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of Forest Food Resources Exploitation and Utilization, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] ARF transcription factors constitute a key gene family regulating plant organogenesis
and morphogenesis. This study aims to dissect the molecular basis underlying protocorm-like body
differentiation and development in Anoectochilus roxburghii, explore the regulatory mechanisms of this gene
family governing the growth and development of 4. roxburghii and its protocorm-like bodies, and provide a
theoretical foundation for A. roxburghii in vitro propagation and molecular breeding. [Method] Based on the
whole-genome and transcriptome data of protocorm-like bodies of A. roxburghii, 35 ARF (ArARF) gene family
members (ArARF1-ArARF35) were identified using bioinformatics methods. Their physicochemical properties,
phylogenetic evolution, gene structure, chromosomal distribution, and expression patterns in protocorm-like

bodies were systematically analyzed. [Result] The ArARF proteins range in length from 179 to 1 163 amino
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acids, with a molecular weight of 20.46—129.45 kDa. Most were localized in the nucleus. Phylogenetic analysis
divided them into 6 subfamilies, among which Class Il had the most members (19). Additionally, ArARFI3,
ArARF14, ArARF15, ArARF16, ArARF18, and ArARF'19 on chromosome 11 formed a gene cluster, presumably
derived from tandem duplication events. Gene structure and conserved motif analysis showed that all 35 ArARF
gene family members contained the B3 domain, while members of Class Il and Class Ill lacked the Aux/TAA
domain, which might be related to functional specialization. Expression pattern analysis revealed that ArARF24
and ArARF32 exhibited significantly higher expression levels in the upper “bud” tissue of protocorm-like
bodies at 10, 13, and 20 d compared to the lower swollen region, suggesting that they may be involved in stem
and leaf formation. [Conclusion] A total of 35 4r4RF members were identified at the whole-genome level in
A. roxburghii. This gene family was divided into 6 subfamilies, and a Class Il gene cluster formed by tandem
duplication was located on chromosome 11. 4r4ARF24 and ArARF32 were specifically highly expressed in the
bud tissues of protocorm-like bodies and participated in stem and leaf differentiation. [Ch, 9 fig. 2 tab. 30 ref.]

Key words: ARF transcription factor; Anoectochilus roxburghii; protocorm-like body; bioinformatics analysis;

gene expression pattern

I Anoectochilus roxburghii W2 42> . 5 A2, J22F} Orchidaceae J1 i 22 & Anoectochilus H.
T, WER AR DY, SLESAH FENSLERY. 2. mIKASY . RO
XK. EER . AR, SIECEY . VSR, R, AR . BBAREK . THR
1R9R . BREIORE . BRI . FIBR . ARIFROPERT,

TEHRIEE D, LR BYW] AT EACE WA, H AT A SR B PR b P22, iz AT
SRS, MRS ERAREH B, BErdr @ AR EF M, KRekzE
(PLBs) J& = BHE YA SUE SR fE i R EREE AR AN 5 IR B 2 R BRZE I 254, R 2R 2%
FEH R AR A% O o TR, SRR R AR K5 o AR A7 B DR R FNECR 15 5 0 R T B AR X AR 1Y
AR, HEsiAS 5 bR R A R EFEIRE] . S T B 0 s A Y 2F 3imt . A w
FERY . ABHE Dendrobium W %W i K- (ERF) 254 53 H - DoERFS 3 1k Al A KA 128 JRU ek 25 1
A, JF BGOSR RN RS R DoWIND . Te2ER A ALK DoSTM, LA KNS S5l R AW
G DoIPT R4 534 25 W i [ F- DoARRs M ZRIKACED LA L, 2 RMEY 2R kA HAE S5 &
FUHT ZWERAFSWEEARIIEEE , X—HURTEA R 2By h B — IR sr k.

YA R K 5 (ARF) j2 4 KR F S Sl B ol 1, AR R MR, 7
MY AR LB RE T R AR, HREumsm s MR 4= . Tmits . g8, 22K, e
SRR R R e AR AEY . ARF 54K R /M LR (Aux/TAA) 3X 2 S CHRY
FERFR, AR RN B R K 1) FRIBRE M AR Y & B o B A AR AT s /R I, ARF B 54K R
Wi TCAF (AuxREs) BIZEREST, ] s sl i A= I SR R N (U Awx/IAA . GH3 Hl SAUR 45) )35
KU AR A E . ARZEARF SRS 3 DA N ARy BEORSF R B3 A DNA 454
SER L, R SRy B A Sr TS SO IS PE B Auxin_resp A58k, C ol Aux/IAA g5 Ry 51 Hodr,
Aux/IAA Z5H 55 AT H¥E ARF 5 AuxRE MI456, IR TR R R R iAHL, B TAERKRF
SRR SLEERAET S EIREHEMZ R, 1 ARF BIZE 58 B AL O R, RIAT 5T
VEI ARF SEN KI5 R S L R B HLHI T o [RIB, JSIRBREENE Ry 4 2o B (R SO A% .00 254, Y
B o B AR S R T BB A2 B A R s DR 2% SR AR S R DM EIA A, T ARF R PR S5 A I
T E ARG SERAEE ]

HAET, S4ESIEEAM 2, HXH ARF #RHTFHEMAREMRIES A, THESRE
K20 )21 ARF S5 B 50 () 55808 MR R FBR R AE KA B IR M M AU, ST, AP T
AR AR K 2 R S B R AR B0 R R G e T 5 08 4 2% ARF (ArARF) A, W
B HIE N ACE I AL s[RI 0B ArARF AEA R AR BYBE (5. 8. 10, 13 20 d) AL (12



55 43 B4 X ) VFOIESE: B ARF SR IR I8 5 RB 3

oy I TR KRX) RSB, HRHAERFEIRELTHR P RENE, HEN
ArARF FJGFER I S 2R ERZE U R . A K AR 4 AL S O Bl il
1 #E5F %
1.1 #E

ARG UL G L bk RIS R IE L BRI R AR B B IR R A, ik . B
gy, FERARIERE, %3 RER, FTHSRAHIT o FEm B IR T3 AR AR 2% rh 25 58 U5 A1 BA RT3
G 2R A BE DR A I 235 SR T AR YR S AL 7 5
1.2 ArARFERBEREH REER RGHLX I

Fe T BRI 2 FNEE SN P 45 9, WA ArARF 5% 5% R e 5 45 R 96 B B R AR R
{& B vty (NCBI) FF i 17 32 4 # #% T2 (ORF Finder), #% 15 =X & 5/ %5, I F ] NCBI-
CDD F1 SMART 4500 T H., /et PR SF45 4958 . FF TBtools 44 One Step Build a ML Tree T.
H X4 263% . #LFI¥ Arabidopsis thaliana . %K Zea mays F17K# Oryza sativa ARF 25 115 5 3547 L X,
Bootstrap FL &2 {H A 5000, KHEAMBIIRE (ML) A FR, FHFIH iTOL 782k T H3E 1k
1.3 ArARF % 5321 5K T2 40 B 2 far Tl

F| ] ProtParam 7EZE M3 X ArARF ¥ %K FRIEHKE . /0 F&E . BISSd S IBEEL. SREiK
PRSI R ET 08T AU Cell-PLOC2.09 X i BE 21 (1) 4 2835 ARF & [ 2E4 7 3741 b o7 T30
14 BERZEH RFEFREAREHST

FIHTEL R GSDS 2.0 3R15 4 2635 ArARF A F- & F 458 . ffi Ff MEME Bl ArARF & [ 1 £/
SFHEY, FH TBtools BAFZ I AT WAL i, JEXT ArARF B RS S F E1 7 20 A
1.5 ArARF EHZ R &M= FHEHMTN

FIH SOPMA 2 45/ #E 2 TN AR A4 X ArARF 85 [ &5/ 1750 Hr . f#i ] SWISS-MODEL #E47
iy = I e N TR
1.6 ArARF LB ER

FRAE LA ID, LA 42 3 35 R 20 1 B SCF P 3R B ArARF 5 8 B B Y (AR e A 8, B3 ) 1)
TBtools FA4Z il Ju i e Az [0
1.7 ArARFs BEhFIRKIER TGS
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EEXFTIRE A S NE “3FE7 S KRIX 022 73K IAN ArARF 3& K, KA Primer Premier 415 1T 4F
Wal W, UL dctin h WS HEH, #1756 GR 1o 986 & B K R A 20 pL (ddH,O 7 pL;
PowerTrack™ SYBR Green Master Mix 10 pL; . TF5I#/4% 1 uL; ¢cDNA 1 pL), WY : 95 C HiAL
£ 10 min, 95 °C 25 10s, 60 C B2k 30s, 72 °C #EfH1 32, 40 MEHE. AN 3 MEYIFER

2 HERG M

2.1 ArARFEEREN ROEERIBU SRS

INFE 2 AP, MR 35 N LR ArARF 3 (ArARFI1~ArARF35), ArARF [ nf 465 179~1 163
NEIERR, 4> FHEN 20.46~129.45kDa, 14 > ArARF 5 155 2500 7~9, R XL (1 R os k5 1,
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4 RN/ NI NI e 14 20264 X A 20 H
# 1 ArARF EE RT-qPCR 5|#1F 5]
Table 1 Primer sequences for RT-qPCR of ArARF
SEN TR EMG 4 (5'—-3) BG4 (5'—3"
ArARF3 ATGAATGGAAGAAGCCTGAGATTGC GCTGACCTGCCTGCTCTGAAT
ArARF4 GCATAGCAGTTCCACCAGAAGTAGG TCATCGCCAACCAGCATCATATCG
ArARF10 ATGCTTGTGCTGGTGGAATGGT AGGCTTGTCTTGCGAGTCTGAG
ArARF24 CTCCTCCTCCTCCTCCTCCTCATA CGGACACGCTTAGTCACGGTAG
ArARF32 AAGCACGCAACCAACACAATTCTT AACAGAACTGAATCGCCAGCCTTA
2 ArARF ZRELHME
Table 2 Protein physiochemical properties of ArARF
FEH RIEREUA 43 FH/kDa SEHL EREEEE e FIRFREL PRAFEE
ArARF1 729 79.59 8.56 65.62 —0.568 B3, PHA03247
ArARF2 662 73.29 5.68 71.31 —0.457 B3. Auxin_resp. Aux [AA
ArARF3 650 73.53 6.00 74.66 —-0.506 B3, Auxin_resp. Aux [AA
ArARF4 649 73.21 6.34 75.07 —0.480 B3. Auxin_resp. Aux_IAA
ArARFS 857 94.90 6.29 69.61 —-0.490 B3. Auxin resp. Aux IAA
ArARF6 844 94.23 5.98 65.94 —0.541 B3. Auxin_resp. Aux_IAA
ArARF7 833 92.79 6.50 73.93 —0.481 B3. Auxin_resp. Aux IAA
ArARFS8 695 77.09 6.28 76.13 -0.371 B3. Auxin_resp
ArARF9 726 79.39 6.20 77.59 —0.343 B3. Auxin_resp
ArARF10 714 79.10 6.85 69.92 —0.436 B3. Auxin_resp
ArARF11 658 73.71 6.86 75.71 -0.397 B3. Auxin_resp
ArARF12 538 58.99 6.55 80.24 -0.129 B3. Auxin_resp
ArARF13 300 33.26 8.19 68.33 —0.284 B3
ArARF14 399 44.20 6.86 74.34 —-0.245 B3. Auxin_resp
ArARF15 403 44.79 8.05 73.90 -0.321 B3. Auxin resp
ArARF16 450 49.64 8.51 70.93 -0.311 B3. Auxin_resp
ArARF17 479 53.89 9.45 72.28 -0.392 B3. Auxin_resp
ArARF18 293 33.22 8.98 73.65 -0.377 B3
ArARF19 179 20.46 5.38 106.26 0.084 B3
ArARF20 244 27.24 8.83 58.89 -0.572 B3
ArARF21 913 100.66 7.19 71.61 —0.554 B3, zf-CW
ArARF22 881 97.21 8.10 63.47 —0.646 B3, zf-CW
ArARF23 315 35.01 5.96 69.71 -0.423 B3, AP2
ArARF24 374 41.07 7.76 63.18 —0.558 B3
ArARF25 342 37.17 9.48 79.27 —0.382 B3, AP2
ArARF26 349 38.71 8.35 57.88 -0.674 B3
ArARF27 334 36.29 9.60 69.85 —-0.420 B3, AP2
ArARF28 226 25.62 4.93 94.96 -0.127 B3
ArARF29 906 100.84 5.84 79.72 —0.446 B3. Auxin_resp. Aux_IAA
ArARF30 802 90.26 6.03 74.01 —0.495 B3. Auxin_resp
ArARF31 796 89.47 5.62 75.80 —-0.430 B3. Auxin_resp. Aux_IAA
ArARF32 1082 121.92 5.79 80.73 -0.379 B3. Auxin_resp. Aux_IAA
ArARF33 217 25.14 9.98 7733 —0.841 RRM_NIFK ., PABP-1234
ArARF34 1053 118.67 5.88 77.43 —-0.480 B3. Auxin_resp. Aux IAA
ArARF35 1163 129.45 6.33 77.76 —0.528 B3. Auxin_resp. Aux_IAA
AT TCOESE 6, TR I 0 0k, 5 58t K 2 15 B4 S B S K &

B ERET, EEEENE, HA ArARF33 [a]i &7 76 40 A% Fi-gg iR v
2.2 ArARFERRi&EM R R SH LB O

R T —BIE ArARF LR, B SR SR IT AtARF . £oK ZmARF . 7KFg OsARF F&[H 3
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A2 R G AR, IFARIEAU R IT AtARF R 5 00 50 28 05 A 530 6 443 3 (Bl 1), Hir, Class
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XTI, FW] ARF FEAEX 2 YA B D Be rl Ge A — iR <P, 7E Class DT, #4E 1 157
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(R Al REFED Fh oAk b B AR .
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Figure 1

Phylogenetic tree of ArARF protein family in A. roxburghii
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Figure 2 Conserved motif distribution (A) and gene structures (B) of ArARF proteins in A. roxburghii
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H— X ArARF FR L5 B 28548 (18] 2B) AT 40 BT 80 : i SRR % i 7 91] (CDS) A
BIEX (UTR). %E’E N FHEFIRLN, e I S PR B 5 SRl ] RO RS 40, THRETIRSY .
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Figure 7 Analysis of cis-acting elements in promoters of ArARF gene family in 4. roxburghii
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Figure 8 The cis-acting element in the promoters region of ArARF in A. roxburghii
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