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Drought Resistance Function Identification of Chrysanthemum
CmMYB]15-like Gene
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(College of Landscape Architecture and Art, Henan Agricultural University/Zhengzhou Key Laboratory for Development and

Utilization of Characteristic Landscape Plant Resources, Zhengzhou 450002)

Abstract: Chrysanthemum (Chrysanthemum morifolium) has important ornamental and economic value.
Drought reduces its yield and quality, resulting in great economic losses. It is an important means to solve the
above problems to dig out drought resistant genes in chrysanthemum and cultivate drought resistant varieties.
MYB transcription factors are involved in plant growth and development and response to abiotic stress. This
study involved the heterologous expression of the CmMYBI15-like gene from chrysanthemum in Arabidopsis,
followed by the observation of phenotypic changes under drought stress. The investigation of drought resistance
function of this gene included measurement of relative water content (RWC) , malondialdehyde (MDA) content,
soluble sugars (SS)content, superoxide dismutase (SOD) activity, and lignin content. The survival rate, relative
water content, superoxide dismutase activity and soluble sugar content of overexpressed CmMYBI5-like
Arabidopsis thaliana were significantly increased compared with the wild type, while the malondialdehyde content
was significantly decreased compared with the wild type. The length of taproot and number of lateral roots were
significantly higher than those of wild type. In addition, AtPAL2, AtPAL4, At4CLI and other lignin synthesis-
related genes were significantly up-regulated, and the lignin content was significantly increased. These results
indicate that CmMYB15-like is involved in the drought stress response of Arabidopsis thaliana, which provides a
theoretical basis for the selection of drought-resistant gene resources and breeding of chrysanthemum cultivars.
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B A P A KA G 44 AR A B R U)AE 2
— AR EF &Y Z AL, TR a R
Tl 295540 5 L S M EE RN R 2 —. A ET
SIS P IRA R E S PSS & T (A S 2 diny ]
KRS FERMRIE T . W24 4618 i P
PEILIR 356 T B0 T ot ol 2 i e 3R ] fBE g O Bk
MY B % 5% [F - f H: N 3 AR 5T 9 MY B 259 34 44
PAGERL S O 58 2 E T A 0 2 /0 DL A B4R
IR-MYB (MYB-related) . 2R-MYB (R2R3-MYB) .
3R-MYB(R1R2R3-MYB) 1 4R-MYB 4/~ .25 , 4
Y Ll 2R-MYB WK W A i WL Bl LRI
BESTA MY TR, BOR 22 1 MY B #% 53 79
48, BRI RF5E R MYB % £ [N 12 5
YW ARKEE BN MRS58 7
TS, Wt ApMYB77 3k 3k BIREIF it b
i 75 R W 38 AH & & [ AtNACO072, AtDREB2A .,
AtERDI \AtMYB2 . AtRD20 . AtRD29A (335 , ] 25
AR I PRSI+ MbMYB108 TEU I+
ik, & TR M % (ROS, reactive oxygen
species) [ 15 [ RE 77 140 T Bl 2 B2 (Pro, proline ) I
2% 2% (Chl, chlorophyll) & & , {1 Ul R I+ B PT 14 1
55, H fE MsMYBH H 3% 5 MsMCP1 ., MsMCP2 .,
MsPRXI1A R MsCARCAB 5 8 454 , s HEk ik,
AT SR AR AR R K BB T OB TR0 s P AT BR
REJI VAR 5210 X SURffoE 25 IR MY B FJ%E;
kAR 2 A R PR

MYBI5/E N MYB F & F s 02—, HHETAH
KW 58 R 2 AEDUIR PUF DA R i FE 14 45 7 1T
WAL IT SG2-R2R3-MYB Bl%% S [H 7 MYB15 3 i
PERIRNART R S E PRSI,
i SIMYB15 A HYS Pp[mI/E ], 0% CBFI.CBF2
CBF3 W31k, IEWF R FEMES . 2516 CmMYB15
4G ACTT, il B2 5 AR B & (Lig, lignin) 7% 22K
REGRAG AL PTIEPED . ARSI R RTHITE R I—
BT 35 48 MYB # 5% [H - CmMYBI15-like, [7] J5 T
AtMYBI5, i i 45 & Cm4CL2 J3 3 7 ) AC-I
(GGTAGGT) . AC-II (ACCAACC) JC 14 #8475 L 3%
N PP RN B, 1G240 e R L O T 4 v 2
TEHLFPENY AT CmMYBI15-like V¥ A PrHT 5
PE B9 VE R BL G R L 38 o A BF 5% & B4 Ak
CmMYB15-like K& D<) b T WpiB 15 3Rk, It =
I AL LR e ot o2 T R T RE . ¥ CmMYBI5-
like 3 F IR ARG ITHEA 7T 5000 , 255 4715 26 AR
TR AT RS O R AR B T T

M i KRR S5, I CmMYB I 5-like 325 1L
ST U RVE IBIL , S 36 1E40 7 BT IR A ik LA
L g R B E R AR S

1 #MREFZE

RIS AL
TP 55 b4 B K 0L EE 97 (Arabidopsis thaliana)
N2 AL ( Chrysanthemum morifolium) ‘ #i5° Y2k H
R A KA F R 550 TRV i %
1.2 RiESH

16 30 ZEAE R /N 5 4 (7 emx7 em) T4 4=
ARG R A HRN—30 A KA 6~8 Fr E 1Y
AR AE T, AR IR F1R 16 h/23 °C, 1% 17] 8 h/
22 °C, B 15000 Lx, % HHAT 7 d BIEH DaKE AR
FH200 g/L PEG-6000 ZbFH 15 23546 1 BT 5 ma
SO 25 ER RERRE AT XA 15 2R 7
T ERAE PR B A T — A P . FEMME S 0.1,
3.6.9 hIGE 3 Jr ot 42 J T AN sSUBC 3 Ak,
HRZH IBORE 7 s Rl A FREH |, W R VR J5 A T 0TS , A
Y1 RNA 4 Bl 0] & (A, b)) 42 U RNA, ]
PrimeScript™ RT reagent Kit with gDNA Eraser /2 %
ST (Takara, J6 50 ) B RNA J ¥% 5% 4 ¢cDNA , DL
R 4T QRT-PCR [, T CmMYBI15-like T
BB AT, SOVARZRN 20 pL: A cDNA 2 pL,
FF#ESI Y (2 1) 4 1 uL (10 ymol/L) , 2xSYBR
Green Pro Taq HS Premix 10 uL,RNase free water 6 Pl
SRR K295 CTARE: 30 8595 CAEMES 5,60 CiR
KT HE A 30 s, 40 DMEFR . XIS HEAT 3 AR
Hi,
1.3 #EYREHEEE

HRAE T FASH) CmMYB1 5-like 3K ¥ 51, FI|
Primer 5.0 FF5 T A [R5 49 CDS X e ke | 4)
CmMYBI15-like-ORF-F 5 CmMYBI15-like-ORF-R
(£ 1), WAKFE N 25 uL: B cDNA 2 uL, | T ijf
5141 % 1 uL, 2xApexHF FS PCR Master Mix 12.5
uL,RNase free water 8.5 pLo W AR A :94 CHiAR
P£305;98 CAEE 105,67 CIRK 55,72 CHEfi5 s,
3SAMGEIR; 72 CAURIEM S min, PCR“YIHEH T3
BHEEHS LK 28 2 , OMEGA i [t & mi H /4 A
B, 5 EcoR VY] 5 (1) pMDCA43 £k M Ak 84 % 4%
FEEEA , A ERER 23 vl DU P, R0 P LA 1) TR
Fast Plasmid Miniprep Kit( %) FEHUTRL , FoE LA
I EHA105 S A7

1.1
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Table 1 The name and sequence of primers

IR BN IFHI(5-3) &
Primer name Primer sequence (5°-3") Using
Actin-F GGTAACATTGTGCTCAGTGGTGG NZ51Y
Actin-R AACGACCTTAATCTTCATGCTGC

CmMYB15-like-ORF-F

CmMYBI15-like-ORF-R

TTTCATTGCCATACGGAATTCATGGGGAGAGCACCTTGTTGT

SR e RET 1)

ATGAATGCTCATCCGGAATTCAAACTCAGGTAACTCGGGTAGTTCC

gRT-CmMYBI5-like-F TCTACCTCTAACCAACCATC qRT-PCR 5|4
qRT-CmMYB15-like-R CCTTTATTATCACCGTTTCC

SP-F GAACCAATAGTTTCGCAATG LIRS PCR %E5E B 1)
pMDC43-R ACGATCGGGGAAATTCGA

1.4  CmMYBI5-like Fs B E 376 Hl

FHALT 12 Yo i e AL Wiy A= DL R O, T FH 5 A
B R BB IR LR e L I PR, RS 2519
(£ 1) PCR %8 T2 UG LR PHE® o S A
Z 425 uL:DNA 2 uL, | Fi#F51 #9145 1 uL, 1Taq
12.5 uL, RNase free water 8.5 pL. JZ W 2% 4 -
94 °C T 754 2 min; 94 °C7A5¥E 30 5,56 CiE k30 s,
72 CHEA 1 min, 35 PEFR ;72 CL R SEH 5 min,
EEILR PHE T Ze0d F A8 RN A R b i 615 2] T3
P g4 B L RS T OE-1 . OE-2 \OE-8 =M &
[Fi] BsF 6T 3545 1) 4% B DR 4DL R T 146 4T qRT-PCR > 7
K, 51450 W2 1, VA Actin NS LR (36 1) %t
B SR AL S TE g RO R s fE st e S
IS e A .
1.5 BATERURIETERHEXEEBERIE

PHAE MS [ERRE SR AR KA 4 B B 5k
DRI T A 7R 40 B T 40 B RS AR B B /N 7 7 (7 emx
7em) CEFR L M A=2: D, SRR R 124, 5
5K TEN AR IR 46 (K 16 h/23 °C L 1% 1A
8 h/22 °C, J:HH 15000 Lx) Fh 1557 28 d, H A] 1 e
Ko BEHUERAR DL R 47/ OE-1,OE-2 ,OE-8 # L [
FEY A BURI R ST 45 6 W AAR B T 14 d AR T4k
LK 3 d, MBS HERTY, I e % . iR
A5 T 5 38 b B AT R0 AL B 14 d 5 Y BT A R
CmMYB15-like % B: UL R I 1 E3E A i R, F -0
SEARNT S KA R AL AL G P T T
AL RE S A DA BRAR AR o AR K 2 )
27 Xiao S i AL Y AL B TS R DU R
R O PR 3 TR 0 R A L 2 R
Eb €030 AT MW B 0 R FH U L

PRI T 3 AE YR A

A3 IRAE TE 8 AR K29 28 d 1Y 3N L R Rk 2R A
HF A AU IR BEAERE 1 em 92214, B RR R oR 4R
9 8%, 435I TR 2R A B G R A R Al AR
JRR G AAFA TR S EME . IR UL ActinfE R
WS, R 5298 it PCR(qRT-PCR) Kzl
KT A WA ¢ L Rl AtPALT , AtPAL2 ., AtPALA
AtC4H, At4CLI, AtHCT, AtC3HI, AtCCoAOMT,
AtCCRI (AtFSH ,AtCOMT ,AtCADS""*" {3k K,
RT3 AR . (KRR P LR 1.2,

AR J3T 2R e I SR AR 5T 2 4% e i 5
& (BC4200-50T/48S, Solarbio) . A Jit 25 4 & fifi [
R Rl (Leica, 92 [# ) X %tk R 22 2171 Y)
R VTR R 100 pm, F 3R FR- 18] 2K = W i v ([R] 2K
=/ 0.1 g, ZEE 1 mL, FINELAR 9 mL, IR & 4547,
BUECELA) Hi2 U0 5 minJ5 , B F B A FIF AR
BB (Leica, 3¢ E ) ™ MALHARR
1.6 #HEFHEROFEFENE

K 200 mmol/L H &2 B AR S praa Ab B
B EE T 1Y OE-1 ,OE-2 ,OE-8 5 KL K FNET A= RU4D
FFAhF [ BIE FR 2 MS F1200 mmol/L H 2R
FRIL b BERR RS 200K, BOEICE T 4 CUKEE
b2 dJF, B ATCHEDEIR G FRAE (1R 16 h/23 €, 1K
[ 8 h/22 °C, I 15000 Lx) 1557 7 d, WEEEIE [F]
FINEF A RSk R AR ROR L . IR AT 3 IR AE W 2F
i

WEI B 110 2 i DRURIET A R R T T4 A &)
MS [ERRE SR b CE T4 CokFERfb2 d, )5
e AN JCTR G RERE SR 4 (1K 16 h/23 C L 1% 1A 8 I
22 °C, IR 15000 Lx) Hi5R 4 d, PR R IO BRI
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— BRI 53 5 AR 2T ERCE 9 MS F1200 mmol/L
R IR FANHL 7 d, Gt AR R A AR
(Image J#HAIE ) e —FMIHREH -
1.7 HiESH

f# B SPSS 22.0. Microsoft Excel 2021 Fil
Origin 2019 JF1 74H AbHE | i B S 1 43 #r

2 FHERESH

2.1 RIES

HARGE CmMYBI15-like K2R & 15 5 F 538 A1
K, 3HE T CmMYBI 5-like Wi 3 T SR H F kb . 45
RE/R, 50htHE, TRMAAEE1.3.6h 1
CmMYBI5-like 31518 0 2 L, 76 1 hik B &, -
1 h X B2 16,945 (& 1), HEM CmMYB15-like P fig
S LS EINE: P
2.2  CmMYBI5-like TRIZHEERMUBFEE

FIAE 712 Y vk 5 AL B A RUR s 07, 765
B 2 YRR A T AR , T T2 AUR - rh R
PR, T PR S , 45 /R, OE-1,0E-2,
OE-8 #k R 7£ 817 bp i & A 4% , BF A= BRIV AT (&
2A) , Ut W B A= RIS CmMYBI15-like iX A5 R

WT OE-1 OE-2 OE-8

4], 0B-1,0E-2 OE-8 MR &R i ik R . 4k
e 493 T3 /8 OE-1 ,0E-2 \OE-8 =Mk & , X
A TUAN T3 AR 3 N JE R bR R 4T qQRT-PCR 5 1
WeE RN BRI IT Actin NS LR LR B A= U R
LD AR 22 R AR A 25717 (108 bp) , CmMYBI5-like JE
N ARG SE DR PR R AT 4500 P A B rh A, 3%
B4R T3 AR & 3 L R & (K1 2B) o

0O %JH& Control

18
16
14
12
10

m 5 Drought

EROE SNy
Relative expression

SN B~

k%
B Kk
i I kk
—il . , .|—|I.r"|L
0 1 3 6 9

i) (h) Time
**FIRIE P<0.01 M 255

** indicate significant difference at P<0.01 level
BEl1 CmMYBI5-like ZEIE % 5K K T 2AMHE THIRZER
5
Fig. 1 Analysis of expression patterns of CmMYB15-like
under normal watering and drought stress

Actin

CmMYBI5-like

A:T2X CmMYB15-like ¥ FE R RI ST 4 5E 5 B : CmMYB 1 5-like ¥ SETR MR 7721 1 % 5E ;M : DL5000 DNA marker; WT: B AE BUAE A 5
OE-1,0E-2 .OE-8:3 > CmMYB1 5-like % 3 ¥k 5
A Identification of T2 generation CmMYB15-like transgenic Arabidopsis; B: Semi-quantitative identification of CmMYB15-like transgenic
Arabidopsis; WT: Wild type plant; OE-1 .OE-2 ,OE-8: Three CmMYB15-like transgenic strains
B2 CmMYBI5-like s BEEETTHILEE
Fig. 2 Identification of CmMYB15-like transgenic Arabidopsis

23 CmMYBI5-like R EH UM EF N ERE

£7F

SR T TR b T 5 DR N A DL R T A T B
B, FEFAMET AR EK14d KEK3d
JEHATRADIES . /K E AR R, WF A= BT 3R
ISR R RAR O R AT, i b3 14 d J5 |, BP A At
FROK T E I 2R R, A2 A A R R
(B 3), HAF IR AT Sk A Tl Rk vk R B

E AR (B 4) |, 22 B e 6 DA mT Dl e 92 7K 43
B 7 OB AR T A
2.4 TRIE CmMYBI5-like 3t £ IR IEFRHI SN
gt — B it 1k CmMYB15-like $2 55 0L R
PR R, T T 2R R AE 0 A0 BT
PR R M T i RO AR T ) B AR T S R AR
o BRI 7E T 5 WA A, B Jk DR R B A B AR
RN RS RO E V2R OE-1 R R MY Al i1
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Wi G AR R B 2 R R, OE-2 FIOE-8 bR R 2 LJF, /3 I n T 233%.281%.,222% (1] 5B) ;
ARG i S 25 s BRI R R OB ALk E - OE-1.OE-2. OE-8 Ay 8 %A 1k 4 15 Ak i 1% 1 43 501
PR AR B T2 % . £ T R hiE s, 111.55 U/g.130.45 U/g.119.92 U/g,OE-1 ,0E-2 .OE-8
CmMYBI5-like % J: A #% & OE-1.0OE-2 OE-8 WY N  AEFAREE BIF, 4053 T 30% .53% .40% (€]
TSR 0.72 pmol/g 0.31 umol/g.0.30 pmol/g,  5C) . F B3t F35 CmMYBI 5-like 38 33F AR AR A 1A
OE-2 OE-8 A B AE U &g 25 R B, A 0/ T 619% ., PN B & b, 3l v b o5 i R Sk s 1k
59% (¥ 5A) ; OE-1,OE-2 \OE-8 (Y Al IE MM & it 40 BTSRRI/ B0 2500 T s A R i Ak
H°h 86.16mg/g .98.40mg/g .83.36 mg/g, FHF LRI, $id), RIBS IR BE A, DK Tk .

AT

Before treatment

TH14d
Drought for 14 d

HK3d
Re-watering for 3 d

WT OE-1 OE-2 OE-8

3 BFERE CmMYBIS-like I RGBT BERBLEE
Fig. 3 Phenotypic identification of drought resistance in wild type and CmMYB15-like overexpressing Arabidopsis thaliana

A B
100r a a a . B WT B OE-1 [JOE-2 [JOE-8
80} T
~ ~E100F A a a 4
SE oo} 5 %l
S ¥ 5
w2z 40} %5 40t
&3 b fE o | a & a
E=ry L b
o
0 . . . 0 . .
WT OE-1 OE-2 OE-8 proe o
Control Drought
A REAREE 14 d S 0R R AR B AR EE T 20k R AT KR R RVNG AR g TE 22 5 IR BRI A Y- T 2 W AR ER

n=3; T [A]
A Survival rate of each strain after 14 d of stress treatment; B: Relative water content of each strain under different treatments ; Different lowercase
letters indicate significant differences, and error line represents biological duplication,n=3; The same as below
B4 CmMYBI5-like BB R ETFETEMETHEERRETEKE

Fig. 4 Survival rate and relative water content of CmMYB15-like transgenic Arabidopsis thaliana under drought stress
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Superoxide dismutase activity
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B wT B OE-1 [JOE-2 [JOE-8

a
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IR
Control
5 TFELEFIFE £ CmMYBIS-like 3 FiXINETHE K 4 IR AR E
Fig. 5 Physiological indices of Arabidopsis thaliana plants of wild type and CmMYB15-like overexpression before and after
drought treatment

2.5 1dFRIE CmMYBI5-like 3F £ 1R 4 F1 — & M 1R

HEREm

KT W e 26 3k CmMYB15-like %L FG 7 1 T
FRAIE A WIREA , HE—2 538t CmMYB1 5-like W[4
TR AR R PO T SR X AR R AR 2R AR R B A T R
gL, TEMS 55353, CmMYB15-like ¥ 3L AR R 5
B AR A E, AR ROIROL (B 6A .C) \ EARKE TR
EEES (FTA) H— MR E 51 m (& 7B)
OE-1,0E-2 F1 OE-8 43l iy Bf A= U (1) 4.6 £5 . 3.6 fi5 Fl
3.6f%. #£200 mmol/L H #EREEEFRILH , CmMYB15-
like % L PR 22 A R0 B 2 5t 5 A= 784 (1&] 6B
D). 7200 mmol/L T &AL IS , CmMYBI5-like
FEFLDIRE 2 OE-1 F11 OE-2 () FEAR K B 43 1] Ay g A 7Y
2. 145 A1 2.2 %, {H OE-8 ¥k 2 AR i 15 1 A= AR
i & P22 5 (I 7A) ; OE-1,0E-2 #l OE-8 [ —
e AR E B 430 A B A AL 2.1 5 2.3 £5 R0 2.0 %
(E 7B) ; W 1k ik CmMYBI15-like T —E R E
A 3 i 2 AR 498 i — S AR S R 1 i
PRI BB KBE T, S R bR BT R
2.6 KEREZ4EMERBEERENRESKRN
FERTARIIEIE R R B, 1 33K CmMYB1 5-like &

T
Drought

DR A] DASE 4 AR AR N IR IR R o & I H A IFY
HRIE , AR S BN AT HE A AR PR . A
5% K Fil QRT-PCR Xﬁiﬁﬁ%?iw/éﬁk%é%l SHES
RHEAT TR, E AR BN, CmMYB15-like ¥ 3
K}k 2 OE-1,0E-2 OE-8 1A PN A S R AE W) A5 i
8 e TR A 3 08 i A B TR R R ) i Hed
AtPAL2 , AtPAL4 . At4CLI , AtHCT , AtCCRI , AtF5H
AtCOMT LR ik it 1 iy A= U i 2 T (81 8)
F W3t 63K CmMYBI15-like 325 T ARG & AE W14
AR Rk
2.7 TRIECmMYBI5-like I RBERREZSE
KA WF A= R Ky CmMYB1 5-like ' 55 R 401 g 741
PRIL IR 2L A VA 04 T AR R - [R] 2K = Iy e L LB
Mr, Hgh B BoR , CmMYBI 5-like % 3L R 1 e ik bk 5
OE-1.0E-2 ,OE-8 MR i # 45 (o i i 4 B A= U] fd
MR CE9A) o AR & &l g RLEm,
CmMYBI15-like %% 3 X ¥k & OE-1,OE-2,OE-8 1 K
JRE SR 91.30 mg/g.93.23 mg/g.90.36 mg/g,
WY A R 2SN, Ay BN T 25% . 27% . 24%
(K 9B), FBH 1k Feih CmMYBI5-like 3255 T HIkEIAR
WA R & .
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200 mmol/L mannitol

>

Root length

FARKE (em)

MS

200 mmol/L H &R |

A B: MSHI200 mmol/L T Z& R SR HE A 1K< 7 d 19398 ;C.D - MS #1200 mmol/L T ZEMs Jr A b AE: K 7 d AR IS B MR
A, B: Phenotype grown in MS and 200 mmol/L mannitol medium for 7 d; C, D: The root length and lateral root grown in MS and

200 mmol/L mannitol medium for 7 d

El6 HBEERMEIEFERS CmMYBIS-likeldFiZINETTERR R RIR ARSI

Fig. 6 Effects of mannitol treatment on root morphology, taproot length and lateral root number of wild type and

a
a a a ]

I

S = N W A LN 0O

CmMYBI15-like overexpressed Arabidopsis thaliana

HEwT B OE-1 [JOE-2 [JOE-8 B B wT B OE-1 [JOE-2 [JOE-8
5 10
o a
g 9
g 8 ab b
e 7 I
®He l
™= a
=5 S b b
XS 4 I
b \T\ g 3 1
I
z 1
. = 0 :
200 mmol/L - Z& % MS 200 mmol/L H &

200 mmol/L mannitol

AR IR AR R FHUKRE ; B A A AL FLAS R R MR K H

200 mmol/L mannitol

A': Root length of different strains under different treatments; B: The number of first order lateral roots

of each strain under different treatments

BE7 CmMYBI5-like s BEEMBETAEHRELERHNERKERMREE
Fig. 7 The main root length and lateral root number of CmMYB15-like transgenic Arabidopsis thaliana

after mannitol treatment
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Fig. 8 Gene relative expression of lignin biosynthesis pathway

OE-1 OE-2

200 pm

200 um

B
OE-8

i e & (mg/gDW)
Lignin content

200 pm

WT OE-1 OE-2 OE-8

A A[FRERE 2R AR BRI B A A R 2R H R AR BT R 5 i
A': The lignin deposition in stem tissue of different plants; B: The lignin content in stem tissues of different plants
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