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Abstract

Bioinformatics is a science that integrates advanced biological science and computer technology.
It integrates mathematics, information science and computer technology to scientifically organize,
sort out and conclude the information of biology and medicine. DNA sequence alignment is one of
the most important and basic research directions in bioinformatics and an important means to
explore the relationship between genes and diseases. The main objective of this paper is to find all
sequences that are identical to the target sequence and whose occurrence probability is greater
than the given threshold in the uncertain molecular sequence data and to give the total number of
target sequences and the starting site of each target sequence. In this paper, a weighted suffix
tree-based DNA sequence pattern matching algorithm is proposed to solve the problem that the
existing molecular sequence pattern matching algorithm based on “space for time” is limited to
the calculation of times, and the image stereo matching method based on the double DNA sequence
alignment algorithm in bioinformatics is limited to uncertain source data. This method uses weighted
suffix trees as the main data structure, improves the matching accuracy of uncertain source data,
and solves the problem that map data structure is limited to number calculation. Experimental
results show that the proposed algorithm has improved the matching speed and sensitivity to a
certain extent.
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1. 518

PG B R E e AR ERI B AR — G . BERE THENEBORSER
AW, RFPE BT RRE AL BIRIENIRE[L] . APME B IR T A S BRI TE S R A
EMEAFEH T, MXRFE AT, P HhRE S MR EMEE . BER, b
# B I P (NGS) B s R 2 [2], 4225 AR L 4 4 248506 K [3], RN AW EHE Y
Jata s T RERAEYIIEMAITR . DNA/RNA HEEEMA SORAI[4]-[9]. BE5R-T1251[10] [11]. RNA /7
FgmEEAT AR AI[12]. E AR IR SR HI[13]. DNA G548 & H IR A48 A5 E# R 240288 =70 24T
% o DNA 73T 74 Lext e A 15 1B 2% b e S B AR LRI A 78 7 22—, R R AU LR S5 000 0 R ) L 22
FB[15], Bl W A AA Py 75 7776 20 B07 555 DNA 27 551 DL LR AR, Sl e /A
WA 15 75 B L AT ARV T S5 [16] [17].

AESR, R HAR T2 I8 55T DNA 407 /5 5 ULEC 73 1 C O A P15 222 S8 9T 44 i [18]
[19] [20]. HHIZET DNA 70 T 7 FIBE UL R AL i KB AL RS —J, — R T “as it
B8] BT SRE[21], BL map HlE a5 Mok A2 i rh Al 25 5, 19994 DNA 7 51—k BRI A] [RIIN o H R T
TR AR Z T8 B R 12500l 0 DNA FARRE TR FE b IR 1, $27H T DNA F
FIBLAFIE T IR, (BRI E, BARRME. &, —METAYE S5 X DNA 751
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PO S0 00 BB AR DL RS TV, AH R S0+ AN 1R EE BT R PR -

BTl ASCER AT R T AR ] 1K) 3 AR QUG R S PR B v S L R T
YoM B2 0 DNA 381 B S92 (0 MR SLAR DL BC 7 o8 1 ANe € IR B B R BRPE A R, St 17—
T FINAUG ZER K] DNA 701 SRR ARUCEC ik o 1% 5VE N RTINBUE S0 08 T B8R 45k, tREH T I
i PRI, SEAR T JE R RS P R, Bk T AN E AR B O UL RCHERR L, AR DR T map R S5
ICRT- B SLR H R, FEVLRCH B S RS B T Hg .

2. B

DNA FPoll2 i A (BRIERG L) T (RRmEnEs L) C (MEnEmit). G (SMREMTHHAE) 4 Ml 7 4F
B AL M0 B A e o AERREERE LR, 2T INBUT A AT IAROR IR R A AE A A I R . th T DNA &
FRE SRR E, BALE BRI IR I B A DNA A E SRR E A k. A A
KF4a5EiaH, N DNA & ARE SR EWI8E MR GV . ASCHE TR 2 H R R EANHE K72
TSR REIFTA S B AR s PR BB K T4 BIE UK 750, JR4 t H AR 72 E 2O
B B AR IR A AL T o F T IS 00 2 7 51 20 v 2 22 L RO e 45 K [22], PRIBEAR ST 36 I 50 Al
I 8 A N S T SEBL A T BB 45 . AEAC B T INBUF ZIRS, F 2R B4 2 N I A H
PR, AHREEONSOR R IR B R S SR E R TR, SHERMAS. BTAHE
PERER R ER, NV imReR, B ERBIME UK, I e e B e A SRl R i -

2.1. MiFF3

IBLUFF] X = X 1] X [n] & —AMBLE TS, Hep ABLE X [i] - 4H 50 (om (o)) 45 7, (o)
AN E | AT o IR T8 MIEX[i], 1<i<n, X, m(o)=1-

B, DNA 73 T4 FRERNY. = {A, C, G, T}, WK 1 H i fe 41 a4 A — e 8 D BER 4%
o MTE LR LR HBIMERN 0.4 19 AL HIBIHER N 0.6 19 Cs A1 2. 3. 4. S IFEBRIFHIE T,
T. G. C: A& 6 7B LLZ C. G T, HIUMAS I8 0.2, 0.1, 0.7; AL 7 18 BFE53 18 G
M Co o RFEH—ANHEZNYHFFZRFHBRIEKE N n T, o[l---n]=0[l],0[2], - o[n], ofileX, 1<

i<n.
79 o
7 5 1 2 3 4 5 6 7 8
A, 0.4 T T G C A, 0 G C
C,06 C,02
G,0 G,0.1
T,0 T, 0.7

Figure 1. An example of a weighted sequence with two weighted positions

E 1. EARAN MR ERINFSISEA]

HME 1 A=A A 0, = ATTGCCGC, w, = ATTGCGGC, w; = ATTGCTGC, w4 =
CTTGCCGC, ws=CTTGCGGC, we=CTTGCTGC, %%, MALE i IR TR o IR A
FRH BRI, T RS, AT LA F):

DOI: 10.12677/csa.2023.132024 238 MR 5 R


https://doi.org/10.12677/csa.2023.132024

Mg 55

3
—_
RS
~—

Il

a
iy

>

*

5
N

—

*

a
w

_|

*

a
~

®

*

S|
o

@)

*

a
(=2}
—

®
~

*
5
39
—
®
~
*
5
©
—~
@)
~
Il
o
N
*
©
[N
Il
o
o
=

2.2. REW

JE S & — M R G, X T A FR AT A R A R 22] AT () RN TR o KRS
BL(V)ERT (o) PAARENNT 2Ly MBS B L(V)=ofi--n]B, T (o) WAy #ibrid i #y
BB LL(v) € XN v 9 5 TR A AR & . Ja S SCRE o B RBROERS I 7~ A7 AR ULAC: A
P MALE | THIAH I HALE P 2 o BURTEL, AT RASE ofi---n] Hll i TS R4 P A L.
TFHHR o MRE—NTEERSeY, WA —NEERD—ANRRNTE, I HIEZR A -y
AR FEHE T . R~6l: Letw = banana$. 114 2 JGZM T (w) Fras, THHRHT AU XA 5 2
IR . 55 0~6 RRTHH o MITH .

54 0: banana$
F & 1. anana$
145 2: nana$
F145 3: ana$
45 4: na$
dli"‘){—i 5: a$
6 $

banana$

(0]
Figure 2. Suffix tree T(w)
Bl 2. EEH T(0)

2.3. MUEER

INBLJ S0 & AR SR FH ) = B 450, T A6 B — 2 IR AU F1 5 B 5 27 El
TIXEE R, INBUS BRI B RS S S AR SO AU 28 Weighted
Suffix Tree (WST){#-fif T IS K T-45 @ BME UK 10 B ARG, S8J5 R H 45 e iz P e ] SEEL K it
I 1] P8 B T R B B AT 1 [23]

X =" MnAUF, 45 MALE | IR G %08 L— DAl Be M5 R 50 3R, IF A G4
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BUIMER R T4 BE UK. X, Fon ML E | THRINJESE | R WALE | JHARIIES j IR 715
WST (X ) Za B 51 X FOIBUS 2R . L(v)FREWST (X)) i sl v BERRAR%E . LL(v) &R v 358 F
T e I PRAE SR . iE AR R LORME, AR X, DT »(X, ) 24 5T EA)
3 PR.

1) X[1---8] FIRTEE:

X,; = ATTGCCGC, n( X,, ) =0.08;

(
X,, =ATTGCGGC, n(X,,)=0.04;
X,5 = ATTGCTGC, n(X,;)=0.28;
X,, =CTTGCCGC, n(X,,)=0.12;
X,5 =CTTGCGGC, n( X, )=0.06;
X, =CTTGCTGC, n(X,)=0.42.

2) X[2---8] HIHIZ:
X5, =TTGCCGC, n(X,,)=0.2;

X,,=TTGCGGC, n(X,,)=0.1;
X,5=TTGCIGC, n(X,;)=0.7.
3) X[3---8]HITTL:
X3, =TGCCGC, n(X;,)=0.2;
X5, =TGCGGC, n( X, )=0.1;
X35 =TGCTIGC, n(X;3)=0.7.
4) X[4---8] HRTE:
X, =GCCGC, n(X,,)=0.2;
X,,=GCGGC, n(X,,)=0.5
X,3=GCIGC, m(X,5)=0.7.
5) X[5---8] KR4
X5, =CCGC, m(X5,)=0.2;
X5, =CGGC, n(X;,)=0.1;
X553 =CTGC, (X,5)=0.7.

6) X|[6---8] HIHTLL:
X1 =CGC, m(X,,)=0.2;
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7) X([7---8] HIHT4R:

8) X [8] MR -

Phike IR R T-25T 14 (751
X,, = ATTGCTGC$

X,s = CTTGCTIGC$

X, =TTGCTGCS$

X,,=TGCTGCS$
X,5 = GCTGC$

X, = CTGCS$

X, =TGCS$

X,,=GC$

Xy, =C$

Figure 3. An example of a weighted suffix tree

3. IS sl

X1,6

X7,1

X4,3

X33

X2,3
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===

5T

48

WRTATIR, MATE HIMER K T4 e BE UK 1755/ B8 nBUS S e A FE %G, 4
RO ST INBUE 8 LB/ =PI B, ARAiE23].

24. &

X4 RIMBUF S X, WESA AR —AMMIE |, (1<i<n), FFZIRINSRAE: 5 1. aR
B i A A - BER B R AR T A 1-UK, WIALE | BB, 0 2. MR E—AF
B, AN E | IR KT BE UK, WPRALE | H O E: 500 3: WERALE | FE— DT
IR 1, W E | F oy E .

AERA BEFRORE — DT EHE IR T 1, A Hthikds, Rtsa) o2 R % iae i E
ROWAERA HIME AT 1-UK (7R, aa 2T NIRRT UK 156, IR RO
AL BN ALE T REOWLE, Pra et B B IR T UK, R — Mk TR
IR KT 1-UK, REWH G A — Mkt EE OB, AIRFES] X K —MLE LT
BEMALE AR —ANBAG Bo [FI G — A5 COLOR KA7# X AL E Bt . =~ K n=10
FIALF 41 X i 1 .

Table 1. Weighted sequence X
= 1. UFF X

0(A) 1(©) 2(G) 3(M
0 1 0 0 0
1 0 1 0 0
2 05 05 0 0
3 1 0 0 0
4 03 0.3 03 0.1
5 0 0 0 1
6 04 0.6 0 0
7 0.2 0 0.8 0
8 05 0 05 0
9 0 0.1 0.9 0

WHEBMEK=4, 1-1/K=0.75. i & 0 75 A MRS T 1, FIkiE COLOR[0] =0 ().
MR, A1, 3 5WMeRAnME: ME 26— MMEEN 05 MFE AF—MEMEN TR C, BH—
AMER KT 1-1U/K =0.75 82T 1. Kk, % HE COLOR[2] =2 (*Efa). A, {7H 4,6,8 i BEOfiHE;
PE 7H—MERN 0.2 FEE A FI— RN 0.8 7RG, KT 1-1/K =0.75, [FL#E COLOR[7] =
1 (Kte), A3, B9 WRKEOMNE. XFE, B EEMME COLOR[]={0,0,2,0,22,1,2,1}
FIEAS B = {0, 2, 4,6, 8}-
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25 £/

A BT BERT AR LT 51 X BAS1 B ISk B 45 (i B i ) B COLOR. 3X — i B 2 H )2 AR B
FAAEMR AT UK MPTH T35 8. B, WEBIAFHS B hivsE M E, RE RN RO E |
TR R T REM T 478 . BRI TR T : 55—, WBROAE | TG, WA B2, &
B SRT N TAARFE B AT, IR IS BT R R IN T TR ORE; BB, MR- KE
AT ER, BWRERG RS, SEEAINEER AT USRS AT T A, S, sl r—A4
AIREM TR, IR RO E S NI A, BRI A AT RER AR BT, AR
—AROAEIT, HEL DR, Z R 4 Pos.

-0 *—0 &

< §

Figure 4. The process of creating all possible substrings for the black position i
4. AEREMNE i QIEMEF RN TFFRENTRE

A}

FERX BT BONEEA AL BT 545 8 58 AR oA oo o fE A R FAE B 347 R A, T ="
FEAEI R R O BN A A BN O i R DU T 2R, ARt el Ho, 5 ki3
—AMBROMAEIFH 22/ T UK, TR KK GERPne R ER T —MIE R, MR
B FER LR AL EAR LY A B BN, R MR AL E T 4a iR — M B A s iy
B, AFkAGsURarEmn, BERHGERRANAE, s —MaasKERAERCNY R
A, W 5 f. T o RS T E BME UK, WISEPs 7 rrr s RE Ly e T3 AT e A, BRI LT
B AT AT B SR AL B 5 R A5 R B Z A BE % D.

——@ * 000000 —©

Figure 5. Extended substring Z' and actual substring Z
E 5 ¥RFFFHREZRERTFFNEZ

A A B 51 X (L35 1) & COLOR[]1={0, 0, 2, 0, 2, 2, 1, 2, 1}FIZ (Al B = A= iIBA 51 B = {0,
2, 4,6, 8}RAMMKNT. B, WABHFHBAG B, BEHE—AMIE 0. HIK, N0 SALEMESIIH,
MO SALEIFIRY & 777 (W& 6 4 0 FoR). KA B (53 3 W& 6~9 A& 10)As BB A LT o,
WG AERIE N BAE A
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yor=1a"=1D=0|Jy

yyr=1n"=1D=0 Y,

yy'=051"=05D=0| y,

A

Yo =0571"=05D=0 Vs

YN

Yy |y =05n"=05D=0

yyw=0157"=015D=1
yen'=0.157"=0.15D=1
Yy =0.151"=0.15D=1

T

y13

Y, Vs Vs

T T

Y s

A
v |V 7=051"=05D=0
ANC NG Vi ®=0157"=0.15D=1
Yo IYn Y y”:TC':O.lS n"=0.15D=1
y,mw=0157"=015D=1
T T T
ylé yl7 y18

Yy =0157"=015D=2
Ypm=0157"=0.15D=2
Vs m=0151"=015D=2

Figure 6. Tree 0
E 6. #0

y:r=05n"=05D=0| y

ypw=057"=05D=0| y,

/
yem=015n"=015D=1 /(/G

yem®=0157"=015D=1 Ys Vs ¥,
Yy =0157"=0.15D=1

T T| T

yll y12 y13

Yy, w=0157"=0.15D=2
Y,w=0157"=0.15D=2
Y m=015n"=015D=2

Figure 7. Tree 2
B 7. w2

Ve ®=01571"=0.15D=2
Y, w=015n"=0.15D=2
Vg ®=0151"=0.15D=2

ARE NG Yo =015n"=015D=1
Vg Yo Y10 y927t'=0.157t"=0,15D=1
Vi ®=0157"=0.15D=1
T T T
yl4 y15 yl6

yyn=057"=05D=0

v, | ¥ n=057"=05D=0

Ypm=0157"=0.15D=2
Vs m=0151"=0.15D=2
Ve m=0151"=015D=2
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Root
YN
y Y y
yim=037"=03D=0 TN Yy =037"=03D=0
, " T T T
v =031"=03D=0 yam=031"=03D=0
yym=03n1"=03D=0 YoM =0371"=03D=0
y4 y5 y6
yyw=012n"=0.12D=1 A/CX AC % N Y, =0.0967"=0.12D=2
Ve =018n"=0.18D=1 Yy Ve Yo Yo Yu i Y7 =01447"=0.18D=2
Vym=012n"=0.12D=1 Vs =0.09671"=0.12D=2
Yy ®=018n"=018D=1 |G G| |G \G |G |G |, x=01447"=018D=2
yU:TC'ZO.lz n'=0.12D=1 y13 Y4 y15 y15 y17 y]g yl7: n=0.0961"=0.12D=2
Y,y w=018n"=0.18D=1 Vg ®=01447"=0.18 D=2
Figure 8. Tree 4
Els. 4
Root
Y\
ypw=041"=04D=0| y ¥, |yn=06n"=06D=0
G G
yy'=0321"=04D=0| y, y, |y;n=0487"=0.6D=0
yem=016n"=020D=1 A G A G y;w=024n"=030D=1
yem=016n"=020D=1 Vs Ve v, Ve Ve =0247"=030D=1
G G G G
yg y]o y]l yl2
Yy =01447"=020D =2 y,;w=02167"=030D=2
Y ®=01447"=020D =2 Y, w=02167"=030D=2
Figure 9. Tree 6
B9 #6
Root

y:n=057"=05D=0

yum=04571"=05D=0

Figure 10. Tree 8
10. ¥4 8

G

YN
y] yz

yyw=0571"=05D=0

G

Vs

yin=0457"=0.5D=0
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2.6. ¥iE

MWEA BN E A RATA PRI FZRRE, £ eSS BT, 85 I
B R il ARIAUTH X (W4 1) FHEBBASKMFE COLOR[ ={0,0,2,0, 2,1, 2, 1}A1
A2 B B AR B BA S LT SRAG R IR0 . w5, A RIAERAG LT, LSRR 0 (W 6 fiw). H
W ST RRITE T, BREN TR 28R, I8 Z4@mAIBUE S, FRIREAN 21

JagE, FFHEAMN Dj, W1 2 fis. REHEA T
RAsete, HaBATT SRR IBUS SR, i 11 fos.

Table 2. Construction process of tree 0

F 2. K0 WIMETRE

F MR LA 7y, BRI W BT AT T Al

My Z' (BATAREE) AN WST D
Y13 ACAAAT ACC,:AAA:A'I';$
Y14 ACAACT Acch?
Y15 ACAAGT A(\qul';$
Vis ACCAAT ACCC%?
w  accacr  ACCACTS
Vis ACCAGT ACCCCAAGGT?

A

D: THIBR TCAx # 70

2 ACAAATS — ACAAS
CAAAT$— CAAS

2 ACAACTS — ACAAS
CAACT$— CAAS

2 ACAAGTS — ACAAS
CAAGTS$— CAAS

2 ACCAATS — ACCAS$
CCAATS$— CCAS

2 ACCACTS — ACCAS$
CCACTS$— CCAS

2 ACCAGTS$ — ACCAS

CCAGTS$— CCAS

. G/ Leaf9 A/ |C
Leafl2 $ Pos:4 . . .

Pos:5 $

. ‘ T T

Leafl3 Leafl4 /$ T /A

Pos:5  Pos:6/8 $ C/ Al |$Leafl7|A
Pos:6

$ A
Leaf7 ‘

Pos:3 . $

Leaf5 Pos:3

Leaf4 Pos:2 Leaf0 Pos:0

Leaf2 Pos:0

Figure 11. A complete weighted suffix tree
11. SEEER I E SR

Leaf6 Pos:3

Leaf3 Pos:1

Leafl8 Pos:9
Leafll Pos:4
N $

Leaf19 Pos:8 .
$ Leafl6 Pos:7

$ Leaf8 Pos:2  Leafl5 Pos:7

‘Leafl Pos:1
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3. HREHH

FRIE S SIS AT I () R G5 B = AR E: 88 P, BIME K RIS A B A Se 3k 47 22 4L AR
MARBE A text2k.fa, text20k.fa, text50k.fa, textl0Ok.fa, text150k.fa, text200k.fa. 43 7HCAK J&
2000, 20,000, 50,000. 100,000. 150,000. 200,000, EHX K =2, K=4, K=6. K=8, 1 P KJF%E
T 2. 4, 8, 16, 32 AT —RHIMIK. oy Liess KW 2% 3.

Table 3. Experimental results
3. LWLHER

1 P K {E 4 IEUFFIKEE R RARE KA
ATAGCAGG 2 text200k.fa 200,000 5074 1 6184
ATAGCAGG 4 text200k.fa 200,000 5074 4 8%%" 11?)‘;%’7

AACG 4 text200k.fa 200,000 5074 919 B

AACG 8 text200k.fa 200,000 5074 934 Hg

AACG 8 text50k.fa 50,000 1335 235 B

GCCGCGTCGTAGCT
CAACATCTGTCTGT 4 text50k.fa 50,000 1335 1 20516
TCGCGT

HETRMEN 40K, WA FEHK R P A FEHC s . A 4 TRLE |, HEE K
SEIT, M PR RIS AT I RS2 M AN K, TS B X I8 4T I (RIS M K

Table 4. K=4
F4K=4
*ﬁiﬁtﬁﬁ (K=4)
SR 2 4 8 16 32

2k (B:49) 1.750s 1.804s 1.518s 1.478s 2.228s

20 k (B:528) 6.240s 5.830s 6.242s 6.4465 6.208s

50 k (B:1335) 14.7365 14.421s 15.098s 13.764s 14.079s

100 k (B:2552) 27.677s 27.632s 28.018s 27.573s 27.380s

150 k (B:3800) 40.257s 40.176s 41.628s 40,5565 40.4565

200 k (B:5074) 57.894s 53.1965 54.380s 55.3265 54.868s

BRI 8 I P, INAAS A BB K A R B I s . A 6 aTRUA Y, sl PR
W E IS, B KA K AR 2 AT I T4 — 5 B
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Table 5. The length of pattern P is 8
F5 RAPKE =8

o Kf (PL=8)
SO \\\\ 2 4 6 8
2 k (B:49) 1.248s 1.518s 1.495s 1.905s

20 k (B:528) 1.265s 6.2425 5.729s 12.331s
50 k (B:1335) 3.228s 15.098s 14.093s 28.141s
100 k (B:2552) 4.959s 28.018s 26.692s 63.693s
150 k (B:3800) 7.749s 41.628s 41.820s 93.868s
200 k (B:5074) 10.0965s 54.380s 55.480s 124.8255

SEFKFEN 100 K HITHRACHE, MR AR K FRFRKEERBGR P, 2 6 iTLLE . it s
PRI, 40X P KR 7R DB K, TR K XHE AT T B K

Table 6. The length of test data is 100 k
= 6. MIXHIBKE =100 k

T Mt (text 100 k)

K& — 2 4 8 16 32
2 6.991s 6.5555 4.959s 5.967s 5.867s
4 27.677s 27.632s 28.018s 27.573s 27.380s
6 36.010s 28.918s 26.692s 26.876s 28.765s
8 62.897s 62.859s 63.693s 58.875s 63.819s

R ERTR, MBE KEOREORR, B SN RS, TEEE 2 RN, REIENIE AT A
FEEBE K AKX NIRRT LR H, AR T H A Map-Based HIEAIX DNA 751 HE 52 1)
BUGSLARICHEC 773, A SCHEH A B AER B R I DL T, DUAC I8 R R AN o H5ai iR A RORS HEFE -
RO, X FER N Map-Based 5032 L& F TR LURCRT 58 . K BERAE I L T 504N FP Z1 A 2t
B, TERHEAT S AT EAFTEEORIRG . FEREAT HIRUCECRT, AR SCHRH B S92 75 A5 1A T Ab 2,
1M Map-Based 575 75 BN A R IR BE A0k T AL 2, DLt AR EHEAT mx n ik, m. n 5T PR R
BEER, e R AT A B B 1) B T B 2 4 R DT IC (R PR Ry SRAR KPR 2, oA 3584 FE 1) BT ]
328 K I A [

ASCHRE )5S T IR S8 R xRS L SVAE S A 2 DNA 20 T 5 FIRFAE TSRS, BE AR G b S 56
DNA JFFIHH PER. H4 DNA FAIK R IO, HAS I O & A AL E, R 7L EE]
AT URBCTT SR a5 o SRIR A SRR, 78 SRR B H 2 SR AN A B s iy L UG O v 5 B ik e AR 1 o
w HFHS TSR, B — @ RN, R TR R A AR B A

E&ImHE
JER 5 T B S #0350 H (2020011045), bR Tk 2#Be R 4 100 H (KY-2020-16), JbfEfiR T
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st

2 5 B 4 A B39 % B 51 H (YK Y -2021-20).
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