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[ Abstract]Objective : To investigate effects of methods of pre—processing and variant filtering on variant recognition in analyzing whole

exome sequencing data. Methods ; Through the calculation of depth of coverage (DP),number of variants, transition/transversion and
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non—reference concordance,we compared the effects of different pre—processing methods (FASTX-Toolkit, Trimmomatic and non treat—

ment) and strategies of single—end (SE) inclusion and ‘Hard’ filter and variants quality score recalibration(VQSR) on variants call-

ing in variants filter using whole exome sequencing data from two test samples. Results ; Trimmomatic pre—processed reads showed sim

ilar DP to reads without pre—processing, but significantly higher than that of FASTX-Toolkit pre—processed reads. With DP =10 x

and genotype quality (GQ) =20, number of called single nucleotide variants (SNV) identified by Trimmomatic was greater than that

identified by FASTX-Toolkit, but similar to that without pre—processing. With the inclusion of SE,number of variants increased signif—

icantly for FASTX-Toolkit pre—processing(28% ) than Trimmomatic pre—processing(5%). In the all settings, ‘Hard’ filtering filtered

less SNVs than VQSR filtering in small sample size. Conclusions ;Sequence reads are trimmed and/or filtered moderately by Trim—

momatic ,whereas they seemed to be over—filtered by FASTX-Toolkit. Keeping the SE is good for variants recognition in the down—

stream analysis. The ‘Hard’ filtering showed a more favorable tolerability profile than ‘VQSR’ filtering.

[Key words] whole exome sequencing ; pre—processing; variant filtering
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Design of the present study and the flow chart of whole exome sequencing data analysis

7£ FASTX-Toolkit #1 Trimmomatic Fr{E FIRI3 14 ( 3k ) F 31
Adapters/primers used in FASTX-Toolkit and Trimmomatic

19 (Hek) Fol

Paried_End_Sequencing_Primer_SP1
Paired_End_Sequencing_Primer_SP2
Paired_End_PCR_Primer_f
Paired_End_PCR_Primer_r
Paired_End_Adapter_A2

ACACTCTTTCCCTACACGACGCTCTTCCGATCT
CGGTCTCGGCATTCCTACTGAACCGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAG
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Tab.2 Filter parameters used in variants filtering
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QD ( quality by depth )
MQ ( mapping quality ) LU X o i
FS ( Fisher strand )

HaplotypeScore

MQRankSum ( mapping quality rank sum test ) X R A S
ReadPosRankSum ( read position rank sum test )
maxGaussinas

percentBadVariants
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Tab.3 Number of reads after pre—processing, mapped to the human genome and duplicative reads

. FUR/IERF IS iy ) -
ViSLyiER R T s HEITH X A
NA12878

K PALFE 37 520 750 37 520 750 75 041 500 6270719 61879 633 (90.0% )
fastx pse 15901 894+7 524 420 15901 894+6 385715 45713 923 (60.9% ) 10 458 902 35061 064 (51.0% )
fastx pe 15901 894 15901 894 31 803 788 (42.4% ) 2389 424 29295 863 (42.6% )
Trimmomatic pse 30224 628+1 173 192 30224 6284919252 62541 700(83.3% ) 5970087 56178 578 (81.7% )
Trimmomatic pe 30224 628 30224 628 60 449 256 ( 80.6% ) 4682178 55407 250 ( 80.6% )
NA18967
R PAL R 47 628 042 47 628 042 95 256 084 5413177 65097 743 (72.5% )
fastx pse 13 150 803+7 340 826 13 150 803+7 117 666 40 760 098 ( 42.8% ) 8 768 770 31841000 (35.4% )
fastx pe 13 150 803 13 150 803 26301 606 (27.6% ) 1249 364 24968 823 (27.8% )
Trimmomatic pse 25761 311+2 211 181 2576131142250 735 55984 538 (58.8% ) 4871681 50297 732 (56.0% )
Trimmomatic pe 25761 311 25761311 51522622(54.1%) 2414 402 48339 432(53.8% )

T o, B SF T IERPA S R S H 2 346 5 P 23 U 2oR s 8 E R AR B K B o5 ISR B R L) s b, BUXT R B - 2 Pl ab BB R
LRI T BIIE L BRI R A G R 5 275 SR AL L) BB 565 T 20 LU 2R HOXS B A3 TR 13 1 1 LE 4]



BERERKZFR 2013 £5 38 E5 12 #1 ( Journal of Chongging Medical University 2013.Vol.38 No.12 )

— 1401 —

435149 99.00 x 1 101.88 x . £ Trimmomatic TAL P A
SIFAEEK DP 4T, Wi & T FASTX=Toolkit, SE HYIIARY
FASTX-Toolkit 4 1) DP $ETHA 1 5. 35 1520 (14%~24%)
DI b 25 U A B FASTX=Toolkit A5 A 3231 K 114 19 A1 i
TRER R SLNT 2 DP AP35 DP,

Trimmomatic pe
Trimmomatic pse
fastx pe

fastx pse .
w/o pre—processing

0 50 100150200
L
NA12878 NA18967

-
(=)
|

0.8
0.6
0.4
0.2
0.0

DX Il s L f51)

7

H¥

0 50 100 150200
DP
A. AR PR L5 7 DP 1126 2 2k

Trimmomatic pe
Trimmomatic pse
fastx pe

fastx pse

w/o pre—processing

0 50 100150200
AR N N IR Y N S SO N

NA12878 NA18967

15 000
g
10 000

5 000

I' T T T T T T T T
0 50 100 150 200

¥ DP
B. HFRX IR R 52 DP (56 Z ik
2 BREREREMEESNEF DP HXER

Fig.2 Relationship between the targeted sequence and DP

fiiFH refGene(hgl9, & 23 652 ANME—KFEPN)1EH DP
SIS H R, B 15 737 (i refGene Y 66.5% )%
FILRBAIIR , 0T CCDS 1S 2% ¥ FIHR 1 5 (T 4 i
FE (16 188 /M) NimbleGen SeqCap EZ Exome (v1.0)4#i3fk
F IR 233 AL B DP 4376 WLIE 2B, 2437 DP<20 x
A, FASTX-Toolkit 2L 35 WS H i 2, l7E NA18967
th FASTX -Toolkit 13 JEJ5 7 23.3% (pse) F1 38.1% (pe) FHili
FFEH DP<20 x ; 1M Trimmomatic , A 4.2% (pse) and
4.7%(pe ) FIFHARILN DP<20 x , Ph_b &5 FAE RS ] i i ab 2
D52 %6 SCREA AR A R e DP 33 A 35 9 22 91, TRk
SR T U L (R AR O ) SR AL RE
2.3 EFiRME

o 0 58 B R R S S i R K11 2 SR 32 DP RIS
[RI AU i i 7344 (genotype quality score, GQ)™, GATK A AAMNE
TLE I HHE P H RS DP 22 8] 156G 2 AR B, SR
ARSI AR HR rh B DP S ERRS, AR, P
B A7 S DP ANZAEASN A8 S8 E Z M 2 &R
WY AE SO M et I VR T 1 (5 1R A S L ) o
FICEE (I 3A) , Bl ARSI 7 2640 SNV 4
BIbi% DP RSNt > ReiE e DP<Sx , 4DP=
10 x B, U S gl AR L, 18] 3B 3L T SNV 4 H
MGQ LR,

PL DP=10x ,GQ=20 rifk, FeitiH i #1) SNV £ H |
Ti/Tv LA K HapMap 1 Omni 771 EL U A 3L PR AR — 2o,
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R 28 TAL A A1 Trimmomatic THARFHRAEH ] H T £ 1428
5t ARTALERL b AR SR H 202 AHTFH FASTX=Toolkit Fiikh
BRASRN 2 %, 40P SE I, 7 FASTX=Toolkit 20+
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Tab.4 Analysis of base coverage in the tiled—region under different pre—processing methods

S PR br =20x (%) SEHIE (%)
=1x (bp) =1x (%) =20x (bp)
NA12878
R Foisb s 33755909 99 28 690 819 84 99.00
fastx pse 33239 024 98 19 250 604 56 37.19
fastx pe 32827 083 96 16 621 019 49 32.50
Trimmomatic pse 33723 550 99 27703 478 81 84.05
Trimmomatic pe 33713018 99 27582 142 81 83.47
NA18967
Sy 33 699 948 99 28 702 984 84 101.88
fastx pse 33 067 279 97 17 421 302 51 31.52
fastx pe 32478 468 95 14 069 586 41 26.27
Trimmomatic pse 33598 036 99 26 335 580 77 71.10
Trimmomatic pe 33561322 98 25970 491 76 69.72
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Tab.5 Number of called SNVs with depth of coverage =10 x and genotype quality =20 under different scenarios
SNV Ti/Tv FERAL— B
T ik I H dbSNP L HapMap Omni
I A S b B SNV
(%) SNV NRS NRD(%) NRS NRD(%)
NA12878
A Foisb 3 Hard 41844 41026 818 98.0 2.67 2.69 1.97 100 0.12 100 0.30
VOQSR 39026 38720 306 99.2 2.72 2.73 2.12 100 0.11 100 0.28
fastx pse Hard 27648 27241 407 98.5 2.79 2.82 1.66 100 0.39 100 0.58
VQSR 27310 26977 333 98.8 2.80 2.83 1.47 100 0.38 100 0.56
fastx pe Hard 23930 23543 387 98.4 2.84 2.87 1.60 100 0.40 100 0.64
VQSR 22550 22354 196 99.1 2.90 2.92 1.58 100 0.39 100 0.60
Trimmomatic pse Hard 40 146 39421 725 98.2 2.69 2.70 1.94 100 0.11 100 0.30
VQSR 37066 36803 263 99.3 2.74 2.75 1.80 100 0.09 100 0.28
Trimmomatic pe Hard 39867 39146 721 98.2 2.69 2.71 1.98 100 0.11 100 0.30
VQSR 36508 36256 252 99.3 2.75 2.75 1.96 100 0.10 100 0.28
NA18967
AR T4 Hard 39445 37973 1472 96.3 2.74 2.75 2.31 100 0.29 100 0.37
VQSR 36969 36021 948 97.4 2.79 2.80 2.44 100 0.26 100 0.35
fastx pse Hard 23787 22994 793 96.7 2.86 2.89 2.17 100 0.59 100 0.71
VQSR 23469 22747 722 96.9 2.87 2.89 2.17 100 0.58 100 0.72
fastx pe Hard 19386 18726 660 96.6 291 2.94 2.25 100 0.56 100 0.68
VQSR 18299 17816 483 97.4 2.95 2.97 2.40 100 0.56 100 0.65
Trimmomatic pse Hard 35506 34227 1279 96.4 2.77 2.78 2.58 100 0.24 100 0.34
VQSR 32919 32066 853 97.4 2.82 2.82 2.76 100 0.21 100 0.30
Trimmomatic pe Hard 34764 33513 1251 96.4 2.77 2.78 2.50 100 0.26 100 0.36
VQSR 32026 31219 807 97.5 2.83 2.83 2.77 100 0.23 100 0.33
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Tab.6 Number of shared and private SNVs
by ‘Hard’ and ‘VQSR’ filtering
NG

B ik Hl -
Hardid & VQSR
NA18967
A itih A 36 858 2587 111
fastx pse 22 855 932 614
fastx pe 17 986 1400 313
Trimmomatic pse 32 869 2 637 50
Trimmomatic pe 31991 2773 35
NA12878
ESibs 38958 2886 68
fastx pse 26 611 1037 699
fastx pe 22187 1743 363
Trimmomatic pse 37019 3127 47
Trimmomatic pe 36473 3394 35
Trimmomatic pe
Trimmomatic pse
fastx pe E
fastx pse
w/o pre—processing
NA18967 (B TE) NA18967 (TE)
Hardid VOSR
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Fig.4 Barchart of SNVs called on sex chromosomes
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