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EHEMARTEME SR E, WL AU 3114005 3. FpEMOLENEBFIE B MRS F 4 EE A8, b
100091)

WE: [ B8 ] 1238448 Vernicia fordii AR E B AR X 69 LR - PERE B 05 ik S R B, A UG B IR N FRAT AR AR AU
BR AR, A LR (de b lE . IRE) A FAH AT AR R IE, [ FE&k] AT oA 2 A3z 54
F B AR AR A M B (RNA-seq) 435, 24 AU B £ Ak &5 (WGCNA), 558 Ik Aa % 40 84 S 4L
He; AR NARARARGHRET RSN . ROLEREH R AR EAFRERESH, Fikl AR, AN EREL
& % i# 45 % PCR (RT-qPCR) B 5 B £ iy 4R R Bl 3f 4 P ey R A X, [ 2R ] WGCNA 5485 69 12943 NAR
R oA 27 AR EAE Y, FKIFEIRAR S AR greenyellow i3k, A% AW ARSI IEE (GO) S wHA RS ARAT
#H4A+H (KEGG) £/ AY : BAMRALR TR AR, MIALHLTF . @esit. B RRM. BT Bi BB
i m S Ep IR, FETHERS, 2FAA. BEHFAMRE LI MLER, RIBER ARG L
WA AR F ik iz, 8135 LSH4. RAD4. GHI. HDGS5. LOB. SWEETI0 % A R TR MR K F PA L4AE

BESA, [&8] 525 | ASIRRARAL RS F WA, k3] RAD4. GHI. SWEETI0 % 5845 M A F Ei4a
ey AR, B8 A3 A4
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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

WA Vernicia fordii 3 J& KuF} Euphorbiaceae & Vernicia, J2H ENE I M X 822 A 28 G R AR
PO RARA B R Z —, A L TAERARIE D L0, i = S R s ey e, BABUEE .
TR, % TRRIRAEOL RARE, FER T Tk, SERm e . A5l . FROmE A AL TA7k
RNz P A ZAE AR TE TR, RTEIE, FEARMEK, HAREDE, AR TR S i R S
A AT 2 MR 18 ST S48 0 TR AR AR

FE) 5 A8 B S a] i B SR B i R SR B, o (AR A B R TR 22 ) BERN AR 2 B A
it FERLSCAE Y R A T R AR R A, R R SR O SRR B A sh . S R
WA RN, S 5B A0 % Ml 5 AR KA 7 b, R AESNEE R (extrafloral nectary), SURRATHR,
WHNERR B IRA TTEE . e, W MBG. I 5 Fh2ml, FZamErt . e, $e0t. 22 1k
BEAMNAEE SRS L, WAE A Triadica sebifera L R%EM Zx— 8, FEMEW Ficus microcarpa 153 A 1E
W AHEER . FE Mk Mallotus paniculatus 43 A 7 1E MK, 78 BERR Ricinus communis | W) 73 A3 76 -4k 5
M E AR AES I AR Ao 0 5 R W 5 | M ke AN A 121 TR sh W s it 2 AR R A R B AL T
W EEROT N RS . B BRRU A AL G, BEME RN EY R ", iR
WS AE LIS B ARSI ME IR B R I, LA LA B e AR AN B S 1) T8 R TR B VAR /N 04 et -2 B B
ANy R, BRI A E R ARSI HHE R D 2k T i B i el

FE ) R AR 119 2 A 37 30 e A0 200 B v 2 S R R s, R R BRI o Il 365 S5 o4k, OB L ELA
I UME RN A G E AR R % . MAXIMO 57 IR RS 4AR T 0 18 Sapindaceae FH 4 {6514 i
ZEFREAE . TR ZFEVE R E R LT R . SR GE A 2 )2 50 IR R L A Aa 1, T 7 MRS )2
JEiE ST AR R R G A s Y . KRS RS Joannesia princeps WA 15 v B A4 300 1) 5
TR R A FFLEME R G IMBRHE, S EEEMA BT R RRBUR BRI 25 e U . M4E Gossypium
R PR W B AR I AT U R FE DB . GoPGF J& AR AL IR ATIE B =R 5 H -+, % GhANT-
GoPGF A8 1, /SRR 40 M AR I 1 A . WANG 25UV 578 T HAE Citrus reticulata 1R TE B
Or TR LS, DRNL-LMIL GRS RS MYCS, e gE i R i & & AU Il A= 05 1l

ARG = SEAR P R AR ) 54 FN kB o B O IS — g dF e, (AR BRAATE 5K B B 4T HLI F
SEEEATHRAE, FLPEPEALE AN TE M. ASHESEE AR A AR MARAERL . BRI HEE L 4o
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By UM R OHEAEAS . MEAERL AT Em I R IR IR 12 AR R B B AT i s A D
(RNA-seq), R JHIMANEEH IR E% 347 (WGCNA) F g BE R HERIK M 4%, 424055 R AR 5C O e S A6
e 255 B AKX AL HE P R IK A | 6 DY AR N 48 K a1 AR 28 00 B, 225 ik R AS (AR B dis T
(GO) H Rt N SR N A A R4S (KEGG) WS R, Tilkn] 62 S IR T RSN AL 5¢
e it PCR(RT-qPCR) X i We ik P HEA T 2B I0AIE , WAL A it el AR B4 237 WLt

[ I I

1.1 #F#

BE AL AR 7 AR AR CWRVTJEERR V. fordii ‘ Zhejiang Zuotong” , FhAE T rp E AR BL 2 B
58 B AT MO F 5 7 i L (30°03'N, 119°57'E). T 2023 4F 4—12 A, REEM . R HFEAR
. BRARL MPZEL DT R R AL MEAEAD . MEAE AL KRR BRI L RS I AR 12 AN IR Bk
RAEBEBRES, BRI B 2 MY ES, 9t 24 MEAR (R D B RVE THRA,
JEF-80 C MR IKAERFE 45 H . RT-qPCR SEEG A1 KT 2025 4F 6 A 12 HREE, MR . 25, i,
WA BRARFIRSEAE 6 ALY, RJG SRV A R A B IFEAE T80 C & H . BRIATE S S5 EE I R [F]
B A AR AE KRS AR T B, IF6 2 BE D610 AHHLAA IE 5% .

F1 HAREAER

Table 1 Sample information of V. fordii

EEEAR A BRGNS FAEISE] (4FE-H - H) EEEA A ARG KA (FE-H -H)
i) AR_a. AR b 2023-12-02 AR R ML_a, ML_b 2023-06-16
2R AP_a. AP b 2023-12-02 WETEAL FB a, FB_b 2023-04-15
ARG S a. S_b 2023-06-16 LR MB_a, MB_b 2023-04-15
3L G_a. Gb 2023-06-16 R B YN Kl_a, K1_b 2023-07-01
nzF LB_a. LB b 2023-06-16 Y3 ] K2 a, K2 b 2023-08-08
it YL a, YL b 2023-06-16 R H K3 a, K3 b 2023-08-22

B a, bIIR2NEL

1.2 Ak

12.1 % RNA IR HWFE S A RNA {fi i HiPure HP Plant RNA Mini Kit i$#] & (R4165, 3535) $2 1,
Nanodrop 2000 (Thermo Scientific) XJ fir & RNA Bk & 4l B2 #4740, Agilent 2100 Bioanalyzer (Agilent
Technologies) | 7& RNA 5¢ # i (RIN). 54 D(260)/D(280) & 1.9~2.1, D(260)/D(230)=2.0, H RIN=
7.5 1) RNA HE 5 T 5 B2t A 1y

122 mRNA X EME ., HFEAERGER AT TAERIE LS AR RA R 58
JBTA H AFE il mRNA 7E Hllumina HiSeq X Ten V- & #4754 s BT, ¥ 324 X 150 bp (PE150).
XoF ARAS 0 L D P 5 A 7 g, BE4%: fastp BXPECT X IR AR HSHE AT a8, Trimmatic 25 BR4z 3k AL
A B, HISAT Mt S % BN ARG, PR s 500 Lo 3 22 BLP Y, G Subread [
Xof B 25 1 SR P AT BN, MR A SR AR 5 IR TR X 7 G R K S BUbR ML B O e SR AR
(Vrpw) FBEFF R o B2 J5 i 44 Blast Xf Unigene #£47 DI E4UHE % (NR, Swissprot, Pfam, KOG, KEGG #i
GO %) R, MM FRIThREIERE R . iR A BdE O F A% 20 [ E 5L R (CNCB) #di 2, T H
%54 PRICA042784.,

123 HAX A5 WRISEAEA T A LN B ERIBE, 1] Spearman J5 VA TR 2H N S AH IR AS (Y AH G
RE, LHIBRE, T EDU R A AR 22 e A AR GO 8 E AT (PCA) A I
T3 4 AT B AR BB 2 B e, IR HEARTESS 1 A4 (PCL) FISE 2 E 4 (PC2) 2 145
BHEFREE TN, 2 e BN . FEAHDCHE AR PCA EIH FHFEZE ChiPlot W3l 172212,
124 AeA kB R R W% 54 I Tbtools v2.210% (¥4 4 WGCN Ashiny™ #4 G iACEE R 3 3k ik
W2, R m AT R, B X R AR A SE R A TR U (Ve <SP, DA BRI JE K I
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B TE YL SURR SRR R I o S PPANAS R BKB (B (power) T 28 ) RUBE A Sy M P 2532 P, A o
BT R E LAY R TC R A8 FAE . RS TR NS AR (TOM) X R AT 2 R 2L, IR
WA R o Je Rk RIBT 2l 3 R G RER . XS E R . power=8, minModuleSize=30,
mergeCutHeight=0.25,

BRI AS R AL SV VR R R BRI AEE A o 2840 B UM s R B I . T H B B R R AE )

(ME) 53R A Z Rl AH I . A R B XHE T 1 H P<0.05 MIBHLRE @ o B . K (grey) 15
Yo & AR R R SEN, A oAU
125 Hhies &t EM&HE B R (MM) KR EEH 5 ME BAHOCH:, JEP @ 35
(GS) S WAL kK5 BFRTEIR A OCIRFERE . FEAER Y [R] IR A2 GS|>0.6 H.[MM|>0.8 AL B 5E
AR AL B (hub genes). FIH eggnog-mapper X X 41 3L K ¥ 51 347 Dy BB IE RS, Il & TBtools X HiE 4T
GO DI RETER S KEGG il i & 4 /0 1 S nl Ak . JEF STRING B4 4 OV A a4l 211 35 [R]85 11 B4 I 4%
(PPI). 7EREH PN LIALE (> 0.4 R {EH, FIH Cytoscape v3.10.4°7 #EE 3L N B AER 2%, {5 B MCODE
RS AT RIS T, DA 4 rp s BE A BOCHR T SR . E, AT EE ST, PPN
LN AR RASEER, TR i 38, i ] TBtools 2 il 5 K ZRaA #A]
126 RT-qPCR %4 | Primer3Plus Wl it 514y (% 2), RISUITIA BRAEVRHCA RA R/ #AT5 1)
A . R HCE RNA J5, ffi F| PrimeScript FAST RT Reagent Kit with gDNA Eraser fz ¥ 5% i 7| &
(RR092A, TaKaRa) &/, cDNA, i TB Green Premix Ex Tag Il FAST qPCR 320 & k7] & (CN830A,
TaKaRa), Quantstudio 5 52} %¢ % % i PCR ¥ (Thermo Scientific) 52 73 1. % cDNA EATHi BeAE A
Mz, LA EFla (elongation factor I-alpha) 3 NS, 1&H 20 uL ERIAR, P IHETH 95 C AR
P£30s; 95 CAEPESs, 56 CiRAK 30s, 40 MEH . MM 3ANEE, H 27 Rt EAANRE
it KM GraphPad Prism 10 3 {4847 25 55 0 25 M o0 M SR RS, IFERL

£ 2 RT-qPCR 3|#1F 75!

Table 2 Primers used for RT-qPCR

P 1D BEH AR EmGIH(5'—-3") I 514)(5'—3")
V101202365 LSH4 ACTACCGCTATCTCAATGGG AGAGAAAGTGGTGGCCTATG
V10400587 RAD4 GAAATTACTCTCCTTGGACTCC CACGACCAGACTCAATATGC
V0700391 HDGS5 TGCAAGTGGTTCTCTTCACC ATTGCCCAGGTTCCTTCTTC
V104200884 GHI AATCTTCCTTGTGCCGCTAG CGCATCTGTCCAAGCATTTC
Vf10g01491 LOB TCAAAGGCTCCAGAAGGAAC TTGGCGATGATGATGAGGAG
V£10g01688 SWEETI0 TTGCACCTCTTGGCATTGTG GGAACAGCAACGAAAAGGTC

EFla GCCTGGTATGGTTGTGACCT GGATCATCCTTGGAGTTGGA

2 HEREAM

2.1 BREEFEE

THHA AL S B TR A EE R R An ) 1 s, ] DA A T8 A5 P SR8 o e Ak P A X 3k 3¢ 1z 44
MW AN ] TR 4L, T2 UM S, DI RE S TC . AR BRAATE S RRIE S A8t B2, BB 00050k 4 AVIRES: 40
BRI . A ER IR . R B AR . BCAIRAAR . BRCIR S BB (] TA), AR EEER X AR R
2AMRBDE SR, BN, B RIRGE, FWIIREM KK T4, HFAEE RS RA (& 1B)
TEAZHIRNE, REEWEEE, SRR, IR WERE; KEMAMIRAE (B 10) 2] 2 M 4E
B ok, RBUAEIR A, TSR, MRS MIRE (B 1D) BERLE, - DIRER S . IR A
JEMEL (B 1E), 2 MMRREIFEY K, B, MR m, BESrTaedE AR B Re i RARAS
22 HEARXRSH

T TR RRRA 5 & B B A 1 12 AN SRR 8 L NG Vipy (E, THRFEAR (] 1Y 2354
KERE [Fl—HEA 2 DAY 0 W L T AT AHOC R () 4 0.85~0.99(141 2A), e 81 &2 AR ] 4
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A SRR B UENEE A WORA IR, C. R E AR, D. MR E. B OO FE

B 1 EARRAR R R A6 T A4 M AFAE
Figure 1 Morphological and structural characteristics of V. fordii glands in different states
KMERAs, "I T R4 WGCNA 431 PCA 434 (B 2B) 7 : PC1(20.04%) F1 PC2(12.27%) 7] fif
BT 3231% WERFRINAE S, /R THARRN PR EZES . MRSt e LT, 5
HAhFROIIE B foR s A6 TA TR MRS 250 BRAR . E2F . mb R PSR Tl 22 X, %0t
PR T, SRR A MRS B, 16 PCA B L) 2 0 S R B IR s, RIISE N kiU e fe 4l
SURr b T RE S AR BRI 22 5
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Figure 2 Sample correlation analysis (A) and principal component analysis (B)

23 HMEREEFRIEMEHEE

T ST B BT B R R RAR (Ve <<5) BUFEIH, B PR 12 943 D EERVE I A&, #EAT
WGCNA Z04fr. B 3 AT%1: Y4 power=8 B, Jobn EEHFME AL G B (R?) 1 0.80 (1] 3A), V¥ tk
BRI T P2 (K 3B); 19 RSB MSAn S 8 “ARIE R A 280, R s
B BYTChREE SRR (K] 3C), HICREEHFMGIIFREE (R) 2 0.88(11 3D). Zi& W] : power=8 i [}
TR A IR BRI L R LR M 2% o LARTA SR (A1 AH S R BCH A T R 2 R, SR
SNSRI 35X B A TR 43, PR TR A BT A B 1] 5, WPREERA A BEA TR O
B ZAF5) 27 IR IR (& 3E).
24 HAREEEEXNEREERNEE

H 3L RS [R] 3 3% 3K B B 55 9l A AN (] 41 038 A0 R AR 36 T R AT A e e B (BT 4), KA R B
(r)>0.60 AR ELE A CEERE R, %52 3| greenyellow . darkorange Fll purple 55 3 A~ SR IA & & B &
AR, Horp, AR BRIA Y greenyellow AR (7=0.960, P=6.5E—14) SM B EIEAHIC, 1ENALURR
PERC Y AT R 2L 50 M1 o ¥ greenyellow #5285 H AL & 1 308 A~ 5& BRI #EAT A OCHE 0 B, THER RIS AH G &R
B, Fb o EOR B (B 5A) . BOS SR BEE B DG, BT AR R, U N B py 2R SRR
FREE R, AR A ISR, PR R rh IR S MR OCHR AR AL SR, RS SRR ik B A DG SRR

0.30[0.29]0.29]0.29]0.36|0.33[0.32]0.30)
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Figure 3 Soft-thresholding power selection and gene co-expression module clustering dendrogram

BT B AL T AT SRR G . K] 5B BT R greenyellow Fbk FIrAg JE PR 36 3kt P S AR BARRAIE ) AR KT, 1
J5 E LIBR A G B RS B, EDWLR B T B N Ay SR A A B 25 5 RO ARIA
SERLH N T A B K RS ER A R, sl S S E P R R R R AR R R, BRI N
FER BRI, WIGTE T BCRRIE B AR, N 5 S e T BE A BT B8 LAt
2.5 greenyellow IR IN BE E & 7 #7 FAtz O B E BT IE

greenyellow F A B4 & JE 5 Z B9 36, H il 2 GS|> 0.6 H [MM|> 0.8 BIHX 41 3 [ A 154 4>
GO F MR BN greenyellow bR FMRAIIE N EE W KA K | i . BEAFRBHLRE . 26m
ARG XA A R X P R R N R R E . RIS R E . A
e ZAMAY R T ML A Y R B SRR R 05 P I DNA 45 & 57 SR IR s v 454y 7 )
Al R A 4 L2 7 (8] 6A). KEGG W HEMHTRM : B NIKAIEH B E S TiisEN . 25
R 555 S RO E B AL A O K (1] 6B).

PPI 2% (5] 6C) JB/R T XA B i 2 (1 09 BRI S DhRe RIS HEE, Hrh 4 PCK1. PEPC1 4%
B HAEER RBEEE . S G IEE; Ll GALL TAA3 WD EAREREE T REZ S,
HESESRENA; B NIA2, OMRI 5E A EAEERW AR5 Y 5 s B 2 e T ge . it
Hb, WL PR AR KR SRR L AR S DI RE R /N B VEE#E (LOB. SWEETI10 45 8 [ R 4E X
). AR A8 2S00 ) AR 1 k4 s R ) BLAVE OC R AL OCI I 4%, o ik BB R 1 v B 1o P [ 1
M, LRSSl & B S B R R . WA (5 R AR R

R4 greenyellow 5Bk Py JE [A] 14 A T 5 35 A (i) 110 % 38 P 4 A 3 DX B AE I 4%, 38 3 MCODE 51 H
24 AR IR SE N B (18] 7A), FHL IR (8] TB). ML LS AT WL . SWEET10. ZATIO,
CWINVI, LOB. CHI, SRSI. HDGS5 553 P<Xf W 755 i RO 28 T HA T 5, AT RETE D00 45 f) el 42 5
HRIOCHEER s ARIThABEL M |12 BAEIE S 24 R4 4, g BTl AR 1A & & 1 4 F IR L6
PRt T IR AR 2 e . )5, IS RNA-Seq JEN kil . FEN TR BE . PPI W4 . JL[A
HAEMBERE DL R, H5% GO M KEGG &1, M greenyellow #EH H i 2Lk 6 i ik 5
PR, OO A% IR P A1) (Nt DRI RS B LK 3.
2.6 MAEBRIKTZR & B X 1EIEEE RT-qPCR WiE

ML S5, SEPERT e SR BRATE B& B HHSERY 6 M0 Bk 56 LSH4 . RAD4. GHI. HDGS .
LOB FI SWEETI0, FEMfipRiAR . . 25, ok il . FP{24F 6 418U 3E1T RT-qPCR 3k (K] 8A), I
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pink
darkturquoise I
turquoise
darkgrey
midnightblue
green
orange
lightyellow
grey60 I
yellow
darkgreen
magenta
lightcyan
black
blue
brown
lightgreen
red
salmon
darkred
cyan
tan
royalblue I
greenyellow
darkorange
purple
grey

~0.140 ~0.120 -0.120 -0.170 -0.200 0.610
(0.51) (0.58) (0.57) (0.43) (0.35) (1.4E-3)
0.075 ~0.084 -0.110 ~0.190 ~0.170 0.520
(0.73) (0.70) (0.62) (0.37) (0.43) (8.7E-3)
~0.110 ~0.150 ~0.160 ~0.250 ~0.380
(0.61) (0.48) (0.45) (0.24) (0.07)
~0.140 ~0.190 ~0.200 0.160 ~0.310 0.470
(0.52) (0.38) (0.35) (0.45) (0.14) (0.02)
~0.100 ~0.052 ~0.120 -0210 ~0.140 0.520
(0.63) (0.81) (0.59) (0.33) (0.53) (9.2E-3)
-0.029 -0.010 —0.034 -0.110
(0.89) (0.96) (0.87) (0.60)
~0.200 ~0.180 0.014 0.400
(0.36) (0.41) (0.95) (0.05)
~0.012 ~0.002 0.039 0.590
(0.95) (0.99) (0.86) (2.4E-3) (0.16)
0.370 ~0.002 0.044 0.047 0300 ~0.650
(0.08) (0.99) (0.84) (0.83) (0.16) (6.3E-4)
0.200 0250 0.270 ~0.018 0.450
(0.36) (0.24) (0.21) (0.93) 1.0
~0.088 0.043 0.008 ~0.130 l
(0.68) (0.84) (0.97) (0.56)
~0.180 ~0.110 ~0.065 ~0.110
(0.41) (0.60) (0.76) (0.59) 0.5
0.160 0.021 0.058 ~0.190 -0.220 0.190
(0.45) (0.92) (0.79) (0.36) (0.31) (0.37) =
0.280 -0.270 —0.180 0.260 —0.560 0.260 0 W&
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