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Abstract

Embryonic development is a complex process which is regulated by a series of cellular behaviors.
Cell is the fundamental unit of the structure and function of lives. The cell fate is a process that is
decided at the single-cell level. The limited number of cells in the early stages of embryonic de-
velopment is a challenge for studying early gene regulation. Single-cell sequencing is a new tech-
nology for high-throughput sequencing analysis at the single-cell level. It has significantly in-
creased the understanding of the complexity of cells, tissues and organs. Early embryonic devel-
opment is the key stage of embryonic development. The application of single cell RNA sequencing
technology can not only discover some key genes in early embryonic development, but also con-
struct gene expression maps of organ development, and clarify various cell types and their rela-
tionships in the process of cell differentiation. The widespread application of single-cell RNA se-
quencing technology is reflecting the heterogeneity between cells, which is conducive to revealing
the occurrence of disease development mechanism. This article reviews the technology and the
application of single-cell RNA sequencing in embryonic development in recent years. It benefits
embryonic development basic scientific research and guides the diagnosis and treatment of clini-
cal diseases with embryonic development.
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1. 5|

JRIG R B —— AN E AR, F52 308 R S PR A R 2 B2, 1 40 M AN A 4504 5 DhRe i ik A
AL RGUMRNHBEFE AR QI 28R Thie 5otk te, P AN THRAERIIEKRKRE . %
MR A KR BAE EENGIRE L. ENEIRIRRE MR, SRV HERE . REE ERmEE
R, R TANEZ . WIRZEARIRE[L]. (GG R B R, X =2 E 4 R T B I R T
SR B E R AR, kR B IR S A 58 . HET, BTN R TR RS T RN
(IED 22 ThEE, BFTE— AT R A R R F BN RE VE A MO 70 N AR 2% B SR A i o (b ig 42, TR o uf
DAV 1) B S 20 PR T ) S I P, AR A R 4 S5 o P ) A AR - S R DR 3R IA 52 I [ 2] - TR ZH . RNA
42 A (single-cell RNA sequencing, SCRNA-seq) i] AL BAAS M HEAT 3555520 M1, T4 el R 400 L 1) S5
JtE,  [RIRE R IHT ARG I R S A0 B SR A, Re S AN AH I KT X 2R3 B AT R L. XTI
BAESS RS EEE R A, A EENA T scRNA-seq BEAR K I 4 R AE NG & & v i N FH it J 15
B, AR NEIEAG K B IR AT TS HAH GBI B2 Wria 7 S R 21K 4E

2. scCRNA-seq AR

L2 — A KT A B R A R BCRAUE AL A BRI [R] ) A AR
ANARAEAN [RIBT BRI D REANES 5. 110 SCRNA-seq BORFER RANMISEAL . WIWHA ISR, . 4505 40 7t ot 1k
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LI 20 P s vl REE T AT 2 1 B EAE I [3] [4]. ER-2H o 3 S5 2E 00 40 B vl 1k BE SR s v, 200 o Ak 38 o i) 222
JLTTRERT, e mRNA FIREMR. BT 55 N 52 R B scCRNA-seq A #a 7 H7 I S s BT AR 40 AL, 4 CDA+4H i Ee
T Ik A 4E M [5] 0 4 MV 2 S W] Al A i e B 1, R 38 22 S AL BRI . SCRNA-seq R X421
RN S S FLAH B (R e SAB AT 73 M, 5500 B TREREEHOR S ) M rh R A [R] 22 04 Bl R
IRPEEDR, G P A A A S P o M S MR SR 1 () — 0 A AR B 11 40 SR I A [ ) i R AL
e AL R ZH . SCRNA-seq AE M 7E B AN SIS Fh Al FEAN R BB B 4n i, i W0 52 % Bir Bk R 36
KA, fEs KB K B IO, WK B 42[6] [7]. SCRNA-seq AHELELAH i DNA 7 5545 5y 1
1B, B HREETIRZ RNA 7, {5 DNA 7078 VIR [8]. fEMIRAKE FIH, n5is E iE 4
i, BFAEERD>, scRNA-seq LA HRHIE 3.

H#l, scRNA-seq 3%V : Drop-seq. InDrop. 10 x Genomics. Smart-seq2. MARS-seq. CEL-seq
H1 SPLIT-seq %#[9]. Drop-seq s2&: T UM 75, HALHNACA, PUsCERESR, A 4l misE sy
BT e 2 2 B AT Re (B 75 SEhia - &, PR gt i 22 R A BBURS MEAER o InDrrops 77775 U T 4 3k 60%~90%
IR, & T 20D FIFEA . 10xGenomics T H AV, @& SR A, BONFRL scRNA-seq
FRZ —[10]. Smart-seq2 J&—Fiuif i 1A B 4y 3G SR At i A K e AR 1) T, R ERBCRAN G 1 5 2 A4
FRKIE, ZHECT 2 RIFHT 2 scRNA-seq H1[11]. CEL-seq s&—F K FH L 438 il 5 77 v,
KRN SBT3, HREAS IR 75 Be i R R IEAIS, Hy I8 H PCR #AAAEF ST, A RAU 3
fRiF[12]. SPLIT-seq Rl &+ /540 B AR, AN 75 BEK A 4 M FH e €0 28 % UM 1) B 76 5 PR 4
IR, KT TR IRANTZ) T A [13]. SCRNA-seq &= ZLAEE JIANDIR: BN 2l i hi &« 0B 3k
R [ cDNA SN Fr SCHE (A 2 580 0 Hr o SR A S h LIRS S 4 A RNA (158 5
PR B 3 U BN AR M )G O SR S A s R R S . AT, 4 BRI 3 R G O A
T eV WO 40 e VR RO A 3R R U B AN AR B S [14] 0 RG0S 4H i =X 23 ik v e
KEFRF PN, FRBEGA, & N 20771, BAR T2 B 8 E B 4 R [15]. B
SRR B D) EE S B, RIHBOC ARSI E & TR R ERRIE RS YR, A H0 5 2 ]
SE TR AT SEIRAR M 73 85, A& — PR AR R AR, (H N o5 ds 40 M 11 38 RN 4 25 7= R 1] 1 B & [16].
IPEBARLERUK L7k B AL, 8 R A5 2 B U 22 B R AT R b B iR 22, TR FEAIC T 42 3
BRI ER[17]. EEHE M, AT AR RRE 2 PR 2028 Sk 1 o 40 P A 2R BRI . SCRNA-seq £ #s
FEHT il f E R B2, RO s AR UM . SLAn0s 4y Apms T2 . aRAE e
PAFHE K RE, o N KA AN PR, 380 65U s 4 HR o — ROk AT 5 FUE R 3R
1RO BT L RGBT 24 R AT So g8 e B AH GBI AU, I REiZ 4% 59l 7. ScCRNA-seq 3= -
& 7 Smart-seq2 R #1534 K mRNA /5%, ifi CEL-seq. MARS-seq. inDrop. Drop-seq #1 10 x Genomics
KRG F| cDNA H1[18]. SCRNA-seq ¥ 73 345 2 A4 M (1 ik R SRR 15, m s i 4 il 22 4> [
HIFIE KPR AT AT . BEE sCRNA-seq HARKIR AR EE, B ZNHTREKE . Wk
UM B AN IR YT [19].

3. scRNA-seq ZE R R X B HIR A

IR & B R A B KSR B, SR ARG P 2 D BB SR AR B, A I A0 i
o BB X GeO R RIEE[20]. 1 ARIRAR A IR fo B2 1A 75 9 A ) B g A A I 1 2 A e
S, JFRAEAIRAOAR Lok R AN (A A — R =4I 5 R . H T, scRNA-seq BRI
M ORI T RERR A B F 00— 2o AL [N, 1 HAEE 1 8 B KA R R L, ] 7S R
R AR AR P AR LG R
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ALY IAM G K B 2 — N E R MI R, IR R R BRI G K & — RIIE
BHIR BB, 2009 4, scRNA-seq & XN FH T FLAIIM G K BHFFE[21]. BiJ, Peng S5[22]%F i 4t
G/ BRI S JZ SN A B EAT i S 2 o b, IR T /N R 8 B 5 S LR AR AN 5 B 1) R 4%
WA 2% . Cao Z5[23]1%F /N IR 207211 AN B4l i i3E47 sScRNA-seq, %552 H 38 Rl i 2 AR 655 Rl v A,
7RI LA P2 B T RO R S R A SR B R B I R . SR B S fa R R K B 1 scRNAseq BiF 7t 45
BRI T AR AT A O, VR A L R] 72 S R SR TR, Al SRR R R R R A
AN J AR AN (S RE BRI SRR [24] . Yan Z5[25]F]F scRNA-seq 24T 7 A& PR HT I i A G 40 Al
124 MR RIBIRAS, kil 3] 22,687 NEREIHERK, Ho 3415 RNA 8701 4. Petropoulos %5[26]
FIH scRNA-seq R4t B 1T NEMARE IRTT K B M AL B . B IR T i NSRRI R I = 2%
ST, N2 RET A M ARSI S A E W A B T A M ERIRIE . 4h, EMRR R EEES, 4
MZE LI T AL, TS A B IR B e M. IEAER, scRNA-seq ) V2 N T-4HERR B
KRB, WML T KRB AEDHHIET . Zhong Z[27]FI ] scRNA-seq 4 HT 1 14k 8-26 J& AKX i
R R B I RE 2300 AN A, el T R AR R SR AL S, HE R T AR 2 AR [ 4 2R T
IR RAR, ik — IR N2 48 B 20 M 248 28 O 56 R R A A 5 B L B L (1 AR )% 3 . Gao 55[28]
FIH scRNA-seq 73 HT T 4F 4 6~25 FI N ZRRR IR 40 18 #5 B 16 5227 A B4, 150 H 40 FRgipaiiy . X m
ARG AR |3 B IR R R S AR 2R, B E . F5HRm. dRFE M
BRI FUHAR SRS . Hk, BFFCIRRR R B R A S B IR B RS, AT o SR T
TERA MG R B R M E R

4. scRNA-seq SRR E X BHEXEKER

OIER MG B TR TR d B 2 —, HIEWE KB AERVAR A a2 oCE 2. 1 S R MG IE e 2 e
Z R SRR, 7RI A B T IR ARG YT - Cui Z5[291F8]H scRNA-seq 73 #T 1 k4 5~25 & 4000 1~ A
OFAR AR RIRR, et 4 FhEZguMiay, Sy Ol B HLEER ML TS BRIk HE . Li
ZE[30]XF /N ERAE AR 0o UL4H A E8.5. E9.5 Al E10.5 0o Ik X 34T scRNA-seq, 73BT A [F] & & i (8] Bt O LA g
(LRI B RHE, R T/ RV AG B k1 v i 4 i e o M 5 A P T K AE R W 284K . DeLaughter 5§
[3L15%F N4 i 75 Lo LR I 303 /08 B o JUE FE AN 5] 73 AR 8] fU3EAT T sScRNA-seq, % EE 1 AN [R) i TA) B A o
PSRN, Ao E A OB RR G R, FER TR 2 6e T4 M5 UV RS 3 I 48 PR AT R,
BOUE T 2 BE 20 BT A= O JULEH i P Rl o B 5 8 5% (1] B IEAF G

JHF I A A A R AR AT G e S S R AR, R R IR R B R B 2T, (HAAT R
A RE RGR B FEMAR T4 T . Zeng ZF[32]3E BUM G IR 4 e 3E 4T scCRNA-seq, HfF 78 45 S Xt
FHIN T k4 B p) P A S gt T o 72 IR IR i FE 9, Kernfeld %5 [33] 521 scRNA-seq 21l 1 it i 41
F R RS B, o 7 LA R T, R P N A DR 2 SR R [ By e M A DG (R
GrileoR, R IR BE B R O BE A S B R IR A 9% Segal ZE[34]1FI ] scRNA-seq HiAR, #RE A
JURT R IE e s 28, 7E ARG LR A B0 T FFREOLRE A A0 AL, X IR RG K B SR IE 32 548 S #
N JHFSE R 2 2R 40 B SR DR it 1 A 3

B WELEAE R N ARFRUR-T 47 . YR/ SRARIE . FRACU R 55 07 TR ¥ 6 SR, T R 40 P P T
BEHRAAER AR AP ImRBFFERY, LS KB A RIS R B I AT B mia ) LI AR A7 A
K& E . Brunskill Z5£[35]%F /N -1 WE#E4T scRNA-seq K, 257 7B IE R & g i ik g . B
Y FE KRB R E IR BB EZIE R B8, BHAMRERI LS 2 s 1% R AHCHE
IBENL K IE[36]. Menon 25 [37]i i i BN IEH BIMEIG B 40 s, X 6414 N4HREAT T scRNA-seq, &
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BT 5B MR B AR OB SR, N E RARIKT BRI IR B0 IR AL 1 At i AR A
P JIE ScRNA-seq BIF T4 AT B AR AR AR IR S 73 ML BT R R 21 T 70 1K

GRS B AR AR R, NS AV RE 0 R BRI AL A AE . Wang SF[38]i 1
SCRNA-seq %5 i 7 Al HAT AR 3L D IR RFE ) RASSE I SLAN,  [R]AF 3ed T \ 70 O B0 ) ik P
BN, 80y TR T SR EARIREZ IR S ELE, TS T DR SORAR 5K (R8T (2 bR S RN AR
EREE o

5 RE

SRR I BOR SR R R SR AR R 0 T 2 YT SRS ERORT S M, LR G, AR AN
fENTAIR I hRE. HAT, A E R, hT A, AREIRLF T SO IR R B
B PR ARTR B R v 2 ) A0 0 AL I LA T AN TS 2 . (EBE#E scRNA-seq BORIAfE, XL ) @i 3] 1
RABETL, BORMEEE VR BAEY AR, RN HEEERE: 1) St R; 2) Fonds bk,
3) KBUBr SR RANBRACIE A 4) BT R0 0 DR A R AN A B /A BL . B2, B4R
o e AN F AR & 6 B BUE ELA LG B R AR I AR SRR, A BT M A N R A AR A B R
P AL, BB IRR IR IR R BRI BEAh, scRNA-seq HRFERRNG A & SURMIO Fi it e, Ty
FeRNECo I « AN G T E SR AN S A B I S5 0 (B B I SR L ERAKE, BA EE AR ARE L.
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