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Abstract

The rapid development of genome sequencing technology has resulted in
an unprecedented growth in the number of the genome sequence data.
However, the rate of the current biological experimental methods to
identify gene function can’t catch up with the rate of today's
high-throughput sequencing technology, leading to that the functions of
the genes in many sequenced genomes are still unknown. It has been
reported that the orthologous,genes in-different species should have the
same function. Hence, the 1dentification,of orthologous genes is helpful
to the prediction of gene functions.in.the sequenced genomes. Recently,
a method, called QuartetS, has been proposed to perform large-scale
orthology detection. The approach of QuartetS is first to find the
paralogous genes, and then consider those genes that are not paralogous
as orthologous genes. To determine whether two genes, say x and y, from
two different species are paralogous, QuartetS first constructed a quartet
gene tree using these two genes and other two paralogous genes, say z;
and z, from the third species. QuartetS used an method to approximately
determine the location of the root in the quartet gene tree. If the
predicted root is located in the inner edge of the quartet tree, then x and y

are considered as paralogous genes. Otherwise, QuartetS used other pairs



of paralogous genes as z; and z, and repeated the above procedure. If all
pre-prepared pairs of paralogous genes can’t be used to prove that x and
y are paralogous, then x and y are considered as a pair of the orthologous
genes. However, the shortcomings of QuartetS are that the mutation rate
in species evolution is assumed to be constant, and the location of the
root in the quartet tree is estimated using an approximate method. In this
study, we make the following modifications to improve QuartetS: (i) The
mutation rate of species is not assumed to be constant. (ii) The location
of the root in the quartet gene tree is predicted by adding the fifth gene o
that Is a outgroup gene with respect to genes X, y, z; and z,. Finally,
experimental results have shown that the performance of our improved
QuartetS method to distinguish paralogous genes from orthologous

genes is indeed better than original QuartetsS.
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Chapter 2

Preliminaries
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Chapter 3

Methods
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3.2 Algorithm
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Input a set of accession
numbers of genomes
which includes a group of
outgroup genomes.

v

Download these complete
genomes from FTP of

NCBI.
v
Extract a list of BBH
Use BLAST to do all e beteon
] . I search between ——» pairs etween any two
against a genomes from BLAST
any two genomes. files.

I 2

Collect all BBH pairs

Input

accession
between X and Y
enomes numbers of
& ) genomes X, Y.

hoose x and y genes from
BBH pairs of genomes X and ¥
respectively.

v v

Choose the third genome Z

Choose a outgroup gene o from database, which is
of outgroup genomes O different from Xand Y,
from BLAST files. and choose a pair of

paralogous genes z; and z,.

[ |
A 4

Perform a multiple
sequence alignment with

v

— z2.

xp.2.22,and o.

v

Use phylip package to
construct a gene free.

Yes

Whether or not x and y are
paralogs?

Genes x and y are paralogs.

Choose another pair of z;. Whether all possible pairs o

z; and z; have been selected?

Whether all possible
outgroup genes have been
selected?

Choose another outgroup
gene.

Output x and y
because they are

d to be
orthologous.

Figure 3.3: 2% i &9 2 i A2 ] o
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3.3 BBH Method and EC Number

A BBH v HERI &SN AFIE RS 50% 0 - #H-
(Pairwise)+t ¥+.5 % #r4]* o Bit Score & > & + 3% 50 o ¥ #b s i g #
EC Number & # 77 A Flerw se 2o 8 d L 2 T AT 71 * pEZ
e &k = EC Number ch A2 [26] > v PR35 30 Fehpk £ #
fe K373 ECNumbere 2V £ 0 kg 5 % o AP 3o 5 Q- B
EC Number 1t eg-o §745 ' epduiifi @ * EC Number chaZd 5 <23
EwRiRAF G ARROE A > S BRI D e FIRAFG ARF D
EC Number o #7104 3840 % & @ fe g Fis 40 Fe :7 EC Number » 3t irﬁifa

v

e LI 2% 5 True Positive » & B r‘I*u—«‘iL False Positive -

20



Chapter 4

Experimental Results

BARE? AP E I e VR PD E AET A RE
B E P R A FIEEATIE R 4 ks % 2 QuartetS Rt gl 3P P A
7 F ik BE o ¢ 2 ipkens 2 {e QuartetS <7 * 7 BBH Pair ¢
7% o 24 %5 BBH Pair & ¢ Fli TR AL A G ATL

2o

4.1 7 y-Proteobacteria Genomes and 4 Outgroup Genomes

Table 4.1 piz )47 sV i {79 % #71i¢ * e % y-Proteobacterial

A TR - Table4.2 2 i im g ok i * e vk 2 L 7R o
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Abbreviation

Species Name

Accession Number

(Baizongia pistaciae)

eco (RIGIREH) Escherichiacoli K12 NC_000913

veh (B 32 0E) Vibrio cholerae O1 biovar | NC_002505
eltor str. N16961

pae (4ENEFRE) Pseudomonas aeruginosa NC_002516
PAO1

hdu (£t sE R AT ) Haemophilus ducreyi NC_002940
35000HP

stm (B EIE/PPICEH) Salmonella typhimurium NC_003197
LT2

wegl (#7)4K AN 2R ) Wigglesworthiaglossinidia | NC_004344
endosymbiont of Glossina
brevipalpis

BBp (I &% A4 ) Buchnera aphidicolastr. Bp | NC_004545

Table 4.1: = ‘= v -Proteobacterial 5 7] %8 ~

Abbreviation Species Name Accession Number
xfa (BE4Z EEALEH) Xylella fastidiosa NC_002488
9a5c¢
xce (EAERIEJE | Xanthomonas NC_003902
75 ) campestris pv.
campestris str.
xac (M EEEL o Bl | Xanthomonas NC_003919
B ) axonopodis pv. citri
str. 306
xft (BE4% BEREEH) Xylella fastidiosa NC_004556
Temeculal

Table 4.2: w e ¢ 2% 5 T4 o
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4.2 Experimental Results

A xS % 4e Table 4.3 #r7 0 % H BLATEAR KWL

i

A F IR RhE % 2R ELEA K8 B Z QuartetS (g % o

4
=

fers Table 44 %% kg %- 2D hh2 e kRAFDERE > %
CRLIB PR e FRAFEE SN L AP S

K
9

B R ik 7122 QuartetS v EH i w FAAFISRRE oS 5

At
P2

P E P A e v B R A TFE QuartetS 7 EFH A S e R A
Flent food P A F g I QuartetS 15 1 chE w IR A T
416 BAFI AP /L TR hAT) > 2 d - FRAP
2 ka3 e R AL FQuartetS F0H @

=

P REES TR
LR R A AP 2R AR v RIRATY o ] §nd

i B e ] H N
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QuartetS \ ’ Our method

Experimental pairs \ Paralogous/%rthologous ANB CnD
N\ __genes genes
NC_000913(eco)-NC 002516(pae) | | 794477 1577-1179 416 18
NC_000913(eco)-NC_004545(BBp) 2-74 471-399 73
NC 002505(vch)-NC 004545(BBp) 12-61 414-365 55
NC 002516(pae)-NC_003197(stm) | 77-442 1475-1110 378 13
NC_002516(pae)-NC_004545(BBp) 18-91 397-324 82
NC_002940(hdu)-NC_004545(BBp)| 10-52 366-324 44
NC_004344(wgl)-NC_004545(BBp) 5-29 331-307 24

A: paralogous genes of our method
B: orthologous genes of QuartetS

C: orthologous genes of our method
D: paralogous genes of QuartetS

N

Table 4.3: iz & AP 2 g B &% o

Experimental pairs Paralogous|Orthologous| ANB CnD
genes genes
NC_000913(eco)-NC_002516(pae)| 79-477 | 1577-1179 | 416 18

A: paralogous genes of our method
B: orthologous genes of QuartetS

C: orthologous genes of our method
D: paralogous genes of QuartetS

Table 4.4: < % 4% F$H 8 k4t FenT Sk % % -

T ek S g+ 45 F(NC_000913 » eco)#f % ik % (NC_002516 »

pae):h§ B ' % (Table 4.5) - QuartetS =+ EC Numbers 4 379 ‘& » True
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Postives 3 372 = - False Positives 3 7 ;3% i e3> ;2 ¢ EC Numbers
3 302 ‘e > True Postives 5 298 ‘e > False Positives 3 4 i o 2% i & 44
QuartetS =7 % False Positives 4 w2 » 4 31 QuartetS 7 %= False
Positives # » H ¢ 4 33 R4 A en 2 3% 5 3w R A& F](Table

4.6 fz4= % ) -

NC_000913(eco)-NC_002516(pae)

QuartetS Our method
EC Numbers |379 302
True Postives |372 298
False Positives |7 4

Table 4.5: & * EC Number & % 75 # i 16 > = % % A%k 07

156% l"f;.l: % o
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NC_000913(eco)

NC_002516(pae)

NP_415027.1(multifunctional acyl-CoA
thioesterase | and protease | and
lysophospholipase L1

NP_251546.1(tesA gene product)

NP_416140.1(adenosine deaminase )

NP_248838.1(unnamed protein product)

NP_417432.1(periplasmic L-asparaginase
)

NP_250028.1(ansB gene product )

NP_417819.1(aminodeoxychorismate
synthase, subunit|l)

NP_249340.1(trpG gene product )

NP_417585.2(propionate kinase/acetate
kinase C, anaerobic )

NP_249527.1(ackA gene product )

NP_417606.1(tagatose 6-phosphate
aldolase 1, kbaY subunit )

NP_249246.1(fda gene product )

NP_418619.1(L-ribulose 5-phosphate 4-
epimerase )

NP_250374.1(unnamed protein product )

Table 4.6: # i*4s QuartetS <117 ‘& False Positives 45 &} & >3 R ¥ §

i E A e 2 L B el R

#FHEFAPRZ S EE F(NC_002516 > pae) $ & § F 0 X F
(NC_003197 > stm)=+§ = & % (Table 4.7) - QuartetS -3 EC Numbers 7
334 & - True Postives 7

328 & - False Positives 5 6 ;3% i e &

9 EC Numbers 3 276 ‘= - True Postives 5 275 & - False Positives 7
1 im0 2% P 441 QuartetS 76 % False Positives 2 . % % I QuartetS

16 2 False Positives » » H ¥ 5 3l Sk F 3 24545 3w

e 7k Fl(Table 48 242 ki) » # 5 2 2 BBH 5 2 i 97 5 o
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NC_002516(pae)-NC_003197(stm)

QuartetS Our method
EC Numbers (334 276
True Postives |328 275
False Positives |6 1

Table 4.7: & * EC Number & £ 75 # s is

Eehd s % o

27

P R FH R G R P S




NC_002516(pae) |NC_003197(stm)

NP_248838.1(unnamed protein NP_460426.1(adenosine deaminase)

product )

NP_249246.1(fda gene product ) NP_462166.1(tagatose-bisphosphate
aldolase)

NP_249340.1(trpG gene product NP_462372.1(para-aminobenzoate

synthase component Il )

NP_251594.1(cobl gene product) NP_460969.1(cobalt-precorrin-2 C(20)-
methyltransferase)

NP_24952/.1(ackAgene product ) NP_462156.1(propionate/acetate
kinase )

NP_250374.1(unnamed protein NP_463249.1(L-ribulose-5-phosphate 4-

product ) epimerase )

Table 4.8: % if*3= QuartetS 1= % False Positives 45 1 k-2 .4 ¢

~=b

|
|

TSR APnt 2% SwiR AT > ¢ 5 % BBH Pair

AT R AT G PEE ROV R o

Bof5 A B % 4 % 45 F (NC_000913 - eco) ¥ &7 & p = 24 7
(NC_004545 » BBp)=§ 2 % % (Table 4.9) - QuartetS 7 EC Numbers
3 230 & > True Postives 3 229 % - False Positives 5 1 ;2% i &5

= ;2 «»EC Numbers 37 183 - True Postives 3 183 .- False Positives

AN

o

4 0%
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A P 444+ QuartetS ¢ 1 ‘e False Positives 2 #@.% » 3 3 QuartetS -

1 = False Positives ¥ » iz 1 %A P> 238%r 5 3w khA

)(Table 4.10) -

NC_000913(eco)-NC_004545(BBp)

Quartet$S Our method
EC Numbers 230 183
True Postives 229 183
False Positives |1 0

Table 4.9: & * EC Number & % 7= 7 i 12 » < 5% A7 i p £ 2 F

F B % o
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NC_000913(eco) |[NC_004545(BBp)

NP _415711.2 (lytic murein |NP_777867.1 (membrane-

endotransglycosylase E ) bound lytic murein
transglycosylase E )

Table 4.10: #“ i# 3 QuartetS - % False Positives 5 1) & » 3 H #

FoRBRRAPOS ZHEL S0 FIRAT

i xe2t QuartetS #F3¢ 7 e 2 e Fh % % (Table 4.11) - QuartetS
False Positives 7 12 - x383a %755 % 7 1467 = False Positives Rate
& 0.8%;2% iv ea= 2 1 False Positives 325 2 » > 3R4a#rg % 5 1219

s > False Positives Rate 7 0.4% - j€_Figure 4.1 ¥ &%+ 14 ’F‘] R

e o2 By B ik QuartetS § o
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False positive rate (FPR)

QuartetS Our method
False Positives |12 5
All Evaluated [1467 1219
Predictions
False Positive [0.8% 0.4%
Rate

Table 4.11: 2 ¢ e % g Quaﬁeﬁ 73 e FPR 1 i

False posmy;&rate (FPR)

0.9%
0.8%
0.7%

0.6%

0.5%

0.4%

0.3%

0.2%
0.1%
0.0%

Quartet Our method

False Positive Rate (FPR)

EC numbers

Figure 4.1: st i3+ % False Positive Rate ¥ 3\ 8 e ;2 g & b

QuartetS 3 -
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4.3 Execution Time Requirement in Our Program

AP AT FRMEFRAP DD ZHEEET AR TS 3
BORF AR Rk o TR A Y e AN e jE end BN (7
PR st (Table 4.12) o & & @ worig d > (7 5 £ B 7 H
e Clustalw fezz 2L FIAEF * o Phylip ch% @ ik 7 8- > 487 93.66%
(Figure 4.2) o F] b 44434 (7 PP 15304 0 4ok iy B0 e ahdd Bhig AT

Ao g0 RIECARAL (7 T A4 o

93.66%
al
Needle |Clustalw | Protdist Neighbor;}fﬁers Total
Sum
(ms) | 1339 | 186037 | 67993 | 27418 | 17504 | 300484
Average

(ms) | 16.13 | 252.08 | 92.13 | 37.15
% 0.45 | 61.91 | 22.63 9.12 5.83

Table 4.12; Ve jEorid * cha1 B HEFR & Al o
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B Needle
W Clustalw
W Protdist
® Neighbor
m Others

Figure 4.2: £ (19 chs 2 ¢ & B f2.58 M G5 P o (k00 0] lF) &5 R o
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Chapter 5

Conclusion

EABWwT P o NP AR RIE B FRA TR AR T
% ° QuartetS %‘”gr.! BB PEATE S Z BAFIMY a B A Fler e
3k FIaT L TR R A FIAR R E 2 Rt Ay K IEE v R IRA TP
T E S RIRAT . g PAEE A A 3 i 2 QuartetS g7
PR R R g 5 AR 2 e Hd R B F

/

S S RRARE S B S A ]

gh‘{

T8 by N T

BEENEE AP FHRESHT  FZAPS 2R AL

A

P RATY 5 53w FIRATIL T S A ko TR e 4 h
i ot G E A0t R ko QuartetS s & k b o

AT R ke QuartetS p o A e S 2N TR EREF
B ARAPNEERFE ALY RE R { V APFH HF LT

B LA R R F R TR RN S el
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