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AT, F O, RETS, ERED, KA

(L E MR Be WA AT AT, WiTT BUM 3114005 2. F AL BHEBTFE B AR BROL BT 52 B
DERMAFFE LI, WL AN 3114005 3. EMOLRHEBFTEBE PRACE (% 7 4 [ i se g s, Jbat
100091)

WE: [ B8 ] 38048 Vernicia fordii AR Z B A0 X 689 4L 4F - AL S 5 05 s S AR B, AU SR N BT AR AR B £ AU
BRI, AP R Qe lE . L) A TR LR SRE, [ Fk] ATaR 2 A ha8334854
F UL R B A M B (RNA-seq) 3035, 28 mA R B 22 &K M4 54T (WGCNA), %52 B kA8 5 20 804 S AR
Yo, @A NARAA RO RS ESN. BOLEREHERARZERBRESH, mikohE,; # R EFLE
¥ i 4% PCR (RT-qPCR) B it A W AR R R P ey R AKX, [4£ R ] WGCNA o4 i85 12943 AR
R 27 A F AR, KT 5 MR EZ EAR K 4 greenyellow A3, £ LB AKSHIEE (GO) ERALBH 5 A RAT
H4 4 (KEGG) FE AW : BB ARRN TR AR, BIALENELF . @s, BORRM. REFT AL,
EYpiba RS AR, TETHERG, 2EA%. BT FRAREREAEEMLAR, RIS N EE 0 24
W 5 A BB T fe i, %8133 LSH4. RAD4. GHI. HDG5. LOB. SWEETI0 % A B TH MK F PA LA
YA, RT-qPCR BiEL R B 7. FEARABARRAE P LR END FHEEHFFH, LREMEE RNA-seq # 3
BENA, [%i] 228 1 AMERARARAEE TS, k3] RAD4. GHI. SWEETI0 % 5 4 m A %048
Koo kR, B8 A3 444
KRR abAR; MR AR P AmAUR B SR RGA R % 5T
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Analysis of tissue-specific expressed genes in gland of Vernicia fordii

LIU Beiping'*®, GAO Ming'**, ZHAO Yunxiao'*’, WANG Yangdong'**, CHEN Yicun'**

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. Zhejiang Key Laboratory of Forest Genetics and Breeding, Research Institute of Subtropical Forestry, Chinese
Academy of Forestry, Hangzhou 311400, Zhejiang, China; 3. State Key Laboratory of Tree Genetics and Breeding,
Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] The objective is to identify tissue-specific modules related to gland development in
Vernicia fordii and to screen core regulatory genes, so as to lay a foundation for further in-depth analysis of
gland ontogenesis and provide theoretical support for the study of the developmental mechanisms of plant
secretory tissues such as secretory cavities and glandular trichomes. [Method] Based on transcriptome
sequencing (RNA-seq) data of 12 tissue parts and developmental stage combination samples of V. fordii,

combined with weighted gene co-expression network analysis (WGCNA), the tissue-specific modules related to
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glands were identified. Core genes were screened through functional enrichment analysis of hub genes within
the module, protein-protein interaction (PPI) network construction, and gene interaction network clustering
analysis. Quantitative reverse transcription PCR (RT-qPCR) was subsequently applied to verify the expression
patterns of candidate genes in different parts of the tree. [Result] WGCNA clustered the 12 943 filtered genes
into 27 co-expression modules, and identified the greenyellow module that was highly related to the gland
development. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis revealed that hub genes within this module were mainly involved in biological processes such as
growth, anatomical structure development, cell differentiation, protein metabolism, light signal perception
response, and biotic stress response, and were enriched in related pathways such as transporters, the ubiquitin
system, signal transduction, and environmental information processing. Based on the interaction network of
genes within the module and gene functional annotations, several genes such as LSH4, RAD4, HDG5, GHI,
LOB, and SWEETI0 were identified as potential key regulators in gland development. RT-qPCR verification
results showed that the expression of each candidate gene in different parts of V. fordii exhibited significant
tissue specificity, and its expression trend was highly consistent with the RNA-Seq data. [Conclusion] One
tissue-specific module related to gland is identified, and core genes (RAD4, GHI, SWEET10), which are closely
related to gland formation and development, are screened. [Ch, 8 fig. 3 tab. 44 ref.]

Key words: Vernicia fordii; gland; transcriptome sequencing; weighted gene co-expression network analysis

it Vernicia fordii )& K#F} Euphorbiaceae Wi JE Vernicia, &V HGHT Hb X 82219 28 5 A A
PURARAEM 2 —, A L TAERARIE D L0, ™= SR s my T, A SRR .
T A% MRS UL RARE, FER T Tl SEpRlmEs . A S . FRORRER R LA L TATY
BNz R P A ZAEATE TR, B RREONE, FEARMBK, ARERDE, AR S e
AL AT 2 M 118 ST 5548 (0 O R AR

Y5 8RS R EAESH B WY A e AL 8L, WA A T 2 YRR AR B R
i, FERELCRE A R TP AL T A AR, BV A S Y SRR B I L s S B
AL EARAE, 25050 %R A KA L, P NTESNE IR (extrafloral nectary), AR AR,
WANERR T IRA TEETE . ke . V. MEE . T8 5 FhRAY, B aAmAEnt b ihie . FErF. 25,k
HAMN SR SR E L, WE S Triadica sebifera I NSt Zx— &, TEASW Ficus microcarpa T3 A #E M
W REER , FE Wk Mallotus paniculatus 4345 76 IE T K, 7 BERR Ricinus communis [ W) 5345 76 4% 5
R e A AT ) FH B AR 3 Db S 0 I 5 | e s A A £ B3 PR sl A s I 2 A A R B AL R
HRRN F BN AR . Wiy BRI A VLGS, REMERNEYREZ -, EiEhE
HETEL IS B R AR SN ERR BRI, LA LA S A i AR SEAS B Sl 7 T R T A RAR N 1 e~ A B
NGy IR, SRR S R ARV AT R O e T I E R T Ret

L) R AR B9 A A 2 B R T A 200 B e S DR A 9, S IR AR L) 2 ) 359 S5 004k, OB LA
TIAE R A I R 2R R . MAXIMO S5 IR R Gefifiik 1T o FF} Sapindaceae AH 4 16514 i
M ZEFRAE . TER 2R B AL B AR ZE A 2 )2 50 I R R K A G 1, T 7 R e R A )22
JFal T AR R R G S I is Y . KRFHES RS Joannesia princeps (WK T5 i AR 536 1) ¢
FRRIUAFFEME KA INBRHE, S EE AT R R R BUR BRI 245 52 U™ . 8 4E Gossypium
O ARG I B R B B U B E B8 . GoPGF & IR ¥ AR A8 IR IE B 88054 5 I+, 0% GhANT-
GoPGF ¥, AT HR A4 rp AR I 19 & ). WANG 26U J8 /R T HHR Citrus reticulata i R IE B
R4, DRNL-LMI 2056 N 3806 MYCS, (R AR A & 5 ARSI A A= 40 4

A WG R S AE D AR AR ) 25 A A R B B C S — e i, EDGhh A B AT 1 & B 0 20 BIL I
GG HRIE , FIREHLE AT AR XA AR L MRS YRR BRIR . 2R 4t
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B B R HEAERT . MEAEAS SR T AI RIL JR ISR 12 SRR R B Bt A e SR A I
(RNA-seq), R HINFLEE R HERIE R4 73BT (WGCNA) A HEIE P ALK 2%, 325405 IR AARH G 1 4 S A
Yoo S5 B AR 21 L I8 3R GK R AR | G DX AR I 4 e L EARE 28 03 AT, 2 25 ik DRUAS 1A 18 B8l T
(GO) 5 at#p e SN AR (KEGG) w8 Tas R, ikl eSS IR & BEEA s FIH LR 52
O i U S R G M UV (RT-qPCR) XM e HE I HEA TSR MG IE , W05 g A b A R AT R 23T AL

1 M5 7 &%

1.1 #E

BESELLINFERRE N 7 45 AR CWTVTEMR V. fordii ‘ Zhejiang Zuotong” , FhAE T E ARV Rl BF
7% B . HH MOl B 58 BT L (30°03'N,  119°57'E)., T 2023 4F 4—12 A, REEFMR . WAL, BHEAR
g MR MEEE L ZhBEt L R R MR . MEAERL KR R BRI L ARSI AE 12 N ER A R
RAWEBRES, BRI BR 2 MY ES, 9t 24 MEAR (R D). BRI RVE THRA,
JEF-80 C MR VKA RAF 5 H . RT-qPCR SE5G A1 KT 2025 4F 6 A 12 HREE, MMMAR . 2£. 0,
AR . BRAR R SIS 6 FhATZY, RJG SRV AR Z R R ITAEAE T80 °C & . BRAATE S5 WG AL R
A A R AR AR i Fr, I8 JE B D610 AHMLA Bid 5% .

®1 HEAEAER

Table 1 Sample information of V. fordii

EHEA A ARG SKAERT ] EEEA A ARG SREERTA]
FA AR a. AR b 2023-12-02 A Fr ML_a, ML b 2023-06-16
MR AP_a, AP b 2023-12-02 WETEAL FB a. FB_b 2023-04-15
AR S_a. S_b 2023-06-16 LR MB_a. MB_b 2023-04-15
P Ga. Gb 2023-06-16 R B HI Kl a, K1_b 2023-07-01
nzF LB_a. LB b 2023-06-16 U y.a= k] K2 a. K2 b 2023-08-08
Lt R YL a, YL b 2023-06-16 Mk E 5 K3 a, K3 b 2023-08-22

Y. a. bEIR2IELE,

1.2 FHik

1.2.1 % RNA#2H HIYFE 5 & RNA ffi il HiPure HP Plant RNA Mini Kit {77 & (R4165, 3&7%) $2HL.
Nanodrop 2000 (Thermo Scientific) X} r £ RNA B9k & F 4l i #4740, Agilent 2100 Bioanalyzer (Agilent
Technologies) M5 RNA 523 {f (RNA integrity number, RIN)., 54 D(260)/D(280) L 1.9~2.1, D(260)/
D(230) HAE=2.0, H RIN=7.5 ) RNA ¥ 50 Je Se 2 fnil v

122 mRNA LEME ., BBAERHRER  FAF TAEZF LSS E AR BRA 6 58 /.
JEASE A% (A i mRNA #£ 1llumina HiSeq X Ten -5 #1754 41y, )72 K A B 150 bp (PE150).
XoF ARAS ) S 6 DU BE R A T A, e fastp BXCPFUT X JRLAGEE A T 08, Trimmatic 25 BR42% Sk AR5
ORI H B, HISAT MHES 2 IER ARG, ks 4 s 4 B0 L 311225 FE R 2P (https://ngdc.cneb.ac.
cn/gsa/browse/CRA001732), i id Subread HbXJ 2456 SEAS 2 Fp b A7 H Y, AR PR i SRAS 5 FE IR G 5% 1z
o FOB T BUObR AL N B A T B S AL (transcripts per million, Vypyy) AU 2R XF . 5% )5 18 i Blast X}
Unigene #47 W) e 504 2 (NR, Swissprot, Pfam, KOG, KEGG, GO %) ViR, M55 ) REvE B (5
B, B FHABEED &3 ERAYE B o ——9 [ FE % 3 H % (China National GeneBank,
CNCB) %# % (https:/ngdc.cncb.ac.cn/bioproject/browse/PRICA042784), Il H 4w'5 &y PRICA042784.,

123 HAXZ5H MISEAEAITA B A RIBE, 1] Spearman J7 5T 2H N S 4H AR AS (Y AH G
RE, AR, AT E MR R HEAEAR2Z s MANEAT G E O . 8@t F L5 7 Hr (principal
component analysis, PCA) BAEAH b7 4 (45 BB R B2 S (25 B 36 hr, ARIESFEARTES 1 FAL
43 (PC1) FIES 2 F 48 (PC2) 2 MERGTRIR T IEUE K N, il —HERUS o FEASAH DG FAE i PCA BT
FHFEZE ChiPlot P34 (https://www.chiplot.online/) #4745 i,
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1.2.4 AR B R ERE WM& 54 FIH Tbtools v2.210% Fh A4 £ WGCN Ashiny™*! F4) #t i A 3 PR 3 3% 3k
W2, ShdEm T ERAYE SR R IA E R A B AT IR (Ve <<5)™Y, DA BRME B B R O OR
FBTERY A LVRE S R BRI T8 PP AN [R) BRI (power) T W28 1Y RUBE S PR A B0 i@ 1,
B PR A (B DA A2 JC RUBE I8P . il 3 T4 M B R (topological overlap matrix, TOM) X & [A i
)2 RIS, IHRASEMYI LR e BB, R H RN REREN ., HXLSERER:
power=8, minModuleSize=30, mergeCutHeight=0.25,

W AR AS R LU VR o R BIAR, IF UBUE Y 70 28 A8 i 8 M s 3R AR R o T R B R AR )
(module eigengene, ME) 5 A Z Ml FAHICH: . AOCR L X EHE 1 H P<0.05 MBI e ok o
B, TR (grey) MM & R R ISHIFEA , W0 TR
125 Shieg Eotife ZAEMAME BN 51K R (module membership, MM) 378 3& K 5 ME (1941
P, FEDH B M (gene significance, GS) Jz B EE PR 32 3k /K5 H AR IR B9 OCHRRR B o A A Ee Py [R] B3t 2
IGS|>0.6 H|MM|>0.8 925 K 9 2 S AX AL L] (hub genes). F1|H eggnog-mapper (http://eggnog-mapper.
embl.de/) XX A1 3K P AT DI B, JFilad TBtools X HE 4T GO ThAEH S KEGG i 1% & 4Bt
Kl AL . FEF STRING £ 4 % (http://string-db.org/)*! ¥4 & KX 21 J& K 5 11 & /E M 4% (protein-protein
interaction, PPI), TEMEHL N LIALE(E (weight)>0.4 A E{E, FH Cytoscape v3.10.4%7 4 #H e PR H A [ 4%
JF5 B MCODE #fif4F AT RS0, DRI 48 rh i BEAH BOCHR ) 1 S ER . B, BRI s
53 HT . PPI E8 AL AR 2 RIS A IR, el iy fease B A, i 1] TBtools 22 il 3 P R A T4 AL
1.2.6 RT-qPCR 3:4E  #|H] Primer3Plus % (http://www.primer3plus.com/) & 1514 (£ 2), ¥EAHTITA
BRI R AT R FIHEAT S 14 . 3RS RNA J5, i [H] PrimeScript FAST RT Reagent Kit with gDNA
Eraser % 5% 5% & (RR092A, TaKaRa) & il cDNA, {#i ] TB Green Premix Ex Tag Il FAST qPCR SZHf
A R & (CN830A, TaKaRa), Quantstudio 5 SEHT %t it PCR X (FEHR K) S8 HT. X ¢cDNA i#47
B AE R, LLIHAR EFla (elongation factor 1-alpha) 3&FH NS, 58 20 uL B =K R, P HERETF
M 95 °C HWAEYE 3055 95 °C A S5s, 56 C Bk 30s, 40 MEH, MRS 3 AERE, H 2T gt
SFAEXT IR . R GraphPad Prism 10 2fF 1722 5 0 B tr S EPEmAILE, IFERL

&2 RT-qPCR 3|¥FE7l

Table 2 Primers used for RT-qPCR

P 1D FEHAR EH51#)(5'—3) R 515" —3")
V0102365 LSH4 ACTACCGCTATCTCAATGGG AGAGAAAGTGGTGGCCTATG
V10400587 RAD4 GAAATTACTCTCCTTGGACTCC CACGACCAGACTCAATATGC
V0700391 HDGS5 TGCAAGTGGTTCTCTTCACC ATTGCCCAGGTTCCTTCTTC
V0400884 GHI AATCTTCCTTGTGCCGCTAG CGCATCTGTCCAAGCATTTC
V{10g01491 LOB TCAAAGGCTCCAGAAGGAAC TTGGCGATGATGATGAGGAG
Vf10g01688 SWEETI0 TTGCACCTCTTGGCATTGTG GGAACAGCAACGAAAAGGTC

EFla GCCTGGTATGGTTGTGACCT GGATCATCCTTGGAGTTGGA

2 ERG50H

2.1 BREES

TMAAE SN BRI TE S A RFAE WA 1 7R, AT UL AN I A T 45 I R0 a4 2 A 1 iR A DX 3 1z 440
LR S AN [A] T R L2021, TR S D Re o0 . ARIEIRAARTE SRR SRk /8, w1450 4 IRE: 4
THORAA . HE R IR . R BB . BRI . 4IRS AR (18] 1A), AR RO R ) 2R
2R R, REEUN, B RIRG 0, MWINEEM R BE4e; EAER WS (B 1B)
JEAR BN, R B2\, PWIRENE, THRTWERR; KB RAMRE (B 10) B3 2 M
I s, RBUGARIR A, TR ; mRACRES A ARA (K 1D) BIRL MG, I REm S . IR A
FEMEE (B 1E), 2 DIRARIEES K, /BB, XIRR A AR, Bl S Pl RESE A A BT RE R R R



55 43 5 X ) XAEF-2 A IR AR ZH U 57 B JE N 23 Hr 5

il ! 90 §
A SRR B ENBE TR WORS A, C R E IR D, R B, SRR £
B 1 hmRAR R F RS 6 S S M

Figure I Morphological and structural characteristics of V. fordii glands in different states

22 BRXERESH

LTS RO 5 & B W BEAL A 19 12 AN SEAREAR T 20 LAY Vipy (E, THRFEAS (] 1 2554
KERB . [F—FEAR 2 A Y2 E A n P R R K AHIC R EL (r) 9 0.85~0.99(1%1 2A), KU HE AR
KbERAs, "I T IR 2 WGCNA 4341, PCA 534 (Bl 2B) 7 : PC1(20.04%) F11 PC2(12.27%) H: [F] i
BT 3231% MZEHRIBA R, /R THARNP D EZES . MRS A A mAE LT, 5
HABFRAIIE B B R AR T4 F TR MRS 250 BRiRk. m2f . b WISRAE Tl w22 X, {0t
FEES R, FEHFRIABIEA MR S, 7E PCA B L) 2 i X B E g, RSN R AR AEEL
ZURE Dy RE LA R 22 50 OSSR O IS SLAZ R AR AR L SURE S PR SRR DR S R AL B A T E AR A

B
5

>

Quwnt~oA AR

© 00 o0 o

SIS R

© 0 ©0 00 0O0O0O0

ko
ls's

=
o
o

<
=
IS

......

YL b
ML_a

......

......

000000000000 O0OO
0000000000000 O0

- @O0@0000000000000O0

PC2 (12.27%)
o

......

ooooo

O@00000000000000
© o

32 -1 0 1 2 3 4 5
g O ., PC1 (20.04%)
S e e e M e e e e b o e Ol @ LE Otk NI et o ef-

B2 HAEAXKE (A) 2 Em2 2T (B)
Figure2 Sample correlation analysis (A) and principal component analysis (B)

2.3 fASER[E SR IA M R B

TG R BT R A AR AR (Vrpm<<5) MU EEIR, IR 2 VRN 12 943 AL AR D A, #EAT
WGCNA 7381, HIE 3 AT Y4 power=8 i, JohnEEHFMEAMIEG B (R?) 1 0.80 (18] 3A), P34k
B EREARIFE T P2 (K 3B); 19 RS MSA0 S 0 AR LR R 28, s s
B B TCHR B R RRAE (B 3C), HIEREHRIMEIR AR (R) 7 0.88(/%1 3D). £ : power=8 if H]
THYEAT G TR B R Y R R R I 2% o DURT A B 1R (] (1 AH S5 RECH A ST R 5 BRI, R H
B YI 535X HE BT 4y, AR A M A BT R E 1) 5, PR oy AT I A B O
IR ZAGH) 27 DAL IR BB (K 3E).
24 HAREEEEXNEREERNEE

W 35 PR AS [) M 2% 5 B e 55 9l A AN () 2 203 067 B A 3 B R AT A e M e A (B 4), B A O R B
(r)>0.60 [UREELE SR B, %2 #| greenyellow . darkorange il purple 55 3 A4~ Al ik & & B 3%
AR Hor, IR IR S greenyellow #RER (7=0.96, P=6.5E—14) 24k . IEAHK, fENHL R
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Figure 3  Soft-thresholding power selection and gene co-expression module clustering dendrogram

PERIIIEAT IR 820 BT o 4% greenyellow 53 5 A0 5 1) 308 AN Jk PRl E A7 AH G 40 BT, THEE TS AH C R
B, fh O R (B SA), BN R W IEA DG, BT AR, BRIy B R Y S gk
FREE R, AR A SE ISR, R AR rh R S MR CHR AR AL SE R, S SRR ik B A S SR
BT EARAL T RTSEMKHE . &l SB TR A greenyellow 1 fiT A 56 PR ¢ 1k i AR S AR HURRAE [ e HR I, 1
T R DIFR AL S BRI, B T RIS N I SR AR AR i RA E 22 5 N ARRIAE
SRR A SR R AR AR, L S S S IR T B R R AR R AR B R, BRI
SERFAR MR R, IR T AURRIE ) R AR, S SER I RE AR BT 55 A
2.5 greenyellow IR I 88 E & 2 7 Atz 0 B E RO IF i

greenyellow B A B0 54k 8 2 I FE P, H il 12 |GS|> 0.6 H MM|> 0.8 iy 41 3 KA 154 4~
GO HHEMTEE R BN greenyellow MIH AR FE EZW A K . g K. BAFRBMHSR . o
A X R R X R A e N . R AR R . SR E L RISSIRE . AR
. ZAMEAY R B AL S A Y B s % SR IR U5 P I DNA 256 36 s IR 16 PR 55 40+ 3
fiE; EFNT A AB 4 53 (K] 6A). KEGG B4R W] : BIRNIKA R B EEETHZEN ., 2%
ARG A5 T T OAE BAL A OG#E 7 (1] 6B).

PPI M 4% (1] 6C) J&7n T AX A 5L R 4t & (1 09 BAEAL S DhRR R 4R1E, Hh & PCK1., PEPC1 4%
E A EAER W R Witis . AR CINEE; L GALL TAA3 WO EEEREE T REZAM. i
ZESESEREA,; 05 NIA2, OMRI FE AR EAEEREW KA 5P 5 s s e ThgE . it
Gb, PO H IR AR e 9 SO SR L AR AR T RE B /N B VESE B (LOB. SWEETI0 %5 8 R4 X
). AT EE 280 i) B 138 T s ) BLAVE DG R A OGR4, Bt ik BB 7 (1 ] R 1o P R4
S e SR ) = BN L R ON & S e NI /iD T Aw! | N (e 2 o A e iR 7 o

HR4E greenyellow FEHL P35 K 1) weight (B 5 F8 D] (8] (1) 3% 38 MEAG EE I R BEAE 2%, 384 MCODE 3453
24 A BEOCHK 0y B R R 2 (B 7A), JF 4l R IA KL (B 7B). N Z8 2549 BT I . SWEETIO.
ZATI0. CWINVI. LOB. CHI. SRSI. HDGS % 3L XN i i R B3 KT HADT 5, ol BBAE 2% 11
VA AR TR OCHEE s R RE SN i )2 BRI R AR N4, A b I A R A % R o
FEEEMLHIERAE TR BARZ RIS . 5, A RNA-Seq FER IR EdE . JEHDIRETER: . PPT I
%% FEHHAEMG BB R, 5% GO Hl KEGG & 407, M greenyellow 5 He b i 2 1 H1
6 ML, HXH AT RS (nucleotide, Nt) THAETHBEAE B IEILE 3.
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Figure 4 Module-trait relationship heatmap
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Table 3 Functional term information of key candidate genes
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