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Abstract: Single-cell RNA-seq(scRNA-seq) technology is new to study overall gene expression at the
single cell level by high-throughput sequencing of mRNA. This paper summarized the development and in-
novation of single cell transcriptome sequencing technology. The steps of single cell capture or sorting,re-
verse transcription/PCR amplification,database construction and sequencing data basic analysis of scRNA-
seq technology were introduced in detail,and its application in the study of scRNA-seq technology in plant
single cell map, abiotic stress response mechanism, cell differentiation and development, and transcription
factor regulatory network were introduced. The application potential of single cell map, differentiation,
stress resistance and gene in sweet potato was also analyzed. Finally, the application of this technology was
prospected.
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KA BRSO FRIES B AR E Y68 1Y 40 Mo 5% s
HERIAE L B2 2Rk, 1% 58 5 s 210 )y (bulk
RNA sequencing, bulk RNA-seq) $ AR & 7F BF 4 7K
- bR SRR I A0 I AT 40 A A P 2 RO A 1
S5 W ) 2 S LS AR I B R TR B AR R T
48 78 A0 2 18] B PR R GA 1Y S Bk . RN i A R 2
M % (single-cell RNA sequencing , scRNA-seq) 4 A&
S TE B 0 A AV AT v 3 1 O, DA ey B
G353 PRI B 20 R K 1 s A0 LR AT
I e iR e e ORI Y S S U E R € A NI R S
WE S5, HAT scRNA-seq fi RE &AW+
B 2E 400 HEAT T N S ZE AR B 5 rp b R
B R m N H®E . B2 (Ipomoea batatas 1.
Lam, ) & [H 8 2 A & M F e, /8 b ok %
BB AN RAR Y (2n=62=90) , & B A H 2 i[5 #f
He AN S R S AR LEHC Al A ) A PR 20 AR O T 50 X
R EEN AR = KNI H 3 T e R 2
BRI . HAT scRNA-seq £ AR & 15 4 ¥y S I 17
T S T R SR A A DLAE e R Y
R IEHE P I B scRNA-seq A BT T fé# A 4
i 245 0 A 2 1 2 i aek R LA R 00 i T ) 9 45 0
2%, F G0 MR A AN Y B 25 8 Ak 0 R X A0 A R
A AR 5T D R B PR 3R 3k R 5 AT 4 s A0 i ]
{8 8 45 1 255 o DT X T 2 I ) 28 i 2 AL ol A 3 —
AR . ABFSE R seRNA-seq $ A J5 2 DL M 75 #l
Yok 5 b 9 0 AT A L AR TR TR
9% b B R FH B .
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1.1 scRNA-seq R &K R 712

2009 4E, Tang %5 B R Fl ] scRNA-seq 4% A&
3 A7 BB A= BE 40 R O B B B AR AE L S
THE S A0 R T mRNA 2R A., e,
scRNA-seq HARA W Q1B TG A AL, 78 F AR K K-
AN T2 T B 2 K e

I B 20 P AR 3 9 30 S e DL R A e s AR
W7k 0 ST R 4K . seRNA-seq 7 A 3% i B
Islam Z£M F1 Hashimshony 2557 #8577 B 40 M bR il
F18) 335 2 Sl 5 12 DR B A 1. S A SR (single-
cell tagged reverse transcription sequencing, STRT-
seq) F AR FI A0 L 3 3k 2 e Ve 1 A F Ceell ex-
pression by linear amplification and sequencing,

CEL-seq) £ AR %5 1 2 76 50 14945 v p HC 4> 4

JfL, H mRNA # ALy cDNA, ) FAR A 5 4 L 2
g mr 5l AR MM B ME Sy 8, A
cDNA LA 7T, 4% 7 Bofb  #2 3k 3% 4 F PCR
P, 2012 4, Ramskold 4 & T —HHAG H
TR B LAY RNA #5587 5" 35 (9 FF S LI (swite-
hing mechanism at 5" end of the RNA transcript,
Smart-seq) $Z AR XF B FE KA PEATY R, I T vk
P 2 SR A S A A R B A Y TR A8 57 (single nucleotide
variants, SNV) #ll . Picelli £ % Smart-seq
AR F A 81 4% 12 (locked nucleic acid, LNA) &
A PR ARE A 5 i 32 4% 1 8 (template-switching oligo,
TSO) 5 51 e A - R AR e 48t o T 345 113 56 2 11
cDNA 51, Bl RNA % 34 5" 3% 19 JF X HL ) 2
(switching mechanism at 5 end of the RNA tran-
script 2,Smart-seq2) % A ; i 13 ¥ im MgCl, ¥ &,
RS AT 7E — & PR B4 cDNA 7 &5 R cDNA
s BRI 5% 8 5 7 % (L 10 A LA X BL A
poly (A) B X1y mRNA FEATH" 1y A

BE A LB AR O A B A O R A s L 25
T HAR B K e #5835 . seRNA-seq AR HEA T 5 38
w5 Ay R . B E I LA 2O
W5 40 M 43 3% (fluorescence-activated cell sorting,
FACS) 3 &5 5041 Ji 3] B 3 vp i & 717 19 B 20
2 RNA ] ¥ (massively parallel single-cell RNA
sequencing, MARS-seq) 5 AR |3 4 3 34 i 2 41 1
M (gene expression cytometry sequencing, Cyto-
seq) Y 14 55 M H AR DL KR FE B0 R o R A A
AT 1) Sk A A0 B — 2 2 A BN R Y Fludigm
Cl A4 (Fluidigm® C1™, Fludigm C1)M 4y
Fr W b B A0 A mRNA % s AR ) (analysis
of mRNA transcripts from individual cells in drop-
lets, Drop-seq) £ AR F s T (14 /55 3 f2t 50 40 ffd A
it ] ¢ Chigh-throughput single-cell labeling with
indexing droplets,inDrop) 4 AR, Hir inDrop #
A 2 40 Y He A9 5 T Drop-seq £ # 43 #r i 2
0 VR A I 2R ] inDrop £ R A RE B A L .
2017 4F, 10 X H& [ 4 22 £ R F 5 (10 X Genomics
chromium, 10 X Genomics) 3& F # 47 M — DNA #r
2 i fih (bacord) (1 f0 » 38 3 T A2 AR S o X 2 R
B AN AL, SE B T K Be DNA I i B
Y o> PR B e AP . e Ah LG8 I T R R4
S YRR AT A BT 43 I I AR 28 i ¢ S I A
S B A0 S PR R 2 1) R T 2R Y A Y B SR 2L I

(split pool ligation-based transcriptome sequen-
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Llindst 1000 High-throughput sequencing O ©
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29 100 ~% o © ooo
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K1 scRNA-seq £ AR Y & & by fe v
Fig.1 Development of single-cell RNA sequencing'"

1.2 scRNA-seq EAREE

HAF R & O & R T 28 scRNA-seq
AR-H GR D AR TG B AR KRBT A H R
MARE: —KEETR2KFHMW )T Ik, @
Smart-seq F AR Ml Smart-seq2 F AR B — % B
T B B 4 A5 iR AF Cunique molecular identi-
fiers, UMIs) il Fp J7 v » G046 20 i 3k 2 Lt 4 1
HIM 2 C(cell expression by linear amplification

and sequencing 2, CEL-seq2) i R Drop-seq %
AU MARS-seq 3 AP Fl 10 X Genomices F AN
&

Hl,10 X Genomics $ K & scRNA-seq & &
o E A B, 20 0 2 ik 20 43 A Y 32 0 TR
A 955 P20 RO AR / 53 18 L I sk /PCR 47 1 R0 2 e
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A 0 SR IR

£ 1 AE scRNA-seq AR T EHLLE

Table 1 Comparison of different scRNA-seq technology platforms

BATS J2 5 5% /PCR 47 34

Technology platform

EALN i 4 itk

Single cell sorting amplification

Reverse transcription/PCR

A )y ik
Database construction
for sequencing

s . . HINE 5
Smart-seq i Microfluidic 1IZIrSI 'vl\ifiiranﬁcription
SO A 4 e A o 1
Smart-seq?2 Fluorescence-activated I/’oln merase chain reaction
cell sorting Y ) °
e . - A R R
CEL-seq2 BT Microfluidic igiﬁ%iii reaction
YEG T A L 43 1 &
MARS-seq Fluorescence-activated ﬁi’;ﬁjﬁmmcri Stion
cell sorting ansertt
R4 FEE U R N
Drop-seq (L Droplet Polc;merz:e che\lin reaction
A FHE RN

10 X Genomics I Droplet

Polymerase chain reaction

4K Full length

4K Full length

MRF Y 23 F AR IRAF
Unique molecular identifiers
R B 43 T bR AT
Unique molecular identifiers
MRF Y 23 F AR IR AT
Unique molecular identifiers
ARE Y 4 F AR IR AF

Unique molecular identifiers
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FAOTE A BN H AR 20 i BEAT P A F . (2) 38

AL R S R A3 R0 AR R S R A 3R 2R (R
2) o FEFES 4R N H AR A B T3 AR
L7/IE ) DI S P T W0 g il = K g i OB i B
FEXT E bn A0 B AT I Y B 5k . R SR MR R R Y U7 1
AL (1) 38 8K A B0 48 3 85 125 (micropipette
separation technique, MST) ") B IOt 4l 3k W 14 &5
(laser capture microdissection, LCM)M*, 222 )y v
28 55 00 IR B A0 I Y R (A Smart-seq

B S P CEOE 40 i 43 % (fluorescence-activated
cell sorting, FACS) B{ 2 J2 1% Bk 47 & (magnetic-acti-
vated cell sorting, MACS)* , 5 15 & %5 = i B 40
JL I P AR ARTE G o % K d B b 40 TR AT A
(KD, HX 2K EERETEARZ )RR, £
A I AE 20 D 53 S AR AR A0 L A3 e HORE 2 AR
AR 5 o

A AR S P 43 1 R R R T A, HE R LT LA
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Bl 0T B 200 S R v 1% B A0 0 ) R AT 40 R Ak
B SCER R G A AN AT AT R I . i SR A
L8 VR T AR ok VR T AN A ZURE AR 1 T AT 4 i
Al LU JE FACS.MACS % Fil i i () K& 4 il . Haip
JI A ) v 3 e A A S A0 43 i B R AT A4 R
00 R UL RORGR 3 28 (€ 2) . (1) Fluidigm C1
AR R B IO R AR R B A R
NS F TG 5 20 M8 51 Al ST e = AT R R S
M cDNA CEEM 4, Fluidigm C1 o 3t 96 4
2L BT LAT] DLEAT HEAT 96 A 41 i i 2 2R % L {5 i
TR T % BT & BRI BRSO T H AR 2
20 1€ 3 4 s R BE 9, SR Fluidigm C1 4R 23
KARFE & s BB M & A LA, (2) BD Rhapsody
(BD Rhapsody™) 45 A J& 5 T il fL i AC R PEER
HEARFEAY Cyto-seq # AN . 1Z B A S H rh 2.
20 Ak A I Ao W A (R FL > 20 7 4 i 4 4
8 /N T AL EO 8 40 v A AL v P R B e AR
Bl RO BR A L AE AL T R B - 40 - ik
R R R 58 BN I 24 A R SR R AR T R L R

YGS AT AR 5 5t HAERS . (3)10 X Genomics
HOR I e T SO iR 1 AR R R R 5 A 2
Drop-seq 3 ARM %8 AR ZFIFH 10 X Genomics i
R Al 5 2 BN BT R 4% 3k L barcode, UMI 45 7
A RETK (5 S B o 2600 2 A LB 7 5 1
AT B WA PR B A % IS B I T R Tl
TR AE Z A5 vh W B b 20 B L SRS AR SR 2 AT i
79 1 A K G Bk (gel bead in emulsion, GEM) )
TR AR 22 o B A 540 i A 3X 28 GEM. b 52 i 40 Jifg
247 R S T AR PR, 10 X Genomics H AR B
A R BE R L 40 MR s DL SO T UMIs {8 BR
PCR M 5 22 5545 45 . 10 X Genomics St~ F 6 I 21
R — M AE 3 000~8 000, RKRFEML THRAF 4. N
BT R FI AR BT i 7 3% 2 1) 52 36 25 BE 9 4
LT AT, Zhang ZPY LT Drop-seq # AR .10 X
Genomics H AR inDrop HARIX 3 Fh B T W I 1) =
i scRNA-seq AR F G, 455 £ 8,10 X Genom-
fes F A HA B 1 R AR FORS %5 B, ORI & 4
It Drop-seq R Fl inDrop £ AR,

R2 TREEESERAREER

Table 2 Comparison of different cell sorting technologies

i 5P 4> 1% Specific sorting

JE 45 5P 43 1% Nonspecific sorting

et BUEF= WO PECTNG AU S 3% G 28 W Bk 43 1
Index Micropipette B Fluorescence- Magnetic- T A s L TR
separation Laser capture activated activated Microfluidics-  Microwell- Droplet-
technique microdissection cell sorting cell sorting
FEARTR (IR UEE {44 AN it B TR B EN it R R MMM AR AR ER
Sample Any A - Single cell Single cell Single cell Single cell Single cell
requirements organization ()rr;};nization suspension suspension suspension suspension  suspension
R A3 5 1 41 i i A o =
Noont ot el » 5 Hundreds o RER L S 1)
N Few Few ) Unlimited Hundreds Thousands ~ Thousands
sorted at one time thousands

1.2.2 R#F/PCRYy ¥HER RMEBRAWZ)E.
T BT PR AT i ALY B M cDNA S
DAV 2 S5 220 7 5 oK . H AT 40 i cDNA SCE
HZ K oligo(dT) B ¥ Al Superscript [I /1l ¥ 4
S XF A A poly (A) B Y RNA(EE mRNA) #EfT
I SRS 45— 4% cDNA, 4R J5 L Smart J7 2 {f
TSO 51414 B cDNA B4 — 54

Xof 30 S AR L cDNA HE AT 4 s S 4 B 1 1Y
FEEEMIE.(DPCR FiE(ZEY H T, X
Tl 14 07 75 1 S e cDNA W s i b & 2 591,
SR G R A 58 Jr 91 i 47 PCR 4738 . ARl & WL sE —
2% cDNA B 5 AT, PCR 47 59 ¥% 43 2 2K i fin 2
B B e vk MBE AL 5 W k. (2) B TR A e 5%
(in wvitro transcription, IVT) ¥ J7 i (ffi J &5 89
ZEANEY I o RSN SR DN A 30 A i
B FEUG 1 S5 5'-T7 RNA G B 3h

F ¢ 5l-oligo(dT)-3" #5149y 18 4% 5 & <DNA, Bfi )5
G 85 cDNALTE T7 RNA R & B/EH T LIS
% cDNA IR HETT IR AL S 3K 1S cDNA, K
AN ST HGE DL YT B A0 PCR 45 50 1 L sk
T PCR 48509 3478 ok i) il 6 22 L (R 1 20K i
fiF PCR "1, T Z 04T 3 A0k Ab Y38, HY 34 A
1.2.3 #AEMEHAR FH PCR & IVT J5 kXt
cDNA ¥ 14 58 g5 - 8 1o i U) 77 X R Befb 9 1 -9
F BOOR B S5 I Y 42 3k PS5 A P7. R cDNA S
Fefraife i . B AT scRNA-seq E & 8900 % )5
BRE A AP (D EET LK FESME,
Smart-seq FEAR I Smart-seq2 AR 5 (2) Fe T 4R 1Y
43 F bR IRAF CUMIs) W 7, A 46 CEL-seq2 $ A
Drop-seq $ & \MARS-seq £ Al 10 X Genomics $
REFEGR D,
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DA R B R 22 5 DA A B B AR ) oA R R Y g
7o scRNA-seq AR (1 5 it 43 H7 25 B 32 224 45 B4
THUAR B | 24 A0 3R 2K 0 L SRR AR 1 i PR 7 38 A Rl A0
A 0 SV T A AT R ) e B AR A A ) Y

RS 1 LA B E 58 77 1) 247 7 il Ak 3 B (8T 2)

R 20 L A %
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/
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Fig. 2 Basic analysis steps of scRNA-seq technology

2.1 scRNA-seq #E ¥ sb 12

scRNA-seq £ i 7904k 2240 55 5 5 45 061 L B0
A AU bR A 3 AT, (D R
FEASREA BRAT A FHl O I 280 & 4%, 75 2538 1 ke
A A A 3 A UMI BB, i 8 s ok I T as 3. ad
W GEM s Fotk 28 58 4l i 5 25, UMI
& cDNA 8 Ri245 54 cDNA # AR 85, —
A2 B i UMI S B 3 48 i P 40 i mRNA B
T ORI L PRl UM 080K 20 114 B 200 i 54 ]
AEok B T 25 80 GEM; & I 56 I & s UMI @ 80K
Z (1) 520 i K00 T ek B Tk 4 GEML, 53 8k AT
L3 gef 2o A DR 1 S 3k 25 B 1 I O T A A0
(OB . WA G T LU bR e o #2
LR PSEE s NSV E R VIR RS € P
SR RE R A A ) B SR R IR L . () Bl
FRufEAl o A4 Hh 2 DR e S P 77 2 i 2 1 R AR 9 s 1
A K0 T R TN B sy A 7 30 46 25 3 B 1) A A [R) A 4

1. B bR AL I B8 08 A R0 AR AR R, 3R A% ]
FEHAEEMER . wHE T AMER XS
JT e 5t 52 BU Y reads (reads per kilobase million,
RPKM) | 4 T 5 B S35 1 J7 W S0 122 S0 1 1 K
(fragments per kilobase million, FPKM) 4 & J7
% reads (%% A< (transcripts permillion, TPM )2
VE AR AL E(E .
2.2 scRNA-seq B 4 TR 2 43 B¥

A2 0 B 3 R i e AR L W BT A
PR RA K o 240 P o 7F e 4 35 D] 6 3K 2 [R) R A7 L A B
A1) IR (A PN %) 2 S DA IX 40 o IR 50 s 2 2K
P52 B B ARGE 1 25 18] 3k 20w 046 2 A BR AT
Rt . B2 53 BT 7T S5 A b £ B Dt 2 2500 ) — S DG B
Ja M DT> 20 L 1 B PR 3R 08 i s b ok RCH:
& RIS i £ 4 Chighly variable genes, HVGs) , [
fdi T A R 2k B HVGs dET R 48 0 A 3.
FHI B 2 5 2 A 21k B 4 O 5, a0 3 L 43 4 i
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(principal component analysis, PCA) ; JE 2k 1k [ 4k
D7 ¢ 43 AR BEALAR 4k A (- distributed stochas-
tic neighbor embedding, -SNE) | #4747 i 1 i L)
F1#% 5% (uniform manifold approximation and pro-
jection, UMAP)P &5

W B B 2 I T AT ATl B R
IR 1Y 25 S ok DX G A, HE b i T R S 2 AR DL M 1Y
TR B LI I scRNA-seq R M F W ITIE . |
R A B2 K-means B ¥ (K-means clustering al-
gorithm) Fll K BB 2 B ¥ (graph-based) , HE:TFRIEK
B Seurat A 53 B 548 A K 1Y E H B0
I A T A A R Y 2 S Ve AT D0 Ak At B ) 2R 2R OE R
T B AN AL & S R X)) 2R 2k
2.3 ET scRNA-seq # KR T2 4710 £ A 5 2 70

G

g1l 1007 o Bl N ) S A U T S T Y P B |
JRLSE R AT S0 o B SR 2R B AN B AR AT 25 R
KT REIN B 22 7 ik F A (differential expressed
genes, DEGs) 8l b5 i 5 [, 7] S e 41 J S A 9 55 S5
PP, seRNA-seq £ A G 8 G 1 W B 47 5 1 3=
IR R X 22 (SR, AN IR 2
VTR A A 1 2 S L U 5 R LA S 2 AL SRR B I |
TR, HihRid £ H B E RS scRNA-seq 41
RO DVRE T BURANE /o I N ES I - S B S VA S
AR bRIC SR Rk, (D /NEEEE, A
AT LA W 20 i SR P 25 A0 ) b i 3 PR 3 3R i Ay
A5 s T 20 M 28 B 35 E L AE IR 2R 5K A A ] R A
A, (O, 2 B R B S A bRl
HE PRI SF- 24 3 3k i e 3K A i R TR ) A A e 4] L mT
DAAR Gy i 522 90040 40 T 45 o S0 1 Ak 15 2, TR B X
R =F BE i A i 2 AT — o WA R Sl R A =
5 R4k S5 AR LG ] Y Gk B bR RE DAY 20 LA
o OME ., B AT LLZEG S I K 3 3k K OF |
FEIR AR L PR 1Y) 20 LT A 0 A1 b 20 M A v R G AR
ICEREMAESE. (ODOREFEBSE., ZEER L
95 T Je B 3R 3K bR O J PR 48 43 A 1 L AH — 8K
BIHRREI 1 ASEH, 6z B2 R REE RG],
G TR R FE R A AR R . A B B
i 2 I A B T 5 0L b ) DRy 48 i 2 A8 ) ]
D EALE RS T
2.4 (MR BIEETE

Z: 7% © A SCHR FVECHE e o O 16 A A 2H 4 i L
4 6 28 A ) 2 b A PR 3 o A A R 5K
7 Rt I 5 I A N 1 B~ S B LY L VRN T 3

JE 25 4 LA BT A i S AL (HGE T LR G 2
Fric 3 o e FLA B 2S A, H A, nl Ot 2R A AR
15 B VA A RS R I marker Fl122 5 3Rk
FER L IR S5 A C M R R AR B AT N T4 2 0 e
KA, MAME AT SR B B4k R T 4 i 2 A
ITHE.HATE &t 30 ZF A b4 E T H.
#% SingleR . CHETAH., cellassign &5, & Bhix 2k
ok, T ot Marker 5 PR 43 A7 40 Wt 40 Mg B
e e I o RGN I (ED OIS R = 1 €71
B2 AP B T L X TR AL E AR R ) 4 S R
FEMERPE SRR, N TEE MM AR T HE
ETESANS TV ES G H T MR E,

3 scRNA-seq £ AR 78 41 ) 0F 5 1Y
I H]

TE 22 48 Jf A= W) o o 4 A7 A T8 A 0 5 Bk . B
20 00 s B AR A R S T 40 e S 5 R A i 3
RE M BAR . T 4F K, Bl G AE ) It A o AR o) 4 45 e it
1) 5 L AL 400 54 200 0 R AR BIE 5 R R BT 2
N T AR T KRS B K R R AR S R
H 4 2 ) S g B3 S5 AE R AR e SR P L A R AR
i3 e 2 AL A S A0 L O3 A e L R L 4 s A
Ji 53 A A B Y e s R SR A I 2 T g
3.1 RHBRAEEESZERICER

PR ARl S — > % Sk B2 4l i JF JE L — 4R
A PRERE 55 — AR M — A8 0y i 72 L 9 AR
ZrfalAs . O T BEORS 20 Hb 2 B A0 R ] £ o AR =X
5 Z ] DL a0 Ak B ok 20 i Y AR 43 2 o b kAT
#hFE . Liu AU 5@ b 6 K R 2 R 4N A R AR B 4l
JiL 53 A0 19 53 AT & BLAE o Ak 3k B R A T 1 A U
SAMGEREREZAM ., HAT. 28R 2 5%
JICAR M 53 26 M8 e T — B 23 1B U O U Y 40 i 2R
RUHE— 20 A0 oy 1 WA O Kk A7 22 o M. il 4
Shulse %% FE UG IF AR v %8 5 45 3 v b (4 A58
WRZ Q2 A 2 2 A B4 (1 AN Ak
B M 4 A T2 A6 AN RIERE, Horh &g
A A SCRT S — 25 4173 S 1 AR i eb R 20 T A
ALFE JFAE AR TR (R 13) 8] f 38 FE (R 14) L3 2B R
JEHR (g 15) R PR (R 16)4 A7 4

TERF BN seRNA-seq Zdls /. T RLAZ 4 1 75 5
AR 26 ey SRR S A OK B W AR AL L GE TSR
WO A 3 R A 4 9% 9¢ 6 (laser scanning confocal
immunofluorescence, LSCIF )2 | 3¢ 5 J5 {37 4% 38
(fluorescence in situ hybridization, FISH )] &5 4%
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(Rl R AT 50 » 5% 5% )3 8 7 3 X Venus-NLS it 45
ZJHE Kpn 1A Xma 1 FR#IED &6 PCR 3]
W It S M s S A TM164, U7 AE 50
LR =T Venus b5 B 56 Sl G 8 BT A A8 AR 7%
163 Col-0 F Ft b, F IO 49 4 24 5 48 B 1B Al
18 VPAE T BE R LAY I s Rk . Liu &9
it seRNA-seq $4i 6 8 TKRER 1 8 441 i
RA XTI T 8 A FHEAH 2 A L 3 i S — 2R Y
TR SR A 1 5 PR O L T A6 2 38 i Al A
PR A SR 4T B IE
3.2 FEMNTIE & Y Bhag M Bz Al

EIRE/) i SERSY i R Y/Re e Ny A= BUR U A S (OE 7
MR . @ik scRNA-seq HAR TR TEA 7] b 21
AT R B 20 2 v A R S RN A0 R AR Y 28
A AR T T i R4 K T R AR A 38 B
HLRI AN & & AP HLEE . 2020 4F , Wang 2510 %} 87 4
U 7K i W0 R KR &)y R AT B A0 My, 3
AT 4 580 A 4H ML IF 48 5 i i g 28 AU L X B AR
B 55008 MR 2H 22 S 5 PR A S B A AR W T 38 5 5 1Y
T i 08 Ak R A B SIS RO S IR 2R A W 0 Ak B A 2k
7T A LA 0 2 R T I R R A B T 3 Ak
[Al4E , Wendrich 21 %t 6 H 348055 97 4 B M8 42 k47
B L SR LI & B TMOS/LHW & 4 A (tar-
get of monopteros 5/lonesome highway) f{ #£ 3 [H
FEAANR B MM P E S MRS, TMOS/
LHW B &R SiF S MM b al B ah 40 R &
()G B DA T 38 3 oA 72 3% B A4 R 7 B A i i i
I INAR B % . BLAk, Jean-Baptiste 2 X #l /
IT &IV AT F 30 b B AL YRR e iy S R A 4
I 4% A B AR TR 17 R A AN ) 4 i 2 AR v A R
IR AR AT AT — S L At 56 PR A S [R) 240 A 2 R e A7 AR
FERILESR.

FE T A MK T G AR ) TR]— A OAS [ S A
(1) 35 AN [] 47 o [e) (%) P 240 B 2 i 2 D3 L AN AT L4
KRB IR AR Y 22 B AR ST M AT B
TR A Sl AT AN [ S Ao 5N [] 49 o 7 iy Xof 471 38 B 35
W et ey S AL . Lin 9 BIAgEE T 2 A E K
FEAR 35 AP (Nip F1 93-11) AR AR By e sk 2H B4, B 2
A KAE N K B B0 SR i B — S0 0L [R) I

Fo 4878 1A ) A 22 8] & B B0 ) DRy 1 s D BE e
LT BT R L5 2 A 7K R IV o 3 o 4 L 28 AR 1Y) 25 S 3R
K HE PN 22 5 B8 ) W AT G  {HLAS (] K R I o 7 32 )
A7 P 58 0 B e 7 AL A TE 25
3.3 MEHMBESULEEPITEIEL

TE AW 2 R v LA Ay o o7 45 ol B 35 340 38 4
FIAEAN TRIR S T BEAT 5 A% . 3 3k Ay AR ) 200 1
B AT LABR A Z 43 Bl A I 8] 22 £k 40 i 2 A Y 2
A8 ] DR — 25 A A A0 Ak B AR T AR AN
MBS K F TR 1878 S AR H U SR 20 L A= )
SRR L X RN M B S 2 B T A AR
HEAT U0 I3 43 7 o AL AT LA R A T TE S0 OC &R
[ B FE AT HN IR 38 3 B . Monocle Sz Y 8 40 I
O3B ERAE ZERAE R T T LA ) B B8 H S AR
o B 280 ot e AR B 2R s AT RCR & . WEAE
FAE R IT ARG LR A A R
JRE AL R TR R AR B A i DL R
PR A S 38 A SR FH 0L IS A o T 98 s 4 i 4 Ak
B . 2019 4F . Zhang %51 x40 3 AR 2R 17 2 20
JfLG S AL e, SR AR 7 695 MARARAN R 2
24 A~ 200 B S A 5 30 Ao A A R A E B W Y 4
MIZE R, JfF ) 7 — 40 g & B ARIC BE . 2020
AR, Lin Z5590 %5 5 H S 005 T 4 i - 2047 50 40 i
WP, LA 12 844 D ARE R 11 > 40 i I
A, F Monocle2 JEAT I & & B 50 . M2 1 I
Lo A 21 R 40 MY ( meristemoid mother cell,
MMO) # T 41Jfd (guard cells, GC) )< AL 1% R 41
MR AN ) e & AR 48 s T AT 2 ) TE A AR
.
3.4 BTHARSHUABERNHERAFRAFRENE

I gE

R O AR R B AR v B S R R T R [
145 5 T R LA W) 1 A ) 728 4k 78 41 i i i T E
rh R B0 A% O AR T X AS [ 48 B 21 78 1 5 S TX - 9 4%
WO 28 53 B A7 B TR A B AN MLk B A e T RE

H AT A WF 50 75 47 A i 28 80 b e 2 B Y
BER AT T DI RE SN L I i 5L 5O g B PCR I
L DAL 5 25 5 v R AT SR E 5 SR FH 43 A 03 43 i mT LA
10 9K 2 A S 1 B DG B R D, — M R 0l O T A
XS R F . Denyer 5573 gt 400 4508 4y
Hr il 40 B T 09 R T B L R s R R L OCTR AY
RN T RIR B2 T — A N4 208 48 o i
T TR DG 20 RS A0 6 . Liu A5 AR 4 03 43 A
IR T A8 AR v DA T R RE 2 2 I P 2 i 2K T
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T v A Ry 2 B AR M A R T A E 8 AL
Wl S IR A B A A PP B 33K 00 A e B S TR 1
TE VA1 200 M 7 5 5 AN A D T 22 18] ) 56 2R T A
PR 23k 4345 2 B NAC002 mJ g s 40 il A K i %2
D7 AL - — 26 5 53 [R5 3% 35 14 400 o AT RE bk E 4E A=
Yy M R A A0 2 AR IR & . Jean-Baptiste
AU A M S UL T R A T LI T R 3k Y e
FHTEEF AR T — L85 R 0 IS T v A R
M EE SR IN T FA IF R T 6 RNA RIBI R R T
B 9 284 I s HY B 23 SR AR I A T R OK
2% v IR0 A Al LS A 40 288 2R v 28 25 [
LR ECT A R TR IC KR PR ] A 9 45 O AR | R L
PRk = 8 2 0 245 4 A A ) 5 28 0 A e DR A 42 1)
RO . AL R I 338 M 45 73 BT (weighted gene

co-expression network analysis, WGCNA)™' 2 f

LT — o e T DR A B s 2 AT ) e R 0 42 ) %
P . Liv S50 R 8 T LR T L 4 A R 41
JIT S5 78 B B 10 R R S5 R A 40 R T AR AR R
LB R B E T X RN AEMEIL LT DT
Prs M E 2 A, Denyer 557 i a3 44 #4005 43 H7
239 MBSk IR i R DR R 45 R 4% R BT HUL RS T
MR AR B UM 51k & B B B A O i A% 0 55 R B JC AR
HRPEAE R o R A 0 B S AR K E O DG
FEM AR ILHRGE . X H A 25 D E AT . K
T — RINTEMR AR5k 2 2 7z 4R By 67 s
ot ] 45 1 e S DAL, O e ek B 2R A0 I ) 2 AL g
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scRNA-seq #f R7EFL#) scRNA-seq H ) W 5%
R 3,

R 3 scRNA-seq #H AREEY scRNA-seq P RIFERE
Table 3 Research progress of scRNA-seq technology in plant scRNA-seq
. ; BERY " @ . .
4 N 4 ~ e 4 KI5
A P LTS S A EHR ik
Analysis N . Cells | Main Refere-
’ Species Sample type number  Genes number
technique number results nces
of genes of per cell
S T A B 40 L FHTEREEEES AN EGTRIT
CEL-seq2 Niqi' Male germ 144 101 245 — Reconstruct the developmental [46]
ae cells program into meiosis in maize
R T LRE AR R A, F 2R AL
B IF iR T 20 A 0 e 5y
Smart-seq2  Arabidopsis 573 22 557 4415 Reveals an ontological hierarchy for LR for- [50]
. Lateral root . . . .
thaliana mation with an early and sequential split of
main root tissues and stem cells
T8 7R T 400 2T O T T e A e AR 20 B
NP A T 5456 R S A SR AL A Al
Smart-seq2  Arabidopsis Female - — 14 619 Revealing the changes of ploidy-dependent and [51]
thaliana gametophyte 5 460 cell-specific transcriptome in female gameto-
phytes of Arabidopsis thaliana
\ 878 T W R VND7 3235 1 A I 35 40 10 () £
e - i
Drop-seq  Arabidopsis AT 374 — - e [52]
) coe Root-xylem Revealing the identity transition of xylem cells
thaliana . ~ .
responding to VND7 expression
e Ir " 87 T 0 2 X TR I (4 A 05 3 AR A
Drop-seq Arabidopsis Root 12 198 — 1000 Revealing the changes in the relative frequen- [36]
thaliana 00 cies of cell types in response to sucrose
VNP i 878 T AR A7 B 2R AR08 AR (R AR 1 K A Ll
10 X Genomics Arabidopsis Root >110 000 — - Revealing developmental trajectories in wild [53]
thaliana 00 type and cell identity mutants
R 878 T R 2 B R - 498 v (R A TR PR35 1Y
i -4 :
10 X Genomics Arabidopsis T 5 145 21 492 6 781 ) . . . [41]
. Root-vascular cell Revealing plant epidermis responds to low
thaliana . . .
phosphate environment in soil
WmIF i 3121 22 419 6152 7 B o7 K PR 2 R 4%
10X Genomics Arabidopsis Root 1009 21 237 1009 Revealing a regulatory network of heat- [42]
thaliana 00 1079 22 971 4079 responsive genes
B8 T SN 20 A A AR AR E AR AR B
- 2 0L 53 B RA BY B Y S e
W 7+ il Revealing developmental trajectories for indi-
10X Genomics  Arabidopsis 7522 22 000 5000 . . ! o . [44]
thaliana Root vidual cells progressing from meristematic

through mature stages of root-hair and nonhair
cell differentiation
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& 3(&) Continued table 3
. " BAERY BAMmMpD —
SR i B o e T EHG R ik
Analysis . . Cells N . b3
technique Species Sample type number number  Genes number Main results Refere-nces
of genes of per cell
R T IR IR A 2 R B e T A
B i A M2 A 1Y R R AR
10 X Genomics  Arabidopsis Root 4727 16 975 — Revealing the developmental trajectories of [39]
thaliana root, identifying defining expression features
for all major cell types
NN A AT R i el )
NP W TARR L A LAY K F Bl
10X Genomics Arabidopsis Root 7695 23 161 — Revealing a high degree of heterogeneity of [43]
thaliana root cells and reconstructing the developmen-
tal trajectories of root apical meristem cells
e § 075 7 VA A 4 1 K 0 P
10 X Genomics  Arabidopsis k24 B 40 5 230 - 3342 KA [54]
thaliana Leal-vascular cell Reve(ahng.lhe leafl vasculature and the role and
relationship of the leaf cell types
R TS o B A M P TR A A
VNP - AL R A TR %
10X Genomics Arabidopsis Leaf- stomatal line- 12 844 — — Revealing transcription factor regulatory net- [45]
thaliana age cells work of gene expression in meristemoid moth-
er cells
2B KT LR T R IR 2R R A Y S
T s D R 2R T A0 M 43 A 1R AN T) 2 a2 Y
Bl HHRER WaLESLE _—
10 X Genomics Arabidopsis Vegetative shoot 36 643 — - ievjil]mg vt.kv‘e het‘erogenelt};o[ S.ter? tp 1C1ellls Hi [55]
thaliana apex rabi op:\z..s thaliana at .1 e Sl?g e cell leve
and describing the dynamic continuous process
of stem tip stem cell differentiation into differ-
ent cell types
FERAIIKT B TKREAR R EH A2
BV RS R R TKREAR R A 2Z 18 & F
U B PR
| . KEE R 10 968 2592 Revealing the transcriptomic landscape of ma- -
10X Genomics Rice Root 12 564 2 636 jor cell types of the rice root tip at single-cell [35]
resolution and conservativeness of develop-
mental trajectory among different subspecies
of rice
TR T R AR LR R SR B R
878 T T A ) R ST A ) 22 1A RS
ke " R Fr e |
10 X Genomics Rice Root 27 469 29 919 - Reconstruct continuous developmental trajec- [56]
tories of epidermal cells and reveal conserved
and divergent root developmental pathways
between dicots and monocots
Ok 58 THE&T7J<7F‘Ei>(ﬂf5$%ﬂ?}iﬂﬂ/ﬁﬂﬂﬁﬁ$ﬂ7iﬁﬁﬂj
10 X Genomics Rice §em and sheath 4 580 — 2 480 Cellular and developmental responses of rice to [40]
) abiotic stresses
AT T R &N R T A0 A D RE R A I i
10 X Genomics X =R 327 - 22zl fly i f L B [57]
” Maize Stem 12 967 4965 Function and fate of stem cells in maize seed- ’
lings
o . R T IR
10 X Genomics Maize Leaf 3763 — 4 874 Revealing sucrose transport mechanism in [58]
B phloem of maize leaves
e i R T TG AL B
10 X Genomics Peaﬁut Leal 6 815 46 004 1807 Revealing the developmental trajectory of pea- [48]
’ nut leaf cell differentiation
3T snRNA-seq %4 T R M ZXRALME
B BN 20 R R T A R
e S5 803
10 X Genomics ?Eo?iﬂo ij; 13 377 21 402 — Different cell types of main stem tip tissues [59]
‘ b and developmental stages were identified by
snRNA-seq, and the trajectory of cell differ-
entiation and development was depicted
; W T BOA TR T
Geln(z):lics ?az{xlu.\' fy?i::lg 9798 50 762 3673 Revealing a high-resolution cell atlas of xylem [47]

in Populus
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4 scRNA-seq 7 H 2 I i W FH A 5

HEIAMEHZN EEURSE RO LEM
R B i, G HES% 5 L&
=R (L i fida) AL (L nil) T =24 0F
B (L. triloba) 55 T 2 W Az T 55 DR 4 0 £ 7 0F 5%
248 T — 262 5 H S HAMIE B S K0 5% 55 KT Fi
B e R LT S B A R 3 R A T R Y 3
filh b ATRAR H scRNA-seq BEAR R R HEH A A
ZUERE A B T RE R A R R AR TR Y IR A G R L
SE /N () 285 7 440 i e 1 Ik R 2 5 A R 2 I 4%, Sk
HEh AR R R XR HERBE KM RS
PR AL A5 ] B AT IR AR SE . BbAh. B 0T DLk
HZE B i T i 25 A A AR, HOH S s AR
REJE B o 2R A H 2 i S fE mH A A s 4
RIGIE R AR S5 4 4 4R . ) FH scRNA-seq A
A LA B 53 B 2R R U AN [R) 2H 20 S A
W SR AR B BE XA A A B A5 B — b 4t g 2
AU AL Ry 5 — P 40 e 2R A ) i A L nT B 2 4R
IZ AR R Y o U A A L 4 L X 2 bulk RNA-seq
HEARREME W, H B w2 L,

TEH B b BT Be i AL A 58 5 T, bulk RNA-
seq ERE A Z M. B, Yang 50 % 5 AL
TERY & i B SR AT R SR A AR R IR ke
TERY B R R A SAE T e AR G B e PR S sk
P SRR R bt 5 B 35 00 2 5 S48
5 WGCNA JyiEM 4SS & %58 H Bt 3 A e 3 5%
K45 K A%, 2016 4F, Cao %550 5 3 X H 2
o 15 A 5 B A Bl = vk 2B 22 A UEAT FL A RE St 4 0y
BT A28 T X A 0 e 1 5 | R A5 00 B A0 AT G 1Y
1% bZIP.bHLH . MYB % £ N 1) 51 A~ S H F
K. 1H bulk RNA-seq £ AR A BE i oo 40 i 2 18] 11
S JBUPE L T seRNA-seq 5 A 0] L3 B BT Bt 308 A
ORI 240 Bl 26 Y R R TN 3R G 5L 4 25 S 3R G A0
IR 45 I 2 o3 A, AT DL 22 2 U4 s T OGS R
BN 38E BL  DR ab EL A A 1 FH I 5
5 & H#

H AT - F 40 B0 40 R SR 28 I F 9% 0 M S HE T
P 240 R TR T S T SR R A R T A B A
Jo AR AR AR A Do A T R 8 B ¥k R 3 TR
AW T B AR 5 A 0 2 U e R I Ak i A
o DT 23 B8 B i 2 S PR R AR A, (R E
U T 25 A iR 4 B i s i E D 3 3

555 S0 40 B 5 o7 352 A% % A0 N AR 1 B L AR 06 E A e 2R
Jo AR AH S 5% TC i T J L 1K seRNA-seq £ R HI F
H W AT DU e BRIl . X0 BE i 45 1l 5 40
JH S5 VR A L s R R AR T A SR P B e i AL
J¥ (single-nuclei RNA sequencing, snRNA-seq) $%
AR B 20 A DN A0 Y 5 S i ) b g3 e ok i AT
WP, A A S g 2 R R R D, Rk TE
scRNA-seq £ 46 £E o P AH L A 40 i 7% 3 i ik 1
2 2 AR 1 1 20 L 8 B AR AT LA AR R A A 4
Mo PZR G R scRNA-seq $ A 5 3 T 40 g 26
BRI Y 40 73 e £ AR 7T BE A B TR S AR b M AT
2 Jif 2 Y ) A oA

scRNA-seq £ A J2 38 i W5 4R 25 14 1) 40 i 34 77 0
J¥ o 78 2 ok R b S B M TR A 2 R R B R R
AR JE M S 20 2GR B L M R) B R A TG 7 0 i G s
Jriy PR 5 B 43 [ A TG ¥ A5 B D) [0 287 n 240 i A R
s mdE . 04 AR 2 0 58 35 #0\ h 41 M 1k
WX o FALEOE S A 2= O MR Lt
TR 2 0 & F 32 2 N IR S 2R TR 0 O B 5
M 5 2 20 )53 T80, G0 B2 A0 B R B B 4 i L <AL AR Y =8
[i) S JB 1k AR 25 5 WL 2 3] o AH A 21 2 P 04 AE 1 25 [l
SR AR I SE . AT Y 2 () R R 3R GA TR g 32
SR Ao T A A 58 X R IRGE = O RN R BT
= PR T ZREAREAL . 28 18] % S 4 (spatial tran-
scriptomics-seq, ST-seq) & A by 25 [a] 5 i 14 OF 5% 3=
BET TR T 5 LI T R Sk AT I8 2 U0 B B
JEEO AR AN A B S AR AE AT 4L IR BE T
AL WP S g 4 . PR, ST-seq £ R F
scRNA-seq $ A A 38 52 G B 43 1 52 90 A0 35 H Ak 7]
LT LA ) B0 A 5T 1Y scRNA-seq £ AR FI| FH 5
JAE ok AF 9 G 0 J5T AT F MR Y 38 A F (assay for
targeting accessible-chromatin with high-through-
put sequencing, ATAC-seq) ¥ R | w55 i 2 4 o 4
¥ % 4 # (High-through chromosome conformation
capture, HFO F AR Hl ST-seq R 45 & . BB
MNG3F A A L 20 B A 2K T AR ) . il s
o 3 B B4R 0 AN B 43 I A TR R AT BT L TR
HE BN AH P B 27 H il [7] 735 1 B9
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