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Abstract: To solve the problem that existing algorithms were difficult to effectively identify sensitive sequences in ge-
nomic data for long-read with high error rate, a recognition algorithm using hybrid CPU and GPU parallel computing,
called CGPU-F3SR, was proposed. Firstly, the long-read in genomic data were partitioned into multiple short-read, and
the Bloom filtering mechanism was used to avoid repeated calculation of the short-read. Secondly, the k-mer coding
strategy was used to extract in parallel the error information of all short-read, the recognition accuracy was promoted by
improving the sequence similarity calculation model. Finally, CPU and GPU were used to coordinate and parallel to ac-
celerate the calculation of short-read similarity to improve recognition efficiency. As a result, both two types of sensitive
sequences including short tandem repeats and disease related sequences could be identified efficiently and accurately
from genome data for long-read with high error rate. The experimental results of recognizing sensitive sequences from
genomic data for long-read with length 100~400 kbp each show that, compared with existing parallel algorithm, the av-
erage recognition accuracy and precision rate of proposed CPU/GPU parallel algorithm CGPU-F3SR are increased by
7.77% and 43.07% respectively, its average false positive rate is reduced by 7.41%, and its average recognition through-
put is increased by 2.44 times.
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43) :@ﬁ(“)ﬁ‘% sim(D;,R, p);

44) if sim(D, R, qp) =dis_sim then

45) devRes[tID]«4;

46) end if

47) end for

48) GPU 1 H cudaMemcpy()# devRes [Alf%
% CPU i hostRes;

49) else

50) CPU ¥iiff# hostData. hostDict 747155

PRIFAH KT 41 54 5 R ORAF 2 hostRes:

51) endif

52) K4 strindex ¥ hostRes 25 FAKE % res:

53) K4 res A str 5EHT A L IR 2

54) Kl res S5 CHR[15]H) 77 iR E HUF 5

N,[0:n— 1] HERS BUR T 51 N[00, —1]
AR AEBUR T 51 N[00, —1] 5
55) end for

SO RS T KR 0, 7ESLIE 1,

T 1)~ ST 3 WIS P 81 i S

wmﬁ%ﬁﬁofg“}zﬂ%@~ﬁﬁaﬁaﬁ
T

R RN Onl), 508 TyWIE LS

B res NS AN O 2 |, 598 5)~ 88 23
r
AP 91 SO 5 L9150

EE%E%OUWWWQJMM)ﬁﬁHM~$%
Pr Pr

52) I 47 IR 5B B R AH OC T A 1) B TR 2R A
OV?MJ,ﬁ%SQE%ﬁ%ﬁﬁ%NEE%E
u

N O(nl). HBE SHFLIR 55)4 AL E IR T4
A E AN Oy BT ks hos k F1r #9284
WH, BT EVE CGPU-F3SR (1 a8 4 N
O(M i+ +—nl(r4k thithy) Inr* + 4 jz

Pr Pr Pr Cu
O(n_l+n_111l)= 0(nl(mPr+Cu)j .

Pr Cu PrCu

TEF: CGPU-F3SR ig/Tid 8, HZH N NP
N RG2S BN O(n). Ak 8 as A A
By B, B & W A7 G = 18] A O(bi+ba)=
0= Uil ln(pfl ) +i ln(p;) J o FBUBT H1)17] #L hostDict

| (In2)’

1 devDict 4[5 R FT TR AFAH S0 O(md"). ik
4 Pr A~ CPU MU dmt A% IR T 1 i 5 A7 i 2 )
N O(Prd"). S5RIE res FTFIAEEAT )Y O®).
WA str R AR Z RN 0ndY . — 484
hostData I devData T 7 FITEE S 10 A O(nd"). %
“H hostRes 1 devRes fIlT 75 A7l 2= 1814 O(n). % F
751 43 B 43 2 (4 507 5 46 A A A7 AE B R T 51
1B (REA TN E&ZER), B RTF5IT
TR 1) 4 TR 4 B oy 4 A B e g A A,
I XUATE R i A T A N 1) B K7 8 B AL 1=anls
ai=1, =12, BT kA o BN, om, =12,
5593 CGPU-F3SR 1E CPU i il 5 (R KAt 25 1R

-1 1
0[{max|t] In(p,")+1 In(p; ),n,(m+n+rPr)4kH=

‘ (In2)*
O((ar+a)nly=0(nl) , £ GPU 3t FIr 75 (1) A 23 )y
O((m+n)4"=0(n). B, F1T75: CGPU-F3SR [
RIEEIREN O(nl)
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24 CPU/GPU FHA7%57% CGPU-F3SR HH & %11
gpuBlock HUE N 0 I, B NICRHZ# CPU
AT EIRRA (fajid A% CPU-F3SR).

2 I

LGS P9 K20 Sugon 7000A LR FFATHHEE
ML E#E4T, M CPU/GPU M A 4Nt
HYHMNEAEAN 512 GB. ST A & A
8x900 GB. CPU Jy 2xIntel Xeon Gold 6230 (&
%HH 40). GPU A NVIDIA Tesla-T4 (RAEAE
N 16 GB, ¥H 2 560 A~ CUDA #0»). BiT#AE
RGN 64 MIRA CentOS7.4. K H C++. CUDA Al
OpenMP VB & %i f& SE I FFAT 5% CGPU-F3SR.

52365 F GWAS Catalog % P! 4 B[R 4
KR 7L HHR £ gwas_catalog v1.0.tsv M U T 5]
A, ZEHREEE S Scoliosiss HIV-1 replication Al
Opioid sensitivity %5 4 680 P, FLit 216 250 4H
B . RAINS %248 NCBI B T i
NI HG38. S8 FTH 57 S AR R R
GWAS Catalog 4% 'Y, 45 s Bk 5 P 51k A
TRDB $# FEP . 22 SCHR[3] A0 B T Ad 22 R,
TR AR 46 AU K FE A 50 bp HISE R P 51 4
All-Together (2239 340 %4/7%1), fAFEHERIR AR
(1= U 21 IR T A B 2 Lo 701

NP EE ISR, FREUA R B HAr A
BUR P AR T KT H . dt, SERRTES RS
N 2%~20%[) All-Together 3 v %55 41| & #E AT BE AL
HEE, RPN 100~400 kbp [ HILZ)
24 GB 1 4 HK 75 %54 DataSet-100 kbp~Data
Set-400 kbp H T HA4T HIE S HOR L I

SEIKE A S CPU A1 GPU bRl I AT B0
CGPU-F3SR 5347 5% PARA-LRF!" {0 % H CPU
AT E R A CPU-F3SR (gpuBlock=0). #4745
2 F3SRUPHHEAT MR LA R A0 SR o Seae Al 51k
IR BRI % Cace, accuracy) PL #HEZR (pre,
precision) “HMEBAYER (fpr, false positive rate) 1,
AER R A v R e ey, BRI R R T s R PH
MG, BRSO RS . AEIBAT RO T, 5K
PPl T BEMR A F R (thp, throughput) M,
B B e SNSRI BT N 1) A B A% B A% IR
ke, BN nystY, FrEEE, HBT

T, EYess AT ) CPU/GPU F4T

H% CGPU-F3SR WIS HURsLsh4s B, Riadh
HRSEIGZE R, B a5 CGPU-F3SR FlfA) 2%
HAT B S0 45 T A3 HT
2.1 HTEASHAMSER
227 SCHR[3,4,15]45 th 1) 25 DR 20 25040 U T 41
VUM RER S A G825, 5% CGPU-F3SR &L
p=0.000 1. #=10%. =48 bp. k=5. str_sim=0.64.
dis_sim=0.80 AT H I 0 SOV MGk, =12,
NHfiE GPU ZBFEHR /NG HAT LA =1
SO, SEIGIAR T AT HE CGPU-F3SR K HANH
] GPU ZRFEHK/NTE 4 K758 45 FigqT i
ki, 2R 3 k.

10¢
9.0

—4—DataSet-100 kbp ——DataSet-200 kbp
8.01 —e—DataSet-300 kbp —=—DataSet-400 kbp

896 1024

0 L L L ! ! L
1 128 256 384 512 640 768
GPUZFRHI/M

3 JF{THIE CGPU-F3SR R AR GPU ZEFEH K/

£ 4 KPR LB AT R ek &

P 3 SEEGAE R, 24 GPU LR K/ ME e i,
A E R SR, FF1T 5032 CGPU-F3SR ()it
BHE. RN 1) WP FEE SRR,
CGPU-F3SR 73 #IHK Fr #1145 S 156 7 41 b (1) B 2 A
Y%, TG R R T R AT AN 2 ks
B, iR, 2) CGPU-F3SR #4655 i)
FLPHIPEAC 25 GPU #HATHRAR ST F-AT R, I
FFEFREROR, GPU 2 P31 A3 5 i =
SR AT R . %08 CUDA FHATHY, (K% Grid
) % AP Block 2370 i3l GPU &I 2UAb 3
FHPAT . B3 SR AE FIE R B, US4 gpuBlock
HUE N 128~384 I, SRk - AR AT 2.

B 43t —B 25 H T GPU £k FEE K/ gpuBlock=
256 .« ff AN A CPU # .0 iz 17 17 B ik
CGPU-F3SR I 153 2| Fent 4 R .

Kl 4 segn 2 KW, 47535 CGPU-F3SR 1)
WA SR CPU OB R IEA . HdkE
SRR, A, FiEEEsZ CPU O
B 2 ORI



. 168 wofE b 44 %
x10° N2 — N . . .

30 —- DataSet-100 kbp -«~DataSet-200 kbp }JF/TT%/ZT CGPU-F3SR E With Flltel‘ fﬂ Wlthou‘t

300 Dataet-300 kb -=-Dataset 400 kbp Filter 3% 2 AT F 149415 7 (5 0 v o o 2

25.0 FRAMBEBAMER . X REF N 1) fbEdiE4R M 2 A

)
o
=)

FHitE/(nts™)
S
(=] (=]

o
=)

1 3 5 7 9 11 13 15 16
CPU#.L 3 (gpuBlock=256)

Kl 4 FH47HEE CGPU-F3SR 1§ AN CPU # 03t
1 4 AP FEHEE LB T i E &

AL I AT 5% CGPU-F3SR 7843 K 1% CPU
A GPU WhIRIFHAT IR RE ), RIEE 3 AIE 4 1
SIS AE R, K SCEEL gpuBlock=256 Al Pr=4 (41 &
AT GBI SL 50
22 HITEIAIERASSIG

HATH VL CGPU-F3SR 5| N AR it g 285 7 41
AT g8, DL # N E TR, N
T HfE I SEMLEDG AT 59 CGPU-F3SR [T RERE
Wi, ASCSREGVEAS 14T 5HE CGPU-F3SR AT
53t With Filter (Z%{ Pr=4, gpuBlock=256)
N34T B 5 i 3€ Without Filter (&% Pr=30,
gpuBlock=256) 2 P& IEAE 4 HK P HESIEAT
RENRE 2, AdER, BIAMERAETE,

SKIREE RN 1 Pir.
1RSI R R, R TERETT I,

WL SR AL ) ] LUK A 5] 5 51077 28 22 A4S AH (7] (1) 06 A B
W, 3X AT DLLE 8 S0 8 7 A1 22 0t S5 (] AN
SR AIPERE; 2) SO SIARARLRE T SR ABE AR R %o
FAHRE B AT A P e REH, FHTHE
7% CGPU-F3SR IR HERRZE . 25 i A PH M2
ST Gk 0 e A AR ACLRE v SRR, AN A2 R
TABE L IEAS ARIBATRCRE T I, HAEEH 4 4~ CPU
0[] With Filter #5000 5 ik & L A 30 4
CPU #%.0>f) Without Filter #2305 17 2 M. X
J& R K e 41 35k DR 26 B4t v 4 B0 A B K&
MR ESE TS, AP IR .
2.3 FHITEAIRRIMAESLIE

SRV B 1 AT A0 0T 1 A i K 1 i A
B h UK E S (B3 STR Al DRS) HAIBCRK
oM, B4, SEIRMNR CPU A1 GPU Whfal 34T 5092
CGPU-F3SR. X CPU #4715 % CPU-F3SR FlH
A7 F3SR (B HUUE p=0.000 1, 1~10%, =48,
k=5, dis sim=0.80, str sim=0.64, i=1,2) ""IfE 4 44
KIPHIEARAE 2 T3 2 R HERf % . B v A
BBHPER, SLIR RNk 2 fiok.

£ 2 HSLIR S R, CPU 5 GPU WhFAIFH4T
#y% CGPU-F3SR il CPU FAT1L i CPU-F3SR ¥
AT T HHEATHEIE F3SR MFIMRASE R X2

*1 FITHEE CGPU-F3SR HIRALEMRE, ETHER, RIAMEMELE
CGPU-F3SR (With Filter) CGPU-F3SR (Without Filter)
SRR GRS
acc pre fpr thp/(nt-s™") acc pre fpr thp/(nts™")
DataSet-100 kbp 94.827% 91.333% 0.757% 4.280%10° 94.827% 91.333% 0.757% 0.368x10°
DataSet-200 kbp 94.829% 91.327% 0.758% 9.162x10° 94.829% 91.327% 0.758% 0.402x10°
DataSet-300 kbp 94.827% 91.323% 0.758% 12.109x10° 94.827% 91.323% 0.758% 0.430x10°
DataSet-400 kbp 94.830% 91.320% 0.759% 18.581x10° 94.830% 91.320% 0.759% 0.423x10°
PHME 94.828% 91.326% 0.758% 11.033x10° 94.828% 91.326% 0.758% 0.406x10°
*2 FH1TH % CGPU-F3SR. CPU-F3SR #1 F3SR RUIRBIARRZE . TERFEMAMESR
ik CGPU-F3SR CPU-F3SR F3SR
K7 58 5 acc pre fpr acc pre fpr acc pre fpr
DataSet-100 kbp 94.827% 91.333% 0.757% 94.827% 91.333% 0.757% 94.827% 91.333% 0.757%
DataSet-200 kbp 94.829% 91.327% 0.758% 94.829% 91.327% 0.758% 94.829% 91.327% 0.758%
DataSet-300 kbp 94.827% 91.323% 0.758% 94.827% 91.323% 0.758% 94.827% 91.323% 0.758%
DataSet-400 kbp 94.830% 91.320% 0.759% 94.830% 91.320% 0.759% 94.830% 91.320% 0.759%
FEIME 94.828% 91.326% 0.758% 94.828% 91.326% 0.758% 94.828% 91.326% 0.758%
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NP H 5 BB AH AR 751 2 (B L2 -1 AN
FEE SR, @ik CPU/GPU F4TiHE AL
RN R . /F LRSI ikt b, idt—
A FE AR S AT 592 CGPU-F3SR F[AI 2R HAT
%% PARA-LRF (Z% p=0.02, m=68 915 861) !l
£ DataSet-100 kbp~DataSet-400 kbp %#fi 4 Fiz47
B, 0 R K 2 35 R A A U R B
i STR F1 DRS) #HATIRAIZRA MR e %, £
AR ABBHPE R, SLIR 2 RNk 3 fiR.

® 3 MW REYN, HETIHATHEE
PARA-LRF, A CPU/GPU H17%.% CGPU-F3SR
HEpR b BLAG B R AR S A R R A R DL R TR A
R FEYER . XA IATHEYE CGPU-F3SR
KA k-mer JmiSRBS A RO T MR R K7
WA RS S, HLARYE STR A1 DRS (245145

A, R SNSRI SHGE T STR A1 DRS AHALLE
PTHE 7%, AR SCHAT RS CGPU-F3SR 71 #ER
TR HE v R K e A SR D4 B URK T A 1
IR, B T W AR R 7 3135 ) R UK P 51 A 15 7
RAE, MR 3RS T T IR 1R 00 AR
24 FHITEZADITHEIR

1IN RS R AR 7T R, Bt
FBSATIRIASG, 2 H T8/ RoR il . JERA%
PR T AR B AT A e T b, HRlE S
CPU F1 GPU 1 [F] v 5 W 347 8L . FHATHEIE
PARA-LRFMHEEST 24 CPU it AT ENE . A
SR, SEER IR T AU CPU FRATHE
CPU-F3SR £ #% CPU 34741 PARA-LRF "Ml Fi R
[F] CPU % U AUE 4 21K 7 51 4 FIgA T3 2R A1
b, S5RE S Pos.

#=3 H1TE % CGPU-F3SR #1 PARA-LRF BUIRAERRER ., & ERMEBEMER
HATHIL PARA-LRF CGPU-F3SR
Gl EiiE S acc pre fpr acc pre fpr
DataSet-100 kbp 87.066% 48.310% 8.161% 94.827% 91.333% 0.757%
DataSet-200 kbp 87.055% 48.280% 8.171% 94.829% 91.327% 0.758%
DataSet-300 kbp 87.059% 48.288% 8.170% 94.827% 91.323% 0.758%
DataSet-400 kbp 87.059% 48.287% 8.167% 94.830% 91.320% 0.759%
SEHME 87.060% 48.291% 8.167% 94.828% 91.326% 0.758%
30 (18 60210
(Pr=28, thp=2.271) :
sol (Pr=22, thp=4.315)
L 20t % a0}
g (Pr=28, thp=2.126) g (Pr=22, thp=4.190)
] i 3.0F
+ =
a8 1.0} i 2.0H
-+ CPU-F3SR Lok -+ CPU-F3SR
- PARA-LRF é -+ PARA-LRF
0 ’/‘/n L L L I L L I 1 1 0 '/T L L L L L L n 1 1
1 4 8 12 16 20 24 28 32 36 40 1 4 8 12 16 20 24 28 32 36 40
CPU L CPU 03
10,010 (a) DataSet-100 kbp 120 %106 (b) DataSet-200 kbp
sol (Pr=24, thp=6.703) 100 | (Pr=26, thp=8.234)
T g0l
g060 _ g
= (Pr=24, thp=6.361) E 60 (Pr=26, thp=8.171)
H 40 H
s & 40
20k — CPU-F3SR 2ol —~ CPU-F3SR
—+ PARA-LRF —+ PARA-LRF
G v 1 1 1 L L ! 1 1 0 VV 1 1 1 1 1 1 1 T T
1 4 8 12 16 20 24 28 32 36 40 1 4 8 12 16 20 24 28 32 36 40

CPU% OBk
(¢) DataSet-300 kbp

CPUMLLEL
(d) DataSet-400 kbp

B'5 % CPU H47%5% CPU-F3SR M1 PARA-LRF 1 FH (] CPU #% 0o Biunt 75 i & () 5 i
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palll3

e a4 5

M 5(a) AT LAE Y, 7F DataSet-100 kbp #4545
b, M HE CPU 0 HCH 1~28 B, CPU H4T
5% PARA-LRF & & 5 T A CPU H4T
% CPU-F3SR; {1 CPU 03N 28~40
i, FE4T5HE CPU-F3SR Lk PARA-LRF $£18 T %k
R R A A

ME 5)~El 5(@)nrLAEH, MFEHIKEN
200~400 kbp ¥y 3 MCF A, X CPU %O
oy 22 24 F1 26 B, FEATHEIE CPU-F3SR &
Bk, ML A 2 CPU FHAT Bk
CPU-F3SR b Z#% CPU F£ATHV% PARA-LRF #1k
FEAE R AR X RO AT B
CPU-F3SR HA7 ity B #IE BT A AT
WU R ERE S A0 FHAT IR A O 41 15
gy teE BIRFEATRE S, BT DACE 4 K75 E0E
& BIBATI IR T S BRI

WA P 51 5 R 2 5040 Hh R ) 0 A DG T B
R — AT R B AR, Syt — 20 I oK fid i
JE P BRI ) 3, A SC ¥ TSEBL T CPU At GPU
[ TH 55 ) UK A1 U AT % CGPU-F3SR.
Nk, sEE R T CPU/GPU 47 H ¥k
CGPU-F3SR (Z#%{ Pr=4. gpuBlock=256). %% CPU
HATHI: PARA-LRF (Z3 p=0.02. m=68 915 861+
pr=4) " £ CPU FH4TH % CPU-F3SR (S
Pr=4)7E 4 HEKFHIEHR AL FIg 4713 2 1R 5 Fr ik
&, iRk 4R,

M 4 TTUAE H, AR T AR 2 # CPU
FAT I ) CPU-F3SR 5%, A3 CPU Ml GPU
PR AT SR AR RO T Z1 R ) 1) K CGPU-F3SR 5
PP E A 11.033x10° nt/s, BROKIRTE TR
AR, HRTFOAENZZ CPU IHATH L
PARA-LRF, AL CGPU-F3SR fE&M &5 TH
BT BOKIE B 82T . CGPU-F3SR SLiE /T
it &y HlE CPU-F3SR Al PARA-LRF Hi%E[()
11.45 %A1 2.44 1% . CGPU-F3SR %92 Fir LIRS 5

mEE R, EFRNTRE GPU FHAT b &
TR B AT (I AE O 7 AR R, g R
NiE

2z BTk, CPU M GPU Wha) T+ i 347 502
CGPU-F3SR  7E#ERA 1R 71 HH RS s iR 2R K 7 41
FEDRIZH A 1) 2 RBUR T 41 (STR A1 DRS) [
B, RERITELE,

3 HRIA

55 = AR PP 45 AR 7R AR ) 3 IR A e B0 OE LA
R EE /R R R (P P R G . A AMTTAE S B
BRI, PR A A R 2 B U T
AAFERARE T, ASCIR T CPU M GPU Wi [HTH
BRI AT 5E CGPU-F3SR R4S (B A 4 2
RICHE B 1t R 31 HE B = AR P A R 7 AR ) KA
PR R AR B B R A B 1 2 SRR T A (R
HRCE S A AR A SR F 81D . TERKEN 100~
400 kbp P HIEIEEE L ISLIR s R, 4T
5%k CGPU-F3SR 7EHE4R L3R4S 1 55 i IR0 1R ) Al
K EERABARE A R A A, RE T TR
R

ISk, 22 AL R AR DR AL e Ba
WAEAE “HIBY) 7 AR . 5 pE 5 i PR 2H K Al i
RAG A, BRI E K. Bl BUR R, 7E
ARSI g AR TR b, R — 25 B0 90 07 Rk G
1) WFF G REERR R IR R IR
T AR s 2) BRBE W E A & 51 45
P ol il % HAb R 5 B 45 F9 (nfaivd de Bruign
Bl &5 K . FM-index 45 # %% ), BF 70 ¥ it 7
CPU/GPU RA MR R M ER LM HITH
e, DAHE— 25 I R A 68 R B KT A1 1 2R A
S O R T AR ) 1) s 3)BIF e A SR
I BBURK R B3R S AT B e A T SR
AT, LASI R BIRSE ) i % R K 7 1 R 4
s 2 A Hex .

=4 H1TE %X CGPU-F3SR. CPU-F3SR #1 PARA-LRF HJiR 3| &1t &

K oI5 CGPU-F3SR CPU-F3SR PARA-LRF
DataSet-100 kbp 4.280x10° 0.310x10° 2.112x10°
DataSet-200 kbp 9.162x10° 0.691x10° 3.844x10°
DataSet-300 kbp 12.109x10° 0.857x10° 5.133x10°
DataSet-400 kbp 18.581x10° 1.997x10° 6.990x10°

RE2LC 11.033x10° 0.964x10° 4.519x10°




Hom BRRAE . R A 4 B TR AT U T SR R AT B <171+
WAN S, HE Y Y, LI F H, et al. Bloom filter-based lightweight private
%%j{fﬁﬁ : matching scheme[J]. Journal on Communications, 2015, 36(12):

(1

(2]

(3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

(11]

[12]

[13]

LU D D, ZHANG Y, ZHANG L, et al. Methods of privacy-preserving
genomic sequencing data alignments[J]. Briefings in Bioinformatics,
2021, 22(6): 1-15.

X, AR, RRR, & R HBERRE R RIS 5 VELRR ).
THELEAAR, 2021, 44(7): 1430-1480.

LIU H, PENG C G, WU Z Q, et al. A survey of the theories and me-
thods of privacy preserving of genome data[J]. Chinese Journal of
Computers, 2021, 44(7): 1430-1480.

COGO V V, BESSANI A, COUTO F M, et al. A high-throughput
method to detect privacy-sensitive human genomic data[C]// Proceed-
ings of the 14th ACM Workshop on Privacy in the Electronic Society.
New York: ACM Press, 2015: 101-110.

DECOUCHANT J, FERNANDES M, VOLP M, et al. Accurate filter-
ing of privacy-sensitive information in raw genomic data[J]. Journal of
Biomedical Informatics, 2018, 82: 1-12.

LOKA T P, TAUSCH S H, DABROWSKI P W, et al. PriLive: priva-
cy-preserving real-time filtering for next-generation sequencing[J].
Bioinformatics (Oxford, England), 2018, 34(14): 2376-2383.

CHEN J X, LI F Y, WANG M, et al. BigFiRSt: a software program
using big data technique for mining simple sequence repeats from
large-scale sequencing data[J]. Frontiers in Big Data, 2022, 4: 727216.
R e, . AU R S8 AR A O H IR SR R AT A D]
P T 5L, 2010, 27(8): 186-189.

LU X Y, ZHONG C. Parallel algorithm for long sequences maximal
tandem repeats on the cluster computing systems[J]. Microelectronics
& Computer, 2010, 27(8): 186-189.

GONZALEZ-DOMINGUEZ I, MARTIN-MARTINEZ J M,
EXPOSITO R R. MPI-dot2dot: a parallel tool to find DNA tandem
repeats on multicore clusters[J]. The Journal of Supercomputing, 2022,
78(3): 4217-4235.

HUANG C H, RAJASEKARAN S. Parallel pattern identification in
biological sequences on clusters[C]//Proceedings of IEEE Transactions
on NanoBioscience. Piscataway: IEEE Press, 2002: 29-34.
NAKAMURA A, TAKIGAWA I, MAMITSUKA H. Efficiently enumerat-
ing substrings with statistically significant frequencies of locally optimal
occurrences in gigantic string[J]. Proceedings of the AAAI Conference on
Artificial Intelligence, 2020, 34(4): 5240-5247.
FERNANDES M. Reconciling data privacy with
next-generation genomic workflows[D]. Luxembourg: University of
Luxembourg, 2020.

LOGSDON G A, VOLLGER M R, EICHLER E E. Long-read human
genome sequencing and its applications[J]. Nature Reviews Genetics,
2020, 21(10): 597-614.

Tikk, g, R, G5 BT A BT iE AR I B B YR AAE BT
B 5 R[], A5 2R, 2015, 36(12): 151-162.

sharing in

[14

(15

(16

[17

(18

[19

[20

]

]

151-162.

MORISHITA S, ICHIKAWA K, MYERS E W. Finding long tandem
repeats in long noisy reads[J]. Bioinformatics, 2020, 37(5): 612-621.
FIVEE, BRI Rl ok DR RRE B FSE VPR v 45 2 e PR 4 00 Uk
F A0 AR 0[], /N BB G S AL &R S, 2022 doi.org:/10.20009/
j.cnki.21110 6/TP.2021-0766.

SUN H, ZHONG C. Recognizing sensitive sequences from genomic
data with high error rate integrating filter and similarity calculation[J].
Journal of Chinese Computer Systems, 2022: doi.org:/10.20009/
j.enki.21-110 6/TP.20 21-0766.

LI H, HANDSAKER B, WYSOKER A, et al. The sequence align-
ment/map format and SAMtools[J]. Bioinformatics, 2009, 25(16):
2078-2079.

NICHOLAS W. CUDA LK F/Il: GPU 4 UsdR#[M]. J55EHE,
SRE, B st MU diARA:, 2014

NICHOLAS W. CUDA expert manual: the definitive guide to GPU
programming[M]. Translated by SU T H, MA P J. Beijing: China Ma-
chine Press, 2014.

BUNIELLO A, MACARTHUR J A L, CEREZO M, et al. The
NHGRI-EBI GWAS Catalog of published genome-wide association
studies, targeted arrays and summary statistics 2019[J]. Nucleic Acids
Research, 2018, 47(D1): 1005-1012.

GEER L Y, MARCHLER-BAUER A, GEER R C, et al. The NCBI
biosystems database[J]. Nucleic Acids Research, 2010, 38(D1):
492-496.

GELFAND Y, RODRIGUEZ A, BENSON G. TRDB: the tandem
repeats database[J]. Nucleic Acids Research, 2007, 35(D1): 80-87.

[EE R

i (1964— O, J, TN, i,
IR EEAR . WS, R
FNIEAT AR HHE . A B E. W
fFRZ4,

kg (1997- O , F, FEBRINAN, T
KR, EEHFR T R NI
T R E R A,



	15-220410-�Ú.pdf

