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K- spectrum - based Analysis for Error Correction of
Next Generation Sequencing

Biia s ERRE T R mMTF L RERE
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(1. School of Computer, Electronic and Information in Guangxi University, Nanning, Guan-
gx1,530004, China; 2. State Key Laboratory for Conservation and Utilization of Subtropical
Agro- bioresources, Guangxi University, Nanning, Guangxi, 530004, China; 3. Information
Network Center, Guangxi University, Nanning, Guangxi, 530004, China; 4. School of Elec-

tronics and Information Engineering,Qinzhou University, Qinzhou,Guangxi, 535000, China)

BE LRI IA KT — P (Next Generation Sequencing, NGS) 2] 55 55 1% F T B 747 70 Hr . 2 1 2 T
Hadoop - & B 24550 1, LR g B3I b 3 mb 3H S0 AL P A7 AS 2 i A7 ) TR G Y ) 30, 428 T 2l ke . K
3% M AR 22 1 8008 X B 1 5 T K-spectrum (1 20 45 550 125 3 47 00 320, X 2% 2 % T 5L 09 52 47 W [0 pA) A7 e £
DUGE LS RIEAT LR AT B 24 T R M RE . A B LR 142 1) Hadoop 43 7 247 2 4 5 3% (Parallel algo-
rithm) , 3 55 #17 # )% . Lighter Fl Racer #17 HE . 457 43 M X OFAT LM T 470, [ERIMNA YT K-
spectrum [ 2 4 T B i 77 7E 5K I I AATHAE LS . Hoir Racer I Sga 9 21 85 RCR BT . 1 Hadoop 431 X
JEAT 214 B3 % T B AL BAATL P9 A7 1 T AR BEAIR , 2 500 o W i — S B, T AT 20 A XU T Y 58 S 1R] LG BR AT
BUFE P T /b . DR YA B 5T 32 i 1 Hadoop 4378 SOFAT 2l B ALK T A7 T4 46, T B4R s Tid &
PERE , B8 A ] T RO I DR BSCHE 149 43 B AL 3L

KA NGS FEE4HEIRBIE Hadoop K-spectrum

HESES . TP301.6  XHEKARIRAG.A  XEHS:1002-7378(2017)01-0007-05
Abstract:[Objective] The existing Next Generation Sequencing (NGS) error correction algo-
rithms and tools are analyzed and summarized.,and an error correction tool based on Hadoop
platform is proposed to solve the problem of insufficient memory and long running time in
large data processing. [Methods]The existing K-spectrum-based error correction algorithm is
tested with the specific data,and the performance of the error correction software is meas-
ured by comparing the run time,peak memory and error correction result of each correction

tool. A new error correction algorithm is

WA B .2016-12-20 designed by combining Hadoop parallel
VEZR A I (1993 —) , B Wi L BRS04, 2 M AL W (S distributed program and the algorithm proposed
B2 R R R in this paper. A comparison is made between the

x [ RRL 2 AT H (61363025) 1) 7 [ ARk 3c 4 serial program, Lighter and Racer to analyze the
ST E (2013GXNSFDA019029) W B feasibility of distributed parallel program. [Re-
w xSV R (1972—) , B 45, T SR ss4g sults] The existing error correction tools based
H: W15 B2 9%, E-mail: gingfeng@ gxu. edu. cn, on K - spectrum method generally have large
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memory footprint,in which Racer and Sga have better error correction effect. And Hadoop

distributed parallel error correction algorithm shows lower memory consumption on single

computer. When the data size exceeds a certain value,comparing with the time of the serial

single program, the parallel and distributed computing time significantly reduces. [Conclu-

sion]The parallel error correction program combined with Hadoop improves the memory and

operation performance of the NGS error correction program based on K-spectrum, which is

good for the analysis and processing of large scale gene data.

Key words: NGS, gene error correction, Hadoop . K-spectrum
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[FARE XY F —fRllJF (Next Generation Se-
quencing , NGS) ™ &5 — 8 DNA U F AR H 3%
-4 Illumina. Polonator, SOLID ] /7 X 4. X
SESP- 5 HAE R BR 0 R I J7 kL R FE R DNA
FEACHY S i 2E 4T B E ) DNA A B S0 28
GBS, AR GERY I F O AR L NGS HA &
BT N Sy =R 7 W (SR G | NS DS 7 B v
R RS R L T R SRR 0 AT 5 B
IE HA TE b AR 02 el iy 1) rh R B RE L SR S
T I R E SN AT B AR . THEAL 2 A Ak B Y
WL & BT — A 0 2 8 B, LR R P S8 IE 1Y
PERERI T & . PRIt A BF 58 0 B0 1 2 45 T B A7
PO 20 OGBS BRI 2 25 AR A0 5 it 5 SE IR A7 4y
Ay AR A L i R ORI B DX 54l o i A 3 b o
FEHLNAF I AR R F iz S RIS A 1) R, CAT A BF 38
BERIA NSRS E AL FEET LT 3 frik
S GE g #EAT K-mer™ GE3F 9 B T K- spec-
trum J5 75 TR SR Y 7 RS T MSAS 1 U
B Horb, BT K-spectrum J7 B T H £ 2 A
Sga'®™ [ Racer™ .Musket"! Fl Lighter" 4%, 5 F 5 4
W7k T A 3 %4 SHREC! (HiTec" 45, 3£ F
MSA FiE T HEZAR ECHOM" [Coral ™ 4,

T K-spectrum B 55 R 1E 1E 55 7% /] 51 ) 14 L (&
IERCRESF B o TS M6 EScsl, Hph.o i
HUEE A EF IR 5 KR b Y K-mers,
SRIGH T B K-mers #E4THES IR 180, 25— K-
mer A REGE B — & 1 B N L A % K-
mer /& solid W, & WA IZ K-mer J29F solid 1,
B2 9 & A S5 DR RS 3556 ] solid J7 9 2B 1E &
AHRHIE R FF 8], T K-spectrum J5 % #Y 4 Fif
FE A T R4 AR A Sga J2 2012 4E4R Y — 1>
JE PR 2H 25 T A [Rl B FM-index F1 BWT &5 %)
Fe AT R4 AeAi . FEH A Map DI8E WK T BE
VT HC s , BT LU IE M RERC AT . Racer J& 2013 4F

il

P — A2l 55 T H, A Racer 817 % £ i 5]
hash &, BT LLFR 7 X £ 80 4 21 5 A7 85/ Hoiz
AT, Musket J&—% 24 Hlumina M 7 5
A S HEAT 2 R Y TR 32 R 24 4 L B
EEFN A 1 AT 25 . Lighter 38 3 R A 5006 4R
53— RN e 5 2% F AR K-mers, 285 M
T B T solid ) K-mers ££ X 3] Bloom filter,
Lighter i@ 3%} K-mers B R #f 4L B0 T 72 ¢ %
K-mers i 48 7145 AF . i 10 4 %0 72 05 09 38 17 i ),
(AT YIN KX T H A A2 55 50 32 22 7 il
IEAT Y G A PR AR ) B PR U L DU R T
PERETT SRS, Hadoop™ ) HDFS £ 48 1] LA
PR T D7 ) A A TE 2% T H 5 A R Bl L R S T
¥ Ak B R K0H0E 42 1 W U #R )Y . H HDFS R4 R
A A P AT LUK Hadoop MBEBTEZ &
PERE — MR T AL ERE DA i X RS BT DL
Hadoop 52 843 41 X IF A7 21 45 58 0 A 1 T filk D 4
Tt ) A7 it R SR A P Ak T AL, LA AR ) T B S,
Sk Z2 14 ] 8 EL A i Hadoop F &5 15 21 f## P, 1 &
PRI IE DR E AL RS, [BBRA X
BRI LA £ F K-spectrum A9 24 45 T H 3t 47 b
B AR R BB AT 1 21 A L SRS AR SR B 2
BRI R 3ERE B L 7E Hadoop F & & 52 B4 A3 X IF
T BT BRI NGS 8RB E B X RN AT
AITHFE , 32 = H T B v e

1 EF K-spectrum FiEHERAYUETREY
BE > HT

1.1 HERE

ARG R F ) 5256 %idlt Staphylococcus aureus
(SA )., Rhodobacter sphaeroides ( RS), Human
Chromosome 14(HC14) ,Bombus impatiens (BD) 2k
H GAGE M (http://gage. cbeb. umd. edu/data/
index. html) , % hij (92 % X 20 250403 >k H NCBI, 52
B BE A R /MEIR R 242 MB.436 MB.9. 6 GB,92
GB,
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1.2 HiEmasE

TEHAT SRR/, T EMER & ALT.C.G DL
SN LT AR AT R SRR P A1) AR S B {1 JE A
B R BUBE 1Y, B — A 3 PR ECHE B A ) Fastq
SCA s — A% P B B 22 B S — A X I A B A
TE AL B — > SO ) 3G BT o 250 [] % o — A 3C
PFFE AT X6F 0L 4 3 ) 48 E . UARAIE S 51 /& paired-end
(), 235 6 R 2 48 T 5L R g gk £ 21 4 Ak B
JEH BWA T HAE 7 4 e 5 31 2 2% B A 2 |, 15 3
BANFINESZENA F YRGB E .,
1.3 Gain Z& N

I8 kX R A A T B AR B S R 2 2
BRI 2w X6 07 A 35 0 A7 EE XL X8 T R TR B R
TR B 1Y) 2% P B BROIR 2 0 2R AT BE it B BUR S
GG B MOE B A RS R VIR #E T IE . IR RIS
TREE SR A i ol 48 T BE BB A0 M5 B 25 Gain,
Gain £l 1 HE AT
TP—FP
TP+FN’

Horr . TP R A 45 T 5 2ot (9 5 % 4~ %0, FP 3RoR
2055 T H RS BB B FN Rom gl 8 TR RA
Xof A 1 i A PR AT A ) el
1.4 MHESNER

Gain ZE & &5 R W E 1 Frs, Lighter %f /7
PR ECHE 0 8 R A8 1 ROCR B 8 A A 3R A 4
P ROR B 2 . N ER BF T I 78 A /N FL AR
BOHE L RAUBL R HE I, Sga Fll Racer AR IE T
BHF B RSO .
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Fig.1 Gain of SA,RS,HC14 and BI
K 2 F1E 3 505 J& Lighter .Racer,Sga 1 Mus-

ket Zb 3 SA RS, HC14 ., BI ¥ 4 B5f . 312 L B 1 77
W FLZ AT (] e, H 1B 2 FEL 3 43 B AT AT, X
T R B B  Lighter X3 P A7 FE AT B[] 1) 914 FE 4%
. BB Lighter SR F 09 R AR SR AR VL X 48 i FE I

(4932 47 I 6] 1 PA A7 (9 P BE 2 A A Y . Sga 15 AL Bl
— A B IR AR A IR ] SR G R T A 21 4 T
Hoo (AN AR 1A K280 2 8 T ] #4714
AT A R IR, D 1 fige phe iz 1) g, ml LA
A 57 S8 18 B TR LA 2 B A R R L X
R AT o0 A5 SOFAT AR B

@14

—,2 121 807

S 12-

X

5‘10_

g

p 87 —— Lighter
;ﬂ 6 -8 Racer
’ﬁ i Sga
b

e = Musket
i

=
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Fig.2 Peak memory comparison of 4 algorithms
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L
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Fig. 3 Running time comparison of 4 algorithms
2 Hadoop B R FHITHUEE X

2.1 #ERFigit

AWF5EH) Hadoop ~F 5 45 # AL ) P K7 4R
FNMr A= Wy B IR 5 R K T = AR R R
A BN Y Openstacym & F. Hp, Openstack
FHRERAES B A L BT AN FEE
Fid & A 6 % Ab AR, 32 GB AEM 300 GB A 4%,

TP By BT SEUARL 4 T A B S Y ST OB
751 58 4 Hadoop HYAE: 55 LT . Hadoop 3 i ] Wi 41
55 W B B /N R R AT 55 T B BE 2 DA
PEATAL B ORGP B9 SRR 52 45 Map pRL
Map pR O 47 b 4b BE32% SO, 64 15 ) $dls DL <
key svalue > BB R i s value HAF T 50 B8
key ANWRAR . SCHF 32 MU 5E B2 IR, Map bR K23 38 1]
Correct PRELHEAT 2 55 Ak BR, o B 0 B2 )P #2082 1Y
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K-mer KB, 38 Ji BT A /9 77 51, 43 A B — 20 2 i)
K-mer J& &7 Bloom Filter 7, 411 5 77 78 W 150 BH 1tk
K-mer J2 IEB 1, 75 0 156 B 3 77 31 0 i 25 2 8 1R 1
ORI L AT C G MEF7Tam T B e, & L —
A E RT3 B i score, Q1R AL J5 /Y K-mer
1E Bloom Filter 1,0 score fill 1. FHFE —E0E
KB kA K-mers 889 —2F D) b, HorE &K
IR s T AT A s 5 O R AT B i, A R A T 2
Hadoop - 55 il A7 9 85 i PR an F .

protected void map(LongWritable key, Text value, Con-

text context) {
String line = value. toString(); //M HDFS I 32—
17 89
String fixed = corrector. correct(line) ; / /15 1F JF 1)
text. set(fixed) ;
context, write(NullWritable. get() ,text) ;//5 A HDFS
}
public String correct(String seq) {
for (inti = k — 1; i << sequence. length; i+-+) { //
BIAR B IEH B
if (1 lastIsSolid (D)) { //FI Wi ¥ 31 J2& 15 16 E A4 2 1Y
Bloom Filter H1
for (int i = 0; i << DNA. length; i+-+) { //
DNALTH £ ATCG DAL HR
for (j = curlndex - k + 1; j <<= curlndex; j
) { //EX KWK EN 17
for (p = 0; p<<k; p+-+) { //#I curln-
dex—k—+1~curlndex [A] B kmer
if (p + j > = sequence. length)
break;
kmer[ p] = sequence[p + j];
}
if (p<<k) break; ///ANGE4L M 7E Y
kmer

kmer[ pos— — ] = DNALi]; //¥E
kmer B pos 1V & & DNA[i]
if (isExist(kmer)) score+ +; //n
kmer 76 & # 8 1 Bloom Filter #1415
srl
}
}
// AT A R kmers B0 — 2 DL B2 soild 1)
DU AT R 5 4
sequencel i|= score > = checkCount / 2 ?
DNA[rIndex] :sequence[ curlndex];
}
}
return new String(this. sequence) ; //i& [B1& 5 #Y
731
}

2.2 EHZERWIE

BT A E T Hadoop 6 04 A 28 47 21 45
B (Parallel algorithm) B 7] 47 1, A #F 58 1 H
SA RS A1 HC14 %4 x5 F2 79 a7 0, I 5727 19
H17 ML iz 17 5 3 (Serial algorithm) | Lighter #
Racer (b4, H P AW 58 $2 19 53032 19 AL 7 =8
BATEET VER 2N S 715 8 24 B 19 B0 IR 55
v b HECE N 32 AN HEER .64 GB A7 1 TB i
Fr. FEAS R AE 1T (] H A AN ] 4 TR .
R SN 5 B .
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Fig. 4 Peak memory comparison of 4 algorithms
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Fig. 5 Running time comparison of 4 algorithms
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b, HL I S 90 504 RS A 1 O A i 28 A R
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oy A L B ] B B Lighter Ml Racer 341
BATHEG . 55 RHLIE 4T O X R, L
MEAEEE /N T RS B LS AT Oy e, 25
F &4 A I 47 B R AE #5417 MapReduce iz 5 B i
FERIS )45 2 . (B 24 8048 5 KT RS B, 43 4 O
P8R IB AT /Y I ) e B AL E A 550 9 3 A7 I 1 ik 20
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HAEKRENAE., WA MET K-spectrum (1% H 2
AT B v, Sga 1 Racer W2 & %% B 45 4F, Lighter
f 21 Gl R B 85 25 {H Lighter 9% BE 8 1: d B0 98 77
fith 2 B R KUl >, BEAR T XA ML N AR T R, A
W58 £ F Hadoop W HDFS % 4t 5 MapReduce %
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