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Abstract: MYB transcription factors play many important regulatory roles in plant growth and development,
secondary metabolism, and stress adaptation processes. In this work, an MYB gene containing a complete open
reading frame (ORF) was selected from the transcriptome database of R. palmatum L. RpMYB4 ORF and cloned,
encoding a polypeptide of 245 amino acids with a molecular weight of 26.99 kDa. RpMYB4 lacks a signal peptide
or transmembrane domain but contains two conserved DNA binding domains (HTH-MYB) of the R2R3-MYB
subfamily at the N-terminus. Multiple-sequence alignment demonstrated that RpMYB4 shared as high as 61%
identity with many MYB proteins from other species. Phylogenetic analysis showed that RpMYB4 had the closest
relationship with FtIMYB8 and was clustered in the S4 subfamily. Subcellular localization by confocal microscopy
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showed that an RpMYB4-GFP-fusion protein localized to the nucleus in tobacco. Real-time fluorescence quantita-
tive PCR analyses revealed that RpMYB4 was differentially expressed in various tissues, with the highest expres-
sion in leaves, followed by petioles, rhizome, and roots, and with the lowest level in mature seeds. After treatment
of R. palmatum L. seedlings with 200 umol-L* MeJA, the expression of RoMYB4 in leaves was down-regulated
within 24 h, and significantly up-regulated after 200 pmol-L* SA treatment at 12 h and 24 h. However, gene
expression did not change with 200 umol-L* ABA treatment. The transcripts of RpMYB4 under drought, high
temperature, and mechanical injury stresses reached a peak at 24 h, 24 h, and at 3 h, respectively, while RpMYB4
expression was inhibited by low temperature stress, reaching its lowest value at 6 h. The gene showed no significant
response to salt stress. Overall, RoMYB4 was cloned from R. palmatum L. for the first time, showed high expres-
sion in leaves, and was responsive to SA and various abiotic stress treatments including drought, high temperature,
and mechanical injury. The results will be useful for further analysis of secondary metabolism and stress adapta-

tions in R. palmatum L.
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Figure 1  Agarose gel electrophoresis of the amplified RoMYB4
ORF fragment
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Figure 2 PROSITE analysis of the deduced RpMY B4 protein
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Figure 3 Multiple sequence alignments of RpMY B4 with MY B proteins from other plants
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Figure 4 Phylogenetic relationship of RpMYB4 with MYBs

from other plants
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Figure 5 Subcellular localization of RpMYB4 in leaf epidermal cells of N. benthamiana
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Figure 7 Expression analyses of RoMYB4 in response to treatment with exogenous hormones

207 Mock

1.5 § 20
0.5 )
0.0 0.0

Oh 1h 3h 6h 12h 24h

Relative expression
=
Relative expression

324

40 °C
244 : '
16
0.8 i
0.0 0.0 -

Oh Ih 3h 6h I2h 24h

Relative expression
Relative expression

10% PEG

Oh 1h 3h 6h 12h 24h

Oh 1h 3h 6h 12h 24h

100 mmol-L*' NaCl

1.5 1
0.5
0.0+

Oh 1h 3h 6h 12h 24h

Relative expression
=

4°C Wound

Relative expression

5.0
4.0
3.0
2.0 4
1.0
0.0 4

Oh 1h 3h 6h 12h 24h

Figure 8 Expression analyses of RoMYB4 in response to various abiotic stresses
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P, AtMYB4 Jd o 1 5 P RE R 4- 52 I R R I Rk
B 250 F A AR BR AR, I HL 32 4045 A1 K Ak e
AR, FE FMYB8 i A HI LT R 5 H AL H =
RS BH IS TR L G AR R B8, A Uk, HE
RpMYB4 ] fit B #2 Bk (8] $: M 2 5 48 P e 28k A AR &
5%

MY B = [R] 52 I 1) i 53 38 5 B AT SH AR IA R, IX
5 s A ariGsh A k. BRIV A GbMYB26
H1 GbMYB3L # S ATE Mt M EEIR i, T RE S 5
I S8 R SR B A P 5 & i T TR, 214K CtMYB-
TR7ER ZE R RIA R, HehRERE S, A
ARG THRE I P A 2 288 1 20 T 38 e S DR 0%
AL, Tl CtMYB-TF7 1] RE 2 15 4146 i 25 R 2 1
R, KA 5T QPCR 45 JL 48 78 RpMYB4 ) 3R 1A 15 5
R > AR > A2 > ) > FhF, B T RE
BELEM: 7 ATHAR R FEAEH

T ) 3 I A 5 0 3 ) 2 S) AR T L S A B R
IR %5 AS [R]98 3R A 1 sl AR A 0 ol T o R AF 9. %
L LeMYBL M B MeJA PR iRk, BB &Y
LERWEEFFHE, 1M 2,4-D RN {14 LeMYB1 K
Tk SRR TG R, JKFE OsMYB84 52 ABA. i1 3k
AbFE R 5 S RIA, W REE L K ABA G SRS 5
EhbiE R, A 5T 45 A B K B RpMYBA X 538
FFNEE A= W oy 3 4k B PR TR B A7 AE — %€ % 5+ . RpMYB4
LK 52 SA AL HE 24 h 2.3 i, 5 GbMYB26 i )3 SA )
FIA 4 30 250 I RpMYB4 1] fE 38 i K ¥ R 15
SIS AEAE . MeJA KL EE ] RpMYB4 5 [K % 1E, 1M
IR MM E T 6 h &3 R H R IK P, MeJA XY
CBF/DREBL /4 Jilyit 1 87 45 42 1 5 B OGB4 5 12°0, g 7
RpMYB4 1] 2 5 MeJA it i 42 5 35 i 18 (R Tif 52 1 F2 A
Ko RpMYBAZE AL AR ASZ ABA LB 15210, 1152
e i A AL BE 24 h i 5, X 5 B JiE 9 B & BcMYBL
TRESEA — LR, 35 RoMYB4 1] G818 it
— P ABA G S IE B S 5 KB T R 1A HLE
N o ATUBRAR A% 4 I\ A A 175 3 A 0 368 3 R T e 3 42 97 A

1) 5 2 F Btz — ), RpMYB4 ik 2 &1l 45 44 76 3 h &2
& L, AR 18] i bR R R BT A P S, B
ZHE AT REVE AT A TR B A R PR R EAR A Y
B AR HUAR S S2 451405 . RpMY B4 i R Al b ae 1)
ZEFEARIE, W T 5 B TOI%AE R AR K SE PR R
R P AE B R P R A EE R MR DR
NI

1B TIMk: 25— 1 22 n 0 ST S A o i Ll S
BT I KR IR R A ST SR et B o B g 5L
B KR F 2S5 SR R B i, S 25 BUK M
Z 5 R R LR T -

FIEASE: ASCHTA HIEE 2 RIS AE R 2 R

References

[1] HaiD, LiZ, LiuL, etal. Biochemical and molecular characteriza-
tion of plant MYB transcription factor family [J]. Biochem
(Mosc), 2009, 74: 1-11.

[2] Rosinski JA, Atchley WR. Molecular evolution of the MYB
family of transcription factors: evidence for polyphyletic origin
[J]. I Mol Evol, 1998, 46: 74-83.

[3] Katiyar A, Smita S, Lenka S, et al. Genome-wide classification
and expression analysis of MYB transcription factor families in
rice and Arabidopsis [J]. BMC Genomics, 2012, 13: 544.

[4] Dubos C, Stracke R, Grotewold E, et al. MYB transcription
factors in Arabidopsis [J]. Trends Plant Sci, 2010, 15: 573-581.

[5] Li CL, Lu SF. Genome-wide characterization and comparative
analysis of R2R3-MYB transcription factors shows the com-
plexity of MYB-associated regulatory networks in Salvia
miltiorrhiza [J]. BMC Genomics, 2014, 15: 1-12.

[6] LiSY, LiTT,LiL, etal. Genome-wide identification and bioin-
formatics analysis of Dendrobium officinale R2R3-MYB tran-
scription factor [J]. Mol Plant Breeding (4 T 144 & ). https://
kns.cnki.net/kcms/detail/46.1068.5.20200923.0903.002.html.

[7] Preston J, Wheeler J, Heazlewood J, et al. AtMYB32 is required
for normal pollen development in Arabidopsis thaliana [J]. Plant
J, 2004, 40: 979-995.

[8] LiY, Chen X, Wang J, et al. Two responses to MeJA induction of
R2R3-MYB transcription factors regulate flavonoid accumula-
tion in Glycyrrhiza uralensis Fisch [J]. PLoS One, 2020, 15:
€0236565.

[91 Afrin S, Zhu J, Cao H, et al. Molecular cloning and expression
profile of an abiotic stress and hormone responsive MYB tran-
scription factor gene from Panax ginseng [J]. Acta Biochim
Biophys Sin, 2015, 47: 267-77.

[10] Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (*F £ A 3L A [E 2 #t) [S]. Part 1.
2020 ed. Beijing: China Medical Science Press, 2020: 24.

[11] Yang Y, Shui PX, Chen Y, et al. Efficacy of rhubarb in clinical



AT RIS T RpMYB4A JE K] 5 [ K 43 1 2k s 1k

1177

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

application and its pharmacological effects [J]. Genom Appl
Biol, 2017, 36: 1226-1231.

Hei XB, Li YY, Li H, et al. Investigation on seeds characteristics
and establishment of aseptic cultural system for Rheum palmatum
[J]. Chin Tradit Herb Drugs (" % 24), 2019, 50: 4430-4437.

Sun ML, Wang YS, Yang DQ, et al. Reference genes for real-
time fluorescence quantitative PCR in Camellia sinensis [J].
Chin Bull Bot (t6#%#k), 2010, 45: 579-587.

Pfaffl MW. A new mathematical model for relative quantifica-
tion in real-time RT-PCR [J]. Nucleic Acids Res, 2001, 29: e45.
Xie DJ, Ye YJ, Yang DM, et al. Identification and analysis of
the R2R3-MYB transcription factor based on a transcriptome
database in Morinda officinalis [J]. Acta Pharm Sin (24 2222 4),
2020, 55: 160-167.

Zhou M, Zhang K, Sun Z, et al. LNK1 and LNK2 corepressors
interact with the MYB3 transcription factor in phenylpropanoid
biosynthesis [J]. Plant Physiol, 2017, 174: 1348-1358.

Jin H, Cominelli E, Bailey P, et al. Transcriptional repression
by AtMYB4 controls production of UV-protecting sunscreens in
Arabidopsis [J]. EMBO J, 2000, 19: 6150-6161.

Huang Y, Wu Q, Wang S, et al. FtMYB8 from Tartary buckwheat
inhibits both anthocyanin/proanthocyanidin accumulation and
marginal trichome initiation [J]. BMC Plant Biol, 2019, 19: 263.

Liu X, Yu W, Zhang X, et al. Identification and expression

[20]

[21]

[22]

(23]

[24]

[25]

analysis under abiotic stress of the R2R3-MYB genes in Ginkgo
biloba L .[J]. Physiol Mol Biol Plant, 2017, 23: 503-516.

Chen J, Tang XH, Ren CX, et al. Cloning and expression analysis
of MYB transcription factor genes in safflower [J]. Acta Pharm
Sin (Zj%%Rk), 2018, 53: 144-149.

Zhao H, Baloch SK, Kong LR, et al. Molecular cloning, charac-
terization, and expression analysis of LeMYB1 from Lithosper-
mum erythrorhizon [J]. Biol Plant, 2014, 58: 436-444.

Lu B, Zhang WZ, Li CY, et al. The MYB transcription factor
OsMYB84 confers salt stress response trough the ABA pathway
[9]. J Fudan Univ (Nat Sci), (& B K253 5 28R R), 2015,
54:591-600.

Qiu WY, Wang SY, Li XF, et al. Functions of plant MYB
transcription factors in response to abiotic stress and plant
hormones [J]. Acta Agric Zhejiang (#f VT 4% Mk 2% #%), 2020, 32:
1317-1328.

Chen BJ, Wang Y, Hu YL, et al. Cloning and characterization of
a drought-inducible MYB gene from Boea crassifolia [J]. Plant
Sci, 2005, 168: 493-500.

Bohlmann J, Crock J, Jetter R, et al. Terpenoid-based defenses in
conifers: cDNA cloning, characterization, and functional expres-
sion of wound-inducible(E) - a -bisabolene synthase from grand
fir (Abies grandis) [J]. Proc Natl Acad Sci U S A, 1998, 95:
6756-6761.



