PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13 = 5203 «

A8 ARF EAF R EFBLETERRIK T

ALE, REW!, KOOI, &R #! ¥R TRHF ARA? X O, F K ALE!L

ROHFL H R

1. =R K2 TE rE R 2 A0 Rl 5 €387 5 R B KB I B TRER 98 AR 0o/ B ARV K 2% 2 B 48 26 F A 0 A 1 2 28 s s 36
F/n AN KA G B AR, =0 B 650201

2. ZEREARIVKRBAERAR, = IfE 675800

i ZE: BM @IXERME Gentiana rigescen WA Z MM [A T (auxin response factors, ARFs) Sk i 7E47 45 2 4]
A TERIRE AT, RIAHAEERIAE R BRTT S 3 H RS EThRE . F53E TR RA BRI R A H8dE, FIRHAEYE
BT EINTEIRNR ARFs (Gentiana rigescens ARFs, GrARFs) R ZRMERALMET . (R<F 2P AR 454 . e ot
DL 0T, RIS 562 8 (RT-qPCR) BEAR T HAEE IR R TF RS TF IR 2, J36 I 0 40 i i 17 S5 3
E GrARF9 [ A ENL, VI T T GrARFs ZEFEFIRIEYFThEE. AR TEERIERF A P IL LT R 21 5% GrARFs, %
i 612~1 065 NEIERE, X5 7R ETE 68 082.29~118 117.97, S5 BN 5.52~8.43, 5K LI N+ .
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resp # B3 DNA &5 &55M88;  GrARFs Ja 3 TIRAE R o878 3 & MR m R 5 6 RE A 21 % GrARFs A5 e
8 kY thAk by BT BARE IR GrARFs fERLT- MY RS, B5CEIRET IR A 2= RhARFs HEZ%
HIFELR IR 21 A GrARFs B:RTEE IR R BRI R h A R Rk WA E A 50 45 R 7R GrARF9 & H @M T
MRz, BAEHERE P EMEHE. i WP T GraRFs {EEEHBGRIZEIF REH X, Adt— B 7T GrARFs
TEE R IRAEEIZ B W DI RE B € 1 254tk

KRR EIEH, JRIRIEE): AR RN T (ARFs); VMG B0 BERRIK

FESZES: R282.12 XHRFRERD: A MEHRS: 0253 - 2670(2026)13 - 5203 - 12

DOI: 10.7501/5.issn.0253-2670.2026.13.022

Genome-wide identification and expression analysis of ARF gene family in
Gentiana rigescens

YUAN Wenxue', LIANG Yanli!, CHEN Dan', ZHAO Yan'!, XU Mengheng!, WANG Yaxuan', HE Fengchun?,

LIU Juan', LI Yan!, YUAN Wenjue', ZHAO Xiu', HAN Jun'

1. National Local Joint Engineering Research Center for Germplasm Innovation and Utilization of Southwest Chinese Medicinal
Materials, Yunnan Agricultural University/Yunnan Provincial Key Laboratory of Medicinal Plant Biology, Yunnan Agricultural
University/School of Agriculture and Biotechnology, Yunnan Agricultural University, Kunming 650201, China

2. Yunxian Xinhe Agricultural Development Co., Ltd., Lincang 675800, China

Abstract: Objective By conducting a whole-genome identification and functional analysis of auxin response factors (ARFs) family members
in Gentiana rigescens, this study investigate their potential roles in the thermosensitive corolla opening-closing movement of its corolla.
Methods Based on whole-genome data and transcriptome data, bioinformatics methods were used to analyze the physicochemical properties,
conserved motifs, gene structure, cis-acting elements, and evolutionary relationships of the G. rigescens ARFs (GrARFs) gene family. Real-
time quantitative reverse transcription PCR (RT-qPCR) technology was employed to detect the expression patterns of Gr4RF's genes under
different opening and closing states. Additionally, subcellular localization experiments were conducted to verify the protein localization of

GrARF9, so as to preliminarily analyze the biological functions of the Gr4RFs gene family. Results A total of 21 GrARFs were identified
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in the G. rigescens genome, encoding 612—1 065 amino acids. Their relative molecular weights ranged from 68 082.29 to 118 117.97, and
their isoelectric points spanned 5.52—=8.43. The secondary structure was dominated by random coils. Phylogenetic tree analysis classified the
AREFs in G. rigescens into four subgroups, namely Group A, Group B, Group C, and Group D. Most Gr4RFs contained Auxin-resp and B3
DNA-binding domains. The promoter cis-acting elements of Gr4RFs were rich in hormone-responsive and light-responsive elements. The 21
GrARFs were unevenly distributed across eight chromosomes. Collinearity analysis revealed that the GrARFs in G. rigescens were relatively
conserved among dicotyledonous plants and shared a considerable number of collinear pairs with the functionally characterized ARFs from
Rosa hybrida. All 21 GrARFs genes exhibited differential expression during the thermosensitive process of G. rigescens corollas. Results of
subcellular localization experiments showed that the GrARF9 protein was localized in the nucleus, displaying the nuclear localization
characteristic of transcription factors. Conclusion  The results of this study preliminarily clarify the expression pattern of GrARFs in the
thermosensitive movement of G. rigescens, and lay a foundation for further research on the function of GrARFs in the corolla movement of
G. rigescens.
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53 ™. Lehman SHRE AT H, KR AE
RS R EERA St VB IE R R TS — R A
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F1E 51 F R RBEAT L,

H T, ARF JE R Kk CAEFM Camellia sinensis
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WA 5EE | GrdRFs BERKEE R, #—F2 0
GrARFs J [N ZRAE AN [F A 2 I RGIR 38 PIR S 16
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1 MRI5EE
1.1 ##

PR YIFEAE IR B = A e T = B
LA (23°56'~24°46'N, 99°43'~100°33'E,
P 2440m), HH EIAEYIE ST SO TR e N
TR B HEYVE AR G. rigescens Franch.. H{IH]
s, HIEAAIE. T 2023411 H6 H—12 A
5 H, BEEEEEEBOERE, REFRTEHE
feze (EM, 7~8 C). PRz eIt HfEas
(MH, 14~16 C). F4-1HE FiR e &AL SE (AF,
22~24 C). T PRBZIGIR P EA{ES: (AH, 12~
15 CHFAME 4 (iR 56 4 A 4E5 (MN, 7~8 C)
P, WA, R T-80 CRBAKEVKAE, FExt
HHTH ST (NCBI %4i'%5: PRINA 1168881
PRINA 1168883).

1.2 FENE

A24812 Y PCR ¥ 44X (3E[E Thermo Fisher
Scientific A% ). DYCZ-20F B H kA (L ZRFIAX
WELIR RSB R AT UV-2450 RUELAN] W46
FEvt (Rl B ARM KA R AFD. ZDP-250
RUER B FRIRIKR CHTLNERLE SR A R A FD
DR4V213204 %4> HZN B IR RGN (= FE TR R
AR AR AT 5424R FIA VR EEE O (SEHE
Thermo Fisher Scientific A7) ). A24812 B M E =
QuanstudioTM 5 Real-Time PCR14 ¢ (3£ [E Thermo
Fisher Scientific A% ). FLUOVIEW FV1000 #t49
IR B (EAREETARARD 4.

2 7k
2.1 GrARFs BERAZFRERRANESERELEEE

I Pfam 4 % (http://pfam.xfam.org/) 3KHEX
ARFs HIER /R A] KAER (Hidden Markov Model,
HMM) PF06507 #1 PF02309, Jfifjd hmmsearch T.
B AT b B O AR IT AtARFs. 7KH
OsARFs. %% FVARFs. HZE RhARFs [MZ 7
H 5 e BRI A CAUEAE | B0 7 3R 45 ) i AT
BLAST Lbxf; X HMM #24F1 BLAST Eexd 453 211
FERFFHRACEE; B R M5 SMART Chttps:/
smart.embl.de/) K5 7 F & 55 H ARF HEHI K ks
TEZER), ZBRTCRHES T 5, 15 25IEEER
ARFs FR I -

2.2 GrARFs EERGEEBRBUMRS TSI
B RE S 75U
FIF Expasy(https://web.expasy.org/protparam/)

TEL AT 73 GrARFs 5 H M ZEREH - A4
ThE. SRR DMERE. SFKREBSEHME
Ji, 18T Plant-mPLoc Chttp://www.csbio.sjtu. edu.cn/
bioinf/plant-multi/ ) [ x5 Fi I V. 48 i i€ 7 . F H
SOMPA
automat.pl? page=/ NPSA/npsa_sopma.html) 7E2ET.
H il GrARFs 5 [ it — g 451

2.3 GrARFs BERREF G &% RHIEE

M NCBI (Https://www.ncbi.nlm.nih.gov) 4%l
TEANFE I AKAE T L E 1) ARFs SREFAI, 1M
HaE. AZFEMEAFYIN M GDR Chttps:/www.
rosaceae.org/) FAEE TE . 8 H Mega-7 34X H
JelH 5 AR ) ARFs S H, BIEHEE T KAE.
TR HZE 4 NIRRT ARFs & AP AT 29K
HRAHT, RHAIHEEE (neighbor-joining, NJ) 14
IR (boostrap=1 000) .

2.4 GrARFs BEEZFERRTERF RTEME. &
ESEE b

it MEME (https://meme-suite.org/meme/) 1
AT GrARFs FERZRII IR~ &, FIH
NCBI H#[#) BatchCD Search ./ #T Gr4RFs %X
KGR 458938,  FFi8Id TBtools AL ¥ AR Hf n] #)
WHEIE . FEF 45 TBtools [ Visualize Gene
Structuer T 24T 047,

2.5 GrARFs ERRKNB N FIRAER R

FIH TBtools M\ v fIH 35 [R 20 40 e Hh 3R B
GrARFs &R Z % A L 2 000 bp FHIE N RGE
(1) h 7 X 3. Hi@id PlantCARE Chttp://bioin
formatics.psb.ugent.be/webtools/plantcare/html/) P vl
R BT E o, fJEiEE TBtools #f K
TE AT AAL, o
2.6 GrARFs BEREZRIEM SRS & R E AN HFPIE]
HE M

M I s JIEL s R A ) 9 R S A SR BBV e i
GrARFs FEREJ ok EALBEAEE, JF@Ed
TBtools AJFLAL .

MBI HIE R 4 FASTA X F1 GFF SO
RGO AR S B R £ b EE . A
A MCScanX 27538 BUE I 5L Ir . K FE
(FERZH M NCBI F#0) Fl 2= (FEHI4H M GDR
Bdls B2 HO AL LR, R A ILL MR
ZAI ARF KEW S S, A TBtools X} 4
BEAT AL .

( https://npsa.lyon.inserm.fr/cgi-bin/npsa_
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2.7 1EY)E RNA HHZENF cDNA HIE R

L Magen ()7 HSRFEEVRHEARA R #)
HiPure Plant RNA Mini Kit {7 S BAFPRE T
FEIARAE ) RNA, fH cDNA S il 5 &
Vazyme R223-01 HiScript® II Q RT SuperMix for
gqPCR (+g DNA wiper) (I [ 7 5 v MERE PR
A AR AT AT sk, 3R1S cDNA % 1 .
2.8 GrARFs RS ARIERNI D

FIH RT-gPCR #FFEEHIEAFPIRAS T (EM.
MH. AF. AH. MN) JE[KFEEEN, wHREEH
Actin JEPWE A S H . 48 CIREUKY GrARFs

J¥ %1, K H Primer 3.0 3% 11 RT-qPCR 54 (£
D, RN 20 uL &%, G4 10 pL ) ChamQ
Universal SYBR qPCR Master Mix (4 H 7 5 i Mt
BRAEDBIHERDAERATD, b FiEIIYME 0.5
ulL, FEHL cDNA 0.5 uL M1 8.5 uL (I E/EK . R
R 95 CHiAEYE30s, 95 C. 10s, 60 C.

30s, fE¥ 40 ¥k, FFRIEHERERG: 95 C.
15s, 60 ‘C. 1 min, 95 ‘C. 15 s & AR #h 267>
B, AP 3 RAEYFESE . RA 2788kt
BT FRI1A &, F Prism 10 44 MR IEZEHEHE,
SPSS 27 A Al il 2 1t 43 #r

%1 RT-qPCR 3|¥)
Table 1 Primers for RT-qPCR

GIR/EA S LiEsITE (5°-37) THESITE (5°-3°)
Actin CGACAATCGCTTAGCCCTACGCCTT CCAGCAAATCCAGCCTTGACCATTC
GrARF9 TCTTCATGGCGTTGAATGGC ACGAAAGAATCTCCGGCAAC
GrARF6 TTTGTAAGTTGTTCGGTTTCGC TTGTTTGTGAACCTTTGTGCAG
GrARF7 TTTTTCCAGGCAACGGTGTC GCCGTGTTCGTGTTCAAAAC
GrARFI15 ATCGAGCTGCAAATGGACAG ACACCATTGAACCCGCATTG
GrARFS ACCACCTTTTGTTCGCGTTC ACTTGCAGCTTGGTCAACAC
GrARFI6 GGTGCAATGGTGAAAATGCC ACAAAATGAGCGGCGGAATC

2.9 GrARF9 T 4HRpAE N 138

¥ MR IR EE R 2H R 3R15 1 GrARF9 1] CDS
J¥ 5 £ B k%1, B A A Snapgene Wit
GrARF9 45 pCAMBIA1300-GFP [F]J5 5 ()45 5 P
519, LSR5 (5°-3): GACGAGCTC-
GGTACCCGGGGAATGGCAATTAGAGGTCATTT-
CTCTCA, TUs¥F%) (5°-3’): CTCACCTGT-
CGACTCTAGAGGAGTCTTCACAATTTCCAGGG-
TTAAAC, PAVEJENH cDNA 1E AR, FIH &R
(2x Phanta Max Master Mix, W H 5 5t igmMER A4
VIR B R AT WL F AT . M
K %: cDNA3 uL, Bi5IF. G5 R & 2 uL,
25 uL, HaiKHME 50 pL. PCR F2/F7 4 95 C.
3min; 95 ‘C. 15s, 58 ‘C. 15s, 72 C. 90s, 35
fE¥R; 72 C. Smin, 10 CLRAF. F 8 H HIER
223 1.2%3 HR W B R H RS 5 e Je g o Iz 2% 1)
E (125 RIEAT B TR0

¥ pCAMBIA1300-GFP 334 % 14 FH PR i 1
VIl BamH 1 347 B EEY) G RAF LA B A, K H
(1) 5 DR 5 2 1 A 28 R A T 4% S FE R AL N T
50 C. 50 min 25 FHATIER:, K56 # E 24
FEV ALK AT I 2 &S DHSo. JBIT 1 7 PCR
AP F AR EM R A R A T B A 7D

I AT e BHE v b, SRAS A R IAE R pCAMBIA-
1300-GFP-Gr4ARF9.
2.10 GrARF9 =BT HAE L5734

¥ EiR3RAF ) pCAMBIA1300-GFP-ARF9 HE 4
WAARFEARFT B GV3101 JE32 4, 8L il PCR 3k
RRHE R . BM T8 RIBE R LB AR IRk
FHREERE IR A dgoo N 0.6 7247, B BEATTIE .
BB R YL (B 100 mL 2 4ih 5 &4 2
kT %Wl Cacetosyringone, AS) 100 umol/L. MgCl,
10 mmol/L. MES 10 mmol/L) = & FHAIIEZE Asoo
218 0.6, =EEEEE 3 h 52 YA RIHEEF,
i pCAMBIA1300-GFP-ARF9 TE M %3 157 21 ffg %
ik, [, %4k pCAMBIA1300-GFP %% % i fi
X AR GYJE A IR R 4R 2205 5% 2 d, AU
Pe[X S RO R B TS GFP %k
T TN R B A 1 3 A
3 ER59H
3.1 GrARFs BERAREEESEQBUMERDH

AW RMNERAE R AL EH 21 4 GrARFs
FE[H, R HAELHAY Expasy-ProtParam 7341 21 4>
GrARFs 18 AL, 2R 0E 2 o, HA
X3 FBUEALE 68 082.29~118 117.97, FmidE LR
KJEH 613~1065 MEAEERR, & ATEEN 5.52~
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#*2 GrARFs EEBEHMRS
Table 2 Analysis of physicochemical properties of GrARFs protein

YK HE KD X R SR EIEREE/a ARERT SOKERE WaREfL
GrARF1 Grig03G002333.t1 68 291.36 6.07 613 57.62 —0.451 Nucleus
GrARF2 Grig03G002330.t1 70492.31 6.14 633 62.93 —0.529 Nucleus
GrARF3 Grig08G001798.t1 86 174.98 5.98 770 56.29 —0.592 Nucleus
GrARF4 Grig01G001651.t1 93390.37 6.24 830 56.57 —0.597 Nucleus
GrARF5 Grig05G001875.11 89 002.28 8.43 809 54.75 —0.490 Nucleus
GrARF6 Grig03G000926.t1 93 525.48 6.60 842 48.54 —0.493 Nucleus
GrARF7 Grig03G000943.t1 98 471.22 7.74 879 49.10 —0.572 Nucleus
GrARF8 Grig01G005557.11 94 684.18 5.52 853 55.02 —0.434 Nucleus
GrARF9 Grig05G004110.t1 105 037.52 6.93 948 59.33 —0.378 Nucleus
GrARF10  Grigl3G001434.t1 103 023.13 5.90 929 58.10 —0.360 Nucleus
GrARF11 Grig03G004029.t1 101 044.34 6.28 900 62.44 —0.401 Nucleus
GrARF12 Grig02G002905.t1 72721.34 6.98 653 56.33 —0.500 Nucleus
GrARF13 Grig06G003364.t1 74 068.75 6.35 666 53.05 —-0.509 Nucleus
GrARF14  Grigl0G001810.t1 72 986.35 6.06 653 47.44 —0.515 Nucleus
GrARF15 Grig03G001006.t1 77 549.52 7.58 707 43.68 —0.355 Nucleus
GrARF16 Grig01G002261.t1 71996.62 6.77 645 46.72 -0.379 Nucleus
GrARF17 Grig02G001594.t1 68 082.29 7.23 613 48.67 —0.355 Nucleus
GrARF18 Grig02G003162.t1 67320.42 6.39 612 42.10 —0.393 Nucleus
GrARF19 Grig05G000270.t1 111 581.37 6.33 1004 65.07 —0.626 Nucleus
GrARF20  Grig13G002450.t1 118 117.97 5.99 1 065 59.72 —0.614 Nucleus
GrARF21 Grig03G001035.t1 73 048.43 6.64 662 46.25 —0.365 Nucleus

8.43, 21 1~ GrARFs Mg #2E>40, & T A%
SEHH; GrARFs HISE/K PG Bl £ -0.626~-0.355,
ULETEEORAE A 5 5 kI 21 2% ARFs #2456 K
PEER . AN AL TN 7R VE AR ) ARFs 25
b3 bed VAR 11 R 38
3.2 GrARFs XiEEBZREHR T

FIH TMHMM-2.0 #— X} GrARFs & H 1) —

PEERBEAT M, B3R 3 WA, GrARFs KR 5
A R SEREEMTCHIN G 3 Fhait oo, B
B-drE, Frh oI Hf 5 PR, i 44.63%~
82.16%, N GrARFs Z ik EE o, TNty
mRNA P RANFESE XIS, 12 XN B 5 A AR
A2 5] S mRNA 2R S5 (A AL, S AN HE I 26 Hh
R, S IR D) e AR E 1 bl o

&3 GrARFs ERR_RLEHTI
Table 3 Secondary structure analysis of GrARFs protein

EAAK a-BEHE/ % B-¥18/% SEAHEE/ Yo TEHUNE ih/%
GrARF1 14.68 0.00 13.54 71.78
GrARF2 16.11 0.00 11.37 72.51
GrARF3 14.68 0.00 9.35 75.97
GrARF4 16.27 0.00 10.48 73.25
GrARF5 15.08 0.00 11.62 73.30
GrARF6 15.91 0.00 10.69 73.40
GrARF7 14.79 0.00 11.15 74.06
GrARFS 14.42 0.00 9.61 75.97
GrARF9 17.83 0.00 11.81 70.36
GrARF10 11.95 0.00 10.76 77.29
GrARF11 17.89 0.00 10.11 72.00
GrARF12 17.15 0.00 13.32 69.53
GrARF13 16.22 0.00 13.21 70.57
GrARF14 15.62 0.00 15.47 68.91
GrARF15 15.84 0.00 12.87 71.29
GrARF16 15.81 0.00 14.57 69.61
GrARF17 16.80 0.00 14.52 68.68
GrARF18 39.41 0.00 15.95 44.63
GrARF19 12.65 0.00 9.46 77.89
GrARF20 11.08 0.00 6.76 82.16
GrARF21 14.50 0.00 13.29 7221
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3.3 GrARFs BEEZRERFL BT

N TWEI GrARFs BRI ZORIE G R, #
BN ARFs S H ST Kig. 55 HE 4
NPFREY) ARFs B HBHT RGKE 7. 4R
Kl 1 s, YT E ARFs BT LA
Group A+ Group B. Group C. Group D 4 K3,
B G SRR B ERKI, AR
ARFs EAFEAAERELER: DHRARE, &
26 MWL, IO CH, A 23 MHUA,

ALARFLL
AIARFIS
osaRF!

AREY

A WA 17 ANEUR, T B AN 8 ANELL, X F AL
BRI AN 704, T RESCBR T AR SRHE ARFs
SENER PSR S, FEMENERKE®
RN . &3 F L Bham 5255 Mk
AT EZ AT I R B A SR TR K ARFs B
Ho AT A di . RUIFTA GrdRFs JEAAE
P 1 2 AL 2L FH 84T R 51 SO IE GrARFs 2
AR 5 F T ARFs H K 5k B LR kAL
ML

.. G,
z2 5 & £ £ O%
2 %55 x>
E335 &g &
FLeFgFéE
I&E
v E e
& &
¥ &
Ll
& &
& o
3
L'\‘?g. A
5
o
3
¥
e
Rl
GrARE2
/*/\\ AIARFT

AIARFI19

j / GrARF o
// RhARFs
— ARgg

El1 GrARFs ERREHN ARG L E ST
Fig. 1 Phylogenetic analysis of GrARFs gene family

3.4 GrARFs EERERTFTEF. RTEME., &
E &

SKH MEME 7E&ERNERIH ARFs KA
HEAT Motif Z589 5347, KIN GrARFs 2R KA 8~
10 NMUEAFNIEST, HF GrARF5. GrARF7.
GrARF16. GrARF17. GrARF21 5 8 A~ Motif, HA4x
GrARFs 1] motif 354 9 8 10 /M 2-A) . 1l Motif
4 Fil Motif 1. Motif 5. Motif 8 7E i 5 ] 21 A GrARFs
FEE AL, RHH TR YRR ARFs FKIE
O INRERI DSBS o . ZHURIIE ARFs i3k
R&H 3 AMRSFEIE, 73508 “ Auxin-resp” “B3”
“AUX-IAA superfamily” &5, FRIPIX 3 N5
R RIERH ARFs FIGFEER A REMZ 0ot
o 5FREZHERAISEIABRAR, 2 MEE
FER R0 AR e R . GrARF 12 HERITE

FRIA R T IE R -, BIAMER “Medls
superfamily "£5#)358; GrARF18 KN LL“ Auxin-resp”
“B3” 2 MNEIRIZOAERIONEERT, BT “Retrotrans-
gag superfamily” “RT-LTR” “Integrase-H2C2” 3 Ml
FRREERAIE, FRIFIX 2 ANERIFE SO L P AZAE T RE 23
REITEAERE (B 2-B). MIERGEH F, GrdRFs
EAEREX B 0~3 A, HH GrARFI. GrARFA4.
GrARF13. GriARF5. GrARF20. GrARFI8 &4 17
AEBHFIX, GrdRF9. GrARFI19. GrARFI16 A5 2 /MF
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Fig. 4 Chromosome localization of Gr4ARFs gene family members
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Table 4 Evolutionary selection pressure analysis of Gr4RFs gene family

FH 1 F[H2 Ka Ks KoJ/Ks
GrARFI16 Grig07G004096.t1 0.179 950 231 0.912 580 024 1 0.197 188 440
GrARF15 GrdRF21 0.002 624 818 0.015393 613 5 0.170 513 448
Grigl3G002065.11 GrARF17 0.345 250 141 1.840 157 574 0 0.187 619 879
Gr4RF6 GrARF7 0.030 236 542 0.075273 414 0 0.401 689 528
GriARF18 GrARFI15 0.141 180 231 0.723 127 700 0 0.195 235 545
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Fig. 5 Interspecific collinearity of Gr4RFs gene family
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