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some pathogenic
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Different classes of mutation operating in the human genome.
Freeman et al. Genome Res 2006



A HREEAEEER
- MRRECEIA . NEMNAEESEEAREEININENRE. KB

- B AR ERSRE R

- SRR R R TE
- RIS REIE

HAEE

IFEZHR8
MR A ERR
(XBHERIE) ;

AyeEZAE -
HREEFIREITRL
(R—HY4RpETafE)

AML1/UPNG33124

Call type: Msations:
. Néeng . AL 1 Founding iciuster t) Febipas aviched [duthe 5§ @ Ralipos ecie iDusle 5) Fathogecks mutaborn
p @ Primary speciic jister 8 # Riskpse enviched jdatter & Random mutations in H5Cs

Li Ding, Timothy J. Ley, et al. Nature. 2011



FHEEEBZER

- SRVRRISE
SIRRSBHIRA. R
- ERIEA

=, MEfAcinE

- BFIRARIEEHAN SR R X R =

SR ER-> 1D R A MIRESRRIMRE X

- AR REYMS BRI REVFNEURRN
RHREESZTeQTL
TR RS ERAK . IiyegE R PRy gz 2 el &l

Sk vl

sl

AR




PEEERAVIER, SIS HYSIERIE

0.5+

FA0Z LU FRIARFF
, BIFENEIRYARARES
_h_E/I_I\)L:EIJ {BimERpE

TSRS INMRR ZE S0

Frequency

No. with Mutation 0 1 50 138 282 219 37 14 5
Total 240 855 2894 5441 5002 2300 317 & 17

Figure 1. Prevalence of Somatic Mutations, According to Age
Colored bands. in increasingly lighter shades. represent the 50th. 75th. and 95th percentiles.
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A
Hematologic Cancer Events/No. at Risk Hazard Ratio (95% Cl) P Value
No mutation (referent) 11/3208 E
JHS 10/2326 |
MEC 1/882
Mutation 5/134 ‘ | ———eEc—— 11 (3.9-33) <0.001
JHS 3/83 1 {2.0-25) 0.002
MEC 2/51 ; - 36 (4.9-270) <0.001
Mutation, VAF =0.10 5/57 E ——————— 19 (2]1-120) <0.001
JHS 3/34 : - 21 (5.7-80) <0.001
MEC 2/23 ———— = 90 (29-280) <0.001
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1 10 100
B C
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Next-generation sequencing technologies
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Clonal Single Molecule Arrays .

Attach single molecules to surface
Amplify to form clusters \

~1000 molecules per ~ 1 pm cluster o || ~: v || '||]|. "k : i ' Axrry,
~1000 clusters per 100 pm square l I l Il I I ’ l ’ l
~40 million clusters per experiment ' |



(I) Amplification Clusters

One-molecule template
forms one cluster

Only one set of primers are used

(B- or R-primer)

233308y 1, SNESTEE
Clusters J 1000159 34, BUNHETRE

“DNA%#”

y

On completion, several million dense clusters
of double stranded DNA are generaled in each
channel of the flow cell



(I1) Simultaneous Synthesis

5% + DNARESHE + 4Fh
AR RS A&
BER

T

A
T
:
C
G

First chemistry cycle:
determine first base

To initiate the first sequencing cycle, add all
four labeled reversible lerminators, primers and
DNA polymerase enzyme (o the flow cell.




(1) Imaging and Repeat Cycles
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(IV) Raw data and fastq format

PF(pass filtering) ‘@ readVgi25MaES, "HREATFH" BERD
FETY; ERBEE1Y, BLreadBI{ETIFE.

Flowcell ID Lane# || Tile# X Y Reads1/2

11 11

SI—EAS724_F061EGVAAXX:4:120:19436:16340#0/1
CCAGATATTTTGTACGGGATGCGGTTTTGCATCAGGAATTTTTCAAACACCC
(JHWUSI-EAS7#4 FC61EGVAAXX:4:120:19436:1634040/1
ceceececeaceefdrefffeffdffecfefeffdfffcecececedfffffffefff

Reads Sequence Reads Quality W

— NRHESEFIESNE—MRE, FEMERPALEER. B MEERQVEHTHEEITME,
EXF: QV = -10 x Ig Pg%-10 x Ig P/(1-P).

ANRAEIRBIRERERR99.9%, NEERER0.1%, QVE30, Qv=ASll(char)-33,



GENOMIC SAMPLE

{Setof chromosomes) SureSelect
e svo g V00000000000C Target Enrichment System
SEERES-> ARIVAHEZES 000000000000C Capture Workflow

+ m + MV
Sequencing or Re-sequencing: |

w g -
e Whole genome dat»>
9 Paneltg I EH Y0
« Probe captureillE ™ |
ALK ROS1 RET KRAS KRAS BRAF IMNE

» RAD EgtlIillfF AAAAAAAAL 1, Woooocfmo@ + TETa
197 el L858R T79’0M PI3K HER2 m m
EGFR
12BAEHRTESE , 1687 /Run p g 9
000 LU DD q&
'”‘.’:"-..-“.”‘u"‘.”‘-. -<:-c“-‘”,—\"~:a—:_ ° EERA m sudcapan
00000000 _‘f}: ® ‘_,j.:f—‘ ) ® Wizm D’”s' -

mam @ m o A A AYAY Al’g Sequencing




Single cell technology

>14 R TN E
rEEE
> B =R
ST EAORERDNA > I IER AR
Table 1. single cell methods summary
method example advantage disadvantage
MDA |
" oW coverage;
Single Call DNA Ampificaion.  TLEAC drect — pish PCRerror
DR-Seq comprehensive soluton = .
validation limit
G&T-seq
high coverage;
Single Cell Cell Culture organoid technology  low PCR error; cell type limit

validation




MDA(multiple displacement amplifcation)

Comprehensive human genome amplification using
multiple displacement amplification

Frank B. Dean*, Seiyu Hosono*, Linhua Fang, Xiaohong Wu, A. Fawad Faruqi, Patricia Bray-Ward, Zhenyu Sun,
Qiuling Zong, Yuefen Du, Jing Du, Mark Driscoll, Wanmin Song, Stephen F. Kingsmore, Michael Egholm,
and Roger S. Lasken®

ZEFIRYT IBRA

2002 PNAS
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SCMDA (single-cell multiple displacement amplifcation )

. . . 2017 Nature Methods
Accurate identification of

single-nucleotide variants
in whole-genome-amplified
single cells

1.0

HighTemp MDA

——SCMDA P /
— Bulk " /

08

w
o
Xiao Dong', Lei Zhang'+*, Brandon Milholland'+4,
Moonsook Lee', Alexander Y Maslov', Tao Wang? & =
Jan Vijg'3

Cumulative fraction of total reads

EIRRY S B IR | A
SNV calling/5iZ% C  balndiwei

0.0

60007  CellIL11, SCMDA 6,000 Cell IL12, SCMDA

5,000 - 5,000 H— x%'ﬁ_'; =|X ?Hf%%
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8
T

readszq{585%); EBEPF
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L
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S
o

No. somatic SNVs called per cell (D
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Exponential Amplification
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Linear Amplification
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MALBAC(multiple annealing and looping-based amplification cycles)

Genome-Wide Detection of
Single-Nucleotide and Copy-Number
Variations of a Single Human Cell

Chenghang Zong,™* Sijia Lu,>*t Alec R. Chapman,’** X. Sunney Xie't

2013 Science

Z IR XINVATEIRY 185

o H—HIRE T REAEREE (93%),
SR T R,

G SINIREEIEIS 1,
R — B S

MALBAC primer

Quenching ?
at0’'C

Polymerase

Genomic DNA

Semi-amplicon

Full-amplicon

Extension = :_ s
at65C 1
Melting i
at94'C n
|
Quenching — — — =
at0’C mxn
i
Extension SN )
at65C e
/]‘\
Melting _ il
at94'cC @ (m+1) «n
Looping L
at58'C o TmE)xn
PCR U
amplification 4

MALBAC product
to be sequenced
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w) s8j9ho g

(o1}



BB ERE RIS — R ADOLL#R

MALBAC
Ch 1
romosome | II | Allele dropout rate
R B T T T —S S, ST T L N N N SR e e e 100% I I ! I
8mb 3
T L TN N VT UV T TPTS MRS ©  80% [~ i
ahrd?
-
MDA g 60%r ]
(]
=
Chromosome 1 v 40%
MM Mumm <
P e A e —— . —— T L L — S — e — é, 20%
8mb <
0% ‘
u,.l.hul th J.lu..u sl L.ﬂmuum .uL IL ]LL ° Sigma- Qiagen GE | Yikon Rubicon
Aldrich

MALBAC:~ 93% HUELE4EAES IRy 12, i
I, AT TCNVIHT i Huang, et al Ann Rev Genoric
MDA 50_70%5,\1 RS Hum Genet. 2015

ME, RESHTEOPRCNVSHT

Chenghang Zong, Science, 2012




RESEARCH

LIANTI (linear amplification via transposon insertion)

SINGLE-CELL GENOMICS

Single-cell whole-genome analyses by
Linear Amplification via Transposon

Insertion (LIANTTI)

Chongyi Chen,'* Dong Xing,"* Longzhi Tan,'* Heng 1i,”* Guangyu Zhou,'
Lei Huang,"** X. Sunney Xie'™*{

BT EEF LRI 18

Coefficient of Variation

3
25
2
1.5
‘>
LIANTI
05
Bulk
op&@;-T SrE === ]
tbh 10b 100b 1kb 10kb 100kb 1 Mb 10 Mb100 Mb

Bin Size

B LIANTI Transposon

5 £\ i
A Y, T7 Promoter -

Transposase Binding Site

Transposase

2017 Science

LIANTI Transposome

Binding and
Dimerization

C ”

Transposition §
4

” ”_ Genomic DNA
) | | . )

e 3
T7 Promoter

Gap Filling

T7 Promoter

Y

In Vitro Transcription Amplification

J’T7 RNA Polymerase

3

5
Linear Amplification
into RNAS
Self-Priming ;
Reverse Transcription
RNase Digestion |
3 5
s
Second Strand Synthesis §
d
Barcode

Library Prrﬁ;w.ﬂ:(m

i
\ N

E(97%), RS 1

1%,



LIANTI 3 E&F

%t BEl LFRsingle-cell DNA seq/5;&HIELE:

Method Sample | Raw Data | Coverage | Allele Dropout Rate | False Negative Rate
(Gb) (%) (ADO) (FNR)
Bulk Bulkl* 119 *Bulkl is the standard for comparison
Bulk2 138 99.9 0 0.003
LIANTI BJ1 86 97.0 0.175 0.459
BJ2 99 96.6 0.186 0.463
BJ3 65 91.4 0.299 0.620
MDA (Qiagen) Ql 82 88.1 0.329 0.609
Qs 84 80.0 0.438 0.673
Qs 90 91.8 0.249 0.540
MALBAC (Yikon) YK1 91 72.0 0.477 0.708
YK2 96 72.6 0.443 0.673
YKS 96 73.4 0.436 0.659
DOP-PCR (Sigma) S3 83 47.9 0.765 0.871
S4 82 45.0 0.801 0.910
S5 86 41.1 0.816 0.901
MDA (GE) GE2 96 90.6 0.304 0.615
GE4 129 92.0 0.281 0.588
GE10 90 76.5 0.444 0.706
MALBAC-like (Rubicon) R3 82 56.9 0.646 0.821
R7 82 68.4 0.494 0.758
R9 86 54.1 0.684 0.843
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Organoid culture strategy and mutation load in stem cells

Colon

\ | 7-14 days |
o - L TL)
A\ slr Ve
8 — O - —wi :
g ﬁ:h- T *e
/ Biopsy Organ0|d culture

4

Liver

Single ASCs

Clonal organoid culture

Y
[wes)

A!ternatwe reference sample'

AQ@

Blood

Boxtel,Nature,2016



Age-associated accumulation of somatic point mutations in human ASCs

Point mutations per genome

0

: '§

C

o o
i o

Relative contribution
o
N

Colon Small intestine b
_ [ ] _ 5 60+
P= 8.17x10". P=364x10° 0o | P=177x107 2
8 g
8 0 e
§ 40<
o
/‘4 :
w
 —
o 2 20
5
o 2
0 25 50 75 0 25 50 75 0 25 50 75 %
Age (years) T .
Colon Small intestine -
(——— i — _ [l Colon
— Small intestine
n=21ASCs n =14 ASCs n=10ASCs B Liver
EC>A
BC-G
B C>T at non-CpG
@ C>T at CpG
X OT>A
I = I I I .T)C
0- - [ e
44 404 point mutations 21,471 point mutations 13,915 point mutations



structural variation in normal ASCs

gl 1Yo

C a
Small intestinal AS(% 11-a Liver ASC 14-a Colon ASCs 4-b and 4-e
SR 5 O |
T 3- || S 34 Im | m | ° 34 | | il )
SNQ- || ‘ENQ- | | | | ENZ- | | o £ .
g 1 | | g 14 | | | | g 14 | T
e T e W= Ohe S
g KIE a | | | = | R
S -1 3 = | | | 8 KaAnac il
g e |1 g 21 | | | | g 21 | | T
-84 11 c-34{_| il i | @ -34_1 L ) | G T
205.15M  205.75M 94.50M 95.50M 111.50M 113.50M 102.50M 104.50M 2.20M 3.20M
Chromosome 2 Chromosome 3 Chromosome 14  Chromsome 17
chr 2 FRA2I chr3 - chr 14
g ~ 0on {Mm 3
+ TATACTGATTTTTAGGG - ATACAAQ_'_!C CATCCA
- TATACTGATTTTTAGGG  +ATACAACTCCATCCA
Microhomology Microhomology
e Colon ASC 3-c

3 121 [0 Ba 151 BeE b7 inN 1o fol S N2 S3l e G5 el B D8l Bel (2n) B 2
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A new strateqy for cultural cloning

3 culture o
limited Ny 7
~ Comparison on

cell divisions ©0 cell reprogramming
O — %Og — genetic difference

Single cell Small cell mass C
SIgie.c (~50-100 cells) ESC-like spheroids iPSCs
Model 1
| categoryl | category I | category I11 | (Mutation load) O
|
somatic mutations accumulated
during development
(~ 1000 mutations)
b
R (1 Model 2 O
DG e e ° neuron stem cells (NSCs)
S — oo L
all-iPS mouse /. . \
neurosphere
o derived from single NSC SASCS A
zygote

g0
// / 1 \ Tet-On induction
reprogramming
3 @ ﬁg s.g % iPSCs

iPSC-1-1 iPSC-1-2 iPSC-1-3 iPSC-2-1 iPSC-2-2

.:O./ 5!8
“e® —— 88

in vivo cell division

rare de novo mutations

normal cells iPS cells
cell reprogramming



*Re-sequencing or de novo

Reference Genome Sequence

— Reads mapping (BWA, BOWTIE _— Em— T - = ==
, SAMtools) e ——
— Reads assembly —_———— e ———— -

* Index reference sequences  ——
bwa index-a is/bwtsw ref.fa - ——
—is: <2Gb T —— -

— bwtsw:>2Gb AT

-

N
N
N
N
’ 35bp uoennheo‘ 330 - 430 bp unknown sequence | 35 bp identified i

*Mapping
bwa aln ref.fa short read.fq> aln_sa.sai

«Output alignments in the SAM format
bwa samse ref.fa aln_sa.sai short read.fg> aln.sam
bwa sampe reffa aln _sal.sai aln _sa2.sai read1.fq read2.fq > aln.sam
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21 31 41 ci ba

jaccciaaaccctaaacctictgaatccttaatccctaaatccctaaatctitaaatcctacatocat
R .
S T

U P
B E F BRI E AT S
KEBIANE . B the quality of neighboring bases

the alignment condition of flanking sequence
De novo or not the number of SNPs in one read
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Individual sequence
Reads ——— ——

lMapping
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l Counting mapped reads
Read depth signal R - - -

Reference genome e —

Zero level




Read Depth Ratio Profile

Exome Capture LowWGS  Deep WGS

RAD

CNVs

Minor Allele Frequencies Profile
Exome Capture LowWGS ~ Deep WGS
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o
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0.5
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Bioinformatics,2013



Inferring CNVs by combining read dept

1.0
Segment Il
%% S ti
. egmen
Baseline 9
0.0 ——
Segment |
-0.5
-1.0 4 )
Read Depth Ratio(log 2)
L ] I Ll 1 1 1 1] L] 1]
65M 85M 105M 125M 145M 165M
0.5 1
Segment Il
0.4 { Baseline s bl b
Segment |
0.3 A
0.2 A
Segment |l
0.1 A
505 MAFs
L L T T T T L T LJ L] T
65M 85M 105M 125M 145M 165M
Position

n and allele frequency

Zheng, Bioinformatics,2013
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The temporal order of 5 I BE 5 mE
replication of all the

genomic segments, is :f'ﬁ\f\frvﬂﬁ i .A‘MVMPU“\NN\M
called replication- LW_¥ L 14 PR S
timing. A

From www.replicationdomain.org



http://www.replicationdomain.org/

o) ) o -
[6,} o (4] o
1 il A

Read depth ratio log2(iPSCs/MEF)

-
o

2 — 2
mouse iPS cell
~ 1 — e s o
~ X
[=2]
o
2
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=
a
()]
©
©
©
()
m -
'2 —1 T T T T 1 I I I I
oM 10M 20M 30M 40M 50M 60M 70M 80M
chromosome 1
2
: 5.0 :
—— Read depth ratio (loess smoothed curve) E “
- Replhication timing (loess smoothed curve) 2
frsa 1
2.5 E
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'
B

ras o b atit
eV YTy
. - o
RS -t

--2.5

o
Replication timing ratio log2 (Early/Late)

'
N

-5.0 -2 -1 0 1 2

Read depth ratio of segments
denoted by CNVnator

oM 10M 20M 30M 40M 50M 60M 70M 80M

The read counts profile is highly consistent with the
replication timing in mouse IPSCs.

Advanced Science,2025



CNV number

Early S phase is extended, in particular mouse 1PSCs.

Percentage (%)

Cell TD Species Cell Type
G0/G]1 Phase Early S Phase Late S Phase G2/M Phase Total
APC Mhlouse Differentiated cell 4620 5.806 o006 35.50 0G.62
MEF Mouse Differentiated cell 5920 742 11.40 21.20 o0 22
5-2-1 Mouse iPS cell 1510 3010 35.40 827 Q7 .87
5-2-14 MNouse iPS cell 17 .30 36.70 3540 913 08 55
5-2-19 MNouse iPS cell 18 40 38 30 33 20 8. 97 Q8 87
6-2-8 Mouse iPS cell 1630 47.10 27 80 630 o7 70
6-2-15 Mouse iPS cell 17.60 4660 31.00 3.01 98 21
6-1-16 Mlouse iP5 cell 2510 26.00 27.50 16.80 95 40
GhO5659 Human Differentiated cell 76.50 3.54 0.83 17.10 Q7. .97
GMhIOE300 Human Drfferentiated cell 79 .50 5 68 252 Q87 Q7. 57
LT-4 Human iPS cell 44 70 18.10 12 30 21 .60 2670
LT-16 Human iPS cell 38 90 18 20 1600 2410 o7 20
mntESCs %
D F hiPSCs
400 . 4 2
| 12 R=-0.57 p=0.0014
~ 60
350 / 9
E o
300 /. . @ = 55 . .
f 8 g o
- 4 m
250 A 6 = & 50
200 " -
‘_’_'Lrh/ 3 w 45
150 1 0 1
202530 35 40 45 50 5 20 25 30 35 40 45 50 55 40
SPR SpR e .

5 10 15 20
Passage number

Extended S phase induced pseudo copy number variations.
Advanced Science,2025
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OXIDATIVE GENETIC NUTRITION
STRESS POLYMORPHISM

homocysteine/ SAH

methylation

'

CpG islands

S e s
promoter structural

/

chromatin remodeling and decondensation

DNA damage DNA stability transcription



Known factors that regulate epigenetic
phenomena are shown directing the complex
movement of pinballs (cells) across the elegant
landscape proposed by Waddington. No specific
order of molecular events is implied; as such a
sequence remains unknown. Effector proteins
recognize specific histone modifications, while
presenters are proposed to impart substrate
specificity for histone-modifying enzymes. The
representative histone variants H3.3 and
macroH2A are involved in transcriptional
activation or repression. For simplicity, other
proteins are not shown.

ChR, chromatin remodelers;
DNMTs, DNA methyltransferases;
DDMs, DNA demethylases;

HATs, histone acetyltransferases;
HDACSs, histone deacetylases;
HMTs, histone methyltransferases;
HDMs, histone demethylases;
TFs, transcription factors.

Goldberg AD, Allis CD, Bernstein E. Cell 128, 635-8 (2007)



RMEE A

Epigenetics are inheritable and reversible chemical or structural
changes to DNA or DNA-bound RNA and proteins that modulate

gene expression without changing the DNA sequence.

m Histone Modification @
Histone Modification
@ Nucleosome m

. methylated cytosine base

O unmethylated cytosine base

/ histone tails

\ ona
<‘.:-“\ NH, DNA = NH,
":‘\\ u/c.:N Methylation ﬁ:~"/\~

LLLLLLLLLLLLLLLLLlc 4

i

Messenger RNA (mRNA)
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5

of Brain Cgﬂg’____ Speem ! Egg
. ! sl .
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$ 3 $
Ecl(x'ie:m_- _ Germ ]

Lung Cel Thyrod
(Alveciar Cm
Cel)

Cetl

In1957,Conrad Waddington proposed the concept of an epigenetic landscape to
represent the process of cellular decision-making during development. At various
points in this dynamic visual metaphor, the cell (represented by a ball) can take
specific permitted trajectories, leading to different out comes or cell fates.

Goldberg AD, Allis CD, Bernstein E. Cell 128, 635-8 (2007)



DNA Methylation, DNAFE

DNARE(ZHDNARELZHS
(DNA Methyl-Transferase,
DNMT){ES-IRE R ENF
BEHUR, RBIREERER5-HER
EZLE (M C)RY—F SR,

EEELIHmCAY HCRERI2-7
%, —Rk, DNARREMLSHD
HIERBIERIA

AR R SR, iR ?Hﬂﬂ’@églfﬁﬂﬂg
WIEE(X I EREMIERY20-60%, Z
BEEAYIEARIZEITEIE.

.®'®' Loss of DNMTs Unmethylated

or their recruitment DNA

Asymmetric
DNA methylation

DNA Cell DNA
rep||cat|on dIVISIOn repllcatlon \ Ce||d|V|S|on
é 5 /E

Loss of DNMTs
or their recruitment

Passive DNA demethylation

DNA
é 2-0G, 02 Succinate, CO, 2-0G, O2 Succinate, CO, 2-0G, 02 Succinate, CO,

5mC 5hmC 5fC 5caC
5-methylcytosine

Symmetric
DNA methylation

H, TET1/2/3
)ij/ Fe(ll)
0

Semi-methylated

TET1/2/3
Fe Il), ATP

TET1/2/3
“on Fe( ||) ATP

5-hydromethylcytosine 5-formylcytosine 5-carboxylcytosine

Tet1 = g E=

2036 a.a. I cD l
Tet2 m o3
1912 a.a.

[ cpD — 1
Tet3 [T i =
1668 a.a. 1 cD 1

Active DNA demethylation (Tet)
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» Methylation-sensitive restriction enzyme digestion

Methylated

Sequence Cleavedby  NotCleaved by
mCCGG MspI (C/CGG)  Hpall (C/CGG)
Cm5CGG MspI (C/CGG)  Hpall (C/CGG)
CmiCGG Mspl (C/CGG)  Hpall (C/CGG)
CCm5CGGG Xmal Smal
(C/CCGGG) (CCCIGGG)
Gm6ATC SauBAl Mbol, Ndell
(/GATC) (/GATC)
GATmC Mbol, Ndell Sau3Al
(/GATC) (/GATC)
GATmaC Mbol (/GATC) Sau3Al
(/GATC)
GGTACm5C Kpnl Acchd]
(GGTAC/C) (G/GTACC)

— -

EstIDNAREMALR

Enzymatic digestion ———»
of genomic DNA

Denature

dsDNA

IP with 5-methyl-

cytidine Ab

Amplify and

label] ——

DNA

Hybridize toarray —  ~

NIRES

EDNAE

N\

Nk -

HE{LIR




Bisulfite DNABRE(V I

l 2 3% 96 F 8 9101112131415

Original DNA with methylated C"pG P G TT GCGC T CACT GCC
DNA Sequencing after CT conversionP» G TTGCGTTTATTGT T

I - v v 4 (N

Su!phonatlon /\
\
cytosine k \ \

HOH

Hydrolytic
A/

deamination
NH4*

il O /] Sequence comparison

Ml (after bisulfite treatment)

desulphonation

@HWUSI-EAST6EZ 20100507:1:1:1126:1176050/1
TATGATTTTTTAGGAAGGGTTGAAGT TGAT TAGT T TTTTTAGAAAAATAAATAAAAATAAATAAATAAAAAAATATTTAA
FHWUSI-EAST6Z 20100507:1:1:1156:1176050/1
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb "bhbbbbaa[bbbba'\aaaVbbaaaSaaZP aZP Z |]]P[Ua aa



Reference Possible Bisulfite Reads

BSMAP Watson >>CTACGGCTGT>> FromBSW — >>ACGGTT>>
:> From BSWR  >>AACCGT>>

From BSC >>AGTCGT>>

http://code.google.com/p /bsma p/

Crick >>ACAGCCGTAG>>

o R # From BSCR >>ACGACT>>
Bisulfite Read Reference
e a— i fam. >>ACGGTT>> 4 >>AGTCGT>>
@ Match D Match
Watson >>CTACGGCTGT>> Crick >>ACAGCCGTAG>>
T f— T Read from >>AACCGT>> Read from >>ACGACT>>
BSWR BSCR
ﬁ Reverse B Reverse
>>ACGGTT>> >>AGTCGT>>
J:l, Match ﬂ Match
Watson >>CTACGTCTGT>> Crick >>ACAGCCGTAG>>




Bisulfite-free direct detection of 5-methylcytosine and

5-hydroxymethylcytosine at base resolution

NH,
TET1/2/3

H.
N)j/ : _ Fel)
A

s

2-0G, 02 Succinate, CO,
5mC 5hmC
S-methylcytosine

Tet1

2036 a.a.

Tet2

1912 a.a.

Tet3 E
1668 a.a.

Traditional
Bisulfite sequencing
(methyIC-Seq)

C rnlC hmC
| |
Bisulfite
treatment
v
U mC hmC
| 1 |
l Read as
T C C

| l ]

Cannot distinguish
5hmC from 5mC

S-hydromethylcytosine

C 5mC 5hmC
TET123 TET1/2/3
)\/ﬁ/\ OH " Fe(ll), ATP )j/g Fe(ll), ATP )j/é \
BGT \\“\.\
2-0G, O2 Succinate, CO, 2-0G, O2 Succinate, CO, ‘\,\
5iC 5caC
S-formylcytosine 5-carboxylcytosine c SmC  5gmC
— Jas| =
L J
o TET l TET KRuO
| =
L cp J Ry o e
Cc 5caC 5caC C 5caC 5gmC C 5mC 5!
o o T F o L ]
co | | ;
Borane reduction
TET-Assisted | ] |
Bisulfite Sequencing v v
(TAB-Seq) C DHU DHI C U sgmC C 5mC [H
| | | | | | | | |
Cc mIC hrInC | l 1
!
l hmC Labeling PCRDHU as T
(“T m'C Gh:{th l l l
ol C T T C T Cc C Cc T
l TET oxidation l | 1 | | 1 | | ]
s A g e TAPS TAPS| CAPS
l Bisulfite treatment e
U caUl Gic-hmC
| | ]
Base BS TAB-Seq oxBS TAPS TAPS| CAPS
l Read as
I T % C T T T C C C
Distinguishes 5hmC from 5mC smG c T G T T C
when combined with methylC-Seq N N
ShmC C c T I C |




Fluorescence
intensity (a.u.)
8 g 8

-
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C G A TC
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A
'

AAGT A C A

g &

Fluorescence
Intensity (a.u.)
g B

=

1045 1050 1055 1060 1065 1070 1075 1080 1085
Time (s)

« Differentiation between modified and non-modified bases
— Epigenetics, DNA damage, new, novel modifications
 Direct observation (e.g. no bisulfite)

HE={CNIFRY : Base Modification Detection

B AE &R G

a)

Chros 2 r~ -— - ‘@ _7- - x—:i‘/

I WPy

Histone
modification S
A

p 5
—» Alteration of gene axpression

b)

Currant (pA)

1 CUGUCGAAUURAULICGCOOGOORANIGUGCE

—  Unmodfied

210 220 230
Poation in referencs

« WEMNBEEIIKILNFENERENSE —EER | XNERSIE

fast5 SAFPF R IREIRBIAEIR B HE




ATAC-seq (transposase-accessible chromatin using sequencing) %)% :

I e 0 AR T T X 3

Closed
chromatin

Amplify
= and

sequence

Open
chromatin
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Haplotype Assembly and Inference

RARXFHGEEIR:  ATAGCCTATTTCCAGGAGTCGAAGAC
kaEFHEER:  ATAGCGTATTTCCAGGAGTCGTAGAC

¥KRA1D> C C A
$FHRB 2D G C T

ABRABS> {6} {cc} (AT}

o BLARIZH & (Haplotype Assembly)
— MEL/INFISNP Jr BT R 2H 2 F AR Y
— PLri: EREOR
— B BORSCEIEHE. RS T, BEE
o BARTIHENT(Haplotype Inference)
— MBS 1R Jak BR] 2R SR HE Wiy A A Y ERZEHN/FRE
— B KT
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Live births after simultaneous avoidance of *®
monogenic diseases and chromosome
abnormality by next-generation sequencing with
linkage analyses

Liying Yan, Lei Huang, Liya Xu, Jin Huang, Fei Ma, Xiaohui Zhu, Yagiong Tang, Mingshan Liu
Ying Lian, Ping Liu, Rong Li, Sijia Lu, Fuchou Tang, Jie Qiao, and X. Sunney Xie
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