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TOM TAT

Luc lap (chloroplasts) va ty thé (mltochondna) la nhitng bao quan c6 bo gen riéng so voi bd gen

trong nhan té bao. Bo gen luc lap cung cép thong tin _nghién ciru vé mdi quan hé tién hoa cta cac
loai, xac dinh mot loai mot cach chinh xéac, cung cip chi thi img dung trong chuyén gen, nhan
glong Nho cong nghé giai trinh tu thé hé mdi ma viée giai trinh tu by gen lyc lap dé dang hon.
Tuy nhién quy trinh lip rap bo gen luc lap hién nay con khé phirc tap do yéu céu can sur dung nhleu
cong cu tin sinh hoc khac nhau, yéu cau may c6 céu hinh cao, ton nhiéu thoi gian. Trong bai viét
nay, ching t6i mo ta chi tiét quy trinh ldp rap bo gen luc lap hoan chinh ciia miu lan Hai hong
(Paphiopedilum delenatii) ddng thoi dwa ra mot sb khao sat giup cho viée lap rap d& dang va do tin
cdy cao. By gen luc lap loai lan Hai hong sau khi duoc lap rap co chiéu dai 160.955 bp, gdm mot
vung sao chép 16n (large single copy region, LSC), mot vung sao chép nho (small single copy
region, SSC) dugc phan tach boi hai ving lap lai dao nguge. Tong s6 gen 1a 130 gen, GC content 1a
35,6%. Dir liéu trinh ty da dwoc dang ki vao Ngan hang gen (GenBank) véi ma s6 MK463585.
Nghién ctru nay con dua ra nhiing thong s6 i wu dé lip rap bo gen. Két qua nghién ctru khong chi
dong gop thong tin b gen luc lap hd trg cong tac bao ton loai lan Hai ddc hiru ciia Viét Nam ma
con co y nghia trong viéc hd trg huéng nghién ciru lip rap bo gen luc lap, co thé ap dung trén nhiéu
dbi tuong khac.

Tir khéa: Paphiopedilum delenatii, 1ap rap bd gen, chu thich bo gen, ban dd bo gen, bd gen luc lap

GIOI THIEU

B gen luc lap da dugc nghién ctru rong rai
trén thuc vat. Thong tin by gen luc lap khong
chi dugc str dung trong nghién ctru nhan di¢n
lodi, xac dinh mdi quan hé giita cac loai, tim
hiéu tién hoa phan to ma con phuc vu vige
chuyén gen, nhan giéng va thuan hoa cay trong
(Daniell et al., 2016; Xiang et al., 2016; Yeisoo
et al., 2017). Viéc gidi trinh tg by gen luc lap
gap nhidu khé khan khi ap dung k¥ thuat giai
trinh ty Sanger (Sanger sequencing), do chi thu
dugc cac doan trinh ty ngin. Tuy nhién nho sy

ra doi cia cong nghé giai trinh ty thé hé méi
(Next Generation Sequencing — NGS) véi kha
nang xtr 1i khdi lugng dir liéu khong 16 véi toc
dd nhanh va chi phi giai trinh ty ngay cang giam
(Shendure, Ji, 2008) ma viéc giai trinh ty toan
bd hé gen ciia mot loai sinh vat ngay cang pho
bién. Tir d6 cang c6 nhiéu cong trinh nghién
ciru vé bd gen luc lap dugc cong bd. Tian va
ddng tac gia (2018) da giai va phan tich bo gen
luc lap cua loai Epipremum aureum. Cac thong
tin tr by gen luc lap da goép phan dang ké (hodc
khong nho) vao viéc nhan giong va hd trg
chuyén gen cua loai cdy thudc nay (Tian ef al.,
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2018). Guo va dong tac gia (2017) da giai thanh
cong b gen luc lap cia loai Paeonia ostii gitip
ting ning suat ctia loai dugc lidu nay (Guo et
al., 2018). Pbi twong Sam Ngoc Linh, loai nhan
sdm quy ddc trung ciia Viét Nam cling da dugc
giai ma trinh tw b gen luc lap dya trén 4 mau
loai (02  Panax vietnamensis, 01 P.
bipinnatifidus, 01 P. stipuleanatus vao nam
2018 va tor d6 phan tich dugc su phét sinh
ching loai va xac dinh dugc 4 chi thi tiém nang
lam ma vach phan tir cho phan loai nhom d6i
tugng nay (Manzanilla et al., 2018).

Mac du cong nghé NGS da cai thién cong
viéc giai trinh tu bd gen luc lap, cac quy trinh lap
rap bd gen luc lap con khd phuc tap va nhiing
cong trinh md ta mot cach chi tiét quy trinh nay
con han ché. Cong trinh vé quy trinh lip réap b
gen lyc lap dién hinh trén thé gi¢i nhu: Dy 4n lap
rap bd gen luc lap tir trinh ty DNA téng s6 dua
trén tan s6 K-mer (Izan et al., 2017) cua Izan
(2017). Dy an nay da dua ra mot quy trinh dugc
md ta chi tiét dé lap rap bo gen luc lap. Riéng &
Viét Nam thi nhiing cong bd vé giai trinh b gen
luc lap con han ché. Nam 2015, Huynh Phuéc
Hai va cong sy da dua ra quy trinh lap rap bd gen
luc lap theo phuong phap khong stir dung bo gen
tham chiéu va thuc nghiém thanh coéng mat s6
tap di li€u nhu Arabidopsis thaliana,
Oryzasativa indica, Sorghum bicolor tur co s& dit
lidu ENA LECA (Huynh Phudc Hai, Nguyén
Van Hoa, 2015).

Hién nay, dir li€u bo gen luc lap dugc cong
bd trén GenBank ngay cang nhiéu nén cé thé
dya trén nhimng trinh ty nay dé lap rap bd gen
mot cach nhanh chong, dé dang va cé d tin ciy
cao. Day 1a phuong phap lip rap dua theo trinh
tu mau (homologus modeling). NOVOPlasty 1a
mot trong cac chuong trinh chinh dé thyc hién
cong viéc nay. So véi cac chuong trinh CLC,
SOAPdenovo2, MIRA, MITObim,
NOVOPlasty da dugc cong nhan la c6 d§ chinh
xac cao, tiét kiém dung lugng may va thoi gian
(Nicolas et al., 2017). Chuong trinh nay da
dugc 4p dung trong nhiéu nghién ctru nhu
nghién cuu giai trinh tu bd gen luc lap Fagus
crenata cia Worth va Liu (2019) (Worth, Liu,
2019), nghién ctu gidi trinh ty bd gen luc lap

88

Nguyén Thanh Diém et al.

Ailanthus altissima cia Saina va dong tac gia
(2018) (Saina et al., 2018)... Tuy nhién, nhiing
nghién ctru nay khoéng chu trong viéc mo ta cu
thé quy trinh. Vi vdy trong nghién ctru nay
chung t6i mé ta chi tiét quy trinh lap rap va chi
thich bd gen luc lap hoan chinh don gidn cé thé
thuc hién trén may tinh cd nhan vdéi thoi gian
ngin va cho két qua chinh xac. Ddi tuong thuc
hién 1a loai lan Hai hong (Paphiopedilum
delenatii) dac hiru cia Viét Nam duoc xép vao
loai Cuc ky nguy cép (Critically Endangerd —
CR) (JUCN, 2018).

VAT LIEU VA PHUONG PHAP
Vit liéu

Mau 1a lan Hai hdng Paphiopedilum
delenatii dugc cung cap va dinh danh hinh thai

dua trén cdy c6 hoa bdi Vién Nghién cuu Khoa
hoc Tay Nguyén (Da Lat).

Tach DNA tong sb

Mau 14 dugc thu va rira sach bang con 70°.
DNA tong s6 dugc tach bang phuong phap SDS.
Thanh phan dém chiét cho tach thu cong gom
100 mM Tris-HCL, 100 mM EDTA, 250 mM
NaCl) v6i 20% SDS (Ahmed et al., 2009). Mau
14 dwoc nghién voi 5 uL proteinase K va 3 mL
hén hop gdom (9 pL beta-mercaptoethanol va 3
mL dung dich dém chiét) & 65°C, sau d6 mau
dugc U thém 30 phut & 65°C dé pha v mang té
bao va mang nhan. Protein dugc bién tinh va loai
b6 bang cach thém 600 pL hdn hop dung dich
phenol: chloroform: isoamine (25:24:1) roi ly
tim 10000 rpm trongl0 phut dé thu pha chira
DNA (Ahmed ef al., 2009). Ngoai ra tang do tinh
sach mau, 5 pL RNAse duoc thém vao sau d6 rdi
U & 37°C dé loai bo RNA dong thoi bién tinh
protein 1an 2 bang 600 uL hdn hop dung dich
chloroform:isoamineti 1€ 24:1. DNA duoc két tua
bang dung dich isopropanol, i qua dém & —20°C.
Ly tim dé thu tia roi rira tia lan luot bang
ethanol 70%, 80%, 90%. DNA dugc bio quan &
—20°C trong dung dich TE.

Kiém tra chit lwgng DNA
Chat lugng DNA tong s6 cho giai trinh tu
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NGS céan dat do tinh sach cao twong ung véi
ODago0 tir 1,8 - 2,2, khong bi nhiém RNA,
DNA it bi dat giy va nong do can trén 20
ng/uL, lugng mau >300 ng, thé tich mau DNA
trong EB buffer >10uL theo yéu cau ctia Cong
ty GENEWIZ (South Plainfield, NJ, USA).

Do tinh sach dugc kiém tra b:%mg may do
quang phd NanoDrop 2000 & cic budc song
260 va 280. Tinh nguyén ven va nong do cia
DNA duogc kiém tra bang phuong phap dién di
trén gel agarose 0.8% trong dung dich 50 mL
TBE 0,5X r6i soi duéi dén huynh quang, néu
bang sang dam, day, gon, khong bi vét dai, nam
& vi tri trén 10 kb thi thé hién DNA téng s6 co
nong do cao va it bi dit giy. Nong do DNA
ciing dugc kiém tra bang ca may do quang phd
Nanodrop 2000 (Thermo Fisher Scientific Inc.)
& cac budc song 260 va 280 va may Quantus
E6150 (Promega Inc.). Mdu DNA tong sb dat
yéu cau dwgc gui giai trinh ty tai cong ty
GENEWIZ (South Plainfield, NJ, USA) bang
k¥ thuét Illumina HiSeq.

Kiém tra chit lwgng trinh tw thé va loc bé
cac doan trinh tu c6 chat lwgng thap

Chét lugng tin hiéu cia dir liéu trinh ty thd
dugc kiém tra bang chuong trinh FastQC
version 0.11.8 (Andrews, 2010). Ngudng chat
lugng cho do tin cdy cao khi lap rap genome
dugc khio sat dya theo nhiéu chi tiéu danh gia
gdm “Per sequence quality scores” (diém chat
lugng trén s6 lugng trinh tu), “Per base
sequence quality” (diém chat lugng trén timg vi
tri nucleotide), “Per base N content” (ti I¢ trinh
tu chura base N) va “Adapter content” (ti ¢ trinh
tw con chira Adapter). Nhitng trinh tu c6 diém
chat lugng dudi ngudng mong mudn, nhing
trinh ty c6 ti 1€ N trén 10% va nhiing trinh ty
con Adapter dugc loai bd khoi dir li€u béng
phan mém Prinseq (Schmieder, Edwards, 2011).
Lap rap trinh tw bd gen

Chuong trinh NOVOPlasty 2.7.2 (Nicolas et
al., 2017) dugc van hanh trén nén hé diéu hanh
Ubuntu 18.04 thué trén may chu Google Cloud

Platform 16 GB RAM dé lap rap cac doan trinh
ty tho (read) thanh céc contig, dén lugt céc

contig lai tiép tuc duoc lap rap dé thanh trinh ty
bd gen hoan chinh. Genome range (khodng udc
lugng chiéu dai ctua bo gen) duge thiét lap la
150000 — 170000 bp (cin cir theo chiéu dai cac
genome tham khao - Bang 1). Read length
(chiéu dai cua céc trinh tu tho) duoc thiét 1ap 1a
150 bp dua vao két qua thdng ké chiéu dai cac
trinh ty tho (read) (Hinh 2B).

B:émg 1. Chiéu dai bd gen luc lap hoan chinh clia mét
s6O loai lan Hai tham khdo tr NCBI
(https://www.ncbi.nlm.nih.gov/nucleotide).

P. armeniacum (KT388109.1) 162,682 bp
P. niveum (NC_026776.1) 159,108 bp
P. dianthum (NC_036958.1) 154,699 bp

Céac thong sd can duoc thiét 1ap khac bao
gdm ngudng trinh tu dat chit luong (Phred
quality score), Insert size (chiéu dai doan nam
giita 2 adapter ¢ 2 dau doan trinh tu thd), K-mer
(chudi con K-mer), trinh ty genome mau
(Reference sequence, viét tat 1a Refseq), mot
doan trinh ty dac thu (seed). DPé kiém tra thong
s6 toi uu cho két qua trinh tu genome co do
chinh x4c va tin cdy cao, timg thong s6 nay lan
lugt dugc khao sit. Trong mdi truong hop céac
thong s con lai dugc thiét lap & ché do mic
dinh (default /auto) (Bang 2).

Phin mém Prinseq (Schmieder, Edwards,
2011) d}rqc st dung dé loai bo cac dir licu
khong nam trong khung gia tri khao sat.

Chu thich bg gen

Chuong trinh Geseq (https://chlorobox.
mpimp-golm.mpg.de/geseq.html) duoc sir dung
dé chu thich tén, vi tri, cdu trac cla cic gen
trong bo gen. Thudc tinh DNA dugc thiét lap 1a
“dang vong”. Ngudn gbc trinh ty (source
sequence) dugc thiét lap 1a “plastid”. Chiéu dai,
chiéu trinh tu, trit tu gen dugc kiém tra tinh
chinh xac bang cich so sanh véi dir liéu chi
thich by gen luc lap hoan chinh ctia mot s6
genome tham khao trén ngan hang GenBank, dé
la P. armeniacum (KT388109.1), P. dianthum
(NC _036958.1) va P. Niveum (NC_026776.1).
Cong cu BLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) duogc sir dung dé thuc hién viéc kiém
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tra nay dong thoi dé xuat file dir liéu chu thich
duéi dinh dang GenBank.

V& ban db bj gen

Dt liéu trinh ty da chu thich gen dudi dinh
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dang GenBank dugc dua vao chuong trinh
OGDraw  (https://chlorobox.mpimpgolm.mpg
.de/OGDraw.html) dé v& va xuét ban d6 bo gen
¢ dinh dang anh, thé hién mau sic va tén g01i cac
gen khéc nhau trong bd gen.

Bang 2. Khado sat cac thong sé duoc thiét 1ap cho qua trinh 14p réap trinh tw bo gen.

Phred quality

Inser

Khao sat score K-mer t size Seed Refseq
=39
Quality =30 39 (default) Auto  rbclL- P. armeniacum P. armeniacum
=20
290
295
Insert size =20 39 (default) 300 rbcL- P. armeniacum P. armeniacum
350
Auto
39
35
K-mer 220 30 Auto  rbcl- P. armeniacum P. armeniacum
25
20
rbclL- P. armeniacum P. armeniacum
rbcL - P.niveum P. niveum
rbcL - P.dianthum P. dianthum
Refsed, 220 39 (default) Auto tK - P. armeniacum P. armeniacum
seed ma
Complete chloroplast
genome Dendrobium nobile
rbclL- Dendrobium nobile -
KET QUA Nanodrop thé hién cao hon do bing Quantus
i ) hon 2 lan. Nanodrop la may do quang phd phé
Tach DNA tong so bién khi khuéch dai cac doan trinh tu DNA

Két qua do d6 tinh sach cia ca 2 mau tach
déu dat yéu cau trong khoang 1.8 -2.2 (Bang 3).
Béang DNA dién di cho vach sang dam rd nét, it
bi vét dai (Hinh 1) thé hién nong d6 va do
nguyén ven rat cao. Cac mau déu dat du chat
lwong dé gui giai trinh tu.

Diéu déng cha y 1a nong d6 DNA do bing
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ngin, hodc dé giai trinh ty Sanger. Quantus thi
chi phi hoa chéat cao hon nén it phd bién. Tuy
nhién, day la may do tin hiéu huynh quang véi
dd nhay cao khi dinh luong axit nucleic s& gitp
kiém soat nong d6 DNA ban dau, dugc dé nghi
sir dung cho kiém tra nong d6 DNA cho cac
phan ng giai trinh tu NGS (Lienhard, Schéiffer,
2019).
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Bang 3. K&t qua do OD va ndng dé bang may do Nanodrop va Quantus.

Néng dd DNA (ng/ulL)

Quy trinh Mau S - . - Thé tich Ham lwong
tach chiét DNA A260/280 Do bang may Bobangmay ) mau (ng)
Nanodrop Quantus
SDS 1 1.85 250 110 25 2750 - 6250
2 2.12 359 125 25 3125 - 8975

Hinh 1. Két qua dién di trén gel agarose 0.8% cla 2
mau DNA tbng s va thang DNA

Kiém tra chit lwgng trinh tu thd

B dit liéu trinh ty thd thu dugc gdm ca 2
chiéu 1a chiéu xuéi (forward) va chiéu nguoc
(reverse). Viéc kiém tra chit luong trinh tu tho
duoc thuc hién trén trinh tu ca 2 chiéu dé tang
dd tin cay khi lién ung (consensus) trinh tg 2
chiéu thanh mot trinh tuy thong nhat. Két qua
kiém tra chat lugng bang phan mém FastQC
duoc thé hién & Hinh 2.

Tong sb trinh ty tho (read) thu dugc & mdi
chiéu 1a 11.635.039 doan, ti 1&¢ GC 35%. Chiéu
dai ciia cac doan trinh ty ndm trong khoang
149-151 bp, trong d6 cac doan trinh tu co chiéu
dai 150 bp chiém da sé (Hinh 2B). Ti 18
nucleotide N ciia ca 2 file trinh tu trén tong sd
base déu co gia tri 0% (Hinh 2A). Ti 1& phan
tram adapter & ca 2 file trinh ty chiém 1-3%,
xudt hién chu yéu & vi tri base 110-136 (Hinh
20). Chat luong trinh tu xét theo tung vi tri base
clia céc trinh ty hau hét déu nam trong ngudng
mau xanh véi diém chat lugng tir 32 tr& 1én,

ngoai trr mdt doan ngz?in & cudi trinh tuchiéu
ngugc c6 gia tri roi vao khu vyc mau cam.
Duodng gia tri trung binh (mau xanh) déu trén 38
diém (Hinh 2D). Diém chat lugng trinh tu
(Phred score) cta phan 1én trinh ty déu dat tir
38-40 va ¢ ca 2 dir liéu khong c6 trinh tyr nao
chat luong thap hon 19 (Hinh 2E). Muc do lap
lai trinh ty trong ca bd chidu xudi va chiéu
ngugc ¢ muc 1-2 va phan tram trinh tu con lai
sau khi dd loai bo cac doan lip lai chiém
92,17% (Hinh 2F).

Lip rap bd gen

O gia tri K-mer 20 (v6i Phred quality score:
39, Insert zise: auto, Seed: gen rbcL cua
Paphiopedilum armeniacum, Refseq: b gen luc
lap cua Paphiopedilum armeniacum), chuong
trinh xudt ra 5 doan contig vdi doan 16n nhét dai
90.573 bp, két qua chiéu dai genome lip rap
dugc 12 160.924 bp, d6 bao phi trinh ty 923 lan
(Bang 4). Ngoai trir truong hop nay, cac ket qua
khao sat con lai déu cho ra 3 contig gom 1
contig dai va 2 contig ngan. Mic du chiéu dai
cac contig trong cac truong hop khong glong
nhau hoan toan, két qua chiéu dai genome déu
thu dugc 1a 160.955 bp, do bao phu trinh ty dat
tir 612-871 lan (Bang 4). P9 bao phu tuy thap
hon so voi truong hop K-mer 20, chiéu dai
genome thu dugc lai dai hon 32 nucleotide.

Kiém tra tinh chinh xdc cau tric b gen

Thanh cong cua viéc lip rap tao ra dugc 2
két qua bd gen vong hoan chinh trong d6 mot
vong gen do su két hop sip giong cot tir Contig
1+2 va vong gen kia do Contig 143 tao ra. Cau
trac bo gen gém ving sao chép 16n (LSC, dai
90.365 bp) va vung sao chép nho (SSC, dai
2.550 bp) dugc phan tach bang mot cip ving
lip lai dao nguoc (IR, dai 34.020 bp cho mdi
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vung). Hai vong gen DNA lyc lap nay khi duoc
BLAST véi nhau thi c6 d¢ twong dong 100% va
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¢6 chiéu dai bo gen cling bing nhau 160.955 bp,
tuy nhién vung SSC ngugc chiéu nhau.
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% Deduplicated sequences
% Total sequences |

of seqs 92,17%
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of seqgs 93,05%
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lication Levels

Hinh 2. Két qua kiém tra chét lvong trinh tw tho t FastQC (A: Phan tram N, B: Chiéu dai trinh tw, C: Phan
tram adapter, D: Chat lwvgng Base, E: Chat lwgng trinh tw, F: M&c d6 lap lai cta trinh tw).

i Jiox_ 20K 13 0K 50K oK 0K oK 0K T100K 110K _ 120K WEL J10K [0k teoex
[Sequence
|(U) BLAST Resuits for: Contig1_2
T3, KT388100.1 KT388100.1 KT388100.1
DIl A 150,023 - 50240 nim W A 97.388 574 [ MUMIDINIEN A 74638 327\ IR A2 117,187
T KT388100.1 KT388100,
< {2 IR {7 155.700 Cont|g1 2 65.254 (Y IR IBINEA 7 88, | 7 1 <
7.408 (i W31 {7 153,457 - 73.195 ) INMIEISINEINN (7 52.000
KT388100.1
9.874 i PINSIIASN BN I B 7 112831
I
(U) Cleaned Alignments - BLAST Results for: Contig1_2
KT388100.1
H 1 - >
1 KT388108 11 «]as10
=] e qer 3,561 i — < P 108314
h Jox 2o pox g0k 0K ok 0K JBox 0K 100K 110K JiEs (S 130K [140K [150K 18093
Sequence
(U) BLAST Results for: Contig1_3
KT3 K KT3228100.
il /49 150,023 65,254 Y | 0605 88,054 {4 WHND e
g /W\lr;l\/w 155,700 0, A e IKVN;ICF\ I A 07,388 it > KTJE:);“Q
< 7 = 50240 A 7 &
Contig1_3
7.408 [} Wy 7Y 153457 7
1 — 09. KT388100.
73.105 A INIERIRIIN AV 82.000 b
KT388100.1
9,674 (i} INSIITSN TN (I WU B 112831 40 1
KT388108.1
4 > | A7 16.208
(U) Cleaned Alignments - BLAST Results for: Contig1_3
KT388100.1
1] I I > '
KT388108.1 «[3sg10f.1
os i Uk 13,581 ) — i 108314
<

Hinh 3. Két qua BLAST 2 trinh tw DNA véi trinh tw bd gen refseq P. armeniacum (KT388109.1). Ghi ch: cac

doan dai ngan mau xam thé hién sy twong déng (match
mau dé thé hién cac vi tri nucleotide bién di di truyén (var

Bing cach truy cap Ngan hang gen str dung
BLAST mdi bd gen vé6i trinh ty mau P.
armeniacum (KT388109.1) trén NCBI, chung
t6i xac dinh duoc chiéu cia 2 ving SSC va LSC
& vong gen do Contig 1+3 tao ra nguoc chiéu
nhau, con chiéu ciia ving SSC ¢ vong gen do
Contig 1+2 tao ra cling chiéu véi ving LSC ciia

) nucleotide, gira cac doan xam nay cé cac soc nho
iation).

chinh né dong thoi ciing cung chiéu véi ving
SSC cua bd gen refseq P. armeniacum (Hinh 3).
Céu triic hai ving single copy cung chiéu voi
nhau cling da dugc bao cdo trong cac nghién
cuu trudc day (Li et al., 2018). Tur d6 chung toi
chon trinh tu tao tir Contig 1+2 1am dit liéu dé
thuc hién chu thich bd gen.
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Bang 4. Két qua 1&p rap bo gen.

Két qua
Théng sé D% bao phi
Gia trj khao sat Chiéu dai b gen
khao sat
s (genome size) Lozl
coverage)
Contig 01 : 158405 bp Contig 142 : 160955 b
>=39 Contig 02 : 3724 bp ontie o P 612
Contig 03 : 3585 bp Contig 1+3 : 160955 bp
Contig 01 : 158405 b
Phre.d 2 !g P Contig 1+2 : 160955 bp
quality >=30 Contig 02 : 3546 bp Contig 143 : 160955 b 794
score Contig 03 : 3691 bp Contig 143 : P
Contig 01 : 158405 bp Contiz 142 : 160955 b
>=20 Contig 02 : 3547 bp :°"tfg L3 16095 bp 805
Contig 03 : 3693 bp contig 143 P
Contig 01 : 158405 bp Contiz 142 : 160955 b
290 Contig 02 : 3541 bp rontig P 805
Contig 03 : 3684 bp Contig 1+3 : 160955 bp
Contig 01 : 158405 bp Contie 142 : 160955 b
295 Contig 02 : 3541 bp Fontie e P 805
Contig 03 : 3691 bp Contig 1+3 : 160955 bp
Contig 01 : 158405 bp Contlg 142 : 160955 b
Insert size 300 Contig 02 : 3541 bp :on & 1 1 bp 805
Contig 03 : 3696 bp Contig 143 : 160955 bp
Contig 01 : 158405 bp Contig 142 : 160955 b
350 Contig 02 : 3746 bp rontig e bp 805
Contig 033541 bp Contig 1+3 : 160955 bp
i F 4
Cont!g 01 : 158405 bp Contig 1+2 : 160955 bp
auto Contig 02 : 3547 bp Contig 143 : 160955 b 805
Contig 03 : 3693 bp contig 243 P
Contig 01 : 158405 bp Contiz 142 : 160955 b
39 Contig 02 : 3547 bp rontig o bp 805
Contig 03 : 3693 bp Contig 143 : 160955 bp
Contig 01 : 157486 bp Contiz 142 : 160955 b
35 Contig 02 : 4507 bp ontig 12 bp 815
Contig 03 : 4653 bp (Contig 143 : 160955 bp
Contig 01 : 158405 bp Contig 142 : 160955 b
30 Contig 02 : 3572 bp o vs . 10005e L 818
K-mer Contig 03 : 3718 bp Contig 143 P
Contig 01:93614 bp Contig 142 : 160955 b
25 Contig 02 : 68502 bp ontg 4 bp 871
Contig 03 : 68356 bp Contig 143 : 160955 bp
Contig 01 : 90573 bp
Contig 02 : 66880 bp Contig 1+2+3 : 160924 bp
20 Contig 03 : 4427 bp 923
Contig 04 : 67031 bp Contig 1+4+5 : 160924 bp
Contig 05: 4427 bp
5 . . . Contig 01 : 158405 bp .
-gen rbcl cua Paphiopedilum armeniacum Contig 02: 3547 bp Contig 1+2 : 160955 bp 805
- bd gen luc lap ctia Paphiopedilum armeniacum Contig 03 - 3693bp Contig 1+3 : 160955 bp
, L . Contig 01 : 158405 bp ]
-gen rbcl cla Paphiopedilum niveum Contig 023537 bp Contig 1+2 : 160955 bp 805
- b gen lyc lap clia Paphiopedilum niveum Contig 03 - 3703bp Contig 1+3 : 160955 bp
Contig 01 : 158406 b
-gen rbcl cla Paphiopedilum dianthum Co:t:: 02:3545bp P Contig 1+2 : 160955 bp 805
- seed - bd gen luc lap cta Paphiopedilum dianthum Contig 03 - 3694 bp Contig 1+3 : 160955 bp
- Refseq X . ) . Contig 01 : 158405 bp .
- gen matK cta Paphiopedilum armeniacum Contig 02: 3547 bp Contig 1+2 : 160955 bp 804
- bd gen luc lap cla Paphiopedilum armeniacum Contig 03 - 3692bp Contig 1+3 : 160955 bp
Contig 01 : 158405 b
- b6 gen luc lap cGa Dendrobium nobile Cont:§ 02:3548bp P Contig 1+2 : 160955 bp 804
- khéng co Refseq Contig 03 - 3691 bp Contig 1+3 : 160955 bp
Contig 01 : 158405 b
-gen rbcl cda Dendrobium nobile Cz:t:z 02:3547bp P Contig 1+2 : 160955 bp 805
-khéng c6 Refseq Contig 03 3693 bp Contig 1+3 : 160955 bp
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Chu thich bg gen

Chuong trinh Geseq dugc st dung dé thuc
hién cha thich tén, vi tri va cdu trac cac gen
trong bo gen, v6i trinh ty mau duoc thiét lap 1a
P. armeniacum (KT388109.1). BO gen luc lap
hoan chinh cta P. delenatii sau khi dugc lip rap
c6 chiéu dai 160.955 bp va c6 ti 16 GC 35,6%.

Ti 1& GC ciing ¢6 su thay dbi giita vung LSC,
SSC va IRs. Trong do6 vung IRs ¢6 ti 1¢ GC cao
hon han (40%)so v&i vung SSC (29%), LSC
(33%).

B gen luc lap cua P. delenatii c6 téng cong

130 gen gdm 77 gen ma hoa protein, 39 gen mi
héa tRNA, 8 gen ma héa rRNA (Bang 5).

Bang 5. Danh sach cac gen trong bd gen luc lap P. delenatii.

Classification of Genes Name of Gennes Number
Ribosomal RNAs rrn4 .5(x2), rr5(x2), rrn16(x2), rrn23(x2) 8
trnA_UGC(x2), trnC_GCA, trnD_GUC,
trnE_UUC, trnF_GAA, trnfM_CAU,
trnG_GCC, trnG_UCC, trnH_GUG(x2),
trnl_CAU(x2), trnl_GAU(x2), trnK_UUU,
RNA genes Transfer RNAS trnL_CAA(x2), trmL_UAA, trnL_UAG(x2), 39
trnM_CAU, trnN_GUU(x2), trnP_UGG,
trnQ_UUG, trnR_ACG(x2), trnR_UCU,
trnS_GCU, trnS_GGA, trnS_UGA, trnT_GGU,
trnT_UGU, trnV_GAC(x2), trnV_UAC,
trnW_CCA, trnY_GUA
Photosystem | psaA, psaB, psaC, psal, psaJ 5
psbA, psbB, psbC, psbD, psbE, psbF, psbH,
Photosystem Il psbl, psbd, psbK, psbL, psbM, psbN, psbT, 15
psbZ
Cytochrome petA, petB, petD, petG, petl, petN 6
ATP synthase atpA, atpB, atpE, atpF, atpH, atpl 6
Rubisco rbclL
. NADH dehydrogenease - 5,0y nghC, ndhD, ndhJ, ndhK 6
Protein- like complex

coding genes
Ribosomal proteins - small

units rps8

Ribosomal proteins - large

rpl4, rpl6, rpl2(x2), rpl20, rpl22, rpl23(x2),

rps11, rps12(x2), rps14, rps15(x2), rps16,
rps18, rps19(x2), rps2, rps3, rps4, rps7(x2), 16

units rpl32(x2), rpl33, rpl36 12
RNA polymerase rpoA, rpoB, rpoC1, rpoC2 4
Miscellaneous accD, ccsA, cemA, clpP, infA, matK 6
Hypothetical chloroplast
reading frames (ycf) ycf1(x2), ycf2(x2), ycf3, ycfa 6
Total 130
V& ban d6 gen viing SSC, LSC, IR. Vong tron ngoai thé hién

Dir liéu chu thich bd gen duogc dua vao
chuong trinh OGDraw dé v& ban dd bod gen.
Hinh anh tryc quan thé hién bo gen lyc lap dang
vong khép kin, vong tron trong ghi chu céc

rd vi tri, thtr ty, d6 dai cac doan gen. Mau sic
gen khac nhau theo nhom gen dugc cht thich ¢
goc trai bén dudi Hinh 4. Cac gen nam bén
ngoai vong tron dugc phién ma theo chiéu kim
dong ho, trong khi cic gen nam bén trong vong
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tron dugc phién ma nguoc chiéu kim dong ho.
Mau xam dam tuwong ung véi ti 1€ phan tram
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GC, mau xam nhat twong tng voi ti 1& phan
tram AT.

Paphiopedilum delenatii

chloroplast genome
160,955 bp

W photosystem

B photosystem Il

(B cytochrome b/F complox
@ ATP synthase

[C] NADH dehydrogenase
B RubisCO large subunit
Il RNA polymerase

0 ribescrnal proteins (SSU)
[l rbosomal proteins (LSU)
B cpP, matk

1 other genes

O hypothetical chioroplast reading frames (ycf)
W transter ANAS

W rbosomal ANAs

Hinh 4. Ban d4 b gen luc lap hoan chinh cia loai lan Hai héng Paphiopedilum delenatii.

THAO LUAN
Kiém tra chit lwgng trinh tu thd

Nucleotide N 1 nhitng nucleotide mo hd
khoéng xac dinh dugc (James, 2001) trong qua
trinh giai trinh tg ty dong tor d6 s€& lam anh
hudng dén két qua lip rap b gen nén can dugc
loai bo néu co. Trong nghién ciru nay, dir liu
thu dugc c6 ti I¢ Nucleotide N 1a 0%, nghia céc
nucleotide déu dugc xic dinh rd rang. Trong
qua trinh giai trinh ty bang k¥ thuat Illumina,
cac doan DNA duoc cit nho tir DNA tong sb
can dugc gin véi cac chudi tiép hop (adapter) 1a
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mot doan trinh tu ngén vao dau cia DNA nhim
hd trg cho viée bat cap mdi dé thuc hién phéan
tmg PCR khuéch dai trinh ty. Sau dé céc
adapter s& duoc cat roi khoi cac doan DNA
(Levy E, Myers M, 2016). Néu adapter con sot
lai trén 10% trong dir li€u trinh ty (Andrews,
2010) thi s& anh huéng dén chat luong giai trinh
tu va két qua lap rap bd gen. Trong dir lidu
nghién ctru, ti 1é phan tram adapter & ca 2 file
trinh tu vao khoang 1-3% (Hinh 2C), viéc nay
khong anh hudng dang ké dén chat luong trinh
tu. Cac két qua cho thay chat lugng trinh tu tho
rat tot va dat do tin cdy cao khi lap rap genome.
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Gia tri chat lugng cac base trong két qua
danh gia dwoc bd tri thanh cic ngudng mau
xanh, mau cam va mau hong. Mau xanh 1a cac
gi4 tri rat tot, mau cam 1a cic gia tri chdp nhan
dugc, va mau hong cac cac gia tri khong tdt.
Sau khi kiém tra céac trinh ty déu co gia tri nam
trong ngudng mau xanh (Hinh 2D) thé hién chat
luong trinh tu rat cao & cac vi tri base xuyén
sudt chiéu dai trinh ty. Phred score 1a thong s6
thé hién chat lugng trung binh cua viéc nhan
dién nucleotide qua qua trinh giai trinh tw DNA
. Két qua cho thay chit lugng trung binh cac
trinh tu tho thu dugc (Quality score distribution
all sequences) rat cao khi dbi chiéu tuong ung
vo6i ti 1€ chinh xac dat 99,99% (Bang 6).

Mot thu vién trinh ty chéat luong va co do
bao phii cao khi mirc d6 lip lai ctia mdi trinh tyr
thép va trinh ty da dang. Hi¢én tugng céc trinh ty
lap lai véi s6 lwong 16n 1a do qué trinh khuéch

dai qua muc trong giai doan tao thu vién
(Andrews, 2010). Dya vao 2 dudng trong biéu
d6 Duplicate Sequence, duong mau xanh thé
hién phan trim trinh ty lip lai trong tong sb
trinh ty ban dau, duong mau do thé hién phan
tram trinh tu 13p lai sau khi da loai bo cac doan
1ap), mot file c6 gia tri tt néu ca 2 duong cang
nam vé phia bén trai ciia biéu d6 chung to la
mirc d6 1ap lai cang thap. Két qua danh gia murc
do 1ap lai cua 2 file trinh ty cho théy miurc do lap
lai cua trinh tu thép khi ca 2 duong déu nam vé
phia goc trai ciia biéu d6 voi mic do lap lai &
muc 1-2 va phﬁn tram trinh tu con lai sau khi da
loai bo cac doan lip lai chiém 92,17% (Hinh
2F). Do ca 2 file trinh tu déu co chit lugng tot
nén chung t6i khong thyc hién tiép budc loc bd
bat trinh ty. Toan bd théng tin trinh ty sau khi
duoc kiém tra dat chét lugng duogc tiép tuc s
dung dé 1ap rap bo gen.

Bang 6. Danh gia sy twong quan gitra diém chét lwgng va ti 1& chinh xac (Kwon et al., 2013)

Piém chat lwong
(Phred Quality Score)

Ti 1é s nucleotide bj sai
(Probability of incorrect base call)

Ti lé chinh xac
(Base call accuracy)

10 1/10

20 1/100

30 1/1000
40 1/10000
50 1/100000

90%
99%
99.9%
99.99%
99.999%

Nguong chit lwgng trinh ty lam dir li¢u diu
vao cho viéc lap rap

Theo 1y thuyét, cac trinh tu khong di do
chinh xac can dugc loai bo trudce khi lap rap bod
gen dé tranh bi nhidu thong tin, din dén viéc lap
rap khong thanh coéng hodc thiéu chinh x4c. Do
diém chét lugng trinh tu thé qua kiém tra déu
nam trong khoang tir 19 t6i 40 (Hinh 2E) nén
chung t6i chia 3 muc gia tri khdo sat 1la >=39,
>=30, >=20 (Bang 4). Két qua chiéu dai b gen
déu giéng nhau c6 thé giai thich 1a do s6 lugng
trinh ty ¢6 diém chat luvong dudi 19 va dudi 30
chiém sé luong khong dang ké (H1nh 2E) nén
khoéng anh hu’ong nhiéu dén viéc lap rap contig.
Tuy nhién, diém chét lugng cang cao thi c6 do
bao phu trinh tu sau khi lp rap cang thap do s6
luong trinh tu ddu vao (input sequence) it hon

(Bang 4). P9 bao phii 1a s6 1an lap lai cua trinh
tu toan bo gen, cling la mdt thong s6 do luong
chat luong cua viée lap rap, sé lwong niy cang
l6n d6 tin cdy cang cao. Do d6, trong nghién
ctru nay nhitng trinh ty c6 chat lugng dat tir 20
tré 1én déu duoc st dung lam dir li€u cho qué
trinh 1ip rap genome dé dat dugc mirc bao phu
cao nhat, du trong trudng hop cu thé nay, ca 3
trinh ty genome thu dugc déu dong nhat 100%.

Chiéu dai chudi con K-mer

Mot trong nhitng nguyén tic cia lap rap bo
gen la xac dinh doan trinh ty chdong lip
(overlap) tuong ddng dé ghép ndi v6i nhau
thanh cdc doan dai hon. Co sé cua viéc nay la
thuét toan sip giong cot (alignment). Tuy nhién,
trinh ty DNA thuong 14 qua dai dé thuc hién
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viéc sip giong cot hiéu qua. Do d6 cac thuat
toan sip giong cdt thuong sé chia trinh ty ban
ddu thanh timg doan ngdn dé d& bat cgp tuong
dong ri tir diém bat cip do6 so sanh tiép tuong
dong nucleotide vé 2 _phia. Nhimg doan ngéan
ndy duoc goi 1a chudi con K-mer (Sohn va
Nam, 2018) Chudi con trong giai trinh ty NGS
nay duoc khuyén céo 1a dai khong qua 39 bp.
Chudi con qua dai s& kho tim doan tuong dong,
chudi con qué ngin s& dan dén doan twong déng
qua nhidéu ma do tin cay thap. Do d6 cac gia tri
K-mer duoc chon dé khao sat hiéu qua lap rap
1a 20, 25, 30, 35 va 39 (Bang 4).

Qua trinh lip rap b gen gdm 2 giai doan 1a
lip rap cac doan trinh ty thd ngin thanh cac
doan dai goi 1a contig, sau d6 contig dugc lip
rap 1an nita dé tao thanh genome hoan chinh.S
lugng contig nén tir 2-3 1a t6t nhat (Nicolas et
al., 2017). Truong hop K-mer 20 tao ra dén 5
contig, nhung trong trinh tu b gen hoan chinh
chung toi phat hién c6 mot vai khoang tréng
(gap) 1a cac nucleotide khong xac dinh dugc sau
khi lap rap hoan thanh. Chiéu dai hoan chinh
clia genome trong trudng hop nay ngin hon 32
bp so véi két qua & cac truong hop co 3 contig.

Trinh tu by gen miu (refseq) va trinh tu hat
giong (seed)

Dé thuc hién lép rép mot bd gen mdi dua
trén mot bd gen miu di biét (phuong phap
homologus modeling), chuong trinh
NOVOPlasty can c6 mét trinh ty genome hoan
chinh va dé lam bo gen miu (refseq) va mot
trinh ty hat gidng (seed) ciing dé lam mau vi tri
bt dau cho viéc déi chiéu trinh ty.

B0 gen mau (refseq) c6 do twong dong véi
loai nghién ctru cang cao thi két qua lap rap
cang chinh xac va dd tin cay cao. Hién nay chi
mdi c6 trinh tw bd gen hoan chinh cua 3 loai
clng chi lan Hai duogc cong bd trén Ngan hang
gen la P. armeniacum, P. niveum va P.
dianthum. Ca ba loai déu c6 quan hé rat gan véi
loai nghién ctru, trong d6 P. armeniacum 1a loai
gan nhat do dugc phan loai cung to (section) véi
loai nghién ctru P. delenatii dua theo hinh thai.

Trinh ty hat gidng (seed) thuong 1a mot
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doan trinh ty ngin, dugc chwong trinh sir dung
lam xuét phat diém cho toan bd qua trinh lip
rap bo gen. Do d6, seed thudng phai c6 d6 bao
ton cao dé dam bao do twong dong on dinh véi
loai méi. Seed c6 thé thude bd gen bao quan cia
chinh loai do hay loai khéc trong chi. Ngoai ra,
trong truong hop khong tim dugc trinh ty cua
loai ¢6 moi quan hé gan vdi loai dugc lap rap bo
gen, seed ciing co thé 1a trinh tu b gen bao
quan cua mot loai xa hon. Chuong trinh
NOVOPIasty dé nghi sir dung hat giéng 1a trinh
tu gen rbcL (Nicolas et al., 2017). Pay la gen
ma hoéa cho protein RUBP (Ribulose 1,5-
bisphosphate), dugc xac dinh 1a trinh tu c6 do
bao ton cao & cap do trén chi (Bafeel et al.,

2012), phtt hgp vé6i yéu cau cia NOVOPlasty.
Mic du vay, gen matK ciing van cho két qua tin
cdy cao va hoan toan c6 thé thay thé rbcL.
Khoéng nhiing vay, phép thir khong dung Refseq
ciing cho két qua tbi wu, ngay ca vdi trinh ty hat
gidng (bo gen luc lap cua Dendrobium nobile)
khac chi va khac xa hon vé mit di truyén. Tham
chi trinh tu hat giéng (gen rbcL. cua
Dendrobium nobile) chi can 1a mot doan gen rat
ngan cua chi khac van co thé ap dung. Két qua
khao sat nay c6 ¥ nghia khang dinh tinh kha thi
ctia viéc lip rap bd gen ngay ci & cac ca thé ma
chua c6 trinh ty tuong dong gan dé tham khao.

Chu thich bg gen

Do twong dong trinh tur giira loai nghién ctru
P. delenatii va loai tham khéao P. armeniacum la
97,84%. Ti 1I¢ GC cua bd gen luc lap P.
denlenatii va P. armeniacum c6 gia tri kha
gidng nhau 13 35,6% va 35,4% (Bang 8) nam
trong khoang ti 1¢ GC% trung binh & thyc vat 1a
33,6-47,5% (Smarda et al., 2012). Hién tuong
nay duogc hinh thanh do qué trinh sao chép va
xay ra 16i trong stra chita DNA (Talat, Wang,
2015), DNA polymerase ¢ luc lap c6 xu hudng
két hop sai A, T thay vi G va C (Howe et al.,
2003). Ti 1€ GC vung IRs (40%) cao hon so voi
vung SSC (29%), LSC (33%) 1a do vung IR
chura cac gen rRNA (rrnd.5, rru5, rrn23, rrnl6)
va mot sd ving ma hoa (Talat, Wang, 2015).
Dua vao ti 16 GC c6 thé biét duoc su da dang
ctia bo gen tir 6 phan tich dugec mdi quan hé
tién hoa cia cac loai (Smarda et al., 2014).
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Trong ciu tric cta bo gen luc lap thi cic ving
sao chép don c6 kha nang dot bién diém cao gap
2,3 1an so voi ving IR (Shaw et al., 2007). Do
d6 vung sao chép don thuong dugc nghién ciou
nhiéu hon (Shaw et al., 2007). Tuy nhién ving
IR chura cac gen lap lai (gen ma hoa ribosome,
mot s6 gen tRNA, gen ma hoa protein) co vai
trd quan trong trong viéc duy tri sy sap xép cac
gen cua DNA luc lap (Vaclav et al., 2018).
Trong bo gen luc lap cda thuc vat trén can
va tao luc co thé phan cac gen thanh 2 nhom
chinh: nhitng gen lién quan dén biéu hién gen
va nhing gen lién quan dén qua trinh quang hop
(Sugiura, 1995). Trong nhém gen lién quan dén
qué trinh quang hop cac gen psa, psb, pet, atp
mi hoa lan lugt hé thong quang hoa I
(Photosytem I - PSI), hé théng quang hoa II
(Photosytem II - PSII), cytochrome, ATP

Bang 6. So sanh bd gen P. delenatii va P. armeniacum.

sythase déu co vai tro quan trong trong qua trinh
quang hop. Trong d6é PSI giup tao ra ATP, PSII
tao ra NADH, ATP, O, cho cay (Nelson,
Yocum, 2006). NADH dehydrogenase la loai
enzyme c6 vai trd quan trong trong chudi van
chuyén dién tir trong qua trinh ho héap cua ty
thé. Tuy nhién, trong luc lap thi ¢6 cac gen ndh
ma hdéa cho NADH dehydrogenase-like
complexc6 vai trd0 twong tu NADH
dehydrogenase. NDH c¢6 vai tro van chuyén
dién tir cua lyc lap (Ifuku et al., 2011; Nelson,
Yocum, 2006). Ngoai ra con c6 mot sé gen khac
rps, rpl ma hoa cho protein cua ribosome, rpo
ma hoa RNA polymerase. Nhu viy, viéc chu
thich by gen luc lap mang lai nhitng thong tin
quan trong vé cac gen, cAu tric, trinh tu, vi tri
ctia chung nho d6 gop phan cho nhirng cong tac
nghién clru sau nay.

P. delenatii

P. armeniacum

(MK463585) (KT388109.1)
Chiéu dai bo gen (bp) 160.955 bp 162.682 bp
Chiéu dai IR (bp) 34.020 bp 67.072 bp
Chiéu dai LSC (bp) 90.365 bp 91.942 bp
Chiéu dai SSC (bp) 2.550 bp 3.668 bp
GC content (%) 35,6% 35,4%
GC content cta IR (%) 40% 39%
GC content ctia LSC (%) 33% 32,6%
GC content cia SSC (%) 29% 31%
Téng sb6 gen (bao gdm cac gen l&p) 130(23) 131(24)
Sb CDS (bao gébm céac gen 13p) 77(9) 79(11)
Sé gen rRNA (bao gébm céc gen lap) 8(4) 8(4)
Sé gen tRNA (bao gébm cac gen lap) 39(9) 38(8)

Ban d6 bd gen

Viéc lap ban do 1 mot budc quan trong
trong nghién curu gidi trinh ty bd gen. Trinh ty
va ban dd bo gen déu mang lai mot cai nhin
téng quat vé bo gen, nhung ban dd bo gen thi it
chi tiét hon trinh tur bd gen. Trinh ty by gen s€
cho biét vi tri chinh x4c ting nucleotide trong
DNA, trong khi d6 ban d6 gen chi thé hién vi tri
cac mdc trong bo gen (Craig, 2003). Trong ban

dd bo gen thi cac vi tri GCA, CCC, CATTT,
GAA dugc xem 1a mot vi tri, trong khi do moi
vi tri nucleotide trong trinh ty by gen dugc xem
1a mot vi tri. Tir @6 cho thdy ban d6 bo gen 1a sy
thé hién tom tit lai toan bo trinh ty bo gen. Viée
lap ban dd bd gen cho thiy thong tin cac gen
trén ban d6 gitip cac nha khoa hoc dé hinh dung
trgc quan & muc do téng quat vé toan bd bd
gen, giup cac nha khoa hoc phat hién ra cac gen
moi hay dic diém moi ciia bo gen.
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Hién tai, dir liéu genome luc lap nay dang
dugc tiép tuc phén tich dé tim kiém cac thong
tin hitu ich nhu déanh gid d6 da dang cua céc
vung trinh ty tiém nang lam ma vach DNA,
phan tich cac vung trinh ty 13p lai (repeat) va
cac vung v¢ tinh (microsatellite) hi¢n dién trong
genome phuc vu danh gia da dang di truyén va
nhan dién phan tir, dong thoi phan tich phat sinh
chung loai tir bd genome lyc lap.

KET LUAN

Nghién ciru d¢d mo ta chi tiét quy trinh lip
rap va chu thich bg gen luc lap hoan chinh cua
loai lan Hai hong (Paphiopedilum delenatii) dic
hitu cta Viét Nam. Két qua genome la co s dé
phan tich cac dir li¢u khac phuc vu nghién ctru
va tng dung trén d6i twong nay. Pdng thoi quy
trinh dwoc dé xuit trong nghién ctru co thé dé
dang thuc hién trén may tinh cd nhén véi thoi
gian ngén, cho két qua chinh xic va c6 thé dugc
ap dung rong rdi cho nhiéu déi tugng thuc vat
khac.

Loi cam on: Cdc tac gia xin chdn thanh cam
on Quy Phat trién Khoa hoc va Cong nghé Dai
hoc Nguyén Tdt Thanh théng qua dé tai ma sé
2019.01.27/HP-KHCN cho nghién ciru nay.
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CONSTRUCTION OF COMPLETE CHLOROPLAST GENOME OF THE
ENDEMIC SPECIES PAPHIOPEDILUM DELENATII GUILLAUMIN (1924) OF

VIETNAM

Nguyen Thanh Diem', Ly Le’, Nguyen Huu Thuan Anh', Nguyen Thanh Cong', Vu Thi
guy y guy

Huyen Trang"*"

'Nguyen Tat Thanh University, Ho Chi Minh City

*International University, Ho Chi Minh National University

SUMMARY

Chloroplasts and mitochondria are organelles that have their own genome in a cell. The
chloroplast genome provides information on the evolutionary relationship and species identification,
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valuable markers for transgenic plants, and cloning plants, efc. The application of Next Generation
Sequencing has improved the chloroplast genome sequencing. However, the assembly process of
chloroplast genome is quite complicated due to the need of different complex bioinformatics tools,
high configuration computer and laborous. Here we configured the process of assembling the
chloroplast genome of Paphiopedilum delenatii. The assembled chloroplast genome was 160,955 bp
in length, including a large and a small single copy region (LSC, SSC) separated by a pair of
inverted repeats (IR). Total genes were 130 genes, GC content is 35.6%. Genome data was mapped
and registered in GenBank under accession number MK463585. The optimal parameters for
genome assembling were recommended. This study not only provided information for conservation
of the Vietnam endemic Paphiopedilum delenatii species but also supported the genome assemble
researches which could be applied on other subjects.

Keywords: Paphiopedilum delenatii, genome assembling, genome annotation, gen map, chloroplast
genome
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