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Abstract: Objective To clone a NAC transcription factor gene RpNAC1 from Dahuang (Rheum palmatum) followed by
bioinformatics, subcellular localization and expression pattern analysis. Methods According to a NAC transcription factor unigene
in transcriptome, the open reading frame (ORF) was cloned by RT-PCR. The physical and chemical properties, protein structure, and
other molecular characteristics of the deduced protein RpNAC1 were predicted by bioinformatics tools. DNAStar 6.0 and MEGA7.0
were used for multiple sequence alignment and phylogenetic tree analyses, respectively. Green fluorescent protein (GFP) fused
expression vector was constructed and subcellular localization of RpNAC1 was observed by Agrobacterium tumefaciens transient
expression method in tobacco. Quantitative PCR was employed for gene expression analyses. Results The ORF of RpNAC1 was
1269 bp in size, encoding a 422-aa protein with a molecular weight of 47 070 and an isoelectric point of 5.80. The deduced
RpNAC1, containing a conserved NAC domain (32—181). RpNACI protein was highly consistent with other plant’s NAC proteins
(62.42%—88.7%), and was clustered in NAC2 subclass of plant NAC molecular phylogenetic tree, and was closely related to Beta
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vulgaris NAC (XP_010694507). The RpNAC1-GFP fusion protein was located in the nucleus of tobacco mesophyll cells. The
gRT-PCR analyses showed that the abundance of RpNACL1 gene was the highest in roots and the lowest in rhizomes, and the relative
expression levels were 5.37 and 0.012 times higher than those in leaves of R. palmatum seedlings at one-year stage. After 200 umol/L

gibberellin (GA3) treatment, RONACL transcript was up-regulated within 24 h. Methyl jasmonate (MeJA, 200 pumol/L) treatment for 1 h and

12 h significantly up-regulated its expression level. Salicylic acid (SA, 200 umol/L) treatment also significantly induced gene expression.
Whereas, Abscisic acid (ABA, 200 pmol/L) treatment inhibited gene expression and 200 pmol/L ethylene (ET) treatment did not show any
effects. Conclusion The sequence and expression characteristics of RONAC1 gene were obtained, which will provide the reference for
further study on the biological function of the gene in the biosynthesis and accumulation regulation of anthraquinones in R. palmatum.
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0.4 puL, ddH20 6 pL. KMAESF: FiAEtE 95 C. 30
s, 195 C. 55, iIBk 60 C. 305, 4} 60 C.
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Fig. 2 Multiple sequence alignment of RONAC1 and NAC proteins from other plants
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Fig. 5 Expression pattern of RpNACL1 in different organs of
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Fig. 6 Expression patterns of RpNAC1 under different hormone treatments

BB, CONAC38 ZE[H FEAE X RIA, 1M
CgNAC45. CqNAC36. CqNAC21 Fil CqQNACE6 KA
TEm Fh Rk K, CgNAC85. CgNACL6.

CgNAC23. CqNAC42. CqNAC62 Fil CqQNAC32 H: A
FEM T ARSI RIE K. AW TRH KIS S i
45 R B RpNACL BE R 7E — 2 AR B R B i 3Rk
KPS, s AT BETEAR A R 4 B S
Thfe. DR 718 BEna S MR R A 2N 1f 36 ik
WRE TS SR AR5 Wi OV L)
R, WIRRE NAC R HZTXEHSEZA
Wi J87 355 2 AN B BB 1R 7oA, OsNAC19 E A
T XA ABA. MelA. SA. s fa i AF oo
{1201, A5 SAL ET Al MeJA kb3 AT 2 7% CaNAC1
JEBR] R 53 /KT 21, ANACO19 5T 1E 3% ABA {5
S-S5 EIT R R MY E K ER . A
WFoT 45 5 o, RpNACL X 5 45 25 4 2 1) o
N %5 . ABA KCFE I ZE ] RpNACL JE[H R IX,
ULEH ABA N i1E(E 5, FIftiHiAR GhNACLS 1%
IEBEAAH AR, ET Ab3E AR B3 5] It R Rk K
A, UiBH RpNACL W REAN 32 415 5 A% .

RpNACL JE[K i . GA3 ALFR S 7E 24 h YA L,
UIZIE N2 5 ARG 5HFEL. SA &—Fh
KIMEIBEAG 50T, ERTHER AV AR
YT ) B O A B A R4, RpNACT JE (57
SA AFEJS7E 12 h B3 i, 5 CaNACL %% SA %
SR 7 R 3025, MeJA AN AR 525 R

Wi P o R 2R R 7 0 S5 2 7 T R G B A (89,
RPNACL FE[K I B MeJA b3 2 X015 T, Uil
MeJA IE % RpNACL 3[R {55k 1 A 44k
RPNACL Hi AN Rl 3R 1) 22 S TR RHAE, % T e 2
W50 FLAE R 3 TR 2R B 70 A P b (R AR
B EEE 1) oy 1L B e

FBAR PIAEABPARGEEABYR
SE R
[1] =8, ARz, Bied, & A Y& NN
s S IE 2R USRS 7 [0 P ET AR,
2020, 45(9): 1969-1974.
Y, IR, &, & SRR B R R T
ROy S wE R [0 hEh i, 2018,
43(11): 2246-2253.
wE, 2T H, ®UH, & GR/RE/NE NAC #
ST RIGH % S5 08T [J]. 4%, 2016, 38(3): 243-253.
Shen S'Y, Zhang Q R, Shi Y, et al. Genome-wide analysis
of the NAC domain transcription factor gene family in
Theobroma cacao [J]. Genes (Basel), 2019, 11(1): E35.
Ling L, Song L L, Wang Y J, et al. Genome-wide analysis

(2]

(3]

(4]

[5]
and expression patterns of the NAC transcription factor
family in Medicago truncatula [J]. Physiol Mol Biol
Plants, 2017, 23(2): 343-356.

RS, B/, N EH. BRFET NAC RELEHY)
ARKEEPEA [ o THEZEF, 2019, 17(3):
811-826.

Yin X J, Fan H, Chen Y, et al. Integrative omic and
transgenic analyses reveal the positive effect of

(6]

(7]



* 7308

¢EH 20204128 $52% 23 Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 23

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

ultraviolet-B irradiation on salvianolic acid biosynthesis
through upregulation of SmMNAC1 [J]. Plant J, 2020,
104(3): 781-799.

TAE, FAEE, WA, % GOERFET ApNACL (1
voRE L AN E AL R R R 0] P EF R,
2017, 42(5): 890-895.

FHEZAER, F4a, A8MH, % =1 NAC HxH 14
PnNAC1 ek LaRIEFReE i [3]. HedbAe sk,
2017, 32(4): 91-97.

frE 25 [S]. —#B. 2015: 23.

Zheng Q X, Wu H F, Guo J, et al. Review of rhubarbs:
Chemistry and pharmacology [J]. Chin Herb Med, 2013,
5(1): 9-32.

Yi J, Yang J, He R, et al. Emodin enhances arsenic
trioxide-induced apoptosis via generation of reactive
oxygen species and inhibition of survival signaling [J].
Cancer Res, 2004, 64(1): 108-116.

Yang F, Xu Y, Xiong A Z, et al. Evaluation of the
protective effect of Rhei Radix et Rhizoma against
a-naphthylisothiocyanate induced liver injury based on
metabolic profile of bile acids [J]. J Ethnopharmacol,
2012, 144(3): 599-604.

X, TR, KR, 45 PSRN F 288 E iR
HRER KW ERAHCHE [J]. 252 %k, 2018,
53(11): 1908-1917.

BN, KR, 2K, . HE KRBT R AR
LW FRE RN MAE [ P H 25, 2019, 50(18):
4430-4437.

TRIRRH, ZEEJE, FME, . &5 NAC HxE 1%
S REAEK Gy il R R IE AT [J]. A T AR,
2019, 55(4): 444-456.

Ooka H, Satoh K, Doi K, et al. Comprehensive analysis
of NAC family genes in Oryza sativa and Arabidopsis
thaliana [J]. DNA Res, 2003, 10(6): 239-247.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Xie Q, Frugis G, Colgan D, et al. Arabidopsis NAC1
transduces auxin signal downstream of TIR1 to promote
lateral root development [J]. Genes Dev, 2000, 14(23):
3024-3036.

Li FF Guo X H, Liu J X,
identification, characterization, and expression analysis of
the NAC transcription factor in Chenopodium quinoa [J].
Genes, 2019, 10(7): 500.

Huang D, Wang S, Zhang B, et al. A gibberellin-mediated
DELLA-NAC signaling cascade regulates cellulose
synthesis in rice [J]. Plant Cell, 2015, 27(6): 1681-1696.
Oh SK, Lee S, Yu S H, et al. Expression of a novel NAC
domain-containing transcription factor (CaNAC1) is
preferentially associated with incompatible interactions

et al. Genome-wide

between chili pepper and pathogens [J]. Planta, 2005,
222(5): 876-887.

Jensen M K, Kjaersgaard T, Nielsen M M, et al. The Arabidopsis
thaliana NAC transcription factor family: Structure-function
relationships and determinants of ANAC019 stress signalling [J].
Biochem J, 2010, 426(2): 183-196.

Shah S T, Pang C, Fan S, et al. Isolation and expression
profiling of GhNAC transcription factor genes in cotton
(Gossypium hirsutum L.) during leaf senescence and in
response to stresses [J]. Gene, 2013, 531(2): 220-234.
Tasgin E, Atici O, Nalbantoglu B, et al. Effects of
salicylic acid and cold treatments on protein levels and on
the activities of antioxidant enzymes in the apoplast of
winter wheat leaves [J]. Phytochemistry, 2006, 67(7):
710-715.

Tran L S, Nakashima K, Sakuma Y, et al. Isolation and
functional analysis of Arabidopsis stress-inducible NAC
transcription factors that bind to a drought-responsive
cis-element in the early responsive to dehydration stress 1
promoter [J]. Plant Cell, 2004, 16(9): 2481-2498.

[FriE%iE o E8A]



