Unigene0051628 K [ITATRI 2C37 ko04016 ko04075 252 -2.56 -0.04
Unigene0056876 425/ J3a IR MG SAPK3 ko04016 ko04075 -1.59 2,01 0.43
Unigene0025820 2434505 AR A0 18 ko04016 -1.90 -1.86 -377
Unigene0064719 ko04016 -2.70 145 -1.25

ZZEEAE A 7 Sk X2

A 7R CK-0 h; B 37~ 200 mmol/L NaCl-48 h; C 3/~ 200 mmol/L NaCl-168 h, CK-0 h,200 mmol/L NaCl-48 h 200 mmol/L NaCl-168 h L3 2 7,
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2.8 qRT-PCR i

AT FEPLIE L 8 4> 5 EhAH G HY DEGs i#47
qRT-PCR $00F, 25 (£ 5) WK, Unigene0104732
Unigene0083695 1 Unigene0069097 3£ [F ik /K%
NaCl W38 i & 2 % b HH 5 F B & % Uni-
gene0024962 Wi . NaCl il , 5K F B 3% 7,
Unigene0090596 . Unigene0007135 F1 Unigene0088781

£S5 RT-PCRBIFERFIFERMRILTH

KR 3K K52 NaCl W38 5% 56~ B S5 BTt i
Unigene0028215 3P 31K K 3% NaCl 41 il i % F
K. qRT-PCR S kS5 5 5 % s 4 e 73 #r 45 2R 5
LB 7)), UEWIAS W5 B A5 ) A 53 20 KAl 2 o
B AT SR, T RIS 22 AS R AT ATL 1 it A1 5 R %
PR AN SEACE A

Table 5 Verification of differentially expressed gene expression by qRT-PCR

AR X HE
HH R
A 5 B lb#A B 5 C Lk A5 C A
Unigene0104732 H kA F bHLH48 0.90 -0.80 0.10
Unigene0028215 H: 51T bHLH112 54K X1 -0.91 -0.96 -1.88
Unigene0083695 N7 bZIP44 -0.04 -0.16 -0.20
Unigene0069097 WAL Na*/H* 3 [ 552 4 1.34 -0.15 1.19
Unigene0090596 WNEEIZ M HKTI -2.55 1.24 -1.31
Unigene0024962 K7 WRKY1 0.64 0.06 0.69
Unigene0007135 Bt F WRKY33-1 -2.01 0.64 -1.37
Unigene0088781 N F MYB4 -1.17 0.65 -0.52

A 78 CK-0h; B /R 200 mmol/L NaCl-48h; C /R~ 200 mmol/L NaCl-168h, CK-Oh 200 mmol/L NaCl-48h 200 mmol/IL NaCl-168h WL3 2,

3 1F i

BEHIJE ( Tamarix Linn. ) B TEIE I R85 1) K30
AR AR 1 — R A AL AR a3
RALE S UL I VERN T SEP R o 2 IS S De
PR et 78 AR (5 S S RE R AR A
S I S v | e A A N L R S
PRI DRI, e 22 AR MR 0 1R A T 4 T A SR 2
S3HT A B T8 7R AN AT ) I 25 ol A AR ) g
R ML

RN IR A T DA 1At 52 2% 04 81 PR 8% L
3 A P R A SR T A
A= Wi sz 1o Hh e B A R T IR WRKY &
HRHFRRRIRZ —, EFIE S5 2Rt
P IFAESAEY A= P o 38 R EE A 0 W3 5N AH O 1)
SR AR R R IE AR AR
it WRKY #% 5% I 1 1Y Unigene0024962 1t 200
mmol/L NaCl Zb# 48 h 1 168 h J5 Fik K5 T+
i WRKY 5 58% K i HE ] Unigene0079542 1)
F3K 7K F-AE 200 mmol/L NaCl Ab B 48 h i BLF
K, T7E 168 h B 52 [T F B Bl 25 £R Mol Ao ] 1) A2

k., Unigene0079542 Wi o £5 iyt (1) 77 =0 & A T 00022
HRE R LI Rb i WRKY %% 55 R -2 i 2k
(K52 NaCl b3 P8 R EAHZS RN, SR, S5AE
FEEE M A S, Lin 26 K BB CaWRKY27 3
PR SRR OF- (9 22 1k 552 NaCl W3 i ™, A Hf
8K I WRKY % 5% A F Unigene0014406 § %5 5%
NaCl Jpia b BG5S /R Z 3L e fese 2 54k
A A 22 R 7 R JUlh 68 ) R 2B RN, AR, bZ-
TP % 55 PR 1 70 A 40 A 4 TN B 58 Wy 3 107 2% v ke 4 o
BRSO . SRR B bZIP e SR
TIRALFEH Unigene0008868 ik % NaCl 5 11 ik
F FH, X5 Huang 55 2 FE2S bR b &2 B bZIP2 3
IKHUEARL, FF 1578 bZIP 5% 5 DR 1E R o) i 6
TH A R LAY AR AR T, [RIEE MYB JEAE )
TR DR e 2 FE AL 3 SR F R 2 — 7
JEAE a6 ot ke 3 AR B M Y AR
ZEH MYB g3 [N Unigene0088781 TE A AR Ml
F AR KFE3Z NaCl Bt S F RS BT, R 1%
FEPTEAZ NaCl e — & B 8] J5 A FFdf e o7 26 Foip a6
RGO AELAE E A MBCAE R i
W, % A%, WRKY \MYB F1 bZIP 555 5% 1%



1198 T A 2 R 2022 4E 5 38 & 555 I
S SR Tt
|
|
MAPK H$O
(ERepUlis 1 )
ANP1 MEKK1
+P +P
MKK4/MKKS B
+P
! . Unigene0054151 I (1) l 1 +P
Unigene0055797 W [ [ W Unicene0016609 I
Unigene0070215 .1~ |MKRK3/MKK6T RS o s ohi (1) «—— MPK4
abcdefghi l -
MKK22/MKK29 CDNA D
|
I
I CST1 RbohD
' |
| '
v R fr R
. TR L
H,0,7 2k
A
#h e
ik e
|
Abscisic acid Unigene0071368 o 1
Unigene(030332 I
Unigene0011883 1§ 0
/ Unigene0017324 " -1
PYR/PYL Unigene0005290
MEKK]1 abcdefghi 1
Unigene0002530 l
+P —— Unigene0087395 B 0
IEJ@ L] Unigene0051628 R
MKK2 -P abcdefghi
1
| +P SRK2 | ——» | NN Unigenc0056876 I 0
[ EEES 0016609' abcdefghi )
nsene O<+— MPK4/MPK6 1

abcdefghi

1}

|
|
|
|
|
|
|
v
faft
B

MAPKKK17/MAPKKK18 — [T [ [ |Unigene0025820

[P
MKK3
1+P
MPK1/MPK2
I

JH AT

C

abcdefghi

abcdefghi

1
lo

-1

1
— [ [ [ I Unigene0064719 l(l)

A R T ——AIESE TR H,0, 77/E B 3h——iiifEh M C . 2l ——Wp38 & )i, a: CK1-0 h;b:CK2-0 hjc:CK3-0 h;d:NaCll1-48 hje:
NaCl2-48 h;f;NaCl3-48 h;g: NaCl1-168 h;h; NaCl2-168 h;i: NaCl3-168 h; CK1-0 h,CK2-0 h CK3-0 h NaCl1-48 h NaCI2-48 h NaCl3-48 h.
NaCl1-168 h NaCl2-168 h NaCl3-168 h IL3 2 i,
B 6 NaCl il T S KEGG E i MAPK 5 5i&%
Fig.6 MAPK signaling pathway from KEGG pathway in 7. ramosissima under NaCl stress
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Fig.7 RT-PCR validation of differentially expressed genes in leaves of T. ramosissima under NaCl stress

1k OsMPK4 Tl NaCl W38 BTG K B8 OsMEKKI 0
OsMPK4 1 7% 14 28 11 98 458 K R X NaCl it 52 1
Jf H MEKK1-MPK4 2% 1538 1 18 45 40 5¢ i S - 19
Tk BT, Mehlmer %1 5 5% & BLAE
PR IF, Eh A T B9 MKK2-MPK4/MPK6 i 448 i
OB ERIE SR AR M R A S, A
i 2 BB W0 AT BB A 2 8 &f MEKK1-MPK4 Fil
MKK2-MPK4/MPK6 i 42 W )i £ Bt {5 5, e 4h,
MAPK HIKiA S S5 Y Z R E S, Btk mR
(SA) "7 AERHER (AUX) ™ JBEFERR(ABA )" Fi
TRATR (JA) 75 Hop AR S 5 m SR R K
RH U R 2R Y P 2 R

FH i S A s o] o 4 A 1 e 7 PR
(G B, I S 20 AH A 5 38 458 ok Y00 A 4 Bt 36 B
#17" . ABA-PYR-PP2C-SnRK2 1 5 it 74 2 5 5 %
o FAE B I A5 5 7% 3 2 51K, PYR/PYL/RCAR
KIER AL TS 5 T RERG 5 s a7,
ST h Z R AEMITE NaCl W38 R ] BB A PYR-
PP2C-SnRK2 5 55 T4 A1k, #E 1 2 5 I V% 1R i
T, A shitER AL

4 #E

TEREERIE T, WRKY \MYB 1 bZIP 555 5 [A
T55 Z BN R £ 061 i R m R aa R 2



1200

AN NI A

2022 4F & 38 % 5 M

IR MAPK {555 S A gl | i id 2 ik iz

1T RH T S R 1 B A ek e i R B an . ASBIFSE

b A 20| e 2 S &3 I T e iV e 2

SE 3Lk

[1] CHENGY, YANG P, ZHAO L H, et al. Studies on genome size
estimation, chromosome number, gametophyte development and
plant morphology of salt-tolerant halophyte Suaeda salsa[ J]. BMC
Plant Biology, 2019,19(1) . 473-485.

(2] ZesdtiE EROAR, A B, 55, TSR WAL B ST BUAR M AR 5T
POS[T]. M=, 2012,67(9) ¢ 1233-1245.

(31 arf-df, PRESH]. FRIEEE 5 I KF R R T]. 1 8em
#i2, 1999,30(4) : 3-5.

(4] & Bk i, RAEAR, 5. JET 96 AL T 26 40 5 e 17 5 1
TGRS BRAOCEE R 424 [ 1] AR BRI 4, 2020, 36
(12) . 42-53.

(5] skok=% At HKT1 7RI EEHLE h BB SE b (0], AR
Y AR, 2021,37(6) ; 213-224.

[6] ACOSTA-MOTOS J R, ORTUNO M F, BERNAL-VICENTE A, et
al. Plant responses to salt stress; adaptive mechanisms[ J]. Agron-
omy, 2017,7(1) . 18-56.

[7] FEE X F, % EF, 5. Bacillus amyloliquefaciens YM6 Xf
e T ERMRAERMEMBRT]. AWHERENR,
2019,35(12) ; 45-49.

[8] 3B A, @ Ui, sk¥TH, 55 AEWEORB SR BAL B s B 5T
JELI]. APHEAER, 2020,36(7) : 200-208.

[9] ZJRIR, ARE, 7K IR, 55 WEhER A A (Y A SR L LR 5T 0E
JE[T]. PR, 2020,56(12) ; 2526-2532.

[10] WILSON H, MYCOCK D, WEIERSBYE I M. The salt glands of
Tamarix usneoides E. Mey. ex Bunge ( South African Salt Cedar)
[J]. International Journal of Phytoremediation, 2016, 19 (6) :
587-595.

[11] LEI X, TAN B, LIU Z Y, et al. ThCOL2 improves the salt stress
tolerance of Tamarix hispida [ J]. Frontiers in Plant Science,
2021,12; 1-13.

(12] EHTe, XU, TRE AT, 4F. RIBARM ThPP2C JE R I 5
FIRAHTL)]. APRFST, 2017,37(3) : 395-401.

[13] & #a, Tmsk, 8 JLIT, 5. NaCl &b 3R Z A M0 ( Tamarix
ramosissima)iﬁ&ﬁii@ﬂ/ﬂ?ﬁ"w[ﬂ . 'T'El(’/l\{ﬁ, 2014,34(6) :
1509-1515.

[14] okt f2 08,22 B 5. NaCl WA N 3 REEHIE LY A=
K BB T4 SOST HEFAAXTRIBE M L[], MY 5ER
SRR, 2019,28(1) : 149,

[15] AB=EE XA, FREE. B R B AT 5ER A : RNA-Seq S H AT
JHLJ]. 3%, 2011,33(11) ; 1191-1202.

[16] # B, R, AHE. Her ISR B UFF R HI i
[J]. A4 HARsE R, 2019,35(7) : 1-9.

(177 SkEE KA, AT, 5. /N2 S R 7 35 I TaWRKY33 (1)

it R HT 1], T ER AL RNF, 2018,51(24) ¢ 4591-4602.

[18]

[20]

[21]

[22]

[23]

[26]

[27]

[31]

[35]

XUE  # fH, S0, 45, bZIP $Esk N PP K R T K&
AR Wyasidss e NV (D). Wil 24, 2019,31(7):
1205-1214.

MM, E 3 BRIES A5 ISR B SR8 75 5 K35 bHLH
BN RS E S0 ()] BIETL R AR =24k, 2020,37
(6): 712-717.

DR T H, 4. NaCl P R SRS HMIAD bHLH 5% 5%
HFRIELEE SRR )], HEZS, 2020,51(20) :
5311-5319.

WR S, hRFL 2 R, A5 A AR T30 N5 4 S IR 1 Y B 5T
PEIR[J]. W TRR2AIR, 2022,38(1) :50-65.

HRE, THE, TFE, % MYB £ 55 HF 7E A #) i 5 35 4
TARP RS TR ()], $RLR k24, 2020,32(10) : 1910-
1920.

HEfe, EAESBIAIR, AR B ERF MYB I NAC $65% N1
GRMGEHE N T R 30 S Sk ek 3 A [ J] . R AR BE AT, 2021,
57(8): 1668-1678.

ik AR, AR (L SR, WRKY %4 S A —F 26 4 40 390 85 i 3 o
RFERILT]. AERHORER, 2021,37(10) : 203-215.

ZHANG J, SHI S Z, JIANG Y N, et al. Genome-wide investiga-
tion of the AP2/ERF superfamily and their expression under salt
stress in Chinese willow ( Salix matsudana) [ J]. PeerJ, 2021,9;
e11076.

LI M, CHEN R, JIANG Q Y, et al. GmNACO06, a NAC domain
transcription factor enhances salt stress tolerance in soybean| J].
Plant Molecular Biology, 2021,105(3) ; 333-345.

WANG Y J, ZHANG Y, FAN C ], et al. Genome-wide analysis of
MYB transcription factors and their responses to salt stress in Casu-
arina equisetifolia[ J]. BMC Plant Biology, 2021,21(1) ; 328.
SR WGtk 4 B ((Paspalum notatum ) £ W30 40 %
ST, TR E RN, 2019,17(11) ¢ 3515-3523.
PRAM IIE S, Whig vk 4F. SRR S ER A R I 5% S A B
[J]. B3, 2021(6) ; 42-48.

WANG Y C, GAO C Q, LIANG Y N, et al. A novel bZIP gene
from Tamarix hispida mediates physiological responses to salt stress
in tobacco plants. [ J]. Journal of Plant Physiology, 2010, 167
(3): 222-230.

XEEE, 3k WL, LT, JKFE MAPK 2005k /Y T 58 R HIAIL 1
(3], L YA 5 0 T A W2 i, 2021, 37 (12) £ 1569-
1576.

HAMEL L P, NICOLE M C, SRITUBTIM S, et al. Ancient sig-
nals: comparative genomics of plant MAPK and MAPKK gene fam-
ilies[ J]. Trends in Plant Science, 2006,11(4) : 192-198.
FLAER: 25484, MAPK ANG M 2 S Y ST BT TS0 195
T[] YRR, 2009,45(1) ; 73-79.

TEIGE M, SCHEIKL E, EULGEM T, et al. The MKK2 pathway
mediates cold and salt stress signaling in Arabidopsis[ J]. Molecu-
lar Cell, 2004,15(1) ; 141-152.

GRABHERR M G, HAAS B J, YASSOUR M, et al. Full-length

transcriptome assembly from RNA-Seq data without a reference ge-



WRAE W55 - Z2 BRI J i S NaCl JH38 %% SR 20 53 B

1201

[36]

[37]

[38]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

nome/[ J]. Nat Biotechnol, 2011,29(7) ;. 644-652.

CONESA A, GOTZ S, GARCIA-GOMEZ ] M, et al. Blast2GO: a
universal tool for annotation, visualization and analysis in function-
al genomics research [ J |. Bioinformatics, 2005,21(18): 3674-
3676.

MAO X, TAO C, OLYARCHUK J G, et al. Automated genome
annotation and pathway identification using the KEGG Orthology
(KO) as a controlled vocabulary [ J]. Bioinformatics, 2005, 21
(19) . 3787-3793.

LOVE M I, HUBER W, ANDERS S. Moderated estimation of fold
change and dispersion for RNA-seq data with DESeq2[J]. Ge-
nome Biology, 2014,15(12) ; 550.

2o B, K NS R SISN2 TR | E L R
AL A HORIE, 2021,37(5) : 11-18.

THOMAS W, EDITH S, ANDREAS G, et al. 454 sequencing put
to the test using the complex genome of barley[ J]. BioMed Cen-
tral, 2006,7(1) : 275-286.

DR BrELE B {45 NaCl aa SR MR i skl 7
SATLT]. AR EARER, 2020,36(2) : 100-109.

ZHU J K. Abiotic stress signaling and responses in plants[ J].
Cell, 2016,167(2) : 313-324.

YAO W J, WANG S J, ZHOU B, et al. Transgenic poplar overex-
pressing the endogenous transcription factor ERF76 gene improves
salinity tolerance.[ J]. Tree Physiology, 2016,36(7) : 896-908.
HAN D G, ZHANG Z Y, DING H B, et al. Isolation and charac-
terization of MbWRKY2 gene involved in enhanced drought toler-
ance in transgenic tobacco [ J]. Journal of Plant Interactions,
2018,13(1): 163-172.

CHEN F, HU Y, VANNOZZI A, et al. The WRKY transcription
factor family in model plants and crops [ J]. Critical Reviews in
Plant Sciences, 2018,36(5/6) : 311-335.

DAL Z, WEI M Y, ZHANG B X, et al. VuWRKY, a group I
WRKY gene from Vaccinium uliginosum, confers tolerance to cold
and salt stresses in plant[ J]. Plant Cell, Tissue and Organ Culture
(PCTOC), 2021,147(1) ; 157-168.

WANG Y J, JIANG L, CHEN J Q, et al. Overexpression of the al-
falfa WRKY11 gene enhances salt tolerance in soybean[ J]. PLoS
One, 2018,13(2) : €192382.

DU C, ZHAO P P, ZHANG H R, et al. The Reaumuria trigyna
transcription factor RtWRKY1 confers tolerance to salt stress in
transgenic Arabidopsis [ J ]. Journal of Plant Physiology, 2017,
215 48-58.

LIN J H, DANG F F, CHEN Y P, et al. CaWRKY27 negatively
regulates salt and osmotic stress responses in pepper [ J]. Plant
Physiology and Biochemistry, 2019,145. 43-51.

LIZY, CHAOJT, LI X X, et al. Systematic analysis of the bZIP
family in tobacco and functional characterization of NthZIP62 in-
volvement in salt stress[ J]. Agronomy, 2021,11(1) : 148-165.
ZHAO P, YE M H, WANG R Q, et al. Systematic identification

and functional analysis of potato ( Solanum tuberosum L.) bZIP

[52]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

transcription factors and overexpression of potato bZIP transcription
factor StbZIP-65 enhances salt tolerance[ J . International Journal
of Biological Macromolecules, 2020,161; 155-167.

HUANG CJ, ZHOU J H, JIE Y C, et al. A ramie bZIP transcrip-
tion factor BnbZIP2 is involved in drought, salt, and heavy metal
stress response[ J]. DNA and Cell Biology, 2016,35(12) ; 776-
786.

SHEN X J, GUO X W, GUO X, et al. PacMYBA, a sweet cherry
R2R3-MYB transcription factor, is a positive regulator of salt stress
tolerance and pathogen resistance[ J]. Plant Physiology and Bio-
chemistry, 2017,112. 302-311.

WEI Q, ZHANG F, SUN F S, et al. A wheat MYB transcriptional
repressor TaMyb1D regulates phenylpropanoid metabolism and en-
hances tolerance to drought and oxidative stresses in transgenic to-
bacco plants[ J]. Plant Science, 2017,265; 112-123.

SEO P J, PARK C M. MYB96-mediated abscisic acid signals in-
duce pathogen resistance response by promoting salicylic acid bio-
synthesis in Arabidopsis [ ] ]. New Phytologist, 2010, 186 (2) :
471-483.

DONG W, GAO T X, WANG Q, et al. Salinity stress induces epi-
genetic alterations to the promoter of MsMYB4 encoding a salt-in-
duced MYB transcription factor [ J]. Plant Physiology and Bio-
chemistry, 2020,155:; 709-715.

JIANG X Q, LIS C, DING A Q, et al. The novel rose MYB tran-
scription factor RhMYB96 enhances salt tolerance in Transgenic
Arabidopsis[ J]. Plant Molecular Biology Reporter, 2018,36(3) :
406-417.

JAGODZIK P, TAJDEL-ZIELINSKA M, CIESLA A, et al. Mito-
gen-activated protein kinase cascades in plant hormone signaling
[J]. Frontiers in Plant Science, 2018,9: 1387.

KOMIS G, SAMAJOVA O, OVECKA M, et al. Cell and develop-
mental biology of plant mitogen-activated protein kinases[ J]. An-
nual Review of Plant Biology, 2018,69(1) : 237-265.

ZHANG M M, SU J B, ZHANG Y, et al. Conveying endogenous
and exogenous signals; MAPK cascades in plant growth and de-
fense[ J]. Current Opinion in Plant Biology, 2018,45. 1-10.

XU J, ZHANG S Q. Mitogen-activated protein kinase cascades in
signaling plant growth and development[ J]. Trends in Plant Sci-
ence, 2015,20(1) : 56-64.

MENG X Z, ZHANG S Q. MAPK cascades in plant disease resist-
ance signaling [ J]. Annual Review of Phytopathology, 2013, 51
(1): 245-266.

X B XA R, A5 AR INA R 4R kLS MAPK £k
225 ABA 555 RIFER FRIB T [ T] LA R, 2020,
48(17) :59-65.

G T, Fa M, R, . T SIMAPKG H 1A sk e ARk
FEPEAIHT D] M AR 4R, 2020,51(7) :1625-1633.

WANG F Z, JING W, ZHANG W H. The mitogen-activated pro-
tein kinase cascade MKK1-MPK4 mediates salt signaling in rice

[J]. Plant Science, 2014,227. 181-189.



1202 AN N (A R

2022 4F & 38 % 5 M

[66] MEHLMER N, WURZINGER B, STAEL S, et al. The Ca®*-de-
pendent protein kinase CPK3 is required for MAPK-independent
salt-stress acclimation in Arabidopsis [ J |. The Plant Journal,

2010,63(3) ; 484-498.

T W, e, HEEEE 5 MAPK SRIBEAE K P B0 FTAe

PRAACBHR R AR AT ()] FRFR, 2018,26(6) : 39-

44.

FE GRS, A KR MAPK A SO IR £ 1R

PR AE )] MY, 2021,56(1) : 6-9.

WP, 5. DA T MAPK 905 1 PR

PERE[ ). R 2E4, 2017,31(4) : 680-688.

[70] A, BB F A MAPK SRR WSS M 1 %

[67]

[68]

[69]

[71]

[72]

[73]

HAR S e i R W LA R[], R A B
iz, 2018,54(8) : 1305-1315.

GONG Z, XIONG L, SHI H, et al. Plant abiotic stress response
and nutrient use efficiency [ J ]. Science China Life Sciences,
2020,63(5) : 635-674.

I AVESER, m B, VHA-c2&ed FUIER T MR R
JEXT NaCl 45 ABA BYWARE[)]. A=A, 2020,36(7)
48-54.

VISHWAKARMA K, UPADHYAY N, KUMAR N, et al. Abscisic
acid signaling and abiotic stress tolerance in plants: a review on
current knowledge and future prospects[ J]. Frontiers in Plant Sci-

ence, 2017,8. 161-173.

TR . REER)



