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(1. B A b Bl22 B FEZEWFIE AT, BIRE K0 410125; 2. ERILSCI02, im0 410128; 3. g el o2z
W22 0e, m Kb 410128; 4. BREAEE A6 B AR =, i BKFH 419400)

WE: [ B8 ] L2804 Citrus sinensis FW2.2 KB RARBR R, 54 FW2.2 R3km R 69 MAFIER IR 5 m i3 e
RHAAEX, ARL FW2.2 EHERELFT PO L AR bR E, [ %] a4 3L B 8035 4 2ah 0f ik o = &
BFW22 RABRR ., BRAEAWZEEFFERMNIALLREM . Fo4E, RERS LR XER IS, H5 2 A0
8 FW2.2 RSV AR T e, £ R £t bhe R84 XA E (RT-qPCR) H AR SAT8#HAE FIW2.2 Rk B EHHE
Frmpsareg ki, [ER] P2 Akl Ba T 16 AR, SNaFE6 e ht, KAN
100~563 N RALBL, SH 2 AN LR FEAS, TG AWM, #ASWHER . 8. F ik Solanum lycopersicum .
#L Pyrus bretschneideri. ¥ Prunus persica. E X Zea mays B K44 Oryza sativa F FW2.2 ;R A 6 N0, R X A4
MET: FW22RHABRH T EHEAEHE. AKAF . FEhmatax ey T, KB RESHEAN: FW22 Rk
RRAER T B R ISR BELELEF, CSFWL5, CsSFWL6, CsFWLI2 ER Ftaen Bt ks S 2 501K, AL
ML EHIG K EMBF fiARE (P<0.01), [£] CsFWLs AR AHE R PRI B — T e94RF i, HRE. M. i
SAEY FWLs KW 55\ B AR, S48 FW2.2 KR R R A e R B, 3O #HE CsFWLS/6/12 TH AL RER S m
Myilitaz, B6 k3433

FEEEA: B, FW22; ARRAKER; Wiy, KA

FESHES: 87223 XHkFRERE: A NERS: 2095-0756(2026)02-0250-10
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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 FW2.2 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 F/W2.2 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 FIW2.2 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

LR/ PEHIR S B B MR —, W PE R R E SR, XRBOE 2 1SR
B ICHEEN, EAERK, SRR B AL B RP . BRI AR R P A R 2 it A A
W& Citrus RIEK/N o Wehh, —BERLPIE I T 40 20 ZERNANAE O, S SRS K/N Horpr . i
Solanum lycopersicum SIFW2.2 JE55 1 9570 85 R 10 5 S SE R/ NG B PEIRFE R, HR B /K540
Mo R ARG, MR AR S B AL A 30% Y STk T SIFW2.2 & T PLACS MR X1, & A
PLACS &5isl, A0 th— B S e n P 9 4, Fw2.2 [AJIRBETE F 0K Zea mays . 7K
& Oryza sativa. % Pyrus bretschneideri S5 ¥ W AFAE, T HARS A PLACS 4530, FEds B K/NAE
Wa B BE T mAESREY. Har, CXREM 0 4R Persea americana ', PEBE Prunus avium'™ F
WA Eriobotrya japonica™ 55 1) FW2.2 Rl FE R AT T 5%, HIIGEY 54 ML o0 240G, IF 52 m SR 58
KN,

4% C. reticulata 72 T SR SRR 2 — o 2023 45 oy [ #9 AT A B AR T ARORE 5 300 7 hm?, 7 A Ao
6 433 J7 to RSR/NEMGE R I RAR AT 0 EEE R R . AR, AATH f5 ARG
TR IAHICEE R B IZ I8 TN REWT ST, JFARAS T 5 M SR 52 /N B0 OC B9 B MR 38 4% 407 2 (QTLs),
W5 AR AR . BT R AHOCHY QTLs!™ Y, {H R %8 B4l R S R /Ny T Re BL K . Fw2.2 15 R WF e Al
R IR/ o FHLTR AL T R A e BE D] . SR, MR i R AT Fw2.2 BE DR 55 4 B PR A 2 e 1Y
ik

HIHE C. sinensis JE RS2 TH P4 5% ARG RS Rh Z — o ARWFFEXS R Fw2.2 G5 AT 4 B K 20
YE, AT AR S5 GeEAE SR DTS AR, BIFSE FI2.2 05 0 S 7ERiHRS SR S 4 i
GYBUBMIRINEN, A DIRTE FW2.2 SRR R SR B et 2%, IR MG R SR
AN SR AL R PR S A
1 MBEFE
1.1 ##

PRI 3 BREEME . R . RHRECE — 30, MR AEROIRY R 47 B FE R FHE CHILLT C sinensis

‘Jinhong” . 2023 AFFERTEEH_[HCRAEEFALRT 7 A1 3 d MUAERL (FE5-7. -3 d), SEBIFEA (65 0 d),
JFAEIR 7. 30 140 d (4EJ5 7. 30 #1140 d) B4R, FIE BT 5, TRl 4l 2R — ik A U R 5 i
T—80 C AR VKA PR AF . TSI 5 e i R A Mg U B (RT-qPCR) 730 # o K1 5 A4 51
FAA [EE W E, T AR fl4 .
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E100) T WEIFHAIR . FEHLIZER 10 AN K/N S HLET, 1] Image J 3OS0 R/, A 2800k
MU, % HAMADA %2 {5 ikt 7481
1.3 i FW22 RIEEFEE . |ERF I ES T RE L E S

INAE Al A 2 R AT 3 DR 4 B R RS V3.0 SR L B dE . e B R AR B AR L
(NCBI) M3 4515 2 A FW2.2 EETH, B0 query IF AR &GS FW2.2 G ; #F Pfam B4 3kA5
FW2.2 GRS B /R i) RAER (Pfam: PF04749), | HMM £ fit B 3 P A B dle R A R Fv2.2 )80t .
2 b7 B ARAT TR F2.2 G R G 05 . ] NCBI-CDD SIBR A& PLACS S5 H sl ity 35, Ry
FHBIRIRE Fw2.2 FERFEN, $ 2 UMK A %4 4 CsFWLI~CsFWLIG.

F ] Plant-mPLoc X #{# FWLs £ [ 40 il 53 A o7 & #4700 . I JH TBtools Tz KLk %k . 4> ¥
i (ALK kDa) . A5 H VRIS K RSB PR

FIH ClustalW XJ&f#ES . Feait' ">, FoREY D KFEPT BUETHIBE Prunus persica™ W Fw2.2 JEH 1751
AT Z P H) X7, it MEGA 7.0, SRF2P4%7: (neighbor-joining, NJ), % ¥ %L Bootstrap method
91000, HABSECRN, AR . FIA iTOL 3RPHEMHEILAR
14 FBEEMMERLEHTHT

DA R 5 PR 20 %504l S 5L Ak, R TBtools #EAT Y 8 44 3 1 73 BT o 5 U BRI 51) |- A% 3 75 2 99 3
GSDS # MEME #1723 45K RSP 372047, JFAIAT TBtools AT Al MAAL 73T
1.5 RBR3FaHm

>k H TBtools {9 Fasta Extract T H. 3 BUET#E FW2.2 F %L R 4R %05+ 1 3iF 2 000 bp i3 2l X 4,
P, K shF 514252 2 PlantCare $E47 =X AR oo 443 8, 1 F) ] TBtools Y Heatmap T H.i#E47 1]
AL
1.6 = RNA #2E#1 RT-qPCR

FHZWEZ2 1 5 RNA $ 050 & (th ERAR) 2 BUR XA 5 RNA ik NovoScript®Plus All-in-one 1st
Strand cDNA Synthesis SuperMix (gDNA Purge, #RHITEE ) & cDNA, K H NovoStart® SYBR qPCR
SuperMix Plus (75 M3 2 8 1) 75 RT-qPCR AX b AG I CsFWLs WK K3k o Csdetin NS HEH . R H
MR AR OCR IS . SR B 1.

&1 RT-qPCR 3|¥1FE7l

Table 1 Primer sequence of RT-qPCR

A E 5T 5(5—3") RT3 1917 51(5'—3")
CsFWLI ACTGCTTCTCCGACTGCTCAAC GCAGCCTGTCAGCCAAGCTATT
CsFWL2 ACTGCCTCCTCTCATGCGTG TCTAGATGGGTCGAGTCCCC
CsFWL3 CCAACACAACCACAAGCA GTCGTCACAGCAATCACA
CsFWLA4 AAATCACTGCCTGCCTTACTCT TCTTCCACGCAACTTCCACAAC
CsFWL5 AAGAGAAGGCGGGTGGTGAAGAG AGGCGGATTGGAGAGCGATGGG
CsFWL6 CTTGCTTATACTCGTGCGGCTATC TTTCTCCAAATTTCCATGCCATCC
CsFWL7 ACTGCGTCCCTCACTTCT GGTTCCTGTTCCTCGTTC
CsFWLS TTCCTATCCAAAAATGGGGTT AATCACTTCACACTGGCTCACA
CsFWL9 CCGCTACCGGAAAGCTACGAG AAGTGCCAATCCACCTTCAATAC
CsFWLI0 GCTGTTGTTGGTGTACTCTTGCT CGTGGCAAAGGTGACAACTGAT
CsFWLI1 GGTGACTGGCTGCGGGTGCTTAT ACATGTCGAATCCACGGGCTTTG
CsFWLI2 GCTTGGTTCATTGCTGTTGCT GAGTCTCTTTCTCTACATTCCC
CsFWLI3 TTGCGGCGACACTATTCATT CCAACCTATGGAGGGATTAACA
CsFWL14 AGCAAGTTCAACCTCCCCGAAG AATAGAAGGATCCCAGCCTCTG
CsFWLI15 ATGTGGAAAAGATGAGAGAA ACCAAGCAAAAAACAAACCC
CsFWLI16 AAACTTTTAACATTCAGGGCGG GGCTTCATATATTGGTACGGCG
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K H] Excel 2021 #E47 804l 40 ¥, 5@ 1 GraphPadPrism 8 #4781 K & J5 22 43 (one-way ANOVA) FlI
il
2 R G AHH
2.1 FHEFW22RERREEREEBMMER

BiHREE P22 ZEAL & 16 A5 o B Fw2.2 K% R & 3L TR B R 100~563 1>, 4 F i
11.69~63.60 kDa, Z5HL 5N 4.78~9.06, 3E/K ZBUN-0.564~0.132; CsFWLS IANFaE 2B0CH 38.54, HAy

A AT E TR B KT 40.00; CsFWL7, CsFWLS, CsFWLI2. CsFWLI14 Fl CsFWLI16 5 {3 7E 40 fu AN
AR, Hoth Fw2.2 ZE0 G E AR (3% 2).

K2 HE W2 2HKEEENEREE

Table 2 Detailed information of identified F2.2 genes in C. sinensis

FERH 2 FENID ASERRBUN 4yFHE/KD B NS FIKAEL V240 0 5 o7
CsFWLI Cs_ont_2g013230 156 17.29 5.30 53.89 -0.066 gliiotins
CsFWL2 Cs_ont 92009130 139 15.34 8.28 44.43 0.083 N
CsFWL3 Cs_ont_7g019620 136 14.60 5.11 60.76 0.132 gliiotins

CsFWL4 Cs_ont_6g019810 253 27.20 5.34 57.84 -0.328 N
CsFWL5 Cs_ont_2g006240 251 28.26 5.20 38.54 -0.112 gliiotins

CsFWL6 Cs_ont_2g013260 176 19.36 7.02 45.13 -0.151 N
CsFWL7 Cs_ont_5g036960 100 11.69 8.86 46.13 -0.503 YHAAR . A%
CsFWLS Cs_ont_1g028600 419 48.20 7.09 51.40 -0.503 YA . 2%
CsFWL9 Cs_ont_5g001070 240 26.38 478 49.87 -0.163 gliiotins
CsFWLI0 Cs_ont_7g002410 563 63.60 9.06 49.82 -0.190 N
CsFWLI1 Cs_ont_2g013300 176 19.27 6.62 40.79 -0.069 gliiotins
CsFWLI2 Cs_ont_2g013320 184 20.75 8.27 44.87 -0.179 SRR . 0%
CsFWLI3 Cs_ont_7g019640 149 16.65 6.39 58.53 -0.195 gliiotins
CsFWLI14 Cs_ont_5g036990 315 34.55 5.42 57.59 —0.564 SRR . 0%
CsFWLIS Cs_ont_9g023590 236 26.27 4.90 46.47 -0.353 gliiotins
CsFWLI6 Cs_ont_7g001970 393 4439 5.80 40.20 -0.268 YHAAR . AR

2.2 M CSFW22 RIEMRZXB O

RS FTRS CsFw2.2 5IAbY R Fw2.2 KM &, MRS T 16 4~ FW22 & . 12 D EK
ZmFW2.2., 20 P& SIFW2.2. 23 8k PpFW2.2. 14 1%L PbFW2.2 1 8 I~/KAf OsFW2.2 #4775 51
Fext, JEME L E N (B D). mE 1 ATAL: B FW22 A M6 4. THRERKRM 1A%, 1
$% CsFWL1, CsFWL2, CsFWL6. CsFWL7. CsFWL11., CsFWL12, CsFWLI13 #1 CsFWL14 4§ 8 /|~ il #&
FWLs 5 H, OsFWL1~OsFWL7 4 7 1~ /K % FWLs # H, PpCNRI~PpCNR8, PpCNR10, PpCNRI1 %
15/ Bt CNRs #5 1, Solyc04g007900 %5 11 4~ 7 i FWLs #£ 1 , ZmCNRI~ZmCNR4 fil ZmCNR7,
ZmCNR9, ZmCNRI10 % 7 4~ K CNRs % (1 2 PboFWL1, PbFWL2 % 4 1~%4 FWLs Z5 . [ 4 H A0 4%
OsFWL8 1 CsSFWL3, MZHfu#f CsSFWL4, PbCNR3, PbCNR4, PbCNR10 % 4 L FWLs &[4, PpCNR20
1 PpCNR21 45 2 Bk CNRs % 1, DL & Solyc10g081410 %5 3 % il FWLs & 1. V425 — K%,
£ 55 4~ CsFWLs 2 1 (CsFWL8, CsFWL9., CsFWLI5, CsFWLI16), 44> PpCNRs & [1 (PpCNR12,
PpCNR13, PpCNRI15 Fl PpCNR22), 54 % #li FWLs & 1, 61 PbFWLs % [1 f1 2 & ZmCNRs & [ ;
V 41 E145 CsSFWLS Fil PpCNR17., VIZHf1 {5 CsFWL10 F1 PpCNR14, RGEHAM IR BoR. KEHY
Pl FWLs 851, andfoi. Bk, FEORMBLRA 3L, Ui el R R R S . o)
Ab, CsFWLS5, CsFWLI10 il CsFWL3 4351 58k PpCNR17, PpCNR14, F K OsFWLS RE—7, Rk
b 3% 3 4~ CsFWLs 25 1 5Pk KA Rl IR s, DhRe B rTRE AL . X — R IRR Fw2.2 LA
T DI RE S A A AR TR 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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Figure 2 Chromosome location of CsFW2.2 family genes in C. sinensis
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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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Figure 5 Paraffin section analysis of ‘Jinhong’ fruit
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Figure 6 Expression analysis of FIW2.2 family genes in fruit under different stages
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Table 3  Correlation analysis between CsFW2.2 family genes expression and cell layer
FEH HRFRE 2 LSS 2 LSS
CsFWLI —0.108 CsFWLS 0.515 CsFWLI12 —0.835%*
CsFWL4 —0.485 CsFWL9 —0.629* CsFWL14 0.166
CsFWL5 —0.902%* CsFWLI10 —0.183 CsFWLI15 —0.642*
CsFWL6 —0.868** CsFWLI11 —0.242 CsFWLI16 —0.427

P *P<<0.05; **P<0.01,
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