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Identification and functional study of ERF gene family in Trichosanthes kirilowii
based on transcriptome and sRNA sequencing
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Abstract: Objective To identify the members of the ERF gene family (TkERF's) of Trichosanthes kirilowii based on transcriptome
sequencing data, and to analyze their biological functions in the growth and development of 7. kirilowii, so as to provide a theoretical
basis for further studying the mechanism of sex differentiation in 7. kirilowii. Methods Bioinformatics methods were used to
systematically identify the ERF' gene family members of 7. kirilowii, and the key candidate gene for sex differentiation, TkERF2, was
screened for functional elucidation. The tissue expression patterns of the tissues were analyzed by real-time fluorescence quantitative
PCR (qRT-PCR). The TkERF?2 overexpression vector was constructed and its biological function was explored through subcellular
localization and genetic transformation experiments of Arabidopsis thaliana, combined with phenotypic observation, related gene
expression detection and ethylene content determination. Transcriptome and small RNA omics data were integrated to screen miRNAs
that target the regulation of TkERF's and improve their regulatory networks. Results Based on transcriptome data, a total of 54 TkERF
genes (TkERFI—TkERF54) were identified by open reading frame (ORF) and conserved domain analysis. It encodes a protein
sequence length of 101—389 amino acids, a molecular weight of 11 580—43 310, and a theoretical isoelectric point (pl) of 4.66—
10.60. Subcellular localization prediction showed that 74% of TKERFs were localized in the nucleus and 26% were distributed in

chloroplasts and cytoplasm. Protein conservation motif analysis identified 10 motifs. The phylogenetic tree divides the family into
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eight subfamilies. TkERF2, TkERF20 and TkERF45 were identified by specific miRNA targeting. Transgenic 4. thaliana experiments
showed that TkERF?2 significantly regulated ethylene synthesis pathway, and the expressions of auxin synthesis genes (4tYUC2,
AtYUC6), auxin response factor (4t4RF8) and auxin transport gene (4¢PIN2) were significantly higher than those of wild type (P <

0.05), confirming that TkERF2 was involved in developmental process by positively regulating auxin synthesis and transport.

Conclusion This study has completed the systematic identification and preliminary exploration of the ERF gene family, which

provides a theoretical basis for analyzing the mechanism of sex determination and genetic improvement of 7. kirilowii.

Key words: Trichosanthes kirilowii Maxim.; ERF gene; gender differentiation; ethylene; auxin

FE#% Trichosanthes kirilowii Maxim. A & 7 BH&
MR 2 AR T AR R B A, HERSE ORZE). Fh
T ORET). R ORZERD. R CRIek) BE
WA, EE SR, EmEE. B, WiE
Kisy, BAYUE. PUME. brst. BEbE. Hrdl
S5 PP VERS, RGN, ME IR R
RN, FETT Bz iiall, Kitk, R
HEmmera RN, £aEEENAREM. A
Z 10 DR AR E Aol g e R ke e —,
BEARE 1 A RIS s B 7 SR A A5 I e«

REREMERE IR . RAEBR YD, PERIANE 2
HANEARFEIRL, s, MRS LR
HBREER, HIJHENBALREESN BN ERA
ARIRIR N o AR B R U7 o0 B M B AR
L 2 o ARZEEH AT AR RS, (2
RBUIBAR, 75 EHRET R E R M N AL .
FHEC N, Phr S H A T v ) 0 R 3 A B A
FAS, AR TGIVELE B EA S ) BRI, FESRPRAE
FEE R, RZEE S T MK EEE S
A TURI T, AL HR. BREIRE R, RIE
i EERNE . AH T PR A B S SRS, SR
P23 2 W Al N O P S I =10 L o Y E R G s
UK TR PR, R M 2 — M5 s T
5 o ABLTHTIG B4 7] R 1~ S B I B AR B £3) 77 2k
W H TGV H] . R 22 R 2 T T R 7 AR
PN AL R4 2 XA A . Fk, 1
A3 AL AN B A B 1) 7RG A TR B PR AN
JEFIH

CIRAE R MY A KR B A2 R4 O
PR AP, HAE Y R TR R4 B R
Ao, KPR, ZEEL A —EH A
THFHMEAETE . BT, E#HFHEDH O 5E
PER e AR OCIE A, B WIPT J& T ¥ 3 R 54,
HRENNSE LAY &M (W CsACSIG .
CsACS11. CsACS2. CmACSII. CmACS-7012151), &Y,

W K NS (ethylene receptors, ETRs) M 24
M. (ethylene response, ERFs) U, WFFT3RH, ERFs
VA i =R R ot a1 N 1 ) VAP R = O =
AL RE . ERF F R 50 =2 A Hh B oK ) i A
¥ (transcription factor, TF) FKjExz —, Hl R
B 1AMRTH) DNA 4563, B AP2 Z5fytsl. %5
Wik BT AP2/ERF (APETALAZ2/ethylene responsive
element binding factors) JE [R5, H&H k75
NI RN 18 [R) A 7 R HE A ) 35 I
M, C%EH 225050 0 12 1
ERFsU'$: 201, [Rt, ERFs {ERGRE IR A6 FE
A RERIERBEAER -

AT IR AL AT R AT ) RNA-Seq
sRNA-seq ¥#li, %3 TKERF FERNFWEM R, Xt
HAATEDE B 0. BT IR, fiths
FEREAE ) 3 A AH 56 ) SRR i BE R, ) FH 40 P A
RUBEATHE R DhRe g ur,  DAWI D i B AR Dfe
[, BEAFRAYS miRNA T4 R, kit
4% TKERFs ff] miRNAs, 5835 TKkERFs {155 6 1%
WRZ%,  JRRRTRG R ) o e ML e HLgx & TF R R
FEAL PR IR o
1 #MRENEE
11 w8

VA 2~3 ARGy SERR AT RL, R REMAELE I
TR, JEAEYA 3 2N B 2% % T A N
FRRERE JEAE YRGS T kirilowii Maxim.. KEERGE
M. HERERRIIT . ZE. BAURACZE, WEEIRFE
o, ARG, CEAE-80 CUKE T AIRAE S
A MHE Nicotiana benthamiana L. KA SZU %= 1
Fro FERERESRAL. sSRNA W7 Eidh f A I 4
AT, FEAS B SO B A6 I 2 AN K A4
EEPOMHREEREANE (Ex5:
CRA002313. CRA008425),
1.2 RAFI5EE

fEHY) RNA $2HUA RNAIso Plu (STAKARA,



PER 2026518 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No.2 « 629 «

9109). FSQ-301 % Je % 3%i5fI#x ReverTra Ace gPCR
RT Master Mix with gDNA Remover (H7< Toyobo 2
"D e (IS BS081, VL% Biosharp A
DL2000bp Marker (#lt5 M1060, JbmEIERAH).
4kl Super Green (b5 BS355A, 175 Biosharp
wED. »OtEERF Hieff®qPCR SYBR Green Master
Mix (NoRox) (#t'5 11201ES08, _EiE¥%), 2XMS5
HiPer plus Taq HiFi PCR mix (with blue dye) ({it5
MF002-plus-05, AbRtREFAFD. HIEHEEK DNA
[T (kS D1200, B ZR3EE A F]D. Kpnl (it
5 FD0524, EEFEER K AFD. Xbal (fit'5 FD0684,
FEFEER KA F]). ClonExpress®Il One Step Cloning Kit
(IS C112-01, FERTIAMEREAF]) . DHSo A28 S04
YA (5 C502-02, FEEMEREATD. LB A7
B (5 L1010, JEREZEEAFD. BEAK Gits
LP0042B, #EHZEI K AF) . BRHRIEY (s
LP0021B, SEEFEER KA. S Gits 7647-14-
5, BigE R ARD BRI REE 2 (iS5 60206ES10,
R ENE], RERIREEN 50mg/mL, TAEMREN 50
mg/L). MRFERER (LS EAH], fiL'S 60211ES25,
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Table 1 Primer sequences

EIRZEZ S 5|WIFF5] (5°-37) i
TkERF2-F ATGAAGCTCCAAAATGACCTC FH e bz
TKkERF2-R CTAGCTAACCAATAGCTGCTCG
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TkERF2-JT-F TTTGGAGAGGACCTCGACATGAAGCTCCAAAATGACCTC T REFMMEBLTIY
TKkERF2-JT-R ACTCATTTTTTCTACCCTAGCTAACCAATAGCTGCTCG

95 CHIAEM: 300 s, 95 CAE 10s, 55~60 CiE
K20, 72 CIHEMH20s, FE40 DMER. JEfE 2L
SHIREF: 95 C. 10s, 65 C. 1min, 97 C. 1
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2.7 EFERREEERLRE TR SN E

giit T3 AV AR TFFE S 18], R 5 5% o i %L
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Table 2 Physicochemical properties of TKERF proteins

H 4

BERBAA NS TR RS WHKREC T o-iREE % SEMEE% B-F /% THUN /%

TkERF1

TKERF2

TKERF3

TkERF4

TKERFS

TKkERF6

TKkERF7

TKkERFS

TkERF9

TKERF10
TkERF11
TkERF12
TKERF13
TkERF14
TkERF15
TkERF16
TkERF17
TKERF18
TkERF19
TKkERF20
TKkERF21
TkERF22
TkERF23
TkERF24
TkERF25
TkERF26
TkERF27
TKkERF28
TkERF29
TkERF30
TkERF31
TkERF32
TkERF33
TkERF34
TKkERF35
TkERF36
TKkERF37
TkERF38
TkERF39
TkERF40
TkERF41
TkERF42
TkERF43
TkERF44
TKkERF45
TkERF46
TkERF47
TkERF48
TkERF49
TkERF50
TkERF51
TkERF52
TkERF53
TkERF54

140
228
174
101
189
184
145
144
293
202
357
205
194
233
177
227
287
205
270
347
370
238
221
349
389
192
102
214
139
185
235
108
180
301
157
318
161
112
111
290
230
251
218
214
209
258
264
170
138
193
271
342
223
196

15 640
24 950
19 140
11.580
21500
20 820
16 590
16 480
33260
22 180
39 280
22 780
20590
25590
19 480
24920
31 880
22710
30310
38070
41130
26 700
24410
40 240
43310
21 050
11820
23 880
15 640
21 140
26 070
12 680
19370
33010
18 240
35440
18 200
13 080
12 380
31050
25110
28 300
24 090
23610
22970
27 800
28970
18 140
15 160
21690
29 770
38 140
24390
21270

9.79
7.86
7.09
10.43
6.54
7.75
9.64
8.92
6.99
5.13
10.43
5.00
7.05
5.02
9.42
5.50
5.74
6.20
8.83
5.00
9.49
9.00
7.74
4.85
5.02
10.45
10.60
6.61
6.22
9.22
9.04
10.09
7.96
5.11
10.00
4.66
10.09
5.60
10.44
5.30
4.97
5.31
6.73
8.38
9.20
9.49
10.41
9.60
9.56
6.45
9.36
5.54
9.78
8.78

A%
A%
2 A%
A%
2 A%
A%
A%
AL
i
2L
A
2L
A
%
%
%
A
A
AR
%
2R
A%
A A%
2L
A A%
A A%
A%
A%
A%
A A%
A%
A A%
A A%
A%
A%
2L
2R
A%
A A%
A A%
A%
A%
A A%
A%
A%
A A%
I3 p
A%
A%
A%
A%
A%
A%
GlA

A%
A%
%
%
%
%

%
A%
A%

A%

A%

A A%
A%

47.86
31.14
56.32
51.49
40.21
39.13
30.34
32.64
20.48
28.71
18.49
18.05
27.32
24.03
31.07
25.99
26.48
20.98
22.22
31.99
32.97
33.19
33.03
30.95
29.82
23.96
20.59
27.10
28.78
26.49
19.57
47.22
24.44
29.24
19.75
27.67
30.43
41.07
28.83
22.07
37.39
37.85
23.39
20.09
22.49
15.89
23.11
22.35
22.46
29.53
22.14
24.27
17.94
22.45

2.86
14.47
8.05
6.93
3.70
1.63
10.34
9.72
16.72
10.89
12.89
10.73
10.31
12.02
16.95
8.81
16.03
9.76
15.93
8.93
9.73
6.72
8.14
9.74
6.43
11.98
22.55
13.08
11.51
12.97
16.60
10.19
11.11
7.97
12.10
9.75
9.94
8.93
17.12
11.03
11.30
10.76
11.93
12.62
12.92
16.28
12.88
14.12
7.25
9.33
9.59
15.50
20.63
14.80

5.00
6.58
1.15
1.98
3.70
3.26
4.14
4.86
6.48
5.45
2.24
6.34
3.61
3.43
8.47
1.76
2.79
5.37
333
1.73
3.78
4.20
4.07
1.15
3.08
3.12
7.84
5.61
7.91
5.95
5.53
7.41
7.78
3.32
1.91
1.89
435
8.04

14.41
3.10
3.91
3.59
2.75
5.14
431
3.49
6.44
8.24
2.90
5.70
3.32
4.09
8.07
3.57

44.29
47.81
34.48
39.60
52.38
55.98
55.17
52.78
56.31
54.95
66.39
64.88
58.76
60.52
43.50
63.44
54.70
63.90
58.52
57.35
53.51
55.88
54.75
58.17
60.67
60.94
49.02
54.21
51.80
54.59
58.30
35.19
56.67
59.47
66.24
60.69
55.28
41.96
39.64
63.79
47.40
47.81
61.93
62.15
60.29
64.34
57.58
55.29
67.39
55.44
64.94
56.14
53.36
59.18
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A- Tertiary structural analysis; B- Protein conserved motif analysis; C- Transcript abundance analysis; D- Analysis of protein-protein interactions.
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Fig. 1 Characteristics analysis of TKERFs members
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FERLFG T, AtERFs #7012 M4, A1~A6 il
B1~B6, DL AtERF [M73EERNSH, ¥ 54 4
TKERFs 35 8 MIE4H (K 2).
3.6 TKERFs X miRNA FUl 53 4fr

W BE A B SR B sRNA N ¥dE, Fil
TKkERFs %} M) miRNA, 45843 3 fror, Jf

T
AT3G142305
ATiG83675 1(53) -

TKkERF2. TKkERF20 A TKkERF45 Tl 5| 1 A 5 )
miRNA. H, TkmiR167c-3p 2 HJ fig # [ I
TKkERF2, J&T MIRI67 ZJ%%; TkmiR156a_2 A fg
B ) 4% TKERF20, J& T MIRIS6 5 R
TkmiR5658 1] B¢ #€ 7] ] 5 TKERF45, J& T
MIR5658 FKJii o

2 TKERF SEBRFFIXTLL R NJ HLi

Fig.2 Amino acid sequence comparison and NJ evolutionary tree of TKERF

&3 & ERF ZEEZRHE miRNA 7
Table 3 Prediction of miRNAs from ERF gene family in 7. kirilowii

REREHE  miRNAGH R

KR

TkERF?2
CTTCAAT

TkmiR167c-3p 2 AGGTCATCTTGCAG GTTGGTTTGAGAGGTTGAAGCTGCCAGCATGATCTGATTTAATTGCTAATCTC
TTTTAGAGATTTTGATTAAGCAATAATTATTTGGATGAATAAATAAGGCAA

ATGGATTTTGGATCTTGATGTTGTTTTTTAAGGGTTTGTGTTTGAAAATCAG
GTCATCTTGCAGCTTCAATCACTCATTCACCAACAAATTCATTTAACAATG
GCTGCCATTTTTTGAGGTCTTTTATTTCTCTCTCTCAGAGAAACAACAATTT
CTTCATTTCAGACAAACAGAAAGCAATAGCAGCCCAGCAAT

TKERF20 TkmiR156a_2

AGAGCAC

TGACAGAAGAGAG TGACAGAAGAGAGAGAGCACGTCCCGTCGGCGATGGTATGTATGCAATTCTA
CCTGTCATTGACTTGTTTTCTGCAATTTCCCCCAATTTTTAGGGCAAAATTG

ATTCCATTTCCGTTATAATCGATTGAATAACAAACGGCCGTGATTCTGAGT
TTCACTTCAAACAGAAACCTAGATTAAAAATAATCAATACTAATAATAAGT
TTAATTACAAGTTAACTTCGTTTTTAATAAGTCTATTAACTTCTAGATCTCT
TCGGCCACTTTTGATATGCATTTGAGTTTTTGTTTTTGAAAA

TkERF45 TkmiR5658

GATGAAA

ATGATGATGATGATTATAAAGGTCCCAGCTTGTCGGGGACCCATTTGCCGTCGGTATAGTCACATG
GAGTTTCATTAATCGCATTTACTTCTTCTGTGGAAAGGAAATAAATTTGCA

GATTGTTTGTTAGTAAATGAAGAACACGCACACTGACAAACTCAAAAAAA
CCCATCTTACCAAACAAAAAACCTGAAATAAAAGACTAATAAAGAAGCAA
TCTTGTGTTGTTGTTGTTCTTGTACCTTCATGAACAGATGAAGGTGAAAAAT
GAGGAGGCGACAAAAAAGAAGAAGATGATGATGATGATGATGAAA
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Fig.3 Analysis of TkERF2 gene expression patterns in different organs of 7. kirilowii (A) and subcellular localization (B)
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sk sk
OE-1 OE-4

WT

OE-6
OE-1 OE-4 OE-6

AR 10d IR T B-URSHEFTES (WT AEFA UMK, OF NEEEIIMEM): CHmITEE LA DS RS (5 WT k. ™P<
0.001); E-RZF%: F-AEHK 24 d IS GRS EA: H-EPIL KRR GRS MR R - IR,
A-A. thaliana grown for 10 days; B-A. thaliana inflorescence morphology (WT is a wild-type plant, OE is a transgenic plant); C-A. thaliana bud

ko

morphology; D-Statistical chart of the number of rosette leaves (" P < 0.0001); E-germination rate; F-24-day-old 4. thaliana; G-A.thaliana rosette leaf

morphology; H-Pollen morphology after Alexandria staining; I-A. thaliana germination map; J-A. thaliana podmorphology.

4 TKERF2 %EFEMETHRESHT
Fig. 4 Phenotypic analysis of TkERF?2 transgenic A. thaliana
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Breit. BB FL NG KARIE; 5 —T7 T, FReS
SRR R ) S PR AE OG . BRI 2 A5 AL
(whole genome duplication/polyploidization, WGD)-
LR ] (tandem duplication). Zefi ik i B & il
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A-expression of genes related to flower development; B-ethylene release rate; C-auxin-related gene expression; D-ethylene-related gene

expression. "P <0.05, ""P<0.01, ™ P <0.001 vs WT group.

5 TKERF? #%ERVETHEXEEREIMIKEZE (Xts,n=3)
Fig. 5 Gene expression and ethylene content of TkERF2 transgenic A. thaliana (X s,n=3)
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