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Improved Gene Read Mapping Algorithm Based on MapReduce
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Abstract Parallel read mapping algorithms become a hotspot in recent years, since the high-throughput sequence tech-
nology generates massive reads. Genetic matching algorithm was studied and an improved gene read mapping algorithm
which could reduce the complexity of the algorithm by using Hadoop distributed cache mechanism and integrating bio-

logical information was proposed. The experimental results on the Arabidopsis gene data sets show that the proposed

improved algorithm can effectively improve the algorithm efficiency and reduce the algorithm running time.

Keywords Read mapping, MapReduce, SeqMap

1 38

HERBEEMREYEESITOLENR, D ER
EEEMERRIEYERFRENMANE. F—-RAEE
EDNAWFHEARYHEREER. =4 TERNERZER
#,BA RITE B B R PAT R BRI IR, LR I
TERRERREMNERNHRZ T EZXRE.

BEl HTEEEZBRENREEA T ARATARR.
7£ Homer % A $% 14 i BFASTUU 8K {40, B 5T T £ B 7R
Bt isE T He Xt 8. Smith & A F| FHATHRB LI
%3t T Smith-Waterman ShARRLRIL 59 HoRd 78k , s T E8%
ELL,

MapReduce!” B —F 477 LB MAT I HATIESR, TEQ
4 map i reduce FAHr B, EENHAD map i¥d, ™4
—AEENPEIGE, NUVBEX R . reduce YK
FHFRBNBENEAE—E BRBALEFR. 7EMapReduce
HATERT,, FTHEF LRGBS T it R, S0k
(814 /731 L% B 2 BLAST 1 MapReduce Z5 823K, BB T
3#47 89 MapReduce- BLAST # i, Schatz % A E T Ma-
pReduce #E48FF % T CloudBurst™) $ {4, 35 7 3 1 47 52 B 4
WEN. ACHEHRT—r B TAER ) i3 T MapReducef) %

FIH H 1 :2014-06-05 iR H 3. 2014-08-24

REBYEINL 4 2 A7 # F R 5 B 3% (PJuncSeqMap) ™! , % Map-
Reducefl SeqMap )& (L f F R I BHEMSE S, BB AN
HRPs B EFRERIR N AR, AT PR
EEE ST S EERB NI R TRAEYER U
KFFH Hadoop 43 % N EFHLH, 32 H —Fp E F MapReduce
MR B MBUER . BT RENEIEE EHTE
16, REN, BB B B A R E I Ef e R E g
TRREAR , (B PRAT B TB) SRR R T IR R B 2%

2 PJuncSeqMap S x B2 A8

PJuncSeqMap B & — K F SeqMap H {4 Hh &= (i fh
IR, Z R I MBI, H B T MapReduce E22
THMHATERZEREMEEDN, ZEERKE T HEY
ENLHIE B e AR B BT, AR EE BT
NEESER BREBREFVEMNER.

BREAERNT .

//Map BB

WA EBREES, SEFIINIESE;

Wi . SEFHERMEMEE.
BE—KRESHREERERERN TR,

WA AR, ME— T TRRAUEMN FER, RN FE5ERER
A Hash %,

A FEF HRPERS (61272222,61003116) , T HA B AR 2SS T ST AL (BK2011

005), {LH 4 A ARFHE RS (BK2011782) , VL HA I8 R R DI AR HT IR0 B (CXLX12_0415) % B
%ﬁﬁ(lggg“) s% 9mj:§3 ’ i%m%ﬁm%m%%g ‘ﬁﬁiﬁﬁﬂ , E-mail: tujinjinlgss@Sina« com; ﬁ aﬂ (1964—), % ,ﬁj: » ﬁ& ’ I%E{‘?ﬁf
I R pL %% 5] iR, E-mail: myang@nijnu. edu, cn; BEREE(1989—), %, B+ 4 , T BB ST H F PR BRG],

.« 82



BHSEFF.

L8R IEBWEN Hash 7, H A7 REG ARSI MRENL
2. B R BT Y A vk xR B L A F R B AT R AL 5

3B TR AR T BRI,
BEBEFIAHRMEMBRPEER.

//Reduce By Bt

WA A Map % P RIGR

Wi BE P ZHRME LR,

BHEPEERGSERIER, FHETSEFIINEUEE.
WIEBSEFIZEHRAE AP BBRLER,

HApe@ BN BT .

Map BB, 5% 2 {1 5 0 BY L0450 3 e 3o o S 2 B9 F 358
BT RIBE 1 RHRX — SR, BB U B
SEALAT S R BIRE DL : 1) A8 A F 3R B L I AR i T %
BRCZ2EN, MREMMFIEBRR .o M E2E
P, ARELE & PIR—AWULLE EWRERAET, &
t EMENLT 0 M ZEL 2 REMLTFIREN LR T T
EER R -IEEEN, MREMNHFREBER 6. BEMT
EERER LW FIEE 1, BB 1 MAET A AFFF (hrmer) ,
FE t T TR homer WAL, B HFE L RE —FIERHET
a3 ﬁT@??ﬁ&Eéﬁﬁﬁﬂ‘ﬂ%ﬁﬂﬂ 5 EREREEL.

ZZII Pei=INN

exonl exon2 exon3

H1 BEREf=EE

3 it #Y PJuncSeqMap W%

3.1 Hadoop 3 X MIFRIAL A

Hadoop RGB! LB R RN SO BB R
FEMY S L BERATSEEGEHAE mapper IFTEN
“BRVEEBXHE. XMIURTEEATHREE—- RN
W, T 5 — BB R (B R B, BB IEA NI TR,

HRERERIISN AL,
I Map I M ap . I Map
k
«5‘ 'ﬂt
@
HDFS
-3
Map 3 Map Map
A & '»t AR A
Distributed Cache I
Tiw
[ HDFS |
EH2 RASGREFIGSARASFAXEFNHERYR”
BT EE

X T8 BT 7T LAE R B S LR, S
BXEEZRFHXBFT  REE N TAAITRE
FHRAXSEXHEHBR B RETER. BEER
B, & AR LA E A S R BRI T,
AR PR AL ], TR T R, RASHR

ZEYHSARAS A RBFEHHIERE R EIE X 0
B 2 iR, AP, EBRBIBEAY TRANERER, TS5
FEHBAEEMEN, 3 BB map ELHIBRPRTEMRE
L AHSF9R7EE, BRSO M EEE SIS
Hadoop A RBFEHH N AHE . MEFEEM hdfs B
BERSEFIIREE, RASGRE VR BRI R R
EBETHRAER.
3.2 BAEHERENMERSBIE

8 2 WHEHR PR R FIRBUHTE M R R E
X, EMNMNE _MHER . REMCTHREH LWRT
WHFERRE - OREN, RERAEN, M4 hmer
e E e T i i B P A 3R 25 (A K/ B R T R R
R, EABEEMEYERNER T, hbmer TFEER LW
BT FiEBERENE M.

EHHWRISYERAT REEE ST TFRERT
400kB™ , B F X — W15 B EEE AT 2 PR 2 vl g i
HEFHEE, Bl F i Tl FiRBENE RS HENTREDS
RENHEE. XMPERERK, EMERNEBERRE B
REMERBMAERS E AR, Eik, AXHREN
ETFHBKKBE R 300bp, T T i FiREB A RE BIEAR
£33 300bp,

B sc i AR B BN TS T 84bp, EENLT B
F o ASFEBRERESHANNYME. X—EVER. A8
FHES 2 TEBRMRPARBRY YK EMNTRZE, HER
B 2 AW R EMNNER . XWEE—ERE LS
NEBEN RSN, MBS PATHE .
3.3 MiRBEWERNE

A SO BB BT UM B B AL P RR IR L E T, X B Y
AN T R SR v

BB REMNFREEN ETHTFREREZ2EN.
B U BB AL AR A B R I A FiE BRI R KiC R S,
T FREBEMRA AR ER FREEMNR STV E. B
PRAER M, R E X FREKEICN N, FREEHEN

PR R BRE WA 3 iR, FRBERPEESRIERIT .
for M=S+1 to E—1;

T8 SM A ME 43 BICRE B8 % 775, in F4ER 40

end;

IR/ MIE BRI S,

t t t

Reader
Sequences
exonl intron exon2

B3 FHEBERREN S RER

BZHEEHTIINERBATFERA SEiBFH N R,
WETEFFERH SM Al ME 4351 52% 55 #47 e xt, By
HEERERER ON), kB AEREE SE — KBy
BN A S EEERERD ON), RN E B4 B
AN BRIAFRVREEEE 2 1)

for I=S+1 to E—1;
M SR E SRUCHER 4 BT REEE 0.1.2 AT — ML B, RZ M E 8
o 83



F SHRPCELIE R T 44RC 0.1.2 MR — M B
end;
IR T HOLE P e Hed B AR B A0 B T BRI .
B MES . REMTFREMN ETHFRAF -AEL
EfL. RIS, h-mer BEREN 2, X 18 hrmer i
BYTER S FRRTHTFRENZSMIE, RBCRENTF
BB WEIAICE, ATTFEAE T ICEZ#E. hmer B A/
HERABRE L2¥mBIXMEL T FIERNEMBER. FEik
FERHABEPRASBHE hrmer K/PEIKEME . ZEUL T
B, EEARE T B 2R EWET T IRE, il 4 57
No B 22 AREEEE,IZKEHN N, o HE LR, W
S S M EILEE , BT RAEAL 2 MYMLE M, 12 SM K
BER L, W h-mer BIX/NATLASIAS IR N—L, XEEEEBR
A RER DR B F i B 2 RN B . ERSE bomer WIEN
T F RS — A LT 00 DR BTk , 33 (78 B S o [
HHEMFRE ON)REEZE O(ND),

t t2

N

Reader 3

<
Sequence i) mer=N-L

exonl intron exon2
B4 ShSHE hmer X/NREE

3.4 BistAY PJuncSeqMap 3%

F|F Hadoop AR ZFFNH AMEME R, HFEXRE
EEBLERESRN TGRS #TREZE, —R
3 PJuncSeqMap BERIBRINT .,

//Map BBt

A ZEBEE, SEFFIBESR;

B2 TR ARAME NN ANELTE.

1. #| A Hadoop AR BEFHLH . AE 4 map 5 4304 R G
BEFIVBERE;

2. B E—AERAHREERERERNTIER;

3. R W TR AR TFHER, R F 5Bk
AFA Hash %;

4 RBEITH;
4.1 BREEMEN Hash R, H AT HBESFERTALKE

15
4.2 B$E 3. 2 WA 3. 3 WHNR BT R BB 410 T
TN 5

4.3 WA TiEEHAERZEKIEER;

WX LHMENKEPEER.

//Reduce HrB

AT Map St Q0P EIGER

Wi BRI ARMBLNENEE.

W AR BRI LR, BB BEFIAE MR

B BEFTEHMENERBAER.

4 X

BEEME TR EEBEEE LA HEE, M IR EE
B M E B PITREER.
4.1 TRIGWSWBEMR
LB FFERNSHELA/E 2L EMFEHAAE
FE20 P A BN HEEMER. TRNLHESEN
o 84

Intel(R) Xeon(R) CPU E5620, =4 2. 40GHz, #1E &5 KN
64 fif Debian Linux #tE & 4. Hadoop ¥ & WA ¥ hadoop-
0, 20. 2,

MR IFRER A PHE 10 ZFHBEEASHERH], L
KL% 12000bp, EEBEEFEAFW KK . DA ES
FHIEFUR IR, EE LR 3 K, 3548 3 KB THREIF
¥ RNA, WS 3] 3 M RBREARSE, D&l PRERTER
LRI, FEER LR 3K, K5 3 MEREAE., W
LT IRB A B IR SR 4L 25. 2GB, 4 BIFRIX 6 NEBREA L
& ES1,ES2,ES3.P1,P2 11 P3,

4.2 ZRERFH

F—HEBPEBRBIEERIARN SN 64MB/H, WEF
HEEMEHEENEE k. SRERERE, SOEE %R
BB BPATE R, 03K 1 B,

£1 BESBRAMSERT  RABEASGHE LR ORAT

B} i} () X Eb

HrBEE ES1 ES2 ES3 Pl P2 P3
PJuncSeqMap 772 721 964 938 958 966
Bt PluncSeqMap 668 651 866 854 861 858

B THEBA T X RSB SR B R R R AR &
B ERPATHER, N EL RS R 1GB 38, 4 HI4E 30,
40,5060 A map 2 _L# 17K, 25 R R P B0H # PluncSeq-
MapB 83017 i (6] B B B AR 038 KT 2. i T map
BRI EL, B4 map L0 HEE BE D, B SEBE
T RBEE N RABORERBFME LR RS 2
TBOLNE 5 FTR .

600

500 o~

-o-aﬁEﬁPJuncchan

?/

PATH RIS

=

AR

B 5 RSB T RS Bk B B B AT A (o) B L

EZH TR MR R R/ NERE BRI E RSt
PJuncSeqMap 8 B AT R . L5 74 300,600,900,
1200 TRICRIERZBERIEE, S X BEERTFARE, XA
50 4~ Map #7310, LR R R EE BB IB AR K, B
B PluncSeqMap 3 3k 55 5 45 BB v 19 BRAT B [A) B 22 2R 4 38
K, BAmE 6 fi,

500

450

400
E PluncSeqMs,
E = — B R iBloneBeqMap
® 1 il

100 +

50

0 R

0 60 %00 1200
REHECD

B 6 ARAANPIESE EFIBHE EFYEEE PluncSeqMap B ik
PATRER AN L

BNALREREERBEARKPEMBREME, BHK



RETREMNHELT, RABEMBGEERE E1 EREBE
BEM BB, SRERRY, SUEEREA BB
FTEt ] R RIBY , R SR IB BRI E (T R, WA SRR E
REWEMLE. EEMERERZEN 400bp,500bp H1E
ST BANBMEREMNRBFRAHEES. FHitEd
A Y15 BT LIS EARRS /I R 2 (8, AT B ik 3k
Fretia], ROAREBL IR 2 5.

£2 AEXDEHERSAERLT R B R ER DB R

AT1G80070.
AT1G80410.

3791 3916 3933 3933 3934
1301 1399 1416 1436 1452

BETHE
B EERAMN R 100 200 300 400 500
il L]

AT1G03060. 1 1612 1634 1640 1647 1648
AT1G05570. 1 2794 3037 3043 3045 3049
AT1G27180. 1 433 437 437 437 437
AT1G42470.1 394 449 450 450 450
AT1G48090. 1 1710 1769 1800 1823 1829
AT1G50140. 1 319 346 349 358 369
AT1G56130. 1 154 187 189 189 189
AT1G56140. 1 713 791 806 806 807

1

1

Bk AU A Hadoop 47 X EFHLN, FEIRBLE
fir B PR A S B 3 B X B s BY UM ) UG FC Xk AT
Bk, Bt —FEGE M PJuncSeqMap B k. EMEITRER
BB EHATIAE , 5 R R B PluncSeqMap B %5 iR
R BB RATRE . R A — B PR ET MapRe-
duce f95 R 2 BUE (U B ok B BE LML 9 BT, 7 HR BIRAT B0
ERHBRITR.

$ F Xk

[1] Jiang H, Wong W H. SeqMap: mapping massive amount of oli-
gonucleotides to the genome[ ]]. Bioinformatics, 2008, 24 (20);
2395-2396

[2] Langmead B, Trapnell C,Pop M, Ultrafast and memory-efficient
alignment of short DNA sequences to the human genome[J].
Genome Biol,2009,10(3):25

[3] Wang K, Singh D, Zeng Z. MapSplice: accurate mapping of
RNA-seq reads for splice junction discovery[J7. Nucleic Acids
Res,2010,38(18):178

(4] Em,EAR. T, % F—AHER RNA WFLEHLE
a0, kS YR, 2010,37(8) :834-846
Wang Xi, Wang Xiao-wo, Wang Li-kun, et al. A new generation
of high-throughput RNA sequencing data processing and analy-
sis[J]. Progress in Biochemistry and Biophysics, 2010, 37(8):
834-846

[5] Homer N,Merriman B, Nelson S F, BFAST; an alignment tool
for large scale genome resequencing( J]. PLoS One, 2009,4(11) .
7767

[6] Smith T F,Waterman M S, Identification of common molecular
subsequences[ ] . ] Mol Biol,1981,147(1):195-197

[7] Dean J,Ghemawat S. MapReduce; Simplified data processing on
large clusters[J]. ACM,2008,51(1):137-150

[8] #%B%%. MapReduce 34T H R AR B R IITIER R ML
WDl B ER A, 2012
Yang X L. The Application Case Study of MapReduce Parallel
Computation and the Optimization of its Runtime Framework
(D). Nanjing: Nanjing University,2012

[9] Schatz M C. CloudBurst: highly sensitive read mapping with Map-
Reduce[J]. Bioinformatics, 2009,25(11) :1363-1369

[10] % &4, %M, B . 3T MapReduce f# B % B & {u B 3%
(1] R IRH5 A T 88, 2014,27(3) : 206-212
TuJ J, Yang M, Guo L N. Gene Read Mapping Algorithms
Based on MapReduce[]]. Pattern Recognition and Artificial In-
telligence, 2014,27(3) : 206-212

[11] Xi#s. 3£ Hadoop: FFS @ A =it E AR [M), b8 F T
Ak R, 2011
Liu Peng. Hadoop: open the shortcut to the cloud computing
[M]. Beijing: Electronics Industry Press,2011

[12] E 74 RNA-seq BIEMAH S D] FM: HH KA, 2012
Wang Li-kun. Processing and Application of RNA-seq Data[ D].
Jilin; Jilin University,2012

(E## 51 1)

[9] Xu Yong, Zhang D, Yang Jian, et al. A two-phase test sample
sparse representation method for use with face recognition[J].
IEEE Transactions on Circuits and Systems for Video Technolo-
gy»2011,21(9).:1255-1262

[10] Zhang Lei, Yang Meng, Feng Xiang-chu, Sparse representation
or collaborative representation; Which helps face recognition?
[C]// IEEE International Conference on Computer Vision (IC-
CV).2011.471-478

{11] Mi Jian-Xun, Face image recognition via collaborative represen-
tation on selected training samples[ ]]. Optik-International Jour-
nal for Light and Electron Optics,2013,124(18):3310-3313

[12] Feng Zhi-zhao, Yang Meng, Zhang Lei, et al. Joint discriminative
dimensionality reduction and dictionary learning for face recog-
nition[ J]. Pattern Recognition,2013,46(8):2134-2143

[13] Liu Bao-di, Wang Yu-xiong, Zhang Yu-jin, et al. Learning dic-

tionary on manifolds for image classification[J]. Pattern Recog-

nition, 2013,46(7) :1879-1890

[14] Li Chun-guang,Guo Jun, Zhang Hong-gang. Local sparse repre-
sentation based classification[ C] // International Conference on
Pattern Recognition, 2010:649-652

[15] Hotta S, Kiyasu S, Miyahara S, Pattern recognition using ave-
rage patterns of categorical k-nearest neighbors[ C] // Procee-
dings of the 17th International Conference on Pattern Recogni-
tion. 2004,4:412-415

[16] Cheng Bin, Yang Jian-chao, Yan Shui-cheng, et al. Learning
with-graph for image analysis[J]. IEEE Transactions on Image
Processing,2010,19(4) ;. 858-866

[17] Martinez A M,Benavente R. The AR face database. CVC Tech-
nical Report[R]. 1998, 24

(18] Kim S J,Koh K, Lustig M, et al. A method for large-scale-regu-
larized least squares[J]. IEEE Journal on Selected Topics in Sig-
nal Processing, 2007,1(4):606-617

e 85 o



