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An pLtra-low-input RRBS ( Reduced Representation Bisulfite
Sequencing) library preparation method
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Abstract: RRBS ( Reduced Representation Bisulfite Sequencing) is an effective method for DNA methylation study.
Library preparation is one of the most critical steps of RRBS experiments. In conventional RRBS library
preparation, it usually needs 1 ug or more starting DNA because of less enzyme digested products and losses in
various experiment steps. Meanwhile, many clinical samples from patients, such as frozen puncture tissue, FFPE,
microdissection, etc., there is only a limited amount of extracted DNA less than 100 ng, and they don’t fit the
requirement of the conventional RRBS library preparation, which greatly limits the application field of RRBS
technology. This research studies and designs RRBS library preparation using pLtra-low-input DNA samples ( <100
ng), mainly by optimizing Mspl digestion condition, DNA fragment size selection, reduction of reaction steps and
DNA transfer steps in library preparation, which greatly improve the DNA recovery. We set up two effective plLtra-
low-input RRBS library preparation methods ( EA-Method and WB-Method ). The EA-Method is more cost effective,
fast, and efficient than WB-Method when DNA input amount around 100 ng, but the library quality is slightly lower
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than the WB-Method; The WB-Method has higher quality performance when using 10 ng DNA. In order to test the
reliability, we construct 3 groups of RRBS libraries ( lug DNA input and 10ng DNA input) from three volunteer

samples (whole blood and mouth swab) by WB-Method. The prepared libraries are sequenced on Illumina Hiseq

platform. The compatible resplis are obtained comparing the plira-low-input and conventional RRBS method by
analysis of detected C bases in the CpG, CHG, CHH methylation rate. Nevertheless, the plLira-low-input RRBS

method can greatly reduce DNA loss and damage during library preparation, and it will be a wider application of

RRBS technology to different type samples and promote broader research field of RRBS technology effectively.
Keywords: NGS; RRBS; Reduced Representation Bisulfite Sequencing; EA-M; WB-M
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S PR R AR R R G ER R T RRBS 5
Bisulfite |3 [ HL #3120 Wang A
PRXUEFY] (Mspl, ApeKID) 7] DL 5 RRBS £ 2 1 )
FIFHAE S E TR,

H i RRBS #4220 /3> SCE B T 7 DNA Y &
— KT 100 ng"?7  HBEREARTE BT ERKL pgll
PR BRINAR Z1E LR S RE AR 5,
FFPE FEA B BAMAEAS XX RRBS 4 1) 22
SRFIME AR KR B 45 =, H BTXF20F 100 ng AYFE
ARHEAT RRBS #EE 8 = 6 80 B B AR Iy i, A S 56 %t
M DNA FE i & /8 RRBS SCEJEAT T3HR
MBOBEFT, T B R I 7 — o O T i R
D, O T4 TR Ak FR AR 1) 18 ATk
HREXL,

1 MRS IE

1.1+

ARSI B FH A gDNA RN S22 A fE A
LT IR 40 FR K562 40, 41 ffl % B 77 B 5%
2R 80% (K562 4 ML /E hy — B UL (%) 0 55 FH 4
Wi BA AR, IF R PRk 4 MRS Fef:,
DUKE 41 i 55 57 2 % B 80% 22 4 ,) , 15 37 LK /)
100 mm, 35353556/ DMEM +10% FBS ( J5 4R 113 ) |
FPRUE gDNA SR PRAF—3, A SE 560 BT T DNA R H
— PR 3 ARG SR LAYTR & K562 4 fTfs

ARSZHG H, FH T 5IE WB-Method ] HE 4 (% A U5
FEACR IR T 3 AR B &, # AR A R # Ik i
200 L, e AR SR /b d 0 b K2 40 i (R e
WB-M J5 5N FH 28 B30 U AR AS 1) ml S BT DL 5
UESEG R AR IR H A REREA,) .
1.2 gDNA $2EX

gDNA B 2k HIAE G K I A2, 4 4 i
WA % 15 mL B0 A 3 mL PBS 22w H 5
YIS, MR AN A 500 pL 25 (4§ K (20 mg/mL) |
7 mlL 2 (SDS . EDTA | Tris—HCl) , Ji & 56 °C i
H4hJE,1: 1(V/V) IMABYED; SR (25 = 24
D)W, TR R A JE B E R, B 1 LA
U5 SRR (24« 1) W, Fe 0 TR A0 5 B0 B R 3,
A 0.8 5N EL(-20 CHlR) FMRA G, 7]
DL€ AR DOVE, 8 A6 S o8 Dl vE 85, IF 1A
70% L BEEVRULTE 2 K, T 145 & L83 min)5 , fff
H Qiagen EB Buffer HRRDUTE, HEHUA) DNA SR H
Qubit,, NanoDrop FIHLIK 4T Bk

KM gDNA £ 748 FH QiaAmp Blood Mini
Kit, ¥ FRERAE T 4T DNA $2 50, KRBT .

#5200 WL Bk I B T vk K IR A 9 FEl ik s i A
20 pLZE HE K 1600 wL ALZE thif, IR 215 B T
56 CIKIE15~30 min, 2L =P A 1 A5 AT 2 e
FOTIR A R I B AL A 7 Wi B O AR e AR U
A AWL AW2 22 iR e 2504 2 IR, KT8
2~3 min, A AE 22 0P BRI DNA | #2550 DNA SR
H Qubit,, NanoDrop FIHLIK 4T ks

1.3 Mspl EgYI KGR

ASZId H Mspl BR #1449 Uil ( NEB, 20 U/
pL) X ¢DNA 3 17 il U) 4b 3 ([ Mspl il U] 47 55
CCGG 5 N2k CpG Island J37F AR, - HLiZ il % FH
Sl DX B R AT DL KB BE 1 & 4 CpG Island
X, ), 45 B B0 A A A v, P Mispl 58 % i
ANEURG, BT LA T A H%E Msp il A P 2 R0 i) i 1)
AT AR ST, DAL ST AT BHE F 8 g gDNA
B0 h 7 0y, SRR ¢DNA > 1 g, 9 0l X 554y
gDNA , 7£ 37 °C N R A [A] B[] FUAS [R) il FH 2 34647
i), W V)R A 50w, MU0 58 WL, 65 °C 7R
20 min, B 25 pL @ U 7= ¥ A 6X Loading Dye
5 pl, 2% BUISHHEER 100 V ELTK 2 h 4G I )
BRI RO N B
1.4 FEX/MEEFERK

FBER/INI SR 2 FoO ik T, o B g
BRI LK (A Carrier DNA) ( A< SZ 56 /7 fir A 19
Carrier DNA f 58 42 & W L 4L 19 K % #F 4 DNA,
unmethylation DNA | Promega ) %R P A5 i 1k

TN EE S B K (A Carrier DNA) 5%, R H
1 g gDNA Mspl B J5 I 3E 47 #hF-F1 i 45 000 422
KT AR 1Y 3% 3 77 W 8 M B, Carrier DNA R
unmethylation DNA ( Promega ) covaris ] W7 & 150 ~
300 bp, £ =W A 200 ng, AMA Carrier
DNA [ 0 Xt B8, 347 2% 35 05 Bl 58 e | ik
100 V 2h# N A CarrierDNA YRR |

TEBR PR A0 1 0 0k K/ T 28, O B R IR AL T
AMpureXP Beads X} PEG (MW 6 000) ft) 2 ¢ & £
JB MTTTSE RS & DNA B/, ARSEERA 1 pg
gDNA covaris T 7 2 100 ~ 700 bp 1E A1 KL, A A
PEG W JEHEAT i Be RN 3%, IR T 2% 3 E o st
Ji B, 3K A BioAnalyzer 2100 ( 7B 4045 H 3k ) #6147 A Bt
KNI
1.5 E# RRBS BEF %

WM RRBS # £ /7 ¥ ( Conventional Method,
CO-M) (WK 1(a)),>KkH 1 png,100 ng,50 ng,10 ng
gDNA, I 1 L (20 U/pL) Mspl ( LA JIrA fdf Tt
7 S it [ g buffer, 148 NEB SR8, BR R85k A5
SNV 37 °C 0.5 h, N A A w6 52 0 7] (10%
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Ligase Buffer 10 plL, 10 nM dNTPs 4 plL, 10 mM
ATP 2.5 pL, T4 DNA Polymerase (3 U/pl) 5 plL,
T4 PNK (10 U/pL) 5 pL, Klenow Large Fragment
(5U/pL) 1 uL,F3F4bKZ 100 wL,20 °C ¥ 5 30 min,
79I QiaAmp MinElute PCR Kit( Qiagen) #4401k
FFUEMLZE 30 pL, ARSI A S8 308 ( 10mmol/
L dATP 5 pL, Klenow Buffer 5 pl,5 U/pL Klenow
exo-3 wL) , #hKZE 50 pL,37 CHE 30 min, =4 H
QiaAmp MinElute PCR Kit( Qiagen ) #4744k I V& /it
2 30 pL, AP H Sk i 4 By 1) (Y Rk Ak 2
FIN ¥ #% 3% (Nlumina) 1 L, T4 ligase (10 U/pL)
3 wL,10xT4 ligase buffer 5 pL) , /KA FE 2 50 pL,
22 CWFE 15 min, E 3P 1] QiaAmp MinElute
PCR Kit( Qiagen) #E17T4lifLIF PN 2 75 pL, 56
fREL CT %4k R H Zymo Gold Methylation Kit (Zymo
Research) , A EAR IS 10 S vl B A5 905 7= Wy glifk 2=
20 pL, A 6x loading dye ( Life Technologies)4 L,
2% B A BE I F UK [0 150 ~ 350 bp B, i [mliig
KM QiaAmp MinElute Gel Extraction Kit ( Qiagen) ,
S 20 pL, A SCEEY #5057 (1lumina Primer
Mix 5 pL,2x KAPA uracil+ PCR Ready Mix ( KAPA
Biosystem) 20 wL, XN FEF 95 C 10 min, ¥ HE5IF
(95 C 30,62 °C 305,72 °C 30 s) (1 wg DNA &
KH 10 AEFF, 100 ng DNA K LT R 15 A6
) ,72 C 4 min) , 5519 PCR 7= 9% F QiaAmp
MinElute PCR Kit ( Qiagen ) #474lifk 20 pL, Qubit
M58 CE Mk B , BioAnalyzer 2100 ( Agilent) e SC A
Jr B

1.6 EA —% RRBS #EFi%

EA — 3 # JF F % (EA Method, EA-M)
(W 1(b)),>KH 100 ng,50 ng, 10 ng gDNA, il
Mspl ( LAF e (o i 550 % i S 07 buffer , Y248
NEB K8, BRAFIRFRIESN ) 1wl BEY) 37 °C 0.5 h, il
AKX 1882 [ Wik ) (10x Ligase Buffer 2.5 pl,
10 nmol/L ANTPs 1 pL, 10 mmol/L ATP 2.5 pL, T4
DNA Polymerase (3 U/pl)2.5 L, T4 PNK(10 U/
L) 2.5 pL, Taq Polymerase (10 U/pL) 1 wL),%b
JKZE 25 pL, 12 C 15 min, 37 °C 15 min,
72 °C 20 min, YA LEAL , ELEINA DY 12 K 4%
B ) (P Ak A B B 0 2 2k (Tlumina )
1 uL,T4 ligase 3 wL, T4 ligase buffer 1 pL, IZK%M S
35 ul) ,22 CHFHE 15 min, EHYE ] QiaAmp
MinElute PCR Kit ( Qiagen ) #F 17 4l 1k I ¥ i &
75 pL, # BB 3 CT # 1L R /] Zymo Gold
Methylation Kit( Zymo Research) , #:VE#R #5157 &
VLA IERE = alifb 2 20 L, A 6% loading dye

(Life Technologies ) 4 L., 2% By ii5 B & Jie HL 3k 191 Ui
150~350 bp Jr B¢, B[R QiaAmp MinElute Gel
Extraction Kit( Qiagen) , [FIILZE20 wL, A SXEY”
14355 ( Mlumina Primer Mix 5 wL,2X KAPA uracil +
PCR Ready Mix (KAPA Biosystem) 20 wL, W FEF
95 °C 10 min, ¥ HEHEIF (95 °C 30 5,62 C 30 s,
72 °C 30 s) (1 wg DNA LR 10 MEH, 100 ng
DNA K LLFRH 15 AMEER) ,72 °C 4 min) , 74311
PCR 7=¥1°% Fl QiaAmp MinElute PCR Kit( Qiagen ) i
frafifk 2 20 wL, Qubit Ml %E SCPEK B, BioAnalyzer
2100 ( Agilent ) K0 S F Bt 43 .
1.7 WEAEH RRBS BET %

HEERELBE RRBS &% J7 % (WB Method, WB-
M) (WK 1(c¢)),>KH 100 ng,50 ng, 10 ng gDNA il
1wl Mspl FE ( LT B A7 {0 H g 3 50 K i e
buffer, B 1] NEB SRR, BREFIRAR TSN ) 37 C il
VIR, A S8 S (10X Ligase Buffer 10 .,
10 nmol/L. dNTPs 4 pL, 10 mmol/L ATP 2.5 plL,
T4 DNA Polymerase ( 3 U/pL ) 5 pL, T4 PNK
(10 U/pL) 5 pL, Klenow Large Fragment (5 U/uL)
1 wl), %7K 2 100 pL,20 °C 9% F 30 min, =¥ H
150 wL Ampure XP Beads ( Beckman ) Zfifk,, 4fi fb 20 %
#5218 AmpureXP Beads Ui P T £ LB THRE L
i, /il EB Buffer( Qiagen)37 pL, 2R HCE 1 min, TCFF
ZBRIEER , HHE AR S A J 32057 (10 mmol/LL
dATP 5 pL,Klenow Buffer 5 wl.,5 U/pL Klenow exo-
3 L) ,37 CHEH30 min, PIA PEG/NaCl(20%
PEG8000( Sigma) , 9% NaCl( Sigma) ) & 50 pl,
HEMER, IR AmPureXP Beads Ui B 47 =
PR M5 B, il EB Buffer ( Qiagen )41 pL, %
TRBCE 1 min, JOH 2 BRIEER , N AN P 4 3k % 42
IR (P AR A B 0 4% 3K (1lumina) 1 pL,
T4 ligase (10 U/uL) 3 wL,T4 ligase buffer 5 pL) , il
KAMFEE 50 pl.,22 CHFF 15 min, F=Y A PEG/
NaCl(20% PEG8000, 9% NaCl) %W 50 L, i #i
B, JF 49 B8 AmPureXP Beads 1t W1 43 i 47 2 4 % Bt
T35 4B, Il EB Buffer ( Qiagen) 75 L, % iR CE
1 min, JC 5 £ BR W 2k, O % fR L CT bk 1
Zymo Gold Methylation Kit Ff-2fi{k 2 20 pL (A< 5§
A Zymo 150 & A AT AL ALAE B REBR 2R , W)
K H AmpureXP Beads 5§ 6 15 0 & A BE K /N2
150~350 bp Z[d], % i EB Buffer % i 220 wL, il
ASCIEY #4 )2 v 335 ( Hlumina Primer Mix SplL,2X
KAPA uracil+ PCR Ready Mix (KAPA Biosystem) 20 uL,
SN FE TP 95 °C 10 min, §7 34 7F 5 (95 °C 30 s,
62 °C 30 s, 72 °C 30 s) (1pg DNA #LEFR A 10 4
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BLACHIL, 55 R TR DNA B £ SRR - D7 T T 37

PEH, 100 ng DNA K DL R R 15 AME¥R) , 72 C
4 min) , 52|19 PCR ;=¥)>K H AmpureXP Beads #F1T

Conventional
Method

EA Method

alifk 2= 20 L, Qubit M K E , BioAnalyzer 2100

R SCIZE Fr B3 A
With Beads
Method

sDNA oDNA gcDNA
Mspl ]|)igest Mspl Digest Mspl I|)igest
End Repair i“i;e}fij End Repair
Purifi!:ation With ]|3eads
l
AddTAT Adapter Add "4
Purifi|cation Purification With ]|3eads
Ligate Bisulfite Ligate
Adapter Convertion Adapter
PUFifiLlﬂOﬂ Purification With ]|3eads
Bisulfite Size Selection Bisulfite
Convertion (Electrophoresis) Convertion
Puriﬁ<|:ation Purification Purifi.|:ation

Size Selection

Size Selection

(Electrophoresis) (Beads)
Purification Purification
PCR
PCR Library
| Purification(Beads)
Purification
Library
Library
(b) EA-MJ7 iR FE & (c) WB-MJ] Zifi 2 &l

(a) CO-MTj B LK

1 =% RRBS X E#HEFERER
Fig.1 Three methods for RRBS library construction

1.8 WB-Method 3% 3238

AR SR A AR IRFEA 3 4], >R ] WB-Method
Iy WA TR (10 ng) RRBS FIH 7 (1 wg) RRBS 3¢
Eﬁ*@}i,ﬁﬁ}ﬂ [llumina Hiseq 3000 & AT
M, BRI F 20 mol/L reads DA b, A4
5 BT Trim_galore #E1 7/ BT 2 ( Q<20) K ¥
IS UE LT, bismark $E17 5 51 HEXT, 225 3 R 4] Bk
FHNZEEE 2] hel9, %5 H BE 4B A0 % 40 A | H 34k
B 3 Fh context (CpG ,CHG ,CHH) T C B3 H
AL TS T

2 4

2.1 gDNA #ZEKRREMNE
gDNA $2HUH 2R 2 PK 1k (40 AZH 2R
A, 4R QiaAmp f#i ] Blood Mini Kit, Qubit I
TE I K562 gDNA 4386 pg( Qubit 2.0
HSDNA Assay ), Nanodrop 2000 £ ] gDNA #[i i
(0D,,,/ 0D, =1.91,0D,,,/0D,,, =2.12 ),0.6% i
EWHEEICAGTIN gDNA ZHJE | FiL UK SR8 M o — | ok
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fif i FE 4571 , i BETE40 kb [ (WLE 2) . ASKRIE
R H AR AR 3RS 2 png LB DNA (0D,/
0D, = 1.94, OD,,,/OD,,, = 2.08) , f i K A 3 15

0 6.0
0 6.0
014.0
0 6.0
0 6.0
0 6.0
014.0
0 5.0
.0 50
150025.0 5.0
1000 60.0 12.0

75025.0 5.0

50025.0 5.0

25025.0 5.0

1% Top¥ision™ LE GQ Agarose @R0491)

0.5 pg/lane,8 cm length gel,
1X TAE,7 V/cm,45 min

&2

100 ngld_F DNA (OD,,/ 0D, = 1.90, 0D,/ OD,,, =
2.16) , Al BE YT A FARARME (1.8<0D,/ 0D, <2.0,
0D,/ 0D,,,>2.0) .

L] LA tpamis

K562 DNA

HEH DNA Bk RERN

Fig.2 gDNA electrophoresis

2.2 Mspl EBVIS G

A SZIGHE K () 3 Fft RRBS SCJEAE #0510 T
i F Mspl BV & % CpG Island 137 45, BT LIRS E404L
Mspl U1 255, B U1 25158 FH 37 CACH VIR,
PEREREUINE] 1 h B E A5 10 U,20 U,40 U, FiAR
P Mspl [REVIRRYE , BEPE 10 U (RS 15 B DI A [A)
%07 0.5h,1.0 h,2.0 h,4.0 h,0/N(16 h) ., it
VK (ULEEL 3) W] LA 2, Bl FH il KR D) B ) A4
FEARELE Mspl (B DIBOR B =, BT LA DB [i] B AR
() Ff B2 0 & i) 2% A8 10 UL 0.5 b, il D) R B
37 C X HEFFEUI, 10 U MBS HEC 20 LK
1 weg DNARGY) 7E %, i AAS P8 1 100 ng DNAfift
H110 U,0.5 h,37 CHIBFIIAAE5E 2 nT LI L E 4,

| . ~200bp
<« ~120 bp
- ’ <« ~40bp
"M 05h1.0h20h40hM ONI1.0Oh1.0h Time
10U 10U20U40U  Enzyme
3 Mspl EgI &ML R KGN

Fig.3 Mspl digest condition optimization

2.3 RBEX/NEETTERL
AR e A AR I iR R AT R N
( Cluster Generarion) , %% ) v %F DNA B EAR
—EELR RS Numina B 7 f# R, IEH N 00T, B
BN FE SR DNA Fr B BETE 200 ~ 500 bp Z (8], FiF
PASCIZE i Bl Rt /N 25 5 el Jli e e vy 947, 3%
W A5 07 BE 638 19 DNA R B R /N ok SCPE# e vh
AATERA g — 2 T3 b, R B e B O — A ETE
FBRF Sk IR 4 Sk R AR I B 2 Ui
MR IS, 5% Wy Sk ZRIK S = 38
AR 50% IR R B vt dw LAY 7 15
DR BRI HL K, A DR R B2 i DNA BEAR /D S 3K
EHE SN I 7 W TE B MR R R b BE AR N RE W BE
SV I 25 Sy 2 ) JF 5 11 OB AR, B DA
AR T Carrier DNA (7 J7 20 2 55 #870 BE
FE MR | BT AE v BER /N R AT, 2 208
A R A0 PR L i 277 W), Carrier DNA PR 7%
WF 34 S 7 91 e R 2K PCR 54 R 2t
4G, T LA 23 52 i g5 26 09 I 7 45 2R AR SR
HIIMA Carrier DNA FIR A Carrier DNA #17 X}
PRSLE , 5 LA TE BXUIR R BEI ( LI 4 (a) ) Y
ATHEREE B W] AR 2 B i A Carrier DNA [
FI A L vk - BE X 38k (150~ 350 bp) AN A Carrier
DNA 1 H B9 L UKk F B DX 8008 M, U e i vl LA B
PRk ZRAK S BT 9153 I, A S0 s BN
JEIF B 7R e Il e o A b, s T Il R, H
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LAY, 55 TR DNA FEAS (9 1] A6 FH S AL SO My i 7

39

Carrier DNA A DLIURM i A Hf (9 SEAR B, DT 38
B2 5 R H

I Carrier DNA 1477 32 0] DL i Ji =] i
(33 B fdiE DNA 38 5 BrRARHHEE I 5 140 2k 547
SRATIKE 509% VA b, o8 T i — bk R T
FRELWEER ( Ampure XP Beads ) #5477 SCE I /N 6 |
B ) PR PR BE WL R TE PEG IS2 W T, 454 DNA
WRE T2 A8 AL, PEG & & s, AR W 455 1 R
BotZ W BoR/N FORE  BRES & 10/ Bt ik
Z R R 19 PEG X377 19 DNA 377 07

(a) Carrier DNA$
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120 |
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40
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20
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i LE

-20

T, A8 BB MR e i VRS 23 A (DI 4(b) ), B
EIFR AT AR, 12% ~ 15% 1 PEG ¥ B B 28 7] LA
/& RRBS UM T2, NI IE % ) Z v HE
P RS2 TR SZ 58 U R - B 1wg Fragment DNA
(200~600 bp) , 4353 12%/15% 5 36 1 10%/12%
ik , 3K H BioAnalyzer #£47  Be R /N, #8014
FE(WE 4(c)), N 2 100 #: & Fha] LA 2,
12%/15% ] FI-T RRBS SCJFE 4 8 i H B /N
TE, 5B RE IS 43 2 VI 5 A0 L, A e e M
AR (WE 4(c)) .

g 35
(b) B ¥ FE PEGH#i 6 DNA H B
e Bk

100 200 300 400 6001000 3 000 10 380

DNA Size(bp)

(c) AR EEPEGHF I DNA F B 2100/

4 RERXNEBEFERL

Fig.4 Size Selection Optimization

2.4 EA Method 5 Conventional Method Lt
EA Method (EA-M) J5 5 224 CO-M FFAR
i e 37 il dA & I — 2, O HAE M8 A i
B2 37 3 dA ZJ5 , ELHEINA T4 ligase, I8/ T
Horp 2 2R B N8/ DNA 1%, %07 1Al
PIB AR i85 1 37 v dA 23R A IR T Taq
Polymerase 7E 72 °C T A] LAFE 3”7 3 fill dA A A4FE 1
Taq Polymerase Il A 27K i &2 114 2 v B o] s 81
37 g dA 1 B 1, JF B X — 20 19 buffer 25 46 i
T4 DNA Ligase Buffer, iX g i 15 7E #E4T T — 20 % 42

PR AT T2 . AT EH 100 ng,50 ng,
10 ng gDNA, AL AR E 3 MEE, L9 M
A4y CO-M Fl EA-M #£4T RRBS SCEM &,
AL PCR #2412 AMEFEL, IFH A Qubit &
HG T 2 Moy R B (WE 5 (a))
CO-MZEFEALHE 10 ng, 50 ng gDNA i SCZEF HEJE I,
FEALE 100 ng DNA B 3 ANEEA B H 1 A2k g,
2 MREARTERIBAL, EA-MILZEALFE 10 ng DNA A5
AR, SO i 22, AL FH 50 ng, 100 ng DNA i £
AEAT BIARAT (1 45
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ARSEHH 1 g gDNA R LHCO-MIEFT RRBS
SCIEFERAE R S5 6 1Y PHAE S B8 Z B 2 R Al
FH Qubit M7 SR B I 15 Ml 151.2 ng, IFAH
A BioAnalyzer 2100 43 %I W % BH P ¢ &
(DL 5(b) ) Al EA-M AAEER S (WLIE 5 (e) ), 1f
FHEA-MIEFYEEAY RRBS SCJE 5 BH X B8 SCEAH L

KN 43 A AE 200 ~ 550 Z Ji), A 1 R Ak
( Adapter dimer ), K H F %] BioAnalyzer2100
(Agilent ) A0 H A UEEAN 52 B R 409 1E 2855040, 2
RRBS SR DNA 5 BeAb Al 1] Mspl i85 4=
) il BT R i 3 B, AN 23 X6 I S W 45 2R 7 A AT AT

I,

1489
138.8 140.2
140
120
100
80 u CO-M
Yield(ng)
58.6
& 512 528 S
40 F I - Yield(ng)
. 0 0 0
1 1 1
(@) CO-MSEA-MJ5 & 3L EM S Gt LR E
EA-M
[FU] CO-M [FUI L 10 380
60 '\3’»‘ gob 35 I
2 501 35 ND& 70 1 o
g = Vo
7 dof [ S5 o1 e, S I
E » 2 50 “3{“/ 0 f
s AW £ Q74 -
S 30F | &%\ 8 a0t [T 1
g [ R g b N
£ RS I HHT |
o) I AV = | | ; 1 { |
10+ 30 LY =200 /I
,e\" ; 10 F \ / { 1 I\ | {
) L 0 fed M DI W N
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35 100 200 300 400500700 20010380 [bp]
DNA Size(bp)
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DNA Size(bp)

(c) EA-MF 83 F B R/ IRl R
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5 EA-M 5 CO-M #J# RRBS X FELLE "
Fig.5 EA-M vs CO-M

# 7 (a) © EA-M 1 CO-M FJ# RRBS SC/% , DNA 443 BT 10 ng,50 ng, 100 ng, ¥ 4+ FRITAT] CO-M B4 415 « bR T EA-M gt

JE;(b) : CO-M SUER/NME; (c) : EA-M SURER/NIAG

T WLHLF R (http = //swxxx.alljournals. en.ch/login.aspx ) (2017 4E55 1 4] doi

2.5 EA Method F&7E 143z

A& EA Method 5 Conventional Method H %k
455 K%L EA Method 7EALH 50 ng DNA i 45
HA, CEAMRGNECR, AT #2200 EA
Method F%E 5E P, ¥ 600 ng gDNA ¥ 253 jif 12 £y
(415 50 ng) , & EA Method ¥£1T RRBS %4
a2 ffH Qubit M SCEMFRIFGE T CV(ILEL 6) , &
L EA Method 7EALFE 50 ng DNA #E4T RRBS SCJEH)
R R, SO AR ERAE (CV<0.05) .

10.3969/].issn.1672-5565.2017.01.201609001 ) .

2.6 WB Method 5 EA Method tb %

H ERBFSE T LR Y EA-M X TR R A 1Y
A PRI RAR S R R R 75 2 64T YT SR 2 K DNA
R FEUEPE 50 ng LT BIREATS LA IFIME , R T fiE
PE—LREAK DNA H & 5 AR Ak SCPE o o, 76 G BR 07
VESCER/NIT RIRE T #S T 2 FE% DNA 51
R SO 2R % RIILHAAET . DNA &
FE SRS &, KKk /> DNA 55 85 1 U8, 2 5 B
LBAROFESR, R RS CO-M LML RIEEAM



55 1 3] LAY, 55 TR DNA FEAS (9 1] A6 FH S AL SO My i 7 41

] AELFE TG T 20 DNA #8506k 45 A 7E—ik
HATHEE Ak )5 % >R PEG Buffer 47454 F1
VRGeS N AT, ) PEG WREEY N 20% , 1% 4%
RV H R 12%/ 15% A TH 0, AL 5K T EA-M
EAE R RE 4331 10 ng, 50 ng, 100 ng 4 2 L,
RRBS SCEAHEESE UG , Qubit HEATINE I 483 e 2
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Yield(ng)
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M (WL 7(b) ,7(e) ), &I WB-M EAEAL B filit
DNA A E L EA A SRR GE  JAT] DL E) 3 %
RSO S JF ARSI SRS EA A &
JE—EE(WE 7(a) ~E 7(c)),
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Fig.6 EA Method stability test
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Fig.7 WB-M vs EA-M
#7E:(a) © EA-M Al CO-M #J# RRBS 3%, DNA #2403l 10 ng,50 ng, 100 ng, ¥ {0, = dR7FEAE A CO-M #2040 « Rl ] EA-M 2

JE;(b) = CO-M SURER/NGIAG; () = EA-M SUER/NM

B WL F R (http = //swxxx.alljournals.cn.ch/login.aspx ) (2017 4E58 1 8] doi = 10.3969/j.issn.1672-5565.2017.01.201609001 ) ,
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2.7 WB Method 72 M illix

G WB Method 5 EA Method H %5 ik 5 1Y 45
R, & WB Method 7EALFH 10 ng gDNA & 4f &8 1},
WA EMAR, T — LM WB Method
MIFSEPE #4120 ng gDNA 453 B8 12 AR (RR4y

WB-M
Yield(ng)

10 ng) ,>RH WB Method #£17 RRBS SCAEA 8
Qubit M5 SCFEASRIFE T CV, Z B WB Method 7£
AbFE 10ng DNA PEFT RRBS SCIE M EERT , R 5
PR AR RS (CV<0.05) (WL 8) .

u WB-M
Yield(ng)

B8 WBARREMEMR
Fig.8 WB Method stability test

WB-M 31 SE38

] WB-M X 3 AN AR PR A 70 ) AT i
(1 wg) RRBS Flf# & (10 ng) RRBS 3L & 31
Ilumina Hiseq3000 ~F 5 _E#E47 PE150 I, B:4-FF
AP35 20 mol/L Reads 4%, ZCHE(H H Trim_
galore FHATEE i QC(WLF 1), Al L 3 A4 mAEAR
F3 XD A A B QC 25 2R — 3, 15 2] /5 it
(Q Score>20) HiHi 5 , B Bismark K545 Hxf 2= A
KB (hgl9 WA , FI B B H 5 5 il X A
AH I Unique Reads $I1] 3K 65% (L3 1) , PR 15 3]

2.8

M bam SCAFGEITHAML S FE A A A5 FE AR L1 M
R T R AR R A A 22 57, AT L AN ] H
SIS R A = A ST S RRBS
SCIE () R 1, WA X 33 & SE 7 Reads 19 9 3k
(WLEI9(c),9(d)) ,JF H A 5 CpG X I 2X LA |1y
reads /i bt 80% L) 1 (WL 9(a) ,F 9(b) ) , W& 44F
TEE—B, &gt T EAGEE L A0 CpG,
CHG,CHH =FA[E ) context T C LR HH 34k Eb
Bl , oA CpG context Fey WL ( WL3R 2) , T LUE 2% &=
FCEEREAS ) H A KOP R R — 2,

x1 WBHREIEHIEQC
Table 1 WB Method Data QC Analysis

Total Reads Filtered Reads Remain/ Total Reads Unique Mapped Mapping
Sample ID (Num.) (Q Score<30) ( Num.) % Pair( Num.) Reads Pair ( Num.) Efficiency/ %
Hm1-10 ng 34 256 516 110 047 99.68 17 018 211 11 651 930 68.47
Hm2-10 ng 23 555 452 87 623 99.63 11 690 103 7 499 263 64.15
Hm3-10 ng 31 868 170 71 149 99.78 15 862 936 10 820 557 68.21
Hml-1 pg 39 004 032 82 525 99.79 19 419 491 14 134 808 72.79
Hm2-1 pg 27 431 948 44 967 99.84 13 671 007 9 150 814 66.94
Hm3-1 pg 26 980 010 48 779 99.82 13 441 226 9 194 982 68.41
&2 WB#HXE CpG,CHG,CHH i C EFREL LS
Table 2 WB Method MethyC Content In CpG,CHG,CHH %
CpG context CHG context CHH context
Sample 1D
Methylated Rate Methylated Rate Methylated Rate

Hm1-10 ng 66.40 3.40 3.20

Hm2-10 ng 69.60 4.10 3.80

Hm3-10 ng 69.80 3.60 3.20

Hml-1 pg 72.20 5.30 5.60

Hm2-1 pg 70.60 4.60 4.20

Hm3-1 pg 71.00 3.70 3.30
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Bl 2 Fe A% 2= I ST R, AR P 7 Y 3
AR P I 5 D7 vt R IR 3 22, RRBS (3 16 Y 3%
16) W5 LA 2R3, o3 BRI i B AR e N /B R R
() F AR RIS g s A . RRBS SCPE S T 3 i
FEACLE PR ) OG5 20 B P RO [ R AL S . (1)
RRBS CPEFFELT G Mspl BEUIRYRHE ; (2) RRBS 3¢
JE WA # Sk ZRARAFAE (29 125~128 bp) 5(3)
SCE R AR 2 AR P AR 7 5K (20 ng DU
1) 5 (4) BT AR E M (P E A ) & . RS
Hf A 2 ARGt 36 T i DNA FR 5L AY RRBS
SR T, v LIRS A D LA 4 ANl AT
52 RRBS SUEM Tl 2y ik, &, &ad
Mspl B VI AL 5256, i T Mspl il 19 S5 0 i U0 2%
F, I HLAE B 28 SCHE AT DL B B & BN gDNA
B Mspl il 52 54 [l V) (0 45 4F 17 51, I HLSCE 73 A 78

200~ 600 bp, A F T 7E M 7 AL - i A7 9 e g
(cluster generation) ; Ly, 8 o B B R /N e 4k
FE VIR A 3 N A carrierDNA 42 155 15 1) B R
B, PR3k RIS B 9 R BERIA 805 88, R Bk
e m AN ] L 1) PEG W BEKE/IN B 5e 3 22 Bk,
Ty 0T LA 80K B Sk AR 2B, SRR S 19
I P30 B v i 5 = EA-ML 508 i R o s 42 L
B« A” RN, A IR — 2, KR4 T 2%,
MATTHE 55 DNA [RIICRCR | SR = e SO R R
HAY, WB-M 7£18 118 DNA [ & 7EREER 87 0
/b DNA 836 B U 88, DT 418 /3 e 28 SO i, 7
T 75 143 A UR 20 25 BR AN /D DNA 55 B8 U B £
JERR R T SRR, M SEEL 10 ~ 50 ng fi DNA
LA HE 5 1) RRBS SCEEF L 5 dc )i, 40 ilid ik 2 by
PR E PSS, T LA B 2 ROy kA9 nl iR EAR
T TR AL F] 100% , I H AT %Rl —4> DNA £
AR EEIETT LA F] CV<0.05 BYE R, F W% 2 F
Jr A HE RRBS SCER e s, I H WB-M [H 4
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PR FHREER A AL 38 TR T AR B e
P R TR B A 850 N T2 571 ok 1
IR,

AW RO IR R AE T DNA R G541, i
DIARYE AR DNA R Ih &, A T 2 For %, Hp
EA-M 7] LL%F %t 50 ~ 100 ng #9f# & DNA FE 5 1
RRBS SCEA A, WB-M 1] LLAFX} 10 ~50 ng FfHR
DNA F£ i i) RRBS SCEREE, SR 11T WB-M 5 24t Xf
50~100 ng DNA & i 23 A AP A8CR o J R 4
TL(1) &t 2 A RR R & B, > DNA $6 5%
UBOAT AR K AR DNA 78 £ v A 45 RE 4 13,
DNA ¥ [BE 7R X DNA [ Bt B —EF
YERL, Bt L WB-M J5 58 FT DL 0P~ IF 1) A ity ik
DA A R Bl U)K I B #1405, (2) Unique
Reads Ratio( ME—ANEE & Reads H 1)) & A0 7 %%
P s i — AT bR, TS Iz A8 AR 1 R &
ZLZ DNA B In 5 FSCEM T PCR MRS, A
PRABURE5E B9 1% B DNA RRBS SCJE# 2 7 %5 i ih
DNA FEAS i /0 BUCR 52 M2 A8 A i i 29 R 2 DRk
Al A5 0k SCRERE T PCR EERE, 1R A 5
M CEER R . WB-M ] LIA R0/ DNA $5FE , i 5
2/ PCR IGPREAE BT R, 76 5 225 v, &30
50 ng DNA IR FEA B 0] DK 28 PCR I3 IR EL
F#AIK 2 10 7K, 10 ng DNA 246 AT A 24K PCR fE34F
R 14 W KRBT BRI A R, 2l 2 F
TR H R & B, WB-M J7 Bk 76 # # {5 DNA
RRBS SCJERT, [ CO-M 1 EA-M B &4, {H EA-M
FESCHER A 1] AT — e L3, IR R isi /b T i Ak A
SR P, B L EA-M 384 3 RRBS SCJ% Eb HiAth 2
FJ5 B0 24 1/3 BFl, 55— 5 1, N2 % # ok
F,EA-M WA & CO-M 1 70% 2547, WB-M 1Y Ji§;
A& CO-M 1 77% Ze 4y, T LAAE 4T 100 ng 247
DNA &4 RRBS SCFERT, MBS ] F1 28 55 19 #A B L
HEFEMTH EA-M LT SO g BN kR,
WB-M B 75

AP 5 Hp DR i T K R A fl e R AR A 5T (491
AR, WA R BT R Tk
TR gDNA FEAS | J5 HIIAIE WB-M ([ WB-M J7 % ffil
BSC PR R AL T EA-M 728, H 76 S2hr I H
WB-M J7 Z8 B3 A o i 6 AR & J Ty 1l v AR 354
S I UE T WB-M J5 %)t HAH T AR IR
A I B2 Al & B WB-M 7 [R] B b B R
EFEAR R FE AT, Unique Reads ¥ 7] 35 3] 65%
PIE FFH AT &R CpG context H C Hif & 34k L
B AR = — B, AWFIE P K WB-M B AR
I F B AT BIREA AL B H AT AR H T

FFPE FEABYALFE N WB-M J7 223k , 7] LA T
FFPE FEA R AL I BAEHEAT Mspl B§Y)Z 5, W Af
UDG #i1 FpG %} FFPE 5 DNA #£4T DNA 1542 |
NI i SCEERG R 3, B AP AR 1Y
KR AT M -tz R BB B2 Wi,
PGD, CTCs 55 , AR SR 58 rh #EFE ) WB-M 5 284l
AT 7 FH T P44 ST, 38 o S 2 ) B A A
Yiffd DNA b 3 J5 , i FH WB-M J5 17 il
DNA F£ il () RRBS SCE#4 &, AT L3R4S /& T 3 19
RRBS SCPE, O J 200 77 A A5 B3 B d T T I 5k
ek,
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