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Abstract

origins of vast majority of cancers. Application of fast and accurate recognition algorithms will be a great

For the individual, gene mutations that are acquired without parental inheritance are the

help to the study of cancer. Aiming at the problem of poor accuracy and time consumption, a prior
probability model of mutation sites was introduced. To modify and optimize the recognition algorithm, the
Expectation Maximum (EM) algorithm based on mixed Poisson distribution was used to identify the de
novo mutation involving kinship data and compare with the existing algorithms in recognition accuracy and
computing speed. The results show that the EM algorithm based on mixed Poisson distribution can
improve the speed of operation and reduce the false positive ratio, which is of great significance for the

recognition of cancer.
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SEAI e g A5 RO AR S 67 s HEAT B A, DT AR 4 AR
SRR /NS FIG L AR R HAE . 7EMCHERT |
iz AR TR GRS () EM 15 B R
PR i Pty A A v a2k B (R )
BHERAE,

1 #RE5FE

L1 FERTIAFEBEMES

A S e R BRI A RS N IRE |
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(Procedure Expectation maximization algorithm
model based on Mixture Poisson distribution

Require the parameter N for iterative process,
the total number of Poisson distributions m, the weight
of Poisson distribution 7, the sample set.

Ensure the iterative process

Repeat

1. Calculate the likelihood function of variant X in
mixture Poisson Z

2. Calculate the mathematical expectation of
conditional distribution

3. Minimize the likelihood function to obtain new
parameters

Until the parameter N\ tends to be stable

Return the iterative process \)

RSB WXt S €)1 AN w2 R A
TET AR RS Kt 2 SR AL A AR S i 7 1 G A K b
PN D R IR R R FR S S 2R A
e [R) SR ) OB 2545 R
1.4 HiEERR

ALk A T T NS F 4% (1000

Table 1 VCF file format for genomic variation of trio-families

Genomes Project) 55 = By B¢ i 'y B s 25080 1 b
(1) 26 NREARARAE 5 A X3k, B HLIE U A 78
& E LA ) AL B A FTPE R CEU ( Utah residents
( CEPH ) with Northern and Western European
ancestry ) YEH BRI F, JE H AR B PR IX 9 29 &
2 A YRI( Yoruba in Ibadan, Nigeria) /E A AEM AR
=, EAELEIL A p E AN CHB ( Han Chinese in
Beijing, China) fE WY, FEAEEIRFZHLA SR PY
# AN MXL ( Mexican Ancestry in Los Angeles,
California ) Fll & £ 7F I 2 22 45 09 I 2 2% N PUR
(Puerto Rican in Puerto Rico) Y RMZEMACE  JEATE
BB TH AY B A KHV (Kinh in Ho Chi Minh City,
Vietnam ) fE R 7R pg AR, B ABFREE 1 2 2 41
AR A (trio-family ) $His , K UCSC i P 92
FHER AT hgl9 i@t BWA #4733 551 HE X
AbFR S 1532 T4k SNVs 5 Indels B9 VCF ( variant
calling file) X, ASCHEH T CEU,YRI,CHB ,PUR
5 MXL 9 =R R R B0 3L 5 4128 S5 0047 53 #7
AR Bl 23 015 2% SL K 2 hgl9 #EAT L
XA B, A3 2] L T T A SNVs 5 Indels ) VCF
(ariant calling file) , SCHRRTAL AR S @ PR M
UK Table 1 fi7s .

Variation

characteristic Meaning

CHROM Reference sequence,refers to the chromosome number in the human genome

POS Variation position , corresponding to the position on the reference genome

ID The mutation’ s ID number in dbSNP database, equaling to the rs number in dbSNP

REF and ALT  The base of reference genome and genome alignment in the mutation sites

QUAL The possibility of variation at this site

FILTER To further filter the variation

GT The genotype of the sample, for diploid organisms, GT represents the sample carries two alleles at that site

AD The coverage of allele in samples

DP The total number of reads covering a particular site, referring to the depth of the site

GQ The quality value of the most likely genotype

PL PL corresponds to three values, showing the likelihood value of three different genotype, that is 0/0, 0/1 and 1/1.
) z® TE A AAZ 0 S B2 g B, 1) P e e 0 B AR A 4

2.1 HESER

A SCHE B AEA IR 5 40 Table 2 R,

TR GE 78 Skl (s TR X 75 5 2%
FEHNEEEXT T3 T = AR 58 R Fd i A8 Skl D)
FEATH SEREAR Z () FO A B 06 R, AR AL B R AR

FE DRI 2T BB N A T AR SR B RN Y 8 A%
DFEER 8 P T8 (NA12878 \NA12882 \NA19238
NA18485 'HG00512 . NA19675 . HG02024 . HG00733)
TEAE B BELGE R R R WG OL T, #1728 S
K, ARG, ST AR K RBEARGE M AT 48 R
S SRR L (Fig. 1) o SRR % T8 1 4
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SRR R B TR T AR AR I, A B AR RESS
H PN 25 0F T, REAS I S 22 A 5, B B
TR R A,

Table 2 ID number of trio-families sample data

Race ID number of trio-family

CEU NA12878, NA12891, NA12892
CEU NA12882, NA12877, NA12878
YRI NA19238, NA19239, NA19240
YRI NA18485, NA18487, NA18489
CHB HGO00512, HGO0513, HGOO0514
MXL NA19675, NA19678, NA19679
KHV HG02024, HG02025, HG02026
PUR HGO00733, HG00731, HG00732

120

100

80 |

60

40t

Number of variants(x1 000)

20

0

S T I R S

Q
\ 2 S G \ 9 Q9 N
FEEEE eSS

Samples
M Involving family structure ™ Regardless of family structure

Fig.1 Comparison of sample variation test results
Blue represented the variation numbers involving family
structure.  Gray represented the number of variations

regardless of family structure
BARZ T TR BB A S S 2 o3 i) R B 4
(transition ) FIE$ (transversion) o Rl #r $5 HY 2 2L

(A) 25,

FALSE positive rate(%)
= ) 8

W
T

0 . . . . . , )
20 30 40 50 60 70 80

Depth

Triodenove - Gradient-boost-#-mir Trios % Poisson

Fig.3 Comparison of different recognition algorithms

. I I
m I I
£ o8t
5
&
L
3
s 06
f=1
8
)
(53
2
S 04r
o
g
f=1
]
Z 02}
8
=

0

R A SO IRASII a Y

PSS SN SS

;TSR
Samples

uGC-AT mAT-GC mAT-TA =GC-CG m GC-TA mAT-CG

Fig.2 Comparison of transition and transversion rate
Light blue represented AT in exchange of GC. Orange
represented GC in exchange of AT. Gray represented AT in
exchange of CG. Yellow represented AT in exchange of
TA. Dark blue represented GC in exchange of TA. Green
represented GC in exchange of CG

e R A B s I e E A S AR R IS
5 WEIE 22 [ AT A4 o B3R )47 A B R Al 2
HAZE RS WIRAZ —, (HfE—BHELT,
SNP JZF5 B0 (1 e ¥ 5 i 4 HOE 2 AL 2
BYERY . I, A SCH X4 (AT-GC, GC-AT)
Hi 4 ( AT-CG, AT-TA, GC-TA, GC-CG) iX 6 Fh7s &
)& bR BEAT B8 (Fig. 2) ., Fig. 2 AU 45 R %
B, Wi i R AR SR 0 5 T, DL C % d T
R A R AR Bl SNP 24 [ AR Sy 23, 1

(B)

W (o))
S (=}
1

'S
=)

8]
S

—_
S

Time used for recognition(min)
W
(=)

(=}

N N L D \ L L »
‘)Q & S ‘)QQ \ L O L

Q Q Q Q Q
S D \QQ '@Q
Number of reads
Triodenove -#-Gradient-boost ~#- mir Trios =%- Poisson

N 2

(A) Comparison of false positive rate of different recognition

algorithms. (B) Comparison of operation speeds of different recognition algorithms. Purple represented mixed Poisson. Green

represented mirTrios. Yellow represented Triodenovo. Red represented Gradient-boost
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T A8 Y I AT A A R, X LG R A AIF ST A R e — 3
(9 ML E7E NI DR 20 rh i by O HE 878 72 TR
CG A MImENE C K2 ALY, ol B & bl 2
S8 L M L o o W
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I R B i 114 2 DN A 1) Gl i 5 5 R A
HA/NY A, B 5 3 R 55 5 2 IE A R
— R I | A A i 22 AR BH 3R 23 B A D TR
R G hnm R AR, A SCH IR S IHMRR RS
Triodenovo . Gradient-boost LA & mirTrios ZF 5 iH 51| &
PR AP RIEAT T HORE, BB PR S B RS R U Y
T B S B T 23 L B R B Y AR A
[) S (B PR R S AR B I Fig. 3 A, Herb e Al
PRI P IR EE P AR R R R BAYERS . Fig.3 A
AR, 4 AR A0 8 S U A B A 3 g I e R
AT N R, 2SI FFIRBER T 50 LU (R FH
R T2, i AR A SCrh 5T
A3 A2 S UM SR AR BH P 3 e I, AR BE T
JE587% ( Gradient-boost ) FER FH A 46 0 7 8 K F
50 A5 I T A SO (HZR G P LA 5 a8 A7 1)
(], BT T A O A 19 28 S RN SR AT 98 oA R
{0

M BCRE AW 2 | 12 R R S
7 S R D BT T FE A I TR) o 2 A g fin . ki AT I
] B2 e A2 AR s L AN Fig. 3B fif, 7E Fig.
3B o, IR AR bR R R T B DA bR R s 72 S iR
PRGN [R] 28 S U 3500 Y d B3 R B 5 1
NN, £33 AR /T 50 000 I B AT
A Gt | 332 7 Bk 2t 100 000 I3z 47 I 1] 2
JRISEN . ASCR T T e s R A AL,
FETE R B B /D I FE I W AR S 1k 22, SR T BE A
PR BRI 2 s AT N )Y GG | 1 A RO A
A AE SO

B R 2 M= R RBUR T 1% 1Y 3
B mA oI, EANREERNHA D, KA %4 1000
AL L £ B 1 A SNP, o H2 X T AR 2L BE Al >k
8T A3, AR SR U8 T BF 235 19 BT AR 9878 BA R ik
MRS S, 4 8 2 =R K R B 5 S AR A KL
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RG50S B B
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