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TEMRRREERSHXBERE LbCER3 K7 &R
IhEEISE

RABLL, FER, AEFD, R, XFE, BHE, TXF, AHH, #F
TEKE A R, AR P A T, 41| 750021

FHE T2 AT (Lycium barbarum)F 5z i 5 5 SR S| -1 R w7k 73 TEH BUR R BR 1 X1 5
UEIE R & OB R LbCER3 (M3hiEE, VAT H BB MR 74T 1 S /74D 5 5 i K],
KF GC-MS. #3tH2: K or FLEW 550778, JFIR T AN 6 I BRS04/l A0 A
A AR TE, 347 S Sl o SR SE A 7 e 5 e BRI T BB IGAIE . 45 R B, ek
B A A R P AR ) A7 5 A R B BB RIS, HTE 1 SRR S 2 R
BT TR 5 T FES AR R L RIE N4 43 T (WGCNA)YK: LbCERS3 2 R HE I A,
LbCER3#:[X CDS 4K 1884 bp, #4ifid 628 NAIER, & A 14 C it WAX2 45 #415(Wax2_C)
HL g BT R ¥4 10 I 45 1 45 (FA_hydroxylase) . it — S i@ T LbCER3 il FKik# Mk, 1E &M
(Solanum lycopersicum) DAk, FHEFM R T1 A SEE H R RERS, s
JRE B RER, RS RS E R ERN. A REH, LbCER3 2 SRy
JR A R AR R

F§#iF THREKAE, LbCERS, T EMikd,

RIBLL, Z2EHI, AMER, xR, XEE, ERE, £X5FH, B, %iE (2026). 7 E M
A2 R0 5 B O B[R] LbCERS (1 58 BRI TH RELGAIE. fHAI44R 61, 1-16.

FEIE 0T A2 FH B R TR I HAT AR (e e s e It TR 28 ) R 2% b S I 1tk vk AR
YeH (Tunstad et al., 2024), BA DK 78K I 5 ME % D) g (Markus et al., 2015) .
W PR e — N AR R, T B AHE AR T R P IS s R A TR 1 T S A B ot %
MHIrWITE U(ZEH155, 2023). LIS FE 32 3| 22 Fh b ) L DR B s R 1A% . b, CER SR
R TSN 2. CER1 (ECERIFERUM 1)f1 CER4 (ECERIFERUM 4)%:[H 533 2 5 ¥
AMABE A K. B, % K(Cucumis sativus) CSCER1 JEK ffid ik (2t T kel W&
ECRTR S (Wang et al., 2015); KCS7/2 (ketoacyl-CoA synthase 7/2)F1 LACS2 %:[XI7E g i
Rt e AL EAE FI (IR A1, 2023). HI T, VAP B S BAR R 2 AP2 Il MYB P50
BN, WEikiE, MASHINE2 (WAX PRODUCTION 2). MdWRI4 (WRINKLED 4)% 53 5
(Malus pumila)iJii#: & (Li et al., 2020). k4, MYB94 (MYB Domain Protein 94) (Giulia et
al., 2020). MYB96 (MYB Domain Protein 96) (Buyl et al., 2016). MYB30 (MYB Domain
Protein 30) (Kong et al., 2024)4% 4% 5% K] 5 A] 05 HE A 2% B2 i o 5 O A2, e ik i Jo 76 22 R 1)
MR, —8S 5B RNEESE T, 1 WINT/SHN1 (WAX INDUCER1) A% £ i J2 6 7
AEWE RS 3 B0E TR 7 (Asaph et al., 2004) .

T EZ A (Lycium barbarum)@ —FhZAEAEMBHEAR, H RS FEEmE. 20
A N REE Y (Qiang et al., 2023), & FE XA FVREY . SR, T 2 Mid R
NFR, ERKEFEIL 80%, RERIMHBEFE T, AT 1 6Tk R bk 7 i) 5 #Uk (FiE4E,
2015). #EJ5TIE & RS H ORI H AR BRI, Gl AR R RN M E AT A, R
R REERE 1 (FB L5, 2023). WHFURH, T EMichE s 7 b B K ke ke 2 (Wang
et al., 2021), Tikt&lE S\ EE T+ (Arabidopsis thaliana)F1E e W) (1) 5 SRS B 20 43, SHEYIT
BAYEMKCH AP E R A T Ek, ZEW SR H bR (L et al., 2020). CERS3
(ECERIFERUM 3)%: Rl ¥ gt — iR Tt Al A SE 5, ek b & M SRR .
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FRFATLFETF CER1 1 CER3 {EiE 3L K i (Solanum lycopersicum)th I 53 321k 5: B i
$hn, sk T KR IR S T K R ZEE (Buyl and Chung, 2015).

HHT, A AEY)2R B 5 R T 7 3 B P e 3t AR S-S B (B 48, 2017).
FH T A A A ik R A SR 55, A A0S T A AT e o PR AP 7 3 B v A e AR 3R A5 T T CR AR IR 5%,
2024), WEEY)G S T DT H T AU H0E, (OF CERT (R4S, 2019). WINT (FHE
B4, 2023a) k ABCG11 (3 B H 4R, 2023b)/DHU L/ R R RAE . TRtk F2 88 AT 5 S ot &
FSC 11 B L DR B0 E L T g, SR 7 b AC SR SIS 5 A B 2 T WL R AL B AR, 1T B R
S DA S s AR A Bl S 4R =
1 REHE
1.1 ks
SIGAMEY T BEARREM A RA R M. TERAEMA R RS R 6-8 H 1A%
AR Bk Ed . 6-8 H PR 30-32°C, “TI{KiR 16-20°C, iR 38—-39°C,
W IR 10-13°C, H %K E 40-50 mm., 3EHCT 2 8k WA A 1 ST 5 SHEkk, LA
TG RECHIRRS, TEmid ek BBl (Yazdani et al., 2019). T 2023 4 6-8 HfE#At
WibRicAess, 2 lIEEAE)E 8. 24 F1 32 RIS SLHAT R, FAEE B T RIEFEA, i 752
50 TR A A I E . R 3N EYFEE . MEAGRENR 1. R, SRR
M FFAHRL, RFEE B WA T EE, J§ET-80°C B KEIKME. AT 4 REL. Bk
7 i (Micro-Tom). K % T & (Escherichia coli) DH5a. it #is# /& H 22 pCAMBIA1300.
GV3101 £ FF F (Agrobacterium tumefaciens)E sz 2541 i 5 i Uz A VR A IR 2 7 42
fit.
#£1 HAEE

Table 1 Sample information

Grouping Period (d) Group number
Ningqgi No.1 at green fruit stage 8 A1
Ningqi No.1 at turning stage 24 A2
Ningqgi No.1 at maturity stage 32 A3
Ningqgi No.5 at green fruit stage 8 B 1
Ningqi No.5 at turning stage 24 B2
Ningqi No.5 at maturity stage 32 B3

12 BREESHESNE
Z: 8 Liu %5 (2015) FI5K 545 (2019) I 7 AR IR SEA U Z AP o 755 K B BAREAS b 29 79l i B
30 ANMRSE, JEPEE T, SCIGET, FHBTRAA R RTER IR E AR, 7EZRMK M, Bl
(1 g'mL YR RAE A SR, KT 3-5 /NI, TR T-1Fa i (1) R A IR 50, o Howf
BB JE TR T 280K, BN GEIEAKE05=1:3, viv), RIZIRY, HESERR, FE,
R ZIEor e, k. e RATE 40°C ZRE TR, AEMmEERRIPHEREREEZC
FRER 2 mL BO08 T, e TERE, FET-20°C, . BHRSENEOEN 2 )
HEZEWA-W2). 52 A DS 52 S 1 SRS R], g HIREAE 30 mL & 45,
FEHL 30 Abo BEANEE 2R B0 R HREL 3 ko GC-MS 24T, F 2 mL &4)5 78 7 Vi iR AR i,
I 200 pL (1 pg-pLt)IE —+PU%e(CAS 646-31-1)1E N AR Fl 200 L AHEFT 200 pL XX
N,N-(= 4 B (BSTFA) T 70°C 414 FALER 40 b . FEGTIRG, BT 2 mL =& ke
i, FH 0.22 pm AL JE . GC-MS %142 FR X147 46 (20 15) [H 77

e T PR S IR T 255 (2022) (W 7 A S B, JRECE T AR 6 AN R SLE
TEIR T 20 mL &5, $REC 1 080, MBI 20 uL 1 mg-mL=t C24 kel NN FrF,
RSV ERATIEIE, KRUREE, R ARERELN 1mL, REHRERSMHEERESHT. H
RACHFE SRR EART, N 20 L itksg, BN 20 pL BSTFA AT4ER, R
70°C K ATA 1L 60 438h, BAWKT, a1 mL SRR 3T GC-MS 24T .

PR 5T 5 () SR S B 7 I8 B R T, R SR RN IR AR B, AR OGS, Eid
Photoshop 2018 5 SR HA(S).

I S (ug-m2)=(W1-W2)/S

1.3 RNA ZHURERENF



MR SR SRR S RAAAE T UK A R IR R I HIE R AV E A IR A 7347 RNA $EEURI % s 4
WP, 1% & U T DNase | (Takara) 2 Fr%E K41 DNA, Bff5{£H 2100 Bioanalyzer
(Agilent)iFAii RNA Jii &, {4 ND-2000 #H175E & . 1ERTA LU T bR i) e o A% R A A H T4
2 RNA-seq X J%E: 0D260/280=1.8-2.2, 0D260/230=2.0, RIN=6.5, 28S: 18521.0. fi# H]
TBS380 £ /&, H llumina HiSeq 2500 i f7{X (2150 bp)x} X RNA-seq Ml Fy 3T FE #E47 I
¥. {#iF] Fastp v.0.23 (Department of Bioinformatics et al., 2018)%} RNA-seq J& 1A 55 3E1T
JREEFE . dar R A 5 HE ] Hisat2 v2.2.1 (Lyda Hill Department of Bioinformatics
etal., 2019) K ik i J5 (s B 5 MAD S5 L R A3k AT L, 33 F T )5 220 HT) mapped reads..
PEETAE 1 SHTAE 5 5 REIH RS RNA, K RNA #%45 cDNA, f#H SYBR Green
Pro Taq HS T2 qPCR X7 & I, LLMIFCZH R LbActin I 2, #HAT5Em %€ # PCR
SN, TR AR AR 28 R g 28, JRRIF 2-04CT J5ik A L DR AR SRk & . BEAMRE I
IWEK ., {FH Prime Primier 5 #4754, qRT-PCR ¢ FYE51 4 /751 3% 2.
%= 2 51T 5

Table 2 Primer sequence

Target genes Forward primer (5'-3") Reverse primer (5'-3")
Lb04G01159 GGGGCTCTTGGGTTTCTGAA CTCTTGCTGCTTCCTCTGCT
Lb12G02295 GGTCAGGCCTTGGTGAAGAA ACAACCTCAGCTTCTTGCCT
Lb06G01355 CATAGTCTCCGGTGGTGCTC ATCTGGATGCCCAATGGTGG
Lb04G01745 GATTTGGTGTTGGCTGCTGG TGTGCCCATCTGTTTCCAAGA
Lb05G00160 GTAACGGCAGCGAGTAAAGC ACGTAACTGAATAGCCGCGT
Lb11G01242 CCATTGCTGCTTCCACATCG TAGCCCACACGTTAACCGAG
Lbactin CCCATCTACGAGGGTTACGC TTTCCCGTTCAGCAGTGGTT

1.4 MIBAFERE LbCER3 EEMTRILNH

TR T 1 SATI 5 SHfd, alREZE. if, B, R, BEeRMaR, 8T
R B2 T RNA I RNA K5eibt, ki Miid 4R B LA 3L LbA
ctin (GenBank % [ii*5: HQ415754. 1)/E NN Z, FIHGIP&IHRAE Primer 5.0 %it54.
K518 M143274-97F-CCCATCTACGAGGGTTACGC; M143274-97R-TTTCCCGTT
CAGCAGTGGTT (5-3').

1.5 MREEHEREMLE 55

1) P 5 S I A O A AR AR R0 SR LA AT I BCRE R R R IA 2% 0 HT(WGCNA) . L BRERIA
BN ARSI B 2 1k B AR BRI BE R (P FPKM<1.0). 3448 5 2 E(CV)>0.5 [HFER T4,
i R KB T WGCNA AR g LRIk 4R . SRR Bl F 5 2l 9 45 440 722 B 4
(blockwise modules)3k73, HFEE X E N 7, TOM type ¥ & A unsigned, merge cut height ¥
E N 0.25, deep split % &N 2, min module size ¥ & A 30, HASHI NEIN(Zheng et al.,
2023). Cytoscape 3.10 H T rI AR AL L3R E I 25 F 7 o

1.6 HRNEENTEEEMEEZESH

FRECTAD 1 5 R sz RNA, 1055 R cDNA. HR¥5 LbCER3 1) CDS 41t 1 %5514,
DAMIFC RS cDNA JyBiRR, #E1T PCR 3. 34k RAFLT W% 3. 51424y D14980_0S1F-
AACACGGGGGACTTTGCAAC, D14980_0S1R- CCTGAAGCGGCCGCTGTACA (5'-3"). f#i
1% B ISR K g AT = R, B bRic A rDNACA, frill)e 5t T E A, #
LbCER3 R:[R 4utith i A 2 2R 7 1 5 H e MR R & (7 53T LhER, 8 MEGAG.0 #1444
BEARGKREM, FIFIEL T H SMART (http:/smart.embl-heidelberg.de) s #r 85 (4 {57 45 #5k .
F+& 3 PCR ¥ 1k R MR

Table 3 PCR amplification system and reaction program

Amplification system Reaction program
Component Volume (pL) Steps Cyclic numbe
Nuclease-free water 20 94°C for 5 min 1
Biorun Pfu PCR Mix 25 94°C for 30 s 30
Primer (+) 2 50°C for45s 30
Primer (-) 2 72°C for 113 s 30
Template 1 72°C for 10 min 1

Total 50 16°C for 30 min 1




1.7 LbCER3 dF:k#iikuotaiE
FIF PCR At iy ot #k pRmg bl r= itk A7 4tk (Sitb P~ s ic A pCAMBIA1300 (D)), K H
LR (rDNACT) S iRE R, ER M4 N pCAMBIA1300-LbCER3-Glosgfp, it fllH
BRI 40 B 5-10 uL &= WA S RIGATE, 75 Kan Juik ik b 37°C K555 1
2 /. HREL 10 DME BRI HE4T 1.5 mL EP &4 Al PCR %% . pCAMBIA1300-LbCER3
-GLosgfp % & 5191y 35seqF-TTCATTTGGAGAGAACACGGGGGAC, D14980R-CCCAAA
CATCTTAAGAAATCAAAGACC (5'-3"). PCR N EEH &, HU 1=3 /™ PH P 465 Mok I T 1
00 pL FATHEARNT, Fl4 400 pL EHlEA 2] 5-10 mL Kan $ittk LB H, #2), f5ill7as R
ok, ECIE A PP X ) 1 AT BRI, W5 B RN R AR A BB R

R B A5 V& LE S 10 mL 50 mg-L~t RIS LB Wik 7t 37°C R
R, SREUTRL, IINE EcoRV HIEEVIk R, 121, 37°C Bgb) 3 /INKF, 1% AR WAt i FL ik
KrEEDI =4, VIR R ILZ 5,
R4 RIERYIE AR E AR

Table 4 Vector digestion system and recombinant reaction system

Digestion system Reorganization system
Component Volume (uL) component Volume (uL)
Nuclease-free water 13 Nuclease-free water 0
10xBuffer 2 Biorun 2xEasyClone Mix 10
Bsa1 1 rDNAC1 5
pCAMBIA1300 4 pCAMBIA1300 (D) 5
Total 20 Total 20

®5 MUIAR

Table 5 Digestion system

Digestion system Volume (uL)
pCAMBIA1300-LbCER3-GLosgfp 17
10xBuffer 2
EcoRV
Total 20

1.8 LbCER3 HyiB{EH#{k
FIR Y (2024) (I VL AT ORLEE AL . ¥ 1 pL BRI ZE 50 uL GV3101 ARAT 1 I SZ 25 4h
RAEB N A, B A 1 mLLB AR5, B EBA 1.5 mLE L& H, 30°C.
180 rmin~ $EREEFE 30 438k, B 50 L yHAL ) URAT BB 80, #R0 T LB FEfAR: s,
30°C W85 77 48 /NI o A AR RSN 514, Fedl PCR ¥ 1A R, 7 0iR%E), H PCR {47y
I3 B 1%E e, 2 G RE o 24 BH P e R R i ) FL K R T . KN IE R, B
PEXTIRIE 26 I, R AEAT R — 20515

B Micro-Tom Fi 1~ Fl T /K i& BE 2 705, 75% LB EE 40 75, 84 WM& wE 7 708h, 1
R KIEDE 3 WK, =¥ 1 /N o B KB a B Rl B e R 2R 925 b, WEEE 9% 34 K,
PR FEMNE JCIRINA LR T 3: 4-5 K. i RMERNE AR EIFE, B
FRIIV)ZHRRFI T80, K )38 20 VIRl 2-3 B, HEmh 3 Tiks 53k b, (2342)°C Fiks 5% 2—
3 K, PRBUR G R AT, #14 ODe00o=0.2 (A1 B BV, & 10-15 285, BT
BRAMEAREERT T R R, (2342)°C HERE TR 2 K, HIK R RS 775 i A 4 23 Fh B e 15 77
Ferb, 1E 23°C. 16 /NG IE/8 /NI BBIE N5 9% 15-30 K ek H 1) A0 4 23 e 3] o AL 8
FrIEH, 7F 23°C. 16 /NIFYGIR/8 /NI SIS N5 5F 30-40 K. fE Ll K E 2-3 cm B @i
AP R, SR EIA R, 7 23°C. 16 /NI GIR/8 /NI IS FH53% 10-15 K (&4
H, 2023).

B I BB (AR T I B R U . SR AR, A 22 PREISAFRTE, K
M54, M124566-501F-GAGCATATACGCCCGGAGTC, M124566-501R-CAAGACCTGCC
TGAAACCGA (5'-3"). 44K % 10 cm. MR RTERERS, 3 %508 HIRBH I E# N\ 8 i N

4



B, KH 57 FEMBRARBICH . TO RFEIEF AT REFME, B3 T1 RERERFT,
1 3 AHRRU1-4. J11-7 1 IN-A3)REM F T o1 %€, 5198 M124566-387F-CATGG
TGATCACAATCCTCC, M124566-387R-CCCATCTTTGTGTGATGTAGGG (5'-3').

1.9 HERFHHFAREEEHNE
AR B AT I () 34T SRS DIAE 3 /NI, OB A RE BN = RRSE B /K (25°C, A
SHEEE 75%), 25T 2. 4. 6. 8. 12 /MG EE. JFKHE 70°C N TEIFFRE. FKEE
RN SPGB EMA R EE N T . SRR TR I 5E $E SCHR (Kosma et al.,
2009) AR T VEHEAT o« BURSAE AR SO (R 2 A R RN F] 20 mL 80% LB, & THEib.
ST 20 4. 6. 8. 12 /NG, K 647 nm (AG47)F1 664 nm (AG64)IIlE G . 15
A A (Ritchie, 2008) 41 F:
MM R 5 5 =7.93xA664+19.53xA647

WS 212 HH 23R R BRI TA] s (R SR IR BE o5 12 /NS 3R I S SR R I 4 L
2 GBR55H
21 FRLXEMPMICRIERSESEHS
T AR AAC SR S A PR A 5 A S E R SR B GRS AR T AR, P 1 ST
12 5 "5 AN R A B B SR SR £ 5 J2 A/ M RN P S 43 S EAT SRR 52 . A5 SRR (B 1A, D), BE
FARSLWR B AR, TAE 1 SR TS 5 5 RSB U NSRS S B IR, WK E
W, T2 1 SRS RN RES T T 5 9 ERLKEFMEEERES, 7/ 1 SATIE 5
TR R NS R AR T A

R AL T A SRR, T 1 BRI 5 5 Rk B ARG FE £ R A S
WA, YoAkERs. BR2E. MR, MRS, WSS, RIS oK R Rk, H
UORFRFIFR S, MRESE. FA2S. B BV T 1 SATEIMNEF, 5 R G
REpeR Ry & ESMASIFAEREZE R, TREAE 3 MIFEREZRE 1B), M
JE WIS TR AIBERAE 3 AN W35 22 (B 1E). ETAC 5 SABEIMEY, ik
FEERAE 3 MR R 2 7 (B 1C);, AZE NI ERRAE 3 AN (e B3 2 7 (B
1F).

A BE Ninggi No. 1 B B aldehyde ®  ketone c B aldehyde W ketone
A— H esters W alcohals B esters B alkanes
150 W NinggiNo. 5 80- ® acids M alkanes 5o @ acids M aloohols
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B 1 Rk md S mM S A SRR

(A) 501 SRR 5 57 5 A A0 5t 7 B (B) °IE 1 SRR F 0 0 B ShEAL5) £ B ()
THC 5 SAFEA BRI FURSNEH >S5, (D) TS 1 ST 5 SARKE NI RE NS E; (E) T
&1 SARAER M REAA S & &; (F) 71 5 SARKEIMRZE NEEH > &8 ARG TR
/NTE 0.05 /K P ZERR .

Figure 1 The changes in wax content and the content of each component during fruit development

(A) Outer wax content of the stratum corneum of Ninggi No.1 and Ningqi No.5 at different developmental
stages; (B) Outer wax components of Ninggi No.1 stratum corneum at different developmental stages; (C)
Outer wax components of Ninggi No.5 stratum corneum at different developmental stages; (D) Inner wax
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content of the stratum corneum of Ningqi No.1 and Ninggi No.5 at different developmental stages; (E) Inner
wax components of Ningqgi No.1 stratum corneum at different developmental stages; (F) Inner wax
components of Ningqi No.5 stratum corneum at different developmental stages. Different lowercase letters
indicate significant differences at the 0.05 level.

2.2 MFF¥#EREF DEGs 5747
MIARFER BB TAL 1 SR 5 5 R sedt 24 AMEARBHTE AN, & FHLEEE 798
3% clean data. AT T m i EmEdE . @i 325 70T (PCA)Y RNA-seq FEAZEAT
B (B 2A), 5IFE 6 ANEHEREA, TR 18 MEAR, TR T 90.56% 11 R 46 £ 4, 41 B HiiE
FEVIEAR, SR E AR, 18 MREAM I Hrgs R (K 2B), T4 1 ST 5 5K
7] % B I A 3 AN B REAS I B R HbAH ¢ R B KT 0.88, BRAIF 1 Howh ik — 540 Hr iy Bk
i 2 1) Eb i (A1 vs B1. A2 vs B2 Al A3 vs B3)/HT A [RI4H ) 22 7 % ik HE K (DEGSs),
ik 72 F R IR FE & F N ik 7 753 logzFoldChange| > 1, P<0.05. DEGs 43 #7455 B (&
2C, D), A1vs B1. A2 vs B2 Fl1 A3 vs B3 73 #lli#ik %] 2 087 (1 567 /> L, 1 120 A~ if). 4
089 (2 322 4~ L, 1 367 A~ Fifl)#1 4 823 (2 016 /> ¥, 2 807 4~ Fifi)\> DEGs. {HfHE &
(2, (ERS0R B MG 2R LAY DEGs 5 618 4. 5Li) 2 & PCR 45 1 127K, 6 /> DEGs
(PZRIE KT 555 A — (K 3), RUIFE A BRI T 5EM o
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Figure 2 Sequencing data quality and differentially expressed genes (DEGs) analysis

(A) Principal component analysis (PCA); (B) Sample correlation analysis; (C) DEGs statistics; (D) DEGs
up- and down-regulation statistics
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Figure 3 Identification of differential expression genes by qRT-PCR
(A) Ningqi No.1; (B) Ninggi No.5.

2.3 LbCER3 EREMICAREREPHFKIL

FFH gRT-PCR R4 M ML AR 2 & it LbCER3 J:[A ¥ 315K 1tk 45 LW (K 4),
LbCER3 J:R{EMIC #-a B i3k, T4 1 SEH LbCER3 KiA®m R 5 T HARS T, M
TERSHBEE R R T B, BEREES THRARME 4A);, f£74 5 SZEFE
KBy, (RS BE A RS A R 2T RS, (H 3 AN AR SR 2 AN B3 (K] 4B).

25

a El Ninggi No.1
» 2.0 Bl Ninggi No.5

B4 ARG ET LbCER3 FEMREE (A F/NEFRERTE 0.05 K FEREE. )
Figure 4 The expression of LbCER3 gene in different organs(Different lowercase letters indicate significant
differences at the 0.05 level.)

2.4 IEEIREMLE S H(WGCNA)
DRy 2 THI 48 7 M AC SR S s O ) R 2 P %, FRATIAE FH 5 R S o R 6 F 2 3 i v R 2 s 4 2509
HEAT WGCNA 73#87. FEARRE e RE/R(E 5A, C), SFF RIS, 1IF T4 T
D@ At . BRI RAE S R (B 5B, D), MAFZENEESE(IW). 5 Z SN
TrE(OW)., S 5T 7 & (TW) LA S AL i ot 32 22 i 7 (Wi 2 25 (IW_alkanes))5 MEturquoise
R AR R A AR L, R IIAETE R LK & MBS ST ALY

AHIE TR SRk o EL AR IE (40 R T e R R R (A [RIRE R, kR AD 1 SRS 5 5
MEturquoise by ILRIA ML (K 6A, B). 45 HFH, 5157 i A& 3L IR [F U5 1)
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Figure 6 Co-expression network of fruit, expression patterns of wax genes, and analysis of alkane
components
(A) Ningqi No.1 co-expression network; (B) Ningqgi No.5 co-expression network; (C) Expression pattern of
waxy genes; (D) Content of alkane components in total wax. Different lowercase letters indicate significant
differences at the 0.05 level.

25 HREERNY EREMERESH

¥4 LbCER3 [) CDS J&41, HR4E s va bl 745 15 5] 1 A~ 1 884 bp M F B, 1ZF 4407
HHWERFIIAEE, £ wERD). CER3 B HZRIEMF I L4 REW(E 7 A), CER3 i
FAEAS [FE R E A AR E i R R . R s R W 7B), #iid CER3 SR
(Lycium ferocissimum) CER3 )3t % K & feilt, M 5 B (Capsicum annuum) . i &
(Nicotiana tabacum) CER3 H H3E 4Kk REEY]. N 1 #fiE i 517+ CER3 EEH K LIfE
M AMZAL, FATHAT T ERA RTS8 7 C), 8RR 537+ CER3 1y
A 1A C i WAX2 Z5 #4938 (Wax2_C)RfE i ik 2 AL 45 #45k (FA_hydroxylase) 45 3, X 2
ANGERIIR IR G T L R

2.6 LbCER3 @ RiAH MR FGE LM

NTAHED LbCER3 fERS SR I B b i) 7r T A2 DhRe, T H Bsal Bl #iikZiiiit,
By iS5 1) LbCER3 By 58U R, MMt CaMV35S Ja 3 1A% 1) LbCER3 %A
ML B AR . T BRI e s B I BO i AN S A BRI R, e XY 345
H 3L R BN AR 28 1 B, B T ARIE SR A Ok O MERA P, ZEDNFE AR IS F EcoRV Y
DIl ) B 20 BORCEAT D),  LASGHIE 4 Bk SEBR Fr BOR /N2 5 5 3R E A A . SE2H SURI g )



SRR (K 8A), KR ZE RSB /D — BN P 45 R IR, BRI R« Kk
B AT A A, TOARPIMEIE R PCR AN 25 5 5w (K] 8B), Flks: 2 i 1 2% 11 75 T,
KNS HIME—2, STRRICEK T, KA II. f£i317 T1 X PCR HINER TS5 ER, ~N
T IR A, AT T 2 IR, 2 YRS EA A E P AR e D R 4 B B AR, TR
3 KRR LK O BRFAERE, BHEEZ )y 82% (K1 8C). JEAESLI LI O M ASIO kKL,

1 v
lg 4
&
'
1 T o
s i
pow

A

Cc

o T

wers —HHEEE T
B 7 REWH CERS & M 4 b | -

(A) R F CER3 HEHARIEREFH L ELELX; (B) ANFEMFh CER3 & H RS, (C) Hird Al eI IF
CER3 fRy &5 H3 o #ir

Figure 7 Homology analysis of CER3 proteins from different species
(A) Multiple sequence alignment of CER3 protein amino acid sequences from different species; (B)
Phylogenetic tree of CER3 proteins from different species; (C) Analysis of conserved domains of CER3 in
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7R INM-THRFR, 811 8 J1M-13 ¥k &R, 12-15 NEFET, M: marker)

Figure 8 LbCER3 overexpression vector construction and genetic transformation

(A) Restriction enzyme digestion verification of the recombinant vector (N: target band, M: marker); (B)
Molecular identification of resistance genes in TO generation plants (1-22 are the sampled plants; a, b, c,
and M correspond to the positive control, blank system control, WT control, and marker, respectively.); (C)
Molecular identification of target genes in T1 generation plants (1-4 are J11-4 lines, 5-7 are J11-7 lines, 8-
11 are J11-13 lines, and 12-15 are wild type, M: marker)
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Figure 9 Phenotypes of transgenic plants at early flowering and maturity stages
(A) Phenotype of transgenic plants at early flowering stage; (B) Phenotype of transgenic plants at maturity
stage
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Figure 10 Analysis of cuticular permeability and wax composition in genetically modified tomatoes

(A), (B) Chlorophyll leaching rate and water loss rate during the peak flowering stage; (C), (D) Chlorophyll
leaching rate and water loss rate during the mature stage; (E), (F) Leaf wax content and leaf wax components;
(G), (H) Fruit wax content and fruit wax components. Different lowercase letters indicate significant
differences at the 0.05 level.
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Cloning and Functional Validation of the Key Gene LbCER3

Involved in Waxy Cuticle Synthesis of Lycium barbarum
Juanhong Zhao, Zhigang Li, Guoqi Zheng’,Zhanfei Liu, Lirong Kou, Wenxiu Wang, Tiantian
Zhou, Juan Yang

State Key Laboratory of Efficient Production of Forest Resources, School of Life Sciences, Ningxia
University, Yinchuan 750021, China

INTRODUCTION: Waxes are protective substances found on the surface of plants,
especially on fruits and leaves, which help prevent non-stomatal water loss from plant tissues.
Lycium barbarum is a characteristic economic forest species of Ningxia. Its fruit is a berry
with a high water content, and the surface of the fruit skin is covered with wax, which hinders
the normal loss of moisture during the drying process. Alkanes are the main components of
the wax on L. barbarum, and the CER3 gene is a key gene involved in alkane biosynthesis.
Therefore, an in-depth study of the function of CER3 in L. barbarum provides a theoretical
basis for revealing the metabolic synthesis of wax in goji fruits and the molecular mechanism
of LbCERS.

RATIONALE: Research on the waxy coating of L. barbarum fruit skin has mainly focused on
the structure and composition of the epicuticular wax, with relatively little attention given to
its molecular mechanisms. This studyusing the main cultivated varieties of L. barbarum,
Ningqi No.1 and Ninggi No.5, as test materials, this study employed methods such as GC-
MS, transcriptomics, and molecular biology to investigate the changes in the content and
composition of cuticular waxes on the outer and inner layers of the fruit at different
developmental stages. It also involved the screening, cloning, and functional validation of key
genes related to fruit wax.

RESULTS: During the development and maturation of the fruit, the content of inner and outer
cuticular waxes in Ningqi No.1 and Ningqgi No.5 gradually decreased, with the total wax
content in Ningqi No.1 being significantly higher than that in Ningqgi No.5. The outer and inner
wax components of both varieties were the same, primarily consisting of alkanes, esters, and
acids. Transcriptomic analysis and weighted gene co-expression network analysis (WGCNA)
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identified LbCER3 as a key gene. The full-length CDS of the LbCER3 gene is 1 884 bp,
encoding 628 amino acids, and contains a C-terminal WAX2 domain (Wax2_C) and a fatty
acid hydroxylase domain (FA_hydroxylase). An LbCER3 overexpression vector was
constructed and successfully transformed into tomato, resulting in a significant reduction in
chlorophyll leaching rate in the T1 generation transgenic lines, along with a notable increase
in leaf wax content and significant increases in the wax components of alkanes and acids.
CONCLUSION: These findings indicate that LbCER3 is a key gene in the synthesis of wax
in L. barbarum.

The process of micro Tom transformation

Key words functional verification, LbCER3, Lycium barbarum, wax
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