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Abstract ; Single-cell sequencing technology is widely used in the research of human, animal, microorganism and other
species, but it is hard to be applied in plant because of being cell wall. If a single chromosomes can be separated from

plant cells and then were used for amplification and sequencing with single-cell sequencing technique, the barrier of
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plant cell wall will be removed and be of important application value. However, there are to date no claims on the suc-

cessful application of single chromosome sequencing, and the causes of the failure are poorly understood. The issue of

false positives that commonly exist in single chromosome amplification was studied, and the main causes of the failure in

single-chromosome amplification were discussed. Besides, the probable sources of exogenous pollution in chromosome

amplification were studied with high-throughput sequencing, and human body was proved to be the most probable sources

of pollution on the basis of all experimental tools, materials, reagents and spaces being under extremely sterilized treat-

ments. The super helical structures of chromosomes themselves were considered as the primary cause of failure in amplifi-

cation, as primers were hard to bind to strands of DNA to start replication. Finally, some feasible suggestions were put

forward. This study provides beneficial lessons for the successful single-chromosome sequencing in the future.

Key words: single chromosome, single-cell sequencing, exogenous pollution, false positives, multiple displacement

amplication (MDA) , multiple annealing and looping-based amplication cycles (MALBAC)
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(Lasken, 2007; Navin et al., 2011; Huang et al.,
2015) . EHT, 5200 B 4 A DR 20 00 s 3K 3 e ) 1 4
A HE L2 FE B Y 1 B R (multiple displacement
amplification, MDA ) ( Hosono et al., 2003) il 3& F £
UGB R AE 2 19 P 18 52 R (multiple annealing
and looping-based amplification cycles, MALBAC )
(Zong et al., 2012) , HAAMIIFHAHAIE )2
W T N2 S R A W 25 O TR W5 (AR AR
Yy b RTS8 0 T 5D, 32t DR R A ) A A 4
BE P S 3 7 v e DL EAT O g A AL T
VAR i B 1 — T ) BT AT A9 O 3, 20 20 A
KN U A3 A I T B4 i I R AR A
AT T AR Y, 315 T 2008 R
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Dy Sy BRI o3 . R 2, BE A R FH B 40 0 L R
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(DOP-PCR) ( Telenius et al., 1992) Fl4&3k 09
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7 48 45 Rk PR 20 A o RIS ) A, R RE ]
20 B 0 B AR R AT R ) B AR G AR R 1 T
DAMARAS | figp e 3k 4 ) 0, B A AT S50 09 T i i
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B4 (2015 ) 78 L U AR B - 2% 1207 FH 2R 240 e )
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BRI 5 22 5 4
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A A e SIS Y TR S AN 1) A7 7 A PT R 36 1l i
YL 4 AR, T 3 R AR BH 1 B RO S BT
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Bl 5, A R AR IR 1S 1 8 T 6

R, B2 R I e 3 2R LA 1 2 ) i3 28
LRI P 2w G A B A R G 40T B A U



18 | LI N7

40 %

IR, A B 3 A AR PH M B G ™ T b e (AR
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Ty 2 SR s MO SE I T 5

ASBIRGE 2 A P B 200 0 e ) 5 RS /N e
SR ER ) B 5 HEAT RSN 3G AU R LR B
PEAMIRTS G B RTAR T, B0 52 B0 ad A v 3 g 1 2]
A B A 1] AU AT T 9, 15 A8 430 JH ] E A AN
T BB, I Xk 8 e o A e 477 ) 32 2 [R]
S R AT AT PR A, LAY S A ) B e 4 1A e B T
R R RS

I =R S

1.1 E#

AR EF/INEZ (2n=6x=42) Fh 7, i h
IR Bt 5 & & AW 2= 055 o i SCiRE A4l
Pt
1.2 ik
121 hERFPHEERNEFRLLLEE RSB
NG R T E FNZ B R KT 4 CUKFER L d
Jo, BT 25 CREDEE TR, Y HMRRK R 1.5~2.0
em B, FHEERI9 7T B L UTR , FH 0.1% BOK Al E
TR 3 h, JC W K Uk A S R U T W COK RS
B2 2EWAG =1 2 3) TR T [E & 5 min, 5 A
T0%WIKE 4 COKFTRAR . T s 68 UL o
TR IR, R HE K e 3 8, K, 4>
S AARFLEL 49% F1 3% B £F 2 R AR e 20 L,
37 °C [ f# 45 min, B % 52 AU, JC TR K o vk
308, 5T Ky I 10 wL K5 Sh2n ye i, FAe Sk
PRI 7, W B S AT R R SEds R ek
J& B3 BT =70 CORBARIR VKA HICE 30 min, F
USRI 70 e a2 W A & NPV S IR LR
UNPIE L UEAT WA B (Nikon Ti-S #F 5% 2 A5 &
WRERERSE) . 7650 8 2 g AR Y[Rl B, o 53
B A A e o AR 1 A SR R A A S X R
1.2.2 3 &1k MALBAC ¥ ¥ /3B 040 &% 430
£ AR F BALAS S 20 A BAL A% /N S e £ R 2 il
{C RN A1 B MALBAC fof 2 35 PR 4 sk 7 16 35 &
(KT110700324) R EA7T4 35, FAE o B VEAE 0L Ad
Wi B 45 (http://www. yikongenomics. com/upload/

2017/1124/KT1107003 _ MALBACweiliangjiyinzuku-
aisukuozengshijihechanpinshuomingshu _ zhongwenPM-
40c9e.pdf) o AR UL 5 73 551 4 7 1 O 2R Kk
A A PR Y A IR Y 21 AMIEFRRE LY 17 A
PEER B30 5¢ U5 1 1% Bt B Wt s rl ARG
1.2.3 &4 MDA &3 Jr BRI & euiie @
PRI B A 52 B A0 i AN BR O /N A2 g £ (R 2 (i
Qiagen 2 7 Y REPLI-g Single Cell Kit( Cat No./ID;
150343 ) R FEATY 4, B R TR WA A Ul B 45
( https ://www. qiagen. com/ cn/resources/ resourcedetail ?
id =38facal c-64b0-4281-aah3-aa8324bbd181&lang =en)
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ARG HEAT TR, SEET AR 1R,
1.2.5 SCoT %F ARt T SCoT 73 Fhric
— 7 H AR I B S 1 2 A PEAR I, PRl R LT R
K SR TS Qe e ok B HAR SN IR A b 5 ] i 2 Y
519 2 RAKTE R . SCoT 514 J& i 4 Collard &
Mackill (2009) I Luo et al. (2011) A i i 51 ¥ 7
FIKAG I, AT T B g Ry 54 ¥ i) PCR
Ky SCoT 5 1¥ I 2 iz,

fdi FH 20 WL W& % :2xTag PCR Mix 10 pL,
PrygE =y (MR 1000 £%,2730 ng - wL') 1.0 pL,
10 pmol « L'54 0.8 wL #4lisk 8.2 wL, TR
J¥ :94 CHIAEME 5 min; 94 CAEME 45 5,50 CiR A 1
min, 72 °C ZE ff 2 min,ﬂﬁ% 35 Yﬁ(;72 °C #EfH 10
min, B8 wL 454 7= 4, 8 1 2% (14 B3 W HL Ok
K
1.2.6 Southern Z¢ X %52 ¥ /NE &K H 4 DNA
B D) 7= ) 5 G R 9 1 7 ) S B ) BR — AR AT
LK, IR I8 2 BDIC 44 22 19 7 A A% 20 I W e Y
Hybond J& JEBE I, /N3 4 3£ 41 DNA 28 61 67
WEVE RS AT A2 5E . BAR AR L RS A [T
NEIEE PR DIG High Prime DNA Labeling and De-
tection Starter-Kit I ( Roche) 75 & Ui B 47,
1.2.7 Ha@ 205 RN G OB B Y 1
PR, R AN M LD 2H MDA RIS, SO
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Table 1

Experimental design for screening pollution source

S FEA
Test Sample

FEM )

Material Kit

S 1 KM PBS FIK LRSS A4 EHE 2 Ik

0.2 mL PCR %% A% (1806B)

Test 1 The suspected PBS, water and blank control, each repeated twice 0.2 mL PCR tube Qualified kit (1806B)
2 EARAY PBS MUK LA R A A E A 2 K i 0.2 mL PCR & IR (1806B)
Test 2 The suspected PBS, water and blank control, each repeated twice Qualified 0.2 mL PCR tube Qualified kit (1806B)
SH 3 BRI EEK S S EE 2 K 0.2 mL PCR % iR (1806B)

Test 3 Qualified nuclease-free water and blank control, each repeated twice Test sample of 0.2 mL PCR tube  Qualified kit (1806B)
g4 PENRITEMEPKAIZE (S EE 2 K JF i 0.2 mL PCR PEAGIY 1702A 15

Test 4 Qualified nuclease-free water and blank control, each repeated twice

Qualified 0.2 mL PCR tube Suspected kit (1702A)

T S | ANSEE 2 FEX TR HUR AR 0.2 mL PCR SRR 05 By i SE8 1 ANSEH8 3 FU XAl 45 5 S IS A A A (JK A PBS)
JE PR 05 G 5l 9200 2 A A 0 BRI SE S 4 A Ay =S D0 BRAS R A R R R R S 85 Ut

Note: It can be concluded whether the 0.2 mL PCR tube was contaminated or not by comparing Test 1 and Test 2; It can be concluded

whether the pollution caused by the samples ( water and PBS) by comparing Test 1 and Test 3; The blank control in Test 2 and Test 4 were

used to determine whether the contamination was caused by reagents.

x2 ATHRNBAZEBMETIE=HH SCoT 54
Table 2 SCoT primers used for checking single-

chromosome amplification products

SCoT 514 FH1 (5'-3")

SCoT prime Sequence (5'-3")
P17 ACCATGGCTACCACCGAG
P20 ACCATGGCTACCACCGCG
P21 ACGACATGGCGACCCACA

K &4 5, 8 DMumina W 7S 6 2547 /55 8 &2 )
Fe, PR PE1S0, X ad 8 5 B 5 5 e 25040 Bl
HLAHE10 000 %% Reads 04k , 38 i Blast £ b X
NT &, - Hr il BE Y I5 YL IR

2 HERH A

21 MEFRBHLEEFIENEMS S

TE 40 55T, T30 40 B R 4F 0L 37 I M 1y
INZE I L B R o SRR A RO B B A
TR PR A N R (BT 1), e fa
A 3 F A R A A R L VR RS F A
ZLARW R 200 WL B0 1,8 000 - min {7 R 2
020 s, PEAT IR LR HESL LG
2.2 MALBAC #1 MDA A i3 /NERBEHEITH
18 H IR PE I &

398 H B T MALBAC K i MALBAC f#%
PR s T 1S AR £ (KT110700324) T

MDA $ R () REPLI-g Single Cell Kit( Cat No./ID:
150343) #ATP MR L5 R B (F 2) , 5 4 e
EARR) e R AT I S50 (1 50k ) RS G
AR Y I S50 (2 S Ukl ) WAL A — 3, |
&, BRI VA T OB K B X R (3 S UK IE ) Fi PBS
BIHEXT B (4 50k 18 ) 0 5 34 0 1 5 H ARFE
S S RL A 454 o 79 Rl A TP 00 L0 )
93809 J7 2 1 o PR BV IR 4 156 B 7 1 4o
Hn] BEAEAESMIE DNA 155,
2.3 AIEEIT LR HERR

T HEBR A P PR R4 B Y AT R A FRATT
ZHCACHEFE R 28 w1 MALBAC P4 A 3 3K 57)
& ER TG o R T R JC R K PBS L
D U SARFNG A B 50 04T T HEBR . WF5E45 R
FH PRGN 15 FH i 7K K 25 Rk ) RE A1 3 R A
DS B Y5 A Y SR B 3. A)  TTFA
PEXTREEN 3G b T A (BT 3. B) UG G
RS R Z N, G WA w45 A, AR s 7
BRI E 17 DA RN R AR SR T
LRy R R 21 DRI, HIATECK 17
MEIR AT HG 0, G o R K BAYEXT BRI A Y
B A . X UL TE B I AT, BALBAC
LR O N e o | B S G Y R X
2.4 {# 8 SCoT o FHridxt# 184 R ITHH WAL

SRR AR A1 I A 7 A2 I I 1 AR DR TS e, IR
2N A8 F MALBAC £ AR 3 3% Bsf 38 Jin 416 34 %%
S MDA T AR Y™ 1 B 5035 1 30T 3] e iy A
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Fig. 1 Isolation of single wheat chromosome

1 2M 34

A. ] MALBAC £ X 73 25 1 H (0 (A 3547 57 38 (TR 3R 4L
21) ; B. i MDA H AR X 43 85 Hy Qe (o AR AT 4, 1. —
D SERE AN A AR YL (A 2. BARYL A 3. TERUK AT
XA, 4. PBS [HYEXT IR ; M. DNA Marker-Q, 43T K/Ny
52 200,400,600,800,1 000,1 500,2 000,2 500,3 000,
4 000.5 000,6 000,8 000,10 000 (bp),

A. Amplification with MALBAC technique (21 cycles); B. Am-
plification with MDA technique. 1. Whole chromosomes of a single
wheat cell; 2. A single chromosome of wheat; 3. Negative control
(sterile water) ; 4. Negative control ( PBS solution); M. DNA
Marker-Q, molecule weight are 200, 400, 600, 800, 1 000,
1 500, 2000, 2 500, 3 000, 4 000, 5000, 6 000, 8 000, 10 000
(bp), respectively.

Kl 2 NEGEIRR RN

Fig. 2 In vitro amplification of wheat chromosomes

PHME LG e H AT BB TR B Ji 2 47 Ak,
FATIE T SCoT 43— i SFe A6 I A5 15 G 2>k A
HABSMEY R EE R R R TRl 2 RIETE ., ¥
HEER B R (K 4) , BT B8 F MALBAC AP~
TR X AT B S 0 22 AR Al s B, i A

MDA AR Y™ HE 0 £ dh 1 5190 P17 A5 4 P21
I, A5 4 AR e (AR Y B A (3 5 ) R R
AR (5 5) JA ARG BT B B 2%
A Wl B PSR it AT B LS AN IRRE PR B 3
2.5 {# M Southern E[J iR Xt 18 45 R #1736 iE
KT RAE Lk 3 S S SRR RN
IINFE e (8 R 1Y) L ST B O S AN IR ) R R
W AT H 4T T Southern 2422 Uk, i FH /N2
BEIAZH DNA R i SR AT X3 S 9 MDA
AP AT 28 28, A5 S S s B 2 DR A A M BR AL
XA i S B P BRI A A 22 AR 5 B (A
5) . Pt IEBZY 5 7 ) fe & MR P Fh DNA
5 G
2.6 SiEENF A 5 b XTI T R B R AT e SRR
Sy ¥ 2B UE B IZ TS G TR Y AT BE R IR SR
B OFRATIXS 3 S5 SR B S P AT T A
BRI 7, JF BE LB K 22 46 22k Pk R R B A
BRA R HE Y 2 4B & (MDAOL Rl MDAO2) 347
DY o LA B 4 AR B DN 45 SR AT XS
Ja B IR X B /N F BL A b b X 3 T
N (Homo sapiens) %) ( Propionibacterium acnes |
Cutibacterium acnes) . SEFEJE ( Pan troglodytes ) %5 ¥)
B (£ 3), HH | Cutibacterium acnes ( Propionibac-
terium acnes ) 1 Propionibacterium phage Wi Fh {4z 4)
PIAT DI S AE N B2 IR E (Lood & Collin, 2011;
Brigitte et al., 2018) ,

3 Wik

HE B AR R IR R PR TR AN
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M 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18

2.0kb

1.0kb
750bp
500 bp
250bp
100 bp

A 1-6. SZH 1 P PBS UK ZSHA 2 WK 7-8. SEES 3 FRUKAS 2 YR 9-14. 256 2 K PBS UK A4 21K 15-18. 5286 4
PR B F& 2, B 1702A 38 17 MERRY HERCR, 1. FHPEREA (50 pg /N B4 DNA) 5 2-3. = FIXFIR,

A 1-6. Detection of the PBS, water, blank in Test 1, each repeated twice; 7—8. Detection of the water in Test 3, repeated twice ; 9-14. Detection
of the PBS, water, and blank in Test 2, each repeated twice ; 15-18. Detection of the water and blank in Test 4, each repeated twice. B Detected

by MALBAC technique with 17 cycles. 1. Positive sample (50 pg wheat genomic DNA) ; 2-3. The blank control.

K3 fifiH] MALBAC HARXS AR FEA AR DNA BRGNS

Fig. 3 Detection of possible DNA contamination in reagents or on materials with MALBAC technique

M 1 2 3 4 5 6 7 1

2 3 4 5 6 7 1

2 3 4 5 6 7

1-2. 78 00 B384 7 (MDA 37387 AR B R FREE =4 ) 5 3. {8 MDA BORY™ 3 50 — A AT Ay Al e (i (42 2%) 5 4-5. i
MDA FARY 1 1 54 55 /N2 Y ks 6-7. {8 MALBAC BARY 1 B 45 /N F2 e (44
1-2. Amplification products of blank control (false positive amplification products with MDA ) ; 3. Amplification products of the whole 42 chro-

mosomes in a cell of wheat with MDA technique ; 4-5. Amplification products of a single chromosome of wheat with MDA technique; 6=7. Am-

plification products of a single chromosome of wheat with MALBAC technique.

Kl 4 fdi] SCoT 51 AN R AR A HEA T AGI
Fig. 4 Amplification of different samples with SCoT primers

HESL IR Y R DNA SO, X T4 o g 8 5 0 1
BT AT P 93 R i S D D ) A T A
e R AL A0 5T B AT BN AN (7 e
SRR, — S R N A B R 2, i T
AT ZR e TR v w2 B 22 4 () e T
JE SR 1) 2H R B 4 R M, HL B AR AR
PRI 1203 W UF SR LN R A DO S R R L S i
£ 1 1D QBN R 7/B SN i AR =R

UT LA | B AR [ N A 2 o B 2 Al R
240 6 T 614 B A B A B e R Iy F 5T, R
B B I B AE T R R AR TS e A BRH
PEY I, AT AE A B SR TS e A B il
B g AR e R R A Al B R R
PEATHIRTE , BRIT I AT BE A IS Y i AR MR IR, JF 48
AR (—) BB VE B G0 DL oE el e, G,
LR NSRS U rE L S



22 I = W7

40 %

20kb

1.0kb
750 bp
500 bp

250bp

100 bp

P. [PEXS IR (N EE AR )) 5 3. W 4 h 3 5 (—4
SERE/NE NI AR 42 SR ik) I 5. K4 P s
S (BAR/NE PN I N RBAEED 3874

P. Positive control (restricted wheat genomic DNA); 3. The same
amplification products as the above sample No. 3 in Fig. 4 (the
whole 42 chromosomes in a wheat cell) ; 5. The same amplification
products as the above sample No. 5 in Fig. 4 (a single wheat chro-

mosome ) ; N. False positive amplification products.

K5 Gefafk MDA 915 IR southern ECAAL
Fig. 5 Southern-blotting of the amplification products of
wheat chromosomes amplified by MDA technique

x3 RBEENFLLTER
Table 3 Results of samples blasted to NT database

T b 2 Bk U 5 — Wy L 45 — Rl
Sample Hit 1 Hit 2
No. 3 Homo sapiens Unknown
No. 5 H. sapiens Cutibacterium acnes
MDAO1 Propionibacterium Propionibacterium
phage Ouroboros phage Lauchelly
MDAO02 Homo sapiens Pan troglodytes

TG KA PR 2232050 FE A RIS [R) 45 25 ], 4 XF
P AT Y R MER R, HK, 7E {8 ] MALBAC
HORFEAT Y B 0], 76 55 — 50l B 2 W 18 A 2
B BR MBS e A i LA i fd ] MDA HR i
AT 5 05 B PR X R e A A 7 AR R B P B4R (
Marcy et al., 2007; Yilmaz et al., 2010) , % Ff 5
240 LI P R AR X A AR 1 4 38 B e R,
B BV 9 A7 7E FT fg A2 R R B st i M5 DNA FE H b
FE Al B Z IS I 505 1 W) B SR i 519 2 R AR
MG AR AE HARAE it AF T AR IR0 e 1 1 19 1
U AN TS G 9 3 58 2 R W i T8 ) 2 Bl

il o A 5% 7 XF M BH M 7 4 2 A U 3 B B
TS e W R R 5N YRR G, Ak 5 i TS
JUAXT LA BRI X PR BE R AR AL A Y TS e iR
VLRI SN N W7 [ i S WO
DNA ST A AR . BRI, 75 S ) # vpr 2™
6 3 B N AAAT: o B 57 55 52 96 35 R AL B 2 HRAE
IR A, Bl — R s N8
BT SE g IRAE e KRR B A D SRS e, ()
PR AR PR HE 5 IECAT fE JF A 2 RO B R i KD,
MR T YR AR B A5 8 A ) 1, ADFsE
o — AN e S A0 1 4R 42 SRR T
B FIREIA ARAF HARFEA (Y B A 3845 8, i
INZFER Y K /NN 15.4~15.8 Gb( Appels et al.,
2018) , ZIR T E & iU A7 S 4 M DU 7 () 48 K 2
B, PR, HE DU AS S 56 1 50 40 i B R i AT
INZE BGL ARG R A S R AT REAE T
BRI I v U 4 o R e R 2 25 5 i
LA 28R S DNA B PR | — i %) 24 i 45 44 7T fig
JCiA i DNA M il i e R 2 5 A8 Sy Ze v AT LA
H551A MG WRE, TEARE S E R, It
Ab, G R 5 TR b R B R R g 6050 A5
Sy T RE 2 X AR (U IH AL AN DNA 545 S Iy 45 16
AL

SR B A P B 40 00 ) R AR R AT B AR g 1A
RSN 1S B DL LA 7 i #4744 3K (1)
FEABRAE L AR 6 ZB DR IE 58 4 1 T TR BRI P 4 )
(RS | TIL 25 T 5L W 7™ A% v T K TR R 58 AP 4 K
DAL s ARSI 34 3 300 07 298 FH 468 s 7™ A% TG TR 1 A B Y
T i AR ) 5 5 6 T K R HE At 3 50 o 200 3 A7 ™
& 1) K AT B A D A DR TS 2 U8 DNA {5 345 U7
CIRG O RRS <3 S SRS E=aU R A RPNEN 3 45 RV TS
HEAE BT AL 23 5 2 R TC TR K B M B e 4
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