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Single-Cell Sequencing Technology and Its Research Progress in Plant cells
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Laboratory for Tree Breeding, College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract Traditional sequencing technology requires bulk sample to provide an average view of gene
expression and ignore the information of gene expression heterogeneity between individual cells. Single-cell
sequencing, as an emerging technology, provides new ideas for solving the above problems. Currently, this tech-
nique has been wildly used in animal cell studies, but fewly used in plants cell. This review mainly focuses on
the development history and key technologies of single-cell sequencing technology, with special emphasis on the
research progress in plant cells, which will provide valuable information for further study on plant single-cell ge-
nome and transcriptome sequencing.

Keywords single-cell; high-throughput sequencing; plant; genome; transcriptome

20034 H15H, BEPr ARIEFRHHALNENE  EPEED. P07 LA 4/ e &
A NRIER AT RIS, b & EmBAeE AL AT DGR SRR 0 5 N 4L s e 4L B, A2
TGN G HE R AL 1, S IR AR 2 W TR LR 57 (K0 240 M DA R R B (1 240 i SR 7 s i B
FPHORARGE R R . WK R A B e P Ll A EE R,

BT BT AR REAR, 25 SR 2 A 4 i Jik R 3% BRI FP R T2 EAFE LU 44D IR A
TR R AR KT, A RE B WA A A S v 208 B iy FEALT . DNAY 3. DNAM T UL AV B2y
RIS O, T2 0A AR A 5 X 3R (5 BT (L. B EG, ARy 2 &) 2 N T3
Wik H39: 2019-09-16 52 H1: 2019-11-06

P [ SRR IE AT 20 H (A 319701820 31670182) R RERE AR 55 9 It 5 2019ZY29) M1 [F 5 5 s 5% 1Rk 5 2016YFDO0600102)
FHIHRE

*EHAEH . Tel: 13426330885, E-mail: liruili@bjfu.edu.cn

Received: September 16,2019 Accepted: November 6, 2019

This work was supported by the National Natural Science Foundation of China (Grant No.31970182, 31670182), the Fundamental Research Funds for the Central Uni-
versities (Grant No.2019ZY29) and the National Key Research and Development Program of China (Grant No.2016YFD0600102)

*Corresponding author. Tel: +86-13426330885, E-mail: liruili@bjfu.edu.cn

URL: http://www.cjcb.org/arts.asp?id=5233



T FL AR A SR I PP AR S AR R e (T e P

713

AR A TT Y, T A 2 8] 3 [A A S s
BT FEU BRI 23 A MR A 20 SR A 6 5 4 U T, A
XSSV 5, S 6 N0 P A ) 4 L F 4F T
I ST D, DR D R A I B PR A A 2 R A T 0
IR 7R, A ATE SRR
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T FROAE A0 S 4 N P B T S AT PR Y
B DL S RS A SORT BT I e A R
Sy TR EROR R AR A VAN e U ) S e itk AT
ISELR

1 BYNFLZREE

FAE205 07T, KT H 4Rk A v s o4
FJ&, VAN GELDER %"l it F5 40 s S 10 7 7%, FIH
PCR#% A & £ AN 41 il 1) 4> #{cDNA, EBERWINE
SEUNE N M E M T, FIFTT RNAR A B 7E A
b e B BN M 1Y 4 B5cDNA . 4], iR SR E A
S B % S 4H 1) v o B T AR LB A A
R, FUNME RGN 5, iz (AL R

Single cells separation

Fk 2 5 oK. 20054, RAGHUNATHANZE IR
H®29 DNAR & i, & 2 & B 9 1 (multiple dis-
placement amplification, MDA ) 5. /™ 4 [ 117 JE [K] 41
DNAYH 1504245, J#xt— 4168 rRNAHEAT 1 HEH
MR o ULAER, w0 FEDNAGLRE 510 A i A A
RO T B R DRSS BRI R R (B AR
PRI P B R ekl H i 2l R B3 R, ANBE
RAHT RN, 20094F, TANGEE!S 1 R 18 17 H#
Y Jf % S5 4LV T 43 # (single-cell RNA-seq, scRNA-
Seq), PA/IN BRAZH 0 i 1Y FC) VR 6 A D B0 2 i e 3¢ 41
TFFEL, AT FREEFIH AR, scRNA-SeqZ £l 17
T5% MR AL, JERE 11 7534 LART AR AL BY
173, B4, scRNA-Seqid B85 %) #4015 S Ak
Hf 52 7, scRNA-Seqfsk 1 7] LIRS L 5N 4 s A, 1L RE
USRI . dlln, SCHIIR T VR 2 Ok TR B
Y1t B SR 4L IR v, Eedn: PMA-Seq(@29-mRNA am-
plification and sequencing)®”’. Smart-Seq(switching
mechanism at 5" end of the RNA transcription sequenc-

ing)

[21]
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Bioinformatics analysis

A VSRR 5 BN A AL, B: AT A4 1T DNASCE RNA; C: # HIDNABLCDNA, 4 EMJ7 SC1; D: B PR 4H /7 S 41 Sy B 7 45

RBEAT WG B30T

DNA sequencing

DNA amplification

A: separateplant tissue into individual cells; B: obtain DNA or RNA from a single-cell; C: amplify DNA or cDNA to construct a genomic or transcrip-

tome sequencing library; D: Genomic/transcriptome library sequencing; E: sequencing results for bioinformatics analysis.
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Fig.1 Single-cell sequencing process (modified from reference [9])
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NZRAM Y B 4 2 AL 7 BT 7. 20134, HOUZERY
X N 2K R BEAN M kAT S 40 A L L AL . X Le )
A2 BRI ST 61 1 BR 200 2 D] 2 0 3 — A 2 3 4
3ok, FERL AT 104 HL A i 5 PR A P B T R
K. LR, A R R R ZH 0 5 52 3 T R 22 15
TE, Rl SR AE M AT A b ORI 7T P A B A Y, A,
20154F, YANZEPILL A SR 1R 40 1 5 40 Jifd 5 K] 41
R RIRPRL, B IRER T — P B 2 T NGS (next-
generation sequencing) [J PGD(preimplantation genetic
diagnosis)/PGS(preimplantation genetic screening) £ /7,
AT DRI BRI SO0 RAZ L G ok S M
XA, X TR R SE A P 44 AN 455 FL A B ) B3
PRI o e L 805 LE A

2 BIMPENFFEERAR
2.1 BYRRSIERAR

P A i R AT AN BRI RSS20, R
o3 A HLEAA TR YT i A RERE AT G S &
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A A A . BRI R, ESE
PR EBIA . TR 7 B AR RO R B D)
F P IEFAR(ED.

AR5 73 16308 B R R IR, 3l LR S B 0 1 1
ARG 7 (0K 308 B 40 7 30 T vy B B P4 0 32 7
Ko Ferb, (K0 & AR 7 b A 3 SRR i 1
TAAERATE 3 AR TR ) F 7 15
o PESARE > eV I 0 A B AT — R BB
FERRE, 4 0 S AR R 1) 1 B AR Bt e 75 21
YNBSS IR SR RAAE L A Al T B
R TERR, T P ) A P S A U B 2 ) U
JE, SRR ARG e T kit i H PR, 5 R
IR 2 WM S B RT 5 B BRI 70 ik o OB AR
BRI ki, MAPRRI AR 7%, & ECRE
A E BN A b, TR R AR BOE R
RN Pl I FAIES S SRR A D

vy JEE R B 0 U B AR R AR TR A B AR
A 73 e o 3 B 70 128 75 BEAR M 9B IR
BEECE R ISR, R ik A A A BA 5O LhR
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AR R 2R PSR SRS P, R — LR
2oL AR ) BT e RS R B A
AN SR B B, HORS R 540 —
B, REME A RO I AL, AN, ZHRIERE
I AR IO, AMERERS 58 AR AR 7 ik, 18
A DAEAT Ji5 452 520 ff 5k PRI A s sl e, O S 4
FePRMt ¥ Al R RCRE IR %,
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Table 1 Comparison of several common single-cell sorting techniques

Lkl operia G AR s (7= HE S5 30k

Single-cell sorting ~ Applicable Advantage Disadvantage Throughput Reference
sample

Serial dilution Cell Simple and easy to implement, low equip- Complex gradient calculations and easy Low [27,31]
suspension ment requirements and low cost to sort errors

Microscopic Cell Simple steps, low cost and no expensive Small number of cells can be isolated but ~ Low [32]
suspension equipment high-throughput sorting is not possible

Laser capture Animal or Ability to select specific target cells for cut-  Laser beam may damage sorted target Low [27]

microdissection plant tissue ting sorting, which takes less time cells

Flow cytometry Labeled cell The sorting flux is high and the sorting The operation steps are cumbersome and ~ High [29]

specificity is strong the equipment requirements are high
Microfluidic Cell High sorting throughput, high sorting effi- High equipment requirements and high High [30]

suspension

ciency, and extremely low sample demand

cost
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PR B0 4 B A9 1S B T PR, B R 1 4
FE K 2H ¥ 15 75 75 FHIRS-PCR(interspersed repetitive
sequence PCR)FILA-PCR(ligation-anchored PCR), Aif
R E S UL R E S A H AR AT
PCRIZ I, J& # F & A e E PCR G W) AL il () S A% 1
B IEH Bl B B b, SR 5 F AR AR 247 PCRYT™
HEE, 19924F, ZHANGEESIF R T 51 ) A Fildr™
14 yJ (primer-extension pre-amplification, PEP), 7E {4
A3 A 1 SH AR BEALSEAZ IR TR A E S 518
$E B B A AR A AE KK EDNAF A fi I 58
¥ 8 51 ¥PCR(degenerate oligonucleotide-primed
PCR, DOP-PCR) /& — 2K APCR Jy A& ith 1) 4= 55 K 2
P HEEOR, DOP-PCRY 1R H i - 5| 5 A 3™ 4,
A LA K IRS-PCREA UK 5 45 5 € PCR G WAL A
FO A T R T ) Py B OB B aX — i 72, AR EE
TLA-PCREL CL1 1 5 R P 51I4F 29 H #x, DOP-PCR
I AR 512 75 #B  C R IR R
EIRFE T PCRICS ) 42 3 R A1 9 38 R BE B A7
Ry 3G AR M R 2, B2 BRI T AR
HRARAI10%) RCRAR. 788G i fa 2™ B, S5 AL
LR F R AFGRIAT . 2 B0 T 5L R BEEDNATR IR
FEHLHI R R K, AR IRIE T 2 H B e 1 (mul-
tiple displacement amplification, MDA)¥; A, MDA /&
BBEALE 38 K B4 HEDNA |, SR J5 /D29 DNAK
& 1 B B i ZF 4 B8 (Bacillus stearothermophilus,
Bst) DNA R S EEIEAL T, FEIE IR T AT 6E B He 5l
DNA R R0, 5 T-PCR B (1 4 5= R 4L 47 15
ARAHEE, MDAZE R 2H 78 75 22 = (K T-90%), 338 (i 25
PEAETPL R H AT ECA i R R H Y 5k
—o (HZMDAW BA AL AL, i fn 3 K 21 1) 78
A= FEALEREREINR, F, MDAA ek
T H # U1 E04F 7 (copy number variation, CNV)#!,
T RRTG d ANE—AE A, 45 A MDARMIE T-PCR %
JSL (4 38 7 7, 20124, ZONGEEHRIE T —FhHT 1
P T7 10— 2 AR KA EE T ORI 1 (mul-
tiple annealing and looping-based amplification cycles,
MALBAC), ZH AR 5 NHELME T 18, LA/ AR 2
PRI 3G 7 R B ey, JF HORORFBRAR 1 48 o A 25 2k
K, R AT CNV AL B B2 72 5 (single nucleotide
variation, SNV)#&: . 20154F, FU%E WHIE T 3L
4= FE K 20§ 14 (emulsion whole-genome amplification,
eWGA), Kt B2 Jifa K5 DA 25 60, 22 21 Je T+ 25000 1l ek g o,

FEAN R & D EDNAF B, DNA S B3 3915
TN (R 3R 3 R AT, A B 38 22 R A B i/,
ZOTRIER T ATE B R A1, EESE I TCONY
FISNVAE M. 20174, CHENZEMIR & 1 — Fh ik
(1 4= DR 20 7 486 e AR —— 388 3ok B o 4 N (1 4R
¥ 18 (linear amplification via transposon insertion, LI-
ANTI), B 56K 540 g 32 R 2 DN ATE 5% JR2 i 7D £
BN B, DNA R B LIANTIA. JB2 1 hric, S8
JE {EDNAZE A B /R R ¥ S BET7 )8 3 7 S 7
AR BOR S A N UBET T )8 B F, TERIMETIRNA
RO RGP NARNA, Z3d W% 5% . RNase
HACFNEE 8 & Rl T RCE A MR T 2R AR id
FXEELIANTI 3 7, Z47 3 7 7] AR R 541 i iR
FERHADNARY 3G =4, FH T )5 £EDNA ST il £ Fil
T—RWF. FiRSFERERAY ARG HA
HAb, FR2HIH T % BB EZHFE
2.3 BYMpREE SR 1S

AR T BALAH i 4= JE DRI AL 9 48, PRGN A B AL
SRR Gy, BN — MR 7= R AR, H i,
F T B4 B A S 2EL 7 386 (1) 5 92 2 B PCRY™ 1S V4%
©29 DNARA B 8% RO e A (ER3).

PCRY S EAR Y & 536 — 2 cDNAKE K FH 1 77
ANTR], T DA A A AR i 0 ik AR L ik A B
HLEI#1E(SMA)Y . BRADY Z51490 % 2 N A S in 2
1L AT cDNAY 3, 75 & B3 — 2k cDNA%E G, fiH
— %50ty R R 2 17 81, 3" 9oligo(dT) I 51 4,
RV AT G BB 2% 5 A R 2 A 8 T A1 IFIcDNABE . B
BRI i 2 ik T I I SR T P AR 7 46 T B AR OR i
AR B . RAMSKOLDASCMR 1 1 — Fft 5% I 45
R ¥ 23 AT PR R 2 S LD 5 1) 5 10— Smart-
Seq, 1% 7 %A% Foligo-dT 5| ¥, 1 i /N B, (1 11995 975
B0 ST A A poly AFEFY BT U RN AR AT 100 4%
o QI AL SHEAT BImRNA ()5 55 I, 05 S il & 15
K ity % # WG FRDVE P, 75 BT 6 B 5 — 2 cDNA%E 1)
37 0 LA AR AR B A% R, 48 R R BT )
SMARTer II A oligo 5| ¥ 7] LA 5 Fik B4 i) J LM%
PR IEATHOXS, BLIS 00 SR g A P AR S 4 iim 1k, LUK
H B B —BEcDNA AR, 4658 — 2 cDNA%BE (1)
B BEMLT P 5 A B LA SR T R A B
BEALE WK A LR — 25 cDNAGER,

®29 DNATE A B4 19 92 e i 4 92 T 4 JE A
P, RN 1 7732 75 B K AR R Gl o K
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Table 2 Comparison of various single-cell whole genome amplification techniques

S 7% KA s ) CNVilll  Z%E3CHR

Whole genome  Amplification Polymerase Advantage Disadvantage CNV Reference

amplification method detection

IRS-PCR PCR-based Taq DNA polymerase Fast and sensitive, only Low genome coverage and ~ No [37,45]
amplification a small amount of DNA amplification bias

can be used for reaction
LA-PCR PCR-based Vent DNA polymerase, Long amplified fragment ~ Uneven coverage, prone to  Yes [46-47]
amplification Deep Vent DNA with high fidelity amplification errors
polymerase, Pfu DNA

polymerase, Klentaq5

DNA polymerase

PEP-PCR PCR-based Taq DNA polymerase Low initial sample Low amplification No [35]
complete random demand efficiency and amplification
primer amplification bias

DOP-PCR PCR-based partial Taq DNA polymerase Low initial sample Amplification bias No [2,36]
random primer demand
amplification

MDA Multiple ®29 DNA polymerase  High genomic coverage Uneven genomic coverage  No [37-38]
displacement (greater than 90%) with and allele loss [41]
amplification low amplification bias

MALBAC Multiple annealing Bst DNA polymerase, ~ Low amplification bias, Non-specific amplification Yes [42]
and circular loop- Taq DNA polymerase high genome coverage
based amplification and low allele loss rate

eWGA Multiple @29 DNA polymerase ~ Higher genomic Operation is cumbersome Yes [43]
displacement coverage
amplification

LIANTI Transposon Q5 DNA polymerase High genomic coverage Amplification bias Yes [2,44]
insertion linear and low amplification
amplification bias

R3 IMEERAY BRI AILLER

Table 3 Comparison of three transcriptome amplification strategies

HeF LA I SR R ESZN Py Pori 35 S5 30k
Transcriptome Amplification tech- ~ Polymerase Advantage Disadvantage Reference
amplification strategy nique
PCR amplification Brady/Tang method, =~ Taq DNA High amplification efficiency Specific temperatures are required [1-2, 20,
Smart-Seq, Smart- polymerase, and high molecular capture to cause non-specific amplification, ~ 49-50]
Seq2, STRT-Seq, D29DNA efficiency and PCR index amplification is
SMA polymerase likely to cause experimental bias
@29 DNA polymerase PMA D29DNA DNA degradation is avoided Low amplification uniformity [1-2,20,27,
amplification polymerase without the need for high 52]

temperature conditions

CEL-Seq (cell expres- CEL-Seq T7RNA Linear amplification is used to  Low amplification efficiency [1-2,51]
sion by linear amplifica- polymerase avoid errors caused by expo-
tion and sequencing) nential amplification

T3 Kb)A REFEH M. 3 FRBURBEIOR IR BER, AR URBERR S T, 445 72029 DNAK 2
PANSEPUE i T — A TTUb RO SRS ©20 DNAK AR ROMR FH T MEATHFR 37 4, PR B 000 7T LARE /D P B
BB T A0 RO SR IR BT

L, B SRR LRER R F R A Y 0 P B B F ST $8 LA HHLIG  R S1
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Table 4 Plant single-cell sequencing application
pl s B FHLER EE PN
Sequencing type Material Main result Reference
Single-cell genome  Maize Construction of high-resolution recombination map of maize tetrad microspores [58]
sequencing Maize Revealing continuous chromosome breaks that occur after meiosis of maize game-  [59]
tophytes may result in haplotypes in embryos
Single-cell Moss Combined expression of genes involved in shoot patterning and asymmetric cell [61]
transcriptome division accompanies the transition from uniplanar to triplanar meristematic
sequencing growth in moss
Maize Reconstruction of the developmental process of male meiosis in maize [62]
Arabidopsis thaliana A single-cell resolution gene expression map of the first generation Arabidopsis [6]
roots was constructed
Arabidopsis thaliana  Reconstruction of single-cell developmental trajectories and identification of vari- [63]
ous cell-specific marker genes
Arabidopsis thaliana  Construction of spatiotemporal developmental trajectories of Arabidopsis root cells  [64]
Arabidopsis thaliana ~ Revealing the high heterogeneity of Arabidopsis root cells, and identifying the ex-  [65]

pression of intermediate state during root cell differentiation at single-cell resolu-

tion

4, A R 0 51 (5 W) & 5-T7)E ) F--Tllumina
W7 42 SRR 1) 2% FE A 5 371 -poly T-3 )i 4 53 15 F|
cDNA, 2R )5 TAESMETTRNA R S BFRIVEH R LAk
A B cDNAE AR, e kA3 BIRNAFF 37
RNASCEEPY, 675 DALY 14 1) J7 A X B PCRAR
K14, 8k T PCRABELY 1 7 oK (1) S8 1R 2%
24 SBEENF

PN KL R A B S L SO E R I 2,
56 3L PEDNAGEAT W T 43 #r . w1 38 & W 7 (high-
throughput RNA sequencing)#% )" 72 . F T L iADNA
SCEERSI oMb, B R, el i R L A
R =AMFPHEAR. £ RE@EEN P R BT
[luminaA 7] ] Solexa®® & i & Gl 7 £ R . ABIA
) [ SR 3% A DI P (sequencing by oligo liga-
tion detection, SOLIiD) LA Az Roche A &] () 45 B 12 Wl /5
FOAR, B AR S 2 I 7 AR R AR e A e
FSCAS N e U 280 i e B FH T AR BR S AEEA
AU, 5 = AR I R R B I R
S A L I HAMKFRPCRY B 4 R, ] LA
1 3B R PCRIGHL 3 7= AR R 22, BhAb, 35 =A%
o 3 U B AR AE SNIPASE I R A A 58 AR A6 0 45 5 T
A R,

3 ELRB AR R R
L LI P A 70 8P T Sl I B 5

BlanfEME . Tai. KEEMFEIRCH 2
A 9T . KURIMOTOZE! 3 i ¥4 iy 54 55 2H W 7,
o H 7 RA TR 5 /) SRZE R4 B R R R Rk 22 57
iof v 1 A i e S A, HANSES S Dh 1) 1
NKZRET AN LIER. 201945, ZHOUZERS
XF651 N JE it % PR AT J58 0002 AN B AN it 4T T
RGHT, EIRER T NIRRT 2 5L F Rk
W 2% DL DNA FEEAE AR . T4 B
(RIAFAE, AEA) SR P 70 3 A T IR X, 0 B 2 )
TEAE D2 b 0 S AR X B2 o I AE SR, B B4
L 53 34 A R s e B U P A R TR R, L) B
DU FRIRIE 9 A8 0T 386 o, % AR B4 i e 1 3=
BT R RS T R4,
3.1 HPImAREEENFEEY PR A

A P R 2E G R I R AR 40 BT A
Y1 H L DR A RS Tl R, H R D% BRI M 366 R 2 0 7
I FEARRT e D, LISEPTL FOK A R AT i A 0%
FELD B2 P 5 DR ZELO PR IR 7, 20154F, KRR T E b
bR O T R Y B i R 2E U TR RE A8 L, 1
SRR T —Fh AN Y 444 b 4y B H A N T
FHEAT B 240 i e R ZEL 00 5 4 T 45 92, e B g
TR P A 3 T e o0 e 1y 2 TR, Ok IR IR
FAAEIE RN A AT AN 5], T ] g Rk AR AR SE R X
ST AN A J2E DR 1) DX 33 56 356 PR 2 A2 e PR R D B, K
ZHEMA AT LR AL . 20174E, LIS 5N E



718

KACH KL 73 85 3 A%, DY A 73 25 A
/NF, il IS Tumina 2y 7] Hiseq 3000°F- £ K543 25 141
JUAZ AN F T B2 A R DRI 200 e, LRt T b
RWIBC TR JE > 205 R A B S Qe (R T 22 AT 8
SHELG AL b, BT L HR IR S S 40 il
(single-cell bisulfite sequencing, scBS-seq)X & & I 3%
PLHIDNA v Bl 5 031G, 20194F, LISEPIF R 1
i R S S AL B BE LS 5 v B 30K (bisulfite-con-
verted randomly integrated fragments sequencing, BRIF-
seq), ZF AR RESE = SR ALDNA A B 77 2508
I HHEA AR 27 565 2%, A HIBRIF-seq K B £K 1)
VU734 2 B AT e A A AR [RIN B) FH AR b EE A
3.2 BYRREEERANFEEYPINA

FR T 1 1) 5 40 4 B DR 2EL 0 P, B i
SEZH Y B ST A L . LIECKFFELD T304
2008F | FH B B4 E 70 3 1 1R T ) JE R 40 A
1N 2 AN 2 B 4 R 1 B AN 4 i I HLE I RT-
PCRX BN IR 4% s AL R AT & 4R, IR A K Bak32k
FAYT P R AN [R] R R ) R GA 4 e TR R A, I HAE
EIR3ZRA M N BRI T 2 5 R AR A 5%
SR FRIE. 20154, FRANKZECUR] I BO6 3R 5
DIFEEAR 73 85 H 5 14 T4 i A0 23 40 A P 1 248
It BLEAT B A N e s N, A AT I B A i A
SEZHNF I, R4 000N PRI 7E & & (1) 10 41 g 71
SN AR R L 2 e, I HAE B8 SO iR R AR
%) 240 0 2 1 3 2R 2 A B ) = [T R0 A o, fEBE
L5 A AR IR ZAH R R HE R ik . 2019
F, NELMS% %} 1444 0.3~1.5 mm ) F KA 141
JELFIAE Ky B 20 i ik AT B0 40 3 S A e, #8017 K
KMV Y o SR e e AR

I JUAEK, B ol P BRI R JE, i)
e 1 LA I A SR 2L P AR B T R R R,
IS S AT B AT U ) B M e S A R, T DAEAT
S R 2 A0 A, AR A0 A b i R R S A
RYUZEF| F10x Genomics Chromium™f- & —JL3REX
T HEIL10 000/~ 9DL B AR 0 10 Ji AR B AR I E T
A3 Do A T AR P P S 2L, 38 0 3K A 2 L 1) e s AL
18 BT KM, # R 4R 7 oI HA2 e
AN [ P 4 L TV AR 2 L P 2 B S B (4] e L o
L), BEAL, AT T AR SR B A0 B ) e S 2 03 b
Wi 7R R B [FIRE LA T R AR 40
NSRRI RE, JEANZESI 1 73 121 MR It 4T

e I L S, B I Monocle 34341 1 iR 41
(13 S LA I FLSE B T SR K B SR I B A LA R
5 RS 1k (bR TC B (R 1) S 5, BRAb, 1A 9T I8
Xof 52 3k R R T AR AR AT T A A el
T, fifok 1 K BIA7TE 0 40 B 28 284 1) ek A 2B 9 B 3k
SN AT RE ) S P R B, DENYERZE O 1 5 401 fig
SR A AR AL 22T 0L R S AR 4 ) B 40 RN A
RIBEIE, Bev Ik BRI Z RIEE R
It B R AR . 20194E, ZHANGE Sk %
T PR TR A AN M B S 2H 2 BT R R A
3, AT LA R SEARSRAE N SE a4 R, Gl i il
LA ARNA DT 73 BT R BAA S T AR A IR AE 4 58 /K
TFAE = B R, SR, @t 2R Hr, 1Kol
TR 2 T 24 iR B e T R —
AN R TR bR SR N, O A — A0 iR R AR
A AR & 7 R R ) A =

4 RE

FYH P DA BT T A TR, JUHAE
YA R E AR R TR MR Tk,
YA AP A T — e R E. FILLIER
AN AE R A, 2 AR AR 9 e R iR 2 Y
{140 24 e 535 A 40 PR T LA T ORI N i s, 46
RS DU R AT o J2 20 PR PR 2 DR 3R 1% . a0 BT e
Rk FEAS [F] B 3 4 S ALK B AR AL S 5. {H 2,
A 540 B 43 R G A7 AE — LU R I, 5] an il
CEFEA T 3G 1) R A5 5 A0 WU 2 o e 5 [ L S
KD BREBHISE., NAMEBEFEENLE, HATRZ KT
AR B 20 B PR T 9 0 2 4 2H S i g B A 11
A R R G HEAT S B, XA — AR BT
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