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Abstract ;: Our study is based on the genome-wide association analysis (GWAS) of depressive disorder, of which
single nucleotide polymorphisms (SNPs) are retrieved and annotated by Haploreg software and 102 susceptibility
genes are obtained by annotation of SNPs. Then gene-level analysis is performed on the summary statistics of GWAS
by MAGMA software, and 270 significant genes are obtained after correction. Finally, a total of 320 susceptibility
genes are obtained. Besides, 133 antidepressant drug target genes are obtained from Drugbank. Then EWCE
package is used to analyze cell type enrichment of susceptibility genes of depressive disorder and antidepressant
drug targets in three dataset of brain tissue single-cell sequencing data respectively, and the results show that
GABA neurons (inhibitory neurons) and glutamatergic neurons ( excitatory neurons) in the cerebral cortex are the
common neurons for susceptibility genes of depressive disorder and antidepressant drug targets, antidepressant drugs
may be interacted with susceptibility genes of depressive disorder in these two types of neurons, besides,
oligodendrocyte precursor cells may be specific susceptible nerve cells for depressive disorder. Network Calculator
software is used to construct the network and conduct network topology parameter analysis and the results show that

susceptibility genes of depressive disorder and antidepressant drug targets form a network with significant
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interactions. Our study provides insights for understanding the genetic mechanism of depressive disorder on the

single-cell level, as well as investigation of new drug targets by network biology.

Keywords : Single-cell RNA sequencing; Susceptibility genes of depressive disorder; Antidepressant drug targets;

Neuronal cell; Interaction network
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Bl S RIS T iR . R (Genome-wide
association study, GWAS) H Rl C 2N IFIE & A2k
FWRI AL L S A O, H 2008 4R LR, BRI
FRICRAINABIE GWAS B 5T 78t F Bl P R T,
FIRIEE TR AR TTREAR Y GWAS 02 284k
BT A IABAE b BRI A L S34h, Bt
TR A JLHHh (HE B AT A LI ARAE 7 Jik e
SR Z [0 & 30 2 1 Sk, 1 B E i
RIS FEDRePE AR A o T — 2P 1R
787 BSRIVARAE GWAS AFFT AL T IR Z Pkt
AL S JERBE A (H 233X 8 ) SRk PR AT 52 i
R rH 2 2 L ) D B b B A B LR, H AT
RGBT AR, B AN P
R FA T T RIS AL I RETE A T S IR A
PR S A | AT LA RAS: S 20 A )
FERNEOL, I HL AT AXT AR il — 2 i e 260 i
H R ER AR 22 104 ik 2 254 LD 5 ) B8, D R 5
TRRAE ) 2 B P AT RS B (R P 2 200 Hh B R 5
M AR RE LA B AL AR SR AL T AT SR A Akt ok
U8, R T IRGEAIAIAE )y L PR R TR 24y 5 T g
RAEVE IR # 22 H , ASIF 53 38 2 B S HARIE GWAS
BAHE DUV 245 Py 08 55 LR 5 o A 28 2 e 2 L 5
BAGHAT 00T, A5 1 IARAE Z) S D A BT AR 254
G DN E SE R MR AR A [RIE, TR
TVRBAE 5 JEEE PR 5 5T AR 25 ) Z [A] 7T RE /R FHAIL I,
T PVZE A2 B T VR 3T T AIRAE ) R R S5 B 41
HRZGYIHE s Z IR B AH ELAE T 2% A BIFTE DA ER A0 i 22
TR 7N AIVAIAE P o TR 2 240 L S AU R LA 24 0 et
FHIHPZ AN e -~ AR ELAE TR 2% 1) 1
PROT T OIS 254 5 IIAAE 5 X 2 [R] A A IR, Sy
SRR SR B T E R R

1 MR
1.1 EIEIRE

111 PPAREE GWAS $¥iE
FH H FTREAS B fi KRS IE 42 58 4 SC T 43

B w58 (0 B 48 1T B4 ( Summary  statistics )
UKBiobank 2 i FAMARIE GWAS , G4 246 363 {7l
1561 190 X182

1.1.2 HUmR2s Py i 2 A

U0 AB 25 Wy 40 a5 BE KOk A 2 W Bk R
Drugbank ( https : // go. drugbank. com/) '*' | 4% #2454
(9 ATC 2 % 1 5 245 W) 26 T I, BT 4 AR 25 M1 i ATC
gt A NO6A ( Antidepressants ) , {5 F IS HT AR 24
Y. NO6AA ( Non-selective
inhibitors ) AF & % ¥ B 15 0 W5 30 1 255 NO6AB
(Selective serotonin reuptake inhibitors ) #E£ P 5-%¢
4 e T 0% e 7 ) 25 ; NO6AF ( Monoamine oxidase
inhibitors, non-selective ) JF & £ 4 5. iz 48 14 Tl 417 76l
st ;s NO6AG ( Monoamine oxidase A inhibitors ) BA AR,
ALt A ] 25 ; NO6AX ( Other antidepressants ) H:
PUMMARZG . WAk 1 85l 128 vh A 14 BT A S BLPTHIAR
IHE A5 (£04E target, carrier, enzyme)

11,3 Jixi2H 23 e 4 i P Kot

LIS = ik 2 2L S0 B e B A 74k
oA,

1) KI ¥ 48 4570 % B0 48 %5 & H Karolinska
Institutet |~ 2 PRI -RAF 5T TSR 19 KB scRNA —seq
Bl AR /N B BT T S R Al ORI R
G, AR B D G B B AR L | 2 U J B o 28 A B S
NEEFRETPR 2T REAS (3 24 Fhan g AL,
9 970 M4HAE)

2) AIBS By iz 8RR A T SR
JZ scRNA-seq 4 , f145 GABA RE# 47T A& IRAE
PEETT /5% 10 T 240 RO T A4 200 i L /D 52 J B 4 i L
e AN /N B A (35 6 Fhan gy 4 401
A1) .

3) DEONC _human $(#E4" %8G £ IE T A
Mk Bz )2 FIE TS X scRNA-seq 24, £u45 GABA HE
MZTT(GABA) | FIAR I B2 B Rl P40 28 5T (exPFC) |
DI FANRTARAIML(OPC) A CA Xl 2
TC(exCA) PRI 27T (exDG) D S BT 4
f(ODC) ETEHRAL(ASC) /B BTARAEL(MG)
2T (NSC) R 1 K 4R (END) (3% 10 2
JfZ 13 313 M) .
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monoamine reuptake



126 4 #H

& % %20 A

IntAct'™ , BioGRID" "' I GeneMANIA™ /X 4~ K 14
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SCr B A BAITE Windows PR FIB1T,
1.2.1  FVHRAE By & FE N 73 A

X HARAE 2y S R HEA T 1 PN D7 TR 43 HT

1) 3T GWAS 3K1519 5 /8 SNP (GWAS P-value
< 5.0x107*) , i i Haploreg (v4.1) #{F (htips://
pubs. broadinstitute. org/mammals/haploreg/haploreg.
php) FEATHIE ST, Haploreg J&— % SNP #E47
HEREITEL ST TR i AR 4 SNP # D 5 fif
F RefSeq MUAS I FE R AL BEAE S5 AR5 SNP 7
Jetfhk FRIAE R A 3L S i SNP
BRI R RIS AR S 2 RS A

2) BT GWAS MY IL & 48T # 4 ( Summary
statistics) #F 47 3 K JZ W % 4 7 ( Gene-based
analysis ) ARASFREAS B TR 5 9300 HH O 1 SR B 2
P {H, f#H MAGMA (v1.10) %4 ( hitps://ctg. cner.
nl/software/magma ) I 47 A1 5 40 Mt | o Sg i i
MAGMA f#] SNP-based analysis 2 i, ¥ A SCH4F R
SNP BHAEG Ak F A B A5 B, R E 15 B A
LR ERBBI T A SNP {58, SR 5 8 1d gene-
based analysis DI BE, i A Xk SNP & GWAS P-
value FIEEA S, SR HEN B335 kb—"T i 10
kb, 2% FE N A (NCBI37.3) , AR Ik e ARE,
BT 204k F 53 IR AR AL DL K SNP 1Y 3% A
PR AR E AR Y SNP S H: P
R F RS AT B LD 5 B DGR Y
PE P A, 5 42 5 PR2H 1% B8 PR AR A7 ot 20 R i 3
BRI P E, 258 Bofferoni K IEZ
J& P fE< 0.05 BYFEN RN 5 SR

A TR 3 A5 3] 1) i PR A — 2 B AR AE
(2 EEE M, I R 355 (v4.2.0) 1 qqman {347
AT HRAY SR 4 DR 2 ) 2 i i ]
1.2.2 IR ST

T RIEF (v4.2.0) ) EWCE ( Expression
weighted cell-type enrichment ) 3, ( https://github.
com/NathanSkene/EWCE ) |7/ 347 41 ffd 25 78 1) 5 4
I3HT . EWCE A% A KR A 1) 5840 i 00 e 5 40 114
count FE [ DL SORH I 09 40 i 2R B 1 R 2) H R AR A
list, MHRSEEEA 1) BRI YT N2E;2) B
HLAHAE K EL100 00095 3) P A A IEJ5 5 FDR
(False discovery rate) , FZJRAHE AT | 7 count
Wb, R A0 A 90 2 2R e, TR0 g Ao A g 2 2 v

BAFEH A RN E 155 rda XM, X F HARIER
list, THE3 H A ik DS 4 76 4% ol 200 Jf 2 284 1 - R 3k
i ARE I n RS HAREE AR E H AR A BEHLAIAE |
IR UCHIRE Y RE DR A 75 45 b 200 i 2 Y F) - 24 3%
ik, BR HOR H AR B PR AR 1 28 3 3 R Al o
B AT o REARAT B AIHIAE S JERBE DR AT 25 1y 48
JEEDA 0 P27 VR o3 A = i 4 4L 2 i ) )
AT R AR T T R AR A R
1.2.3  HHRAE 5y JE: PR 55 BT 4 AR 245 4 8 s AR AR
FAMI2% 53 B

fdt I H 3 JT K B 28 o BT BOMF Network
Calculator ( https ://github. com/Haoxiang-Qi/Network-
Calculator.git) "™ FF 1Y) Network localization analysis ZJJ
REA AT 25 1 — 25 1 A B AR T 0 25 3 7, i A8
Tt Ay AT S 27 SR DR RN 0TS 24 A A e PR g R PR
list, M 1.1.4 s G2k H -4 A A 4% 5
P EAARIE 2 R R R TR 25 M fi B 2 5
BYAH AR IR 2% | SR J5 %o 12 0 246 1) E A I 26 4 12
SE BB AL edges) , 44 BE (Mean degree) , Hix
KF P24 ( Largest subnetwork ) , 3558 %45 ( Mean
shortest distance ), £ i # O &
centrality ) , RIS R ( Clustering coefficient) , 141 H
L3 J¥ ( Betweenness centrality ) ) #4715, [R] A, AL
W0 265 BEHLAH IS E A D 2% T s BORH ) B9 1 5 A
BEALR 2, HE4T1 000 YR BEHLAHAE, A2 1 000 4~ ki
BLMZS B — R T I8 3R B PR i 2 S 5L,
1 000K FEHLIIFE T , 15 2L A P 48 3 F 9 2801 43
i SR JE TR BRI 28 1) LA S EE A b g A
BEh

2 R 5T

2.1 HEMESBREES

BRI T HRTREA SRR AR AE GWAS fF
%5 B L B & 3T 0 3 ( Summary  statistics )
UKBiobank fARAE GWAS' 38 5 PN 75 18 (9 20 Hr %
FUSHRELH . 1) HT GWAS FK1519 5 8 SNP (GWAS
P-value<5.0x10"8) , AR P HAE Ye (i L7 B, EL4%
TR IR AL 1 5B, i Haploreg %K
ST BTERE R 102 4 P-value /NT5.0x 107 8% SNP
HEATEERE LA EI102 ML, 2) BF GWAS I8
P47 3 PR 2 T 1 53 T ( Gene-based  analysis ) , #2 3
SNP TEGL A [ A Ar B A5 S, RS L AT e i 2L A
MNP B SNP 5905 CHK ) GWAS P 1{H,
1 SNP 2 [8] I B - 6 & il o 2 o0tk &
B IR | e 23 T Y 23 DR A 5 06 1 S
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DAL gene-based analysis [ {2 3P .

22 HANERAYEE R EE

PUMARZ Wy HE s HE DR R A 25 ) 80805 7% Drugbank
(https :// go.drugbank. com/ ) "*' | M s 5 T HL AR
Y m YR R ATC 4 5 5 NO6A
( Antidepressants) , M 62 FPHTIAL YY) H 3RS T 4
5 EIRRAEZ K R 2 O AR y -
BIET RS2 A E R AR M2 Ak 5-R k%2
T PR T AR R AR BT R R B2 A 5%
Oz ik ORI A0 RS 133 24
P R R 1,

23 ETRMBNFBENREARKEEES

WER

i R f, EWCE ( Expression weighted cell—type
enrichment) """ 7E 3 % fij 4 20 BA 41 it 00 Bk 9 4
(KL B4 ABIS %044, DEONC_human %(##
SR AT R A 43T, HE R 100 000U BEHLAAE UL,
] FDR 32647 P EAELIE,
2.3.1  HBAE By I 2 40

WE2(a) B, 76 KL G  , SARAE &) ki
PR 2 R A R B JBE 4 v 18] o 28 5T (P-value =
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0.03) JIEE GABA REf#i £ E(Embryomc GABAerglc
neuron) ( P-value = 0.04), 5-% {4 % fig #f &

( Serotonergic neuron) ( P-value = 0.04 ) Fl4E A SS |Z
MZ:IE (Pyramidal SS) (P-value = 0.04) , {H &AL IE
ZJR P AR E ., WE3(a) B, 78 AIBS il 4E
Hh SARAE 2 JE Ak PR I 25 AR TE KM B BT Y GABA
#2576 ( GABAergic neuron) (P-value = 0.004) 4F
S e

R -

#1250 ( Glutamatergic neuron ) ( P-value =

0.016) F1 /> 58 & J5T A/ 4 4 B ( Oligodendrocyte
precursor cells) (P-value = 0.04) , K IE 515 8 & .
K 4(a) Fron, £ DEONC_human Z(g4E | SARSE
Dy I 2 W SRR RN B BT Y GABA BE £ T
(GABA) (P-value = 0.000 4) K Jz i 1 45 R IR fiE
MZTT(exPFC) (P-value = 0.001 ) /b5 J5 Ji i 44
4L (OPC) (P-value = 0.0107) ,KRIFJG ¥ BE ., &
AR I 2,

F1 MERAES REEMNMFTMEBL I =

Table 1 Susceptibility genes of depressive disorder and antidepressant drug targets

Bt

AN

ABCB1,ABCB11,ABCG2, ACHE , ADRA1A, ADRA1B , ADRA1D , ADRA2A , ADRA2B , ADRA2C, ADRB1 , ADRB2 ,
ADRB3 ,ALB ,AOC3, CHRM1 ,CHRM2 , CHRM3 , CHRM4 , CHRMS , CHRNA2 , CHRNA3 , CHRNB4 , CKS1B, COMT,

CYPI1AL,

Antidepressant

drug 133 GABRQ, GAD65, GPT, GPT2, GRIA1,
targets
IDO1,KCNA1,

NTRK1,NTRK2, OPRD1,

KCND2 , KCND3, KCNH1

CYP1A2, CYP246, CYP2B, CYP2B6, CYP2C18, CYP2C19, CYP2C8, CYP2C9, CYP2D6, CYP2E1,
CYP3A4, CYP3A43, CYP3AS, CYP3A7, DDC, DRD1,
GABRA4 ,GABRAS ,GABRA6 ,GABRB1 ,GABRB2 ,GABRB3 ,GABRD , GABRE , GABRG1 ,GABRG2 , GABRG3 , GABRP,
GRIN1
HRH1,HRH2 , HRH3 , HRH4 , HTR1A, HTR1B, HTR1D , HTR1F , HTR2A, HTR2B , HTR2C , HTR3A, HTR6 , HTR7,
, KCNH2, KCNQ2, KCNQ3, MAOA, MAOB, MPO, MTNR1A, MTNR1B,
OPRK1, OPRM1,

DRD2, DRD3, DRD4, DRDS , GABRA1, GABRA2, GABRA3,

, GRIN2A , GRIN2B , GRIN2C , GRIN2D , GRIN3A, GRIN3B, GSTP1

ORM1, ORM2, PGRMC1, PTGS1, SIGMAR1, SLC16A10, SLC16A2,

SLC18A2,SLC22A1, SLC22A2, SLC22A3 , SLC22A4 , SLC22A5 , SLC6A2 , SLC6A3, SLC6A4 , SLCO1B3, SLCO2B1 ,
SMPD1,TD02,TPH1 , TPH2 ,tpS,trpS2 , UGT1A1 ,WARS , WARS2

RERE, GRIK3, MIRA255, ELAVIA, NRD1,

SGIP1, NEGR1, LRRIQ3, ELTD1, RFWD2, FAM5B, CACNALE,

DENND1B ,LOC645949 ,VRK2 , RNF103 - VPS24 , NR4A2 , KLF7, ZNF502 , KLHDC8B, TKT, FHIT , LSAMP - AS1,

RSRC1, HTT, BEND4, KIAA1109, C4orf33, SPCS3, KIF2A, TMEM161B, FAM172A, RABO9BP1,

MAT2B,

HIST1H1B ,MCART3P ,ASCC3, LIN28B, LOC153910, SAMDS , C6orf118 , MAD1L1 , TMEM106B , PCLO , SEMA3E ,
EIF3IP1,CTTNBP2,CYP7B1,NCOA2,KIAA0020, PTPRD ,CNTLN , ELAVL2 , TUSC1 ,ACO1, PAX5 ,ASTN2 , TLR4,
DENND1A, ADARB2, SORCS3, DCDCS ,

TMX2 - CTNND1, DAGLA, LTBP3, SHANK2, GRM5, DRD2, CXCRS,
NCRNA00288, SOXS5, SLC6A15, ATP2A2, SPPL3, B3GALTL, OLFM4, PCDH9, SPRY2, STK24, LRFNS,

RTN1,

ESR2 ,KIAA0317 ,BAGS , MEIS2 , SEMA6D , RBFOX1, SHISA9 , ERCC4 , METTL9, PIPOX , CELF4,DCC, RAB27B,

CCDC68,TCF4, KCNG2, ZNF536, EMILIN3, SLC12A5, MIR1281, HISTIH2BN, HIST1H3], TENM2,
ZKSCAN4 , ERBB4, ZKSCANS, BTN3A2, ZSCAN16, ZSCAN9, MEF2C, GRMS, ZNF165, OR2B2,

PGBD1,
HIST1H2BL,

ZCCHCT,BTN2A1, ZSCAN26, CDH13 , HISTIH2AL, HLA - B, HIST1HAL, ZSCAN12, CHD6 , CTNNA3 , MEGF11,
ZSCAN31, ZNF197, KLC1, ZNF660, YLPM1, ZNF445, ZKSCANT, HIST1H31, PROX2, DLST, NRG1, SGCZ
OR12D3,1GSF6 ,GPC6 ,PAX6 ,KDM3A , C160rf45 , LRP1B , TRMT61A ,XRCC3 , CNTNAP5 ,ANKK1 , ZFHX4 , LST1,

Susceptibility

enes of
. 320

depressive

PRSS16, TYR, PQLC2L, BTN1A1, DCDC1, ZDHHC21, TTC12, SDK1, APOPT1, CABP1, ZKSCAN3, ADCK3,

TAOK3 ,HS6ST3 , MYRF , PSORS1C1, CKB, SF3B1, FADS2, GTF2IRD1, ZC3H7B, AREL1 , RANGAP1 , ZNF184 ,

disorder

ZDHHCS ,HIST1H2BF , FAM120A, KIF15, NKAPL, FCF1, SORBS3, PCDHA2

PCDHA1, PRR34, SCYL1, MR1,

BTN3A3, TCTEX1D1, CELF2, CTNND1, HSPA1A, HIST1H2BO , RPS6KL1, PCDHA3, TRMT10C, ABT1, SCAI,
FADS1,KMT2A, ESRRG, BAZ2B, GPCS, IQCJ - SCHIP1, TCAIM , TMX2, SLC17A3, MED19, ZNF638, CDH22,
GRIKS ,HARS , HSPE1 - MOB4, EP300, HLA - DQB1, PCNP, ZHX3, BCHE , CRB1, C3orf84, MICB, SLC30A49,

MARK3,10 - Mar, CDK14, PLCG1 ,
PMFBPI1,

PSORS1C2, AP3B1, POGZ, TRAF3, CSMD1,
CNTNS, INPPAB, ZNF322, ASIC2, PLA2R1,

TMEM67, PCDHAA, TOPAZ1 ,
CHMP3, SOX6, PCDHAS , FANCL, ZNF35, TMEMA2,

KIAA1143 ,C11orf31 ,ACVR1B ,ZNF501 ,RFTN2 ,TMEM258 , TAL1, NICN1, HLA-DQA1 ,ACTL8 ,MOB4 ,CCDC36,

PCDHAG6, STK19, RHOA, MAP9, FNIP2, RBMS3, PLCL1

, SLCA4A4, CTorf12, UBE2M, OTX2, CDH9, LPIN3,

EPHB2 ,HMGN4 , PPP6C , NOX4, PRR16, EXT1 , MGATAC , EYS, STAU1 , HARS2 , BAD , MYBPC3 , ETFDH , SIM1,
FH,ANKS1B,ITPR3 ,RABEPK ,RHOBTB1 ,BSN ,RAB3B, TOP1, CAMKK2 , MANEA , ARHGEF25 , VPS41 ,ATP143,

ITGB6 ,ASXL3 , ANKHD1,

PCDHA7, PTPRS, CCS, PHF2, IK, KYNU, PPID, FAM12040S, ZMAT2 , SERPING1 ,

USP3,CACNA2D1 ,ANKHD1-EIFAEBP3 ,GINM1,C1QTNF7 ,MIER1,SLCAA9 , PSEN2
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2.3.2 PUMHRZS YL S ARG 2 41
FEBUIMAR 25 ) 8 3 B P [W AR 4T EWCE 430 #T,
WE2(b) s 18 K BAEEE T el 25 Py sk A
b 2 AR AT 22 LB RE A 48T ( Dopaminergic adult)
(P-value = 1.44 x107) , K fili J¢ J o [6] #ff 28 T
1.0 x107) [l fpf 28 0
(Medium spiny neuron) (P-value =1.0x10") HE{A CAl
XAZ:I0( Pyramidal CA1) (P-value =8.0x107*) 5-#2{5,
J1 g # 28 JT ( Serotonergic neuron ) ( P-value 1.0 x
10°), F & i 2 B e BE # £ J6 ( Hypothalamic
dopaminergic neurons) (P-value = 9.0x107") FIZCIRA A
[E]##H1 2570 ( Striatal interneuron ) ( P-value = 5.6x107) , H.

(Interneurons ) ( P-value

RAEJE B2 W 3(b) Fros, 76 AIBS Zdla i,
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Table2. Summary of neuronal cell type enrichment analysis results
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Fig. 2 Enrichment analysis in KI dataset
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Fig.3 Enrichment analysis in ABIS dataset
TE: (a) 0RAT 53 SRR D T B4 2R 5 (b) BUIMARZG M A R SR 45 2R AL
G RESERA « 8.

*

(2)

(b

I.

Std Devs. from the mean Std Devs. from the mean

ASC
END
exCA
exDG
exPFC
GABA
MG
NSC
oDC
OPC

4 DEONC_human HiFEEEER
Fig.4 Enrichment analysis in DEONC_human dataset
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Fig.5 Interaction network of susceptibility genes of depressive

disorder and antidepressant drug targets
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