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Search of Genes with Similar Phenotype Based on Disease Information Network
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Abstract: The results of Human Genome Project promote the development of bioinformatics. Searching disease genes that have
function correlations, also called similar phenotype genes, based on the strategy of disease phenome similarity becomes an emerging
research topic due to its important research value and wide range of applications. However, in biomedical field, there is no previous work
that applies computer methods to search similar phenotype genes via a network consists of “gene — disease — phenotype” relations. To fill
the gap, in this study, a disease information network containing three heterogeneous nodes (i.e., gene, disease, and phenotype) is built by
making use of a disease open database. In addition, an algorithm, called gSim-Miner, is designed for the search of similar phenotype
genes via the disease information network. Pruning strategies based on the characteristics of disease phenotype data are proposed to
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improve the efficiency of gSim-Miner. Experiments on real-world data sets demonstrate that the disease information network is feasible,
and gSim-Miner is effective, efficient and extensible.
Key words: phenotype similarity; search of similar genes; disease information network; gSim-Miner
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Fig.1 An example of the structure of disease information network
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0102p3030,. [71 B, KL gy FIHE K] g, 7E4F 7 GDPDG 16 48 N IEHE 3 11 5 (K9 B A2 S 01 8073 700 o 3,218 ik, 6 1A gy
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2: for each disease deD do
3: create a node containing d in N;
4: G'<«all the diseasegenes of d; //%9% d [ FT 43 B0 IE A
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for each geG’ do
if gisnotin N then

endif
: add an edge connecting g and d to N;
10:  end for
11:  P’<«all the phenotypes of d; //5< d [H T3 R A4
12:  for each peP’ do

5
6
7 create a node containing g in N;
8
9

13: if pisnotin N then

14: create a node containing p in N;
15: endif

16: add an edge connecting p and d to N;
17:  end for

18: end for

19: return N;

SR 1 AR SR A O A — PR 3 A — A S0 R R R — AN R L, 0 SRR A 1 R I AR R A
SV 4% v g S — AN AT Y S BY  R DL R R 5 R DG &R (GD) # 5 R B SC F& (DP) L. B TR i 2
Do 2% e, B DR s RN 2R 2 2 [ T O Y R MR AR S I K T B R A (IP1>>(G), BRItk B3k 1 e [
S O(ID|x|P)).
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5 5 W 28 AT SE A (R A 10 53— 5 TR o T o DR T P 25 A v f s e LR T — AN T L S P &L T H
UL 1 15 7SI A b5 ST A (] 156 2R A B 1 5 44

4 REENERRER

4.1 gSim-Miner& EHESR
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R SIE o 5 95 175 JE P99 286 11 s s e AR 4D 66 DR W i O AN L T B A0 e T L2 K TR 92 08 B A2 2 BRI AR AL PR B 2R 11
I AR 3 S R AR SCAX e S GDPDG A Ay e DRIAH AR 11 92 08 i A% IX A — e PR S B BRAIC T o B e TR e il e A
(R SACAHT . gSim-Miner S5092: 1K) KA JEARAE T [ 4 A A5 b e IR, o B8 417 0 6 [R) 5 4 4 e ] ) 1) R ROAH AL =
FRAZHR 25 IR 0 1, 5 L4 o vk SR N M DR R W A T R AR GDPDG 3R [ [ B 3 5k 126 K DA 114 B 4% S 491 4,
LA K Mk 35 35 TR HH %35 A2 TG B 42 GDPDG 3R 1] H B 1) 4 42 S 451 44

L 2 {8 T gSim-Miner SUEMZEAKNELE Horb JPUR 2. IR 5 AP 6 P KB Ins B TH 5 Ins
BR B0 A T 30 7 2R 3 Y R R AR R P 4 N A 3 AR O A IR A B R4 FRATT T AR B 45 58 Al AR TR g
AR A 356 3 [A] g 1) 46 B4R & 3R 10 AT LATHEE 1Y | Ins(gDPDQ)| A1 Ins(g' DPDg’)| 4245 , i 3ok b e AN e [X  FRU 4E & o
ez, AT T B LR e R g RITCRE DR o ah A ) 2 2802 1) 2 7 SI2 491 40, B | Ins(gDP D). 43 T 4503k 2 1T %11 Nalive 55
RIS T B 2% B 2R O(np), 3L Hhn 7 10 106 5 DR 85 5 TR AN Hi, p 3 7 ke DRIRE v 2 200 & 11 P 34 .

&% 2. gSim-Miner HEHEZE (Naive 5.32%).

BN AE B N, S5 K BT g;

i th: top-k L BUARBIIE A R,

1: R«{g};

2: count the number of path instances of gDPDg; //compute |Ins(gDPDg))|

3: G<«-all genes in N;



ExIe R TFRAIE &M% F A AR & 727

4: for each g’e G\g do

5: count the number of path instances of g’'DPDg’; //compute [Ins(g'DPDg’)|;
6: count the number of path instances of gDPDg’; //compute |Ins(gDPDg’)|;
7: if |R|<k then

8: add g’ to R;

9: elseif Sim(g,g') =MIN{Sim(g,9")|9” €R} then

10: update R with g’;

11: end if

12:  end for

13:  returnR;

TR T AW A 5 8 G R AR, R vT DA Bk I B R g5 b (R 2 P IR 1) 755
SE PR A 50 AT UK AR R B 3R 1 90R AL R 2 4E).
4.2 gSim-Miner& ;%
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BUALTREE 1. 4 g A A SN, g A RIE S X P(9)NP(g)=9D, 8 49825 g'.

[P(9)|

Y 5N 9, 2 PR FTH 5 g ik GDP 4% 5 3% 1 11 2 AL1T 1%L, 2 [Ins(gDPDg)|= > pf FonFEH

i=1
g Wi 2T 1L GDPDG | [ & 1 % 4% L5 K. 3t ) A7 A GDP 1t 7~ Mt e e 28 6 [X] 21 B 5 1) it A% 532 491 4
|ins(g'DPDg")| 47 TH 7 HE51, 4 MAX{|Ins(g'DPDY")||g" € G} 7 i e K] 1k 56 F I 1) doe KA. Hi o B 1, 3477 7T
DECEILINN s
5 1. |Ins(gDPDg")|<MIN(|Ins(gDPDg)|,MAX{|Ins(g'DPDg")||lg’ €G}).
AR VBT 1, BB BT R g 2.
BURRREE 2. 4 g AL, g o RIERE D, T T A top-k AU ARALL L DR ) R RUARALL L B AME R s A
2xMIN(|Ins(gDPDg)|,MAX{|Ins(g'DPDg’)||g'e G}H/(|Ins(gDPDg)|+|Ins(g'DPDg")|)<s, 4 Bj % g'.
iR 45 e AN 9,vg'(0'eG H. g'#g),|Ins(gDPDg’)|=|Ins(gDPDg)Ins(g’'DPDg’)|, 7k 4.,
[Ins(gDPDg’)|<MIN(|Ins(gDPDg)|,|Ins(g'DPDg")|) < MIN(|Ins(gDPDg)|, MAX{|Ins(g'DPDg’)||g’ € G}).
(AL,
Sim(g,9)=2x|Ins(gDPDg’)|/(|Ins(gDPDg)|+|Ins(g’'DPDQ’)|) <
2xMIN(|Ins(gDPDg)|,MAX{|Ins(g'DPDQ’)||g’' € G})/(]Ins(gDPDg)|+|Ins(g’'DPDQ")|). 0
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1: R«{g};

2: count the number of path instances of gDPDg; //compute |Ins(gDPDg))|

3: P(g)<«all phenotypes of g satisfying disease path GDP;

4: G<«-all genes in N;

5: for each g’eG\g do

6: P(g")<«-all phenotypes of g’ satisfying disease path GDP;

7: if P(g)nP(g")=< then

8: remove g’ from G and continue; //8J 4 $Emg 1

9: end if

10: count the number of path instances of g'DPDg’; //compute |Ins(g’'DPDg’)|

11:  end for

12:  G«sort ¢’ in ascending orderaccording to thenumber of path instances

13:  foreach g'eG\g do

14: count the number of path instances of gDPDg’; //compute [Ins(gDPDg’)|

15: if 2xMIN(|Ins(gDPDg)|,MAX{|Ins(g'DPDg’)||g’ e G})/(|Ins(gDPDg)|+|Ins(g’'DPDg’)|)<
MIN{Sim(g,9")|g"” €R} then

16: remove g’ and goto Step 13; //TY i HHE 2

17: end if

18: if |R|<k then

19: addg'toR

20: elseif Sim(g,9’) =MIN{Sim(g,9")|g"” €R} then

21: update R with g;

22: end if

23:  end for

24: return R;

5 £ ¥
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A SC ) P B S O A B0 A SO R )7 £ X % 1) P e S R AR UL R 98 R SV AT Rt . AT K
FRA] Rk SEU SR 2017 4F 6 ) 26 HEHI A OMIM 83k 4 027 45,35 2 %1t T 52 vh fif ) B 45 1)
JE. B A b 68 N BP0 45 S R £ v B 35 3 063 ANEEDA Y AL 4 027 AN 1Y AL 39 166 MR AL 3 037
% GD(JEN FEBm)L . 4 015 4 DP(BF B A (2 81)il.

Table 2 Characteristic of data sets
F 2 BURSEFHE
FEEAE) ) RO EEEBAE)  SOR-RAN
3063 4027 39 166 3037 4015

gSim-Miner S35 ] Python 22 528, Python kA 3.6, B 23 142 K ] Neodj, A hy 3.2.1, FT f3 SE G AR 4E
fic & 4 Intel core i7-3770,3.40 GHz CPU,16GB P4 77, Windows10 #:1E £ 4 1) PC b 58 f.gSim-Miner H L 4TS
FERNE A k=10, 10,48 R 5 45 i A 5L LB AT SRR AUAHALE 1 k AL,

[F] B, Ay (58 A7 fids 5 ¥R ff b T 05 TR0 1) 0 3R AR ALLJE, FRATAR R T & UMLS il HPO IR Y 3% 3
T OMIM $dhi b K RURE PR R A AR B H AL 3 045 R AB T LAF L UMLS AR VE B 2530 B 5t
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Table 3 Number of terms with different ontology annotations

R 3 AFAKERAEKLH

AR 3
UMLS 35292
HPO 4480
ICDICM 1050
ICD10CM 1451
SNOMEDCT 3582

SEAR, P 2 4 T B0 £ S 0 4 ) it 56 1 PR P A 5 R G P A R B 1Y s R o« R DAL R A
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Fig.2 Visualization of disease information network
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PAFRAT AN F) 1 e [R) 26 BUARBLEE KT 0.5 [ 45 K 454 B Sim(gy,02)>0.5. [7] I, 5ot T~ 28 FRY ARG A1 ] (R0 7 o0, FR AT AR
5 WA FE IR [R) 44 GDPDG 1) 6 428 SE A B0t AT e )7 HE P ML 3R 4 v LUK I A — AN JE DR 3 ] LGl I o 8 38 B AH
BLBE #2055 W 3 B AL S e Ah, DU IR JHEE AR G [ MC4R 56 (5 D ], 3o AiT42 48 8 T PPARG,UCP3,
NROB2,GHRL,ADRB2,ADRB3,UCP1,UCP2,POMC,AGRP,CARTPT &5 K 31| I b 4 -4 1iF 1 35 R R 4 4

Table 4  Genes with top-15 similar phenotype
&4 top-15 RAAHIEE R

HEH top-k /ML ] (k=15)

mcar | (MC4R.L1.0),(PPARG,1.0) (UCP3,1.0),(NROB2,1.0),(GHRL,1.0),(ADRB2,1.0),(ADRB3, 1.0),(UCP1,1.0),
(UCP2,1.0),(POMC,1.0),(AGRP,1.0),(CARTPT,1.0),(CEP290,0.64),(NTRK2,0.60),(MOG,0.57)

KRAS (KRAS,1.0),(TP53,1.0),(MADH4,1.0) (STK11,1.0)

GABRB3 (GABRB3,1.0),(GRIN2B,0.70),(HNRNPU 0.60),(KCNB1,0.57)

A RAIE gSim-Miner S BT (KIAT Rk, FATTXTEE T 0% R UMLS 2 HPO A fAVERE DL K 2545 %5 18 — i 5
e AR TR AR ADLE (10 1 R 5 2R L A UL AR SRR LA (3 [A] AR U AR ALLE ) " 3C 2 L) 26 6 m] LU 2545 % 18 HPO
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FTUMLS AMUAT LR 21 5 MCAR S AHABLAR) 3 DA, ] I A LA A1 — 28 AT DG 56 AT R ARABLEE L TR AE T-:OMIM $ids
B> RIUAT HPO VER B A UMLS TR B A% AL — oA AR VE R I A K A T A RO o, AT sk 2> 77
RE R 1] ASC T o HE A A ey 10 26 28 0 32 38 49, 20 1T AR AU T 5 DR 3 2R R AR RBE T 5 =45 18 T UARE A4 422 9 1 Ik
DR &5 SR AH DG IR SEARBL L ARAH OG22 e K
Table 5 Results of considering ontology annotations
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Fig.3  Efficiencycomparison between Naive and gSim-Miner
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Fig.4 Influence of different parameters on the algorithm
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Fig.5 Influence of different conditions on algorithm scalability
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