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TOM TAT

Ciing giébng nhw sy da dang sinh hoc, trong tw nhién cé qua nhiéu loai protein dé chung ta c6 thé miéu ta chirc
nang ctia ching (anotate) bang cac thi nghiém khoa hoc. Do d6 cac phwong phap d& dw doan chirc néng clia cac
protein tr& nén can thiét. Trong bai bao nay chung t6i d& xuét mot phwong phap st dung div liéu sinh hoc dé phan
I&p cac protein van chuyén trén mang t& bao dwa vao co chit ma chdng van chuyén. Dya trén y twdng cla cac
Operon, ching t6i st dung di liéu biéu hién gene va cac GO terms cla cac gene hang xém dé tao di¥ liéu dau vao
cho may vector hé trg. D& nhanh chong thu dwoc két qua, chang téi tich hop LIBSVM (A Library for Support
Vector Machines) vao céng cu xt ly di¥ liéu va str dung cong cu nay dé& huén luyén ciing nhw kiém tra cac bo phan
loai. V&i céng cu nay, ngwdi dung cé thé phan loai cac protein van chuyén va ca cac loai protein khac; cho phép
ngudi dung thém di liéu cha cac sinh vat méi ngoai cac sinh vat dwoc str dung dé thtr nghiém.

T khéa: Protein van chuyén, gene hang xém, Gene Ontology.

Classifying Genes Encode Transmembrane Proteins Using Neighboring Genes

ABSTRACT

Like bio-diversity, there are too many proteins to experimentally annotate. Thus, methods for predicting the
functions of proteins become necessary. In this article, we proposed a method that uses biological data to classify
membrane transporters according to transported substrates. Motivated by the concept of Operons, our method used
expression data and GO terms of neighboring genes to create input data for support vector machine. To rapidly
obtain the result, we integrated LIBSVM in our tool then used this tool to train and test our classifiers. With this tool,
users can classify membrane transporters and other kinds of proteins. This tool also allows users to add their desired
organisms beside our tested ones.

Keywords: Gene Ontology, neighboring genes, transmembrane protein.

1. DAT VAN PE (glycosylation hay phosphorylation) trudc khi tré
. A . . , thanh protein hoan chinh. Thuc t& nay dan dén
Trong tu nhién c6 rat nhiéu loai protein khac L )p B ! N ! ] : Y e
» . N R A 1s - viéc ¢6 rat nhiéu protein chua dudc giai thich
nhau. S6 lugng protein nay mét phan la do so b3 s thi nehia s vi vAv cie ohu ha
. Y R N dng cac thi nghiém va vi vay cac on a

lugng cac loai sinh vat la rat 16n, mot phan 1a do g gl 24 P g phap

su bién d6i clia cac phan ti truée khi hinh thanh
nén protein hoan chinh. C6 hai su bién déi chinh,

dy doan chiic ning ctia protein tré nén can thiét.
Ngay nay c6 mdt vai cach tiép can khac

thti nhit 13 qua trinh cit/hgp cia cac chudi nhau trong viéc du doan chiic néng cta protein:

ribonucleic acid (RNA) sau khi chiing dudc phién
méa tu DNA (Black, 2003); thi hai la sau qua
trinh dich ma ta RNA thanh chudi polypeptide,
cac chudi nay tiép tuc trai qua cac thay déi khac

- Du doan chiic ning dua vao su tuong dong
cta chudi polypeptide (homology-based): Day la
cach tiép can dugc st dung rong rdi nhat trong
viée du doan chtc ning. Tuy nhién, su tuong
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dong vé trinh tu chudi polypeptide ctia hai
protein khong dam bam ring ching c6 cing
chiic ning ngay ca khi d tuong déng ctua hai
chubi 14 rat cao (Punta and Ofran, 2008).

- St dung cac motif (sequence motifs): Hién
nay c6 mot so cong cu tinh toan danh riéng cho
viéc xac dinh cac motif nhu PRINT (Attwood et
al., 1999), BLOCKS (Henikoff and S. Henikoff,
1996), PROSITE (Hofmann et al., 1999),
InterPro (Apweiler et al., 2000), va ELM
(Puntervoll et al.,, 2003). Cac cbéng cu nay
thudng cung cdp mot thu vién lén bao gom céc
motif d& dugc thu thap bdi cac chuyén gia, bdi
cac thuat toan hoac bang cach két hop ca hai
phuong phap nay (Punta and Ofran, 2008).

- Dy doan dya vao cdu truc (structure-
based) : Cac protein ton tai va hoat dong khi
ching c6 cdu tric khéng gian 3 chiéu (3D). Vi
thé su tuong déng vé cau tric 1a moét chi s tot
dé xac dinh su tuong dong vé chiic niang cia hai
hay nhiéu protein (Sleator and Walsh, 2010;
Whisstock and Lesk, 2003).

- Du doan dua vao ngii canh di truyén
(genomic context-based): Cac phuong phap nay
dua vao cac quan sat vé hai hay nhiéu protein
c6 cting su xudt hién hay ving mit trén cac hé
gene khac nhau gn nhu chéc chin c6 su lién
két vé mat chiic ning (Eisenberg et al., 2000;
Sleator and Walsh, 2010).

- Dy doan dua vao mang tudng tac protein
(protein-protein interaction networks): Trong
cac mang nay, cac nit mang la cac gene/protein
va dudc lién két véi nhau béi cac canh thé hién
su chia sé chiic ning gitia ching (Sharan et al.,
2007).

Trong mdi cach tiép can, su tucng dong
trong ciu tric hay su tuong dong vé tuong tac
duge xem nhu cac bang chiing vé su tuong dong
chtic ning. M&i cach tiép can c6 wu diém va
nhuge diém riéng. O day, ching toi két hop du
doan dua vao ngii canh di truyén véi Gene
Ontology (GO) dé tao ra mot phuong phap du
doan méi. Ly do ma chung t6i chon phuong phap
du doan duya vao ngii canh di truyén 1a vi
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phuong thiic nay st dung vi tri va su dong biéu
hién cua cic gene va day ciing l1a y tudng cta
Operon va cac dic tinh ctia né. Pugc dé cap lan
dau tién vao nam 1960 bdi Jacob va cac cdng su,
moét operon 14 mot nhém cac gene ma su biéu
hién cta ching duge diéu khién bdi mot
promoter duy nhat (Jacob et al., 1960). Vi dugc
diéu khién bdi mot don vi (promoter) nén cac
gene trong mot operon dudc biéu hién cing
nhau hodc khéng gene nao dudc biéu hién. Do
dé ching ciing thudng cé chiic ning tuong tu
nhau. Thong thudng, cic operon ton tai trong
cac sinh vat nguyén thuy (prokaryote) nhung
trong mot sd it cac trudng hgp ching ciing duge
tim thdy trong cac sinh vat nhan dién hinh
(eukaryote). Trong khi cac phuong phap du
doan chiic ning protein dua vao ngii canh di
truyén dugc ung hd bdi cac operon trong céc
sinh vat nguyén thuy thi muc tiéu cia Gene
Ontology Consortium la tao nén mot bd ti vung
¢6 thé st dung cho moi sinh vat nhan dién hinh
(Ashburner et al., 2000). Bing cach két hgp hai
ky thuat nay, ching t6i du dinh tao ra mot ky
thuat c6 thé ap dung cho ca sinh vat nguyén
thiy va sinh vat nhéan dién hinh.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu nghién ctu

Trong nghién ctu nay chiang t6i lya chon
hai nhém 14 protein van chuyén amino acid va
protein van chuyén dudng (dudng). Cu thé 1a 27
gene méa hoéa protein van chuyén amino acid
(AVTe6, AVT3, GNP1, AVT4, GAP1, AVTI,
VBA3, VBA1l, VBA2, BAP3, MMP1, AGCI,
DIP5, TAT1, TAT2, HIP1, PUT4, ODC1, CANI1,
ODC2, MUP3, ATG22, ALP1, SAM3, AGP3,
SSY1, LYP1) va 24 gene ma héa protein van
chuyén duong (GIT1, MAL31, HXT1, MAL11,
VRG4, H6XT2, HXT3, GAL2, ITR1, ITR2,
STL1, SNF3, HXT17, RGT2, HXT15, HXT16,
MPH3, HXT13, HXT14, HXT8, MPH2, HXTS5,
HXT7, HXT) cta Saccharomyces cerevisiae. V6i
Escherichia coli, chting t6i st dung 30 gene ma
héa protein van chuyén amino acid (MmuP,
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metN, TdcC, LysP, HisP, LivG, CycA, YgjU,
GItL, TyrP, GInQ, rhtB, rhtC, BrnQ, PotE,
YecC, TauB, YbiF, GItS, AroP, GItP, ArtP,
CadB, PutP, YjdE, PheP, TnaB, ProP, SdaC,
Mtr) va 27 gene ma héa protein van chuyén
duong (GalP, SetA, XylE, NanT, MalK, XylG,
MtlA, MelB, alsA, UhpT, LacY, ManY, AscF,
setB, TreB, PtsG, SotB, CelB, AraE, AraG,
GlvC, RhaT, NagE, FruB, BglF, RbsA, FucP) (
Barghash and Helms, 2013).

Cac gene hang x6m cua Escherichia coli

duge tai td EcoCyc (http:/ecocyc.org/
download.shtml) va cta  Saccharomyces
cerevisiae dugc tai ti UCSC (genome-

mysql.cse.ucsc.edu).

Dii liéu biéu hién gene caa Escherichia coli
va Saccharomyces cerevisiae duge tai ttt GEO.
Vé6i Escherichia coli chting tdi sti dung DataSet
Record GDS2768 (Domka et al., 2007), con d61
v6i Saccharomyces cerevisiae ching toi st dung
DataSet Record GDS9 (Brem et al., 2002).

Dé tim GO term - thanh phan co ban cta
GO, méi thuat ngii (term) md ta mot thude tinh
cua gene hoéc protein - cho cic gene can thong
qua hai buéc chinh. Dau tién, ching téi tim
UniProt ID cho symbol tu
http://www.kegg.jp. Tiép theo, tim GO term cho
t4t ca cac UniProt ID ti http://uniprot.org.

gene

2.2. Phuong phap nghién citu

Cac dii liéu sau khi xii 1y duge dua vao phan
loai, stt dung phuong phap vector hé trg (support
vector machine - SVM) théng qua coéng cu ndi
tiéng c6 tén LIBSVM (Chang and Lin, 2011).

3. KET QUA VA THAO LUAN

3.1. Phan loai protein van chuyén st dung
gene hang xom

Mot cach don gidn, phuong phap phan loai
protein ma chuing tdi dé xudt dudc trinh bay
trong hinh 1.

3.2. Cong cu xtt ly dir liéu

D& phat trién céng cu xu ly s liéu, ching
toi lga chon ngdén ngit lap trinh Java. Day la
ngoén ngi 1ap trinh dé phét trién phan mém cho
nhiéu loai thiét bi (may tinh &€ ban, may cha,
thiét bi di dong va cac thiét bi nhing). D& tao
mot luong 16n cac ting dung cho thiét bi di dong,
may tinh c4 nhan va cic may chu, Java dugc
cung cdp theo ba 4&n ban (editions): Java
Standard Edition (Java SE), Java Enterprise
Edition (Java EE), Java Micro Edition (Java
ME). Ngay nay, Java tré nén phd bién nho
nhiing dic diém dang chd y nhu: thuan huéng
d6i tugng, phan tan, da ludng va c6 thé chay
trén nhiéu nén tang (platform) khic nhau ma
khéng can stia d6i ma ngudn chuong trinh.

Trong dé tai nay ching t6i st dung Java SE
dé phat trién cong cu xu ly di liéu va phan 16p.
C6 nhiéu phién ban Java khac nhau va ching
t6i Iua chon phién ban 7 ctiia Java SE. Mbi phién
ban Java SE dugc phat hanh cung véi mot Java
Development Kit (JDK). V61 Java SE 7, Java
Development Kit duge goi 1a JDK 1.7. JDK bao
gdbm cac chuong trinh duge st dung dé phat
trién va kiém thé phdn mém, tuy nhién céc
chuong trinh nay thudng yéu cau ngudi dung
tuong tac qua dong lénh. P& thuan tién hon
ngusi dung c6é thé st dung cac céng cu phat
trién v6i giao dién d5 hoa (graphical user
interface - GUI) nhu NetBeans, Eclipse hay
JCreator (ching t6i chon st dung Eclipse). Cac
cong cu nay cung cdp mot moi trusng phat trién
tich hgp (integrated development environment -
IDE) cho phép soan thao ma nguén, dich chuong
trinh, g 16i trong ciing mot GUL.

Cong cu phan mém cua ching téi c6 4 chtic
néng chinh (Hinh 2, 4):

- Chuén bi dii liu cho qua trinh hudn luyén

- Huén luyén mé hinh (b6 phan loai)

- Chuén bi di liéu dé kiém tra mé hinh

o 2 A N
- Kiém tra mo hinh
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Chon loai sinh vat

v

Chon nhdm gene

v

Gene di
chon

Tim cac gene hang
Xxom

Tinh tweng quan ﬂﬁng

Y
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Tao danh séch cac
gene gdc, danh sach

cac gene hang xom

v

Tim GO term cho tét
ca cdc gene

v

Loai bé cac term tring

lap. Tdp hop cac term

bi loai bé trong tap cd
tén RM

bigu hién gene

Diliéu
biéu hién
gene

v

Chon N hang xdém cd
tirong quan ddng bigu
hién cao nhat

v

Tim GO term cho cac
hang xém duoe chon

v

Loai bo cac term cd

trong tip RM

L

term

Vi rr]Ei hang x0m d4 chon tinh i
& phan tram r cac GO term duwgc ¢ |

tim thay trang méi danh séch GO

r = nguwéng?

L 4

Khéng, thay @i nguéng

Ca

Giatri=1

v

D at cac gid tri cla cac hang
x0m cla cung mét gene
gdcvao mdtvector. Sk
dung nhém cua gene gdc

|am nhan |&p (class label)

hing—m Giatri=0

F 3

v

Sir dung LIBSVM dé huén
luyén va kiém tra md hinh

& hinh d tét dé dirng’

Hinh 1. Phuong phap phan loai protein st dung gene hang x6m
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File Prepare Data Classify Help

Prepare data for training

Select Organism | - |

cxpression

QOutput File Save to File

Number of upstream/downstream Neighbors |10

Number of Neighbors have highest correlation |3

Hinh 2. Form chuin bi di liéu hudn luyén mé hinh

File Prepare Data Classify Help

Training classifier

Number of classes |2

Class 1

Class 2

Class 3 Select File
Class 4 Select File
Split data into Training set and Testing set

Testing file datatemp/svmipreftestingdata.bd

Threshold

Parameter for SVM

Cost(c) |1

Output Model

Process |

Hinh 3. Form huan luyén mé hinh
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File Prepare Data Classify Help

Prepare data for testing

Select Organism

Gene List

Expression data

Class label for gene li... 1 | - |

Number of upstream/downstream Neighbors |10

Number of Neighbors have highest correlation |2 |

Number of classes |V|

Class 1

Class 2

Class 3 Select File

Class 4 Select File

Threshold

Qutput File

Hinh 4. Form chuén bi di liéu kiém tra mé hinh

File Prepare Data Classify Help

Testing classifier

Model file Select File

Testing data file Select File

Testing result file Save to File

Hinh 5. Form kiém tra mé hinh
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3.3. K&t qua phan loai

V61 Escherichia coli, ching t6i thu thap 30
gene mé hoéa protein van chuyén amino acid va
27 gene ma hoéa protein van chuyén dudng, tuy
nhién thuc t& chi ¢6 26 gene van chuyén amino
acid va 24 gene van chuyén dudng 1a c6 thé st
dung cho viéc huén luyén hoic kiém tra céc bod
phan loai (v61 cac gene khac, chiung t61 khong
thé tim dudc gene hang x6m hoidc di liéu vé
biéu hién gene khoéng c6 sin). Véi mdi gene
ching t6i tim 10 hang x6m niam bén phai va 10
hang x6m nam bén trai, sau d6 lya chon 3 hang
x6m c6 miic @6 dong biéu hién cao nht véi gene

trung tAm. Sau d6 ching t6i chon ngudng cho ti
1é phan tram r 1& 0,8. Sau d6 dii liéu cho SVM
dugc tao va dudc trinh bay trong bang 1va bang
2. Trong ca hai bang, List 1 dai dién cho danh
sich GO term cla tit cd cdc gene ma héa
protein van chuyén amino acid, List 2 dai dién
cho danh sach GO term cua tat ca cac hang xém
cla cac gene méa hoéa protein van chuyén amino
acid, List 3 dai dién cho danh sach GO term cua
tdt ca cdc gene ma héa protein van chuyén
duong, List 4 dai dién cho danh sach GO term
cua tat ca cic hang x6m cua cac gene ma héa
protein van chuyén dudng (dudng).

Bang 1. Dit liéu cho SVM dugec tao bédi cac gene van chuyén amino acid

cua Escherichia coli

Class label Neighbors 1 Neighbors 2 Neighbors 3
List1 List2 List3 List4 List1 List2 List3 List4 List1 List2 List3 List4
! 0 1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 ] 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
! ! 1 0 0 1 1 0 0 0 1 0 0
! 0 0 0 0 1 1 0 0 1 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 1 1 0 0
! 0 1 0 0 0 0 0 0 0 0 0 0
! ! 1 0 0 1 1 0 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0 1 0 0
1 0 1 0 0 1 1 0 0 0 1 . .
! 0 1 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
L 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0 0 0 0
! 0 0 0 0 0 1 0 0 0 1 0 0
! 0 1 0 0 0 1 0 0 0 1 0 0
L 0 0 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
! 0 0 0 0 0 1 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
! 0 1 0 0 0 0 0 0 0 0 0 0
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Bang 2. Dit liéu cho SVM dugec tao bdi cac gene van chuyén duong ctua Escherichia coli

Neighbors 1 Neighbors 2 Neighbors 3
Class label
List 1 List2  List3  List4  List1 List2  List3  List4  List1 List2  List3 List4
2 0 0 0 1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0 1
2 0 0 0 1 0 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0 1
2 0 0 0 1 0 0 0 1 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0 1
2 0 0 1 1 0 0 1 1 0 0 0 1
2 0 0 0 1 0 0 0 1 0 0 0 1
2 0 0 0 1 0 0 0 1 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 1 1 0 0 0 1
2 0 0 0 1 0 0 0 1 0 0 0 0
2 0 0 1 1 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 1 1 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0

Lua chon ngiu nhién 14 trong s6 26 gene
van chuyén amino acid va 13 trong s 24 gene
van chuyén dudng dé st dung vao huén luyén
mé hinh, s6 con lai st dung dé kiém tra mé
hinh. Qua trinh nay dudc 1ap lai 10 1an. Sau khi
huén luyén ching t6i c6 cac bd phan loai véi do
chinh x&c trung binh khi phéan loai 1la 78,26%
(18/23 gene cta bo dii liéu kiém tra dudc phan
loai chinh xac).

Véi Saccharomyces cerevisiae, thuc hién
tuong ty nhu v6i Escherichia coli. D liéu cho
SVM ctia Saccharomyces cerevisiae dudc chi tra
trong bang 3 va bang 4.

Lua chon ngiu nhién 12 gene trong nhém
amino acid va 6 gene trong nhém duong dé
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huén luyén bd phan loai. S8 gene con lai duge st
dung dé kiém tra bd phan loai. Qua 10 1an nhu
vay cac bo phén loai ¢6 d6 chinh xac trung binh
la 85,71%, tuong duong véi 12/14 gene dugc
phéan 16p chinh x4c.

Gio hay xem chi tiét hon 4 bang di liéu
(Bang 1- 4). D& nhan th4y cac gene trong nhém
amino acid chta gia tri 0 trong cac cot List 3 va
List 4 trong khi c6 rat nhiéu gia tri 1 trong cot
List 2. V6i nhém duong, cac gia tri trong cot List
1 va List 2 déu bang 0 trong khi c¢6 rat nhiéu gia
tri 1 6 cot List 4. Nguyén nhén cta viéc nay 1a
GO term cua cac hang x6m dudc lya chon cho
nhém amino acid déu da dugc bao gém trong
List 2 (danh sach GO term cta tat ca cic gene
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Bang 3. Dit liéu cho SVM dudgc tao béi cac gene van chuyén amino acid

cua Saccharomyces cerevisiae

Neighbor 1 Neighbor 2 Neighbor 3
Class Label

List 1 List2  List3  List4  List1 List2  List3  List4  List1 List2  List3  List4
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 1 0 0
1 0 1 0 0 0 1 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 0 0 0 0 1 0 0 0 1 0 0
1 0 1 0 0 0 0 0 0 0 1 0 0
1 0 1 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 0 0 0 0 1 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 0 0 0 0 1 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0
1 0 1 0 0 0 1 0 0 0 1 0 0

Bang 4. Dt liéu cho SVM dudc tao béi cac gene van chuyén duong

cua Saccharomyces cerevisiae
Neighbor 1 Neighbor 2 Neighbor 3
Class Label

List 1 List2  List3  List4  List1 List2  List3  List4  List1 List2  List3  List4
2 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 1 0 0 0 0 1 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 1 1 0 0 0 0
2 0 0 0 1 0 0 0 1 0 0 0 1
2 0 0 1 1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 0 1
2 0 0 0 1 0 0 0 1 0 0 0 0
2 0 0 0 1 0 0 0 1 0 0 0 0
2 0 0 1 1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 1 1 0 0 0 0

hang x6m ctua nhém amino acid) va tat ca cac
term trung lap cua (List 2 va List 3) véi (List 2
va List 4) da bi loai bd. Véi cac gia tri 0 trong cot
List 2 cia nhém amino acid, tat cd cac GO
terms cua cic hang x6m dugc lya chon da bi loai

bd vi cac term nay cung xuat hién trong List 2
va List 3 hodc cuing xuit hién trong List 2 va
List 4. Viéc giai thich cho cac gene trong nhém
dudng ciing hoan toan tucng tu nhu cac gene
trong nhém amino acid. Chinh déc diém nay cta
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cac bang dii liéu da cho thay cac gene hang x6m
cua cac gene trong nhém amino acid va cac gene
hang xém ctia cic gene trong nhém duong khac
nhau vé chiic ning va né ciling gitdp ching ta
thay 1y do tai sao do chinh x4c ctia cac bd phan
loai lai cao nhu vay.

4. KET LUAN

Bai bao nay da trinh bay mot phuong thic
don gian dé phan loai cac protein van chuyén
theo co chét tuong tng cé st dung di liéu biéu
hién gene va GO term cua cic gene hang x6m
bing ky thuat phan loai SVM. Ching t6i da
kiém tra phuong phép ctia minh véi cac gene ma
hoéa protein van chuyén amino acid va dudng
Escherichia coli va

cia 2 sinh vat la

Saccharomyces cerevisiae.

Mot cong cu phan loai st dung ngdn ngii lap
trinh Java da dudc phat trién dé ngudi dung cé
thé thu dugc két qua phan loai dé dang va
thuan tién hon. Coéng cu nay khoéng giéi han
trong viéc phan 16p cac gene ma hoa protein van
chuyén, ngusi dung cé thé dung né dé phan 16p
cac gene thudc cac metabolic pathways khac
nhau hodc cac gene ma hoéa cac nhém protein
khac nhau. Céng cu nay ciing khong bi giéi han
trong cac sinh vat nhu Escherichia coli hay
Saccharomyces cerevisiae, ngudi dung c6 thé
phéan 16p cac gene tu nhiing sinh vat khac ntia.
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