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Bioinformatics analysis of CiMYB4 in Chrysanthemum indicum var. aromaticum and
functional characterization of its role in drought resistance
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Abstract: Drought is an important environmental factor affecting the geographical distribution and growth of
chrysanthemums ( Chrysanthemum>morifolium). The MYB transcription factors, as a significant family of plant
transcription factors, are widely involved in the regulation of responses to abiotic stresses. In this research, the
CiIMYB4 gene and its promoter sequence were cloned from Chrysanthemum indicum var. aromaticum and
bioinformatics analyses were conducted. Additionally, the physiological indices of transgenic tobacco (Nicotiana
tabacum) and C. indicum lines overexpressing CiMYB4 were measured during a drought stress treatment to provide
preliminary insights into its function in the drought response. The results showed that the length of the CiMYB4
open reading frame was 846 bp, encoding a protein consisting of 281 amino acids. The protein was identified as a
member of the RZR3-MYB subfamily and was predicted to localize to the nucleus. The promoter region of CiM Y B4
contained seven cis-elements associated with drought stress, including four abscisic acid response elements and three
STRE drought response elements. At 7 and 14 days of a drought treatment, the malondialdehyde content was

significantly lower in CiM Y B4-overexpressing tobacco and CiM Y B4-overexpressing chrysanthemum plants than in
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their respective wild-type controls (P<C0. 05), whereas the proline content and the activities of superoxide dismutase
and catalase were significantly higher than those of the wild type controls (P<C0.05). Together, these results
demonstrate that CIMYB4 plays a positive regulatory role in drought stress responses and it is a potential genetic
resource for developing new chrysanthemum cultivars with enhanced drought tolerance.
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FIH NCBI M 35 (https: //www. ncbi. nlm. nih. gov) %} CIMY B4 & [ it k47 HAL 854 20 7, #H SOPMA 2.0
ST CIMY B4 25 11 5 ) G4 4 .
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I FH DR AR 32 0 4 HE 47 9 35S 1D CIM Y B4-GFP DL % 35S 12 GFP 8 4K 25 i e AL P 2 (Allium cepa) 3% Fz 4
JL B e Al I A T 28 A% B AN B T 25 CCER B R IS 8% 3E 16~24 hJs A BO6 35 3R M2 BT (Zeiss LSMS00, fi
FEDWLEE AR S0 E
1.4 CiMYB4 5 3 F /3 3D XA A 24 55 7

i Ff] PlantCare 7£ 28 3035 J& (http: //bioinformatics. psb. ugent. be/webtools/plantcare/html/ ) 43 #7 T il {4 #5121
I 58 B A5 2 (1) CiM Y B4 8h 1 )3 51 T4 25 189 I =X 4 FH e 478
1.5 CiMYB4 & 3T B-#) # ¥ 3 8 8 ( B-glucuronidase , GUS) 7& M A4 ]

H A PlantCare #0285 5, 85 5 8l 1 #4757 3 Bk 2% 43 B 5 B, JF 2 i ClonExpress® [l One Step Cloning
Kit(Fg 5t o MEBE A BB BR S /) Ui I 5 BT I I & Hind 1l D) 467 83 9 3% W1 IR 51 %) P-F \P1-F \P2-F |
P3-F \P4-F IS AL 7 BamH 1 U167 53 09 T U VS 519 P-R, 519 p 90 W3 1. I Hind 11 F1 BamH T FR i
P 9 ) 2k % Ak pBI121-GUS Ak F DL b 5 By A W IR ) )3 3 + )7 91 2 ] ClonExpress® I One Step
Cloning Kit 6 B A5 47 [ YR H 241, Sl R 25k a1 1 0t o 2 BRG] 43 T 3k 25 B0 BH 14 %) I 4 35S 11 GUS #n P
2IGUS \P1::GUS P2::GUS \P3::GUS LA M P4 GUS 54 5 5% Ak B 4 AT B 2% A2 25 410 iiE EHA 105 (L 6 ME 1l
ARG BR T HY, LA 4 JES B AR ER MR 25 ( Nicotiana benthamiana) TR 2~4 Fr 58 4 J& IT 6 iF B i 56 44 k),
FIFH 1 5 2894 35S 1 GUS . P::GUS P1::GUS . P2::GUS P3:: GUS L K P4 :: GUS 4 T i 1= G i A 9 1 % 1R

®1 RBIFRESIWFT

Table 1 Promoter clone primers’ sequence

514 % # Primer name 5147 5] Primer sequence (5’ —3")
CiMYB4-2001-F (P-F) GATTACGCCAAGCTTTTGTGGAATCAAACATGCAAAAC
CiMYB4-1764 (P1-F) GATTACGCCAAGCTTCTATAAAATATGCATAACGAAAAAT
CiMYB4-1299 (P2-F) GATTACGCCAAGCTTAGAAATTATTATGTAAAACCTAG
CiMYB4-954 (P3-F) GATTACGCCAAGCTTTTCATTTCCTCTTTATTGTCATTTC
CiMYB4-417 (P4-F) GATTACGCCAAGCTTTTCATAAGCAAAATAGATTCCCT
CiMYB4-2001-R (P-R) ACCACCCGGGGATCCCATATTTAGACTTTCTTCTTTG

TR AR F S A EEYI )F 51 . The sequence on the underlined is the sequence of restriction endonuclease.
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1.6 A FIgARagn £

B SBUHR R R AR 2R IO 26 3~4 7 il 5 B pg i, B 25 R AR TR 5% 3~5 i e Bt v 8 T AR 2 Jm
R TR T (] S A T A TR S AR T o R LR B 22 8 (thiobarbituric acid , TBA) ¥
— % (malondialdehyde, MDA) & &t ; K H B8 1k e — B 35 O 22 il 24 B2 (proline, Pro) & &t ; ok HI &L 3 14w
(nitrotetrazolium blue chloride , NBT) Y4k % 34 J5L i 22 SOD 36 # 5 R F 482 40 o SO BE VA 5 CAT i 7
1.7 HIEHEEL 5

HI Excel 2016 Xt %5 4% 1F 47 % A1 VE B, F A SPSS 22. 0 % ¥ ¥ 47 75 2% 40 7, I Duncan ¥ 9 4T 2 5 o #5
(P<<0.05).

2 HR5HH
2.1 CiMYB4A%15E &35

AWFIE AR T2 H F cDNA KM S B3R5 T CIMY B4 51X, 8 55 MH 142214, H K JE ol 846 bp(
2A) , G i 281 > B R . CIMYB4 £ 1 — 9045/ LU JE FL W 2 ittt o 3= (1 2B) , 5 1 58.36 %0, o BRE i 1
24.91% ,BHEfA L 5.69% , FEMIEE & L 11.03% . CIMYB4 & 3 8 51 76 67~114 aa 4t F1 69~112 aa kb4 #4>
W) MY B 5% 55 1 R 5 1045 50 SANT (MYB-DNA-binding) 45 #4858, J& T R2R3-MYB W j% ([ 2C) .
2.2 CIMYB4 T 41 e % 4

P UF 1 35S 1 CIMYB4-GFP L J 35S0 GFP 2K ) FH 5 R AG 12: 5 A 7 23R Fe At )5 FE O 3R 2R £
P TSR, S5 R (181 3)  7E 61k 35S I GFP 23 2 MR (19 1 280 382 12 200 H6 1) 240 i RS 5 40 e A% v 43 18 O % 31 4 £, ¢
S, M7 554k 35S 11 CiM Y B4-GF P filt 45 2% 1A 1) 1 20 3¢ Bz 40 M v AU 40 i % & 1 &k o 96 %, UE B CIMY B4 %2 i 7
A%
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Fig. 2 Bioinformatics analysis of CiMYB4

A: CiMYB4 5 B Cloning of CiMYB4; B: CIMY B4 2 11 i — 2% 45 ¥4 LIl Prediction of CiIMYB4 protein secondary structure. 28 {5 Purple: JGH#{ W %
i Random coil, ¥ {7 Blue: o #2Ji€ a-helix, 2&{% Green: B4#% i B-turn, £ {4 Red: ZEfii4# Extended strand; C: CIMYB4 25 [ 1) {4 57 4% #4 35 Conserved
domain of CIMYBA4.
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Fig. 3 Subcellular localization of CiIMYB4

2.3 CiMYB4 & 3 F IR XA A oA+ 57

Jei Bl A 5 B R s R R A SR R A R v R R E AR AL A 3 b AR e S5 R i 4
TR L DL K D) Re % VIAH OC , Xt PR R 3 TR se v e et R LR g sa e il o ik — IR
CiM Y B4 W) ¥ A D Re , R A 78 2 1 2F PlantCare X P18 20 5 1 © 5 B 3845 9 2001 bp B CiM Y B4 3 X )5 3+ )7 571
HEAT 3T SR RUI(R 2HE 4) CIMYB4 3 G 81 B A 2284858 5ok 45 50 4~ TATA-box #.0 )i 8l F o 4
DL e 354 CAAT-box Ji 3l F A1 34 5 DX 3 08 4% 0 #F , B4 05 o 09 BB RRAE 5 3 28 08 3K e hiy oo 4, 46 34
ABRE .11 AAGAA-motif Ii 7% B2 0 B JCEF 1A TGA-element A K 200 3 JCAF 5 3 28 k30 40 56 i w1 G 2 , £ 45
14> LTR A I& W B JCF , 34 STRE 5 W 3 i B G4, 2 4~ T C-rich repeats B 1A Bk 38 0 87 76 4F 5 7 26 5600 [ o6
845 24 G-box T .14 GATA-motif TG4 .3 GT1-motif LA .14 I-box JLIH .2 Box 4 7t .1 4> chs-
CMAlagof Pl e 14~ MRE Jef 51282 550 A AR IR CAT-box o s LAk, iZH 3 Fid B 7 MYB 4 &
A7 5 34 MYC 45407 5 LA K 2 28 R M3 g JeF (A-box FIl AT~TATA-box) . i %% 5 81 7 143 0r , & 1%
Ja B F XCE A 7 A 58 8 e 8 A OG5y 0 = AR T ST (44> ABA I B T F i 34 STRE JT A ), A it 4 I
CiMYB4 7] 562 5 W0 A5 46 1) T 52 Joik 38 e i
2.4 CIMYB4 &3 F & o

Xof I I 2 A0 IS B R B i GUS e 68 05 F TG 6 W00 65, 1%05 35 57 S AS [l 1< B8 i 2% B ik P 40 A 45 SR R
W1,5BE5 wmh e A BE¥ BAT GUS IGME (I 5) , R WX 5 B 3h F A BEYI B S sh 36 R ) 3K (1 GUS 76 1 22 5
i, o P R P3BL GUSTE s , P1.P2 . P4 Bt GUSTH PR 55 , B — 954 2 — 417 bp Ji 3h F X IR i 2 5L B %
SR S X, 3 AT B 5 9% XN A7 AE 22 MO R e, BLAS o F 2[R0 R B 5 35 % 4 1 R T A T A G
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&2 CiMYB4EEFIRIE A T4
Table 2 Cis-acting elements of CiM YB4 promoter
2 H R B34 g Kt
Category Name Core sequence Function Amount
SER JLIF Structure ele- TATA-box TATA #%0 Jit 3 F JC 44 Core promoter element 50
ments CAAT-box CAA(A)T Ji Bl I 58 - X 0 5 0 7 Regulatory element in pro- 35
moter and enhancer regions

FE i )3 76 F Phytohor- ABRE ACGTG JIiE 7% 1% W 1 G AF Abscisic acid responsive element 3

mone responsive elements AAGAA-motif GTAAAGAAA JI5E 7% iR Wi 1 G AF Abscisic acid responsive element 1
TGA-element AACGAC A= K F ) N TG/ Auxin acid responsive element 1

Jifp 360 W 137 T Abiotic LTR AAAGCC IR 3 M7 137 TC A Low temperature responsive element 1

stress responsive elements STRE AGGGG T 5B a6 e )i 76 Drought stress responsive element 3
TC-rich repeats ATTTTCTT [ T30 iy 38 i 1 JGF Defense and stress responsive element 2

St 1 76 Light respon- G-box (T)CACGTG(T) JEM 3 7T 44 Light responsive element 2

sive elements GATA-motif AAGGATAAGG S )3 76 £ Light responsive element 1
GT1-motif GGTTAA J 0 1 TG Light responsive element 3
I-box CCTTATCCT S B 4 Light responsive element 1
Box 4 ATTAAT G B JC A Light responsive element 2
chs-CMAla TTACTTAA St Y T 4 Light responsive element 1
MRE AACCTAA S i 7G4 Light responsive element 1

R LT MEEICH Devel-  CAT-box GCCACT 3 L U3 3K TG Meristem expression element 1

opment-related elements

fig R FIC/F Function MYB CORE TAACCA .CAACAG MYB%;i 4745 MYB binding site 7

unknown elements MYC CORE CATTTG.CAATTG MYC 4545 MYC binding site 3
A-box CCGTCC KNI RE T Function unknown element 2
AT~TATA-box TATATA A AT BEICAF Function unknown element 1

2.5 CiMYB4 %3k BB 337 W57

N [e) B ) S 3, AN TR Rk R A R R B T I R TR] (BT 6) o TR A 7 d BT A R R R LT
ANRIFERE R ZEE  H 3N RBHRR(OX-1.0X-2 OX-3)MEERER T 2 EHKRR(CKMKZ) . T 52
14 d B}, CK M KZ Bk & JUF B A i 7 Al 3 5, 1 OX-1F1 OX-3 8k £ R &R 40 1 7 A7 P47 1E 5 R 2, OX-2 Bk & 1o
FRA AR IE R RS . T WA 21 dif, CK I KZ Bk &R JL-F 28 A58 , 11 34~ it R iA k& (0X-1.0X-2.0X-3) T %
W AT A 3B A AR A (0, HE ST RS 3k 22 ] CAM Y B4R Ry TF 1) 98142 DR 7 V81 42 5 5k PS40 B (1 B 2

AN [ P 1) 5 JBip 30 6T AN () 0 R R 2R 4 A B AR B 7 AR T RS2 (P<<0. 05, (81 7) o MDA 2 il i it 48016 A i
) A A ) S B0 R ) EAR A . BEAE T I E] A SE R, AN TR R R R A MDA B R 3 T (P

0.05), Horp CK M KZ Bk RAET 5 21 d B SE T, TR AR AR N #8415 14 d B9 CK AT KZ #% & MDA & £ 53 %1 4
TR OdBFHY 4. 91 A1 5. 43 4%, 1M OX-1.0X-2 1 OX-3 M HEHk R A9 MDA & &t 78 T 52 21 d BF ik $l 5 s, 5300 o T 5
O dmFAY4.00.3. 81 F13. 661, AN [H]HH ik 5 18] (1 Pro & i i 75 1 565 8] 9 364 0 249 52 506 T = 5 AR i A fh ke 34
24X BELHFR 2R (CK AITKZ) Al 3 4~ 36 U 55 Bk 2R (OX-1.0X-2.0X-3) 1) Pro & it 76 T2 7 d if ik 8l e i, HL i
EET T O0dB M & (P<<0.05), 405 T 5 0 d B9 3.05.3. 11.3.66.3. 61 F1 3. 82 % o /A [m] 4 B bk 3R 119
SOD A CAT i P i & T S0 [ (g 34 0 & A2 7 8 35 19 284k (P<<0. 05) o 5B R 11 SOD il CAT i ¥ 7 T
57 d s B e, B S W REAR (P<<0. 05) , 28 W13 19 ol il 76 10 6T T 5 1 38 A7 AR WD i B . OX-1.0X-2 Fl
OX-3MFLHR R (19 SOD M CAT I MEAE T 5 7 A1 14 d I 2 | 35 & T CK M KZ Bk £ (P<<0.05) ; HAE T 57 14 d vy 22
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e

ACAAAAACRA
TGTTTTTGTT

TGTGGAATCA AACATGCAAA ACCCCTARTEWARBTACAAGA GTAATAAAAC CCTAATTGCC
ACACCTTAGT TTGTACGTTT TIiTTAA TTAATGTTCT CATTATTTTG GGATTAACGG

ATGCATAACC AAAATCAAGA
TACGTATTGG TTTTAGTTCT

TTCGATTTTT
ARGCTAAARA

+ AAACCCTAAT TTAACCATAA GCATAGATCG ATCECAATAC
TTTGGGATTA AATTGGTATT CGTATCTAGC TAGGGTTATG

TATATGTTTA AAGTAGCTCT
ATATACAAAT TTCATCGAGA

GATACCACTT
CTATGGTGAA

+ ATAAGAATARFAATAATCAC TGAGAACCCT TACTAGGTTA
TATTCTTATA ATTATTAGTG ACTCTTGGGA ATGATCCAAT

GTGGTCATCC ACACGGCTAT ARAATATGCA

CACCAGTAGG TGTGCCGATA TTTTATACGT

TAACGAAAAA TAAACACATA
ATTGCTTTTT ATTTGTGTAT

ACATATATCT| ARCACGTATA

TGTATATAGA TTGTGCATAT

AAGCCGTTCA
TTCGGCAAGT

73

TAGGGTTCTG
ATCCCAAGAC

AAGGGCGTTT
TTCCCGCAAA

o

GACCAAAATC
— CTGGTTTTAG

CTAATATGTA GATAATTAAA CATGAATATA
carTATA RS T T TATAT

CTTGTTAATC CTGTTGTATG TAAGCTTATT
GAACAATTAG [JATAC ATTCGAATAA

GATTACCTTT
CTAATGGAAA

+ AGAAAATTTA
TCTTTTAAAT

TAACCTTTTC AGCTGCACGG
ATTGGAAAAG TCGACGTGCC

AACGCCTTCT
TTGCGGAAGA

!

TTTGGGATTA TCACTTTTTG
ARACCCTAAT AGTGAARAAAC

GACAGTGTCA

CACGATATGG
GTGCTATACC

%

TGATTTTCTT
ACTAAAAGAA

GATGCTACAT
CTACGATGTA

AGGGTTTTTT
TCCCAAAAAA

@

GTTATTCACC
CAATAGTGG

GGTACTCCAC
CCATGAGGTG

AGGTAGGACT
TCCATCCTGA

AGAGCTACAA
TCTCGATGTT

ACCTATGCAA GTTAGGCGAA
TGGATACGTT CAATCCGCTT

1

+ GGGTAAAAAC CCTTATCGAC

CCCATTTTIGNGEARTAGCTG

GTTCGTATGA
CAAGCATACT

TATACAAGTC
ATATGTTCAG

GACTAGGGTG
CTGATCCCAC

TCGACTTAAA GTCGATCGAC
AGCTGARATTT CAGCTAGCTG

CAAAGGGATA
GTTTCCCTAT

+ AAACCCTTTG
TTTGGGAAAC

TCGCACAAAG
AGCGTGTTTC

AGAAGAGACC GGGGIllG GGGGGAGATT TTTAGGTTAT
THGe cccercccee cecccTCEMMMAATCCAREA

TTTGGTATTT ATARAATACC AAGGAAGGTT CTAGTAGGAT
AAACCATAAA TATTTTATGG TTCCTTCCAA GATCATCCEAY

3

GAGAAATTAT
CTCTTTAATA

TATGTAAAAC
ATACATTTTG

CTAGAAAGCC
GATCTTTCGG

+ TTGAAAAGTT

SVAACTTTTCAA
ATTTGGARAG

- mARAGCTTTC

GGGTCTGTCG
CCCAGACAGC

ATCATGTTAA
TAGTACRATT

ACCTAGARAG
TGGATCTTTC

CCTTTGCTAT TTATAAAATA ECAAGGAAGG TTCTAGTAGG
GGARACGATA AATATTTTAT GGTTCCTTCC AAGATCATCC

+

CCTAATCCTT GTTCAACAAG

EERTTAGEARNCAAGTTGTTC

ATGTATCACA
TACATAGTGT

TAATCAAGCT TGACATATCAVAATTGATECE TCECCTCTTA
ATTAGTTCGA ACTGTATAGT TRAACTAGGC ARMEEEGAAT

+*

CAACCCTATG
GTTGGGATAC

ATTTTGTGTT TTTGTCGTTT ACTAGCTAGC CTCTAGTATT
TAAAACACAA AAAGAGEAAA TGATCGATCG GAGATCATAA

1

i

TATCATGAAT
ATAGTACTTA

AAATATTATA
TTTATAATAT

CTTTGGTTAA
GAAACCAATT

TTACCGTTTA GCTCTTAAAT ATAAATAACA CTATATTTCA
AATGGCAAAT CGAGAATTTA TATTTATTGT GATATAAAGT

m A-boxZIfE A KNG+ Function unknown element

&

&

TTTCCTCTTT
AAAGGAGAAA

ATTGTCATTT

TAACAGTARA

ACCGATGTAA CCTTTCGGCA

CATTTCGTAA
GTAAAGCATT

TTTCTGTGAA

CTCGTTTCTT GTTTTCACTT GCTTGTTCTG TTTAGTGTGC
GAGCAAAGAA CAAAAGTGAA CGAACAAGAC AAATCACACG

GGTAAGTGTG AAAGCCGTTA TGTTGTTTGC ATATAATCCT

\;. AAGAA-motifflit.74 i B G (T Abscisic acid responsive element
= M ABRE: %206 % 75 1% Abscisic acid responsive element
| * " ABRE3afi74 R TT T Abscisic acid responsive element

* - ABREA4/Iit 7 W21 %2 76 {'F Abscisic acid responsive element
CCATTCACAL EETC A C5 TATASTH * | AT~TATA-boxJjfit A &17C1F Function unknown element
TATTGITTIC TTTCACTGCT AATTTCGCTA AAAACCCTEAN | = M Box 4J¢MILyLHF Light responsive element
- AAGGATAAGG ATARCAANEENN TGACGA TTAAAGCGAT TTTTGGGAGT L. CAAT-box i &) ¥ FII 51 [X 38142 70+ Regulatory element in

promoter and enhancer regions
#AATTTTCTGA TAGTATAATT TGAACTAATT TGGTTATCAT TTTGATTTGHA~CTTTT

|_* I CAT-box /£ 41 41355 T4 Meristem expression element
= I TATTAR ACTTGATTARACCAATAGTA CEARACT ACAAGGTTIC GITTT l;. A-boxINfiE A A0 Function unknown element

L2 G_voxoem L Light responsive element
L:_- GATA-motift4i B 7G4 Light responsive element
L. GTl-motift:miRi G Light responsive element
L. I-box )t W e /4 Light responsive element
L- LTRAKIE . 76 Low temperature responsive element
L. MREJH BG4 Light responsive element
. * | MYB CORE MYB%; %1 4 MYB binding site
|_* I MYC CORE MYC4: 425 MYC binding site
* MYBCORE MYB% &1 £ MYB binding site
* M MYB CORE MYBZ: 4 3225 MYB binding site

TGGCTACATT

GGARAGEECT

GTCTCACTAC
CAGAGTGATG

AAAGACACTT

o

TTCCTATTGC TGCTCCTTAC

ACGAGGAATG

+ GTTATAATAT TTGTGTAAGC TGAAACAGAA
- CAATATTATAVAACACATTCG ACTTTGTCTT

CGCCACCCAT TAAACATTAG TACATAAACG ATCGCAAGAC

GCGGTGGGTA ATTTGTAAT I CGTTCTG

ACACCCGTTECARTACARAT GACCCGTTAE EGTCECTGTT
TGTGGGCAAG GTTATMNTGGGCAATG GCAGGHN

CGTATTTAAC TATTGACACT AAAGARTATT GTAGGGCTTC
GCATAAATTG ATAACTGTGA TTTGTTATAAGATCCCGAAG

+ ATCAGAATAA TTTCGATTAT AGTTCTACCA
- TAGTGTTATT AAAGCTAATA TCAAGATGGT

+ crAcTAT N C GAAGGATA

ATGATATAC AGGACTTCAC AGCTTCCTAT

e

TATTTTTAAT ATCAAGTCTT GGATTGAATC
ATAAAAATTA TAGTTCAGAA CCEARETTAG

ATATAGGARTI TGGTTCATAA GCAAAATAGA TTCCCTGATA
TATATGCAAGTATT CGTTTTATCT AAGGGACTAT

+ TCTTATCCTA ACCATCATTA GTGGATTACT TAGAAATAAA CACTTHEAGENFARAAATAAA TACTTAAAAA | * MM STRET LtiniiiscfF Drought stress responsive element

- AGAATAGGAT TGGTAGTAAT CACCTAATGA ATCTTTATTT GTGARAATGA ATTTTTATTT ATGAATTTTT | * ' TATA-box{%.L:JH5)FJG1F Core promoter element

+ GITATACAAG TATCCAGARANEAAGTCTAAGNARCACTAAA TATCTAGTTG ACHNEEENAT TTTAATAATA . M TATA-boxt L) FGft Core promoter element

- CAATATGTTC ATAGGTGTTT ATTCAGATTG TTAGTGATTT ATAGATCAAC TCGIARAGTA AAATTATTAT ...  TC-rich repeatshj EAUENI R T Defense and stress responsive element
L- TGA-element’E & 2217 W Ju 4 Auxin responsive element

+ CGGATATGTG GTAATATCAT CATAAACAGA AGCCCACCAG CCACTCCCTC ARACCTGTCT CACCAACTCG |« Wy oo CMAlasbifiviiifF Light responsive clement

- GCCTATACAC CATTATAGTA GTATTTGTCT TCGGGTGGTC GGTGAGGGAG TTTGGACAGA GTGGTTGAGC

+ CATCTAGAAG CATTTACTTT CTCTCTCTCT CATCTATAAC ATATCTCTCT CAACCCACTA TARAATAGTC

- GTAGATCTTC GTAAATGAAA GAGAGAGAGA GTAGATATTG TATAGAGAGA GTTGGGTGAT ATTTTATCAG

+ AAAAGCTTAT AAAATCAATC CCAATTCAAG TACTCAAAAA GCCGGCCTAT CATATCTCTC TCTCTTGAAA

- TTTTCGAATA TTTTAGTTAG GGTTAAGTTC ATGAGTTTTT CGGCCGGATA GTATAGAGAG AGAGAACTTT

+ AAACTCAAAA ATTGGGAAGT TCAAAGAAGA AAGTCTAAA

- TTTGAGTTIT!TAACCCTTCAAGTTTCTTCT | TTCAGATTT
B4 CiMYB4E3hFFIIREBSIRNERTH

Fig.4 CiMYB4 promoter sequence and some cis-acting elements
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Fig. 5 Analysis of B-glucuronidase (GUS) activity of CiMYB4 promoter

WT: %4 8 Wild types CK = §1 45 % B8 ({7 5 22 wh % ) Negative control (only buffer solution) ; CK" : i %f B8 (pBI121-GUS =5 # ) Positive
control (pBI121-GUS); P, P1, P2, P3, P4: 3 8+ 5 ¥ A [\ < B 5k 2% A Bt Different length deletion fragments of promoter 5’ end.
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Fig. 6 Effects of drought stress on phenotypes of CiMYB4 transgenic tobacco
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Fig. 7 Effects of drought stress on physiological index of CiMYB4 transgenic tobacco
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of the different lines (P<C0.05). The same below.
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Fig. 8 Effects of drought stress on phenotypes of CiMYB4 transgenic C. indicum
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Fig. 9 Effects of drought stress on physiological index of CiMYB4 transgenic C. indicum

69.137.95.393,174 1 288 4> R2R3-MY B W j% 5 [H =7 o i/F 22 3 DR 6 0 30E I RE A i 17 1 52 L iR b A L T
SR AEAEEY I . AP X CIMYB4 B 0 A W) A5 B2 0 M B, CIM Y B4 A TS HE ) MY B % s K 7
KRR TP SNAT 45K, J& T R2R3-MYB W% o 7 40 Jifd 2 437 78 5% 3% A 19 T i 44 LA B i TR 3 3k 1 4 AL il
MBI FE i B B X H R4 K 22 B0 i DR 0 6 AN A% (E A /3 0 A S TR A A6 A S5 R 4 i
W, 3R] fig 5 FUB M AR R AL G, CIMY B4 H 5 o 76 48 M A% v, 38 B L 78 40 A% vh R FEAE .

It 53 IR 3 2ok 45 M RE R S 20 A P AP 9814 U 2 R R R A e S 3k, T DAE S 5 R R ) g I, 43
Bt H A 3 XA 55 (4 I o 1 2 B e it WAL . Ja 3 R R AR AL TR 57 UTR Liif, g%
5 RNA R A W5 5456008 sh e sk e i B IR T 91, — ML 36 %0 3 3 7 XL R liE oo 4 Ry 28 oo 14 34
431 v N 2 ST R e S R U O 5 S 1 R B, 5 R R T R I R DDA DG UL I I 28 e A SR T R
Fiis i) 37 T A4 (CGTCA-motif) | it 9% B& Wi W JC 8 (ABRE) | 4= K & Wi B T /4 (TG A-element) | /K 4 B Wi B G 1F
(TCA-element) Y6 1 )i 76 £ (G-box) I & i iz 76 4 (LTR) LA & MYB(CAACCA) . WRKY (W-box) \MYC
(CATGTG) %55 5t 145 S M 45 A X AE ek o AWF9E & 3L CiM Y B4 1) 5 8h 1 ) 81 v B A 3 28 30 38 i i, ot
3 2 I3 R 56 B4 I TT A 7 28R R TT A L7 MY B 85 0 5 DL K 34 MY C 45 A, b g 74N IR AR
JCAFS T R OC X R W] CIM Y B4 g 2 S AEY) 2 i AR BT Re i e 45, U HURAE T R ia b R H AR

TRERGEYAEREEWAEEYR R, — B Y 0 05 85 6T R A4 a] LU i i 4%
2 it 3z 2y PR 3 ik R S Ak 2R G T R A O Uk s ek T R W aa T Az ML b BT UG R A R IR ) ROS i
5 1 5 2B B, SOD \POD \CAT %5470 0 A0 Tl 1 15 M 76 W 30 45 1 7 S5 g DR 00s | DAY ok 40 i o4 R 28 19 HLOL A
O, 0 BT 38 B AR A 0 20 B A H Y . AN TR) 2R R Y i R 4 R TR D RE . SOD 1 56 #% O, #5646 HLO, 1 O,, 4%
Jei 4t 7 A ) HLOL AT R HLOL B POD I CAT I6 P o ASBIF 5 & Bl ad 3R 3k CiM Y B4 1) B 45 FlJH B bk R AE T 5
AbFE 714 d B SOD AT CAT T 14 35 5 3 e - 25 ORI BT A BB R (P<<0. 05) , iX R B CiM YB4 5L X m] i 22 %
T 0 A8 AR T A DG 3 PR 9 22 38 DL 5 SOD AT CAT B 36 4, ¥ BR AT R (R 9 i F T 2 a2 B ROS, X 5 Zhu
SEU BT A R B Y R B0 ROS B a8 5 S Ak W 1 3 9 R T B A R 2 & AR SRRk RO
BRSNS | 1 A ) A BRI K AL . MDA R BRI S AL e &) R R G R B AR R



%35 B 1M Fll2F 3 2026 4F 189

i F ik CiM Y B4 (¥ %7 2 AU R AR 2 MDA £ 2t 8K BBl 1 5 19 38 iof [ 7 28 4 8 35 T e (P<<0. 05)  (E IR F 4% 45
BOMEF A BUBR R o X — 5 TG A T S AL Bl B ROS A B (9 0L, 55 — 07 TR 3R B CiMY B4 5k PR 2 Wi 1o+ 5
A IE R o BRI AL RGO, Pro M Ry — Rl 7 5 1 0T (o E IR A AL el SR T RN 7R R AR
Jo R AAS A AR A R A R 9B 3 R VT A AF O RS EE SR . i 3Rk CIM Y B4 (W B 45 R R bR R 7E TR
36 R AT 58 3 30 Pro 5 H (P<<0. 05) , X W CiM Y B4 Al B3 [ I 45 98 335 1 15 28 45 5 PSR A0 Il 2R 40 180 st A bk 1
NI

4 i

AT A CiIMY B4 5 R 4 i 281 AN & R 1% , )8 T R2R3-MYB W%, & 0 T4 M A% v o 7 3 7 X 3 f0 5 74> i
JO7 S B A T o A 0 R0 BT 4 rP i 26 ik CiMY B4 35 DX R it 4 v 10 S AL R G R DL % Pro £ B 19 5 3k
PR R T E . ARBFIE I T CiM Y B4 3 PR — S50 5 038 19 1 [ 95 7, o 35 46 052 08T A R i) ik 3 4
BT P B R, LA B R R L IS s — B Y

5 % 3Lk References:
[1] GaoS Z, Chen X H, Lin M H, et al. A birch ELONGATED HYPOCOTYL 5 gene enhances UV-B and drought tolerance.
Forestry Research, 2024, 4(1): e022.

[2] YuZH, Chen X S, Chen Z W, et al. BcSRC2 interacts with BcAPX4 to increase ascorbic acid content for responding ABA

signaling and drought stress in pak-choi. Horticulture Research, 2024, 11(8): uhael65.

[3] LynchJP. Rightsizing root phenotypes for drought resistance. Journal of Experimental Botany, 2018, 69(13): 3279—3292.

[4] LiLL,ZhuHL, JuY Q, et al. Comparison of microstructure and physiological response of the leaves of six Rosa rugosa

genotypes under drought stress. Ornamental Plant Research, 2024, 4(1): e016.
[5] LiJY,RenlJJ, LeiX Y, etal. CSREV-CsTCP4-CsVND7 module shapes xylem patterns differentially between stem and leaf to
enhance tea plant tolerance to drought. Cell Reports, 2024, 43(4): 113987.

[6] HeL Y, Tan M M, Che H T, et al. Cloning and analysis of drought tolerance function of the LpDREBY in Lilium pumilum.
Acta Prataculturae Sinica, 2025, 34(1): 161—173.
BORSC, W, EGE, & QA S LpDREBI 3 5 [ M i 24 AT . Bk 2# 4, 2025, 34(1): 161—173.

[7] Lim C, Kang K, Shim Y, ez a/. Inactivating transcription factor OsWRKY?5 enhances drought tolerance through abscisic acid
signaling pathways. Plant Physiology, 2022, 188(4): 1900—1916.

[8] Zhao P P, Zhao M, Gao X Y, et al. GRWRKY 16D improves drought tolerance by co-regulation of ABA, ROS, and proline
homeostasis in cotton ( Gossypium hirsutum). Industrial Crops and Products, 2024, 220(1): 119179.

[9] GeM M, Tang Y, Guan Y J, et al. TaWRKY31, a novel WRKY transcription factor in wheat, participates in regulation of
plant drought stress tolerance. BMC Plant Biology, 2024, 24(1): 27.

[10] LiuJT, Wang Y Q, Ye X R, ez al. Genome-wide identification and expression analysis of the WRKY gene family in response
to low-temperature and drought stresses in Cucurbita pepo 1. Scientia Horticulture, 2024, 330(1): 113048.

[11] Luo Y R, Xu X Y, Yang L F, et al. A R2R3-MYB transcription factor, FeR2R3-MYB, positively regulates anthocyanin
biosynthesis and drought tolerance in common buckwheat (Fagopyrum esculentum). Plant Physiology and Biochemistry, 2024,
217(1): 109254.

[12] FanK, WuY C, Mao ZJ, et al. A novel NAC transcription factor ZmNAC55 negatively regulates drought stress in Zea mays.
Plant Physiology and Biochemistry, 2024, 214(1): 108938.

[13] Yang X Z, Li X, Wang X, et al. Genome-wide identification and characterization of bZIP gene family explore the responses of
PsebZ1P44 and PsebZIP46 in Pseudoroegneria libanotica under drought stress. BMC Plant Biology, 2024, 24(1): 1—15.

[14] Riechmann J L, Heard J, Martin G, et al. Arabidopsis transcription factors: genome-wide comparative analysis among
eukaryotes. Science, 2000, 290(5499): 2105—2110.

[15] Ren Z Z, Zhang P Y, SuH H, et al. Regulatory mechanisms used by ZmM YB39 to enhance drought tolerance in maize (Zea
mays) seedlings. Plant Physiology and Biochemistry, 2024, 211(1): 108696.

[16] Yang B C, Song Z H, Li C N, et al. RSM1, an Arabidopsis MYB protein, interacts with HY5/HYH to modulate seed
germination and seedling development in response to abscisic acid and salinity. PLoS Genetics, 2018, 14(12): e1007839.



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 1

[24]

[25]

[26]

[27]

[28]

[29]

[30]

L1 Q, Kang F, Xue Q, ez a/. Functional analysis of the R2R3-MYB transcription factor CiM Y B4 of Chrysanthemum indicum
var. aromaticum in response to cadmium stress. Acta Prataculturae Sinica, 2024, 33(5): 128—142.

R, HEEE, BEW . S5 . 0K 48 R2R3-MYB 5% St F CiMYB4 16 4% W 38 b (9 S BB 43 7 . ROl 4R, 2024, 33(5) -
128—142.

Zhou X, LeiD Y, Yao W T, ez al. A novel R2ZR3-MYB transcription factor POM YBIL of Pyrus bretschneideri regulates cold
tolerance and anthocyanin accumulation. Plant Cell Reports, 2024, 43(2): 34.

Zhu N, Duan B L, Zheng H L, e/ a/. An R2R3-MYB gene GAM YB3 functions in drought stress by negatively regulating
stomata movement and ROS accumulation. Plant Physiology and Biochemistry, 2023, 197(1): 107648.

LiB Z, Liu RN, LiulJ, et al. ZmMYB56 regulates stomatal closure and drought tolerance in maize seedlings through the
transcriptional regulation of ZmTOM?7. New Crops, 2024, 1(1): 100012.

Song Q, Kong L F, Yang X R, et al. PtoMYB142, a poplar RZR3-MYB transcription factor, contributes to drought tolerance
by regulating wax biosynthesis. Tree Physiology, 2022, 42(10): 2133—2147.

Zhang J P, Wang G R, Bie H, ez al. Transcription factor ZmMYB153 enhances drought tolerance in maize seedlings by
regulating stomatal movement through ABA signaling. Acta Agronomica Sinica, (2025-04-10)[2025-04-18]. http://kns. cnki.
net/kems/detail/11. 1809. s. 20250110. 1231. 002. html.

SREEMG, I EG, N, . RN T ZmMYBL53 58 ABA {5 5 915 ALz 3 5k R BTG R, (2025-04-
10)[2025-04-18]. http://kns. cnki. net/kems/detail/11. 1809. s. 20250110. 1231. 002. html.

Wang J J. Cloning of CiMYB4 Chrysanthemum indicum var. aromaticum and genetic transformation of Chrysanthemum
indicum. Harbin: Northeast Forestry University, 2019.

FSRAE . MR SE CIM Y B4 JE R 5 b X B 4 1 st L e A0 . I 7R s ARAEARl k%, 2019.

Xue Q. Functional analysis of CiMYB4 gene in response to cadmium stress and cloning, expression analyse of its promoter in
Chrysanthemum indicum var. aromaticum. Harbin: Northeast Forestry University, 2022.

PG . AR A 25 CIM Y B4 58 30 B S REWT 58 B LR 2 T Je e 5 33k a0 . IR I8 ZRAeAfolk K%, 2022,

Li M Y. Verification of drought tolerance function of CiMYB4 gene of Chrysanthemum indicum var. aromaticum and
construction of RNAi vector. Harbin: Northeast Forestry University, 2020.

PR . PR A CiM Y B4 L PIT PR D) BRI GIE S RNATEA R . /R A b Ml K2, 2020.

Zhou L., Shi K, Cui X R, et al. Overexpression of MsNAC51 from alfalfa confers drought tolerance in tobacco. Environmental
and Experimental Botany, 2023, 205(1): 105143.

LiH S. Principles and techniques of plant physiological biochemical experiment. Bejing: Higher Education Press, 2000.

A YA B E S BN AR . db et b AR R, 2000.

Dubos C, Stracke R, Grotewold E, ez a/. MYB transcription factors in Arabidopsis. Trends in Plant Science, 2010, 15(10) :
573—1581.

Ren M H, Zhang Y P, Xu T, ez a/. Identification and expression analyses of R2R3-MYB subfamily in alfalfa under drought
stress. Acta Agrestia Sinica, 2023, 31(4): 972—983.

fEWIHE, SR ZE, VP, 5. AL H 16 R2R3-MYB W X W% % 5 T R il T iR I5 007 . R 24l 2023, 31(4) .
972—983.

Jiang Y J, Yu Y P, Sun X Y, et al. Identification of R2ZR3-MYDB gene family and analysis of its expression pattern in
centipedegrass under drought stress. Acta Agrestia Sinica, 2023, 31(9): 2628 —2641.

B, TIOOF, Ahm—, 55 BUS B R2ZR3-M Y B He [Fl 5k 1 % 58 B HAE T R R A9 Rk 0007 . B b2 4, 2023,
31(9): 2628—2641.

Chen G Q, He W Z, Guo X X, et al. Genome-wide identification, classification and expression analysis of the MYB
transcription factor family in Pefunia. International Journal of Molecular Sciences, 2021, 22(9): 4838.

Zhang T T, Cui Z, LiY X, et al. Genome-wide identification and expression analysis of MYDB transcription factor superfamily
in Dendrobium catenatum. Frontiers in Genetics, 2021, 12(1): 714696.

Wei Q H, Chen R, Wei X, et al. Genome-wide identification of RZR3-MYB family in wheat and functional characteristics of the
abiotic stress responsive gene TaM YB344. BMC Genomics, 2020, 21(1): 792.

Yang J H, Zhang B H, Gu G, e al. Genome-wide identification and expression analysis of the RZR3-MYB gene family in
tobacco ( Nicotiana tabacum L. ). BMC Genomics, 2022, 23(1): 432.

Feller A, Machemer K, Braun E L, ez a/. Evolutionary and comparative analysis of MYB and bHLH plant transcription factors.



%35 B 1M Fll2F 3 2026 4F 191

[39]

[40]

[41]

[43]

[44]

The Plant Journal, 2011, 66(1): 94—116.

Du H, Yang S S, Liang Z, et al. Genome-wide analysis of the MYB transcription factor superfamily in soybean. BMC Plant
Biology, 2012, 12(1): 106.

Chen Y H, Yang X Y, He K, e a/. The MYB transcription factor superfamily of Arabidopsis: expression analysis and
phylogenetic comparison with the rice MYB family. Plant Molecular Biology, 2006, 60(1): 107—124.

Ding Q Q, Wang X T, Hu L Q, ez al. MYB-like transcription factor SiIMYB42 from foxtail millet (Seraria italica 1..)
enhances Arabidopsis tolerance to low-nitrogen stress. Hereditas, 2018, 40(4): 327—338.

TPAE, AN, BIRIBE, S AT MYB 5 K F SiMYB42 $i i e B 00 O I AU A8 i 0 L 3%, 2018, 40(4)
327—338.

Yang S, Cai W W, Shen L, ez al. A CaCDPK29-CaWRKY27b module promotes Ca WRK Y40 mediated thermotolerance and
immunity to Ralstonia solanacearum in pepper. New Phytologist, 2022, 233(4): 1843—1863.

Liu W, Stewart J. Plant synthetic promoters and transcription factors. Current Opinion in Biotechnology, 2016, 37 (1) :
36—44.

Chen B, Xue Q, Li Z W, et al. Effects of light intensities on physiological characteristics and ultrastructure of four
Commelinaceae plants. Acta Agrestia Sinica, 2021, 29(2): 281—292.

WRAK, BERG, 270, 45 Dot 4 Bl B R R AR Y AR FRAR PE B S M BRI . RO AR, 2021, 29(2) - 281—292.
Yang C W, An M Z, Ren W, er a/. Contrasting cold tolerance and underlying physiological mechanisms in two rye varieties
during seed germination and seedling stages. Chinese Journal of Grassland, 2024, 46(6): 1—9.

Wi fh, LBk, AR, S PUAS SR GBI AR T BT R 01N Al ST 2 1 % S R AR FRALA] . b [ R b, 2024, 46(6) -
1—09.

Farooqg M, Wahid A, Kobayashi N, ez a/. Plant drought stress: effects, mechanisms and management. Sustainable
Agriculture, 2009, 29(1): 185—212.

Bai A X, Lu X Y. Effects of calcium and calcium effectors on antioxidant system and osmotic adjustment substances content of
sour jujube (Ziziphus jujuba var. spinosa) seedlings under NaCl stress. Plant Physiology Journal, 2020, 56(9): 1910— 1920.
FILZ 2%, & IGEe . 45 045 2400 0 % NaCl i T B2 A &)y B B 8010 R 50 KB B IR 1 9 B & 4 A2 e . Al Ak 3027 4k, 2020,
56(9): 1910—1920.



