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WE: [ B ] X289 Citrus sinensis FW2.2 XA REBR R, 24 FW2.2 RA&R R EMAFIER L ER S a3
FERX, HIRA FW2.2 EHBERLLE FOA B DRI ILIRIE, [ Fik ] st ok B 4008 4 2 a5 ik 70 7 8
BEEW2.2 RN o BRAMZEFH RN ELAREN, BIFIE, FERAZLEMRIXAERN TS, 5 %A
o) FW2.2 AV R F Skt A B S0 02 RSB X R (RT-qPCR) BRS84S FIW2.2 kA B 244
REm sy A imekx s, [BR]FIM2ZALBEARATHICARR ., SNoFECEEERLE, KAEH
100~563 N RALER, SH 2 AN LR FAR, TR EmMIOR., AW AN W Fis Solanum lycopersicum
3% Pyrus bretschneideri. Mt Prunus persica. ® Kk Zea mays B K45 Oryza sativa ¥ FW2.2 SRR 4% 6 A4, IR XM 5
MRET: FW22RHABRH T LHEAEHE. AKAF . ARt ABEESHEN: FW2.2 Rk
RRAERE Ay LI R ARG EF, CSFWL5, CsFWL6. CsFWLI2 £ R Emen R kLT E%IK, AL
WML EHIE K ZMBF ML (P<001), [£#] CsFWLs A TR PRI B — 2 09RFE, BRFE. M. ik
SAEM FWLs KR53 A A8k, #14 FW2.2 KRB Rk R R AR R, H P8 CsFWL5/6/12 T AL RER 5 m
M EadAz, B 643433

FEHEIR: AR FW22; AABMEE; s, RESW

FESES: S722.3 XEkPRERS: A XERES: 2095-0756(2026)00-0001-10

Identification of FW2.2 family gene in Citrus sinensis and expression
analysis during fruit cell division period

XU Yuanyuan'?, GUO Lingxia'?, FAN Minghui®, YIN Zi*, HAN Jian'?, LI Feifei'?, ZHOU Tie'?, CHEN Peng'?

(1. Horticultural Research Institute, Hunan Academy of Agricultural Sciences, Changsha 410125, Hunan, China;
2. Yuelushan Laboratory, Changsha 410128, Hunan, China; 3. College of Horticultural, Hunan Agricultural University,
Changsha 410128, Hunan, China; 4. Bureau of Agriculture and Rural Affairs of Mayang Miao Autonomous County,
Mayang 419400, Hunan, China)

Abstract: [Objective] This study aims to identify the members of the FW2.2 family in Citrus sinensis and
analyze their structural characteristics and expression patterns during the fruit cell division period, so as to
provide a theoretical basis for exploring the function of the FIW2.2 gene family in C. sinensis fruit development.
[Method] Based on the whole genome data of C. sinensis, FW2.2 family members were screened and
identified. Bioinformatics methods were employed to predict and analyze their gene structure, sequence

characteristics, chromosome localization, and cis-acting elements. A phylogenetic tree was constructed with
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FW2.2 sequences from multiple species. The expression patterns of FW2.2 family members during the fruit cell
division period were analyzed by real-time fluorescence quantitative polymerase chain reaction (RT-qPCR)
technology. [Result] A total of 16 FW2.2 genes were identified in C. sinensis, distributed on 6 chromosomes,
with a length of 100 to 563 amino acids, containing multiple conserved motifs, and mainly located in the cell
membrane. Evolutionary analysis revealed that FW2.2 family members from C. sinensis, Solanum
lycopersicum, Pyrus bretschneideri, Prunus persica, Zea mays and Oryza sativa were divided into 6 subgroups.
Cis-acting elements analysis showed that the promoters of FW2.2 family genes contained elements related to the
hormone, growth and development, and abiotic stress. Gene expression analysis showed that there were
differences in the expression trends of FW2.2 family genes during the fruit cell division period. The expression
levels of CsFWLS5, CsFWL6 and CsFWLI2 decreased significantly during the fruit cell division period, and
were negatively correlated with the increase in cell layers (P<<0.01). [Conclusion] CsFWLs members exhibit
a certain degree of conservation during evolution, and share sequence similarities with FWLs genes in crops
such as Pyrus bretschneideri, Prunus persica, and S. lycopersicum. CsFWLs show different gene functions.
CsFWL5, CsFWL6 and CsFWL12 may be involved in regulating fruit cell division. [Ch, 6 fig. 3 tab. 33 ref]

Key words: Citrus sinensis; FW2.2; genome-wide identification; cell division; expression analysis

TAR/INEIPHIR S S L AR —, IR R RN EEESEL, SR 284 W SE ik &
KEEU, AR, —SFoT R A e e R FRRI O it B AR 3R T A5 e 2R e 4 o A A
Citrus FeI KN A, —BEIERAE F T4 40 24 Az K, Soma SR sz R/Ne10 ) Hodr, &k Solanum
Iycopersicum SIFW2.2 255 1 A9 7088 HOR 19 5 3 S R/ D B MR I I, L3RR K7 5 41 i 43 24
UG, X 3 i R S S S A 30% R STHRARUT SIFW2.2 J& T PLACS AL Kk, & A
PLACS Z5#93k, 245 EUE M —BUE S a9 Ak, Fw2.2 [RIEEERTE £ oK Zea mays. 7K
i Oryza sativa, %L Pyrus bretschneideri SR AEAE, I H# &4 PLACS 2593k, 78 8% H K/
Wa B ES T AHEDREY ., BEr, XM 4R Persea americana U, FEME Prunus avium!"
WA Eriobotrya japonica™ 5 () FW2.2 [RIRFE R 4T T0F5¢, IR 5 40 M0 o0 RAH G, JF 52 e SR 52
KN,

W% C. reticulata & T 2 SRR Z — o 2023 4F v [ (% AT A% P b 10 AFOBE 5 300 J7 hm?, 7 i M 2o
6 433 J7 to HSEKR/NEMNAE R I GO R 2 5w 0 EEYUE IR R . AR, AMTH o5 SR HE R R
SER/IAHCEE R A2 I AN REAN5E , R34S T SR R S/ INE B OC B9 AR PR IR 35 4 7 50 (quantitative
trait loci, QTLs), 15 HIEHEAE | S AH A9 QTLs!" 2, (H A % % 31 44 il SR 52 K/NE T RE FE 1A .
FW2.2 RN GG SR SR/ o FHLRI SR T R AP LR . SR, HHd i AR Fw2.2 R
A B DR 21 6 ) R

IR C. sinensis SEVRZIH T2 8 B B MG AR B Fh 2 — o ASWFGE XTI Fw2.2 Z LR it 17 4 SE R 241
YE, AT RS . G S AR FH O SE AR PR BT, BFSY FI2.2 SR B D3 AR TR SR S 240
SRR OL, IS Fw2.2 FIGEIE AT R SR B D Re eIt S 2%, I MG AR SR
YN R = SRS
1 #EE 7%

1.1 g A
VEHL 3 MRl . bR . RTIR RO — 3, MEARA IR R 4F BJCHE RE REITE CBLL C sinensis
‘Jinhong’ . 2023 4EAERIEH_EEBRAETFAERT 7 A1 3 d MBS (FE)G—7. —3d), SEBITFRIIERL (165 0 d),
JFHAENE 7. 30 #1140 d (FE)5 7. 30 #1140 d) BIZ2R, RIE AL TP, R4 —d R 3 R 5 T
T =80 C BRI VKA PR A7, T 52 B 980 0 1 3R A Wl 4% X S I (RT-qPCR) 70 A1 o B¢+ b7 A4l SR H
FAA FUEWEE, W TAE R .
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1.2 REMMBRAIFSERNE

BAEIa—7. =3, 0. 7. 30 F140d BB FIZRTLA FAA €W P B E 24 h, 2 ik, &0
B ARSI o YT TR e e s TR R B R, TR, T R4 (Nikon Eclipse
E100) FORZIFHAME . BEMLIEH 10 DR/ R, fii ] Image J BAFGETHAIMIR /N, 402 BN HR
MAIEE, 2% HAMADA 5% 157 geit .
1.3 8 FW22 REEFEE . SERFIIHES T ARG LT HH

IAE A R 2 N A7 R 2H 80 T2 T AR TR V3.0 R LB . FE G E I AR WG BB R T
(NCBI) M5 815 %0 FW2.2 S FFH, 1ER query JPFIRE R EIHE FW2.2 Z5 5L #F Pfam B0l 3k 15
FW2.2 ZZERY BB IR Al RAEAY (Pfam: PF04749), I H] HMM 1 fit B 5k [N 2 403 R A 3 Fw2.2 )l . %
2 P 5 A RA R TITRE F2.2 SRR 5 )5, FIH] NCBI-CDD SR A &4 PLACS S5 F sty B[], BT
THRVEIRE Fw2.2 ZEEEIN, B4 R K A 44 4 CsFWLI~CsFWLIG.

FIIH Plant-mPLoc X &t FWLs & [ V.41 il 53 A7 457 B #4770 . 11 TBtools Tl 2 JE iR %k . 43+
it (AN kDa) . S5 HL s IR K R B T

FIH ClustalW XJHEIRES . Feant'" 2! EoRE D KFERT . BLEVFIBk Prunus persica™ v FW2.2 FE[H ¥ 3
AT Z 7 ) X #r, i 3k MEGA 7.0, R H 48 #2 7% (neighbor-joining, NJ), 1% & 2 %{ Bootstrap
method &7 1 000, HABSECERIN, Akt R iTOL FRAE MR .
14 FEEEMMEEEHQDH

DL A 5 TR 20 508 S Sl R TBtools #E AT Y4 (A4 7 2 B o B ZBE R 7 91) 1 A% 1) 78 2 I 3
GSDS 1 MEME A7 N Z5H FER P3P 2047, FEAMIAT TBtools #EAT Al MRAL /34T
1.5 BIFoHm

K H TBtools Y Fasta Extract 1. H.JEBUEI#E FW2.2 % FL R IR %05 1 1 iF 2 000 bp 43 3 X 5,
FFA, # )8 shF 7 51 #E 42 2 PlantCare #4700 XAE H o420, 38 H TBtools ) Heatmap T H.i 47 A]
M.
1.6 = RNA #Z2EU#1 RT-qPCR

FHZ B2 5 RNA $2HGL50) & (b FE R $2 R S2AY 5L RNA, 1813 NovoScript®Plus All-in-one 1st
Strand cDNA Synthesis SuperMix (gDNA Purge, L& H) A cDNA. K] NovoStart® SYBR qPCR
SuperMix Plus (3 i j5 & 1) 7E RT-qPCR X LA CsFWLs B FE R IK . Csdetin ANSHEH . RH
MR A G R A B . SIE BILER 1.

£1 RT-qPCR 3|#F 75|

Table 1  Primer sequence of RT-qPCR

ZNH nAGEIEY 2]l ALY 2]l
CsFWLI ACTGCTTCTCCGACTGCTCAAC GCAGCCTGTCAGCCAAGCTATT
CsFWL2 ACTGCCTCCTCTCATGCGTG TCTAGATGGGTCGAGTCCCC
CsFWL3 CCAACACAACCACAAGCA GTCGTCACAGCAATCACA
CsFWL4 AAATCACTGCCTGCCTTACTCT TCTTCCACGCAACTTCCACAAC
CsFWL5 AAGAGAAGGCGGGTGGTGAAGAG AGGCGGATTGGAGAGCGATGGG
CsFWL6 CTTGCTTATACTCGTGCGGCTATC TTTCTCCAAATTTCCATGCCATCC
CsFWL7 ACTGCGTCCCTCACTTCT GGTTCCTGTTCCTCGTTC
CsFWLS TTCCTATCCAAAAATGGGGTT AATCACTTCACACTGGCTCACA
CsFWL9 CCGCTACCGGAAAGCTACGAG AAGTGCCAATCCACCTTCAATAC
CsFWLI10 GCTGTTGTTGGTGTACTCTTGCT CGTGGCAAAGGTGACAACTGAT
CsFWLI11 GGTGACTGGCTGCGGGTGCTTAT ACATGTCGAATCCACGGGCTTTG
CsFWLI12 GCTTGGTTCATTGCTGTTGCT GAGTCTCTTTCTCTACATTCCC
CsFWLI3 TTGCGGCGACACTATTCATT CCAACCTATGGAGGGATTAACA
CsFWLI14 AGCAAGTTCAACCTCCCCGAAG AATAGAAGGATCCCAGCCTCTG
CsFWLI15 ATGTGGAAAAGATGAGAGAA ACCAAGCAAAAAACAAACCC
CsFWLI16 AAACTTTTAACATTCAGGGCGG GGCTTCATATATTGGTACGGCG
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1.7 HIBABR ST

% F Excel 2021 ZEA7 8 d 403, i it GraphPadPrism 8 #E47 ¥ [H & J5 22 /0 M7 (one-way ANOVA) Al
il 1l
2 GRESN
2.1 FHE FW22 KGR REER EBY MR

B FW2.2 A& 16 Dl ba o BERE Fw2.2 Z00% i 01 B9 & FE TR B & 100~563 4>, 43 F i A
11.69~63.60 kDa, Z5HL 5N 4.78~9.06, 3E/KZBUN-0.564~0.132; CsFWLS HIAFaE RBCH 38.54, FHAr

R AT BTSN KR T 40.00; CsFWL7. CsFWL8. CsFWLI2. CsFWLI14 Fl CsFWLI16 & Vi 7F 40 o 5 A
UM%, HAh Fw2.2 ZE5 R e N A AR (3% 2).

R2 HEFW22REEENERER

Table 2 Detailed information of identified FW2.2 genes in C. sinensis

FEH 2K FHID MU 4 FH/kD SN AREFREL FIKFEL P4 A2 fof
CsFWLI Cs_ont 2g013230 156 17.29 5.30 53.89 —0.066 2 fa
CsFWL2 Cs_ont 9g009130 139 1534 8.28 44.43 0.083 20 ff
CsFWL3 Cs_ont_7g019620 136 14.60 5.11 60.76 0.132 2 fa

CsFWL4 Cs_ont_6g019810 253 27.20 5.34 57.84 -0.328 20 ff
CsFWL5 Cs_ont 2g006240 251 28.26 5.20 38.54 -0.112 2 fa

CsFWL6 Cs_ont 2g013260 176 19.36 7.02 45.13 -0.151 20
CsFWL7 Cs_ont_5g036960 100 11.69 8.86 46.13 -0.503 HHAAR . AR
CsFWLS Cs_ont_1g028600 419 48.20 7.09 51.40 -0.503 SHARAE . A
CsFWL9 Cs_ont_5g001070 240 26.38 478 49.87 -0.163 2 fa R
CsFWLIO Cs_ont_7g002410 563 63.60 9.06 49.82 -0.190 20
CsFWLII Cs_ont 2g013300 176 19.27 6.62 40.79 —0.069 2 fa R
CsFWLI2 Cs_ont_2g013320 184 20.75 8.27 44.87 -0.179 SHARAE . A
CsFWLI3 Cs_ont_7g019640 149 16.65 6.39 58.53 -0.195 2 fa
CsFWLI4 Cs_ont_5g036990 315 34.55 5.42 57.59 —0.564 SHARAE . A
CsFWLI5 Cs_ont 9g023590 236 26.27 4.90 46.47 -0.353 2 fa
CsFWLI6 Cs_ont_7g001970 393 4439 5.80 40.20 -0.268 AR . AR

22 & CsSFW2.2 RRHM RS LB ST

R M E TS CsFmw2.2 5HAWY T Fw2.2 KRG FAC KR, REHETD 16 > FW22 EH . 12 FEK
ZmFW2.2. 20 P& SIFW2.2. 23 Mk PpFW2.2. 14 %L PoFW2.2 F1 8 IS /K A OsFW2.2 #4748 H 51
Fext, LB R (B D mE 1 alH. i FW22 E A 6 . T4l EKN 1 M3,
}% CsFWL1, CsFWL2, CsFWL6, CsFWL7. CsFWLI11, CsFWL12, CsFWL13 Fll CsSFWL14 % 8 4~ H#5
FWLs # H, OsFWL1~OsFWL7 %5 7 4~/K#§ FWLs #i H, PpCNRI~PpCNR8, PpCNR10, PpCNRI11 %5
154 #k CNRs %E 1, Solyc04g007900 %5 11 4~ & jiii FWLs 2 1, ZmCNRI~ZmCNR4 fll ZmCNR7,
ZmCNR9, ZmCNR10 % 7 4~ £ K CNRs %5 [ &2 PboFWL1, PbFWL2 % 4 34 FWLs 25 . [T 44 R A0 45
OsFWLS il CSFWL3. T4 {5 CsSFWL4, PbCNR3, PbCNR4, PbCNRI10 % 4 5L FWLs 4, PpCNR20
1 PpPCNR21 45 2 Bk CNRs 8 11, DL & Solyc10g081410 45 3 % fili FWLs & 1. VA 2% — K%,
£ §5 4 1 CsFWLs 2 1 (CsFWL8, CsFWL9., CsFWLI15, CsFWLI16), 4> PpCNRs % 1 (PpCNR12,
PpCNR13. PpCNRI15 il PpCNR22), 5% i FWLs 2 1, 61> PbFWLs & 1 fil 2 1> ZmCNRs & [1 ;
V 41145 CsSFWLS Fll PpCNR17., VIZHE17%5 CsFWL10 £ PpCNR 14, RGOt R s KE25W
Pl FWLs 21, i, k. FRMBEAE L, U EiEHEbD R PR RS . 5
Ak, CsFWL5, CsFWL10 il CSFWL3 43 %] 58k PpCNR17. PpCNR14, Tk OsFWL8 7E—3%, FHik
1k 13X 3 4> CsFWLs 45 H 5 HkE oK AR S, ThAE BT RESEARRL, X —RBUNIRER Fw2.2 BHA K
TR Dy RE S A A AR AL TR 0 T 1]
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Figure 1 Phylogenetic tree comparison of FW2.2 protein sequences between C. sinensis and other species
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e Mg R R . B8 Fw2.2 KR 16 AU A TE 6 SR Y ik I Hh CsFWLS 53 i fE 1 %
Yt fK &, CsFWLI. CsFWL5. CsFWL6. CsFWLIIFl CsFWLI2 Ay Ai 18 2 5 d« ok |, CsFWL7.
CsFWL9 | CsFWLI4 3 fi 45 5 S Y ik b, CsFWL4 5y fi fE 6 5 YL a4k |, CsFWL3. CsFWLI3.
CsFWLI0 Fl CsFWL16 53 AG1E 7 S Yefatk |, CsFWL2 Fl CsFWL15 /3 Aa1E 9 Sy falk | (K 2).
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Figure 2 Chromosome location of CsFW2.2 family genes in C. sinensis
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24 i CSFW22 RiEMEREWSRTEF SN

wE 3 Fron: 7ERIE CsFWLs 8 1 4 2 10 MR IR ISP 3L 7 . o, CsFWL3 il CsFWL7 H
H2ARE, HAGR GBI EA 4~6 DT . 28 CsFw2.2 SHH & A 5T 1/2/3, CsFWLS Fl CsFWLIG
HA MR B3 GLF 1/2/3/4/8/10), CsFWL9 Fl CsFWL15 AT HIFI BT (GEF 1/2/3/4/6/9), 15145 H
WA R EM . Frfy CsFWLs 344w 65 PLACS Z5#438 . Fr PLACS Z5# 35, CsFWL8 Fil CsSFWL16 it
HA MIKI_Nid 45#9%5%, CsFWL14 HA Pat Z5#45, CsFWL10 HA DUF2985 Z5# 4, Sh - & 145
FORT R . CsFW2.2 FIGH NG FA i R M REYE, Hidh, CsFWL3, CsFWL4 F1 CsFWL7 4 3 A~k
BT, CsFWL8 Ml CsFWLI6 A T MMNR T, CsFWLS A S AN E T, CsFWLIOA 1 Mhe T, HARR
BRI 4 NANE T o X R CsFWLs R ] R 23 PR JE PR 2540 22 51 S BN REAN T
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Figure 3 Gene structure analysis of CsFW2.2 family
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Figure 4 Cis-acting element analysis of promoter
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TS LA A S M EREAMECHIER T, RS E (GA). KFH R H g (MeJA), sk
(ABA)., AKFE (IAA). KR (SA) MW h oy, FBF, CsFWLs JAsh+ L A MFRERHAE . o
AR BRI R A SR E TR RAMRE . TR, A REFES . i
Jolp 36 0 16 T A
2.6 EH1E CsFW2.2 KIRTEREMAR S HEAMRIE S

XAESG=7. =3, 0. 7. 30 F140 d RLHITAMWTI R 8, 2R BN (B 5): #5E-3d, THEEH
PIFBWAR K. )5 0 8] 7d, RSN Z RO AN /NS B EAEL, E)5 30d, A2 EORm 4N
FNER L E AN (P<0.05). BUABFZE RN F/ili Fw2.2 GORE R 2800 HIRITHE Fw2.2 ik
SRS R R, MHAE B EJ5 0. 7. 30 F1 40 d Sz b A7 3L R 38 T AH 56 R BT -
& 6 [ M. CsFWL2. CsFWL3. CsFWL7 Fl CsFWLI3 % 44> KA sl gl R A 3], H 4
CsFWLs JERE R0 ¥4 Rk, I HENERLMES MY KB BEFAELT, CFWLI KK
BRI TRESE LT, CsFWLIS F CsFWLI16 2 F e, HABZLF 25 EAE FRERBEE (E 6).
CsFWL5. CsFWL6. CsFWL9. CsFWLI2 Fl CsFWLI6 1EAEJG 30 F1 40 d W3k T, HEME R
Mr, CsFWL5. CsFWL6 Fl CsFWL12 3Rk %55 4 i )23 45 2 0] S 4% b 2 A O¢ (P<<0.01, 3 3). UiH]
CsFWLS. CsFWL6 il CsFWLI12 # il G5 5 4 sy 24 72

-7 =3 0 7 30 40
AEE R Hud

-7 =3 0 7 30 40
AEE R Hud

I /ING PR FI 18] 22 57 225 (P<<0.05). PARHANRS: A fE)5-7d: B.f6/5-3d: C.7E/50d: D. IS E. 18
Ja7ds F.4EJ530d; G.{E/540d; H. AIRZES0. BOF IR ERRE; IS k.

B 5 #F ‘44 BRI aEA oM

Figure 5 Paraffin section analysis of ‘Jinhong’ fruit
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FIINRE LB ST, B S e E R/NEED, BT, Fw2.2 N FEHEAEMDT . FiiE, EAKPI ) kFER
FRLE S AR AR R R4 o SR, ATREVE A T — ORI, I Fw2.2 BRI R AR I R 5
FIRFFERIE . A 9T A 015 B AT S A P 28 52 3] 16 A CsFWLs 3£ . CsFWLs 25 [ A FE
e i 5 HABAE Y 9 FWL & 11 B A — & A RIPERS ), 280 CsFWLs 2 I A FUE PEFR B R T
40.00, JETFAREEH. I, EBKRBUNTF O, BTFHRKEA.

FER St L Dy RE, SEDR 254 22 et g S B B SE PR KR AL C R . CsFWLs ZER A B 7
g2 SR, W CsFWLS Ml CsFWLI6 & A 1AM+, 1 CsFWLIOAT 1 Moh e+, KE e -
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