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W E B AR E I R A W& AT (weighted gene co-expression network analysis, WGCNA)
R E AR 5 A RIS R AW S, TG MR AIERE. Fik: NERERLHEE
(gene expression omnibus, GEO) # T # #( 4 & GSE91396, ¥4 R A5, F WGCNA 7
FIEW L, PR G AR KA KM SR, Sk W R A $E4T GO 3 7 B A1 KEGG {5 5 3@ %
T, JH Cytoscape XM IF HAE B WAR AL (hub gene). Z5R: WGCNA ks 7 9 MEFE L
KA S, H P brown 5 NAc 5 /Z 4 % . turquoise 15 3k ’i PAG & Z % . yellow 3 5 mPFC &
AR, AR EAAL R R EERN LR AT ERREREE N, TEEEERBEN. B
WAL, BT, WEARFESTYRAEY TR, EZNURFEHRE T EEARAERE, 0 NAc
¥ 4 Drdla. Pdyn %, PAG % #j Cd9912. Pcytla %, mPFC ¥ th X 41 3 [l & Neurod6. Dlgapl . Adcyl % .
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Construction and analysis of gene co-expression network for three brain regions in depression
mice induced by chronic pain *
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Abstract Objective: To identify the gene co-expression network and hub genes of 3 brain regions including NAc,
PAG and mPFC in chronic pain-induced mice model of depression, weighted gene co-expression network analysis
(WGCNA) was processed. Methods: The RNA-seq dataset of GSE91396 was downloaded from the gene expression
omnibus (GEO) database. WGCNA was used to construct the gene co-expression network, and identify the key
modules associated with NAc, PAG or mPFC, respectively. Gene ontology and pathway enrichment analyses
were performed on the key module genes. Then cytoscape software was used to screen the hub gene in key
modules. Results: There are 9 co-expression modules identified by WGCNA of which the brown, turquoise and
yellow modules were the key module related to NAc, PAG and mPFC, respectively. Module gene were mainly
involved in synapse structure, membrane potential, neurotransmitter and so on. The hub genes with high con-
nectivity were identified in 3 key modules, such as Drd/a and Pdyn in brown module, Cd99/2 and Pcytla in
turquoise module, and Neurod6, Digapl and Adcyl in yellow module. Conclusion: WGCNA can identify key
modules and hub genes which are biologically relevant to the 3 depression-associated brain regions. This
study provides a novel insight into the understanding of the depression induced by chronic pain.
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PR B K (neuropathic pain, NP) A& —Ff
EH X AR S b A 22 2 G 1) 451 4 BROR O 5 R 1) 18 P R
i, IR R BN B R I o I B
R Mo b 2R EE M P A T R B R R A
7%~10%, 454 NFIFE2A R T UL AT 5t P,
A FBUR ARSI E TR R REAMES,
R 2T R TSI, 29H 50% BIR A K
AR R FNANAR Bl [FIR, AR R AR S 1 25
Jl T TR oE sz . H AT, TR AR R A S AR 1
FHANLHI AR AR AR EE R S E% .
ML BRI LA X & B A Ok ARFEa A
(nucleus accumbens, NAc) 7 THJEZ 5L % R G5
FAab, TR EEA Ny, S 5RE. H
RAIGBNEAT R, RN LR A5 B A i v B A A
F ™, ARG B2 2 (medial prefrontal cortex, mPFC)
H5TAEEIZ. vk, T2 R =E 15 s ol mn
e X%, HHS5 Tl BAE B9, d Tk
& J& Bl K 7 (periaqueductal grey, PAG) 745 3 4 Ji o
M AT e EEAER, JRRMEET RN .

FEPRES R0 A i 4 v d B U Y 2R (RNA Se-
quencing, RNA-seq) 1] LA KIS - AS I I PR i 1,
DRI L2292 i S FH T %% Ao 1) 431 WL BE 7
Descalzi %5 ™ W 50 1 2 M 5498 5 S AR IE 1) NAc.
PAG J mPFC %5 =Ml X e s 4 sk, ol o8
WEFTHRAE T M. RNA-seq ¥ ¢ B K & 138 R 8
A5 435 1) B T W T EL AR5 72 e SRR B DR 1) 7 T AN e
ARG ERAE, FimgI TR, Hrhn
AFE R HE R IE P25 BT (weighted gene coexpression
network analysis, WGCNA) # iz M. . WGCNA
I RGN T, ARG FRE AR (R 3%
IRARA TG FEANAL LR, 2 AR G 4 B ik AT 2k
DRI R 92 9 00 43 BT A 28R o 1207V E 78 R T
s B G S, IRFUEE R D g S Jk R [R) (A BLAR
HRZ, HMEEGE RN RSSO, Be R
FLRTE Z AN B E A A B,
ADASRAS oA B LRI R Bk, Awt i A
Descalzi % 2 1 [ RNA-seq #5317 WGCNA 4374,
BIF 504 22 95 B M 08 3 BUMAR 11 /) B NAC. PAG
Je mPFC =AM [X ) 2k R A R AE,  UARHE 1 7%
I8 BHAR L S BT SR R K
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PIHARAT B (NCBI) 1) 2 K 3k 3045 & (gene
expression omnibus, GEO) (www.ncbi.nlm.nih.gov/
geo), 175 N GSE91396, Hi Descalzi Z4r= 1,
J93EF Tllumina HiSeq 2000 T & K =38 & 5 BooAR
RIFH RNA-seq #id, HLEE 36 MEARIEIE.

SR 8~9 JA WY 12 W HEME 4 C5TBL/6)
/I B R A8 B A 4 4 SC A A3 (spared nerve injury,
SNI) A (6 N AT AN AL, 6 9 SNIF- AL
F RIS H =R ORE AT 4 SRR, 72/ U G BRER
R EBUIIT B BRANALIA, 2 88 AL B e 2 S L = ANy
X H 6.0 LG &AL HERMER T S s, B
Wi V1B 1~2 mm #HE 448, B ERFEE T
W, H 4.0 8852586 Kk, BTFRK/NREZF
FERIERAERR T, (HPTA A E s i ot . RJE5H
14, 28, 42. 63 RIFA IR 5 BAE, SNI FARAK
BUAAEFRFE BRI, SRR LA B % 5,
RIGH 9 AT IR WK e 2 55 52 56 A,
SNI FARHZXILHAPVHEFEAT 9, 58 77 RAESE/AN R 5>
B il NAc. PAG [ mPFC, ¢ F TRIzol i% 4 &5
S RNA, #5347 RNA W FE, 8] TopHat2 %
PRI P B /N Bk R 40 41 oo 3R 15 2 R 3R 0
Kok, HI HTSeq HPFiEAT 3L PRIV o

2. DAL 0 5 [R] X 45 g 2

il F R B ) WGCNA L (R AR 1.69) 4T
INBLFE R TE M 25 3 41 P 1 S fd F helust B 50 4T
FEARRZE, HIBREHEFEA. BE )5 A pickSoftThresh-
old BRI BT F5AE) l W 2% (R BRI (power), TR W
HEWETREL R = 0.8, WHAMEAT BN 0~1 2
)RR SRR, AT AL 2 1) R 2% 5 5 T A0 A, B
T SEBR AN 2R 7S . R J5 H blockwiseModules
BR H5K) 2 #1 Fh B 40 [ (topological overlap matrix,
TOM), ffi HBhAM BT U RIEEAT IR, KRB
AAH AR FE K 23 1 B [F) — LRk, SRSy
AN F B AT X 4. Forh, B b BRI ECN
30, A& AR BIE A 0.25, H AR HERIN S
R LS erh B R B IR m e, R ARk
oP SR R AT e B AL A S D e

3. P 5 i XA SR e R A

NAc. PAG J mPFC =A™ fiKi [X 76 12 7 /% i 5
B MESRE TP A EATFE, v T i 5 =AM X
WE MR B R R, XM IEAT £ o
(principle component analysis, PCA), 15 15 B4 fiE 5
KA (module eigengene, ME) BBk [t 55 — 3= 4y 1
HRAMAR AP 3 AN AHRER, 5 R G
B (R >0.95 H P <005 MBS
PR
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4. FEHLEE R Th e NI B & 48 70 pr

W55 i X3 35 A 5 1) 6 DR A e gk AT A5 Bl Ty e A
PR E LT, DUt — P IR R BRI AW D e
AWFFALF R EKAF clusterProfiler £ 5% £ B 5
Hei#4T GO (gene ontology) 1 KEGG (kyoto encyclo-
pedia of genes and genomes) 747, AP < 0.05 N
FHEVEBE. GO 7 e AW 1% (biological process,
BP). 7T IIAE (molecular function, MF). 4l i 5% 73
(cellular component, CC) 25 3 N5 THI#EAT 3L K] Je H =
VIDIREMVER:: KEGG HUREAEG 1A, EHm.
B I SSRGS
Xof 3[R Dl e A AR I8 B AT VR . AESE R oy
AR HT 10 A2 H (term) FEAT 7047
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PR i K IR DR X A BE PR, EASEE P (1) 30 1P A
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(4w 5N sample19) , LM T oM iH 35 M
o AR L0t A A7 22 3% BUCRT 8000 >R IA & B K
R, BEAT T 2 WGCNA 43 #r. 46 T5 R B
EIE L 0.8, 19 BIME W 2% B A 16, F
BEEEEE T o (B 1D o A E AR
39 MBEH (L 2D, 6B IEIER 53 A black
blue. brown. green. grey. pink. red. turquoise.
yellow, AR R 96 ~3813 A5, Hk
A HONANBE R IS B AR () JE R, DRI IS 2R
T ASHEAT 7347

2. U5 i XA S v PR B
NT W AR BB, K BT IR AR

5 A X BEAT A S A (LB 3D o AR
A LA H brown 5 (1029 N 5 NAc (R = 0.96,
P =3e-19). turquoise i H (3813 M [K) 5 PAG
(R =0.97, P = 4e-22). yellow #iHe (834 NHEFD 5
mPFC (R = 0.99, P = 6e-27) mEIEM K, $#n=14
06 XA 2 AN [F ) B A A, Ptk =AMy B
PRl — 2 7

3. BLER T RE AN B B SR M

N TR B =AU AR ) 2 D Re, H R
A ) ClusterProfile 3 #F 17 GO #1 KEGG 43 #7.
GO EHENMEREH (WK 4 , NAc KX fEIk
B RMEEBAL. MEIBRIEEA. 017,
BN S EA TSRS R R E
TER, BEABNEFlEEE. YRR o i v
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Fig. 1 Soft-thresholding powers and mean connectivity

(A) The scale-free fit index and soft-thresholding power, and the dashed line represents that R* equals to 0.8; (B) The mean

connectivity and soft-thresholding power.
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Fig. 2 Clustering dendrogram of genes, with assigned
module colors

1 IEIEETE . /N GTP BF4S & Ras GTP M4 655
SFIhRE, FERIIMA D NAKT R i, S5
. SRAE R TS % S PAG N X 7E 5 i
A APPSR E T . WREE. GHl
&R = A R . BRERAZ R M R B
F R R IEEEER, BAZREDEERSS .
/N GTP B4 & AL ) « Ras GTP BESE A -
R fE LSRRy BERRSE A5 TIhaRE, FEY
B2 5y ABER . KRR Ml S B X, 5 fh
Ja . AR P RE. Al A% mPFC X X 7E
oA R, AL, WIS, AN
WA NN SR A S SR S Rk
VR TER, B GTP BEEGEH 7% . /N GTP
B4ty Ras GTP BE4E & B TIHIB S A5 0 T IRE,
FEMPH A RN R, s R,
RAVFEMFE ., RANATIIEE . =M XM 15
F|/N GTP B 45 & (GO: 0031267). Ras GTP fig4h &
(GO: 0017016) PN DiRE, $RI/RTESLREIAL ] B
HEIEEH.

KEGG B4 4R KW (WK 5 , NAc X
OB SPSINTE N N E R QN U 5 3 IR
Resifu. BRMAER . 2 I RE 28 i 5558 B
PAG fisi DX 1) 5= (R 25 & SEAE M AR« I 14
P 9 2R AN T 25 4 mPFC i XA 5 K] 8 2
BN M AR RRERGE S AT,
BRRBER M. GABA BER M. £ EUI AE 5 il 5
g
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Module-trait relationships

MEbrown 1
MEgreen
MEturquoise 0.5
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MEyellow 0006
MEgrey 0 o) 0 -
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B3 EPIEERIA R B i X A DG A

BN TRR PAE, FE55MUTRIRMR R
R1H

Fig. 3 Heatmap of the correlation between modules and 3
brain regions
Number in and outside the bracket represents P value
and Pearson coefficient R value, respectively.
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Fig. 5 KEGG pathway enrich analysis for genes in NAc,
mPFC and PAG, respectively
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GTP [ (small GTPase) WK EE AN, S5
MRS, 55E s g fa Bk g6 ™, 78
PUAERIEIT AR A R e R R BL, RIT T 8 A
Ras fHRERHARIEH Z R, 16T 6 AJEH 13/ Ras
MKEARIEA Z 5, $#o8 Ras 8 AR+ AT 68
RIEBEAEH ", FK, =MNIX 2 RAEEML L
YEFEEF, LR R AMAR (K . FE B RE
PEZIEIA R mPFC & RS FEERIE. #
2 Jg o A ML FE A 28 SORE AR AL, AT B A5
YRGS R AN, SRS Rz Y. W
PAG 1] 57 Jii $ 4F 32 ZLRIE T mPFC, A1 PAG 72
Ji5 P K T g %2 2 mPFC (177 . NAc 8252 B0 ik o5
X [ 22 (e 2 T A% S A 5K 1 mPFC. I 5 25 i [X
MR ERREM LIS, (587 NAc HHTHA . [
B, NAc & REMIAE H BRFN R 2 e fx, i X
B2 PFC. 1830 2 R ai A Bl j2 2, 347 %
BT U Rk, 08 AR AP RE 75 B[R 2%
ISR SRR 2 T ML) SR S E AR A, I
B b 1A AR SR IR &R

AN X 2 5 RPAT A A LT RE, R
Kl 05 B HA s R k. ARWEFTHE— 2835 Cyto-
scape A R =AM EIEAT 8T, T IE = A
i X 2% E X AL K . NAc I A FE A A Drdla.
Pdyn % . Drdla %t (%) Drdl %4k, 1E2% 538 #
EEEEH, NAc H D1 R el & oo )8 T B 3
g, PHATUIEANME T 2 R 5E, NS
IEMETE 28 R B, 1T D2 8L 2 i 22 0 & T R 2l
P, M IeiE s 2 B H], A A TR f
PGS B M R, D1 A2 AR IS AT At I 1
558 252 BRI T PR AR 8 R TS PR, 1T D2 S AR EOE
AT BE S D KPR I R, E R R 2 S 80 M
g2 5w U, 07T R SNI A AL /N R &
2 JEPUANAR 25 M W BHYE T f5 . NAc H Drdla 3RiA
o, EPmAL R EEER Y. Pdyn mRIET
D1 PR Z ARG, Gmht I am E A — B Ak
&k ZRIIRE YRR, AT A AR, £
e B 2 R AEE T AR Y PAG ARG KNG
Cd9912. Peytla 2. Cd9912 /& — Fh EE B, # %
T A A3 40 B o i B RN T, B
L ARG RIE RN Y, FRES BN K IR . Peytla
Y i R IR P EF IR AL o G A, FE R AR LI WENIE &
B TR AR T AR i AN 5% ik B 1 KT S Ak A
R T 238 FR . mPFC )RR 41 35 [ Neurodé6 .
Digapl. Adcyl % . Neurod6 i 15t & 73 b 5 &
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S

(T

2021/9/23 14:12:52 ’7



| T T

W 202179M9100.indd 654

. 654

Digapl &—MFRMSHEN, MNTHREREME T
H 58 fh J5 8% [X. (postsynaptic density, PSD) Ab, &
PSD95 A A E G WA 77, R
o SR MRS A2 R B Bk P, Adeyl GnhD
PR BRIMGEE 12— P a R RS G E O,
AL B 5 {518 cAMP IUTE K, Adeyl 3£k
55 R A 5 AT B A G X A O, AL AR SRR
00 7 2 B, R T S OIS 24 ) o ich o6 B
AT B AR IXAF 2] A FEARA IR, s
FEFERI IR b, =N XAE I PR 5 B 4
A A A FER -

H H 018 PR 1 i S A T R R
B8 G0 5 AR 0 22 0 S R A PR B DR SRR A, AL AR
AIF 50 T 6 9 73 1 11 92 9 AR 5 J X ) % 3¢ AL 7
Mitsi %5 ") 75 Rgs9 3 [H] il [ /)N B4 2 SNIT A5 72,
Fl RNA-seq Fi AR 7T T NAc ) RGS9-2 (regulator
of G-protein signaling 9-2) &1 =25 HL AL E
R HIBLHEL, BT Rgs9 H DR R B /)N B 7E SN 245 J5
985 A BEPHIMBACR, HATEFHAS TR T
Fezf2. Irs4. Myoc. Necab3 %5 315 /K ¥ i 3 1k
MR, ER RIS A AR R EER, XrThes
B A i [F) 45 85 3256 2. Topham %5 7V #E CD-1 /) ],
P SNI BL7Y, B RNA-seq £ ARLE R M itk A& K T
WEFL 7121t R K g ik #2 Hh PRC i [X () DNA HT A&
AR S, GO T g v R Ak DL LE NS 11 7 I 1)
KR R AR AR 22 B R K L) S R A i SR R YT
TheE, RIASMESG 51 PRC KA T FrEm )2 mT
IEPERE I, 18R T8 PFC ThREZWT 77 o

LA B2 o, SR AL L) 2 FF
DA 5 B AL (R AR RE R R I A 2 A [F], 75 AN )
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