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« Back then: millions of clones (thousand bps) in 9 months for billions of dollars

« Today: billion of short reads (35-100 bps) in a week for thousands of dollars

« Claim: Assemble a genome in weeks for less than $100,000












Sequence first 35-400 bps call
them “reads”

GTTGAGGCTTGCGTTTTTGGTACGCTGGACTTTGT
GTACTCGTCGCTGCGTTGAGGCTTGCGTTTTTGGT
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
CTTGCGTTTATGGTACGCTGGACTTTGTAGGATAC
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
GCGTTTATGGTACGCTGGACTTTGTAGGATACCCT
GAGGCTTGCGTTTATGGTACGCTGGACTTTGTAGG
GCGTTGAGGCTTGCGTTTATGGTACGCTGGATTTT
CGTTTATGGTACGCTGGACTTTGTAGGATACCCTC
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
GTTTATGGTACGCTGGACTTTGTAGGATACCCTCG
TCTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTA
TGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTA
GCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTAC
TATGGTACGCTGGACTTTGTAGGATACCCTCGCTT
TCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTTTG
CGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCT
GTTGAGGCTTGCGTTTATGGTACGCTGGGCTTTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC



Available platforms

* Major player:
— Illumina: HiSeq, MiSeq.
— LifeTech: SOLID, lonTorrent.
— Roche 454,

e Others:

— Complete Genomics
— Pacific Bioscience
— Helicos



lumina

e Eight lanes

e ~160M short reads (~50-
70 bp) per lane

~7 cm

~2 cm

Hlumina “flow cell”

Image: Illumina logo, http://www.illumina.com/




1 cluster
prepared sample

DNA with adapters (~5 ug)

lllumina/Solexa solid-phase amplification 100-200 million molecular clusters
one DNA molecule per cluster

Bridge amplification




nucleotide dye

mcorporatg nucleotides, | T repeat: incorporate new
wash and image cleave ihe dye nucleotides, wash and image

Sequencing all bases at once




Images from sequencing machine



ACGT ACGT ACGT SR
base 1 base 2 base 3

millions




Raw sequencereads from NGS

e Large textfile (millions of lines) with simple format.

— Mostfrequently used:fasta/fa formatforstoringthe sequences, or fastq
formatstoringboth the sequence and corresponding quality scores.

e fastaformat:

read name ———>{ >5 143 428 832
read sequence ——> GATATTGTAGCATAACGCAACTTGGGAGGTGAGCTT

>5 143 984 487
GTTTTCATGCCTCCAAATCTTGGAGGCTTTTTTATG

>5 143 963 690
GGTATATGCACAAAATGAGATGCTTGCTTATCAACA

>5 143 957 461
GGAGGGTGTCAATCCTGACGGTTATTTCCTAGACAA

>5 143 808 403
GATAACCGCATCAAGCTCTTGGAAGAGATTCTGTCT




fastg format

— read name
@HWI-EAS165:1:1:50:908:1

CTGCGGTCTCTAAAGTGCCATCTCATTGTGCTTTGTATCAGTCAGTGCTGGA «—— F€ad sequence

+ €—— separator
BCCBCBSABBBBBBB:BC=8@BBA: @BBeBBBCBB<9BBAC ; A<C?BAAB<# q\ quality scores

@HWI-EAS165:1:1:50:0:1
NCAACCCCCACAGTAATATGTAAAACAAAAACTAAAACCAGGAGCTGAAGGG
+
#BABABBBBBB@08<@?AQ@7:AQCCBCCCCBBBCCBB=?BBBB@7@B=A>:2
@HWI-EAS165:1:1:50:708:1
GGTCAGCATGTCTTCTGTTAAGTGCTTGCACAAGCTAGCCTCTGCCTATGGG
+

BB@A; B>@A@R@=BB=BB?A>@Q@>B?ABBA=A?Q@>@Q@A:=?>?A@=B8Q@EAB
@HWI-EAS165:1:1:50:1494:1
CTGGTGTCACACAAGCAGGTCTCCTGTGTTGACTTCACCAGACACTGTCATT
+

BCBBQABQ@ 1ABBBBBBAAB?BBBBAB<A?AA>BBE@?1ABBA@BBBAR;B>>:



Single-end vs. paired-end sequencing

Sequence one or both ends of the DNA segments.

Single-end sequencing: sequence one end of the DNA
segment.

Paired-end sequencing: sequence both ends of a DNA
segments.

— Resultreadsare “paired”, separated by certain length (the length of
the DNA segments, usually a few hundred bps).

— Paired-end datacan beused as single-end, butcontain extra
informationwhichis useful in some cases, e.g., detecting structural

variationsin the genome.
— Modelingtechniqueis more complicated.



Segment 2 — Applications of NGS in
Genomics
(do not include this slide in video)



Not just Assembly

eResequencing
*SNP discovery and
e Q"'/y. genotyping
Y eVariant discovery and
quantification

*TF binding sites: ChlIP-Seq

e Gene expression: RNA-
Seq

e Measuring methylation

Image: DNA methylation 18.02.2006 Christoph Bock, http://commons.wikimedia.org/wiki/File:DNA_methylation.jpg CCBY



What to do with all these sequences?

GTTGAGGCTTGCGTTTTTGGTACGCTGGACTTTGT
GTACTCGTCGCTGCGTTGAGGCTTGCGTTTTTGGT
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
CTTGCGTTTATGGTACGCTGGACTTTGTAGGATAC
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
GCGTTTATGGTACGCTGGACTTTGTAGGATACCCT
GAGGCTTGCGTTTATGGTACGCTGGACTTTGTAGG
GCGTTGAGGCTTGCGTTTATGGTACGCTGGATTTT
CGTTTATGGTACGCTGGACTTTGTAGGATACCCTC
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
GTTTATGGTACGCTGGACT TTGTAGGATACCCTCG
TCTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTA
TGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTA
GCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTAC
TATGGTACGCTGGACTTTGTAGGATACCCTCGCTT
TCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTTTG
CGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCT
GTTGAGGCTTGCGTTTATGGTACGCTGGGCTTTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC



Most apps: Start by matching to reference

GTTGAGGCTTGCGTTTTTGGTACGCTGGACTTTGT
GTACTCGTCGCTGCGTTGAGGCTTGCGTTTTTGGT
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
CTTGCGTTTATGGTACGCTGGACTTTGTAGGATAC
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC
GCGTTTATGGTACGCTGGACTTTGTAGGATACCCT
GAGGCTTGCGTTTATGGTACGCTGGACTTTGTAGG
GCGTTGAGGCTTGCGTTTATGGTACGCTGGATTTT
CGTTTATGGTACGCTGGACTTTGTAGGATACCCTC
ATGGTACGCTGGACTTTGTAGGATACCCTCGCTTT
GTTTATGGTACGCTGGACTTTGTAGGATACCCTCG
TCTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTA
TGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTA
GCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTAC
TATGGTACGCTGGACTTTGTAGGATACCCTCGCTT
TCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTTTG
CGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCT
GTTGAGGCTTGCGTTTATGGTACGCTGGGCTTTTT
TTGCGTTTATGGTACGCTGGACTTTGTAGGATACC

CTCTCGTGCTCGTCGCTGCGTTGAGGCTTGCGTTTATGGTACGCTGGACT TTGTAGGATACCCTCGCTTTC



@HWI-EAS146:5:1:1:961#0/1
TCCGAGGCCMCCGAGGCT 'CCGCGGCGCTGNNNNNNNNNNCNNNNN

BBBE>A780; CBBBBBAA=BA=A!
m-usus 5:1:1:1595#8/1

(GGAAGCAGGAAGAGC TGGTGCAGCAGGNNNNNNNNNNGNNNNN
BOBEB<; BAA<GABI=1>
@HWI-EAS146:5:1:1:104848/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN
+
A=B7&7:>B@:A>?! 12747
@HWI-EAS146:5 166740/1
CTCCTCTCAAGGTCCCCAGHAGCACAGCCAANNKNANTNNCTHN
uccc:ccascsnnc-boo:stscmm

@HWI-EA :1:1719#8/1
CACGATCTWHAHGTMCCTCCGCCTOIIIMMGIIII

:947#0/1
CCCAGGAGMAGCCATGIT 'CAGTTCGAGCGCNNANANCGTGANNNN
m’nAhMﬂ@ﬂBﬂ@.ﬂmm
@HWI-EA! :5: {]
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : ? 7>% %% b b e e W v
@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACT CTTCCCAGGCCTCCTNCCTCCGTNNNN
1 9BBEBA5E&<B : W%
M-EASMG 8#0/1
CTCMAUCCTGACCTTT GGT GATCCACCCGCCTNGGCCTTCNNNN
:BBBBBABAAA? : (=AB@>AAA7AB?=A% %% % ¥ W%
@HWI-EAS146:5:1: 1‘951“/1
TCCGAGGCCMCCGAGGCT 'CCGCGGCGCTGNNNNNNNNNNCNNNNN
ues> 7B@; @BBBBBAA=BA=A’
M-EASUS 5:1:1:1595#8/1
'CAGGAAGCAGGAAGAGCTGGTGCAGCAGGNNNNNNNNNNGNNNNN
-t
BIB@B< ; BAA<@ABI=1>*
@HWI-EAS146:5:1:1:1048#0/1
C‘I‘GGAC‘I‘ GCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN
H7&7 >8@ >
~EAS1 #0/1
C‘I‘CCT T tMGﬁT CCCCAGAAGEACAGCCAMIIIWMCMIII
MCCCCCCBBgB7ClC-7>00=BCB(M¥mWﬂm
:5:1:1:1

@HWI-EAS14 719#0/1
CACGATCTGGGTTTATTGTAACCTCCGCCTCNNNNGNTNAAGNNNN

6: #08/1
CCCAGGAGAAAGCCA‘I’GTTCAGTT CGAGCGCNNANANCGTGANNNN
BBBS@77A7>MB@>7B-?@ >B 7B 7%
@HWI-EAS146:5:1:2:563#9,
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : 7 7>%% %% bbbt vt v v

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCTTCCCAGGCCTCCTNCCTCCGTNNNN

Variant detection




@HWI-EAS146:5:1:1:961#0/1
TCCGAGGCCAACCGAGGCTCCGCGGCGCTGNNNNNNNNNNCNNNNN

+
BBBB>A?B@; @BBBBBAA=BA=A'
@HWI-EAS146:5:1:1:1595#8/1
TCAGGAAGCAGGAAGAGCTGGTGCAGCAGGNNNNNNNNNNGNNNNN
+

BIBEB<; BAA<GABI=1>
@HWI-EAS146:5:1:1:104848/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN

+
A=B7&7:>B@:A>?! 12747
@HWI-EAS146:5 16087#8/1

crcnammcccumcuur.cmnnwmnm
BBCCCC(CBBCB7CBC-7>OO=BCBCWW

@HWI-EA :1:1719#8/1
CACGATC‘I’WATTGTMCCTCCGCCTOI.IMMGIIII

ncc1«s=7sssw7ssaamasnwmswm
@HWI-EAS146:5:1:2:947#8/1
CCCAGGAGAAAGCCATGTTCAGTTCGAGCGCNNANANCGTGANNNN

+

BBBIE?7A7>AABE>7B=7@ . >8 7B 1WA AN
146:5:1:2:563#0/.

CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN

+

BBABAABB ; AAABA77@5AAA : 2 7> Wik b Wi

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTC‘I'ICCCAGGCCTCCTHCCTCCM

9BBEBA5E&<B : ¥k
@HWI-EAS146' 8#0/1
crmnn:naccmm(mcucccccmmcmcmm

(=ABE>AAA?AB 7 =A% % 6%
@HWI-EAS146:5: l 1'951“/1
TCCGAGGCCMCCGAGGCTCEGCGGCGCTWMW

BEBB>A780; CBBBBBAA=BA=A!
@HWI-EAS146:5:1:1:1595#/1
TCAGGAAGCAGGAAGAGC TGGTGCAGCAGGNNNNNNNNNNGNNNNN

+
BIBEB< ; BAA<@ABI=1>¢

@HWI-EAS146:5:1:1:1048#0/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN

+
A=B7&7 :>B@: A>79: <; 1> 24 7%
~EAS146:5:1:1:1607#0/1
crcc‘rcrmmcccuweuuﬁcumnwmﬂm
MCCCCCCBSCB7th-7>oo=BtBtD¥¥WW«¥M
5146:5:1:1:171!

@HWI-EAS14 9#9/1
CACGATCTGGGTTTATTGTAACCTCCGCCTCNNNNGNTNAAGNNNN

6: #08/1
CCCAGGAGAAAGCCM’GTT(AGTT CGAGCGCNNANANCGTGANNNN
BﬂBS@77A7>MB@>7B=?@ - >B 7B 7%
@HWI-EAS146:5:1:2:563#9,
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : 7 7>%% %% bbbt vt v v

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCTTCCCAGGCCTCCTNCCTCCGTNNNN

Variant detection




@HWI-EAS146:5:1:1:961#8/1
TCCGAGGCCMCCGAGGCT 'CCGCGGCGCTGNNNNNNNNNNCNNNNN

BBBE>A780; CBBBBBAA=BA=A!
@HWI-EAS146:5:1:1:15954/1
TCAGGAAGCAGGAAGAGCTGGTGCAGCAGGHNANNNNNNNGHNN
BOBEB<; BAA<GABI=1>

@HWI-EAS146:5:1:1:104848/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN

+
A=B7&7:>B@:A>?! 13> 747U
@HWI-EAS146:5 16087#8/1

crcnnmmcccumcuu«cmnnwmnm

BBCCCCCCBB(B7CBC-7>OO=BCBCB“WM

@HWI-EA :1:1719#8/1
CACGATC‘I’GWTATTGTMCCTCCGCCTOI.IIEI‘MMGIIII

lCC?*&?ﬂSW?m?m
@HWI-EAS146:5:1:2:947#8/1
CCCAGGAGAAAGCCATGTTCAGTTCGAGCGCNNANANCGTGANNNN

+

BBBIE?7A7>AABE>7B=7@ . >8 7B 1WA AN
146:5:1:2:563#0/.

CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN

+

BBABAABB ; AAABA77@5AAA : 2 7> Wik b Wi

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCI'I’CCCAGGCCTCCTHCCTCCGM

9BBEBA5E&<B : ¥k
@HWI-EAS146' 8#0/1
crmnn:naccrnm(mcucccccmmcmmm

uss (=ABE>AAA?AB 7 =A% % 6%
@HWI-EAS146:5: 1'1'951#0/1
TCCGAGG“MCCGAGGCTCEGCGGCGCTWH“MW

lﬂﬁ& 7B@; @BBBBBAA=BA=A%% ¥ B
@HWI-EAS146:5:1:1:1595#0/1
umeummcnmeuﬁummm

BSB@B(: BAA<@AB9=1>"
@HWI-EAS146:5:1:1:104840/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN

+

A=B7&7 :>B@: A>79: <; 1> 24 7%

@HWI-EAS146:5:1:1:1607#0/1

CTCCTCTEMWTCCCCAWGCAMGCCMIIWMCMIII

MCCCCCCBB(BKBCJ»Q:B(BCW
5146:5:1:1:1719#0,

@HWI-EAS14 /1
CACGATCTGGGTTTATTGTAACCTCCGCCTCHNNNGNTNAAGHNNN

6: #08/1
CCCAGGAGAAAGCCATGTTCAGTT CGAGCGCNNANANCGTGANNNN
BBBS@T TA7>AABE>7B=7@. >B7B 7% ¥t h bbb e e
@HWI-EAS146:5:1:2:5
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : 7 7>%% %% bbbt vt v v

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCTTCCCAGGCCTCCTNCCTCCGTNNNN

‘Pileup” or “Coverage plot”

Variant detection



@AWI-EAS146:5:1:1:961#8/1
TCCGAGGCCAACCGAGGCTCCGCGGCGCTGNNNNNNINCHNNNN
BBBE>A780; CBBBBBAA=BA=A!
@HWI-EAS146:5:1:1:1595#0/1
TCAGGAAGCAGGAAGAGCTGGTGCAGCAGGNNNNNINGHNNNN
BOBEB<; BAA<GABI=1>

@HWI-EAS146:5:1:1:1048#0/1
CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN
+

Ae767580: ko791 20T

@HWI-EAS146:5

e e CAAGETECECACARGEACAGCCAANNNNANTRNCTNNN
Beccccccastanac-boo:stscmwm
@HWI-EA! :1:1719#9/1

A COATC OG0T TTATTSTARCETEEGCCTCNANNGNTNAAGHNN
+
BCC7<8-7085-ABATBGBBBBABRTBVATVVVVAANS
@HWI-EAS146:5:1:2:947#0/1
ccummecurmumcmcccumuucnm
ms@?1A7>MB@>7s=1@.>B7B?vmmﬁm
@HWI-EA! :5:1:2:563#9,
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+

BBABAABB ; AAABA77@5AAA : 7 7> %55 BB bbb EER SRR

@HWI-EAS146:5:1:2:1631#0/1
TGGGAA:GCAGCCTACACTCI'I’:CCAGGCCTCCTHCCTCCGMII

9BBEBASE<B : WA
@HWI-EAS146 0#0/1
nmncnﬂcmmﬂtcucccccmcmm
(=ABE>AAA?AB?=ARRHARARIAYY
@HWI-EAS146: 96140,
rccﬂmcmcc«usﬁc‘rc:ecmcccrmlmmm
ua&n?a@ @BBBBBAA=BA=ARR IR
@HWI-EAS146:5:1:1:1595#0/1
TCAGGAAGCAGGAAGAGC TGGTGCAGCAGGNNNNNNNNNNGNNNNN
+
BIBEB<; BAA<@ABI=1>"
@HWI-EAS146:5:1:1:104840/1
c'rmneuncucucmncmcummmmm
7:5B0: A>79: <; 1> 24 PRI
gm-nsus 5:1:1:1607#0/1
crcc‘mmmcccumeuur.cmnlwmﬂmm
uccccccaatsnsc-b.o:acscmmxm
6:5:1:1:1

@HWI-EAS14f 9#0/1
CACGATC‘I‘GGGTTTATTGTM::‘I’“GCCTOIII‘@MM

#08/1
CCCAGGAGAAAGCCATGTTCAGTT CGAGCGCNNANANCGTGANNNN
BBBS@? TA7>AABE>7B=7@. >B7B 7% ¥t h bbb e e
@HWI-EAS146:5:1:2:
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : 7 7>%% %% bbbt vt v v

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCTTCCCAGGCCTCCTNCCTCCGTNNNN

‘Pileup” or “Coverage plot”

Variant detection

Call: HETA, G
p-value: 0.0023




‘Pileup” or “Coverage plot”

‘Depth of coverage” = 14 Call: HETA, G

@AWI-EAS146:5:1:1:961#8/1

TCCGAGGCCAACCGAGGCTCCGCGGCCTGHNNNNNINANCHINN p—va 1 ue: 0.0023
BBBE>A780; CBBBBBAA=BA=A!

@HWI-EAS146:5:1:1:1595#0/1

TCAGGAAGCAGGAAGAGCTGGTGCAGCAGGHNIININNNGHININ

BOBEB<; BAA<GABI=1>

@HWI-EAS146:5:1:1:1048#0/1

CTGGACTGCATCCTACCACCAACTCGTCCAANNNNCNNNNCNNNNN

+

AeBTaT oBo:ns: < 0T

@HWI-EAS146:5

e e CAAGETECECACARGEACAGCCAANNNNANTRNCTNNN

wccccccas:s7c5c-7>oo=stscwm

@HWI-EA :1:1719#0/1

A COATC OG0T TTATTSTARCETEEGCCTCNANNGNTNAAGHNN
+

BCCr<B=7885-ABATBEBBEBTB BNV
@HWI-EAS146:5:1:2:947#8/1
ccummecurmumcmcccumuucnmn
ms@?1A7>MB@>7s=1@.>B7B?vmmﬁm
@HWI-EA! :5:1:2:563#9,
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+

BBABAABB ; AAABA77@5AAA : 7 7> %55 BB bbb EER SRR

@HWI-EAS146:5:1:2:1631#0/1
TGGGAA:GCAGCCTACACTCI'I’:CCAGGCCTCCTHCCTCCGMII

9BBEBA5E&<B : ¥k
@HWI-EAS146' 8#0/1
nmncnﬂccrnmmrcucccccmmcmmm
(=ABE>AAA?AB 7 =A% % 6%
@HWI-EAS146: 96140,
rccﬂmcmccmscc‘rc:ecmcccrﬁnmmm
BGB&A?B@ @BBBBBAA=BA=A%EHHEHHRHHEH RS

@HWI-EAS146:5:1:1:1595#0/1
TCAGGAAGCAGGAAGAGCTGGTGCAGCAGGNNNNNNNNNNGNNNNN

BOBEB<; BAACABI= 1> VAR - Coverag e”

@HWI-EAS146:5:1:1:1048#0/1
CTGGAUGCA‘ICCTACCACCMCTCGTCCANIIIIUIMW
7 :>B@: A>79: <; 1 > 24 7% BH BN
QM-EA514S 5:1: l 1607#0/1
CTCU“EMWCCCCAGAAGCA(AGCCMIIWMCW
MCCCCCCBB(BKBCJM:MBCMWWWM
6:5:1:1:1

@HWI-EAS14f 9#0/1
CACGATC‘I‘GGGTTTATTGTM::‘I’“GCCTOIII‘@MM

#08/1
CCCAGGAGAAAGCCATGTTCAGTT CGAGCGCNNANANCGTGANNNN
BBBS@? TA7>AABE>7B=7@. >B7B 7% ¥t h bbb e e
@HWI-EAS146:5:1:2:
CCAGCCCCTCCCCCATCTCCCACCCTGTACCTNANCCCCTGANNNN
+
BBABAABB ; AAABA77@5AAA : 7 7>%% %% bbbt vt v v

@HWI-EAS146:5:1:2:1631#0/1
TGGGAACGCAGCCTACACTCTTCCCAGGCCTCCTNCCTCCGTNNNN

Variant detection




er-ersiee:
T

7658088480
pstes S
CATGTTCAGTTCGAGCGCHNANANCGTGANNN
BT TR —
eI-EAS1ds:5:1:2:56300/1
CaGCTececATCTeCeACECTeTACCTMCCCCTannan
AMABATIGSAA: TSV
ety
TEGACOGCTACTETTECeRsGECTECTUcCTCcamman
SssosgessasssagesaABAABGS? SN
e thsie s sy
GACCTT1GGTATCCACCCGECTHGGCCTTCHIN

BAnaABe 75
emi-eAsids: iz0/1
em.csu«mnmmmmmmmc:sm

o1

79
iz
m:mmmammmm

Bccccceancarcac-rsomacacows
sty

CACGATCT GG TTATTGTAACETCCGcT
BCC7<827885<ABA7BGBBBABETBVAMAVAVAVANAY
et
CCCAGRAGARAGECATTTCAGTTCGAGCCHNANANCGTGANNN
BBBOE7IATAAABES BT SETBTMAMAMAMAAAAY

RNA-seq differential expression




=B
6:5:1:1:171900/1

R ——

BC7+<8=7085-48A7050880450

emEAsIue S 2isarmeL
GAARGCCATGTTCAGTTCGAGCGCMANANCGTGANNN

BT TR —

eI-EAS1ds:5:1:2:56300/1

CaGCTececATCTeCeACECTeTACCTMCCCCTannan

AMABATIGSAA: TSV
ety
TEGACOGCTACTETTECeRsGECTECTUcCTCcamman

SosasesnsooaneossoAness: SN
e thsie s sy
CTGACCH TTGGTGATCCACCCGCCTHGGCCTTCHNIN

0B BBBBBABAANT : (=ASGAMATAB-AVWAAVAAAWY
@NI-EAS146:5:1:1:96148/1
TR

BE8B>A700; BBBBBARSBAAVAMAAMMAMAMANAL
eI EAsits i1 dsssen
CAGGAKGCAGGAAGAGCTGGTGCAGCAGHNINININNGHINNN
BB A S
@NI-EAS1d5:5:1.1:
it R ——

76728007

BAnaABe 75
emi-eAsids: iz0/1
me.ncm«mnnmcmmmmmc:sm

7:280:0279
ettty
SecemcccchmecReRsc

BBCCCCCEBRCRTCRE- T so-BCBBWAAAA
sty

CACGATCT GG TTATTGTAACETCCGcT
BCC7<827885<ABA7BGBBBABETBVAMAVAVAVANAY
et
CCCAGRAGARAGECATTTCAGTTCGAGCCHNANANCGTGANNN
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