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Sequence All-mapper for Next-generation Sequencing Based on Long Seed
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Abstract: The mainstream all-mappers of next-generation sequencing mostly use the seed-and-extend method. Due to
high storage costs or long retrieval time of the long-seed index, most of these algorithms use short seeds, which results in
redundant candidate positions and increases the time cost of alignment. We, therefore, propose an?allﬁmapper based on
long seeds, and a long-seed hash index with low storage costs and moderate retrieval time is designed; The long-seed hash
index limits the hash space through modular operation and uses the Bloom ﬁltér to identify different seeds at the same
storage location. Long seeds significantly reduce the number of candidatelocations and thus lower the time cost in the
verification phase. The experiments on human gene sequencing datasets reveal that the proposed all-mapper has higher
time efficiency than the existing mainstream all-mappers while maintaining the same accuracy.
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FE B SRR R B B — AN B LA TSR A B 2
REIA B EER . TR T 45 K AR S PR I DA S # DL E AR S
(CNV) 73 Hrix e 75 SE4% e 2R DR 20 B 5 X I 2L i
LFH, # 4 Lo SRR 2 AN AT D . R TR 4 HR B
R S P E v R B VSR B, Whom FE ok AR B
IE V) T O m R A B H AT AR 4 E X
FVEAEAE IR AR B BEE 6] R A 3k DK o) R, 42 = 38k By
BRI T 23R, iy 7 0N e 91 4 ot SR o ) =
BARAEATT.

S0 < DS B 7 e e S 0 = R L T B e e A
(seed-and-extend) J77%, 1% 77543 ik SE FNGEUE AN Y
B AR ERY B, 2 A B A e B 22 K FE ] A 1)
B 75 BUE AT T (seeds), SR 515225 3 K H 2% 5l

HR Z BT 1 H AL B e 9 A (1 e s AR

S B, 7 R P 5 M O TR 1 A
BB DU 5% S R (SRR £ B 1277 1% b B
(A 2 TR ) = Z R A 5 1 FM =51
P WA 251 (ARS8 S A 7 B R, T ) 2
B FFAK, (R AKIE B4 75 % 51k 11 GB, Jf L
AP R TP SRR . FM R3] R
HUBIRCE YN ENNE L JSEVGECIRIEE SRLK
GB, JLU B 72 R4 A R T2 2 K4 2, IR L
AT RN TR, S 5 36 (R, LA $ 4
b S 5 8 B TR A B R, — A
11E 14 bp. TR A T1E S % 5 AL b 19 H BB R
4, 5 Bk WAV IE RO 7 B MR &, T BB )
TFRY o HE S, 4R T LU BRI T Al ) S i

NI, ASCHR T — R T 1 AR R 4

R4 R BE, A 5% R 3 5 R4k £ i
7 2 AL I 5 (Bloom filter, BF)™ 4R 17 1
KT A %5 . %% 31 R LE S e 7 %
1, 38845 7 WA R S ME R TR R 2P K, 60
FHAG e o 3R IR — A L b R R T %4 T
31 AL 5 109 NSRRI, A S (95 51 7 3 BLAE
2) 8 GB #*[H) LRSI JEIE 30 bp HfhT, FATHIHA
A SR Ll E AR 2 L BV T > 26%.

1 FHRHET
1.1 ERARSIEAR
() &R 5 77k
222 JE IR AH 28 51 92 KB 0 7 51 oo By v (1 AR

KO AL, 2 5] 02 () F B RIS 28 0 2 52 7 471
FOX B PR AR I B DR 3R IR R 5] S AN ], Al A
KL E B9 R B E . FM R 5 FIG 7% 5] 3 2.

J S5 A I B R N 45 58 SUAR R S BT JiE 3%
MR P BT HEF, WG A G 8HE S TR IR A E
FAEHUH SA . W T — ARk R B R P, BT A
P NET I SCARBRTE S 07 Bt A7t 7F g S84 1)
—ANELLIX A2 . BRSSO SRR e AR e K
JEE R T, B A TR A AR EL T 2% 51 A 3
I HA R LB R X Rk, H AR %05 51 bt
FOER B AR R 51 575 SR 4, 19 vk 4
Vmatch®™ Al S%gémehi[é] &

“Ferragina 1 Manzini 5 25405 BWT 254
(Burrows-Wheeler transform) 45 &, #£H1 7 FM & 5|,
LR G 7% Ja S HCA 1R A B AT R, IR
F BWT A4k K fif e RAEAL B . FM &R 51 1) 58 A FE
FHEC T 5 28 B 2 ik — 20 T B, (EE o A7 il R AR
e 2 NN 2 S E R CINER =3 S 2N
FEFMARG]. BT FM R 5| @M Fp 7 E R, H il
AR B 75 L 5%, W BWAD SOAP2!,
Bowtie2” 25 BLAST!"" 3% oy YR 4 Hh I 75 R A e 5
KA R ARG T SHENA % g-gram
(KEER q HRREST Y AL BRI, ¥ g-gram 1E R
W7 1) key, FEALIL g-gram 76 SRPAEL 110 F i
{84799 value. 1. J I8 185 3| (8 — VI 7 B8 HOZ 51D
FEAL AT, I IS AR R OE AR R 4 o
[ 78, DRLJEE DR 4 4 B SRR G A5 2R 51 7 ik
etk 22 I A ZE 5], 55 mFAST!', Hobbes2!"
FEM!"! BitMapper!"!! . 0575 R 5| S5 1 fios.

SHIEHA
|GCTACTGGCTACAGGCTAACGTTCCGGACTCAGTTCGG - |
FEUITAT g-gram 1E ARG AR key

———————————

| GCTACT | Key

\ CTACTG ! R A 4 Value
I TACTGG |

o ACTEEC A0 CTACTG T
! L ocol 011100011110 78
I A 1) 1063
T:11 GCTACT

100111000111 0

79

1 ARG
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FOEE 5. TR FM 22 51 0 Btk S A e
T J7 1. Chacon %8 At T n-step FM %3107,
SE A TR 4R BWT 45 H {73 FM %3]
7] )5 48 2 57.9% (backward search algorithm) f— X [ 5
HE n N, BN E 3T 17 € A8 % . Fernandes
8 D STRE S 1 B K A ST 4080 BRI B FML %31 07
el BT T B R IE 1T T 2. Cheng %5 A4
T FMitree Fi T B S0E 7, 14 FM %5 R 1R
2R 2 I AL SR % SR, 4% AR G L R R 3
S, KR T 2 R

I 7 % 31, FFR T 5 G B I ) 52 2 2
oS TRLUE, AL S0 A o T 2 S 4.
BB 75 231U RIRSIA R R 5 2 TF R G
BTV SCHR [18] F% IR 5 B SEAE Hh 35 g -gram,
JEHE BN 0 L AR AT 7 o, JR B T L R R
BE g-gram FOG . 1275 TELUEL/ N W 1] 52 2 5 AR K
RMEA 7 W A 2 31 W8 10 T HE. SCHR [13] [FRE LT
SKRE g-gram KBS, 5804 R FIHE, %075 7E I
T 16 S 43 4L o 5 W R B 8 SR AR 10 -
gram {FJgF0 T, B4 T 1 SLASTAE g-gram (050 B (0t
I HE.

12 ERELEMN R %

FLHAHR A LU B, i BLAST 8%, RS
P, B — A g-gram 4T AR R ]
K%, 2R R KL T BB S T
2R R T, B IR, TS F kAL R4, 3
FOF B, S50 BAE M R B B %, B

KIEIN T 5 S UEp B 5. 34, AR T U7k |

th 032 T A DG P 2 4 A R R B B

MAQU'”) I SOAPR”) 2 J7 R fH I 4475 7 17 152
(spaced seed), FLFIF] 2 AR T HIBORTE o — 41
L. AR R B R 1 0 R 1 4LRk, 24 0 X
(BRI 7. X7 1 — R i 2 A 0 B B A
Pl AR, T AR IE 24 5 B A /> B B L 28/
A5 — AR AT LAy . 078 Bl 5 32 ) 1 b s 5
T 7 35/, AEL[FD R T 2 1F 1 D 2 5 378 A e s
I B

I i B A 17 £ TR 4 EE X 0 36 SR 2 T
s S5 5 T e T 9 S K TR AN AR T o I B,
Ffy e TR R, i I B0 D A 2 97 AL R 1 B
mrFAST & R % KAk —, FE e a4
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B (I8 &k AN B 5 1 EL X2 S, F 4T )
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B F(A) S 2 — 2 BRI 2 B
2.2 fHkELERS

1 W 3o S B 05 A — O 7 S T ot
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o7 188 L 1, o D B (B 9 0. J N KA
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REEN SR A B A B 1. B, FAR IR & A
00 MG AT B, K A AT O B E O R T A N
1 BT 5 A R R T L T . A U B 4
fiEl 2 B

| hash;, hash, I\ has hy

hash, /" 1,
:haé h, llhash2

[1ToToTt oot ooJoJo ]t oo 1]

2 AnBERL gL

AT I8 3 0 o T R ) R #2 ) 280 3 1 6 v R B
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10, AR BB 2, 7 S BRAS P AL ke m IS
BTN n Z I T, — IR m 19K/, 5
Ji BT SR 5 T AR N A B KK e, AR
CAFIITAERY, it R T &R A

k= |0m/n)In2] (1)

BAPERER p 5 kv my n AR, HRPESCHR [21], 3
AW (2):

P= (1 -(1- (l/m))k")k ~ (1 _e—(kn/m)>k @

3 R EEBTH

ARICE R Jellyfish HeE?) it T RO K
HEIUTAR 0 R, LTI B2 38 (O T K. B R et
9L T I KR T R R RS, %R
75T SRR T 19 79 e S PE DAl 5 79 B0 (1
{5 0 . 9 U5 1 2 1) R B g - M 9 R T, JF 7
AT 75 2 1 AL 505 A F i ROR B B
%ﬁ%%%%ﬂﬁﬁﬁﬁgﬁﬁ%ﬁﬁT“%4A*

R (1) MR 515 (2) IR 15 (3) e L S dUE; (3) %
ﬁﬁﬁuﬁ.
3.1 HERSI

TR TR 20, §hHERTHTIK
. d Jellyfish B AF45 21 GE v 45 R AT A1, X T8
31 LA AP NS HE R 4 hgl9, 30 bp KEZ I FR¥
HEUARAE 10 YR EAP I 15 He ik 90%, JIlE] 3 TR,
100
90
80
70 +
60
50
40 +
30
20

10
0

IR N T 10 (15 E (%)

10 1‘4 1.8 2.z 2.6 3.o 3.4 3‘8 42
7K EE (bp)
B3 RIS A AR O R it 2k

H11&] 3 AT, Ay K EZIA F 30 bp I, HBLAER /N
T 10 WA ST RRE. B —Jrm, —AREr G
PR AR B B E RO, i K A A 5 0 D R
DAL, AR SO R 7 B ¥ 5E 74 30 bp.

LR AR

KR 75 %9 FEARE KR ARUAKLZ M
Bt g A, b, B AN A I I A 0T I 2 2 ik (R 2H ) —
AN XL SR X A S AL AR AS H I 2 ?ﬁ{)ﬁﬂ’\?ﬁ%’:'glﬁ
fiti Kb 1) 25 (B F 8. DAFR 7K BEEX 30 bp M, 37
W75 R 5 T AR 470 AR key BIME B T 7ESZHL
R G B key XN —A 4 B K/ £, AU HH
EFE B A A TS ik ) 4%°x4 B=2" TB. X FEITEfiE
AR, TR TCVERNSEBR R . ikt A S i A5
T B ey A 2 ) PR 1 Ay 1 52 {1 My MROK B/ 1 A 7
T B0 i A 28 51 1 2 TR, L MES( 25 Y45 (SEBRSE
LI, 7'3«)?29"“%6]&%; M RIEUT D), T2k 4 a5
W%ﬁﬁwﬁl%MB%ﬂﬁﬁﬁth4%T%§
S PR T A 30 1098 30 B 11 2E 2% 3502 1 % (o e B
g-gram. JFEEAS g-gram F e N 64 AL A 5 B A HUE
J5, T M N N key 18, SR G FF g-gram 783
DRI ZH b (A7 B AE S AE A A3 3R X key XL IFIR I,

SHIENYL
[GCT ~-ACGTGCATAA ~ACTTGCGA-CGGGGTCA - ]
1

t key,
grgram, —ModM T2

Mod M E

q-gram, > key;

B4 %5 gt

%Uﬁﬁfﬁ@ﬁ‘ﬁﬁﬁ?ﬂﬂé‘%?l‘ﬂj{d\ I 22 5l R T
I‘Fﬂ@t‘%ﬁﬁ/l\ﬁﬁﬁ@ g-gram B M J5 1) key {EAHF], W
ENE R A A B L RS R R
key XF R K] value F, S EE LR FI P2 A R E AR
i g A B AR SO F A o 1 8 85 SR 7 12 4 B R Ak 1k 7
H, BB HERRAL SN AN EESX
8, A DX ST — N B ) AT R A, BT R
s s R

IBEIFMA | i i
[TAGC--- TGCCACGGAG--- TCGAATAA --- GTACGTAA - |

oo

g-gram 5 g-gram 5 g-gram £ 5

BF, BF, BF,
5 R MR
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e AN e T BB A A 11 70 3% R HORE I P R BRI 21X
W TE g-gram. HAEH 2 IIEFEA g-gram 2B E T
2 A [ T 8 B T I 3 TR 4L XA AN R s AL A
T, KRG HRGBIHA EEE )G, TR MRS IES
6 UE AR B TR I SR A X SR BRI T X
FE ] ) W7 1A B 2 15 DN R S 6 B 1R S B B AT
NI 7 3 4 At 1 1) ik B 7 BB
3.2 kBT

EH T AR 7= A sk B BE A, T A S Ji B
(AT 3 BT VAN P OE T T KR I B, AR
KBl & 77 g K step, IR 30 BT
B RSB BRI [-step ALk BURP T, BAAITFE
WK 6 frR.

B |el—stepe|
[ ACG~~-CCGA-~TAJAG~~CTAC~~~CCTAAATTG R

seed,
@ seed,
| TER 5] s RLfh T |
K6 Fhr ik

seed, seed
2

RS E Q7808 1R AT REE H A 68 e
BRI T, ReA o e LB B B SR AR
BB R R S BRIUL AL B RS L. S8 [-step =52
Mg Lo 45 R, I K2 A o 0 18 BOJC DG e 21 225 2L [A]

N E BN o VLR AL B N 3R TS JE, (A

BEUEM I M TR S SIS 2, 5 B0E A R 1IN [E]
TRAHER. A SCLE I 2 VSt BU B R ¥ I-step &
SEA 10 B, AT B RE Rk B 5 A R 4 b B
HRGKRERE. 8
33 EALKTIE

B B Fh T 56 400K key, IEM AR HIRR. T
For g RN B, ) 1247 B A ik R 4 X8 ) AT
it o 8 88 60 I L A7 R 1 oS R S B R HH AT
B U 38 o U R B T SR AR gk r B Fhr i A S g
HREWE 7 Fros.
34 WNHRELE

fig i b B2 s Bt 5 25 L R 4 & T REDCAC 1Y
A&, (B AT 2 8 AR SEPRUL BC 1) A B, 75 EEAE S
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UERT B IX SRR A7 B R 45 A SR <A IR " Myers
SRR [y — P R AN SR I 7 B, AR
AR IR AL AT I 7B, R AIH CPU L
1) 128 1775 /725 F1 SSE F& & Sk s 56 1iF i 7%, sl
T 1) B RV BRAIE 22 M I B I R AR, BRI T 50
TERY B RIS ) R4,

M LoAlRAEN

key, Position,, BF,|
Seed: Mod M

)

ACT- - CGGTA Position,, {—»[BF,]
000111--- 0110101100
key, N\ |Position,, v
it
3 "‘ -
\ B 7 A Rl g

4 S AT

AR SRR SR I TE R — M4 B AH R B A5 T i
1T. S256°F- 4 A Intel Xeon Gold 5120 CPU (14 #% 0
28 ZkF2, 2.20 GHz), 503 GB DDR4 RAM, Ubuntu 18.04
64 frHR1E R4t

S BT AP 38 R 8k NCBI S . b &%
FEHANT ANEFEATTHH 1 Genome Reference
Consortium GRCh37 225 751, A5 4 hg19. il 541
PR UL AN T

(D) R1: T AEERADH HENAL7871 50l 7 7
%1 SRRO07347, £ % 30,77 4 K JE 100 bp ({115 B

(2) R2: T AERALITH H 57 NAL1840 5 U7
51l BRRO12100, £ 10 752K 100 bp )15 B2
4.1 R EHS XL

NS EAR SRR F KA 7 12 RS B R D =
ik B, 1% mrFAST F11 Hobbes2 K3 17323y
i 346 07 B it i o0t e R G, B FHAHE 4R 08 R1.
Hobbes2 (13 8 757202 H i RUCR B 1 77 1. SRia 45 51
m#*E 1 fis.

F 1 BEEN BRI A B R 5 R

Bk mrFAST  Hobbes2 AL

SR A B A 5968 2501 785

B 1 ], A SCEVEAR B s B S g 1 B
bt mrFAST 20 %) 87%, Lt Hobbes2 7>#] 69%. %K
b7 58 7 B 7 VA A A B B0 B I R A 5
42 EEMEExTHEsIe

TEFR A Lo B2 (1 B A A R v, 360 F o B D ]
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b i k. BLH B3 e RS BitMapper 1, HIGE
B BERS (8] &5 LB AE 70% DA B R ok, AR B e A K A
TRE AN [R]VE FE, A SCO7 AR B0 AR B B ok B[R]

PERESETHHE N3 VIR A, 3 H A B
[ TUFR R 4 Bl 5092 5 A SCROVE RO L, SRE6 25 R
2 Fiow.
2 BEEHEREMALE

, LNV ot 1) WAF T4 NS

Hik B o) [H 2 (%) (GB) IBATHIE] (s)
mrFAST 92.56 99.24 49 1762
Hobbes2 92.27 99.55 14.2 971
FEM 92.25 99.97 6.4 327
BitMapper 92.27 99.99 14.9 289
AL 92.25 99.59 10.1 214

A S FH UL C 1 352 B b A9 0 74 T S R i Bk 4

b BV RS BE, o, [EEEJ:E‘J&&%WU%@%EEIJJIE
32 % R B BB 6 L 73 R SR R i B I
T DG P o7 BB o S o R LA, B3 2 mT 4, X T
VCHC b B LE ], mrFAST 45 S e, Hodth 4 N
FEAZEAK. X F B2, FEM il BitMapper HJ 45 R4
U, A SCEE IS AR T Hobbes2 Al mrFAST. 78N E T
B, mrFAST RI & U, FEM IRZ, A CHZEM T
Hobbes2 fl BitMapper. {E I [8] 14 (8 77 11, A SCH L
F Rl 38 B £ L) BitMapper B T 4] 26%.
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PR A R 5| S AT RS 45 A AL T K

G REE
AR SCHR H — b AR B4 4 bk S, AR

BT 005 . PR 10 A50RE e 715 50 5/
et B, AT H T BV O 8 73 BE . S5 B b e
ARSCHLHAR T S0 AD AR 4 O B, it o
R D, £ AERPRRIRNCT R 1 IR R S T
FE R KA T SR ASBR T)TF 45, FRATT RO S AE 3 0
B B Hl S A 572k 0 B KR A 0, £ B A 7
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JHE A 7 0 R 5 1% SR DT 2 1 B A 10 R A 32 P38

= s A UM (B R

—_

S3E 30k
Mardis ER. The impact of next-generation sequencing
technology on genetics. Trends in Genetics, 2008, 24(3):
133-141. [doi: 10.1016/j.tig.2007.12.007]
Trost B, Walker S, Wang ZZ, et al. A comprehensive

oo

14

workflow for read depth-based identification of copy-number
variation from whole-genome sequence data. The American
Journal of Human Genetics, 2018, 102(1): 142-155. [doi: 10.
1016/j.ajhg.2017.12.007]

Ferragina P, Manzini G. Opportunistic data structures with
applications. Proceedings of the 41st Annual Symposium on
Foundations of Computer Science. Redondo Beach: IEEE,
2000. 390-398. [doi: 10.1109/SFCS.2000.892127]

Bloom BH. Space/time trade-offs in hash coding with
allowable errors. Communications of'5 thc“ACM, 1970, 13(7):
422-426. [doi: 10.1145/362686.362692]

Abouelhoda ML Kurtz' S, Ohlebusch E. Replacing suffix
trees with enhanced™ suffix arrays. Journal of Discrete
Algorithtﬁs, 2004, 2(1): 53-86. [doi: 10.1016/S1570-8667(03)
00065-0]

Hoffmann S, Otto C, Kurtz S, ef al. Fast mapping of short
sequences with mismatches, insertions and deletions using
index structures. PLoS Computational Biology, 2009, 5(9):
€1000502. [doi: 10.1371/journal.pcbi.1000502]

Li H, Durbin R. Fast and accurate short read alignment with
Burrows-Wheeler transform. Bioinformatics, 2009, 25(14):
1754-1760. [doi: 10.1093/bioinformatics/btp324]

Li RQ, Yu C, Li YR, ef al. SOAP2: An improved ultrafast
tool for short read alignment. Bioinformatics, 2009, 25(15):
1966-1967. [doi: 10.1093/bioinformatics/btp336]

Langmead B, Trapnell C, Pop M, et al. Ultrafast and
memory-efficient alignment of short?‘DN'A sequences to the
human genome. Genome Biology, 2009, 10(3): R25. [doi:
10.1186/gb-2009-10-3-25]

Al\tschul SF, Gish W, Miller W, et al. Basic local alignment
search tool. Journal of Molecular Biology, 1990, 215(3):
403-410. [doi: 10.1016/S0022-2836(05)80360-2]

Xin HY, Lee D, Hormozdiari F, et al. Accelerating read
mapping with FastHASH. BMC Genomics, 2013, 14(1): S13.
[doi: 10.1186/1471-2164-14-S1-S13]

Kim J, Li C, Xie XH. Improving read mapping using
additional prefix grams. BMC Bioinformatics, 2014, 15(1):
42. [doi: 10.1186/1471-2105-15-42]

Zhang HW, Chan YD, Fan KC, ef al. Fast and efficient short
read mapping based on a succinct hash index. BMC
Bioinformatics, 2018, 19(1): 92. [doi: 10.1186/s12859-018-
2094-5]

Cheng HY, Jiang HP, Yang JY, et al. BitMapper: An
efficient all-mapper based on bit-vector computing. BMC
Bioinformatics, 2015, 16(1): 192. [doi: 10.1186/s12859-015-
0626-9]

Software TechniquesAlgorithm FXPFHE AR 5% 315

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1016/j.tig.2007.12.007
http://dx.doi.org/10.1016/j.ajhg.2017.12.007
http://dx.doi.org/10.1016/j.ajhg.2017.12.007
http://dx.doi.org/10.1109/SFCS.2000.892127
http://dx.doi.org/10.1145/362686.362692
http://dx.doi.org/10.1016/S1570-8667(03)00065-0
http://dx.doi.org/10.1016/S1570-8667(03)00065-0
http://dx.doi.org/10.1371/journal.pcbi.1000502
http://dx.doi.org/10.1093/bioinformatics/btp324
http://dx.doi.org/10.1093/bioinformatics/btp336
http://dx.doi.org/10.1186/gb-2009-10-3-r25
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
http://dx.doi.org/10.1186/1471-2164-14-S1-S13
http://dx.doi.org/10.1186/1471-2105-15-42
http://dx.doi.org/10.1186/s12859-018-2094-5
http://dx.doi.org/10.1186/s12859-018-2094-5
http://dx.doi.org/10.1186/s12859-015-0626-9
http://dx.doi.org/10.1186/s12859-015-0626-9
http://dx.doi.org/10.1016/j.tig.2007.12.007
http://dx.doi.org/10.1016/j.ajhg.2017.12.007
http://dx.doi.org/10.1016/j.ajhg.2017.12.007
http://dx.doi.org/10.1109/SFCS.2000.892127
http://dx.doi.org/10.1145/362686.362692
http://dx.doi.org/10.1016/S1570-8667(03)00065-0
http://dx.doi.org/10.1016/S1570-8667(03)00065-0
http://dx.doi.org/10.1371/journal.pcbi.1000502
http://dx.doi.org/10.1093/bioinformatics/btp324
http://dx.doi.org/10.1093/bioinformatics/btp336
http://dx.doi.org/10.1186/gb-2009-10-3-r25
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
http://dx.doi.org/10.1186/1471-2164-14-S1-S13
http://dx.doi.org/10.1186/1471-2105-15-42
http://dx.doi.org/10.1186/s12859-018-2094-5
http://dx.doi.org/10.1186/s12859-018-2094-5
http://dx.doi.org/10.1186/s12859-015-0626-9
http://dx.doi.org/10.1186/s12859-015-0626-9
http://www.c-s-a.org.cn

I WA

http://www.c-s-a.org.cn

20224F 55313 5103

15

16

17

18

19

Chacon A, Moure JC, Espinosa A, et al. n-step FM-index for
faster pattern matching. Procedia Computer Science, 2013,
18: 70-79. [doi: 10.1016/j.procs.2013.05.170]

Fernandes F, Freitas AT. slaMEM: Efficient retrieval of
maximal exact matches using a sampled LCP array.
Bioinformatics, 2014, 30(4): 464-471. [doi: 10.1093/bioinfor
matics/btt706]

Cheng HY, Wu M, Xu Y. FMtree: A fast locating algorithm
of FM-indexes for genomic data. Bioinformatics, 2018,
34(3): 416—424. [doi: 10.1093/bioinformatics/btx596]

Cheng HY, Zhang Y, Xu Y. BitMapper2: A GPU-accelerated
all-mapper based on the sparse g-gram index. IEEE/ACM
Transactions on Computational Biology and Bioinformatics,
2019, 16(3): 886—897. [doi: 10.1109/TCBB.2018.2822687]
Li H, Ruan J, Durbin R. Mapping short DNA sequencing
reads and calling variants using mapping quality scores.

Genome Research, 2008, 18(11): 1851-1858. [dof 10.1101/

¥
¥

316 A H AL Software TechniquesAlgorithm

20

21

22

23

2r.078212.108]

Li RQ, Li YR, Kiristiansen K, et al. SOAP: Short
oligonucleotide alignment program. Bioinformatics, 2008,
24(5): 713-714. [doi: 10.1093/bioinformatics/btn025]

Guo D, Wu J, Chen H, et al. Theory and network
applications of dynamic bloom filters. Proceedings of the
25th IEEE
Communications. Barcelona: IEEE, 2007. 1-12. [doi: 10.1109/
INFOCOM.2006.325]

Margais G, Kingsford C. A fast, lock-free approach for

International Conference on Computer

efficient parallel counting of ogcurr'ences of k-mers.
Bioinformatics, 2011, 27(6): 764=770. [doi: 10.1093/bioinfor
matics/btr011] \

Myers G. A fast bit-vector algorithm for approximate string
matching based on dynamic programming. Journal of the
ACM, 1999, 46(3): 395-415. [doi: 10.1145/316542.316550]

(B e 7Rk Ast)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1016/j.procs.2013.05.170
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btx596
http://dx.doi.org/10.1109/TCBB.2018.2822687
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1093/bioinformatics/btn025
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1145/316542.316550
http://dx.doi.org/10.1016/j.procs.2013.05.170
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btx596
http://dx.doi.org/10.1109/TCBB.2018.2822687
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1093/bioinformatics/btn025
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1145/316542.316550
http://dx.doi.org/10.1016/j.procs.2013.05.170
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btx596
http://dx.doi.org/10.1109/TCBB.2018.2822687
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1016/j.procs.2013.05.170
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btt706
http://dx.doi.org/10.1093/bioinformatics/btx596
http://dx.doi.org/10.1109/TCBB.2018.2822687
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1093/bioinformatics/btn025
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1145/316542.316550
http://dx.doi.org/10.1101/gr.078212.108
http://dx.doi.org/10.1093/bioinformatics/btn025
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1109/INFOCOM.2006.325
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1093/bioinformatics/btr011
http://dx.doi.org/10.1145/316542.316550
http://www.c-s-a.org.cn

	1 相关研究
	1.1 基因组索引技术
	1.2 主流的过滤阶段方法

	2 问题定义及相关数据结构
	2.1 找全序列比对问题定义
	2.2 布隆过滤器

	3 比对算法设计
	3.1 构建索引
	3.2 选取种子
	3.3 定位及过滤
	3.4 验证候选位置

	4 实验分析
	4.1 候选位置数量对比实验
	4.2 算法性能对比实验

	5 结论与展望

