Tap chi Khoa hoc Truong Dai hoc Cén Tho

86 chuyén dé: Cong nghé Thong tin (2015): 9-16

| B
KHOA HOC
Ty i e e

Tap chi Khoa hoc Trudng Dai hoc Can Tho e

website: sj.ctu.edu.vn

QUY TRINH LAP RAP BQ GIEN CHLOROPLAST

Huynh Phudc Hai' va Nguyén Vin Hoa'

! Khoa Ky thudt Cong nghé Méi truong, Truong Dai hoc An Giang

Thong tin chung:
Ngay nhdn: 19/09/2015
Ngay chap nhan: 10/10/2015

Title:
An approach to assembly
chloroplast genome

Tir khoa: 3
Ma vach ADN, chuoi ADN,

xac lap trinh tu, ADN, chubi

ADN ngan, b¢ gien
Chloroplast

Keywords:

DNA barcoding, DNA
sequencing, genome
assembly, chloroplast
genome

ABSTRACT

The next generation sequencing (NGS) technologies are capable of
producing low-cost data on a giga base-pairs scale in a single run, which
usually includes millions of sequencing reads. This revolution allows
launching many genome sequencing and re-sequencing projects for
various biological applications, such as detection single-nucleotide
polymorphism, and assessment of biodiversity. DNA Metabarcoding
provides a door to identify the species in a large biological sequence
dataset. Chloroplast genome is used as a genetic characteristic to identify
species of plants. However, the traditional method to determine
chloroplast genome sequence must use a sequence reference. In this paper,
we propose a new approach to construct chloroplast genome sequences
from raw data without using a reference sequence. To evaluate our
approach, we compare the experimental result with four reference
chloroplast genome sequences which were determined by biologists. The
results show that the chloroplast genome sequences established by our
approach are the same as the chloroplast reference sequences.

TOM TAT

Cong nghé xac lap trinh tu gien thé hé méi c6 kha nang tao ra lwong dir
liéu khong 16, hang giga bp trong mét lan chay, véi chi phi ngay cang
thdp. Budc tién nay cho phép thuwe hién nhiéu duw dan gidi trinh tw 6 cdc lodi
chwa dwoc gidai hé gien va ca ¢ cac loai da gidai md trinh tw nham thye hién
cdc ung dung sinh hoc phan tw khac nhau nhw dit liéu da hinh don SNP,
danh gia sy da dang sinh hoc. Trong do, Meta barcoding la mot dy an cho
phép xdc dinh lodi thiee vt tir nhitng kho dit liéu trinh tw khong 16. Trong
nghién cuu sinh hoc thuc vat bo gien chloroplast (Cp) la co so quan trong
dé xdy dung ma vach sinh hoc ding dé dinh danh lodi, phdn logi va phan
tich phat sinh loai. Tuy nhién, phwong phdp xdy dung bo gien Cp truyén
théng cé han che phai sic dung mau gien tham chiéu. Phwong phdp nay
khéng gidi quyét dwoc dwoc yéu cau mau dir liéu dau vao la dit liu tho
cua du an Metabarcoding. Trong bai viét nay, ching t6i dé xudt quy trinh
lap rap bo gien Cp cai tien de lap trinh tw bo gien Cp tir cac dir liéu tho va
khéng can sir dung gien mau dé tham chiéu. Dé danh gia quy trinh, trong
thue nghiém chung toi xdy dung bo gien Cp tir bon tdp dir liéu gien va so
sanh két qua thuwe nghiém véi cac mau gien Cp dd dwoc cdc nha sinh hoc
xay dung.
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1 GIOI THIEU

Sy ra doi cua cong nghé giai trinh tu gien thé
hé méi (Next Generation Sequencing- NGS) cho
phép thu dwoc luong dit liéu trinh ty ADN khdng
16 v6i tbc d6 nhanh va chi phi thap hon so véi cac
phuong phép trudc do (Shendure et al, 2008).
Budc tién nay cho phép thuc hién cac du an xac lap
trinh ty cho cac loai da va chua gidi ma hé gien.
Ching han dy 4n giai md hé gien ngudi Kinh (Hai
DT et al., 2015), du an 1000 h¢ gien (Pagani et al.,
2012), du an chén doan bénh dua trén dit lidu gien
cua ting ca nhan (Haskin et al, 2011). Thong
thuong két qua giai ma hé gien cia loai duoc cong
bd va dugc luu trit trong cac ngan hang dir lidu
gien nhu Genbank. Theo Dennis va cac cong sy thi
phién ban 208 cua Genbank co kich thudc la
khoang 900Gbp (Dennis ef al., 2015). Thong ké
cho thay kich thudc cia kho dit lidu nay sé ting
gap d6i trong vong 18 thang.

Dt liéu thod (draw data) thu dugc tir giai doan
gidi ma trinh ty thé hé moi ¢ dang cac trinh tu
ADN ngén (short read) tir 30 dén 100 ky tu va co
d6 bao phu (coverage) 1a khoang 30 lan. Dit liéu
tho nay s& duoc phan tich véi nhidu muc tiéu khac
nhau nhu phan tich da hinh don nucleotide (Single
nucleotide polymorphism) (Li ef al., 2009), sira 15i
trinh ty ngén (Short read correction) (Salmela et
al., 2010), lip rap trinh tr hé gien (genome
assembly) (Li et al., 2010), phan tich nhan dang tu
dong dua trén dit liéu ADN (ADN metabarcoding)
(Coissac et al., 2012). Ma vach (Barcoding) ADN
dwa trén manh nho cac gien dugc tim thay trong hé
gien cua mdi loai nhu gien Chloroplast ctia thuc
vat. Trinh ty ADN cuia ving dugc chon duge xem
1a dic tinh b sung dé xac dinh (loai) va dugc goi
la barcode. Andersen va cac cong su da dua ra khai
niém Metabarcoding trong truong hop mot kho di
liéu trinh ty ADN duoc su dung dé xac dinh sy
hién dién hé¢ gien ciia mdt loai nao d6 (Andersen et
al., 2012).

s

IRa IRb

Hinh 1: CAu tric ciia gien Chloroplast

Metabarcoding cho céc loai thuc vat s€ dua trén
viéc xac dinh cac gien chloroplast cua ting loai.
Chloroplast (Cp) la mét dang lap thé chi ¢6 trong
cac té bao c6 chie nang quang hop dién ra. N6
cung cdp nang luong cho cac loai thyc vat va tao
(Howe et al., 2003). Ngoai ra Cp con c6 nhiéu

10

S6 chuyén dé: Cong nghé Thong tin (2015): 9-16

chtrc nang sinh hoa khac trong loai cay (Bausher et
al., 2006). Kich thudc cia gien Cp tir 115 Kbp dén
165 Kbp (Jansen et al., 2005). Cau trac cia gien
Cp c6 dang vong (circuler) bao gdm 2 ving sao
chép IRs (Inverted Repeat regions) (IRa va IRb),
LSC (Large Single Copy), SSC (Single copy) nhu
hinh 1. Kich thudc cta ving IRs tir 10 Kbp dén 30
Kbp (Saski et al., 2007). Gien Cp c6 nhiéu phién
ban sao chép trong mot t& bao (khoang 1000 ban
sao chép) (Raubeson ef al., 2005).

Trong phién ban 208 cua Genbank hién c6 843
gien Cp (Dennis et al., 2015). Cac gien Cp nay
dugc xay dung theo phuong phép truyén thong boi
cac nha sinh hoc phan tir nhu trong nghién ctru xay
dung gien Cp cua loai Arabis Alpina (Medolidima
et al., 2013). Medolidima va cac cong su phai chiét
tach Cp trude khi tién hanh giai ma trinh ty ADN
theo cong nghé NGS. Dir liéu thé dwoc xir ly dé
loai bo céc read bi 16i hodc bi lap qua nhiéu sau d6
tién hanh la‘ip rap trinh ty, Kkét qua cua giai doan
nay 1a cac contig duogc lip rap tir cic read. Sau d6
cac contig nay dugc anh xa vao vi tri cia gien
(References Genome) dé xac dinh thir tw cac contig
giita cac contig van ¢ cac vi tri tréng goi 1a Gap
dé giam sb luong Gap va ting do dai cac contig
quy trinh tiép tuc mé rong cic contig bing cac
chwong trinh 1ip rap Scaffolding nhu SSPACE
(Boetzer et al., 2011). Két qua cia quy trinh nay da
xéac dinh gien cua Cp tur tap dir liéu tho ban dau
trong diéu kién phai biét trudc dugc gien miu can
xac dinh.

Quy trinh lap rap bo gien Cp theo phuong phap
truyén théng bat budc phai sir dung gien Cp mau
lam co so so sanh cho budc anh xa cac contig
(mapping) dé x4c dinh vi tri cac contig. Do d6 quy
trinh ldp rap bo gien Cp truyén thong khong thé st
dung trong cac kho dit liéu dong vai tro xac dinh sy
hién dién cua gien Cp cua mot loai thyc vat nhu 1a
Metabarcoding. Bai viét nay gi6i thiéu quy trinh
lap rap bo gien Cp méi tir cac tap dir lidu tho chira
cac read cua gien Cp va cac gien khac. Phuong
phap dé xuét c6 thé sir dung trong Metabarcoding
vi khong sir dung gien Cp mau.

Phan tiép theo cua bai bao giéi thidu quy
trinh 1ap rap by gien Cp cai tién do ching t6i dé
Xuit trong phan 2. Phan 3 trinh bay két qua
danh gia phan tich quy trinh méi dua trén dir liéu
thue nghiém. Phan 4 trinh bay két luan va huéng
phat trién.

2 QUY TRINH LAP RAP BQ GIEN CP
Quy trinh d& xuit gdbm bdn giai doan. Dau tién
chung t6i loc cac read c6 d9 phu tot tir tap dir licu
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tho va lp rap trinh ty dé tao ra cac contig. Tiép
theo chung t6i dua vao co so dir liéu cua cac loai
cdy dé loc ra cac contig thudc gien Cp. Do ciu tric
cua gien Cp la dang vong nén cdc contig s€ duoc
sdp xép dua vao phuwong phap dd thi dé tim duoc
chu trinh di qua cac dinh, chu trinh nay chinh la b
gien Cp can tim, néu khong tim dugc chu trinh do
céc contig don doc s& tiép tuc giai doan mo rong
cac contig nay sau d6 quay lai giai doan sip xép.
2.1 Chon read va lip rap contig

Do gien Cp dugc sao chép khoang 1000 lan
trong mot t& bao nén dé 1ap rap gien Cp trude tién
chung t6i loc cac read c¢6 d9 phu cao tur dit li€u tho
bing cach dwa vao két qua thdng ké cua chuwong
trinh phan tich k-mer. Trong budc nay chung toi st
dung chuong trinh DSK (Guillaume Rizk et al.,
2012) dé thong ké kmer, chuong trinh nay c6 thé
chay trén cac may tinh c4 nhan vi bd nhé i thiéu
12 1GB ddng thoi c6 thé hd tro nhidu gia tri k-mer.
Két qua ctia chuong trinh DSK bao goém tap tin nhi
phan chia két qua thong ké kmer va do thi
histogram biéu dién két qua nay. Do dic diém cia
gien Cp c6 nhidu vung trinh tu l3p lai nén trong d6
thi biéu dién s& c6 mot khu vyc c6 do bién thién
dac biét so voi cac khu vuc khac, chung ta dua vao
d6 thi nay dé xac dinh ngudng d6 phu (threshold)
cua cac k-mer, cac k-mer nao c6 do phu lén hon
ngudng c6 khd nang thude gien Cp. Céc read chira
cac k-mer nay c6 kha nang thudc gien Cp va chung
t6i xdy dung giai thuat ReadFilter dé loc ra cac
read nay. Két qua ctia giai doan nay ching t6i dugc
tap tin FASTA chira cac read c6 d phu tot.
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liéu dau vao 1a tap cac read c6 do phu cao cia
chuong trinh DSK. Chuong trinh Minia st dung
phuong phap d6 thi de Bruijn (Idury ef al., 1995)
dé 1ap rap contig. Day 1a mot chuong trinh 1ap rap
céc read ngin st dung bd nhé hidu qua co thé sir
dung dugc trén cic may tinh ca nhan. Két qua cua
chuong trinh Minia la cac contig c6 kha nang thugc
vé gien Cp va cac gien thudc vung trinh tu dugc
lap lai di 13p lai nhiéu lan.
2.2 Logc contig

Muc tiéu cua quy trinh méi la xay dung bd gien
Cp ma khong can sir dung gien mau dé tham chiéu.
Hién nay, trén cac ngan hang gien, co s¢ dit liu
gien cua cac loai cdy (Dennis et al., 2015) goi la
Plastid, chira cac gien Cp. Do dic tinh vé di truyén
cua sinh hoc nén cac gien chung mdt loai s& cé
trinh ty twong dong nhau. Dé co thé xac dinh gien
Cp chung t6i can loai bo cac contig khong thude
gien nay. Pé thyc hién ching t6i so khép cac trinh
tu cla cac contig voi 803 gien Cp bang chwong
trinh BLAST (Altschul ez al., 1990), két qua cua
chuong trinh nay chung t6i dugc cac thong tin cua
céc bat cap trinh ty. Dya vao thong tin nay ching
toi xac dinh duoc cac contig thudc gien Cp dua vao
dic diém sinh hoc giita cic gien cung loai phai co
d6 tuong ddng vé ciu trac hon 80%. Pé xac dinh
cac contig thudc gien Cp chung t6i xay dung giai
thuat ContigFilter dé loc ra cac contig dya tham sb
vao diéu kién gdm co ti 18 chinh xac tdi thiéu
(identity threshold) va tong do dai bat cap trinh tu.

Gidi thuat ContigFilter

Gidi thuit ReadFilter

Input:FASTA file, output file of DSK program,
coverage threshold.
Output: FASTA file
1: init k-mer hash
while read each k-mer
do
if abundance of k-mer >threshold then
insert k-mer into k-mer hash
end if
end while
for each read R in FASTA file do
for each k-mer in R do
0: if k-mer exits in hash then write R to
Output file
11: end for
12: end for

e e A A S

Input:

e Alignment (alig) file

e Contig file

e Identity threshold

e Align length threshold
Ouput: a set contig related to chloroplast
1: for each align in align file
2 if alig identity > identity threshold then
3 insert align into listBlast
4: end for
5: Sort listBlast by contig’s id, plastid seq id
6: for each align in listBlast
7 calculate align length and align identity
8 if align length and identity > threshold
9 add contig into output file
10: end for

Tiép theo ching t6i su dung chuong trinh
Minia (Chikhi ef al., 2012) dé lap rap contig voi div

2.3 Sip xép contig

Chuong trinh lap rép contig Minia sir dung do
thi de Bruijn dé tao cac contig vi vay gilita cac
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contig c6 mot doan chéng khép 1€n nhau, dugc goi
1a overlap. Chiing t6i dya vao s chong khop giira
hai contig dé sap xép lai cac contig bang phuong
phap d thi (String overlap graph). Ching t6i tim
trong dd thi cac dinh ¢o 1ap hoac cac dinh treo bz"mg
cach duyét qua tat ca cac dinh ciia d6 thi va tinh s6
bac ctia mdi dinh. Néu c6 dinh ¢o 1ap (bac ra hoac
bac vao bang 0) hodc treo thi chuyén sang giai
doan tiép theo dé md rong cac contig d6. Cach
duyét dudng di qua cac dinh cta dd thi mdi dinh it
nhat mot 1an. Pudng di qua tit ca cac dinh va quay
tr6 lai dinh dau tién chinh 1a cu trac cua gien Cp
can xé4c dinh, néu khéng tim dugc chu trinh hoan
chinh thi dwong di dai nhét chinh 1a cdu trac cua
gien vi trong trudng hop nay dir liéu dau vao co
kha ning 16i khi gidi trinh tw. Sau giai doan nay
néu xdy dung d6 thi thanh cong va khong co dinh
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treo hodc dinh c6 1ap thi s€ xdy dung thanh cong
gien Cp.

Phuong phap 1dp rap bd gien Cp truyén thong
sir dung gien mau dé sip xép cac contig bang cach
anh xa ching 1én cdu triic cua gien mau. Do dic
diém ciu trac cia gien Cp dang vong nén trong
quy trinh méi nay chung t6i di tim chu trinh
Hamilton dé xac dinh vi tri ciia cac contig. Mdi bo
gien Cp bao gdm hai khu vyc c6 trinh ty gidng
nhau nhung ngugc chidu (IRa va IRb) dic diém
nay gitp chung t6i xac dinh dugc sé cod cc contig
¢6 chidu nguoc lai trong khu vuc ldp nhu Hinh 2.
Mit khac, chung toi xay dung chuong trinh dém s6
lan 1ap lai cac k-mer cua cac contig trong tap dir
licu tho dé xéac dinh duoc cac contig lap lai nhiéu
hon mét 1an va cac contig khong thudce gien Cp.

— (= D= D> D

Hinh 2: Quy trinh tim dwong di Hamilton trong dd thi

2.4 Mé rong contig

Trong giai doan nay, chung t6i sir dung cac
chwong trinh Scaffolding dé mé rong cac contig
SSPACE (Boetzer, 2011). Két qud s& tao cac
contig dugc mo rong tir cac tdp ditr li€u tho ban
dau. O day, chung ta can xéac dinh dugc mdi contig
can dwoc mo rong do dai L bao nhiéu 1a vira di. Dé
xac dinh can iy contig dd mé rong va so khép vao
tap cac contig ban diu sau d6 tim doan giita khu
vuc mo rong (extened regions) c6 khop nhau véi
doan bt dau hodc két thuc cua contig khac va chon
d6 dai phi hop. Cubi cing liy phan mé rong thém

Bang 1: Thong tin cac tap dir liéu

vao dau hodc cudi contig va lap lai giai doan sap
xEp contig.

3 KET QUA THU'C NGHIEM
3.1 Dirliéu va méi trweong thue nghiém

Dé danh gia quy trinh lip rap bo gien Cp,
ching toi st dung bbn tip dir liéu Arabidopsis
Thaliana  (SRR616965), Oryzasativa Indica
(SRR400297), Sorghum Bicolor (SRR562875)
dugc tai vé tir European Nucleotide Archive
(http://www .ebi.ac.uk/ ena) va tap dir liéu Leconten
cia LECA. Thong tin cua cac tap dir liéu duoc
trinh bay trong Bang 1.

ID Scientific name Number of reads Read length
SRR120824 Lenconten 38.989.953 100 bp
SRR616965 Arabidopsis Thaliana 53.017.770 100 bp
SRR400297 Oryza sativa Indica 90.317.440 76 bp
SRR562875 Sorghum bicolor ] 106.358.033 100 bp
Céc thuc nghiém dugc chung t6i thuc hién trén 3.2 Ketqua
moi truong may tinh cd nhan véi CPU Intel 2.6 Ching t6i st dung chuong trinh DSK

GHz, 2MB cache L2, va 4 Gb RAM, h¢ diéu hanh
Linux (fedora 18). Ching toi xay dung cac chuong
trinh loc céc read (Read Filter), loc contig (Contig
Filter), va sip xép contig (Contig Ordering) bang
ngon ngir C.
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(Guillaume Rizk er al., 2012) dé dém va théng ké
k-mer cta bén tap dir liéu, két qua cua chuong
trinh duoc thé hién trong bdn dd thi cua Hinh 3.
Mot tap dir lidu thd c6 chira gien Cp khi biéu dd
cua k-mer cua tap dir li¢u phai c6 déc diém nhu cac
d6 thi ¢ Hinh 3.
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Hinh 3: D6 thi histogram thong ké k-mer ciia 4 tap dit liu

Tiép theo chiing t6i sir dung chuong trinh Read
Filter dé loc ra cac read c6 do phu tot. Két qua cua
chuong trinh dugc thé hién trong Bang 2, cft cudi
cing cua bang cho thdy duoc ti 16 s6 luong read
duoc chon so vé&i sb lugng read ban dau. Cot

Bing 2: Két qua ciia chwong trinh ReadFilter

coverage threshold 1a tham s6 ngudng d6 phu dugc
str dung trong chwong trinh dé loc cac read va cot
ba thé hién sd lugng read dugc chon tir tdp dir li€u
ban dau.

Tap dir li€u Coverage threshold So legng Read dugce chon Ti 1€
Lenconten 450 3.462.954 (3.4M) 3.5M (8%)
Arabidopsis Thaliana 550 19.554.206 (19.5M) 18M (36%)
Oryza sativa Indica 300 6.943.242 (6.9M) 6.5M (8%)
Sorghum Bicolor 500 9.610.760 (9.6M) 8.8M (9%)

Tap dir lidu két qua cia chuong trinh Read
Filter dugc st dung lam dir liu dau vao cua
chwong trinh lép rap contig 1a Minia (R. Chikhi et
al., 2012). Sau khi thyc hién két qua cua chuong
trinh duoc trinh bay trong Bang 3. Cot thr ba cua
bang cho thay sé luong contig thu dwoc sau khi

Bang 3: Két qua lip rap contig va loc contig

chay chuong trinh Minia, trong két qua nay co
nhitng contig khong thudc gien Cp bdi vi kich
thudc cia gien Cp tir 115Kbp dén 165 Kbp. Vi
véy, chung t6i loc cac contig thudc gien Cp bing
chwong trinh Filter Contig va dwoc két qua 1a sé
lugng contig va kich thudc cua cac contig & cot
cudi cling cta Bang 3.

Dataset Minia Filtering contigs

# contigs Size of contigs # contigs  Size of contigs
Lenconten 430 220 Kbp 18 114 Kbp
Arabidopsis Thaliana 180 169 Kbp 17 125 Kpb
Oryza sativa Indica 563 265 Kbp 18 112 Kbp
Sorghum Bicolor 1002 380 Kbp 17 115 Kbp

13
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Tiép theo ching toi sap xép lai vi tri ctia cac
contig theo cac ving cau tric cta gien Cp. Trong
két qua thyc nghiém dd thi contig cua tap dit liéu
Arabidopsis va Oryza c6 chtra cac dinh co lap va
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cac contig c¢6 lap s€ dugc st dung chuong trinh
SPACCE dé mé rong. Trong Bang 4 cho thay két
qua sip xép cac contig cua tip dir liéu Sorghum
Bicolor.

Bang 4: Vi tri cac contig trong 4 khu vure ciia gien (Sorghum Bicolor)

Contig region  Contig name

Ra r377 len_ 2158;378 len  229;r308 len 14547;1483 len 326;
1284 len_ 5576

SSC 316 len 12564

IRb 284 len 5576;...377 len_ 2158
108 len 14408;r67 len  9262;378 len 229;r644 len 11821;

LSC 596 len 15232;597 len 10844;260 len 1122;1261 len 2303;
128 len 7918;947 len 1323;44 len 4609;45 len 3793

Dé danh gia hiéu qua cua quy trinh lip rap bd
gien Cp, ching t6i so sanh két qua cia quy trinh
moi bang cach so sanh cau tric gien tim dugc véi
cac gien mau trong cc ngan hang gien duoc tai vé
tir co s¢ dit liéu plastid (Dennis et al., 2015). Dé
hién thi két qua truc quan chung t6i st dung
chwong trinh MUMMER (Stefan Kurtz, 2014) dé
biéu dién két qua khi anh xa cac contig 1én cac gien
mau. Hinh 4 thé hién cac biéu d6 két qua anh xa

mummerplot

o e o s e e

Sorghum Bicolor, d§ chinh xac: 98,35%

Hinh 4: So khép giira cc tip contig va cic gien miu
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ctia bon gien két qua 1én bon gien mau. Truc hoanh
1a thé hién vi tri cdc contig con truc tung 1 cac
gien mau, két qua anh xa duoc thé hién qua duong
chéo trén do thi. Cac doan thang song song duong
chéo phy thé hién sy twong dong giira cac trinh tu
con cac doan thang song song duong chéo chinh la
céc trinh tu ¢ cAu truc trong dong nhung c6 chidu
ngugc lai.
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Pé tinh dugc dd chinh xac cua quy trinh mai,
chung t6i sir dung chwong trinh BLAST dé so khép
gitlta tap cac contig cua gien tim dugc va cac gien
mau. Dya vao két qua hién thi cua chuwong trinh
BLAST chung t6i tinh dwoc téng d0 dai cua cac
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doan trinh tu trong dong voi gien mau. Két qua do
chinh x4c dugc tinh bing thuong cua tong do dai
cac doan trinh tu déng va do dai cua gien mau. Do
chinh x4c ciia quy trinh méi cta bén tap dir lidu
duoc trinh bay trong Bang 5.

Bang 5: P chinh xéc ciia quy trinh khi so sanh véi gien mau

Dataset Lenconten Arabidopsis Thaliana

Oryza sativa Indica Sorghum Bicolor

D6 chinh xéc 98,39% 98,79%

94,4% 98,35%

4 KET LUAN VA HUONG PHAT TRIEN

Chung t6i vira trinh bay quy trinh 1ip rap bo
gien Chloroplast méi vai dir liéu dau vao 1a di liéu
tho (raw data) chira nhiéu gien khac nhung khong
can sir dung gien méu dé anh xa. Khac véi phuong
phap truyén théng chung t6i da thanh cong trong
viée st dung chu trinh Hamilton dé sap xép Vi tri
cua cac contig ma khong can st dung gien mau dé
anh xa. Két qua thuc nghiém cho thiy quy trinh
ctia chiing toi c6 do chinh xac tir 94.4% dén 98.8%
s0 v6i cac gien gdc. Trong twong lai ching toi s&
nghién ctru huéng ty dong hoa trong mot sb giai
doan phdi ty lam trong giai doan md rdng cac
contig va md rong cac giai thuat cia cac chuong
trinh trong quy trinh theo md hinh tinh toan song
song nham ting tdc cac giai doan lip rap b gien
Chloroplast.
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