ew of the Chinese version [3]

Systematic error and Batch effect in NGS data

7£ NGS (Next-Generation Sequencing) ##i 7 #11, systematic error Fl batch effect & 5/ WL # in) 3. B AT 1#E AT g
BRI 22, RENA JE B2 5 AT I AE R AT AT SR

Systematic error S fa7E SEg it B B T RELE R Z (A PCR 47 1S. SCEERIA . MRS SEEIRHIIE S MmE. XA
F O Be XS BT A FEAS P AR AR R s, AT S ECENEAR L 1M 2 . Systematic error 7] LU it — 2245 1E 732 (41 BQSR)
KV R B P A1

Batch effect &R ESZIG AR, BREA D AZ AN HIKEHATA T, SEORFE#K Z AR EHE KB ZE . XS mZE]fekE T
ANFEIRCR 200260 A8 AHE R 2R, Wi SEBEEA Z B LB W Z . Batch effect ] DU — 264 1E
J71E (i ComBat) SRVH Kk P

TR EE R N2, Systematic error 1 Batch effect # Al 58 SR w2, (HEATTH R RAERITIEAE . Kk, 7EHEE
Mrid R 35 BTN AT A X 4y, HE B A IS MR IE T VEEATACEE,  DAGRAIE S48 1 v ff 1 R ] Sk o

Fragment GC content bias

Fragment GC content bias ZfR7EMF I A2, BT PCR § M1 S FEf| &SP IR m, FECNFE B (Fragment) 1) GC
R AN, ARSI PP 45 SR A A ZE I R

PCR 3™ 14 M1 3 2 ) 26 T RE A ) S ML AR AR AL “2 ) S R BE S5 DR 2 T RE = SR 21 BU) GC & A B, ikt PCR 74
2 FR) R IS [ AN AER, B8 S BN A INTPs. . Bt DNA S8Ry A 450, T eS80 B GC & &40 i th 3
ZZo FAUML, RSSO I A R R B BRI R L, AT RE S BUT B GC & E AT D 2= -

O B GC A RAMBIO RS9, SRt ARIMIF T+ AL I 0 RS SO 67 7 AR B, i, 6
llumina HIFReR, 5 GC ARt BUFT e S BRI MEIS. (WRS SR, IS GC &M BOTAE £ SBUSMRELT I 44
AT R

91 J8/> Fragment GC content bias 520, A LR — 54k 004G PCR 47 M9 RIS PR L2, ot 2] s bz 2% A
B S BB SR 2K PCR Y1855, 4k, AT DURA —Sefim ab B 7%, nET k-mer B IET %, XAE GC
BRI BOEATIE, AT 22 1 520 .

Estimated

FPKM
Uniform model predicts l’

ey 4 B
o — 2R

mean GC high GC mean GC

Adaptor contamination

Adaptor contamination &/ 7E SR & FEH, BT 514 (adaptor) A #7E &2, SEEENFEdE H HBLR M5
5| B (contaminant reads) . IXEERENFIFEATRERSIVIA Y, WAlEEe 55 CEFHEN R B ERE T

(junction) .

Adaptor contamination FJ §83 5 50 7 HcHE 0 H e 22 AR AT IS Ol 4N, a5 ¥ e U FNAR I B A2 AR AR R] R
5y WA XEEER ) T RE S R ARAT AR5, AT S BORMNT . BbAh, RAHI SV FIE AT e T 51 EE R AAE
TR SRS T IR, AT S e 5040 P o B R P S Ak



fragmentation W adapter ligation W

—’W—'W

N T /b Adaptor contamination [, AT DISREL DL R 45 it -

1. AEA SR ER I ARG, 8 ST s Gt AR AL R R

2. N CFERAT R AR RS, B R ST R ANAELE R B 51 AN HoAd i e .

3. fERETIACH R, Rt T BRI, W Trimmomatic. Cutadapt 45, St ¢ 41 BE 34T R B da il Al 5B 514
ZEAbFE, DABE{EK Adaptor contamination 5 .

4. FEFRH LA AR R TS R s Ml fE R, 5 RE 3] Adaptor contamination FITTREM:, SR FH ™S A B L AN 5T &
P g, DAORUEEE B AER PEA T 52

FastQC
FastQC #&— @ T 5 Bl i, v CAR T PPl e B 1 o s AN L %) o B e . "6 AT DA3E32 FASTQ A% =X il
s, HAER D HIMLIRE, Hha s & rEEMG ISR, F T 0PG5 2 AR5 0 57 & 0] J
FastQC M) = ZIh e 45

1. WAFHHEFREM: FastQC it HEMRIERFEME, HER—DMRESMER, HEH PSRN E. Bk
T DA 0 P dhs b AE R A — S B, g 2 . o AR R A4S
2. Adapter {55l FastQC W] LIS 2 SC el & 2 51 ) (adaptor) SR EEAS BRI, s I RERR 225

BRI LET5 4L
3. FHIKENMG: FastQC A UAGETHF A oA, 3 B R P A BAAAE 3 (0P SR BE At O, 40 R A B K
Fe1s

4. WERERRFFA: FastQC A LUl id EE R P51, B TRA AT REAF ALK PCR 374 i 22 B2 fil 25 17 o

example e e R
8 Dia ‘Interpretation:
QC metrics lagram: ‘Int pr tation
* A box plot of Phred
scores for every positions
. Per base : of read.
‘sequence. « If the IQR drop below the
quality red line (< 20) near the
3’end, then quality
trimming is needed.
« Problematic if read 3’ end
Adapter: contain adaptor contents.
Content. [ * Adaptor trimming can be
used to remove adopters.

A8 HI FastQC AT AR I {5 s il Bt dE AT R S PP A A B . 38X FastQC 4R i MU A AAgRe, T DGR TR AN g
FBEAFLE R I, AT i v i o3 A 20 M 48 R R T e 4k
Fastq format

FASTQ #2028 A0 iy Bt (1 — R oSCA I 30, ERE P EE: 51 (sequence) Mt (quality) . FASTQ 4%
AT AR, BANFHIREEAEENTY, T



@FORJIUSPO2AIWD1

CCGTCAATTCAT A AGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT

+
AAAAAAAAAAAA:(:D9@: : & : ?2@@: : FFAAAAACCAA: : : : BB@@?A?
2

l Q scores (as ASCII chars) J

Base=T, Q0=":"=25

FATUV @ ATk, R A BME R IR AE, A B 3 A

AT RFSIRISERR A, 8% Y ATCG B2k

FEATU ARk, JRERE S R R AR AR IRAT, B 5 ATRRSIRTEARR . Q = - 10 x log10(e)
BT RSP R e, B ASCIAS, R 2Rom il Fe i ml Sk

> wn =

Per base sequence quality

Per base sequence quality =287 24 B IS R BT A A A fE L T FASTQ A& I P48, &4 F 51 #E e 5
—/NXE L BT EAE A, A B B AR T SR (1 AT SR

Per base sequence quality 7347 T EAFE BhERATTVEAG BN R () T S0, R B i i B2 XA & 28k . fERX AN A,
T 22 i — 2% it 2R R R AR I B B A B O B AR AR R I O . AR R R 2R T PR AR, A B R XA E
WP BT 108, T e e AT A B B e

Per base sequence quality 747 7] LUl FastQC 2554347, FastQC mI LAZ: il i i sl 2k, AR 3 ih 28 1 s D S 1t — Sk e
FEFIEW . B, WRIEFIMRAERERN R RE, WA HENFH#ITES; mRAEESK, BT
T B e PP H i R, DURIEJ5 2570 A B HERf

Guaity scores across al bases {Sumina >v1.3encoding)

il }

F B B B ¥ OB OB & B 2

15
it

2

n

]

]

4

. L1 ‘

1 45 6T RSO URIBBE BT HIDANZ2NHNBIATIINIRNIHNEXRT NSO

*  The y-axis on the graph shows the Phred scores.

*  The background of the graph divides the y axis into very good quality calls (green), calls of reasonable quality
(orange), and calls of poor quality (red).

*  Warning will be issued if the lower quartile for any bases fall below the red region.

M2, Perbase sequence quality 7387 ] AFE BHERATTVEAG I 7 2 R &, s SR B A BRAN 7 SRl S B 555
Adaptor content
Adaptor content 43 #7 ] LA BhERAT T VP4 I e £ d OB BB 0 B i, R R A T B SR AT IE M A . Bldn, 7R

RNA-seq 734, mi& EAIERCES 7 51 AT RE & om0k R Rk /KPR il PRI 75 20 I P B BEAT R BR BB 8T . [FIRE, 1E
DNA Uy, i B G BC &% 7 51 B AT RE 2 UM A8 7 A ml ORI, DRI 7 et M0 P B 2 AT 38 A O A 2



Adaptor content 73 #17] Uil FastQC SF 4 FiE 1T . FastQC il /74 4s 1 & AP AE G B 287 41, It BIGRL 28 7 41
TE. MRERSRTY G EE R, AR EN P AT R A, B R BB ENERC A T8, DURUEJS 8253 #r
(RIUERR I o

aAdapter Content
F Sdapter
100
liumina Uniarsal Adaptsr
lumina Smsll RHA 3 Adapter
e llurmina Small RHA 5 Adapter

Mexters Transpossse Sequence

a0 SOUD Srnall RHA Adspter

0

0

S0

40

30

20

10

° 1224587801213 1018 24.25 30-31 2637 4243 4946 5455 60-81 §6-67 7273 7270 2485 8001 £6-9F 104105 114115 124135 134135

*  The plot shows a cumulative percentage count of the proportion of your library which has seen each of the adapter
sequences at each position.

*  This module will issue a warning if any sequence is presented in more than 5% of all reads.

GC content distribution

GC content distribution #8745 AT DNA F B GC & &0 AitE L. 76 DNA M7, GC & &5l B i1 i
BATSENE R KR, Fik, % GC content distribution {14347 7T LAES B FRATTUEAG I 546 i 1 5 &2 0 i 22 155 000 o

GC content distribution (1) #7187 & @it 22 il B 5 BIR AT, Hh X %R GC S &, Y HERRETA GC F2X A4,
1 DNA F B, Wit GC content distribution /77E B & G E B S o A il O, F8-4 5t mT 6 23 5 1 i SR 250805 3 1T 1)
HEmtE. B0, 78 RNA-seq 2 #rH, G0 #E S A7 AE BB GC w2, IBAm T EATHIN A IE, DURER K ERIE
AP HIERGTE . GC content distribution ffI 434 AT DL IS FastQC S5 8k 4381T . FastQC wJ LATHE A S BT DNA FELH)
GC & &, H%4H|H GC content distribution I E 7. Wi GC content distribution fZ7E 7 & &, A4 FastQC &2 ftAH
IS PR RE AR I, 5 B ERAT T DN 3 5 a3 A 7 A S P A B

GC distribution over all sequences

CC count per read
Theoretical Distribution

50000.0
40000.0
30000.0
20000.0

10000.0

0.0

o 5 10 15 20 25 30 35 40 45 50 55 60 65 PO 75 80 &5 90 95 100



The graph displayed a histogram of GC content over all reads.

Warning is issued when observed read GC content distribution (red) is significantly deviant from the expected normal
distribution (blue).

Trim Galore

Trim Galore & —™FHl T e 3t 50 P 2080 PR o g ) AN A R A R F TR, ) DA B P 25 Bl P 00 v (R IR 5 B P 371 A T
C YA IR N B 2 Eragi i T T o

Trim Galore ) =2 ThRe H5E LR LA J5 1 -

1. KBRMRBEFS: Trim Galore T LURYE A7 1 ) BB 2 BRI PP Bt h B BB AP 41, AT 3R e Budie (1 B i

2. KBRERCASS: Trim Galore RJ LRI FF#od & LAz P81, IR LR, DU GIE RS 741 T4

3. BiEFEHISG: Trim Galore AT LA A RN FEHE I & MSTHE R, PIIFSIKES . GC EEM. N &EY
S, DA B L VA I P 800 )5 R Al ZE 15 L

4. JFATALE: Trim Galore SCRFZLLREALHE, W] DAPREEAL B K& 10 Fr s -

Dualiy seores aress all Bases Eavgar | Fhemira 1 3 encodng) Gusity aeores soroes ol bases (Sanger filuming 19 ercodngl

34 34 .
J_J_LII :ETTT ] |
n (] — Iz
it . =Ll
e H T = L=
& 1 E]
24| L 24
z T I 2z
[ L -
HL_"‘“—-._ 20
13 I~ 1| 8
18] 4
14 [ ™
1n H
19 |
I~ a
L] ™ L]
: ! - = 2
a a

1 2 % 4 5 4 7 8 % 15-13 25-29 35-13 45-49 5593 €5-63 TI-T3 EI-B9 9%-55 h 1 2 3 4 5 & 7 & ® 1518 2520 3590 05.48 5550 BS-6D TSR BSAe oSB0
Paiion in read (o Paslian in mead (ke

Before &  After

Trim Galore S 2 Fhilll £ 5 3e 4% X, 35 FASTQ. BAM il CRAM 2, [FKf, Trim Galore it X2 MillFF &, HIE
[llumina~ SOLID. 454 #1 lon Torrent %,

Bowtie?2

Bowtie2 f&—RiHRIE [ 751 X T H, B2 Bowtie MIBGHERR, AT LA T EOX @ Bl 7 4 . Bowtie2 STHF L X #bim AL
Ui P P, TR 3 SRR 22 AN B 0 R B B, AT DA 280 B 1 Bl xof R A HERA 12

Bowtie2 )& E4¢ i GL4H AT J LA T -

1. MR Bowtie2 fii ] — it ELXT R 51" BB AR RS 3L RAL, AT DUBRIE M L Xt RIS (000 > 04

2. EAERATE: Bowtie2 fi ] —Fh et U ELXTBIE, W LA & 2N F 0 Bk 25 1) P 91 HEAT HERA EEXS

3. Riftk: Bowtie2 SZRFZ AN, WAGEFLILXT. Jm 0 bxs s Xt i Ext, AT DURSE AN R B Bt R R AN L X E
ST EE.

4. "L: Bowtie2 AT LLERVEAIRLEX R, AL SR SeiHE BRI AL B R 4%

Bowtie2 | V2 NI T HERIAH . s AR Fr U PP S5 0, 7T AR T & Al -1 & MBeia % AT B AESS . [RI, Bowtie2 i
AV 5B THEAMEE, W] DAt — Ui B 45 RATPERE .



Read Read (‘everse comolement)
Pl CCASTAGCTCTCAGCCTTATTTIACCCAGGCCTGTA TACAGGCCTGGGTAAMTAAGGCTGAGAGCTACTGS
——— —_——

Poiicy: extract 16 nt seed every 10 nt

Il Sceds
+, 0: CCAGTAGCTCTCAGCC -, 0: TACAGGCCTGGGTRAA
4, 10: TCAGCCTTATTTTACC - 10 A T
+, 20: TITACCCAGGCCTGTA -, 20: GGCTGAGAGCTACTCG

Seed alignments

(as Burrows-Wheeler ranges)

{ [211, 212], (212, 214] )

{ [653, €34], [651, €53] )
> ( [684, 635)

{1

Gl Seeds

s +, 0. CCAGTAGCTCTCAGCC

+, 19 TCAGCCTTATTTTACC

Bl + 20 TITACCCAGGCCTGTA _
-, 0. TRCAGGCCTGGGTAAA

- 10

, 20: GGCTGAGAGCTACTGS

{ (628, &25)

Seed alignments (as BW ranges) Extensi
{ [211, 212), (212, 214] ) Walk-left with

FM Index
{ [653, 654], [651, 653] }

{ (684, 685] ) '
0) —. :
I
"

{ 1624, 625] |

BW row:684: chrl2:1955
BW TOW:624: chrz:4eZ
: = BW row:211: chrd:762
BW row:213: chrl2:1935
BW row:652: chrl2:1945

Exension cancidates SAM alignments
SIMD dynamic
BW row:684: chrl2:1955 Peogeamming Le ;“ <irH ““ .
. .
Bl Bw row:624: chr2:462 e CEAGTAGCTCTCAGCCTTATTTTACCCAGGLCTGTA
B o row:211: chrd: 762 e N f? L T T

] Xol; XGll
DM::: MD:Z:36 YT:Z

BN bW cow:213: chr12:1935 1 E
ALEFH

BW row:652;: chrl2:1945

Tophat2 pipeline

Tophat2 /& —FH T-70 4 RNA WP HE i TR, AR RNA I 8088 5228 R A E AT X, JF AR sk R e s A i 7
Fefi 5. Tophat2 — Mg fE RNA WP B HAL B 25—, B Riail F BdR b iTin e, B8], KRR ER 7154
B, JERETEE KR N RIS E R b, R A R 45

Tophat2 {3 E4F RGN J LA :

1. XHEZHEEER: Tophat2 AT LABHT 4 /AL JREBELA IS #E P9 & T A EEXS, AT LUK HE A 5] 0 b ST 55 At
RARATIRSE

2. ERCRAMERPE: Tophat2 f# /] 7 —F#k N splice junctions” IR 45 F, AT LABRLIHE RN ff 2t EE 6E255 5 9 25 T I 8%
A

3. 4R Bowtie2: Tophat2 {#iff] Bowtie2 fE NFLELXT 515, W] LIAG R4 B vy bb Xof 2803 A i 1
AT ALAL AN RR: Tophat2 A LAAERGVEAN A L X T, A d6 E &% %E’JT%MJCI%%%I%%ZIKE’J&*HH SN

Tophat2 f TARFE —REFE AT LA D3

(1) Transcriptome alignment (optional)

/ B == ==
— [ — - e = =

N s [ ]

i

(2) Genome alignment

Multi-exon spanning reads
are unmapped
= == PP Lo teriaiadd >

[ M
C - — {——

Reads spanning a single exon are mapped

(3) Spliced alignment
Readsaresplit  WE—=
into segments —A
i | ¢ Unmapped segment
(3-1) Seg g tog
==
==
(3-2) Identification of splice sites
(Including indels and fusion break points) k. iy
=R

1. BENJRAGI P EE, AT R IE, 152 =5 AP 5180 .



FIFH Bowtie2 KAl Lbxs RIS H I KA F, G2 HITE5 R

FIHH Tophat2 K LEXS 4 RBEATBE— D ALEE,  REREEIR EXT AN E 2 X 45
HIH Cufflinks xF EEXS G5 RBEATHHEE, AL AR DR e AR RS R
R, AT DA A TR X i PR AR REAT E AN ZE R R A

Kallisto

Kallisto &7 F T Dl RIVE R HEAT RNA U5 & B3 TR, 5454500 RNA-seq ‘& BT EA R, Kallisto {1 7—M4 A
“pseudomapping”IFAR, # RNA FHI L RIS H S ARY I, MAESHILRNA, XM GIEAMORKER T HHEEA, [FH
BN UL ATE T A SR P R 2

ik W

Kallisto f) 3 Z4F s G145 LAR J LA 7 -

1. PREFIHERG: Kallisto BOTHREE IR HR, 7] LZE Lok AL FEE T Ji %% reads. [AIR), HEess R EHAEs
=, SRR R S B R E T
2. KH pseudomapping HiR: Kallisto [ pseudomapping FiA T LAFEAHEAT SEBR LT IE LT, B RNA 751 B 3]
SHESRARA L, KRS T E A
Allgnment-free %Transcript 1 %Transcript 2 %Transcript 3
Read 1 n 0 0
Read 2 0 il 0 e
—p 5 o 1
Read4 i o 1
3. EHTZRFEHRA: Kallisto A LLANEE Z F0 RNA Ml F4dE, A4 lllumina. lon Torrent Al PacBio %5.
4. wIMAEFNAZ B Kallisto #5845 ] LB A2 B BR80T BT s 44T .

Kallisto ) TAEHURE — M E04% DL T J LA BR:

1. 2\ RNA M F¥dE, ST mEE g, 530550207 5058 .
2. FIH Kallisto ¥ pseudomapping HiAK 75 WL 25 H 0 A H b, BB NERANRIEE.
3. ATidEHh, BT LA HAR TR R i AR AT i RN RIS

Pseudo mapping

"Pseudomapping” /& —Fi#i %K RNA JlFF (RNA-seq) Zr#rdiAR, B7EMEKE RNA W FHHE 5 275 i AT g IL AL,
DASRE i BE Z WT (3 FE AR . LU A2 “pseudomapping$ AR ) TAE [ BRI AR :

1. GIEERI: 'k, MSHEERAMTRIIWE, UEEEAPREER . KT LR2ET k-mer 1), WA PLERT
FM Z 511,



2. AR (pseudomapping) = #F RNA Il /754 il i “pseudomapping” 51 # 5 225 5 S4BT UL . 31X B
“pseudomapping”fi& {2 —MRIEILEC L, BT MEAIAT E U HITEOL T, MRYE RNA I FP A AR bR 7>
B 2 A A R R AP 2 b e XA TR s B R, TU&JEEﬁE’J%@Eé%

3. HERIL: WRIEIBIEER, RSN ER B R ARIRIE K. Xl L W ERIA T RS,
TPM (transcripts per million) B¢ FPKM (fragments per kilobase m|II|on) e

SR, “pseudomapping” HARIEIE N RNA I 7504 PO VL EL B S5 50 541, @b 7 FERT UL fE,  FFmT DAPRid -5
FR S A RIE KT E AT X RNA-seq 40 HT 7R B A B s R AR, o3& A T K% RNA-seq %1
PEEE AL B o

HARSHHEFRA?

SHLEFHR N CRDFRBLR N FAFIES, HTHT RNANF . BRELT, SEHRAERHCAAIEEAH DNA 7511 5m
K, IEHAEFSRAACTBATIERE . RAER AR RASNE T A& T, UTR *DZ?@BZ##, PR 1 2528 e s 2H mT AT 350 RNA P 58 3447 Eeox
AT, T4 3 5 PR 3R A AN SR A /K g B

1E"pseudomapping"H AR H, T ZAE SR HBAT I . FA " pseudomapping” & —Fh G T L bR LU 77, BT LB HAN TR ZE L 315
FREFHNE A, RHEWHES RTINS Bk, SEEFHRERIFARENME, RAHEERIEAE T 2B NERAT
FIENF] . EEREIT, SHEFAR B AR U0 NCBIL Ensembl 42 AL .

Running time of different methods

Stage
@ Alignment
[ Quantification !

—
T T T T T T T
TopHat2 Bowtie2 Bowtie2 Bowtie2 HISAT Sailfish Kallisto R —— 3
+ + + + + iNature biotechnology
Cuffinks RSEM eXpress EMSAR Cufflinks 345 (2016): 525-527..

method R t

Altra fast.

'+ For DNA-Seq based assays, bowtie2 is recommended. ‘
-+ For RNA-Seq based assays, Hisat2 or Tophat2 is recommended.

Why not only use alignment-free methods?

MR TGN T LU 755, BT EA 208, Wk R, THE A TR o7 2o R 22 e S 4k 5
AU BAh, TBHNHTTEATESERERNAR M FIIREGEE, FENRE, EHEEE .

B, XA SRR, K B8RSR e 8 T HO B R AE R IR AR . X RN XS 7k
WM LB P SRR BAR K, AR IR P A, XA e S BOER TEA R B FAIR. Behh, —SLTE U R T5 VA AT REXS K
Yy SIRHEBE A A W2, BT I AER P BB 45 R -

Bl @SRRI E S5 T RS S, DIRMEEAMS R, J=REFFI 0 e AR e e A AT etk . B
HKt, FTHXRINEIBON R Z R FII ehrdE, B 7% CHAE R RN A ME T A, JEH
X BT R AR 2 S B SR A



I HISAT 2 vieatureCourts
't 050 TGIRT-meg
Kaligto
I Saknon
.25
00
Pipedine
b Ry s PN (S oo
1.00 F-J
.75
0.50
Il HISAT 2 vleatureCaurts
T GIRT-mse
Kaligto
) I_II I l. |s-m
0.00 I1'
Fipedng

* R FEINEAAE G R TR 5F BT R 0 WIS B AR (s B gmig 2D BB TERE .
* SR, TEXSFFITIELE AT R B AR FRIA I ZE R A/ RNA 7T BRI, FRAE X 2/ RNA B 2EY7E T

* I, BFEARE (bind KNS, FEWEE R RT3 B DS BE A JEXT 55 A AT AT SR R AL .
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