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Abstract: Auxin response factor ( ARF) is a transcription factor family that mediates auxin signaling and regulates
various biological processes. To investigate the ARF gene family members and their roles in response to high temperature
and drought stress, the phylogenetic and expression patterns of the ARF gene family members in Huperzia serrata were
analyzed using full-length transcriptome and RNA-seq data. Based on bioinformatics analysis, the physicochemical
properties, domains, conserved motifs, phylogeny, tissue expression patterns, and expression patterns of the ARF gene
family under high temperature and drought stress were analyzed. The results were as follows: (1) A total of 24 ARF
family members were screened in the full-length transcriptome of H. serrata, all of which were acidic proteins and
hydrophilic proteins. (2) Subcellular localization prediction revealed that 24 HsARF were all localized in nucleus. (3)
Phylogenetic analysis revealed that HsARF had a distant genetic relationship with angiosperms Arabidopsis and rice, and
only share two common ARF ancestors with higher flowering plants. (4) Domain analysis revealed that, except for
HsARF18/23/24, most HsARF had B3 domains. Analysis of secondary structure found that the highest proportion of
HsARF protein was random curling, followed by elongated chains and a-helix. Three-dimensional (3D) protein structure
prediction model used in the 24 HsARF proteins was only four. (5) RNA-seq analysis showed that the expression levels
of 7 HsARF were high in all detected organs. The expression levels of 10 HsARF in stems were higher than those in roots
and leaves. Otherwise, the expression levels of HsARF13 and HsARF14 in leaves were lower than those in roots and
stems. (6) The expression levels of HsARF undergo significant changes under high temperature and drought stress, with
18 HsARF being induced to varying degrees by high temperature stress, 7 HsARF responded to drought stress, with 3
HsARF induced by drought, while 4 HsARF inhibited by drought. The results provide theoretical references for the
functional and biological breeding study of ARF gene family in H. serrata.
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abiotic stress

H: K E Wi i H - (auxin response factor, ARF)
AR EG S OCHIE T H el S5 ERK
W IeH K ( AuxRE) -TGTCTC 35 45 4 31 4
T HE LA ) 3K (Ulmasov et al., 1997 ; Guilfoyle &
Hagen 2007) , KRZ% ARFs & 3 MESFRI g
B, BN K 3t 19 DNA 2545 380 (DBD) | H ] X 3]
( MR) A% 1E T A 285 A 3 ( AD) ) s sl V6 ) f 2%
Fl (RD) . C KRuig — RALEE#I1 (CTD) (Kim et
al., 1997; Chandler, 2016) , 7EMRIEEEKET,
ARF 5 AUX/IAA B FUP BCIE TG 5 Z R A, il
AR R HEH 5, fEmIERNAER R
T ,IAA 5 ABP1 454 (ABP1 A | 4: K £ 21k
YERT) , AUX/TAA 25 8% 0T 1 32 28 3% 452 i o)
IR TAA i1 AUX/IAA 75 [ R 48 o T 0 1
ARF [A] i — R & 19 JE Bl ( Hagen & Guilfoyle,
2002; Woodward & Bartel, 2005) . K = 0 5% %
B ARF JEAE £ PR KROE B W B b R 7 4 G
YERT, ands il 46 4% B 1) A& 4B F L (Harper et al. |
2000; Zhang et al., 2020) ; #£ % % FI i 7% ( Ellis et
al., 2005) ;AR JE A ( Okushima et al., 2007; Ren
et al., 2017) ; & 57 4L F1 B WK A4 AO T B ( Zhang et

al., 2015) ; %% B % £ (Chung et al., 2019) %, It
S ARF JER AR Z 5 T AW X F 2 A Wy FE A= 9
AYM 38 2 W ( Caruana et al., 2020; Chen et al.,
2021; Shen et al., 2022 ; El Mamoun et al., 2023)
W MdARF17 2 5 MdmiR160-MdARF17-MdHYL1
B Il 8 45 SE 2R ) T 52 N (Shen et al.,
2022) . MdARF19-2 X3¢ 3 (5T 5 V5 A IE [ 34 15
YEF (Jiang et al., 2023) ; i %l SIARF2 FL K X £
T8 s B A 708 2 A4E I (EL Mamoun et al.
2023) .

¢ J& A1 42 ( Huperzia serrata) X 25 T )28 Kifn
ES¥ I NN Y S EEE /N Sl AR/
S FiAE gL ) T R 2 (BRI 2%, 2017 5 R SRR AR
2021) , H AT P EE 0 AT bk R A
R, W TR #4555 400 Ik RORS Bl o) 240E 45
(/N4 2009) , A AZHEH (Huperzine A) f& M
et JE A A2 T B RS R 1) R AR AR W R, Ry — s 3R
PEME Y T8 NE B9 8 7 0 70 590, 0 K 32 2 T
WUTE I HYIR Y7, HRE 3 2 AF PR C AC D RE ISR |, 7]
PR BT R P B (AD) B3 IR AL AR
T NIRE, R K W B A KB W ( Tang & Han,
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2006; Ha et al., 2011; Hoews et al., 2017) , Ffi¥E
A s 2 A A SR TR LR Y i A
A B B A TR AP BB A4 0% U 30 2K 46 1 R
2, 5 BT IR 2 A 2R R B AR B R
AR SR EOR ) 2 B IR AR K G218 B 2l K
o (FZE% 2005 ; Ma et al., 2006; F 4 1 T 48
3, 2017) , WA K2 E RSN E K E SR
YA ) (2020 4 8 ) Y E K R4 B
AR o RMUASE N T B i 2 A1 A2 02 22 ik kA3t
0 JE AL SR B, W e A A2 5 BT L, AS T e YL R
TG A i A2 A A2 R AR W 38 RH OC kPR T
RE , MW A2 0 T s AL o R SR AR iR AR

ARF TERW AR K R AR Y a2 55
HEMEMH, CEA BRI R ARF 3K K5 it
P17 Ak DY 20 3 TRl 110 %2 5 R Bl RE 23 A, B 48U R 97
( Okushima et al., 2005) . /K & ( Wang et al.,
2007) . E K (Xing et al., 2011) =% (Chen et al. ,
2019) . K72 (Tombuloglu, 2019) & JK( Wu et al.,
2020) JMEME (Su et al., 2021) 4% (Jin et al.,
2022) & 0 (Zhai et al., 2023) Fl K & ( Arpita et
al., 2023) &, Mg 2 A7 R0 A B EOR LR, BF A
ARF FER GERTE I & A A2 A4 KR & TR AR A W) 1B
38 SR H B AR A BT R A A N AR B
AREEFHFEAL R, W82 A A2 4 BE PR 2 I 1 oK
SER, HETACA A I R 482 4 K A kT
COBRA BRI Z IS il (88 £ IR 55 ,2023) .
HIRGEMEJE A1 42 ARF JE D K (HsARF ) T4 K&
B R RN e I ST S R B SN, AS B A
FI o /2 A0 A2 4 e ) 2H I 1y Fl RNA-seq 20408
PUEST . (1) W R A2 ARF 36 ] KGR 8 5L AR ST
WA WA B E R AL (2) HsARF IO RSEK H 4%
B 5 (3) HsARF JE TE Mg A K2 A TR 4140w i
TRE T RSB, BTE NI A2 ARF K&
PR ) BE 1 B0F 50 R AR ) B A I B AR

L AR

1.1 SEEa#F#t

5 AR AR I A AT AR AR R A T VLB TR A i
EARSFAE TR W, O ZE R SR R IR A AR A
W R GG £, FIH PacBio Sequel - 5 1 ¥ 43
F 5L} ( single molecular real time, SMRT) =4t ill
FPBOREAT 0 Hr o 1R IO e A 34— S0y e 2 A1

FZRE AR AT A o T 38 A0 T R AR B i R 3A Ab
BB A 2R T 42 CORIRIEFRAE OB
58 400 wmol + m” « &7 FIXHBE N 75% , S5
WABCE 14 hOLH/10 h JBEE) LA O h s Fxd
BB (CK) , 30 FAFLS 4 .8 .24 h HURE, BULFE 5
VA 3 MEYFEE, TRPNA 10% PEG6000
REFR DL O h 38 FRFIR (CK) |, %F BE 20 8% it ddH, O,
SHOM T AR BRS 4.8 .24 h HURE, BRALRE L BUE 3 A4
AW R, WORE IS TR R, S BV - 80
CIUKHE, 8 — %t A U AR W R BR A A
A Mumina 77 H AR 5 #4T RNA-seq 7347,
1.2 HJARF ER R GB REEREQEBEUER
a3

BETE R AT A2 Y A A B S 2H I ROHE B HC
R4 A, R M Fh 7 v5 2 E W 2 A 12 ARF
(HsARF) : (1) KB ITFIKFT ARF B P 0% %
SR T FIME S A7 751, R BLASTP L X8
R L A K2 2K S Bt e b R IU AR T AR
Unigene & [ 51 )7 91|, i i B {6 E < 10°; (2) H
Thtools ( v2. 031 ) ) hmm ¥ & #i ¢, LI ARF
(PFO6507 ) 1Y B B AR AL, 80 3R 4K 4 S 2 B4l P
P ETUA TS 42 1) Unigene 3 T4 (E<107),
HIPIMINERR LSRN, 25 EREZNF
51, #IH NCBI-CDD ( https ://www. ncbi. nlm. nih. gov/
cdd ), Pfam ( https://pfam-legacy. xfam. org/) F#ll
SMART ( http : //smart.embl.de/ ) g T H. | e 23K
30 2 A A2 ARF B, B H 7 4 M 3 Expasy
(https ://web.expasy.org/ protparam/ ) ¥ HsARF #£47
HE BB AR AL M 5T 3 B, A WoLF (https://
wolfpsort.hge.jp/ ) #4720 A 57 TN 434
1.3 HsARF EEREHMRERE SN

S 9k B HE JF 23 4% ARF & A T 4
( Okushima et al., 2005) 7K f§ 25 £ ARF EH ¥
5 ( Wang et al., 2007) Fll /& f1 42 24 5 ARF 5
%), #] F Clustal-X1. 83 %} 5% ( Chenna et al.,
2003) ,{#i F/ MEGA 7.0( Kumar et al., 2018) %k,
K H B KALSR 5 ( maximum  likelihood , ML) 4 ##t &
GiRB R, KBNS E. AJEE (Bootstrap ) =
1 000, & H Evolview ( https://www. evolgenius.
info/ evolview/ ) TE 4 X 4 X HEAL AR 1T 4k
1.4 HsARF EE KRR TERF 57

& H NCBI-CDD fE£k T HFUI HsARF <)
gt 4 4% ( https://www. ncbi. nlm. nih. gov/cdd )
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HsARF 914 5F 3 )5 ( Motif ) i 53t 78 26 K 7 MEME
( https : //meme-suite. org/meme/tools/meme ) i 1T
SR ZRONT < B R TSN 6~ 200 4, ek
FFFHCH 10 4>, A Throols (v2.031) 3K R ik 17
AL,
1.5 HSARF R F &AM . —REWM=ZRE
bRl

HH B AR 5 B MU SOPMA (htps://
npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl? page =/
NPSA/npsa_sopma. html ) #£ 17, 3R 15 &4~ 5 H A
[FIF A G046 o- BRI | A (5 | B-F% f A0 JC AL 4 ith
M)A 53 b, 38 ) 8 B 5 28 5 % M 3l InterPro
( http://www. ebi. ac. uk/interpro/scan. html/) X
HsARF JEAT 45 A4 3850 M o R A AE B 1 SWISS-
MODEL ( https ; //swissmodel. expasy. org/) #t # | i
I HsARF 25 1 5t i = Z4E 454
1.6 HsARF £ [F ik ) H A RIXHFE

FIH b A A2 AR 25 i 42U A Y B sk 4
BRI AT HARF (3R IKHFAE, TH R T 58 Y
B Sk R A U7 WS B B Y % 5% ( Transcripts Per
kilobase of exon model per Million mapped reads,
TPM) 1) 48, ) JH B )1 2= F 65 (https ://www.
omicstudio.cn) 22| HsARF )31k &= MK
1.7 HsARF EE Rk &R T 28 THRIZ
FHE

I I F A A2 e e P 3 T R Ak B ) I
SRAVBAE AT HARF 1Y R IXFHAE , T34 T4 5
B S5 A T T IR SR S IR e s (TPM) B9 M,
FIHE = 5 (https : //www. omicstudio. cn ) 2 il
HsARF 2k AR

2 R 59

2.1 HsARF EEA RGN R R EHERS

FET R R A2 A KR S A B 3L A E RS
24 > HsARF i 51, fir 44 A HsARF1-HsARF24, X
HsARF FE IR e FL 38 1 o 2 b 45 M k45 40 47 , 4 1)
X ( coding sequence, CDS) X J¥ &1 & B {5 [FH K
972~2 775 bp, Gty Z SR Ry 323 ~924 aa, 41
T80 E K 36.55 ~102.52 kD, & 5 50 Bl N
5.55~9.15, K#4> HsARF N R M & LR, B n
HsARF EZAES R Al E M. i fa
HsARF M35 KPEE A (B 35K <0) AR

FE(AFEFEE>40) . 40 e o7 N 25 28 B
24 4~ HsARF ZR A ¥ @ AR QA (R 1),
2.2 HsARF EEAZRBGENRGEEE N

Hok A de A A2 B I FOK R T A 72 A
ARF & F#E17 HoX 5, I S KSR I (ML) 74 2
REKREW, XEF PR 4 ARE, Sl a4k
Class I-Class IV(® 1), H:H Class I Fl Class IV 3
ZLHKFE MU JF ARF 25 (410, e /2 A F2 ARF
FEA AT Class I A1 Class I, Class I & 7 4~
HsARF i 51, Class A 17 4~ HsARF R 51, Ff Hoig
JEATF2 ARF 585 IF FK RS ARF B B0 TF, B %
EDORLIRVAE I YRS A (RS Ny K7/ Bt =
TP A R 2SR R A ) R A 1 aH
KRB, RGEK T 0T B g 8 A A2 5 KRG 0L RE I
RS AR R AT 2 AR ARF A1,

2.3 HsARF EEHRRFEF SIS

X} HsARF & 3T 3617 700, 508 19 10 -5
JETEFTA 24 D HsARF 431 A3, Hirh HsARF18
HEHILT 1 FMELTF 9, K/ HsARF & [ AR
FERET 1 Ty 9 FIEE Ty 10, RX 3 )7 2
HsARF £ 109 5 4] Wil oy, — e 1Y 3L 7 41
BT R RE R 3k, HE P Auxin_resp £5 #0383 EE
B 1ML 9 41k, B3 G5B 2 6 LT
7 LT 4 FEF 2 FIIET S 4R, AUX_IAA S5
FHRILF 3 MELF 8 4Ia; M5 10 RA%ET
Class IV H (181 2:A,B) , XKW B 42 ARF H K
KGRI DR F R Z R

XTig e A1 #2 ARF & A 1T 45 #3800 Bt B
HsARF18/23/24 4, K Z % HsARF 7€ N-A 3ty &8 7
LA R SF Y B3 B DNA 45 4 45 #4 5 ( DNA-
binding domain,DBD) , Ik, Fk HsARF5/18/22 4},
A 21 4~ HsARF &4 CTD 45 ¥y 5, ( Aux/TAA 4544
) (K 2:.C),

2.4 HsARF E BRF R &M =R E TN

X HsARF 25 [ — 045 ¥ 19 43 B & B, HsARF
R S & e 2 o TERLE i, HR R
JEABE RN o-UR E, A AH 2 EE Y Sk R A AN B
(ambiguous state) , %% 5 578 TCHL G Hh 248 B 2 A
12 HsARF HH R FE T2 (3R 2) .

FIH SWISS-MODEL [A] J§ #2455 44 & T HsARF
B =gt 5 EARIR 1 R IR T 40%
FWIRF RN 25 (1 5 84 8 454 — SR hy, T
DEERY T 5 BERCR (I 3) o 24 > HsARF S,
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Table 1 Member information and protein physicochemical properties of the ARF gene family in Huperzia serrata
N L ATy

wias  wammmn gk AER T e T memm BN wawien

Gene name Unigene 1D CDS (bp) Amino acid weight pl Instability Al.lphatlc everage of Sub(:'ellu.lar

(aa) (kD) index index hydropa. localization

thicity
HsARF1 Unigene001041.pl 2574 857 96.05 6.14 58.68 73.45 -0.481 ML Nucleus
HsARF2 Unigene001015.p1 2721 906 100.83 6.28 55.55 74.37 -0.528 4l iA% Nucleus
HsARF3 Unigene000822.p1 2718 905 100.71 6.32 55.38 74.34 -0.528 A0 4% Nucleus
HsARF4 Unigene000752.pl 2712 903 100.76 5.79 60.65 76.09 -0.479 4Hi i 4% Nucleus
HsARF5 Unigene009774.pl 1770 589 65.49 6.22 63.47 70.19 -0.467 4l A% Nucleus
HsARF6 Unigene001598.pl 2 625 874 96.45 6.40 57.52 71.83 -0.517 A 4% Nucleus
HsARF7 Unigene002221.pl 2 625 874 96.45 6.40 57.52 71.83 -0.517 Y Hi A% Nucleus
HsARFS Unigene003135.p1 2 625 874 96.45 6.40 57.52 71.83 -0.517 YL #% Nucleus
HsARF9 Unigene002374.p1 2 625 874 96.48 6.40 57.52 71.50 -0.523 A0 A% Nucleus
HsARF10 Unigene002131.p1 2619 872 96.24 6.34 57.41 72.00 -0.516 A0 A% Nucleus
HsARF11 Unigene000843.pl 2 679 892 99.69 6.07 60.44 67.88 -0.578 4l A% Nucleus
HsARF12 Unigene001100.p1 2679 892 99.69 6.07 60.44 67.88 -0.578 Yl L #% Nucleus
HsARF13 Unigene000793.pl 2 679 892 99.64 5.95 61.19 67.78 -0.578 4 ifi#% Nucleus
HsARF14 Unigene000830.p1 2 679 892 99.59 5.93 60.55 68.22 -0.577 4 HiA% Nucleus
HsARF15 Unigene002075.pl 2 679 892 99.64 5.95 61.19 68.11 -0.579 A% Nucleus
HsARF16 Unigene000503.p1 2775 924 102.52 6.19 62.14 73.25 -0.442 A0 4% Nucleus
HsARF17 Unigene000550.pl 2775 924 102.53 6.10 61.59 73.35 -0.441 4 i 4% Nucleus
HsARF18 Unigene002438.pl 972 323 36.55 9.15 57.30 72.23 -0.338 Yl A% Nucleus
HsARF19 Unigene001207.pl 2 682 893 98.98 6.15 59.49 76.32 -0.416 A A% Nucleus
HsARF20 Unigene001548.pl 2 682 893 98.98 6.15 59.49 76.32 -0.416 Y i 4% Nucleus
HsARF21 Unigene000934.p1 2562 853 94.93 6.30 67.62 75.60 -0.521 A% Nucleus
HsARF22 Unigene002029.pl 2 691 896 99.49 6.02 62.86 74.78 -0.475 A% Nucleus
HsARF23 Unigene001226.p1 1719 572 63.44 5.79 58.07 70.05 -0.624 A 4% Nucleus
HsARF24 Unigene015121.pl 1623 540 59.77 5.55 59.69 70.06 -0.668 4l A% Nucleus
BRI BB R LUA 4ldx. 1. A 4chk. 4. A 4ldw. 1. A, ZX M4 40 i1 % 35 8 X, HsARFS | HsARFT |

4ldu.1.A 4 Fp =R 5B Hid 5 4ldx. 1. A Fl
Adu. 1. A A ILFE = EERKEAHE N 74,5
4chk.4. A F 4ldw. 1. A A7 3L [a] 28 (AT HE AL B 2 LR R 5
(K 3,33 ), EERMEAIT AT (global model
quality estimation, GMQE) #¥475 4 0.07~0.35,1H
FEVERL Y BE 5 53 M7 ( qualitive model energy analysis,
QMEAN) #4341 FEl 47 (0.68£0.06) ~ (0.79+0.05) ,
RUPZAR BAT R e (R 3)
2.5 HsARF B[R R EHHARIEFHE

A RNA-seq %dli , 70 Mt 1 HsARF FEINFEAR |

HsARF20 Fll HsARF24 £ 3 A4 20 ik B K,
HsARF1  HsARF10 . HsSARF11 HsARF12 | HsARF15 |
HsARF19 F1 HsARF21 1£JJr A Kl 1) 2H 41 v e 3k 5t
145 ¥ HsARF10 | HsARF21 | HsARF9 . HsARF16 |
HsARF23 HsARF17 HsARF4  HsARF22  HsARF6 Fi
HsARF8 FEZE 1) ik i & T AR At HsARF13 Al
HsARF14 FEn g Rk IR T AR A ZE (K 4)
2.6 HSARF EER R KRESEM T REHBETHRIE
HH1E

S E M R AT KS ARF FE TR S5 A = IR AT
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JofpaE T Y e R AR S XA (] B (] Ak B Y g A A
M H #E 4T RNA-seq %3 Mr. HsARFS . HsARF7 il
HsARF20 7EM: | ik 1 AR AR B 52 i i W 30 15
F, 000 18 > HsARF JE AN [R) 2 B 32 v i 38 15
5 H f HsARF16 | HsARF4 | HsARF21 | HsARF19 |
HsARF15 HsARF10 1 HsARF18 {E 4 h Jo F ik
FHGHN,8 h A1 24 h HORANHAH L, Rk i IR 4 4k
FRAE W 3 1 00 K SF . HsARF13 | HsSARF6 . HsARF9
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Fig. 1 Phylogenetic tree of ARF proteins in Huperzia serrata

M HsARF8 7 15 i 5 5 W 38 T Rk B« ji & J5
" X RIFE 4 h B E N5 ,8 h Rik &
W2 2= R Ab B K SV T HsARF1T7 . HsARF3 |
HsARF11 HsARF12 HsARF23 F HsARF24 1t & i
WS04 b i BLE A A, T 8 h A AR,
Horfr HsARF24 £ R 52 (55 W38 i), 3R 3K s i A%, 78
PR 8 h FN 24 h 5 Rk R B (K 5.
A) o XL IX LS ARF FE PR A8 i) 7 (=5 T 38 rh &
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— HSARFI B | ™
— HsARF4 B —— i ™ ull
Class IV - I:HSARFZ P ——_——T i \ ™ ™
HSARF3 o e ® - il
rHsARFlO [ —
| HSARFG ™ il
HSARF? | il
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Fig. 2 Characteristics conserved motifs and conserved domains of ARF proteins in Huperzia serrata

WEEEN, HsARF16 Fll HsARF17) % 51555, 4 1~ ARF 3t

TET R ha g B4R, I8 HsARFT .HsARF20 X ( HsARF3 HsARF21 HsARF22 Fl HsARF18) % T
I HsARF24 JLFANFKIRHN, H 74 HsARF S B4 (1 5:B) o X ULET X 28 ARF K& PRI 7E ) Ji7 1
N R, Hoh A 3 A4 ARF BE IR (HsARF14,  Siharh R EEAEM
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Table 2 Secondary structure of HsARF

proteins in Huperzia serrata

o BRiE FEAREE oML REAH
E{ERI) Alpha Extended ~ Random  Ambiguous
Protein 1D helix strand coil state
(%) (%) (%) (%)
HsARF1 13.19 16.69 68.03 2.10
HsARF2 15.23 14.90 67.88 1.99
HsARF3 18.90 15.69 64.75 0.66
HsARF4 10.85 18.16 68.99 1.99
HsARF5 9.17 12.39 54.33 24.11
HsARF6 10.41 19.11 68.42 2.06
HsARF7 9.73 18.88 69.68 1.72
HsARF8 9.73 19.57 69.11 1.60
HsARF9 10.30 18.76 68.65 2.29
HsARF10 5.73 15.02 51.15 28.10
HsARF11 16.70 13.79 66.93 2.58
HsARF12 12.67 9.42 54.26 23.65
HsARF13 17.26 12.89 66.93 2.91
HsARF14 13.23 9.42 54.60 22.76
HsARF15 16.26 14.57 65.58 3.59
HsARF16 23.92 14.83 59.31 1.95
HsARF17 16.02 10.71 51.62 21.65
HsARF18 15.48 10.53 52.94 21.05
HsARF19 18.37 16.69 64.95 0
HsARF20 19.71 16.35 63.94 0
HsARF21 25.09 13.01 61.90 0
HsARF22 22.77 14.62 62.61 0
HsARF23 7.17 15.03 51.05 26.75
HsARF24 5.93 14.81 50.56 28.70

3 W54 #

AW AT AZ 4 K S 9 v S
24 4> HsARF FEDR G5 0 51 o AHES T H Al AR By
H R BRI ARF i PR 22 0% 8 01 B0, #U RS T (23)
( Okushima et al., 2005) ,7K#5(25) ( Wang et al.,
2007) \EK (36) (Xing et al., 2011) SER (31)
(Luo et al., 2014) % %4 (19) ( Wan et al.,
2014) Hi#5(39) (Shen et al., 2015) AT (12)
(Arpita et al., 2023) , 4% & A 42 ARF & R 4 i 36
UL ARF i DR 5375 I O3 8K e 7 S [ A8 ) 8] A7

ERRESR, HTREAESERNATFILEA
AT, IR 2K S i A7 A — 2/ BR %, AT
REIRAFTE— SR 25 P82 SRR R IE 10 ARF
FERBUTER 8 S50 T RN MY ARF HEH | |
I A A2 ARF B 5 8 v e 23R s n

SV 40 0 5 A TN 24 S HsARF 52 15 1 52 2458
PEANMIAZ P, 3278 HsARF 1 R %% 5% H 7 £ 3578
MIAZ T AR . 5 HA ) T b 438 1 S
ARF Z R 28 W40 ff 2 7 45 - — B, an 4Pl mg or
( Okushima et al., 2005) . 7K &% ( Wang et al.,
2007) . E K (Xing et al., 2011) , % i ( Kumar et
al., 2011) 2246 5 45 (Chen et al., 2023) M 3
(Zhai et al., 2023) 5, K U] ARF £ 1119 0 240 il 5
P RARSY , HALY R AT ARF B 5 2 i F
Y MAZ P B T, Wl ER EgARF6 2 A7 1 41 fif i
EgARF11 € {7 T 4 ffl Bi | EgARF7 & fif T £ hi K
(Jin et al., 2022), 0 CIARF24 # i % {7 F
JE RS A0 J A% ( Zhai et al., 2023) 3% L6 5 £
TR LIS ARF 25 A AT BE A IR 2R 927
Uit

HsARF 4 1 25 7 40 7 & B, B HsARF18 FlI
HsARF23 4, K#4> HsARF &4 8~10 M ET, £
W] HsARF & 11458 A 0O 5F iR & H D) g
RERCAIRSF . HsARF 8t [ 09 4549 38 0 A 2 1, B
T HsARF18/23/24 A EHA B3_DNA Z5t 5k, K
Z Kt HsARF H 5 #t % ) B3 _ DNA 45 4 3k,
B3_DNAZE & 48 ke 3l 1 45 & AR K E W & R S
3 F X WA K R W& o (AuxREs, JF 41
TGTCTC) >k 8 77 J5 # B F ik (Du et al., 2013;
Roosjen et al., 2018), HsARF18/23/24 k4 B3_
DNA % #4 38, 78 £ K ( Xing et al., 2011) & fili
(Kumar et al., 2011) . %84 H 75 ( Chen et al.,
2023) K T (Zhai et al., 2023) 55 H AW #
BT R G, BRI JLAS ARF R AT 68416
A B A= ) 2E T g, AL, BR HsARFS5/18/22
Ah,H AT 21 > HsARF & A CTD 25 #1 ( Aux/TAA
SERIE) . CTD Z5f 3k 2k | PR %5 X 48 ARF 2K
FIAAES AUX/IAA 85 H Al ARF 2 (B U H
TRAK, HARK RN YR RE R E T o
( Guilfoyle & Hagen, 2007), HsARF — &% &% 4 fl
=L TR R HsARF 75 [ 110 45 ¥ 22 RE PR 4
i, it — 2R B HsARF 2 H 458 R ~F , Ho ) RE
A BB IR



6 NN . ST AR SR A2 ARF H D RS2 71 b 1099

A-X 73 It 3 HsARF1-HsARF24,,
A-X represent HsARF1-HsARF24, respectively.

B3 #EEAT 244 ARF EAM =4 (3D) ER AR R

Fig. 3 Three-dimensional (3D) protein structure prediction models for 24 ARF proteins in Huperzia serrata

AT RAZRAE ) Sy M BR b il 2 0 4 A R A ) S
B SR RIS Y RO Fh T AE W AR SR, S ABATT Y 43
FLELB I 3] 392 — 451 J7 411 ( Schneider et al.,
2009 ; Barba-Montoya et al., 2018) ., RG LB AT
W i R A A2 5 KR RN AUl R T A i AR T AR AR )
HA 2 A 3EE Y ARF 58, JF B 4142 ARF K
AR AKFEN ARG LT LRBE, A5
BEREW e R A2 S oAb & S ),
ARF R GERTE I e A AZ B R A rp R A 1 S 1Y
Bk, SRR Y A YA, R A
12 HsARF &K 4546 A T RE AT BB AR R ORSF

ARRWHYENETY, SEYNER

KB % VUIAH % ( Mockaitis & Estelle, 2008; Peer,
2013) , RNA-seq 43 #F . 7~, 24 A~ HsARF 1,
HsARF5 HsARF7 . HsARF20 F HsARF24 £ 3 4
AU IR 1 IR, 1 B I B 5 DY) AT HE 7E R R 1 I
W 7 FE e R S R AR Hay 20 4>
HsARF JEPITEAR 25 M-SR Rl 2H b i 9 22 e
ik, H 10 4~ HsARF BERfEZEh R B & & T
A PLIIX 10 4> HsARF K& R 7528 b & ¥ d 3
YEF . HsARF13 Fl HsARF14 1M H il ik AKX T
HRAIZE, UL HsARF13 Fil HsARF14 1] GE7E AR A 25
MAERKEBE D EEEE/EN, XU X L 7E AR
AP R B 2 F A ARF FER AT REfEFRE 4140
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Table 3 Detailed information of the predicted structure of HsARF proteins in Huperzia serrata

ﬁlJ \jJIJ%T ST -
- v . . K Py A N
EHAR Ly Sequence FEEARS & ;‘ﬂiﬁﬁ iE f%i?: X ETBu
Protein name Template identity Oligo-state Tt Al i HE L 73 b Description
’ (%) 5 GMOQE QMEAN '
HsARF1 4ldx.1.A 57.18 Homo-dimer 0.32 0.71 = 0.05 AR F i R 1
Auxin response factor 1
HsARF2 4chk.4.A 47.92 Homo-dimer 0.07 0.71 = 0.06 AR VRS ]
Auxin response factor 5
HsARF3 4chk.4.A 47.92 Homo-dimer 0.07 0.71 = 0.06 A K F R R 5
Auxin response factor 5
HsARF4 4ldw.1.A 58.33 Homo-dimer 0.28 0.69 = 0.05 AR R R 1
Auxin response factor 1
HsARF5 4ldx.1.A 58.62 Homo-dimer 0.44 0.72 = 0.05 AR R R FF 1
Auxin response factor 1
HsARF6 4ldw.1.A 56.65 Homo-dimer 0.29 0.70 + 0.05 A g 1
Auxin response factor 1
HsARF7 4ldw.1.A 56.65 Homo-dimer 0.29 0.70 + 0.05 A E N 1
Auxin response factor 1
HsARF8 4chk.4.A 51.43 Homo-dimer 0.09 0.72 + 0.06 AR Z R F 1
Auxin response factor 1
HsARF9 4ldw.1.A 56.36 Homo-dimer 0.29 0.69 + 0.05 AR e N R F 1
Auxin response factor 1
HsARF10 4ldw.1.A 56.65 Homo-dimer 0.29 0.70 + 0.05 AR ZE R R F 1
Auxin response factor 1
HsARF11 41dx.1.A 58.57 Homo-dimer 0.30 0.72 + 0.05 AR ZE W R R 1
Auxin response factor 1
HsARF12 41dx.1.A 58.57 Homo-dimer 0.30 0.72 + 0.05 AR FE R R 1
Auxin response factor 1
HsARF13 4ldx.1.A 58.12 Homo-dimer 0.30 0.71 = 0.05 AR R T 1
Auxin response factor 1
HsARF14 4ldx.1.A 58.07 Homo-dimer 0.30 0.72 = 0.05 AR R T 1
Auxin response factor 1
HsARF15 4ldx.1.A 58.12 Homo-dimer 0.30 0.71 = 0.05 AR R R FF 1
Auxin response factor 1
HsARF16 41du.1.A 65.22 Homo-dimer 0.33 0.79 + 0.05 AR N HF 5
Auxin response factor 5
HsARF17 4ldu.1.A 65.41 Homo-dimer 0.33 0.79 + 0.05 AR E N 5
Auxin response factor 5
HsARF18 4ldu.1.A 64.35 Homo-dimer 0.25 0.68 + 0.06 AR E RN 5
Auxin response factor 5
HsARF19 4ldu.1.A 63.16 Homo-dimer 0.33 0.76 + 0.05 AR ZE N HF 5
Auxin response factor 5
HsARF20 41du.1.A 63.16 Homo-dimer 0.33 0.76 = 0.05 AR ZE N HF 5
Auxin response factor 5
HsARF21 41du.1.A 65.31 Homo-dimer 0.35 0.78 + 0.05 LK W R R T 5
Auxin response factor 5
HsARF22 41du.1.A 62.97 Homo-dimer 0.33 0.75 + 0.05 LK R R 5
Auxin response factor 5
HsARF23 4chk.4.A 51.43 Homo-dimer 0.12 0.71 = 0.06 LK F R T 5
Auxin response factor 5
HsARF24 4chk.4.A 51.43 Homo-dimer 0.13 0.71 = 0.06 A K F g R R 5

Auxin response factor 5
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HsARF24 l
HsARF20
HsARF7 4
HsARFS
HsARF1
HsARF11
HsARF12
HsARF10
HsARF21
HsARF19
HsARF15
HsARF13
HsARF14
HsARF18
HsARF9
HsARF16
HsARF23
HsARF17
HsARF4
HsARF22
HsARF6
HsARFS
HsARF3
HsARF2

6
5

RT ST LF

RT ST FI LF 705 RAR LA
RT, ST, and LF represent roots, stems, and leaves,

respectively.

B 4 HsARF EEEREAHZARARPHRIEEN
Fig. 4 Expression patterns of HsARF genes in

different tissues of Huperzia serrata

OEEE IR, N, L m IT AtARFT/NPH4 Fl
AtARF19 18 35 3055 LBD/ASL & R 3 1 75 0l 4 1) 1
i ( Okushima et al., 2007) , M4k, AIARF8 ¥4 R
SEKRE, AIARFS R7AF S oK R 52 (Goetz et al.,
2006) .

Az Z e PR E AR W R AR AR A i B
A HEAEH (Waadt et al., 2022) , FJH RNA-seq
BdE & B 18 4> HsARF F PAS [6) 72 JiE 37 w3 T W ae
VT, VIR IX 28 ARF 5 X AT 68 78 i 1 555 1 o 38 vp
HAFEEEM, KA B ARF FN S 5k
JE e SO B e B, B AN, B SbARF6/24/25 I
SbARF16,/22 43 51| 3% 3 ¥4 Iy 38 A1 i 16 W 36 1) (. 2%
5 (Chen et al., 2019) ; /K#F OsARF11/13/16
OsARFA/14/18/19 435l 3% 31| ¥ I 8RN #4038 1) 175

S (Du et al., 2013) ;Ao K L8 LsARF 1%
KKV 5 i B2 AR A% D) A OC (Hu et al., 2022),
I S A AZ T K 2> HsARF I Z iR a5 S
AT BB 00 P S W A 1B A D s R R
kg I R A AR Ak T 2 Ak S e 1 g ek ek 3 ) 43 L
file ZETHEWa AT, A 74 HsARF 3 A
mep i T 5B G, Hot A 3 A HsARF A
(HsARF14 HsARF16 Fl HsARF17) % T 52ES A
4 A HsARF %X ( HsARF3 | HsARF21  HsARF22 Fil
HsARF18) %2 T 54l . AL RS ZHi iy 45
MR —Z MR E 51 4> ARF R YA 33 N
TEWaAb R 4 (Ha et al., 2013), KA
1 OsARF11/15( Jain & Khurana,2009) | 5 % H iY
%2 SbARF ( Chen et al., 2019) | — %5 45 &5 (1)
BAARF4/8 ( Liu et al., 2018) il % i i K £ %k
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FhARAE Y 0 . Park Z5 (2007) & PL, 76 5 A1 T 52
e R MY E it ARFs Fl ABA i 48 LA BLHG
GH3 SRR A= K K MRS, FF 006 FH 5 19 38 )2
Jo7 R DT ) 555 5T I M 3 1) 52 I 3 A ) )
RERF ST i B if — D S 0 UE . BRI &, AT
RN G A7 K2 HsARF R () T g AL
PrE AR T e LA
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