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[ Abstract] Single-cell RNA sequencing (scRNA-seq) is an emerging technology that observes transcriptomes”
differences between individual cells at the cellular level. The basic strategy is to capture single cells and lysis the cells
to get mRNA ,then amplify them after reversing transcriptions, finally ¢cDNA is used to build sequencing libraries. At
present, this technology has been widely used in many subject areas. Visual system includes retina, lateral geniculate
nucleus,and visual cortex, etc. It “s responsible for the acquisition and processing of visual information and the
formation of vision. Visual information accounts for more than 70% of all sensory information. Therefore, the study of
the visual system is particularly important. With the rapid development of science and technology,there are more and
more research results on scRNA-seq. This technology is gradually becoming an important tool for guiding clinical
practice ,and has provided a bridge for basic research transforming to clinical research. In this review, we introduce the
main technical routes and methods of scRNA-seq and detail its application in visual system.
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# 1 scRNA-seq HiAR B4
Table 1 Summary of scRNA-seq technology

Jrik BT 4R R S g cDNA 1Sl Ry A UMD Kl ifadics 2% 30k
Smart-seq/ Smart-seq2 R 1E R FACS PCR 4K mRNA ¥ 1-100 [15-16]
CEL-seq AR L FACS NN mRNA 373 H 10-100 (17]
Quartz-seq I HOERAE B FACS PCR 42 mRNA I 1-100 (19]
MARS-seq IR INEEIL S A SN SR mRNA 33 H 100-1 000 (22]
Cytoseq VAR S L il Ao 5 mRNA 373 A >1000 2]
Drop-seq A0 R Bk A 3 it PCR mRNA 33 H >1 000 (24]
inDrop VA 0 i 2k O 3 i AN 5 mRNA3 3 H >1 000 [2s)
Patch-seq S AL R B I R R A PCR mRNA 5735 4K mRNA H/K  10-100 (21]
PMA B HERIEE FACS Phi29 B4 i 44 mRNA X 1-100 (201
STRT-seq B iR fE B FACS PCR mRNA 53 H 10-100 (18]

1 s scRNA-seq : 540 fifl % 5% 4 0 77 s MARS : K HEASEF-47 B 40 il RNA U 77 ; PMA : Phi29-mRNA 3 ; FACS : 5 't 307 40 g 43 3% 5 UM 4 R 1) 43 3R

A

Note: scRNA-seq: single-cell RNA sequencing; MARS: massively parallel signature sequencing; PMA: phi29-mRNA amplification; FACS: fluorescence

activated cell sorting; UMI: unique molecular identifier



. 706 - S IG IR B 4% AR 2020 4F 8 H 5 38 %45 8 ] Chin J Exp Ophthalmol , August 2020, Vol. 38, No. 8

Tk A /N B Y 44 800 £~ 41 A i Bk B, S8 E T 39 Al
A T) 2 TR0 £ 00 190 S 40 i, 177 Klein %6 * i F inDrop 43 47 /1N B 19
BT A W NG T 20 86 A0 43 46 40 L, LR S 4T 3t 1 A T 4 43 Ak
ISR I ) T 1w R 22 0T O, HLME R M AR B, P Smart-
seq2 1] LA I £ BR A 410 jY ) 3 [H B £, CEL-seq2 | Drop-seq #ll
MARS-seq 55 J5 ¥ i Tl I 7 240 %% (%9 2> 7 45 I 4% (unique
molecular identifier, UMI) , 7] 2 it mRNA 7K, 4 39 W & 2 o
Ko A W5 IE Y] Drop-seq X - 4 K 4k 41 M0 % ¢ 2w # # 1L
B, T MARS-seq il Smart-seq2 76 43 87 %0 5 /0 /Y 40 1 %% 5%
ZEL B 0% U B

BRI, oK 2 B 80 20 i I )y 52 36 2 ] Nextera 3 57 & 3 1
SCHE 4, A Mumina S & #4700 S8, &7 38 )5 2845 19
cDNA UL HoAl I 7 F- G WA 8. ] 40, SC3-seq ( single-cell
mRNA 3-prime end sequencing, SC3-seq) J&{fi ] SOLiD £ 4 #E 17
‘Uﬂﬂf?‘[m o EH ) Chromium™ Single Cell 3 Solution & J& 10X
Genomics 23 H 80 IT ¢ #Y — Ff AR S AS | e 38 ik A B0 400 1 0 7 7
2, — K AEST #5500~ 10 000 > 40 i, T — W 4 R A5 K ot 110 52
200 L PR 2k O
1.3 scRNA-seq fi%) i FH

B AR AR — 58 AP T A M N T A B 57 ) RNA 11
A AREE L RNA K RNA %52 RNA K dE % i RNA,
HE A AT 5T 5 S 4R A 1) T 4 T L A 0 e R DR % 8 R 4
P28 VR o (GG 5 SHAMER T E R M fe e B, HIE T
TR A4 K - 14 % 7 2L TF 90 T 1 48 7o 00 22 1) ) S5 Jo 1 s e A ke
T A LS R AR R S T 1 2 4T A S AR D e 2 R HEAT 43 BT
filt scRNA-seq # ¥ & b L) 7E 50 40 Jifg 7K 7 BF 5% 2 S 4 1 22 7 3k
ikl R BFGE N TR SR K T AR R TR 2 R A
RN R 0 R 28 00 S IR S R R E K 2k S R
Ap RLIIR IR R

L

2 scRNA-seq L5 R G R PRI A

2.1 scRNA-seq 761 W BEAIF 52 o i) 1

it 28 7T 9 43 28 AT (A 1) 288 T80 bl 28 5 A AR [ B ) 5 3 5 A
SR B LA R RS, h TR B 5 T T 4 2 i
I A 2 R G 4 ek A T e A D A A
200, X b 5 T B 43 2 T AR 38 1 2 J2 T T REBT AL, DL &%
KE ARG A BT Y I  E AS 2 B2 N T2 A
A 43 S0 0 T 0 43 Sy o 2285 40 R 40 L K T 4 e Je
TR K AN 5 Fhbh 2 T2 M L B 5 2 W, A 28 40 i ST
SR EA TR,

Macosko 22 FI] F scRNA-seq & 70 T 44 808 4~/ il
LI [0 P 5 S AR B T 39 ASASTE I R I A L 28 T — A
0 10 155 40 0 255 30 R0 0 1% 156 400 D 7 TR0 0 B DR 9% 3k 4% T TR
Shekhar 45 73 B S A 2.5 54>/ B R 99 XOUR%, 200 i o O T
— AR B D7 B SE T LS FOOUR 40 L B 26 A O 45 A 9 R
37258 B 7B C %5 2 Rl A T AR W2 528 07 U R T A
)45 S T BF R0 TF R I B T — > A0 A0 960 30F 240 0 24 250 13 1
Hemg ., Philips 25 00 199 I fr BF 55 0002 58 o % AR U5 £ e T

241 M 3 1 4k O T A R X T O 4 2z B AL S BT 4
PO 25 ek e 4 i 24 70 R i DR 3 3K 19 7 B R E 8 0L
O 25 e P — YR A Y T BRI

2.2 scRNA-seq 76 5 5 4% HhoRK I Bz S5 F 5 o ) 197

R Jil B 2 R 2 2R B B PR, AT R A R
fig, A2 GNERE S SRR AT R B T
BRBAMMAT, REMEEBERT ALRBESE W5
Wb B, B 3 A AR SR A R R (HR S [ 2 R D i A 40
SR T R A O R B 2 A . K R I S R A
SEOAA B 7 S DA Ak, B R RE 4 5 OE R A B
R T LS B eP R L HG A BB I, R AL K A L
T, 3 A7 78 10 AL B B 2 30 H15E B . Pfeffer %) Fi| il Patch-
seq FA) BP0 LI 7 D7 32 /N UL J5R v AS [ il AR R G v 2
T JHBE F B0 T8 0l e Bk o, PR AT S AL A0 BT, AT B
W TEIO B AR R R R A R R R R, %7
VAR AT T — A 2 2 T — B B PR R T
SC R TR e 0 B B 0 A 0 4 g L R PR L R A R A
DIRESRAE TR . AR A B B £ 0 RE AR S K i I
7 A i 48 7 T M/ 10 5 R 5 R 33 5 0 i A S A AR S
WL B0 L B R B R R R A L B Sk
M V- &5 3 Wi % . Zhong % i) FH 1 i B scRNA-seq
D5 B RE T AR 8 ~ 26 JH KR i 1 BT A B2 J2 R i 2 300
AU B 20 A T A NI IR A B 2 R i 6 b 4 i 2
T 4 ol 2 AL % 7 M b 2 0T o ) b 8 OE R T T TR
L 7 2 S5 AL 00 /DN IS R 4 L, G HE — 25 X N Kk 2 4
SUHRAR R 35 AN 2 36 Bk B 40 I 1 % LI L % B e ] A 4
LT B 4T 4 10 TR R 0 ) % 7 A 22 o T R R )2
F Y A P 2 T B R 28 A I D G T
7 5 PR AT i REL 0 A 8% T VR e 2 T e 2 R
T R B ARSI O B A A 2K T B 2 AE R R
WY % B 3 T R TR, S R G BT AT I B 2 o A 4
JKFEAT T T HEAL . Lake 255" 000tk il A 4 25 40 i f) 200 0 A% 2 47
TR AR I T, 8 P 2 T A A S TR Sk 1 At 4
A5 Sy 2L 35 Y AL 8 i 28 T INF £ AR A, A AT B 6 A4S 2 s )
Brodmann [X 35 i 57 J22 1 2 76 , %F Hi vh 4 488 A> 240 0 ) 200 o A2
F1 TR, B 258 6 A7 B2 J2 X 3 A 16 A b 28 90 30 51, 15 B
A M2 TG 22 S BN S BRVE AT RE HE— 45 R e T AL A
25 70 IO 4% (935 30, 3 2 b 28 90 4% B 25 S Al RN 6] 1) A5 {7 A
oo EHFFE LM T NI 3 LW, 3E— 25 o T AT 3
F AL AR . LA b 5 3 e 20 0 7 1k 1058 T R R AT
BF 52 56 22 B2 v 0 B2 TR W 426 T 11 % 7% 4L IR 4 0 T AR e 11 9
17T 4 )5 AR B 2R
2.3 scRNA-seq 76 B3 HH 56 H A K X 380 BF 5 F 9 137 1]

TE A W0 B0 L8 M 28 R 5 T, R B TR B L 2 e T Y
H5E A5 B AL B OLSE 19 T BT B R T HL At 3 43 % ¥ 52 15 8
A0 B A H IS SO IR W5 e 5 T T 44
SR Zhang % 15 %4 BE T8 (G B8 b % B0, A% A WL E A
BIDIRE . JGlR 47 h 2 S b T 2 A7 TE I — R AR BB ATy, Xt



e s g IR B Ak 2020 4F 8 HEE 38 455 8 ] Chin ] Exp Ophthalmol, August 2020, Vol. 38, No. 8 . 707 -

T A B R AR HE S P AR S % A T
i 26 A T ANAT 2 PR SR, B SR KRR BRI
NS A LR RLE AL S 1 ] S A A
TR S 97 X B W R T 8 0 AR AE A
WO AN A % . Zhang 2 BF R B UR R T 2215
OB 3 3 1 S 224 40 LD I 7Y A L A % R A R 3
B, A3 T RED R 4P 45 o Pandey %17 FiT scRNA-seq
FE AR AP BT T BE T £ DA Kl A7 5 A4 S8R X3 A 40 L, s A % i
T P R 2 TR A — AN A T TS BT R R B T BE T
SRR D 13 RO 0 b 2 70 25 TR L AN T i 2B B 28 0T 1 AR A
SR % % B B T T 58 A 10 % B R OB, OF S B S 1
EERL SR T EE N A
2.4 scRNA-seq 75 1L 48 2 G835 9% WF 5 0% g

WS 2 G v i i A% SR B R I A ARG 6 T
B T A S 0 5 DR Q0T S0 2 3K R R S 95 B R 41 41
B R IE 2 S, E B TER L WA . MM A RS
R YR () I 950 0 L A 8 A LS 2 4 40 R, B ORE £ 4
5 I RO 20 L 2 A T 0% 6 e R A 9 e R L 15 A 0T B
A o AT FJRE B9 BT o F S5 54 98 BT A 4 7 OF U
— A E KPR . scRNA-seq 3% A AT 4 43 47 40 0 L 4H 205 bk
IR AR [ A0 2 A A Bk DR 2 K. WL IR B R 4N N R
(retinoblastoma, Rb) J& S &)y JL v % WL 14 B3 Py 20 4 e o, MG 90
— B2 401, R AT REOR AL AN Y b 2 I I AN i s T
K" . McEvoy 4" b /N BURIL A S B9 Rb 20 g 38647 7 8
HEDIF RS HT, & B R i i 88 40 1 2 5 2 b 20 it 2 7 A 4
S 3 HE R A3 DR Z 5 ol ] i 20 T AL 40 D, 3 e B
T TE 5 W0 00 B0 AR 7 A, 15810 32 e 988 159 7 A T g St ey o 0 10
B A ek R P B TR R A0 2 2 R R R S B T
P, Rb B AE A7 05 3R 0 T T SR 4
2.5 scRNA-seq 76 2 T 4il M B 55 o ) 1o

W2 T 40 MO T L F ST DL AR M T R IEH
AT, B e N AL T 1k RO 2 ] — A TR A
SR R 5057, N U bl 2 T A K O LA 2 B
A TR BRI 5 Bk | B R S R A IR R A
Sy 2 T 40 MO TA 7 B B BOPR BE o S bl 5 20 B S A B R
O Mk B, 00 O T R A Y A
20 0 AR AT P A /I BURE 0 oR AT T 40 B A A, WL A B kL fH
RO OB BT R A R T A R 2 4 R R R
A5 N T S PR E B AR 38 0 i AR Pk R R A
A S S T Pk B[] R, R RE 3K 3 S 9 & & . Llorens-
Bobadilla %5 ) | Fi1 8. 41 M ¢ 77 ¥ WF 55 T W40 403 /5 22 T 4
P S0 R A VR T A T 2 T 0 I A 7 R
e, 2 BLLE G 000 1, PR A 2 T AN TR R v 5 5
HEAT G Ak o Shin 2517 4 0 T B 11 00 o 2 T 40 D ( quiescent
neural stem cell, qNSC ) i £ 1 T F i 26 40 D i 336 A4 4% f ik i)
%, i Jil Nestin-CFP™ % 3 P it £ b5 90 R 48, N A [ 5 7 B Bt
U1 TR 45 T A LB v A T R SR LA B IR R M A T
43 F F AT K 1R Y40 b B % B B 2 R A, R4 T R IR

aNCS B 4> T4 AE , 522 T 1R I 428 40 Hi 2% 2 200 06 B BB e ek g
NENTRBERFE, MG RS V-SVZ X[ GFAP™ #i 4 T
2R R R i 2 DA Rl T L T N A 2 T —
FLAFAES UL, T 5545 I 20 0 R S B V-SVZ X i i 2 T 44
T, 33 6F I PR b M 22 2R G ) 36 9T LA TR B L, SR il T 2
il 40 L 9 F 2 26 TR AR 3 2K 0L, 76 A A XfE A IX 43 . Shah 257 i)
F scRNA-seq 4325159 2 T 5 47 I 20 Jf0 1) % Sik 20 = 4508 O X 1%
S0 L HEAT TR A i T 0 A 0 xR 7 B R A R
LA 590 bl 2 T 2 R 20 B R LB RIS S A B
FEPR R SE T 4 K 2 500 A RN AN BB A R T E 1l 22 T 4 e
AL 20 0 2 A T, A 40 A B A K R R U R
iR g T HEER.

3 NG

seRNA-seq 7T 4T 43 B 20057 1 9 4050 I 2 00 40 2
TR AY T S A B R 0 G R, TS A
VE 2 T AL AL F- 3 BT K Hh K, 5086 00 F 3 JLAT HERT
0 FFL 5300 T R A A 5 A0 SILES 32 T I M KA
P A 7R 0% 7T MR 00 2R S R T AN A
ZATICTUR . F AR AL A e LI 5 1
BF 5 1 26 4%, seRNA-seq B 48 AIKC i 0L 58 B 3 1 22
45 o 5% 10 2 TE A RO DR A 0 9 D, 45 B 2 90 L 1
AN, VAR A 1 R 0 B R L 1 2
TR 2270 e R4 R R 3 T D 24 £ L 22
TR B O LT A 2 S A R OB T
AT R B BLIG 2 XK L6 TR B 0 20 P 4T
T IRSAER . scRNA-seq i A JE B 58 0 22 7R 4 K U8 0 B
T 40 R 6 0 00 O B T B AL W R
P UL SR O T — B 09197 B . seRNA-seq FA T8
38 3R S SR T , B i 4P SICET PO HRLASG T 1 D34 7 B
A TBE o T 20 R A 0 ) B B 5 7 A 7 0K
248 % seRNA-seq $ A (03 DR £ 2 36 T 20 R 08
Fir WS 30 I DR 0 o L 0 B 938 3R 56 o1 0
FI 5 ELEE R R, 155 17 8 A K R 03 RNA S DL 0 45
AR B HER 0 50  EOR 2 W0 2 (AL R A 5
AR 2 AR T B 2 8 R 5L 1 B
PR T W4 AP0 3R e A1 LR S LI R 5
i R XU TR SR 1 U AT
R A1 H BT LA 25 o R

S &k

[1] Arendt D,Musser JM,Baker CVH et al. The origin and evolution of cell
types[ J]. Nat Rev Genet,2016,17 (12) : 744-757. DOI. 10. 1038/
nrg. 2016. 127.

[2] Gest H. The discovery of microorganisms by Robert Hooke and Antoni
Van Leeuwenhoek , fellows of the Royal Society[ J]. Notes Rec R Soc
Lond,2004,58(2) : 187-201. DOT; 10. 1098/rsnr. 2004. 0055.

[3] Schatz DG, Swanson PC. V ( D) J recombination; mechanisms of
initiation[ J]. Annu Rev Genet,2011,45 : 167 -202. DOI. 10. 1146/
annurev-genet-110410-132552.

[4] Echols H,Goodman MF. Fidelity mechanisms in DNA replication[ J].



- 708 - S IG IR B 4% AR 2020 4F 8 H 5 38 %45 8 ] Chin J Exp Ophthalmol , August 2020, Vol. 38, No. 8

Annu Rev Biochem, 1991,60 : 477-511. DOI: 10. 1146/ annurev. bi.
60.070191. 002401.

[5] Tang F,Barbacioru C, Wang Y, et al. mRNA-Seq whole-transcriptome
analysis of a single cell[ J]. Nat Methods,2009,6(5) :377-382. DOI.;
10. 1038/nmeth. 1315.

[6] Ascoli GA, Alonso-Nanclares L, Anderson SA, et al. Petilla
terminology : nomenclature of features of GABAergic interneurons of the
cerebral cortex[ J]. Nat Rev Neurosci,2008,9(7) :557-568. DOI.10.
1038/nrn2402.

[7] Luo L,Callaway EM,Svoboda K. Genetic dissection of neural circuits:a
decade of progress[ J]. Neuron, 2018,98 (2) : 256 -281. DOI: 10.
1016/j. neuron. 2018. 03. 040.

[8] Kvist T, Ahring BK, Lasken RS, et al. Specific single-cell isolation and
genomic amplification of uncultured microorganisms[ J]. Appl Microbiol
Biotechnol ,2007,74(4) : 926-935. DOI . 10. 1007/500253-006-0725-7.

[9] Kirkness EF, Grindberg RV, Yee-Greenbaum J, et al. Sequencing of
isolated sperm cells for direct haplotyping of a human genome[]J].
Genome Res,2013,23(5) : 826-832. DOI:10. 1101/gr. 144600. 112.

[10]Espina V, Wulfkuhle JD, Calvert VS, et al. Laser-capture
microdissection[ J ]. Nat Protoc,2006,1(2) : 586-603. DOI;10. 1038/
nprot. 2006. 85.

[11]Cho BS, Schuster TG, Zhu X, et al. Passively driven integrated
microfluidic system for separation of motile sperm [ J]. Anal Chem,
2003,75(7) : 1671-1675. DOI;10. 1021/ac020579%.

[12]Marcy Y, Ouverney C, Bik EM, et al. Dissecting biological “ dark
matter” with single-cell genetic analysis of rare and uncultivated TM7
microbes from the human mouth[ J]. Proc Natl Acad Sci U S A,2007,
104(29) :11889-11894. DOI:10. 1073/pnas. 0704662104.

[ 13] Walters EM, Clark SG,Beebe DJ, et al. Mammalian embryo culture in a
microfluidic device[ J]. Methods Mol Biol, 2004 ,254 : 375-382. DOI;
10. 1385/1-59259-741-6 : 375.

[ 14]Kellogg RA, Goémez-Sjoberg R, Leyrat AA, et al. High-throughput
microfluidic  single-cell analysis pipeline for studies of signaling
dynamics[ J]. Nat Protoc,2014,9(7) : 1713-1726. DOI; 10. 1038/
nprot. 2014. 120.

[ 15]Ramsksld D, Luo S, Wang YC, et al. Full-length mRNA-Seq from
single-cell levels of RNA and individual circulating tumor cells[ J]. Nat
Biotechnol ,2012,30(8) :777-782. DOI;10. 1038/nbt. 2282.

[16]Picelli S, Bjorklund AK, Faridani OR, et al. Smart-seq2 for sensitive
full-length transcriptome profiling in single cells [ J ]. Nat Methods,
2013,10(11) :1096-1098. DOI. 10. 1038/nmeth. 2639.

[ 17] Hashimshony T, Wagner F, Sher N, et al. CEL-Seq: single-cell RNA-
Seq by multiplexed linear amplification [ J]. Cell Rep,2012,2(3) :
666-673. DOI:10. 1016/j. celrep. 2012. 08. 003.

[18]Islam S, Kjillquist U, Moliner A, et al. Characterization of the single-
cell transcriptional landscape by highly multiplex RNA-seq[ J]. Genome
Res,2011,21(7) :1160-1167. DOI.10. 1101/gr. 110882. 110.

[ 19]Sasagawa Y, Nikaido I, Hayashi T, et al. Quartz-Seq: a highly
reproducible and sensitive single-cell RNA sequencing method, reveals
non-genetic gene-expression heterogeneity[ J/OL]. Genome Biol ,2013,
14(4) : R31 [2019-08—-18]. https://www. ncbi. nlm. nih. gov/pmec/
articles/PMC4054835/. DOI;10. 1186/gh-2013-14-4-r31.

[20]Pan X, Durrett RE, Zhu H, et al. Two methods for full-length RNA
sequencing for low quantities of cells and single cells[ J]. Proc Natl
Acad Sei U S A,2013,110(2) : 594 -599. DOI: 10. 1073/pnas.
1217322109.

[21]Cadwell CR, Palasantza A, Jiang X, et al. Electrophysiological,
transcriptomic and morphologic profiling of single neurons using Patch-
seq[ J]. Nat Biotechnol ,2016,34(2) : 199-203. DOI; 10. 1038/nbt.
3445.

[22]Jaitin DA, Kenigsberg E, Keren-Shaul H, et al. Massively parallel
single-cell RNA-seq for marker-free decomposition of tissues into cell
types[ J ]. Science, 2014, 343 ( 6172) : 776 — 779. DOI. 10. 1126/
science. 1247651.

[23]Fan HC,Fu GK,Fodor SP. Expression profiling. Combinatorial labeling
of single cells for gene expression cytometry [ J/OL]. Science, 2015,
347 (6222) : 1258367 [ 2019 — 18 = 20 ] . https://science. sciencemag.

org/content/347/6222/1258367. long. DOI:10. 1126/ science. 1258367.

[24]Macosko EZ, Basu A, Satija R, et al. Highly parallel genome-wide
expression profiling of individual cells using nanoliter droplets [ J].
Cell,2015,161(5) :1202-1214. DOI.10. 1016/j. cell. 2015. 05. 002.

[25]Klein AM,Mazutis L, Akartuna I, et al. Droplet barcoding for single-cell
transcriptomics applied to embryonic stem cells[ J]. Cell ,2015,161(5) :
1187-1201. DOT; 10. 1016/j. cell. 2015. 04. 044.

[26]Ziegenhain C,Vieth B, Parekh S, et al. Comparative analysis of single-
cell RNA sequencing methods[ J]. Mol Cell,2017,65(4) : 631-643.
DOI:10. 1016/]. molcel. 2017. 01. 023.

[27] Nakamura T, Yabuta Y,Okamoto I, et al. SC3-seq:a method for highly
parallel and quantitative measurement of single-cell gene expression
[J/OL]. Nucleic Acids Res,2015,43(9) : e60 [ 2019-08-20].
https://www. ncbi. nlm. nih. gov/pmec/articles/PMC4482058/. DOI .
10. 1093/ nar/gkv134.

[28]Zheng GX, Terry JM, Belgrader P, et al. Massively parallel digital
transcriptional profiling of single cells[ J/OL]. Nat Commun,2017,8:
14049 [ 2018 = 08 = 21 ]. https://www. ncbi. nlm. nih. gov/pmec/
articles/PMC5241818/. DOI:10. 1038 /ncomms14049.

[29]McConnell MJ, Lindberg MR, Brennand KJ, et al. Mosaic copy number
variation in human neurons[ J]. Science,2013,342(6158) : 632-637.
DOI:10. 1126/science. 1243472.

[30]Navin N,Kendall J, Troge J,et al. Tumour evolution inferred by single-
cell sequencing[ J]. Nature,2011,472(7341) :90-94. DOIL.10. 1038/
nature09807.

[31]Potter NE, Ermini L, Papaemmanuil E, et al. Single-cell mutational
profiling and clonal phylogeny in cancer [ J]. Genome Res, 2013,
23(12) :2115-2125. DOI:10. 1101/gr. 159913. 113.

[32]Guo H,Zhu P,Wu X, et al. Single-cell methylome landscapes of mouse
embryonic stem cells and early embryos analyzed using reduced
representation bisulfite sequencing[ J]. Genome Res,2013,23(12) :
2126-2135.DOI:10. 1101/gr. 161679. 113.

[33]Zeng H, Sanes JR. Neuronal cell-type classification: challenges,
opportunities and the path forward[ J]. Nat Rev Neurosci,2017,18(9) :
530-546. DOI.10. 1038/nrn. 2017. 85.

[34]Masland RH. The neuronal organization of the retina [ J]. Neuron,
2012,76(2) :266-280. DOI.10. 1016/j. neuron. 2012. 10. 002.

[35] Shekhar K, Lapan SW, Whitney IE, et al. Comprehensive classification
of retinal bipolar neurons by single-cell transcriptomics[ J]. Cell 2016,
166(5) : 1308-1323. DOI:10. 1016/]. cell. 2016. 07. 054.

[36] Phillips MJ, Jiang P, Howden S, et al. A novel approach to single cell
rna-sequence analysis facilitates in silico gene reporting of human
pluripotent stem cell-derived retinal cell types[ J]. Stem Cells, 2018,
36(3) :313-324. DOI:10. 1002/ stem. 2755.

[37]Roth G, Dicke U. Evolution of the brain and intelligence in primates
[J]. Prog Brain Res, 2012, 195 : 413 -430. DOI. 10. 1016/B978-0-
444-53860-4. 00020-9.

[38] O“Rahilly R, Miiller F. Significant features in the early prenatal
development of the human brain [ J]. Ann Anat, 2008, 190 (2) :
105-118. DOI:10. 1016/j. aanat. 2008. 01. 001.

[39]Pfeffer CK, Beltramo R. Correlating anatomy and function with gene
expression in individual neurons by combining in vivo labeling, patch
clamp,and single cell RNA-seq[ J/OL]. Front Cell Neurosci,2017,11 :
376 2019-08-21]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC5714881/. DOI:10. 3389/fncel. 2017. 00376.

[40]Zhong S,Zhang S, Fan X, et al. A single-cell RNA-seq survey of the
developmental landscape of the human prefrontal cortex[ J]. Nature,
2018,555(7697) :524-528. DOI:10. 1038/ nature25980.

[41]Lake BB, Ai R, Kaeser GE, et al. Neuronal subtypes and diversity
revealed by single-nucleus RNA sequencing of the human brain[ J].
Science, 2016, 352 ( 6293 ) : 1586 — 1590. DOI. 10. 1126/science.
aaf1204.

[42]Zhang BB, Yao YY, Zhang HF, et al. Left habenula mediates light-
preference behavior in zebrafish via an asymmetrical visual pathway
[J]. Neuron,2017,93(4) : 914-928. DOI. 10. 1016/j. neuron. 2017.
01.011.

[43]Bianco IH, Wilson SW. The habenular nuclei:a conserved asymmetric



e s g IR B Ak 2020 4F 8 HEE 38 455 8 ] Chin ] Exp Ophthalmol, August 2020, Vol. 38, No. 8 . 709 -

relay station in the vertebrate brain[ J ]. Philos Trans R Soc Lond B Biol
Sci,2009,364(1519) : 1005-1020. DOI;10. 1098/ rsth. 2008. 0213.

[ 44 ] Hikosaka O. The habenula:from stress evasion to value-based decision-
making[ J]. Nat Rev Neurosci,2010,11(7) :503-513. DOI;10. 1038/
nrn2866.

[45]Namboodiri VM, Rodriguez-Romaguera J, Stuber GD. The habenula
[J]. Curr Biol,2016,26(19) : R873-R877. DOI; 10. 1016/j. cub.
2016.08.051.

[46]Proulx CD, Hikosaka O, Malinow R. Reward processing by the lateral
habenula in normal and depressive behaviors[ J]. Nat Neurosci, 2014,
17(9) : 1146-1152. DOI.10. 1038/nn. 3779.

[47]Pandey S, Shekhar K,Regev A, et al. Comprehensive identification and
spatial mapping of habenular neuronal types using single-cell RNA-seq
[1]. Curr Biol, 2018,28 (7) : 1052 - 1065. DOI: 10. 1016/]. cub.
2018. 02. 040.

[48]Zhong X,Li Y,Peng F,et al. Identification of tumorigenic retinal stem-
like cells in human solid retinoblastomas [ J ]. Int J Cancer, 2007,
121(10) :2125-2131. DOT.10. 1002/ijc. 22880.

[49]Johnson DA, Zhang J, Frase S, et al. Neuronal differentiation and
synaptogenesis in retinoblastoma [ J ]. Cancer Res, 2007, 67 (6) :
2701-2711. DOI.10. 1158/0008-5472. CAN-06-3754.

[50]McEvoy J, Flores-Otero J, Zhang J, et al. Coexpression of normally
incompatible developmental pathways in retinoblastoma genesis [ J].
Cancer Cell ,2011,20(2) :260-275. DOI. 10. 1016/j. ccr. 2011. 07.
005.

[51] Lugert S,Basak O,Knuckles P, et al. Quiescent and active hippocampal
neural stem cells with distinct morphologies respond selectively to
physiological and pathological stimuli and aging[ J]. Cell Stem Cell,
2010,6(5) :445-456. DOI.10. 1016/j. stem. 2010. 03. 017.

[52]Li L, Clevers H. Coexistence of quiescent and active adult stem cells in
mammals[ J]. Science, 2010, 327 ( 5965) : 542-545. DOI; 10. 1126/

science. 1180794.

[53]Benner EJ, Luciano D,Jo R, et al. Protective astrogenesis from the SVZ
niche after injury is controlled by Notch modulator Thhs4[ J]. Nature,
2013,497(7449) :369-373. DOI.10. 1038/ nature12069.

[S4 1R uhpk, Al BIUA 5. W& T 41 5 K R RPE 20 Jif8 i) i £k ke
RE 18 Kook RPE QM T 2w [T ] 58 = 75 B8 R %42 4, 2017,
39(11):1112-1116. DOT:10. 16016/j. 1000-5404. 201701031.

Chen CL,Zou T,Li QY, et al. Mitochondrial transfer from neural stem
cells rescues apoptosis of retinal pigment epithelial cells isolated from
RCS rats [ J]. J Third Military Med Univer, 2017, 39 ( 11)
1112-1116. DOI:10. 16016/j. 1000-5404. 20170103 1.

[55]MacLaren RE, Pearson RA, MacNeil A, et al. Retinal repair by
transplantation of photoreceptor precursors [ J ]. Nature, 2006,
444(7116) :203-207. DOI:10. 1038/nature05161.

[ 56] Llorens-Bobadilla E,Zhao S, Baser A, et al. Single-cell transcriptomics
reveals a population of dormant neural stem cells that become activated
upon brain injury[ J]. Cell Stem Cell,2015,17(3) : 329-340. DOI.
10. 1016/j. stem. 2015. 07. 002.

[57]Shin J, Berg DA, Zhu Y, et al. Single-cell RNA-seq with waterfall
reveals molecular cascades underlying adult neurogenesis[ J . Cell Stem
Cell, 2015,17(3) :360-372. DOI.10. 1016/j. stem. 2015. 07. 013.

[ 58] Shah PT,Stratton JA, Stykel MG, et al. Single-cell transcriptomics and
fate mapping of ependymal cells reveals an absence of neural stem cell
function[ J]. Cell,2018,173(4) : 1045-1057. DOI; 10. 1016/j. cell.
2018. 03. 063.

(Wi B #:2020-05-09 & [l H # :2020-06-02)

(AR 34 8 X $0)

B - AR - e

RT3 — 75 P I R A0 3

VEF BRI ) — Wil — R 2 85 o A T ot B0 088 0 B — i P AR OF R UE S )5, i P A 7 o BEOE X AR 5 47 5 0 ISR R B —
i P, A RS B AR AR B (1) ZEA FIZR A5 M R oty b P 208 SO % SCR AR R R A U] IR FE R R 2 R AR E Lid
o (2) R BT S0 A B A B AR PUEAT AR . (3) 2 45 A HE 4 S 2 FUAR O 35 — 1R 3 B0E A5 1R & O AR AT SR i o

SCERTEATF R R LR R LR TR 30720 50 B 1AM 0 70 A ) A 300 10 LGRS [6] 32 A B i3 N e T — Fs P47 09,18
A ) A S R I B 2 < 3 2 2 2 T s A ) I = 300 TSR 48— 20K (hittp . //www. iemje. org/urm_main. html) , J& F* LAIAS [l 15
BT R R AR AL E WAL Z AT R T A 5 1 S8 55 47 80, I35 2 00 YO R TR B AR TR F R R R B .

AR ELETRE

AT IAT LATRIAT 5 e O 22 il ) = 20 o SR B2 (A PR o G GO O R e ) MR PR AT o g R AR A O R R R I R
WL 231 2 TE BRSO RS T R O 1 R I A R R IR OR I R L R A SR R RA A e SR B AT B A 4 R
RT3 L S BRI, X P Ak A AN [ T 0 A A A 2 R R AL (E S O e R L

T P o PG AR A AT S AR R A e A AL IE R MR A PR AR ST AR R A BRGS0  EOR E H B R i i A
TSR R o AR A A B G BB O, 0 2 A H BB Il MO AR B AT RN o 40 R A 45 R DK 8 2 Email %
SR G AR SRS R A SR A MR BB R T R F R RV XUy LA 2 56 AR A A RORR A6 2
1] 2t 4 0 R R L b R AR A 2 A ) . — LA R R A G HEBY B, A5 B AN LB RO 1 7 0 1 DR — i A 45 A T R T 4 AR
TS AN BB AN/ B B AR A 2 A B I B LA T IOl Il A O St 22 B W2 /R 3 A AT R — DD ST AT A 5t .

AR AR e A A TR 0 38 40 RUSLEE ) #89 AH OG 4% 3, A TR0 4 48 T x5 2 3% 4 Ok i e R s 80 00 1 0 8 b AR AT S im L A A
O, A6 A B P AR A 2B O A 52 A8 A i B SR (M A% 40 WA 5 I U B R AT YA 38 SR AR A9V & R B BR 1 4 8 D T ) 52 AR o
TR AEEX B R R RIE R EF N A ST A T B fF i 7 b 4 B8 B A s 2 A A A B AR B AT i

(A T G )





