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Genome-wide identification of the CIE2F/DP gene family in
watermelon plants and its expression in plants infested
with melon aphids
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Abstract [Aim] To investigate the role of the CIE2F/DP gene family in protecting watermelon plants (Citrullus lanatus)
from melon aphid (Aphis gossypii) infestation. [Methods] The CIE2F/DP family in watermelon plants was identified and
analyzed using bioinformatic tools, including MEGA7, TBtools, and MEME. The relative expression levels of CIE2F/DP
genes were analyzed in watermelon leaves that were, or were not, infested with melon aphids, using qRT-PCR. [Results] There
are a total of six members of the CIE2F/DP family in the watermelon genome. CIE2FA and CIE2FC are classified as
unstable hydrophilic acidic proteins, CIDP is a dimeric protein, and CIE2FE1 is an unstable hydrophilic basic protein.
Based on their structural characteristics and information in the literature, it is possible that CIDP, CIE2FC, and CIE2FE1
may be involved in resistance to aphid infestation. The relative expression of C/IE2FA underwent a significant 2.5-fold
increase 24 h after aphid infestation. Relative expression of C/IE2FE] increased 2.1-fold 48 h after aphid infestation, then
decreased by 1.7-fold after 72 h. The relative expression of CIE2FC and CIDP both significantly decreased by over
2.0-fold 24 h after aphid infestation (P < 0.001). These results indicate that watermelon C/E2F/DP genes may be involved

in the response to aphid infestation. [Conclusion] There are clear differences in the expression of CIE2F/DP genes in
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response to aphid infestation.

Key words watermelon plants; E2F/DP transcription factor; bioinformatics; melon aphids infestation; gene expression pattern
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%1 RT-qPCR 3|#1F 7%l
Table 1 RT-qPCR primer sequences

A Gene  FHFH T Geneno.  IEM G (5'-3") Forward primer (5'-3") K514 (5-3") Reverse primer (5'-3")
CIE2FA Cla97C04G077210 TTCCTGATCCTGATGAAGCT TCTACTACTCTCCCCGATGA

CIE2FB Cla97C02G048470 TTGAAGCGAAGTTTGAGGAG CGTTTAGATCGGAGCACATT
CIE2FC Cla97C08G157910 GTTTCCTTCAGTACCATCGG AAGCCTCGGACTCATCAATA
CIE2FE1 Cla97C06G 126260 GCCAATGACCACTCAAGATT GAGCTTGACAAAATTCTGCG
CIE2FE2 Cla97C01G013130 TCAAGAATGCGAACGAACTT CCATGATTTCCAAGCTTCCA

CIDP Cla97C10G192290 TGAGGTTGCAGATGAACTTG GCAGACCCTTCCATTGTATC

) EBEE4NH 22 B CIE2F/DP REBREBEBRTFEHER

2.1 WK CIE2F/DP Rk REEMR G HLH
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FZH, IWPEIR 971037 BRI 4 Bcd g 2k 4
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439l 4 4 4 CIE2FA ( Cla97C04G077210 )

CIE2FB ( Cla97C02G048470 ) CIE2FC
( Cla97C08G157910 ) CIE2FEl
( Cla97C06G126260 ) . CIE2FE2

(C1a97C01G013130 ). CIDP( Cla97C10G192290 )
(Bl 1) o #—2%F 8 A~HFg I+ AtE2F/DPs. 6
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H 5 8 AT 2 50 4 b, AT RLOKE P IR
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i G oS, i) E2F_TDP 45#95L, Z4E A E2F
SRR A MRS RS (K 2: B) . CIDP
A B Motif 6, il InterPro X} Motif 6 &
H P 1 T 08T, 8 E2F/DP FRE SR IZ
JiE DNA 45445105k, B E2F_TDP fR5F45H4 5L
(K2),

HE— 53 1 %) CIE2F/DP 5 i 53 Y o A7
BT A, CIE2FA 1% 4 S04k |, CIE2FB
16 2 SYik b, CIE2FC 1F 8 Syefafk I,
CIE2FEI #£ 6 ZYtafk I, CIE2FE2 £ 1 544
1K I, CIDP 3EHAE 10 Sy F (F3)



R HEE 2R Chinese Journal of Applied Entomology 63 %

+ 332

<
- 8 a
2 = &
. % 2388 § 5 L E2F
2 a 2 s 8§ = Z o v
« 22828 g s &g & HDEL
& % 2 3 R (? & ‘r)\?
% % 822285888 ¢ e
% 2 o % % 2 ﬁ 2 5 X & Q§ o
o B 5% 8 L L rd S S
EZS
“,, % B A\ \gF P e
Y 2 >
by S P S Pl d&“ o
A @, ) - -
gy P S > wq&’ @
b N 2 S X
% b & AN o® o0
8 sy, < s g
. ey % o0 440
) gL % . C\,\%GOQ\
0161109101555 2 > @
- G v % AEONRIEEE
SYL00E0IOM ] 100 CBST001GO13130
% 173 % o
100017009 EATSD W 4 Bhi A
e % 33 08M00120,
10878009 N =% /oy 8
2 200,
elo -1
Co P e S )
3 O,
FRCSHEN Y ¥® = G,
§ A - > o2
v o S =\ P G 7y,
o 49{3 &£ £ %" * <
L S 9 ] % % /J"‘ 9&0
S T4 5 % 7
& S O 5 29 % % %
& P EFEELERL Y R
CEFEFE R
&9 N & S 3 2 % 2 "3% <>0
S S E§LFTELeER Yy v
FSsFs88%% %
S & x5 & 28 3 2 9
S § F g 2 ¢ 32
~ g 5 8 = 2
S5
a
A

1 AN, BT, 2N, #K, #A, HAFEDEHK E2F/DP REHRRFEREH
Fig. 1 Phylogenetic tree of E2F/DP gene family in watermelon, arabidopsis, winter melon,
cucumber, melon, gourd and Indian pumpkin

B30 N2 BT 3R L FEEE (bootstrap fA ) 5 V4R CIE2F/DP ZKJEALS: ( Cla97C04G077210 CIE2FA .
Cla97C02G048470 CIE2FB, Cla97C08G157910 CIE2FC. Cla97C06G126260 CIE2FE1, Cla97C01G013130 CIE2FE2.,
Cla97C10G192290 CIDP, =FiEFriciras ) 5 UEIIT CIE2F/DP FE 71 ( AT2G36010.2 E2FA . AT5G22220.2 E2FB,
AT1G47870.1 E2FC., AT5G14960.1 E2FD ., AT3G48160.2 E2FE ., AT3G01330.1 E2FF. AT5G02470.1 DPA . AT5G03415.1
DPB) ; &/ CIE2F/DP A5 ( Bhi03M001388 ., BhilOM000138. Bhi04M000139., Bhi08M001202 ., Bhi02M000298 .

Bhil1M000842 ) ; K CIE2F/DP F &7 ( CsaV34G009290.1, CsaV31G001850.1., CsaV31G024370.1,
CsaV32G029450.1, CsaV36G038510.1, CsaV31G008200.1, CsaV36G041000.1) ; #ftJR CIE2F/DP %% i 5t

( MELO3C032653.2.1. MELO3C017127.2.1. MELO3C002236.2.1, MELO3C011003.2.1, MELO3C014514.2.1,
MELO3C024578.2.1 . MELO3C019031.2.1) ; #if CIE2F/DP F MR ( Lsi06G015140.1. Lsi02G003460.1 .
Lsi08G013300.1. Lsi08G013290.1. Lsil0G011420.1, Lsi01G011910.1. Lsi03G009350.1) ; EEFREI /I CIE2F/DP %k

51 ( CmaCh04G003850, CmaCh16G002440, CmaCh10G001520.1, CmaCh13G009080.1, CmaCh18G001440.1 .
CmaCh12G004120.1, CmaCh05G003010.1, CmaCh20G001530.1, CmaCh02G013090.1, CmaCh03G011260.1 .
CmaCh07G008280.1 ) . E2F: B E2F #5%[HF; DEL: d:8LR E2F 545 HF; DP: RIKEA, B2 [,

The number on the lower line of the branch in the figure indicates the approval rate (bootstrap value); Watermelon CIE2F/DP
family (Cla97C04G077210 CIE2FA, Cla97C02G048470 CIE2FB, Cla97C08G157910 CIE2FC, Cla97C06G126260 CIE2FE]L,
Cla97C01G013130 CIE2FE2, Cla97C10G192290 CIDP; Triangle symbol); Arabidopsis CIE2F/DP family (AT2G36010.2 E2FA,
AT5G22220.2 E2FB, AT1G47870.1 E2FC, AT5G14960.1 E2FD, AT3G48160.2 E2FE, AT3G01330.1 E2FF, AT5G02470.1
DPA, AT5G03415.1 DPB); Winter melon CIE2F/DP family (Bhi03M001388, Bhi10M000138, Bhi04M000139,
Bhi08M001202, Bhi02M000298, Bhi11M000842); Cucumber CIE2F/DP family (CsaV34G009290.1, CsaV31G001850.1,
CsaV31G024370.1, CsaV32G029450.1, CsaV36G038510.1, CsaV31G008200.1, CsaV36G041000.1); Melon CIE2F/DP family
(MELO3C032653.2.1, MELO3C017127.2.1, MELO3C002236.2.1, MELO3C011003.2.1, MELO3C014514.2.1,
MELO3C024578.2.1, MELO3C019031.2.1); Gourd CIE2F/DP family (Lsi06G015140.1, Lsi02G003460.1, Lsi08G013300.1,
Lsi08G013290.1, Lsi10G011420.1, Lsi01G011910.1, Lsi03G009350.1); Indian pumpkin CIE2F/DP family (CmaCh04G003850,
CmaCh16G002440, CmaCh10G001520.1, CmaCh13G009080.1, CmaCh18G001440.1, CmaCh12G004120.1,
CmaCh05G003010.1, CmaCh20G001530.1, CmaCh02G013090.1, CmaCh03G011260.1, CmaCh07G008280.1). E2F: Typical
E2F transcription factor; DEL: Atypical E2F transcription factor; DP: Dimerizing partner, the same for Fig. 2.
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CIE2F/DP gene I Motif 1
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Motif 4
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I Motif 6
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Fig. 2 Conserved structure of watermelon CIE2F/DP gene family
A, PRSFEER ;B ARSFAE TSR
A. Conserved motifs; B. Conserved domains.
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Fig.3 Chromosome location of CIE2F/DP genes in watermelon
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RIELTREEAE 347-469 [B], 43T 7E 38 367.80-
52 364.53 D [], Hrh CIE2FA @ILMasiiins

(469) . 7 THECK (5236453 D) ; CIDP 4

B D (347) L 4y F i) (38 367.80
D) . 6 1> E2F/DP %5 S 7E 4.79-9.44 [1], AfUE
BEUTE 45.06-69.85 [1], ARIATEELTE 67.44-83.14
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®2 AR ‘97103’ CIE2F/DP Xikm R E QB ER
Table 2 Physicochemical properties of ‘97103’ CIE2F/DP protein of watermelon

EHEP 51 D SIEEEHE TR (D) s ATRERE IR AR R
Protein Number of Molecular T Instability  Aliphatic  Grand average of
Sequence ID . . . pl i . e
name amino acids weight (D) index index hydropathicity
CIE2FA  Cla97C04G077210 469 52 364.53 5.34 54.64 76.72 - 0.632
CIE2FB  Cla97C02G048470 462 51244.13 4.79 52.29 74.68 - 0.637
CIE2FC  Cla97C08G157910 411 46 947.59 6.69 69.85 75.47 - 0.801
CIE2FEl Cla97C06G126260 379 42 882.60 9.44 45.06 83.14 - 0.556
CIE2FE2 Cla97C01G013130 360 40 163.76 8.87 46.78 69.33 - 0.679
CIDP Cla97C10G192290 347 38 367.80 5.34 54.10 67.44 - 0.745

2.4 JR4FBME TEJR CIE2F/DP EERE#ES

gk — 0 E PU I CIE2F/DP %N 2 /& 5
PO I i R B 72, R qQRT-PCR 434 1
ef A 6.12.24 .48 F11 72 h J& , 6 4~ CIE2F/DP
FER A Kb i, S5 RM CIE2F4 SERTEF
HHCE 6. 12 F1 24 h 5 AN A B W g m
A 3.1, 3.1 2545 (P<0.001) , {HAEHL
1 48 1 72 h J ik PRI AF G e ik Wk &2 3 % R K
S (El4: A) ; CIE2FC JERATE R HCE 6 h 5
X FRIR T 1.2 6%, BEETEIRE 12, 24, 48
H1 72 h G AR Ak i B RAL, 3 T 2.5,
1.8.22 f12.6 f5(P<0.001)( & 4:C); CIE2FB
FeH ek A Z 2N B sz (& 4: B) .
g dOR BRI B AR G, CIE2FET FE IR 78 35 dt B
£ 48 h AR Rk s, E R 2.1 f5(P <
0.001) ; TMiMFHEE 6 A1 72 h )5, ZFERAHXT
Tk W EFEIR 1.7 £5(P <0.001 )(K 4:D );
CIE2FE2 FENTERF LR 6 Fl 24 h 5 AHXT R IE
wwrThE 1.3 F 1.5 f5(P=0.009) (81 4: E);
CIDP F: [N AEWF R 24, 48 F1 72 h J5 A X &
KRB 2.2, 2.8 F12.4 4% (P <0.001)
(E 4: F) o ZELRrd, TREFHCE ARRREEE (1)
AR TV CIE2F/DP LR AR ik &, 16
CIE2F/DP FJE AL 1 v] RS 5 14 I, 240 TS B £
y[E

3 g
AT LTI 971037 RHFSEA R, H4E

TELRILN A BB, 454 MEGA7. TBtools,
MEME % T H X} 75 JIN A CIE2F/DP S5 % i1 it 4 7
TR ST S5 SRR AR . PRAL AR AR b, R
CIE2FA . CIE2FB Fll CIE2FC A AL 45 dul 4
FEFIBEAL R ; CIE2FEL #1 CIE2FE2 H AT AH{M
SER SRR AR R BT, i —20 40 Hr CIE2F/DP
RN R DA I TS BB B () ARG ek i, R
CIE2FA M CIE2FE] JERFERF S 5 B35 1M
#ik, CIE2FC Ml CIDP {E3F U )5 2% T M
Z%ik, WEM T CIE2F/DP FjiG 5 2 5 74 KPR
MR ST 4549 38 & 38, CIE2FA #1 CIE2FB
¥J& 4 E2F CC-MB {R5F&45#5k, CIE2FC HA
E2F DD f#5F45#93 ; CIE2FE1 1 CIE2FE2 44
#EA 2 ANHEEM DNA 45545k, E2F_TDP
PREFE5F93, S DEL W0 9o THRAE, R
BOB2F BRI N EE F iR . JF
CIE2FA . CIE2FB Hl CIE2FC #BAHA Motif 6 It
%, 1fii CIE2FE1 F1 CIE2FE2 N &4 Motif 6 7o,
Jf H5 CIDP FrfY 1% Motif 6 JCfAIIR], i
InterPro Xf Motif 6 £ #4708, Fom
Motif 6 4 E2F TDP {&5F&5#k, Xx—25 R 52
HIFIBFSY CIE2F/DP JE K 515 H E2FA . E2FB #l
E2FC 5% 5 DP HH45G KM B S50 &R
FHY)4 ( Mariconti ef al., 2002; Perrotta et al.,
2021) o T, SEITHELL, K CIE2FA,
CIE2FB Ml CIE2FC Wi N—A53%, CIE2FEI
M CIE2FE2 15 N—A~43 3, CIDP #i5E H—1>
3. MHESE T A CRiE, KY GmDPB i
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Fig. 4 The relative expression levels of watermelon CIE2F/DP genes at 6, 12, 24, 48
and 72 h after melon aphids infestation
A. CIE2FA ( Cla97C04G077210) 3R KL B. CIE2FB ( Cla97C02G048470 ) J:FFikit; C. CIE2FC
(Cla97C08G157910) HePHFikit; D. CIE2FE] ( Cla97C06G126260 ) 3:H %Kik ; E. CIE2FE2
(Cla97C01G013130) N KK ; F. CIDP ( Cla97C10G192290 ) HEP ik, - s 1 0 Bl pr iR
FEERR AR R 2R (P<0.05, BRETZEHT) .
A. Expression level of CIE2FA (Cla97C04G077210) gene; B. Expression level of CIE2FB (Cla97C02G048470) gene;
C. Expression level of CIE2FC (Cla97C08G157910) gene; D. Expression level of CIE2FE] (Cla97C06G126260) gene;

E. Expression level of CIE2FE2 (Cla97C01G013130) gene; F. Expression level of CIDP (Cla97C10G192290) gene. Data
in the figure are mean+SE, and different letters above bars mean significant difference (P < 0.05, one-way ANOVA analysis).

BRKOGYIEER (Zhuetal, 2023) ; WIEIFIE CIE2FE1., CIE2FE2 A]figZ 55 v JINH 1 i HL 3
LR BOF % 55 1 AtDEL 1 8423400 %t EL W5 SEBUN -8
B OB ( Chandran et al., 2014) , #E CIDP ., AWFGE KR, CIE2F/DP 3R N R R 1 i)
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AR BUCE , Horh CIE2FA F1 CIE2FE2 5 HUHR
A5 IS M CIE2FC 7eif R B 5% b
FikE, 2P RN TREEL, 5 CIDP ERE
Ja F RIS, WK CIE2FC 35
IR E2FC BERILFRIE, Kk CIE2FC 5
CIDP ML T IHERIAEHFT RS CIE2FC T4
5 CIDP %54 % 1%, E2FC/DP &%) , #1554 4%
HRMLEERY E2F g5 G0 S R R R EE 1Y
IIREAH K (del Pozo et al., 2002; Kosugi and
Ohashi, 2002; 247k, 2015) . CIE2FE1 3£
FEWFHUE 6 h J5 ik T, 48 h JeSEH &k
B, HJG7E 72 h 5 XFE, X S5HHREG,
J& T DEL %31 MiE2F7 SEPR1E 70 5 9 1
SERUR L RSl O KT R L V=l N LBy R |
) CEPRIESE, 2023) o ZERARGIT A, FANHRE
HEa T, dEM8 E2F DELT AR SF20 s, 40
Tl R SA MR 2RI HIY %% ( Chandran
etal 2014 ); 1 HVG K CIE2FE] S)B§7F E2FE
(LAY E2F DELI ) LIRS, #EM pE R
CIE2FE] H:ATEWF U J5 i 3R3K I 3l Pl e 2
557G IO TS (%) B A o R o i L X AN [ 1)
CIE2F/DP FEPXT NI B 52 90 22 S5 A 3R A
X, —DATREM DL E2F/DP KRN i
- WAERY Mk (Magyar et al., 2016 ) ,
HMARIRY E2F/DP Rk XA rfE 22 5% Bilande
S SR, AtE2Fb J& AtE2Fe 635 (305 55
ST, AtE2Fc J2 AtE2Fe Fik e s 1+
( Berckmans et al., 2011) ; Ay 9E & BB
15 R A pE T S e B O IRAR R T, &tk
HfH AtE2Fb £ & THE , [ A AtE2Fc &
Hi#a T (del Pozo etal., 2002; Lépez-Juez
etal., 2008 ) , IXFh “VIE B FUARE -0 B AR
AR Hsh 7280k, AT LUK RIS AtE2Fe 136
KA R P i, 2 SR TR R e p
2 (Berckmans et al., 2011) , XEEHIFE HFEY)
ZFHia T E2F/DP ZEML R Y F IRk 28 RARAE T
—E RIS . 5 LT, ARG & BPE R
CIE2F/DP ZEJ%5 i i % T M £ 52 0 25 S A 3Rk
B, A CIE2F/DP FIGZS 5 d v N i) ¢
SR DA A AL S5 75 1 — 2D B0 E
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