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Identification of DREB genes from Zoysia japonica and their transcript profiles in
response to abiotic stress

ZUO Zhi-fang, LI Yong-long, WEI Yu-jia, ZHOU Sheng-hui, LI Yan, YANG Guo-feng’
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on Grassland Resources and Ecology in the Yellow River Delta, Qingdao Key Laboratory of Specialty Plant Germplasm Innovation
and Utilization in Saline Soils of Coastal Beach, Qingdao 266109, China

Abstract: DREB transcription factors belong to the AP2/ERF superfamily, and play important roles in plant
development and stress responses. However, a systematic analysis of DREB genes in Zoysia japonica, which is a
warm-season turfgrass native to China has not been reported. In this study, we identified 64 ZjDREDBs from Z.
japonica, encoding polypeptides of 105 to 984 amino acids, with molecular weights ranging from 11.42 to 107. 04
kDa and theoretical isoelectric points ranging from 4. 09 to 11. 95. The phylogenetic analysis of 64 ZjDREBs showed

that they were divided into six groups from A; to A;. A conserved motif analysis of ZJDREB protein sequences
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revealed that motifl, motif2, and motif3 were relatively highly conserved. Sixty-one ZjDREBs were unevenly
distributed on 14 chromosomes of Z. japonica. By colinearity analysis, we identified three pairs of segmentally
duplicated ZiDREB genes. The non-synonymous: synonymous (Ka/Ks) was <C1, indicating that this gene family
might have been subject to purifying selection during its expansion. Analyses of the promoter regions of ZjDREBs in
the A, and A, groups revealed multiple cis-acting elements related to plant hormones and abiotic stresses. The
expression profiles of ZJDREB genes in the A, and A, groups under cold, abscisic acid (ABA), drought, and salt
stress were detected by quantitative real-time polymerase chain reaction (qRT-PCR). The A, group genes were up-
regulated by cold and ABA treatments, and ZjDREBS3 was significantly up-regulated. The A, group genes showed
different expression profiles under drought and salt stress, and ZjDREB4 was significantly up-regulated. Together,
these results lay a foundation for further exploration of the functions of ZjDREB genes and provide avenues for the
genetic improvement of Z. japonica.

Key words: Zoysia japonica; DREB transcription factor; phylogenetic evolution; abiotic stress; expression profiling
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5 16.9 g L ' AHBREN /K-S 0.25 g L " BAL41 0. 83 g- L ' A FR 4P 1900 g- L s B R & 81 170 g+ L5 L /KB
MREES. 6 g L s HEMR2 g L s WEE100 g-L MR 0.5 gL b MR 2 0.5 g+ L 3B 2 0.1 gL 1),
FE 16 h YR /8 h BB IS 25 T 1 25 ‘CHE IR BE 246 P 15 3% 2 H o IR W 36 A B IO 3403 — 19 SR & 1 8 T 2%
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mg-L ' ABA , T2 Wi A BER FH 20 % 3 2 . 6000 (polyethylene glycol 6000, PEG 6000) , i &5 18 4b R H
200 mmol-L "' NaCl, & T b3 15 mL $UEME 1 25 ‘CHEIR G R4 h B 3% . 26 0. 1M 24 h oy i sR b 14, )
7 RVTE WA R L AT — 80 (CHL I = M IR VKA DA 4% J5 S HE U RNA
1.2 ZDREB* B R #% 8 % %

4 o 4 L TR A B N 45 26 w80 % ( Zoysia genome database : https: //zoysia. kazusa. or. jp/) F# . M Pfam
(http://pfam. xfam. org/) ¥ 3 & 2 AP2 i 57 45 ¥4 B 1 . 5 7K BE KA A (PF00847) , LA E<<le "Ry br i, ffi 1
HMM 3. 08 16 45 25 0 8 11 504008 B v 48 22 BE A6 VG I i B B0 (9 26 (1 7 81 . i T AP2 5% SR IR 78 R P ERF
I DREB K 53 K& —A4~ AP2 {57 45 ¥ 38 HMM 8 5 25 4 4% 1 5 2 115 51 48 NCBI-CDD (https: //www.
ncbi. nlm. nih. gov/cdd) H 23 BT BT & 14 57 45 #4485 25 B ERF #l DREB % % L AN % 52 o 3l i DNAMAN(v 9.0)
L JF A X, 5 ERF F1 DREB %8 % AP2 45 #58 th 55 14 A1 19 A7 4R 57 & FE R 1Y A ], e & 15 3] 45 26 % P () DREB
FGE R 5L o R B A G 4% 4 19 DREB 25 H T 9138 1 9 35 ExPASy-Compute pI/Mw (http://web. expasy.
org/compute_pi/) il ZjDREB 4 % 4 it & & (protein length) | 4> F i (molecular weight, MW ) 1 B i 55 Hi, #5,
(isoelectric point, pI).

1.3 ZDREBA W R %W % FoIWxtfe AKX A 2

M TAIR 45 5 (https: //www. arabidopsis. org/) F 24 B 57 AIDREB & [ i /¥ 51 . ffi F Clustal W 2 £4 LA
BRINS B 45 2 RO ARG JF DREB 8 P 50347l Xt o Eext 205, FIL A MEGA 7. 0 54, R 4B 4% 5 (neighbor-
joining) ¥ # & 45 k B M, £ 1 3 # Bootstrap T & 1000 ¥k . K3t B %0 9 ) 7 37 AtDRED ) 43 28 % 4% 2k %
ZiDREB #1741 2% .

1.4 ZDREBX R % #A4=k @ RRFE 557

2 4 0 B D AL TR A 8 3R A% ZIDREB 19 3 ALY 81 R CDS 3 41, Ab i 7 — P 8 7 45 #4855 =X il it
GSDS 2. 0(http://gsds. cbi. pku. edu. cn) # 17 7] #L AL 43 7 . B H 7E 2% 43 #7  33 MEME (http: //meme-suite.
org/tools/meme) "X} ZJDREB # [1 i /7 8] i 0 57 36 5 HEAT 001, S80S W0 F < 1) Fe R BP0 R 105 2) P57 3
Jr KR 2~600 3R 3 3) HAlL S B BN . 5 1 TBTools #0F X 2525 5 ZiDREB 3 [ 25 ¥ R 5F 35 17
G54 E A AT AT AR
1.5 ZiDREB & B &4 3 & 4k 5 15 fo 3 2500k 5 A7

22 8 2 R 5L R 21 T R AR B AR 1Y ZIDREB JE I AE e K T i) & b &, Bl MapChart #F 47 4 0 142 £
WG ZIDREB R W Z 18] () BLASTN Ho X 45 51, i FH MCScanX #4478 BRIA S 5T 0 Fr e SL R 4l v il BB B
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S B AR A . B Circos 0. 67 84 7] ¥4k Z/DREB WY i B 8 52 5L P X ™, 3 i 1l TB Tools % 4 1Y
“Simple Ka/Ks Calculator” i1 % # & JE K %} i 9k 6] X A% 5 [ X B R 19 H fH (non-synonymous to synonymous
ratio, Ka/Ks) .
1.6 ZjDREB A, #= A, 403 B 4% F 45 #1385 5) & & 3 F IR X AR R T4 5 H7

¥ ZIDREB & 1 A ALY AP2 25 F9 8% 511 % A DNAMAN( (v 9. 0) BEAT R8I HE X o [ s, DA &% 2 o B PR 4
J7 90 SO R R B ZJDREB A FIALZH A 3. 0 kb i X 37 41, 7F Plant CARE (http: //bioinformatics. psb. ugent.
be/webtools/plantcare/html/ ) B 36 %F 7 2l b 59 A FH T 4R 247 #8000 o
1.7 ZDREB A, #= A, %8 3k B % & £ X 5 H7

A4 10 38 Ak RS 0 45 2k R R A U R SR 43 W i FastPure® Universal Plant Total RNA Isolation Kit
(i MR ) $2 JBORE ) 6 RNA L, JF JH Nanodrop 2000 3& &) I 5 &0 RNA ¥ B2 . 435 M 2 ug RNA JH PrimeScript™ RT
reagent Kit with gDNA Eraser( Takara) I 7% 5t & i cDNA. qRT-PCR JZ ¥ 2 F 2% ChamQ SYBR Color qPCR
Master Mix (¥ Ml ) 2¢O 2 & 10IR 10500 v W1 B #6470 R SR & 10 pL WK : 2X ChamQ SYBR Color qPCR
Master Mix 5 pL \IE K 18 519 (10 pmol-L )45 0.5 pLL(£ 1) .cDNA Bk (50 ng-pL. ') 2 pL. \RNase-free ddH,O 2

*x1 H%EZDREBEEK qRT-PCR 5|4
Table 1 qRT-PCR primers for ZjDREBs of Z. japonica used in this study

£ Bk Name FEHF R Oligonucleotides (5 —3") 21 Group JH & Purpose
ZiDREB3-r-F AAGGGGCTGAGGGTGAGTA A, T ZiDREB A, 43X #) qRT-PCR 43 Bt
ZjDREB3-1-R GATGCGGGACTTCTTGTTG ) For the qRT-PCR of ZiDREB A, group

ZjDREB12-r-F
ZjDREB12-r-R
ZjDREB19-r-F
ZjDREB19-r-R
7jDREB25-1-F
ZjDREB25-r-R
ZjDREB35-r-F

ZJDREB35-r-R

GTCCGATCAAGGAGGAGATG
GAAGGTGCCAAGCCAGAG
AATGCCGGACCTGTTTTCTA
TAGCTCCAGAGCCTGACCTC
ACCTGCTTTCTAGCGAGACG
GCTCCAAAGCTTGACCTCAC
GAGTACGCCACCGTCATGT

GATGCGGGATTTCTTGTTG

genes

ZjDREB1-r-F
ZjDREB1-r-R
ZjDREB4-r-F
7jDREB4-r-R
ZjDREBY-r-F
ZjDREBY-r-R
ZjDREB11-r-F
ZjDREB11-r-R
ZjDREB13-r-F
ZjDREB13-r-R

ZiDREB21-r-F

GCACGAACCCAAGATGAAAT
GCCACCTTCATTGGTTCTGT

GGCTGCAGGAGATCAAGAAC
CTGGAAGCACGATATTGACG
AAGTTCTGCTGATGCCACCT
ATGTGGATGCTTCCCAAATC
AGGGAGTTCTTGCAGCAGAT
GGCAAGTAGCTCCCAAACTG

TGAATTCTGGAGCGGAGTCT
GTCAGCTTCCATCATGCTCA

CAAGGGCTGCATGAAGGG

N N N > & N

N

- - B

ZJDREB21-r-R ATCTCGGCGACCCACTTG )
ZDREB24-r-F ATGAAGGGCAAGGGCGG )
ZJDREB24-r-R GACCCACTTGCCCCAGG )

AT ZjDREB A, #H £ R 1) qRT-PCR 43 #7
For the qRT-PCR of ZjDREB A, group

genes

ZjACT-F

ZJACT-R

AAGGCCAACAGGGAGAAAAT

GATAGCATGGGGAAGTGCAT

L0 1N B

Inner reference gene of Z. japonica

— ¢ GEE RN S FL R FE 43 20 M The inner reference gene of Z. japonica is not included in the group.
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plL. qRT-PCRAYH 5 Ky CFX96 real-time PCR system (Bio-Rad, 3¢ [# ) , fiﬁjﬂf?ﬁﬂ? :95°C 30s,(95°C 5 s,
60 °C 30 )40 MG I . FH A ik m A 2 AR A BT 2~3 KB AR ELR
1.8 HBAEL L% 54
iz Excel 2016 #E47 #4855 31 , 37 1 GraphPad Prism 9. 0 $ 4 4k 31 2 45 ME 47 500 20 B 3T RIVE R 6

2 HR5HH
2.1 %% ¥ ZIDREBA B Rty %2

it HMM 5 (00 25 48 3%, D46 25 2 35 R A1 2 117 90 SC A vh 3848 2R 31 222 4> DL i AP2 45 #4938l B 5 JR B R
B H E<<le WY BT H o AR B 1T 91 b AP2 (3 <5 45 A4 38k (0 A B0 A8 <7 XA 14 70 19 (7 SRR LA & 5
B Y F LG IF AP2/ERF FKIEHE T 51 10 R G K T 4047, e X Eﬁm H1 1 64 2 51 J& T DREB 3N i . AR
I %2 5 BT 15 DREB R 91 B2 1} (expectation value, E-value) , ¥ H AR W #iy 4 4 ZIDREB1~ZDREB64( 3 2) . %}

64 A DR 20 A% 1Y) B 11 R R DK/ R A L T 45 R ok éz\ffﬁ,,n%ierDREBﬁa oK
105~984 MMEEEMR , 43 T 5 (MW )2 11. 42~107. 04 kDa, B8 %5 #1271 (pI) 4. 09~11. 95(F 2) .

R2 HEEDREBFRIEEREAER

Table 2 Basic information of DREB family genes in Z. japonica

I I 44 Fi R TR e L e i

Gene ID Gene name E-value Protein length (aa) MW (kDa) pl Group Chromosome
Zjn_sc00016. 1. g00280. 1. sm. mkhc ZjDREBI 2.90e 338 37.29 4.58 A, Chrl8
Zjn_sc00091. 1. g00300. 1. sm. mk ZjDREB2 3.30e 282 29.35 6.02 A Chrl3
Zjn_sc00141. 1. g00460. 1. sm. mk ZiDREB3 3.80e 216 23.53 4.52 A, Zin_sc00141. 1
Zjn_sc00003. 1. g10920. 1. am. mk ZjDREB4 4.10e 500 53.29 10. 24 A, Chr02
Zjn_sc00015. 1. g00570. 1. sm. mk ZjDREBS5 4.80e 287 30.25 6.03 Ag Chrl4
Zjn_sc00056. 1. g04220. 1. am. mk ZjDREBG6 5.50e 428 45.60 8.34 A, Chrll
Zjn_sc00004. 1. g06540. 1. am. mk ZjDREB7 6.40e 375 40.02 8.43 A, Chrl2
Zjn_sc00022. 1. g06610. 1. am. mk ZjDREBS 7.40e " 256 27.32 4.92 A, Chr08
Zjn_sc00005. 1. g05270. 1. sm. mkhc ZjDREBY 7.60e " 257 28.87 5.49 A, Chr06
Zjn_sc00007. 1. g10280. 1. am. mk ZjDREBI10 7.80e " 285 29.80 4.45 A, Chr07
Zjn_sc00002. 1. g12900. 1. sm. mk ZjDREBI11 7.90e " 311 33.08 6.42 A, Chr01
Zjn_sc00050. 1. g01870. 1. am. mk ZjDREBI2 8.30e 317 34.00 4.19 A Chr20
Zjn_sc00098. 1. g00890. 1. sm. mkhc ZjDREBI13 9.60e 337 36. 46 4.47 A, Zjn_sc00098. 1
Zjn_sc00003. 1. g09710. 1. sm. mk ZjDREBI14 1.50e ™ 199 21.34 7.16 A Chr02
Zjn_sc00007. 1. g04460. 1. am. mk ZjDREB15 4.00e " 330 35.52 6.97 Ag Chr07
Zjn_sc00022. 1. g00980. 1. am. mk ZjDREBI16 4.30e M 340 36.38 6.80 A Chr08
Zjn_sc00022. 1. g06640. 1. am. mk ZjDREBI7 6.00e " 361 38.67 9.00 A, Chr08
Zjn_sc00047. 1. g02470. 1. sm. mk ZjDREBIS 6.70e 205 21.63 4.65 A, Chr08
Zjn_sc00007. 1. g09230. 1. am. mk ZjDREB19 7.00e " 326 35.41 8.74 A, Chr07
Zjn_sc00045. 1. g00300. 1. am. mk ZjDREB20 7.70e M 242 25.19 4.57 A, Chr07
Zjn_sc00078. 1. g03540. 1. am. mk ZjDREB21 7.90e " 236 25.61 7.32 A, Chrl3
Zjn_sc00032. 1. g00670. 1. am. mk ZjDREB22 7.90e M 281 30.91 8.88 A Chr08
Zjn_sc00007. 1. g10310. 1. sm. mk ZjDREB23 9.00e " 263 27.37 6.24 A, Chr07
Zjn_sc00015. 1. g08330. 1. am. mk ZjDREB24 9.50e 267 29.18 8.42 A, Chrl4
Zjn_sc00022. 1. g05590. 1. am. mk ZjDREB25 9.60e " 440 47.01 8.98 A Chr08
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Gene ID Gene name E-value Protein length (aa) MW (kDa) pl Group Chromosome
Zjn_sc00056. 1. g04250. 1. am. mk ZiDREB26 1.00e " 273 29.35 8. 11 A, Chrll

Zjn_sc00053. 1. g02230. 1. am. mk ZiDREB27 1.20e * 984 107. 04 11.22 . Zin_sc00053. 1
Zjn_sc00022. 1. g06600. 1. am. mk ZiDREB28 1.40e ® 475 50. 95 8.41 A, Chr08
Zjn_sc00012. 1. g01050. 1. am. mk ZiDREB29 1.50¢ " 259 28.55 10. 16 Ag Chrl7
Zjn_sc00018. 1. g05900. 1. am. mk ZiDREB30 1.60e " 293 31.03 6.25 A Chr20
Zjn_sc00007. 1. g11280. 1. sm. mk ZiDREB31 1.60e " 286 30.57 6.52 Ay Chr07
Zjn_sc00002. 1. g16790. 1. am. mk ZiDREBS32 1.80e 105 11.42 10. 14 A, Chr01
Zjn_sc00027. 1. g01240. 1. am. mk ZjDREB33 2.70e " 373 40.79 10. 62 A Chrl8
Zjn_sc00016. 1. g00480. 1. am. mk ZiDREB34 3.90e " 296 31.65 11.73 A, Chrl8
Zjn_sc00067. 1. g01840. 1. am. mk ZiDREBS35 4.00e " 245 26.85 7.53 A, Chrl19
Zin_sc00069. 1. g03570. 1. am. mk ZiDREB36 6.10e " 603 66.31 8. 24 A, Chr20
Zjn_sc00022. 1. g07750. 1. am. mk ZiDREB37 7.30e " 654 70.65 10. 01 A, Chr08
Zjn_sc00004. 1. g01090. 1. sm. mk ZiDREB38 1.10e ™ 213 23.44 5. 60 A; Chrl19
Zjn_sc00043. 1. g03350. 1. am. mk ZiDREB39 1.10e " 225 24.22 6. 54 A, Chr05
Zjn_sc00143. 1. g00970. 1. am. mk ZiDREB40 1.10e " 593 63. 86 10. 35 A Chrl19
Zin_sc00004. 1. g05180. 1. am. mk ZiDREB41 2.40e " 562 59. 14 10. 76 Ay Chrl2
Zjn_sc00049. 1. g04190. 1. am. mk ZiDREB42 2.90e " 550 59.72 10. 30 A, Chr20
Zjn_sc00056. 1. g02990. 1. sm. mk ZjDREB43 3.70e 430 45.93 9.52 Ag Chrll
Zjn_sc00056. 1. g04230. 1. am. mk ZiDREB44 4.20e " 240 25.55 4.67 A, Chrll
Zjn_sc00045. 1. g01190. 1. am. mk ZiDREB45 6.60e 216 23.56 9.88 A Chr07
Zjn_sc00049. 1. g01960. 1. sm. mk ZiDREB46 6.70e 169 18. 24 6. 80 Ay Chr20
Zjn_sc00004. 1. g01940. 1. am. mk ZjDREB47 7.80e 164 17.89 6.78 A Chrl19
Zjn_sc00002. 1. g07220. 1. am. mk ZiDREBA48 8.70e 239 24.73 5.68 A; Chr01
Zjn_sc00003. 1. g05800. 1. sm. mk ZiDREB49 1.20e " 233 24.33 7.01 Ay Chr02
Zjn_sc00008. 1. g05900. 1. am. mk ZiDREBS50 1.80e ! 404 43.84 9.18 A Chrl19
Zjn_sc00007. 1. g03660. 1. sm. mk ZiDREB51 2.70e 1 239 25.28 4.84 A, Chr07
Zjn_sc00023. 1. g04740. 1. sm. mk ZjDREB52 5.50e ! 234 25.45 10. 28 A; Chrll
Zjn_sc00069. 1. g02080. 1. am. mk ZiDREB53 6.00e 516 56. 67 10. 48 A Chr20
Zjn_sc00004. 1. g02760. 1. am. mk ZiDREB54 6.30e " 716 76.32 11.95 Ay Chrl9
Zin_sc00049. 1. g03550. 1. sm. mk ZiDREB55 3.10e " 230 23.86 4.09 A Chr20
Zjn_sc00004. 1. g00470. 1. sm. mkhe ZiDREBS56 6.90e " 585 64.46 9.36 A, Chrl9
Zjn_sc00066. 1. g02740. 1. am. mk ZiDREB57 7.10e " 242 26.02 6.68 As Chr08
Zjn_sc00022. 1. g05620. 1. am. mk ZiDREB58 1.10e” " 422 45.15 9.13 A, Chr08
Zjn_sc00009. 1. g04230. 1. am. mk ZiDREB59 1.50e" 270 29.90 10.70 Ay Chr05
Zjn_sc00007. 1. g09250. 1. sm. mk ZiDREBG60 1.60e ™ 237 24.53 4.68 A, Chr07
Zjn_sc00007. 1. g02920. 1. sm. mk ZiDREB61 1.70e " 209 22.48 4.78 A Chr07
Zjn_sc00004. 1. g07680. 1. am. mk ZiDREB62 2.00e " 247 25.82 9.15 A, Chrl2
Zjn_sc00034. 1. g04900. 1. sm. mk ZiDREB63 8.30e 181 18.98 8.53 Ay Chr06
Zjn_sc00025. 1. g02120. 1. am. mk ZiDREBG64 8.60e 398 42.36 8.35 A Chrl8

MW : Molecular weight; pl: Isoelectric point; E-value: Expectation value; Chr: % @ {& Chromosome.



80 ACTA PRATACULTURAE SINICA (2025 Vol. 34,No. 5
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Fig. 1 Phylogenetic analysis of ZjDREB genes family in Z. japonica
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Fig.2 Phylogenetic tree, structural domain and conserved motif analysis of ZjDREB genes family in Z. japonica
A: ZJDREB 3L 2544 Gene structure of ZjDREBs; B: ZjDREB 3L {57 3£ ¥ Conserved motif of ZjDREBs.
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Fig.3 Chromosome location of ZjDREB genes family in Z. japonica
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Fig.4 Segmental duplication gene pairs of ZjDREB family genes in Z. japonica

TR 2% 22 7% 3 R4 b i JE 2R M IX B The grey lines represented synteny blocks in Z. japonica genome; £I.2k % /R ZiDREBs () F Bt 5 & 3£ R %F The red
lines indicated the collinear gene pairs of ZjDREBs.
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Table 3 Segmental duplication gene pairs of ZjDREB family genes in Z. japonica

FER 410 & Location on genome FL R 410 Location on genome ESEES

P e o REGME — ALGE I e o 1 wpn  skpg  OFXHE

Gene Chromosome Start End Gene Chromosome Start End fKa/Ks
ZiDREB15 Chr07 18308254 18309246 ZiDREBI16 Chr08 19055071 19056093 0.1684
ZjDREB46 Chr20 804556 804638 ZjDREB47 Chrl19 1618296 1618378 0.4207
ZiDREB57 Chr08 19874486 19875140 ZiDREBG61 Chr07 18982769 18983398 0.2172

Ka/Ks: Synonymous to synonymous ratio.
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Fig. 5 Multiple sequence alignment of ZjDREB AP2domain and the cis—acting elements among the promoter regions in A, and A,
group genes in Z. japonica

A A2 AP2 25838 K s 3 I =8 AE I S84 The AP2 domain and the cis-acting elements of ZiDREBs in A, group; B: A, 41 AP2 45438k K Ji5 2 i =X
1 F e The AP2 domain and the cis-acting elements of ZjDREBs in A, group. NLS: # % i1 %5 Nuclear localization signal; AP2/ERF: AP2/ERF 4%
¥ 5% AP2/ERF domain; DSAW: DSAW JJ¥ DSAW motif; CMIV-1: CMIV-1 %5 #3 CMIV-1 domain; ABRE: JIi 74 B2 ki i #1 3¢ 1 H JC 14+ Cis-
acting element involved in the abscisic acid (ABA) responsiveness; G-box: Y ik Wi 7 #H 5& 4 F JG 4 Cis-acting regulatory element involved in light
responsiveness; GARE-motif: 7k % 2% Wi i A 5 1 J J6 /4 Gibberellin (GA)-responsive element; MBS: £ 5 F 2% $ () MYB 45 & 1 4 MYB binding
site involved in drought-inducibility; MYC: MYC &5 45 13 £ MYC binding site; TGACG-motif: %€ #] B2 F Fg 0 )i 4 5& 7 F JC 44 Cis-acting regulatory
element involved in the methyl jasmonate (MeJA )-responsiveness; ARE: K517 T T & 75 (9 0 2 A F 8 45 704 Cis-acting regulatory element essential
for the anaerobic induction; CGTCA-motif: 7€ #1] #2 F fig mi B A 5 7 F JG F Cis-acting regulatory element involved in the MeJA-responsiveness; LTR:
AV 2 Wy 36 Wi )37 4 € 7 F JC 4 Cis-acting element involved in low-temperature responsiveness; MYB: MYB &% 45 {7 5 MYB binding site; TC-rich: j#i %
Jolk 360 0 %7 A6 5% 049 1 I JC £ Cis-acting element involved in defense and stress responsiveness; MRE: 2 5 56 Jiik 30 mi 1 #H 5 9 MYB /8 F o6 4 MYB
binding site involved in light responsiveness; MBSI: # il 25 4= #) & B A9 MYB 1E 1 JC {4 MYB binding site involved in flavonoid biosynthetic genes

regulation.
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Fig. 6 Expression profiling of ZJDREB A, and A, group genes under cold, ABA, drought and high salt stress treatment
A: Z52EWE ZiDREB A 413 AR IR (4 °C) FUBE P65 R (200 mg- L ) kit F (4 2 35458 3840 It Expression profiling of ZIDREB A, group genes under cold
(4°C) and ABA (200 mg-L ") stress treatment; B: 452% ZiDREB A, 41 3E H 78 T 5 (20% PEG-6000) F17 k (200 mmol- L.~ " NaCl) Bl F #y % ik
B 73 B Expression profiling of Z/DREB A, group genes under drought (20% PEG-6000) and high salt (200 mmol-1L.~" NaCl) stress treatment.
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M DREBIC/CBF2 % AR MR A T ¥ REBE P T 2235 0 AL R By 32 %2 5 48 9 0 0 52 R 35 R A 56, 48
M T 1 AtDREB2A (AtDREB2B ZZ [l K Fl i £6 p 30 15 5 6381 . X 4528 55 ZiDREB A, F1 AL 241 3L 1) )3 8h 4%
Brfos AR ALAL & A 24 SR ER D6 ARTRRT T 555 190058 i R AR OC B /R R JC 1, R W AL R AL 21 R TR A 25 2%
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L PRI00F S S RN A i AR v R R AR

FEARTE V% R T 5 AR W ia Ab RS L ¥4 ZIDREB AR AL JE B IR W 037 5 6 5k, 1 A HL A 44 2 w4 )
14 1 38 10 28 R AR OCBEAE T . Horh AV BR IR ZIDREB3 Z AR IR 5 F 8 iR B e K, B 3l 7 DB A ) 39 IR iR
A B L TR OCAF , 3% — 45 5 5 SO iR 4 (KR 78 5 48 ik R 25 R ) X AT S ZIDREBS o 3% T 1 Hk
DRI 235 48 L) i 30 Ao 3 ) 50 0% o 3 8k L A LR IR A2 SR I Y ABA i T 3k 3% 5K AR R i (Solanum
Lycopersicum) 'SR 56 T DREB &P (W 25 SR AH TR o A, 2H 5 R 7E T 5200 e R W Ak B8R, 3k i R AR R 4K
Hoh ZiDREBY % T 5 W30 % 556 T WE 5 BT, M7 & 2 B8 3% 5 F e BETHE N R, Wang S LI 3" f1 57
RACE 77 ¥ e A5 8% 5L ), i #4 0 ZJDREBI, k& BUiZHE T AE 3 FAS [6] 19 45 26 2 it & (“Meyer”“ Palisades” Fl
“Lanyin 3”) " 32 IR 5 b 98 3 3k, R W% KL DA AT B 16 45 28 5 (10 1 25 W0 Wk 300 T 52 4 v 2 48 o B9 5 4 1 o

4 it

AHI 5 ke F 45 26 R L AL B0E 4 ZIDREB % s I 7 R G SE I HEAT T R Ge i i i 5 %5 e, L %0 5] 64 4>
ZiIDREB N o RGEH A M H 00 A~ AL 6 2, b 61 N FE R X 51 4 73 A 78 20 S5 e o dRk b g 14 5% |
PR 5F 7 motifl .motif2 Fl motif3 76 I A ZJDREB & [ )7 81 i) 4345 A X ORSF 1 76 T A ZiDREB HE R |, R %5 78
FIREREZ SN LA 3XH TREREZ IR ELZ SN, ZIDREB A F A HEFAE 2528 R (IK T L ABA T 5
Al R 3 T R BR AR AL T2 S 5 25 2 R AR TRL TR TR LT R R i Mol 2 e o o R
RHFFELE RN — LR K ZIDREB I H Y D BEBL 2 T SE Rl th oAy 45 26 5T 38 A= 4 W 200 3 5 il 44 €] ) 22 138 77 o 3ok
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