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ABSTRACT

Today with the development of DNA sequencing technology, we have
obtained a large amount of DNA sequences in a short time with low cost.
Specially, the next-generation DNA sequecing can generate a huge
amount of short DNA sequences, called short reads with length from 30
to 100 bp. The short reads have an error rate between 1% and 2%.
Therefore, the error reads must be corrected before being assembled into
the complete genome. There are several proposed algorithms for
correcting the error reads such as SHREC and SOAP de Novo. However,
SHREC needs a long computation time to correct errors while SOAP de
Novo requires very high memory usage. In this paper, we present our
algorithm (RCorrector) based on the index structure of KMER for
detecting and correcting error reads. Compared to the SHREC
algorithm, the RCorrector algorithm provides a speed up from 3 to 7
with the same sensitivity and specificity.

TOM TAT

Ngay nay voi su tién bo cua ky thudt xac lap trinh tw ADN (DNA
Sequencing) ching ta c6 thé tao ra mot sé lwong lom cdc chudi ADN
trong khodng thoi gian ngdn voi chi phi thap. Pdc biét thé hé xdc lip
trinh tw moi hién nay tao ra s lwong rat 16m chudi ADN ngdn, dwoc goi
la short read, vé&i chiéu dai tir 30 dén 100 nulcotide. Céc read nay co ti lé
16i tir 1% dén 2%. Do d6 cdc read 16i nay phdi dwoc sira 16i truéc khi
degee ldp rdp thanh b gien ADN hodn chinh. Nhiéu gidi thudt sira 16i dé
diege dé xudt nhi SHREC, SOAP de Novo. Nhung nhiing gidi thudt ndy
van con nhitng han ché nhw can dung lwong bg nhé lom hodc thoi gian
sika 161 khd nhiéu. Trong bai bdo ndy ching téi dé xudt gidi thudt hiéu
chinh 16i, dwoc dat tén la RCorrector, dua trén cdu tric chi muc kmer
nham phdt hién 16i va sira 16i truc tiép trén cdc read. So sanh véi gidi
thudt SHREC trén 8 tdp dir liéu, RCorrector dat dwoc hiéu sudt sira 16i
thong qua hai dac trung specificity va sensitivity la twong dwong voi
SHREC nhing nhanh hon SHREC tir 3 dén 7 lan.

1 GIOI THIEU

Xac lap trinh ty ADN cho mdt gien cua loai nao
d6 1a mét trong nhitng cong viéc quan trong trong
linh vyc Sinh Tin hoc (Bioinformatics). Ky thuét
xéc 1ap trinh tu tha cong dau tién dugc gidi thiéu

vao nam 1977 [6]. Véi nhimg cai tién cho dén dau
nhitng ndm 1990, k¥ thuat xac 1ap trinh ty co thé
tao ra cac chudi ADN véi do dai tir 500bp dén
1000bp véi d6 chinh xac 99%. Nhitng nim gan day
ky thuat xac 1ap trinh tu ADN dang trdi qua mot
cudc cach mang. Pac biét 1a tor ndm 2008 dén nay
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voi ky thuat xac lap trinh tu song song 16n
(massive), con duogc goi la NGS (Next Generation
Sequencing) [4,7], cho phép thu dugc sé luong rat
16 dit liéu trinh tw ADN v6i tdc dd nhanh hon va
gia thanh ré hon so vdi cac phuong phap xac lap
trinh ty truéc d6. Chiang han nhu coéng nghé
SOLEXA c¢6 thé tao ra trén 10 Gbp trinh ty ADN
ngin (short read 30-70 bp) trong khoang thoi gian
4 ngay véi chi phi khoang 60 d6 la cho mdi Mbp
[7]. Véi chi phi thip va thoi gian thuc hién nhanh
nén ngay cang c6 nhidu dy an xac lap gien moi.
Chang han phuong phép chuin doan bénh dya theo
dit liéu ¢4 nhan da dugc dé nghi bai Guy va ctv [1].

Sau khi xac lap dwuoc $6 luwong 16n cac short
read, goi tic 1a read, thi cong viéc tiép theo 1a sip
diy (assembly) cac read nay dé thu dwoc bd gien
hoan chinh. Nhung trong qua trinh xac lap trinh tu
ADN cua cac ky thuat thé hé méi nay kha ning
sinh 16i cho timg nucleotide (nt) cao hon. Ty 1¢ 15i
khoang tir 1% dén 2% trén chiéu dai cta read [8].
Do sb lwong cac read sinh ra l1a rit 16n nén sé
lwong 15i ciing rat nhiéu. Cac nucleotide 15i phai
duoc stra 16i dé phuc vu cho viéc sép day lai thanh
mot bd gien hoan chinh. Do d6 can phai ¢ giai
phap stra 16i ¢ giai doan nay nham chinh stra cac
read bi 16i. Cac phuong phap sira 16i duoc dua ra
chu yéu theo hai huéng sau ddy. Hudng thir nhét
thuc hién sira 16i bang cach xay dung cdy hau to
(suffix tree) cho tat ca read. Phurong phap nay duoc
dé nghi boi Schroder va ctv véi tén goi 1a giai thuat
SHREC [8]. Pé sira 15i thi trugc hét SHREC sé& xay
dung cdy hau t6 cho tit ca cac read. Tiép theo la
qué trinh duyét va phan tich cac nut trén cy co6 hai
nut con. Khi d6 mot nat con duge xem 13 16 néu
trong s6 (d6 bao phu) ciia niit d6 nhé hon trong s6
mong doi. Huéng thir hai duoc d& nghi boi Li va
ctv voi tén giai thuat 18 SOAP de novo [3]. Phuong
phap nay sit dung dd thi de Bruijn (de Bruijn
graph) dé sip ddy cac read thanh cac contig, cac
trinh ty ADN c6 chiéu dai 1én hon céc read. Cac
read duoc kiém tra 18i dé stra 18i trude khi tién
hanh sép day.

Trong bai viét, ching t6i dé xuét giai thuat sira
cac nucleotide 13i trong cac trinh tw ADN ngén thu
duoc tur k¥ thuat xac 1ap trinh tu thé hé moi. Giai
thuat ctia chiing t6i stra mot nucleotide 16i thanh
nucleotide dung theo nguyén tic biéu quyét theo s6
dong. Phuong phap sira 16i nay hoat dong véi su hd
trg ctia cu triic chi muc kmer [10].

Phan tiép theo cta bai bao dwogc t6 chirc nhu
sau: trong phan 2, chung t6i s& trinh bay y tudng
chinh ciia gidi thuat sira 16i & cac chudi ADN ngan
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do chung t6i dé xuit. Qua trinh thyc nghiém s&
dugc trinh bay trong phan 3 trude khi két luan va
hudng phat trién dugc trinh bay trong phan 4.

nt bi 161

#kl TTATCCGAATCAGGATCGTATCAAGATATCCGAATCAGGA

#k2 ATCCGAATCAGGATCGTATCAAGTTATCCGAATCAGGATC

#k3 TCCGAATCAGGATCGTATZAAGTTATCCGAATCAGGATCA

#k4 TATCCGAATCAGGATCGTGTCAAGTTATCCGAATCAGGAT

#k5 CGAATCAGGATCGTATCAAGTTATCCGAATCAGGATCAGA

#k6 CCGAATCAGGATCGTATCAAGTTATCCGAATCAGGATCAG

seedX seedY
Hinh 1: Sira 16i dwa trén d bao phi ciia read
2 GIAI THUAT HIEU CHINH LOI K-MER

Trong phan nay ching t6i trinh bay giai thuat
sta 10i dya trén k¥ thuat 1p chi muc k-mer, dugc
dat tén 1a giai thuat RCorrector.

2.1 Nguyén tic sira 15i

Giai thuat RCorrector thuc hién viéc stra 16
mot nucleotide nao d6 cua read dua trén thong tin
vé d6 bao phii (coverage) khi xac ldp cac read tir
mdt gien nao d6. Gia sir mot gien c6 chiéu dai la n
va mot tap R gém m read {Rj,...,Rn} dugc xac lap
tr mot gien do. Cac read co chiéu dai /. D6 bao phu
¢ dugc xac dinh qua cong thuc nhu sau: c=(Im)/n.
Nhu vy, néu mot gien c¢6 chiéu dai n=10kbp va
tap read R c6 7000 read véi do dai cia mdi read
/=50 thi d0 bao phu dugc tinh nhu sau
c=(50x7000)/10000=35. Giai thuat RCorrector chi
6 thé stra 181 tai mot nucleotide nao d6 cua read
khi d9 bao phu tai vi tri d6 16n hon 2. Nguyén tic
sira 10i cuia giai thuat RCorrector dwa vao thong tin
vé d6 bao phi ¢ cua chudi con c6 d6 dai bang &,
duogc goi 1a k-mer [10] ndm trong ¢ read nhu Hinh
1. Trong Hinh 1, chudi con c6 d6 dai bang 6 (6-
mer) nhu 14 hai chudi seedX, seedY nim trong 6
read twong tmg d6 bao phu c¢=6. Dya vio sy giong
nhau cia cac seedX va seedY trong 6 read nay
chung t6i tién hanh kiém tra cac nucleotide (nt)
nam giita hai seedY va seedY trong 6 read nay.
Néu co su khac biét gilia cac nt nam gitta hai seed
nay thi ching t6i tién hanh chinh sira cho ding.
Ching han trong Hinh 1 thi nucleotide ctia read thir
4 (#k4) 1a G trong khi 5 nucleotide con lai déula A
nén ching toi tién hanh stra nt G thanh A. Pay 1a
nguyén tic sira 18i biéu quyét theo s6 dong.

2.2 Giai thuat Rcorrector

Giai thuat RCorrector bao gom ba giai doan
chinh: (1) 1ap chi myc cho tat ca cac read cta tap
dir liéu read vao; (2) sua 16i cho timg chi muc cua
INDEX theo nguyén tic biéu quyet s6 dong; (3)
loai bo cac read khong thé sira 15i.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Giai thuat RCorrector
Pau vao: tap tin chira cac read vao
Pau ra: tap tin chira cac read ra
1: 1ap chi myc INDEX
2: do // {vong lap sira 16i}
for each muc cua INDEX do
LR = danh sach read bi 16i
for each phan tir read 15i trong LR do
x06a cac cap chi myc trong INDEX
sira 161 nucleotide ciia read
chen céc cap seed moi vao INDEX
end for
10: end for
11: while hét 15i hoic s6 18i khong dbi
12: loai bo cac read khong thé sira 16i
13: xuét ra tap tin két qua

2.2.1 Ldp chi muc INDEX

’Dé ¢ thé xac dinh duoc céc seedX va seed}(
giong nhau vadi d§ bao phu ¢ ching tdi st dung cau
trac chi muc INDEX nhu Hinh 2.

e AR A

INDEX

SeedX —»

| Element ?

!

— [ seeav[, [ }—

<« entry

NULL
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Céu trac chi myc nay la mot mang dugc cap
phat dong gdm N phan tir, v6i N duoc xac dinh dwa
vao chiéu dai cua seedX. Goi s la chiéu dai cua
seedX thi s6 phan tir cia cdu trac INDEX la

N = 4’ boi vi mdi nucleotide ctia seedX dygc ma
hoa béng 2 bit nhi phan nhu sau 4=00, C=01,
G=10 va T=11. Mbi phan tir cia mang 1a mot con
tro, trd dén cac node chtra seedY. Mdi node cia
seedY c6 hai con tré: mdt twong Gng danh sach
theo chiéu ngang (Hnext) tro dén cac seedY khac
nhau, con tré con lai twong Gng v6i danh sach theo
chidu doc (Vnext) chira danh sach cac phan tir ¢6
cung gia trj seedY. Mdi danh sach twong tng véi
mot seedY theo chiéu doc dwoc goi 1a mot entry.
Mdi phan tir element ciia entry luu thong tin gdm
nam thanh phan nhu sau: {#, pos, ci, ¢, c3}. Trong
d6 #: s6 thu tu cua read trong tap dir liu; pos: vi tri
cua nucleotide gitrta seedX va seedY cua read; cl,
c2, c3 tuong Ung 1an luot 12 ba nt ké du seedX, nt
ké giita seedX va seedY va nt k& cudi cua seedY
nhu Hinh 3.

NULL

| Element |

Hinh 2: Céu tric chi muc INDEX

Qua trinh luu bo element gdm 5 thanh phan cua
mot cdp {seedX, seedY} cua read trong tap dir li€u
dau vao duoc thuc hién nhu sau: dau tién can xac
dinh vi tri cua seedX trong cAu tric INDEX. Tlep
theo tir vi tri nay RCorrector tién hanh xac dinh vi
tri theo chiéu ngang (Hnext) dé kiém tra sy ton tai
ctia chudi seedY nay hay chua. Két qua tim kiém
theo chidu ngang s& co hai kha ning:

#kl T TATCCG A ATCAGG A TCGTATCAA
T seedX T seedY T

nt dau

nt gitta nt cubi

Hinh 3: Céu triic cac thanh phén ciia 1 element.

Néu seedY d3 ton tai, bo element s& duoc
chén vao danh sach lién két twong ing theo chicu
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doc (entry) cia seedY nay. Danh sach dugc tré bdi
Vnext va dugc sip xép theo thir tu ting dan cia chi
s0 read nham gitp cho qua trinh tim kiém khi x6a
va lap chi myc mai hiéu qua hon.

- Néu khong tim théy, thuc hién chén thém
mot nit méi & dau danh sach theo chiéu ngang va
gan gia tri seedY mai. Pong thoi chén phan tir
element vao nit méi nay béi con trd theo chidu doc
(Vnext).

Nhu vay voi mét read co chiéu dai / va kich
thudce cia seed (X va Y) 1a s thi s& ¢6 tong cong
l—(2><s + 2) b6 element dugc dwa vao ciu tric
chi muc INDEX.
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2.2.2 Sita 1i & cdc read

Sau khi 1ap chi myc INDEX toan by cac read
trong tap dir liéu dau vao, RCorrector tién hanh
duyét qua timg muc trong ciu trac INDEX dé tién
hanh sira 16i. Tai mot chi muc nao d6 twong ung
voi seedX, di li€u trong muc nay l1a danh sach
nganh véi nhiéu entry. Mdi entry tuong umg véi
mét seedY duge biéu dién boi con trd Hnext. Dir
liéu trong mdi entry dugc minh hoa nhu Bang 1.
Cot dau tién 1a s thu tu (#) cua read dugc trong
tap dir liéu vao va duoc xép theo thu tu tang dan;
cot thr hai 13 vi tri (pos) cua nt ndm giira seedX va
seedY; b ba ki tur & cft thir ba twong Gng 1a ba nt
ké dau seedX, ké gitta seedX va seedY, ké cudi cua
seedY.

Bang 1: L§i trong entry cé thé dwoe duge sira

o Vi tri nt gitra seedX | Ba ki tw ké trude, gitra va
SO thit tw () va seedY (pos) cubdi cia {seedX, seedY}
12 9 ACT 1y bj 161

45 5 ACT

51 15 ACC

65 21 ACT

69 24 ACT

71 7 ACT

78 13 ACT

Cot bd ba ky tu ké trude, ké giira, ké cudi cua
seedX va seedY trong mdi entry chinh 14 co s& dé
giai thudt RCorrector tién hanh stra 161 theo nguyén
tac biéu quyét theo s6 dong. Chang han trong Bang
1, cot nay chi ra rang read c6 so thir ty 51 & hang
thu 3 ¢6 nt ké cudi cua seedY 1a “C” duoc xem la
bi 16i do khac biét voi “T” cuia cac bd ba con lai.
Do d6, nt “C” s€ dugc stra lai thanh “T” theo nt
dung cua entry. Trong entry ndy cac bo ba ky tu
dau, gitta va cudi ddng nhét v6i nhau va chi c6 mot
ky tu “C” ctia dong thir ba 1a khac biét nén dé dang
duoc stra lai thanh “T”.

Bing 2: L§i trong entry khong thé sira dwgc

o Vi tri nt gitra seedX | Ba ki tw ké trwée, gitra va
S0 thit tu (k) va seeiY (pos) cudi ciia {seedX, siledY}
23 11 GGT
67 24 GGT
80 9 GGT Khong thé
82 14 GCT = gira 16i
86 16 CCT
91 21 CCT
98 7 CCT

Nhung cac bd ba ky tu cia mot entry khac nhu
0 Bang 2 thi ¢6 2 nhom dai dién (GGT va CCT).
Trong khi d6 read co sé thir tw 1a 82 ¢ hang thi 4
c6 bd 3 nt la “GCT”. Néu so sanh “GCT” vdéi
nhom thir nhat 13 “GGT” thi s& sira nt k& giira “C”
thanh “G”. Con néu so sanh “GCT” v6i nhom thu
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hai 14 “CCT” thi s& stra nt k& truéc “G” thanh “C”.
Vi vay, RCorrector khong thé xac dinh duge read
(s6 thir tyr 82) thuéc nhom nao. Trong truong hop
nay giai thuat s& khong thuc hién stra 16i boi vi x4c
suat stra 10i sai s& rat cao. Do d6, RCorrector phai
kiém tra sy déng nhat cua cac b ba nt, duoc goi la
3 nt dung, trong entry véi yéu cau chi c6 mot bo 3
ky tu c6 su khac bi¢t vdi cac bo ba ky tu con lai
nhu ¢ Hinh 4. Hinh 4 nay minh hoa ba kha nang
xay ra: (a) chi c6 mét nt sai so vdi 3 nt ding cua
entry; (b) hai nt sai so vdi 3 nt diing cta entry; (c)
ca ba nt déu sai so véi 3 nt ding cua entry.
RCorrector chi tién hanh sira 16i cho truong hop
dau tién.

129 ACT . 2B 11 CCT 3y 158 GGC 3u
45 5 ACT pucnian 67 24 CCT Khicuhaw 21 11 GGC Kkhic nhau
5115 ACT .~ 80 9 CCT 27 17 GGC
65 21 ACC 8 14 CCT 32 9 GGC
69 24 ACT 8% 16 C 45 16 GG
71 7 ACT o1 21 AcG 5112 G
78 13 ACT 9% 7 CCT 67 22 AA
(a) (b) (©

Hinh 4: Cac truwdmg hop khac biét
v6i b nt ding

Khi tién hanh sira 15i cho mot element cua entry
thi 16i nay co thé 1a xay ra o nt ké trudc seedX,
hodc nt ké giita seedX va seedY hodc nt k& cubi
v6i seedY. Trude khi tién hanh sta 16i mot nt,
RCorrector tién hanh qua trinh x6a cac b element
cia read dugc sta 16i va cap nhap lai cic bo
element cho read nay phu thudc vao vi tri cla nt
duoc stra 16i nhu sau:

— Néu 16i tai ky tu ké truée cia seedX thi qua
trinh x6a cac b element va 1ap cac bo element mai
chi thyc hién cho céc cdp {seedX, seedY} lién
quan dén nt bi 16i. Téng s6 b element phai sira
phu thudc vao vi tri ctia nt 18i trong read. Goi e 1a
vi tri cua nt 16, s 13 kich thudc cua seed.
Néu e> (2s+3) tong s6 bo element phai stra 1a
(25+3) nguoc lai thi s6 bd element phai stra la
e+ 1.

— Néu sira 131 tai ky tuy ké gitta seedX va
seedY thi qua trinh x6a cac bd element va lap céc
bd element mdi cho cac cdp seedX va seedY phia
trudc va phia sau c6 lién quan dén nt bi 16i. Tuy
theo vi tri xay ra 15i trong read ma sé bo element
¢6 lién quan tir s+3 dén 2s+3.

— Néu sira 13i tai ky tu ké cudi cua seedY thi
sO bo element phai chinh stra s& 1a mot néu e=I-1,
trong d6 / 1a chiéu dai cua read, ngugc lai thi s6 bo
element dugc cap nhat nhiéu nhét 1a 2s+3.
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2.2.3 Logi bo cdc read khéng thé sira i

Sau mdi vong lap, s6 101 dugc phat hién s& giam
dan va co thé sau mot sb vong lap thi giai thuat
RCorrector s& khong phat hién thém 18i ndo nira.
Khi d6 giai thuat RCorrector s& két thiic va khong
¢6 read nao dugc loai bdé khoi tap dir liéu dau ra.
Nhung ciing c¢6 thé xay ra trudng hop sau mot sb
vong lap s6 18i ma giai thudt RCorrector phat hién
bi lap lai. Didu nay 13 vi mot s6 nt cia read c6 thé
bi stta nham thanh nt sai. Do d6, sau khi cap nhap
lai voi nt mai thi cac cdp {seedX, seedY} vira dugc
dua vao bi trung vao vi tri khéc trén gien nhung vi
tri nay khong phai 1a vi tri diing ctia read. O vong
lap tiép theo, nt dugc sira theo entry nay nhung
trong vong 1ap sau nt d6 dugc stra lai thanh nt khac
theo entry khac. Cho nén qua trinh nay bi 1ap di lap
lai gy ra s6 16i do giai thuat phat hién ciing s& bi
lap lai.

Khi s6 16i do giai thuat phat hién sau mot s6
vong bi lap lai thi tit ca cac read lién quan dén cac
16i nay déu khong thé dugc sira 16i. SO read nay s&
duoc loai bo khoi tap dit ddu ra.

3 KET QUA THUC NGHIEM

3.1 Cac tiéu chi danh gia giii thuit

Pé danh gia giai thuat RCorrector chung t6i
chon cac tiéu chi dé danh gi vé thoi gian thuc thi
clia giai thut va hai didc trung thé hién kha ning
sira 16i va d9 tin cdy la: Sensitivity va Specificity.
Hai dac trung nay dugc tinh nhu sau:

Sensitivity = TP / (TP+FN)

Specificity = TN / (TN+FP)

Bang 3: Cac tip dir liéu ding dé chay thye nghiém

S6 chuyén dé: Cong nghé Thong tin (2013): 20-27

Trong do:

— True Positive (TP): read co nt 15i va nt nay
duoc sua lai thanh dung boi gidi thuét.

— False Positive (FP): read c6 nt dang nhung
duoc sua lai thanh nt sai béi giai thuat.

— True Negative (TN): read c6 nt diing va van
duoc gilt nguyén nt dung.

— False Negative (FN): read co nt 16i va van
con gilt nguyén nt 10i sau khi thuc hién giai thuat.

Dic trung Sensitivity thé hién kha ning sia 15i
cua giai thut. Giai thuat sta 16i cang hiéu qua
(Sensitivity cang gin bang 100%) khi 0 read van
con bi 16i (FN) nhé hon nhiéu so véi sb read bi 16i
ma da dugc sua dung (TP). Trong khi d6, dac trung
Specificity thé hién kha ning nay thé hién do tin
ciy cua giai thuat sira 15i.

3.2 Cac tap dir liéu

Giai thudt RCorrector dugc danh gia dua trén
cac tap dir liéu gia 1ap (simulated datasets). Cac tap
dir liéu gia 1ap duoc xay dung tr 4 tap dir liéu dugc
tai tir trang web NCBI: Saccharomyces cerevisiae
chromosome 5 (S.cer5), chromosome 7 (S.cer7),
gien vi khudn Haemophilus influenzae (H.inf) va
Staphylococcus Aureus (S.aureus). Kich thudc ctua
4 tap dir liéu nay tir 0.58 Mbp téi 2.8 Mbp. Vai
moi tap dit lidu da chon, chiing t6i tao ra hai tap dit
lidu read gia 1ap voi ty 18 16i tuong ung 1a 1% va
2%. Thong tin chi tiét cac tap dit liéu read duogc
trinh bay ¢ Bang 3.

D Reference genome Genome Error - rate  Coverase Read Number of
(Genbank ID) length g length reads

Al 1%

A2 S.cer 5 (NC_001137.3) 0.58M 294 0.58M

V)

Bl g cer7(NC 001139.9)  1.IM 1% 1.IM

B2 - 2%

c1 . 1% 33 33

e H.inf (NC_007146.2) 1.9M 294 1.9M

D1 1%

D2 S.aureus (NC_003923.1) 2.8M 29 2.8M

3.3 Két qua thue nghiém

Dé danh gia giai thuat RCorrector, chung toi
tién hanh chay thuc nghiém giai thuat RCorrector
va giai thuat SHREC véi 8 tap dir liéu ¢ Bang 3
trén may PC st dung CPU intel Genuine 2.13GHz
v6i bd nhé RAM 3GB chay trén hé diéu hanh
Linux Ubuntu 10. Giai thudt RCorrector dugc cai
dit bang ngdn ngir 1ap trinh C. Qua trinh danh gia
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g0m c6 hai phan: phan thtr nhat tién hanh danh gia
giai thuat RCorrector voi nhiéu kich thudc seed
khéc nhau. Tir d6 chon kich thudc cua seed t6i wu
nhit dé lam gia tri mic dinh cho giai thuét
RCorrector. Phan thtr hai tién hanh danh gia so
sanh gilta giai thudt RCorrector va giai thuét
SHREC vé thoi gian chay ciing nhu hai ddc trung
stra 16i Sensitivity va Specificity.
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3.3.1 Két qua danh gid gidi thudt Reorrector 16i kém hiéu qua vé& mat thoi gian vi kich thude luu

véi cdc chiéu dai seed khéc nhau trir trong timg chi muc ciia INDEX rét 16n. Nguoc
lai, d6i vé&i chidu dai seed 16n hon 10 kich thudc
lwu trit trong timg chi muc INDEX rat it nén kha
ning phat hién 16i s& rat thip. Vi vay, chiéu dai
seed nho hon 6 hodc 16n hon 10 khéng duogc ching
t6i dung trong thuc nghiém dé danh gia. Két qua
clia giai thuat RCorrector v&i do dai seed tir 6 dén
10 dugc thé hién & Bang 4.

Dé kiém tra kha nang stra 16i cta giai thuat
RCorrector, chiing toi tién hanh thyc nghiém nham
danh gia giai thuat voi nhidu kich thuée cua seed
khac nhau (tir 6 nt dén 10 nt) trén tap dir liéu C1.
Véi chiéu dai seed nho hon 6 thi kha ning xay ra
lap lai (repeat) ctia cac trinh tu cta seedX va seedY
tai nhiéu vi tri trén gien s€ 1am cho giai thudt stra
Bang 4: Thoi gian chay (tinh bing gidy) va hai dic trung sira 16i

Chiéu dai seed 6 7 8 9 10
Thoi gian 7385 2331 676 267 158
Sensitivity 76.23% 95.02% 95.39% 92.24% 87.66%
Specificity 99.67% 99.89% 99.93% 99.95% 99.96%
Bang 4 chi ra rang khi ting chiéu dai seed thi 3.3.2 So sanh giai thudt RCorrector véi gidi

thoi gian thuc hién ctia gidi thudt gidm dan. Didu thudt SHREC

nay dugc giai thich nhu sau: d6i véi mot read, khi Tiép theo chiing toi trinh bay két qua danh gia
tang chidu dai seed s lwong cip {seedX, seedY} giai thuat RCorrector bang cach so sanh véi giai
duoc tao ra it hon cho nén thoi gian xir 1y 15i s& thuat SHREC vé& thoi gian thyc hién va hai dac

nhanh hon. Dédc trung sta 16i Specificity cta giai trung Sensitivity, Specificity. Ca hai giai thuat
thudt RCorrector thé hién gia tri Specificity cao SHREC va RCorrector dugc tién hanh chay thuc

(dat trén 99.6%) dbi véi tat ca cac seed. Dic trung nghiém trén 8 tap dit lidu voi tham sé méc dinh.
Sg:nsitivity ’dat'gié tr'i tot nhat Vc}ri chiéu gléi seed a. Vé thoi gian chay chwong trinh

bang 8. Khi chi€u dai seed tang dan tir 8 dén 10 thi o L o .
chi s6 Sensitivity giam xudng. Didu nay 1a do khi Thoi gian thyc hién cua hai giai thudt dugc the

chiéu dai seed cang 16n thi so cip {seedX, seedY} hién ¢ Bang 5. So v6i SHREC thi RCorrector chay
trong chi muc cia INDEX cang it. Do d6 kha nhanh hon tir 3 tir 7 lan.

ning phat hién va sira 16i cua giai thuat Rcorrector Xét trén mot tap dir liéu, vi du S.cer 5, thoi gian
s€ giam. thuc hién ctia RCorrector phu thudc vao ty 1¢ 16i &
cac read. Néu ty 1¢ 16i cang cao thi RCorrector can
nhiéu thoi gian chinh sira 16i. Khi ty 1¢ 13i tang thi
tong s 16i ma giai thuat phat hién ciing sé ting lén,
do d6 can nhiéu thoi gian hon dé sira 15i. Thao tac
sira 16i cia SHREC 1a duyét cay va trong lac duyét
néu phat hién 15i thi tién hanh sira 18i. Sau khi sira
16i SHREC phai cap nht lai cay.

Bang 5: Thai gian chay (gidy) cia SHREC va Rcorrector trén 8 tap dir li€éu

Tém lai, v6i chiéu dai seed béng 8 1a lya chon
t6i wu cho giai thuat RCorrector boi vi thoi gian
thuc stra kha nhanh (676s) nhung dic trung sira 16i
Sensitivity dat gia tri tot nhit (95.39%). Vi véy,
kich thudc cua seed bﬁng 8 duoc chon lam gia tri
mac dinh cho giai thuat RCorrector.

Tap dir lidu Al A2 B1 B2 C1 C2 D1 D2
SHREC 354 463 1046 1102 4734 4948 8544 10800
RCorrector 75 112 223 364 676 1221 1771 3423
Speedup 5 4 5 3 7 4 5 3

b. Ve hiéu suat hiéu chinh sira [6i read ding (TN). Pdi vé6i giai thuat SHREC, dic

trung Specificity dat tot nhat (100%) trén tat ca cac
tap dir lidu. biéu nay la do s6 read bi stra nhim cua
giai thuat rat nho. Péi véi RCorrector, sd read bi
stra nhdm c¢6 nhiéu hon so véi SHREC nhung ciing
khong déng ké trén tong sd read dung. Do do,
Specificity dat ciing rat cao (hon 99.6%) dbi véi tat
ca cac tap dir liéu. Noi chung, ca hai giai thuét co
do tin cdy rat cao. Pac diém nay 1a rat can thiét ddi
véi mot giai thuat sira 16i.

Hai dic trung sira 18i Sensitivity va Specificity
cua giai thuat RCorrector va SHREC duoc tinh
thong qua cac dai lugng True Positive (TP), False
Positive (FP), False Negative (FN) va True
Negative (TN) dugc thé hién & Bang 6 va Bang 7.
Trude hét, xét dac trung Specificity cua hai giai
thuat (cot cudi cung ctia Bang 6&7). Dic trung nay
thé hién do tin ciy cta mot giai thuat sira 16i. N6
phu thudc vao s6 read bi stra nham (FP) so véi $6
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Béng 6: Cac dac trung Sensitivity va Specificity trén 8 tip dir liéu ciia Rcorrector

TP FP FN TN Sensitivity Specificity
Al 125482 312 7344 443988 0.944 0.999
A2 279094 201 9179 288522 0.968 0.999
Bl 237351 1818 13636 839702 0.945 0.997
B2 527768 1091 17942 544951 0.967 0.998
Cl 418988 1006 20265 1474961 0.953 0.999
C2 922982 495 32757 958333 0.965 0.999
D1 614505 3867 33172 2172240 0.948 0.998
D2 1354444 2516 55459 1409631 0.960 0.998
Bang 7: Cac dic trung Sensitivity va Specificity trén 8 tap dir li€éu ciia SHREC
TP FP FN TN Sensitivity Specificity

Al 127034 0 5803 444000 0.956 1
A2 280166 0 8143 288528 0.971 1
Bl 238058 2 13015 839829 0.948 1
B2 525921 1 19945 545036 0.963 1
Cl 408568 0 30868 1475016 0.929 1
C2 895823 0 60275 958354 0.937 1
D1 570705 1 77419 2172300 0.880 1
D2 1252574 1 158178 1409672 0.887 1

sensitivity

100% - - -« - SHREC

98% A os oo ??'j% 96.3% 06.5% o6 00% —=— RCorrector

00% | P Geig 94%‘?/.\95,?“’/‘@.&/)

94% - 94 4% 94/5% Tall L o-e937%
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90% -
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86% -

84% -

82% -

80% tap di liéu

A1 A2 B1 B2 C1 c2 D1 D2

Hinh 5: Pic trung Sensitivity cia SHREC va RCorrector trén cac tip dir li€u

Pic trung Sensitivity ciia hai giai thudt dugc
thé hién & cot thir 6 ciia Bang 6&7 va Hinh 5. Day
1a dac trung thé hién kha nang phét hién 16i ctia cac
giai thudt. Vi hai tap dir liéu nho (Al va A2) thi
Sensitivity cua giai thuat SHREC t6t hon giai thuat
RCorrector. Nhu ddi véi cac tap dir liéu con lai thi
Sensitivity ciia RCorrector tot hon giai thuat
SHREC. Piéu nay duoc giai thich nhu sau: Vai dir
liéu nho thi sé lugng seed trong cac muyc trong ciu
trac INDEX khong nhiéu nén co thé khong dat
ngudng de tién hanh sira 15i theo nguyén tic
biéu quyét theo sé dong, con dbi véi cac tap dir lidu
16n hon thi nguyén tic biéu quyét theo so dong
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hoat dong tot hon qué trinh sira 13i ciia Rcorrector
tot hon.

4 KET LUAN VA HUONG PHAT TRIEN

Chung t6i vura trinh bay trong bai bao giai thuat
RCorrector stra 16i & cac chudi ADN ngéin thu dwoc
tir ky thudt xéc 1ap trinh tu thé hé méi. Giai thuat
RCorrector quyét dinh sita mét nucleotide 15i thanh
nucleotide dung theo nguyén tac biéu quyét theo sb
dong. Phuwong phap sira 16i ndy cta RCorrector
hoat dong hiéu qua véi sy hd tro cia ciu triic chi
muc INDEX dua trén k¥ thuat kmer. Két qua thuc
nghiém trén 8 tap dir liéu gia 1ap cho thiy rang giai
thuét RCorrector nhanh hon giai thudt SHREC tur 3
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dén 7 voi hai dic trung sta 18i Sensitivity va
Specificty cta hai giai thuat RCorrector va SHREC
twong duong nhau. Trong twong lai, ching toi
nghién ctru dé song song hoa giai thuat RCorrector
trén PC cluster nham giam thoi gian sira 16i cho cac
tap dir liéu 16n hon.
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