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PAG I LA Y MOAZHEA T T, LFRERAX RNA I
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MR NAC 15 631 /M % N RNA #EA T, 2 T HE
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J7 I /N NAc 517 SCRNA-seq K , BF 345 195X
AT 22 R IB T, s T 0 5 T Al i
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(1) AR P 7 S S 0, ISR BT 2 24 030 FHAH O
(1% i 85 T B B0 B B2 45 T AT R LRI 5T . Miller
R R UNE S A A G
microdissection, LCM) %54 RNA-seq X8 T X 7
HOAEMOM K AE W R E T WA KK B
(tetrahydrocannabinol, THC) KERBLEIFIHRN 7 )2
(prefrontal cortex, PFC) H AN AN B )2 4 5k
FERIFIR G SRR . W5 AR, I 2R
T THC R A TE S T FIE S KF- 5200 PEC 1Y
B2 (prelimbic, PrL) WX 25 = 2 HE A pf
2 56 (pyramidal neurons) , M\ 1fi] B¢ ZE H it 321 2%
(mesolimbic) PR K FHL . PN i S5 35 % 2
Y BRE T ) — SR A, PRI Rl R AT 2y
HASREAT I 259 IR a5 . Bhattacherjee 45
WA XTAAE | AF/NR DL T A R A 2kt nl
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SR SR AR AR, B T SRS, (FARE

(laser capture
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N IR SRR A2 s (P8 PERT R I
BURETS R I ARAk) S50 T 2R 2T B Y
SN
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KoY B, BEAL T plRE R Y AE OC B 2 B il X
NAc Fl PFC Hv LA 4 a5 S 4l 9 85l . (3 259 1
Far B LR LS 245 00 s 9 1 R 380 R ik IX 4

N BEROK- o BRI, 25D SORALRI A2 2%, X1
W R BN RINHE B X PRt A SE 4, i B
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TSR, 98 R 20 RN R 25 9 AR 25 2507
AW 1PN d s IEL-R 7 2 it I o P | e AP 3
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Table 2 Application of SCRNA-seq in animal models of drug addiction
R2  ScRNA-seq7EZ5 4 B 8 BN MDA B o (4 Kz A

RFAAR JlRE R A i X gilifElinl 22 e G e
=4
2018 HEVE BAR /N BT i B 5 T R A ONGIA ~50 00041 i % y- R LT RR RS R HE R AE ) #h 28 e
Ribeiro% 12
2018 HEPERGAE /N R I e Sk R RBE X 23 27644 DRI 1~42 . SRR AN A
Avey% B > SR W VAR L5 18 A
2019 HEVETS B R B3 AN SURIEIEE DY ROt 2 750N IR A3 TSl A AR R AR AR 2T i i
Miller%s B2 SRR
2019 HEPERCE/NR AR RS2 (B BT R

Bhattacherjee?s B3 Zi—# ki T R— = H & IZ ]
B FL— R E IR
2020 T PE AN K BR ORI s v S #h e vl =
Savell2g BV PSP ERTS

N

29 86444 Nt N AT SN
Mo BRI /D> 9 R4

&84 #

% U1 /2 7 32 pk b R 2 b 22 0

/U S5 A0 i 1 ~3 B 45 1 64 o B

15 631141 it

ScRNA-seq [l FE I HI T N ZEFE 5 il 21 2U0F 5%
Tran 55 4 Xk F NG ] ok B 42 1) DR i
JEMZOIRAA (ventral striatum) . HZ RS (K
(amygdala, AMY) FlE 55 ) FlPAS B2 BT X 35
(V. J& | 4047 J J2 (subgenual anterior cingulate
cortex, SACC) FIFFFMIIPFC) 1170 615544
ffA% 47 7 SnRNA-seq, & X T 107 4 a2 5 f:
B 11X SE AR 28 1] 2 [] F) 1 R FVRFIR MSNs
A WP IR SRt —Fh s B U IR P S
29 R R RS PR R AE 2=, R T S
PG P B2 T ISR XU S s AH SR PR 174 22 S
Faak, BRI I 2L ) J R 1Y) 35t 1 XU
&, 3R NSRG4 B S BN X e ek
AR PRAR SCHESR A1 DL A
2.4 ScRNA-seqBt & GWASTEZ5 ¥ i & B H fh #5
R ZE R R O Rz A

GWAS & — I FH B R A 8L e 7 10 B
1 R £ & 1 (single nucleotide polymorphism,
SNP) Rorfistfetric, #HATRREHHKP Eryxt
WA MY, g & s i A2 22 R i B R A S
07k B 25 U e — o o B 22 R TR A
YRR 1T 1 5 5 D] 5 A8 R PR Rk A2 A O 2

£ GWAS i X, i fie 2 5 W OAH ¢ 40 i
(candidate gene association study, CGAS) DL K
GWAS, C&KM 1 Y2~ 2R N 4 G
PRI A5 B, 7 1 H 58728 5 25 W) URE A DG 1) i 28
FEPR BT H R O T 3 S I PR A7 A5k LR Y
DR v A IES B8, 75 GWAS B, #F5EC
TR 2454 R AH DGR A L PR R s AL 45 v i)
YER, BOIRDIRE T B 5 HAR DGR AL 2 W],
SIS T 2 ) I AN e PR 22 )5 4 2 110 A
AR S RT3 BT U R S Ak 8 e PR P K 1) A4 i
AV IX IR, Srinivasan 55 ' N3 2 1 B0
S5 F U5 (stratified LD score regression, s-LDSC)
ST, B GWAS 5 5 5 200 it e €6 5 e e il ] S
P & i & I )5 (assay for transposase-accessible
chromatin  with  high-throughput  sequencing,

ATAC-seq) #4532k H AN ZEF/N BT % € 1 X I
(open chromatin regions, OCRs) a7 HLEL,
gE R B R 5 T (cis-regulatory element,
CRE) THVEMIDG, CREHA i 4l i 2 ARy 54
A RETE U 220 B Y D RE A R A E T . B 9Eid
AR A& OCRs Bl 73 244 4l 28000 0y B Jo v e
ORI DIR FID2R 280, Bl 1 e A Gk
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RIAE SR RESZ IR, BB H RGO R 2T
S RIAE USRS R IE R KA AN R VE R

HT GWAS ST G 259 iRa 14 SCRNA-seq
BARM M, AT LR SRR R AR 2 (R] Y
ORI, AT B IR A S BT N 40 g S B A S
254 Wid 25 . Calderon 45 ' JF & i — 4 H 43
BT 5200 it 56 PR 36 35 T GWAS T R Ge 11 2 S R R
J¥, Al LR HE GWAS I8 1 G Tl A ik R R ik
BRI AR SC Y 20 B S BN BL R AT O e HE
BT A BT i 288 B RO R ) R AU IR R AR . e
o/ 1 R AH 5C 1) SNP BE AT Rl BB SE (57 72 I 5o h
FEXSBEP ek P A P, 3 PR o 2R IA %L
i PR OR A7 5 (expression quantitative trait loci,
eQTL) . ZE%r% 2 id id 45 & GWAS F SCRNA-seq
B, 3 BT LB BRSP4 20 A A7 2R B 40
EARVRE SV B sk B 032 I E T R R Al
Gy BURE R 22 IETE XU BRI, 2P el T — gt
RITENR LRI & B MDA e ph 2 oo sk, Jiik
THRERI Y ZERE I Z 3L T, JEam IR Tz b
WA LERENSS W R EE TS
GWAS FI SCRNA-seq H 4 7 2459 OB S5 45 g Hh
AUBFFE S, SO, X TEL 5 245 1) e e N A il
PRI BA B2 L, B AR PR 3h )
ScRNA-seq BHE RN IE, X FHIRI0 T IR A F
AU EE PRI IBAKF 6T R DR FORG AopEiig Al DG
AR 22 T P SR A T AT

3 BEMREE

YRR — PV R A SR, TR
AR BER A AR PRRE, EEwRB L i’
Wr, IR . B Im IR B i R AN [F] B
BT [a) B AR Y SCRNA-seq IF5T . #ilan, FRME
FfE TR e R8BI i AR I PP 5 v R B 2 S
RIZRIA IR 251 B i 5 R 2 R . A ot
11 T NZEHK B NAC FIFF ZMI PFC 248 g 28 51 45 5¢
RGBT 4, RS 20 B S Y 2 A AE AR B A I
SEHE, PERTESIYR R TP AR B B A S5k
PR, T DA FHOAS [) 1 B sh A s R SS A 2
Y RErg e g o B, sEEa PR TR AR s B
BB X 25 TR K DL R R 2 T o R SR IA TR T R
fES5 . HAET, 299 EnFsE SCRNA-seq F 0 H T
RS 22 ER O K A BRI Y X
BRSO R R AT A B i DX S ) G B A 5 AT 9K
IR

ScRNA-seq A 25 U 1) 73 T HLI A S et 1
ARGFHYIT . SRTT, 25 O AR 1) I 240 i 2H 21
RIFAIRKRG], an AEHLR G . SRy
BRI . FIL, SnRNA-seq 7E 2454 Hiia
WFFEH A A TG V22 IRMERI PR . Sl T 28l
ARAEGFRHI, ScRNA-seq ] LLZh & AL 23 (0] 45 B
(s [ s o > v R e Y DL e
FKE P H R LR BT 2% (multi-
model single-cell methodologies) , W X} 24 4 il a1
A TR PR . ARMFTOREIS B 25 AN
[FIRTEL, TREEMRATEON A R 73R, R IR
P e B 1, X 4 o R AT T
TS S B AR A ) R 1 25 P IR o
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Application of Single Cell Transcriptome Sequencing in Drug
Addiction Research’

LI Qiong", WANG Fu-Yan®, ZHANG Xiao-Qin", YU Zhi-Peng",
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("Department of Pharmacology, Medicine School of Ningbo University, Ningbo 315211, China;
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INingbo Kangning Hospital, Ningbo 315201, China)

Abstract Drug addiction is a complicated central nervous system (CNS) disorder. Both basic and clinical
studies have confirmed that the neural mechanisms of drug addiction are progressively altered at different stages
of the development of addictive behaviors. Genomic studies using technologies such as whole-genome association
studies, whole-genome sequencing, whole-exome sequencing or high-throughput transcriptome sequencing have
provided insight into the genetic vulnerability of mental disorders, including drug addiction. The single nucleotide
polymorphism detection techniques or sequencing technologies mainly predict genetic risk loci for diseases.
However, the occurrence of many CNS disorders is closely related to environmental factors and there is brain
region-specific cellular heterogeneity information on the expression of relevant genes at different stages of disease
development. Therefore, traditional molecular genetic studies have limitations in explaining the pathogenesis of
CNS disorder. Single-cell RNA sequencing (ScCRNA-seq) technologies, which target individual cells for transcript
level determination, avoid the disadvantages of traditional sequencing for detecting the average transcript level of
cell populations and can quantitatively describe cellular heterogeneity. In recent years, single-cell transcriptional
sequencing technology has been applied to the study of drug addiction. The cortico-mesolimbic system, cortico-
striatal-thalamo-cortical pathway and the hippocampus are important brain regions associated with drug addiction.
It was found that more neuronal subtypes exist in both the striatum and hippocampus than previously known. In
the cortex, pyramidal neurons exhibit a projection-specific gene expression profile. In rodent models experiencing
from cocaine, morphine, and tetrahydrocannabinol, recent studies have identified single-cell transcriptome
alterations in the nucleus accumbens and prefrontal cortex, the key brain regions for rewarding. These studies
have advanced the mechanisms of drug addiction and drug development to the level of cellular resolution in
specific brain regions. This review summarizes the important applications of single-cell RNA-Seq in neuroscience

research and uses drug addiction as an example to illustrate its value in the study of CNS disorders.
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