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MO DAU

Ngay nay, nhd sy phat trién cia cong nghé giai trinh tu gen, viéc giai
trinh ty toan bd h¢ gen khong con kho khan nira. Pac biét véi nhiing hé gen nho
nhu luc lap thi viéc gidi trinh tu, lép rap, chu giai hé gen luc lap tré nén tuong
d6i dé dang. Tuy nhién, nhu da biét trén hé thong ngan hang gen NCBI van con
rat nhiéu hé gen luc lap duogc lap rap, chu giai sai so6t mic du do 1a nhimg hé gen
d3 duoc nghién ctru ki ludng. Mot sb 151 phd bién nhu: gen bi cit ngan, thém
vao nhitng phan md rong khong mong mudn cia cac exon, bo sot cac gen da
biét, Iya chon sai cac chudi ma hod, cac khung doc mo duoc gia dinh 1a gen
chtic ning... Viéc chi giai gen chirc ning cua luc lap rit quan trong, viéc nay
gitip ich cho cac nha nghién ctru vé phan loai c6 thé 4p dung dé phén loai chinh
xéac cac cdy thuc vat gan gili trong cung chi, ho; viéc chu giai sai c6 thé dan dén
mot hé qua domino khi nhitng ngudi nghién ctru sau st dung nhimg két qua
chua chinh x4c nay cho nhiing nghién ctru ctia minh. Tinh dén thoi diém hién tai
chua c6 cong cu cht giai hé gen luc lap ndo ¢ uu thé va chua c6 bude tién 16n
nao trong vi¢c nang cao thuat toan cha giai hé gen luc lap vi $6 luong han ché
cac nha khoa hoc vé khoa hoc may tinh, thuat toan tin sinh hoc phat trién nhirng

thuat toan maéi cho viéc nay.

Tinh dén nay chi ¢c6 mot ) cong cu hd tro chi giai luc lap nhu : Dual
Organellar GenoMe Annotator (DOGMA); Chloroplast Genome Annotation,
Visualization, Analysis, and GenBank Submission (CPGAVAS & CPGAVAS?2)
: GeSeq ;Verdant. Tuy nhién, ching déu c6 nhiing wu diém va khuyét diém
riéng. Viéc khao sat, danh gia nhitng phan mém nay cé y nghia quan trong nham
nang cao cht lugng cha giai gen chirc ning trong hé gen luc lap. Tién t6i viéc

dé xuét nhirng thuat toan maéi hi¢u qua hon thuat toan cii.



Khoa luan duoc bo cuc nhu sau:

Chuong 1: Tong quan vé cic nghién ctru lién quan hé gen thuc vét noi
chung, luc lap néi riéng, tong quan vé quy trinh phan tich hé gen luc lap
dic biét 1a 1ap rap va chu giai hé gen luc lap

Chuong 2: Nghién ctru vé cac phuwong phap phan tich cha giai hé gen luc
lap, tiéu biéu 1a 3 phuong phap CPGAVAS2, Geseq va PGA

Chuong 3: Lua chon cac dit li¢u dau vao, cai dit cac cong cu can thiét va
thuc hién so sanh cac phuong phap.

Chuong 4: KET LUAN



1 CHUONG 1: TONG QUAN LY THUYET
1.1 Téng quan tinh hinh nghién ciru hé gen thuc vit

Trén thé gidi cac nghién ctru vé hé gen hoc di bat dau phat trién tir nhiing
nam cudi thé ky 20 khi ¢ su ra doi cia cac thiét bi giai trinh tu thé hé thir nhat,
dién hinh 13 viéc nghién ctru va thanh 1ap hé gen nguoi tham chiéu bat dau tir
nam 1990, hoan thanh vao nam 2003[1]. Tiép sau d6 1a su ra doi ciia cong nghé
giai trinh ty thé hé moi nhimg ndm dau thé ky 21 da thuc day su phat trién cua
nhanh nghién ctru hé gen hoc. Poi v4i thuc vat néi riéng nhitng nghién ciru dau
tién vé hé gen cia loai cdy mo hinh Arabidopsis thaliana khi st dung dir liéu
giai trinh tu thé hé méi dau thé ky 21 1a nghién ctu tién dé cho viéc phat trién hé
gen hoc va tién hoa thuc vat.[2], [3] Pén nam 2008 rat nhiéu hé gen thuc vat
khac nhau dugc céng bd va dé cap dén trong nghién ctru cia tac gia Gupta. [4].
Trong nhimg nim gan day khi c6 su phat trién vii bdo cua cong nghé giai trinh
tu thé hé méi dic biét 1a cong nghé¢ giai trinh tu thé hé thir 3 va tht 4, cac cong

b lién quan t6i hé gen thuc vat ngay cang gia tang. Trong khoang 20 nim phat
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Anh 1-1: Théng ké vé sb lugng hé gen thuc vat dugc cong bd trong 20

nam qua [5]



trién cua cong nghé giai trinh tu da cé trén 1000 loai thuc vat dugc giai trinh tu
gen. Cung cip mdt luong thong tin khong 16 va hiru ich cho nhitng nha nghién

ctru vé thuc vat hoc ciing nhu tién hod.[5], [6]

Nhin vao hinh 1-1 ching ta c6 thé thiy rang su s6 luong hé gen thuc vat
dugc cong bd ting manh tir nhitng nim 2014 khi Illumina ra mat nhitng hé may
thong luong cao cuia ho HiSeq, NovaSeq. Pac biét tr 2016 c6 su tham gia cua
nhiing hing giai trinh ty doan dai gitp gia ting s6 luong va chat luong cua hé

gen thuc vat.

Nhitng dong gop vé hé gen thuc vat da gitip cac nha phan loai thuc vat
phan loai chinh xic cac loai vé dung nhanh cua chung. Nam 2011, chi
Psilanthus cb quan hé gan giii dd dugc gop vao Coffea. Tuy nhién, két qua thu
dugc vao nam 2017 - dua trén 28.800 SNP - chi ra rang khong c6 hd trg phat
sinh gen dang ké cho sy hop nhit nay.[7] Thém vao d6 nhitng nghién ctru vé gen
trong cong bd ctia Yves Bawin nam 2021 chi ra rang Coffea canephora va C.
eugenioides da dugc xac nhan la loai td tién gid dinh cua C. arabica. Nhitng loai
nay rat co thé da duoc lai tao tir khoang 1,08 tri¢u dén 543 000 nam trudc, trung
v6i cac thoi ky bién dong moi trudng, cé thé gy ra su thay doi pham vi ctia cac

loai t6 tién tao di€u kién cho sy xuat hién cua C. arabica.[8]

O Viét Nam ciing c6 nhitng nghién ctru vé hé gen thyc vat noéi chung 13

luc lap noi riéng giap ich cho viéc phan loai, chon gidong, bao ton nhitng loai
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Anh 1-2: Két qua gidi trinh tw luc lap saém ngoc linh va phén lodi sam ngoc linh
trong nghiéen cuu cua GS. Nong Van Hai va cac cong sw

:




thuc vat quy hiém. Dién hinh nhu nghién ctru vé lyc lap cta loai sdm ngoc linh
dac hitu cua Viét Nam ctua Gs. Nong Van Hai va cac cong su. Trong nghién clru
nay nhom nghién ctru da tim kiém duoc 4 chi thi co tiém nang lam ma vach
phéan tir cho phan loai sdim Ngoc Linh va céc loai khac thudc chi Nhan sam. [9]-

[11]

Nhu vay, vai tro cua viéc nghién ctru hé gen thuc vat néi chung va hé gen
luc lap noi riéng 14 rat quan trong. Tuy nhién, hién nay phuong phap phan tich
hé gen luc lap c6 rat nhiéu. Va chua c6 nhiéu nghién ctru vé viée so sanh, danh
gia nhitng phuong phap nay. Vi vy, viéc tién hanh so sanh danh gia cac phuong

phap nay 1 rat can thiét.
1.2 Céu triic hé gen luc lap va y nghia khoa hoc

Luc lap 1a mot don vi chiic ning trong té bao va dong vai tro 1a bao quan
quang hop chi c6 ¢ thuc vat va tdo. Nho co luc lap ma thuc vat, tdo co thé
chuyén héa niang luong anh sang thanh luong tich trong chat hitu co. O thuc vat,
luc lap c6 trong cac bd phan xanh cua cdy, trong d6 c6 nhiéu nhat 1a ¢ 14. Nguoi
dau tién phat hién ra luc lap 1a Julius von Sachs (1832—1897) - mot nha thyuc vat

hoc va tac gia cua nhiéu cudn sach gido khoa co ban.

Luc lap ciing ¢6 ciu tric mang hai 16p voi mang ngoai rat d& thim con
mang trong thim rét it va & giita 2 16p mang nay c6 mot khoang giita mang.
Mang trong bao boc mot vung khong c6 mau xanh luc, dugc goi la Stroma.
Stroma 13 noi dién ra cac phan mg cua pha ti va no giéng nhu chat nén matrix
cua ty thé, c6 chta cac enzyme, ARN, AND va cac ribosome. Cac ribosome la
cac hat hinh ciu c6 kich thuéc 15 - 20 cm. N6 & trong chat nén cliing véi cac hat

tinh bot vo1 kich thudc khac nhau.



Trong luc lap c6 chtra dén 80% loai protein khong hoa tan cé lién két véi
lipit & dang lipoprotein. Clorophyl 1a mét trong nhing thanh phan thudc hé sac
t6 quang hop cua luc lap, bao gom diép luc a va diép luc b . Cac phan tir
clorophyl ¢ ciu trac khong d6i xing gébm mot dau wa nudc duoc do 4 vong
pirol xép xung quanh nguyén tir magie tao thanh va mot dudi dai 1a mach ki

nudc.

Internal membrane Plastoglobule Ribosome

Intermembrane space
External membrane,

Granum

Chloroplast
DNA

Stroma

Thylakoid membrane
Lumen

Anh 1-3: Cdu tao cia luc lap
Bén canh Corophyl, Caroic ciing 13 nhimg sic t6 khac mau cé trong luc
lap, tuy nhién, n6 thudng bi mau luc cia clorophyl che ldp. Ching chi c6 co hoi
xuat hién vao mua thu, thoi diém ma luong Clorophyl bi sut giam di kha nhiéu.
O tao va thuc vat thuy sinh thi sic td quang hop 1a Phicobilin. Pay 1a nhém séc
td dong vai trd quan trong trong viéc hédp thu anh sang luc (550 nm) va vang

(612 nm) trong anh sang mat troi.

Ngoai ra, trong luc lap cling c6 chura axit nucleic, ARN (ham luong tir 2 -
4 % khéi lugng kho), ADN (0,2 - 0,5% khdi lugng kho), cac chét truyén ning
lugng, enzim, NADP, cytocrom, plastokinon, reductasa, atp-sintetase,

plastoxiamin, ferredonxin va cac enzim cua chu trinh calvin.



Bang céac thanh phan hoa hoc cua luc lap:

Chit gam lwong Cic cAu thanh
(1]

Protein 35-55 80% khong hoa tan

.. MG 50%, colin 46%, sterin 20%, sap 16%,
Liptt 20-30 photphatit 2-7%, etanolamin 8%
Gluxit Thay doi Tinh bot, dudng co photphat
Clorophyl 9 Clorophyl a 75%, Clorophyl B75%
Carotinoit 4.5 Xantophyl 75%, carotin 25%
ARN 2-4
ADN 0.2-0.5

Mic du chi chiém 0.2 - 0.5% thanh phan cta luc lap nhung bo gen luc lap
lai ¢6 y nghia rat 1on trong viéc nghién ciru tién hoa va di truyén. Hé gene luc
lap n6i chung 1a hé gen luc lap cta ca phé néi riéng c6 cau tric 1a hé DNA dang
vong gdém 4 phan: ving sao chép don dai (LSC - long single copy section), ving
sao chép don ngan (SSC - short single copy section) va 2 vung lip lai dao nguoc
IRA va IRB. Cac doan lap dao nguoc c6 do dai rat khac nhau, mdi doan dai tir
4.000 dén 25.000 cidp bazo.[11] Su lip lai nghich dao & thuc vat ¢ xu hudng &
gidi han trén cia pham vi nay, mdi lan lap lai ¢6 chiéu dai 20.000-25.000 cap
bazo.[9] [13] Cac vung lap ddo nguoc thuong chira ba RNA ribosome va hai gen
tRNA, nhung ching c6 thé dugc m& rong hodc thu nho dé chira it nhat bon hodc

nhiéu nhat 1a trén 150 gen.



Bd gen luc lap cua ca phé 1a mot phan tir DNA hinh tron ¢é kich thuéce
155 189 bp véi cau tric bén phan dic trung ctia phan 16n cac nhiém sic thé luc
lap thyc vt trén can. N6 bao gdm hai ving 1ip lai dao nguoc (IRa va IRb) 25
943 bp dugc phan tach bang cac ving sao chép don 16n (LSC) va nho (SSC) lan
luot 12 85 166 va 18 137 bp. Ty 18 cac chudi protein, RNA van chuyén (tRNA),
RNA ribosome (rRNA), trinh tu intron va lién gen 1an luot 12 51%, 2%, 6%, 9%
va 32%. Trong s6 130 gen co trong bd gen, 112 gen hién dién dudi dang mot ban
sao duy nhit va 18 gen duoc sao chép trong IR. Ving mi héa bao gdm 79 gen
protein, 29 tRNA va 4 rRNA. B6 gen luc lap ca phé ¢6 59,35% trinh ty ma hoa,
trong do 51,76% ma hda cho protein. Mudi tdm gen chira intron, 15 gen c6 hai
exon va ba gen c6 ba exon. Muo1 hai gen ma héa protein va sdu tRNA c6 intron.
Mot phan gen rps19 dugce nhan doi tai ranh giéi IRA-LSC do su mo rong cua
IR. Sy sao chép tuong ty cac phan cua rps19 xay ra & tat ca cic thanh vién cua
ho Solanaceae ngoai trir thudc 14. Ngoai ra, trong trudng hop ca phé, cac nha
khoa hoc quan sat thdy gen infA con nguyén ven, trong khi d6 no 1 gen gia &

% 1ps19is not fully duplicated in IR

§ Rubisco subunit

Photosystem protein

tochrome-related
ATP synthase s
NADH dehydrogenase =
Ribosomal protein subunit z 3 &
Ribosomal RNA « 23
Plastid-encoded RNA polymerase % % -

ther
Unknown function / Unnamed (ycf)
Transfer RNA 3

Coffea arabica
155,189 bp

Anh 1-4: Cdu triic hé gen luc lap lodi ca phé arabica



thude 14 va & hau hét cac thanh vién khac cua ho Solanaceae. Ham luong AT va
GC ctia bd gen luc lap ca phé 1an luot 13 63% va 37%, rat gidng voi ham luong

cta lGa, ngd, cam quyt, bong va thude 14.[12]
1.3 Coéng nghé gidi trinh tw NGS va dir liéu gidi trinh tw NGS

Thuat ngir “Next generation sequencing - giai trinh ty thé hé tiép theo” thé
hién rang coéng nghé giai trinh ty d3 budc sang mot giai doan mai, cong nghé
m&i, dot pha vé cong sudt, gia thanh ciing nhu chat lugng giai trinh ty. Hién nay,
NGS di c6 dén thé hé thir 4. Thé hé thu 2 1a thé hé giai trinh ty doan ngan cua
cac hang nhu: Illumina, MGI, Genemind, Ion Torrent... Thé hé tha 3 1a thé hé
giai trinh tu doan dai bang cong nghé SMRT sequencing — giai trinh tu thoi gian
thuc cta hing Pacbio va hang Oxford Nanopore cong bo rang ho 1a thé hé giai
trinh tu thé hé thr 4 — cong nghé gitp gidi trinh tuy dugc nhiing doan trinh tu
Ultra-longread trong nhiing thiét bi nho gon, linh hoat va thdi gian nhanh.[13]

Céc phuong phap giai trinh ty thé hé thtr hai c¢6 thé duoc chia thanh hai loai
chinh, giai trinh ty bang phuong phap lai va giai trinh tu bang phuong phép tong
hop (SBS). Phuong phap SBS con xa hon nita la cong nghé giai trinh ty Sanger,
khong co6 dau cudi dideoxy, két hop véi cac chu ky tong hop, hinh anh va
phuong phap lip di lap lai dé két hop cac nucleotide b sung trong chudi ngay
cang ting. Néu chi danh gia so qua thi c6 thé nghi rang nhiing phuong phap méi
nay c6 chi phi dat d6, nhung thuc ra nhitng phan tng giai trinh tu duoc chay
song song hang trim nghin phan tmg cung mét lic, & cac thé tich nanoliter,
picoliter hodc zeptoliter trong cac con con chip/flow-cell nho; do d6 chi phi cho
mdi nucleotide 1a rat thép. Cac cong nghé duogc cai tién lién tuc, cho do chinh
xac 16n hon, doan doc dai hon, thu nhé kich thudc chip giai trinh ty, ting mat do

trén moi dién tich chip vi vay chi phi giai trinh ty dang hon nira.



Bang 1-1: Bdng so sanh cac con
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nghé gidi trinh ti pho bién hién nay

STT | Nén tang Thé hé Nguyén ly Kich  thwéc | Cong  suit | Ref.
doan doc (bp) | tbida
lon Torrent Thé hé tht | Nguyén ly giai trinh tu ban dan ion phét hién ion H+ duoc tao ra | 200-400 50 Gb [14], [15]
1 hai trong qué trinh két hop nucleotide.
Illumina Thé hé tht | Giai trinh tu pha ran trén bé mat ¢é dinh tan dung su hinh thanh | 36-300 6000 Gb [14], [15]
2 hai mang vo tinh bang cach sir dung cong nghé két thic c6 thé dao
ngugc doc quyén dé giai trinh ty quy mé 1é6n nhanh chéng va
chinh xac bang céch sir dung cac NTP c6 nhan don, duoc thém
vao chudi axit nucleic.
DNA Thé hé thir | Phép lai oligo nep véi khuéch dai sau PCR tir cac thu vién gitp | 50-150 6000 Gb [24,25]
3 nanoball hai hinh thanh céc vong tron. ssDNA hinh tron nay hoat dong nhu
sequencing mau DNA dé tao ra mot chudi DNA dai ty Iap rép thanh mot qua
cau nano DNA chat ché. Chiing duoc thém vao té bao dong dugc
phu aminosilane (tich dién dwong) dé cho phép lién két theo
khudn mau ciia cac hat nano DNA. Céac bazo duoc gan thé huynh
quang duoc tich hop vao chudi DNA va viéc giai phong the
huynh quang duoc ghi lai bang k¥ thuat hinh anh.
PacBio Onso | Thé hé tha | Hoa hoc giai trinh tu bang lién két (SBB) sir dung cac nucleotide | 100200
4 system hai tu nhién, su két hop khdng co seo trong cac diéu kién tdi wu hoa
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dé lién két va mo rong.

(https://www.pach.com/technology/sequencing-by-bind/,  truy
cap vao ngay 1 thang 9 nam 2023).

Single- Thé hé thtr | Cac doan DNA dai dwoc dinh vi trong cic giéng noi DNA | average 10,000 | 66.5Gb [15], [16]
molecule ba polymerase ¢6 qua trinh xir Iy cao duoc gén trugc. Céc giéng | 16,000
real-time duoc tiép xUc véi cac nucleotide ¢6 nhdn huynh quang, khi két
sequencing hop s& phét ra tin hiéu huynh quang. Hé thdng phét hién quang
(SMRT) hoc duoc lap trinh dé thu tin hiéu va phan ti nhanh chéng khuéch

tan.
Nanopore Thé hé thir | Phuong phap nay dua vao sy tuyén tinh hda cua cac phan tu | average 10,000— | 14Th [14], [15],
DNA “ty” DNA hoiac RNA va kha ning di chuyén cua chdng qua mét 16 | 30,000 [17]
sequencing sinh hoc goi 1a “16 nano”, ¢6 chiéu rong 8 nanomet. Tinh di dong

dién di cho phép chudi axit nucleic tuyén tinh di qua, tir 46 c6 kha

nang tao ra tin hiéu dong dién.
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1.4 Cac dinh dang file thwong gap trong khi xw ly dir liéu hé gen luc lap

Cong nghé giai trinh ty ngay cang phat trién, dir liéu giai trinh tu ngay cang
duoc tao ra véi sd luong 16n, trong thoi gian ngén, do chinh xac cao. Do do, vai
tro cua nganh Cong nghé¢ thong tin nd1 chung, tin sinh hoc noi riéng ngay cang
quan trong. Dé c6 thé luu trix, xir Iy duoc lwgng dir liéu khong 16 tir cac hé thdng
giai trinh tu 12 khong don gian. Vi dang dir liéu tir may giai trinh tu xuat ra
thong thuong s€ 1a dang dir li€u van ban co cAu trac: bam/fastq/fasta va mot s6
dang file log. Trong file dir liéu c6 chtra cac thong tin co ban nhu: thiét bi giai
trinh ty, thoi gian giai trinh ty, trinh ty doan doc, chat lugng cua tirng doan doc,

toa do vi tri cua doan doc duoc téng hop trén chip giai trinh tu....

1.4.1 Fastq - file trinh tw chira thong tin chdt lwong trinh tw

Theo dinh nghia: Pinh dang FASTQ la dinh dang dya trén van ban dé luu
trt cac trinh tu sinh hoc (thuong 1a trinh tu nucleotide) va diém chét lugng
tuong tng cta nd. Ca ky tu thir ty va diém chat luong déu dugc ma hoa bang
mot ky tu ASCII duy nhat dé ngin gon.[18]

Ban dau né dugc phat trién tai Vién Wellcome Trust Sanger dé két hop
trinh t dugc dinh dang FASTA va dit liéu chat luong ctia nd, nhung gan day da
tro thanh tiéu chuén trén thyc té dé luu trit dau ra cua céc cong cu giai trinh tyu

thong lugng cao nhu May phan tich b gen Illumina.

Mot tép FASTQ co ban c¢6 bon trudng duge phan tach bang dong trén mbi

chuoi:

e Truong 1: bat dau bang ky tu '@' va theo sau 1a ma dinh danh trinh ty va
mo ta tiy chon (nhu dong tiéu dé FASTA).

e Truong 2: la trinh tu cua doan doc tho.

e Truong 3: bt dau bang ky tu '+ va duogc theo sau tlly y bai cing mot ma
dinh danh trinh tu (va bat ky mé ta nao).
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e Truong 4: ma hda cac gia tri chat luong cho chudi trong Trudng 2 va phai

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

LR (%) ) X ) (K . 1%%_ 1% " * ) ) XX55CCF>>>>>>C0CCCCCE5
chtra cting s6 Ky hiéu nhu céc chit céi trong chudi.
Anh 1-5: M6 ta dinh dang file fastq dién hinh

1.4.2 Fasta — file chirva dir liéu trinh tw

Dinh dang FASTA Ia dinh dang dua trén van ban dé biéu thi trinh tu
nucleotide hodc trinh tu peptide, trong d6 cac cip bazo hoic axit amin dugc biéu
thi béng ma moét chir cai. Trinh tu & dinh dang FASTA bat dau béng mo ta mot
dong, theo sau la dong dir li€u trinh tu. Dong mé ta dugc phan biét voi dir liéu
trinh ty bang ky hiéu 16n hon (">") & cot dau tién. Khuyén nghi rang tat ca cac

dong van ban c6 do dai ngin hon 80 ky tu.

Vi du cua 1 file fasta

>NC 008535.1 Coffea arabica chloroplast, complete genome

TGGGCGAACGACGGGAATTGAACCCGCGCATGGTGGATTCACAATCCACTGCCTTGATCCACTTGGCTAC
ATCCGCCCCTCTACTCTATTTTTATATTTTTTTATTTCATATTCGAACAATTTCTTTACTTTTCTTTAAA
TCTTTAAAATTAAAAAAAAAACATCTATCTATATTTAAGTACAATTACTACTAAAATAACCAAATAAAAA
AATAAATAAAGGAGCAATAAGACCCTCTTATCTTAAGAGAATAAGAAGGAAATTATTGCTCCTTTATTTT
TCAATAACTCTTATACAATAAGACTAACGTCTTATCCATTTACAGATGGAGCATCTATAGCAGCTAGGTC
TAGAGGGAAGTTATGAGCATTACGTTCATGCATAACTTCCATACCAAGGTTAGCGCGGTTAATGATATCC
GCCCAAGTATTAATTACACGACCTTGACTATCAACTACAGATTGGTTGAAATTAAACCCGTTTAGGTTGA

Céc trinh ty du kién s€ dugc thé hi¢n trong ma axit amin va axit nucleic

[UB/IUPAC tiéu chuin, véi nhiing ngoai 1€ sau:

e Chit céi viét thuong dugc chap nhan va dugc anh xa thanh chir hoa;

e mot diu gach ngang c6 thé dugc s dung dé biéu thi vi tri bi gaps — vi tri
khéng c6 trinh tu xac dinh - ;

e trong trinh ty axit amin, U va * 1a c4c chit cai duoc chap nhan (xem bén
duéi).
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e bat ky chit s6 ndo trong chudi truy van phai duoc loai bo hoic thay thé
bang ma chit cai thich hop (vi du: N cho du luong axit nucleic chua biét

hoac X cho du lugng axit amin chua xac dinh).

1.4.3 Genbank file (.gb, .gbk)

Genbank file 1a mdt dinh dang file text dugc gidi thiéu béi NCBI. Nhim
muc dich dé ngudi dung c6 thé up load thong tin trinh ty gen 1én trén ngan hang
Genbank. Cau trac file genbank gdm rat nhiéu truong thong tin, Bang 1-2 tém

tat mot s6 trudng thong tin hay dung nhu sau:

Bdng 1-2: Danh sdch cdc trieong thong tin trong cdu triic file genbank (.gb, .gbk)[19]

Locus Name | Tén locus ban dau duoc thiét ké dé gitip nhém cac muc ¢ trinh
ty twong tu: ba Ky tu dau tién thudng duoc chi dinh sinh vat; ky
tu thd tu va thtr ndm duoc st dung dé hién thi cac ky hiéu
nhoém khac, chang han nhu san pham gen; ddi véi cac muc
dugc phan doan, ky tu cudi cung 1a mot trong chudi cac sé
nguyén tuan tu.

Sb cip bazo nucleotide (hodc du lwong axit amin) trong ban ghi
trinh ty. Trong vi du nay, d6 dai chudi 1a 5028 bp. Khong co gisi
Length han tbi daq vé kich thude coa trinh tw ¢6 thé duoc g to1 Gen]‘Bank‘.
Ban c6 thé giri toan by b gen néu ban c6 mdt doan trinh ty lién ké
tir mot loai phan tu.

Sequence

Loai phan ti dugc giai trinh tu. Trong vi du nay, loai phan tu la
DNA. Mdi ban ghi GenBank phai chtra dit liéu trinh tu lién ké tir
Type mot loai phan ‘gir don 1é. Cac log}i phan ‘tﬂr khac nhau dugc mo ta
trong tai liéu vé Sequin va c6 thé bao gom DNA bd gen, RNA bd
gen, RNA tién than, mRNA (cDNA), RNA ribosome, RNA chuyén,
RNA hat nhan nho va RNA té bao chit nho.

Molecule

Modification | Ngay trong truong LOCUS la ngay sira doi lan cudi. Ban ghi
Date mau hién thi & day duoc sira d6i 1an cudi vao ngay 21 thang 6
nam 1999.

DEFINITION | Md ta ngan gon Vé trinh ty; bao gom thong tin nhu sinh vat
ngudn, tén gen/tén protein hoic mot sé mo ta vé chie niang cua



https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#SequenceLengthA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#SequenceLengthA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#MoleculeTypeA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#MoleculeTypeA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#ModificationDateA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#ModificationDateA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#DefinitionA
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trinh ty (néu trinh tu khong ma hoéa). Néu trinh tu c6 ving ma
hoa (CDS), phan md ta ¢ thé dugc theo sau boi tir han dinh
tinh déy du, Chéng han nhu "cac dia CD hoan chinh™.

ACCESSION

M3 dinh danh duy nhit cho ban ghi trinh tw. S6 gia nhip ap dung
cho ban ghi hoan chinh va thuong la su két hop cua (cac) chir cai va
s6, chang han nhu mot chit cai theo sau la nam chi s6 (vi du:
U12345) hodc hai chit cai theo sau 13 sau chit s6 (vi du: AF123456).
Mot sb phan bd sung c6 thé dai hon, tiy thudc vao loai ban ghi trinh
ty. SO gia nhap khong thay d6i ngay ca khi thong tin trong ho so
duoc thay ddi theo yéu cau cua tac gia.

GI

Trong truong hop ndy, sé nhan dang trinh tu "GenlInfo
Identifier" danh cho trinh tu nucleotide. Néu mot chudi thay

d6i theo bat ky cach nao thi s6 GI moi s& duge gan.

Organism

Tén khoa hoc chinh thirc ctia sinh vt ngudn (chi va loai, néu
pht hop) va dong ddi cua nd, dua trén so d6 phan loai phat
sinh gen dugc st dung trong Co s& dir liéu phan loai NCBI.
Néu dong doi hoan chinh ctia mét sinh vat rat dai thi dong viét
tat s& duoc hién thi trong ban ghi GenBank va dong ddi hoan

chinh s€ c6 trong Co s& dit liéu phan loai.

REFERENCE

Céac an pham cua cac tac gia cua trinh tu thao luan vé dir licu
dugc bdo céo trong ho so. Céc tai liéu tham khdo dugc tu dong
sap x€p trong ban ghi dya trén ngay xuat ban, hién thi cac tai

liéu tham khao cti nhat trudc tién.

FEATURES

Thong tin vé gen va san pham gen cling nhu cic ving c6 y
nghia sinh hoc dugc bao cdo trong trinh ty. Ching c6 thé bao
gdm céac vung ctia chudi ma hoa protein va phan tir RNA, ciing

nhu mot so tinh nang khac.

source

Tinh ning bat budc trong mdi ban ghi tom tit d6 dai cua trinh
tu, tén khoa hoc cua sinh vat nguén va s6 ID Taxon. Ciing co

thé bao gom cac thong tin khac nhu vi tri ban d6, chung, ban



https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#AccessionA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#GInA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#OrganismA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#ReferenceA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#FeaturesA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#FeaturesSourceA
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sao, loai mo, v.v. néu dugc nguodi gui cung cap.

Taxon

Mot sé nhan dang duy nhat 6n dinh cho don vi phan loai cta
sinh vat ngudn. S6 ID phan loai dugc gan cho ting don vi phan

loai (loai, chi, ho, v.v.) trong Co s& dir liéu phan loai NCBI.

CDS

Trinh tu ma hoa; vung nucleotide twong mg voi trinh tu axit amin
trong protein (vi tri bao gdm codon bat dau va két thic). Tinh nang
CDS bao gom dich mé axit amin. Nguoi gui ctng dugc khuyén
khich cht thich dic diém mRNA, bao goém vung chua duoc dich 5'
(5'UTR), trinh tu ma hoa (CDS, exon) va vung chua dugc dich 3'
(3'UTR).

<1..206

Khoang co s¢ cua dac diém sinh hoc duoc chi ra & bén trai, trong
truong hop nay 1a dic diém CDS. (Tinh ning CDS duoc mé ta &
trén va khoang co s cua né bao gém cac codon khoi dau va két
thic.) Céc tinh nang c6 thé hoan chinh, mot phan & dau 5', mot phan
& dau 3' va/hodc trén chudi bo sung. Vi du: tinh ning hoan chinh
dugc viét don gian 13 n.m

protein_id

SO nhén dang trinh tu protein, tuong tu nhu s6 Phién ban cua
trinh tu nucleotide. ID protein bao gom ba chir cai, theo sau 13
nam chit sd, dau cham va s6 phién ban. Néu c6 bat ky thay doi
nao doéi véi dit liéu trinh tu (tham chi chi mot axit amin), $6
phién ban sé& tang 1én nhung phan gia nhap s& van 6n dinh (vi
du: AAA98665.1 s& thay d6i thanh AAA98665.2).

translation

Su dich ma axit amin twong Grng vodi trinh tuy ma hda nucleotide
(CDS). Trong nhiéu truong hop, cac ban dich mang tinh khai
niém. Luu y rang tac gia co thé chi ra liéu CDS dua trén bang

chirng thuc nghi€ém hay phi thuc nghiém.

gene

Mot vung sinh hoc dugc quan tdm duoc xac dinh la mot gen va
duoc dat tén. Khoang co s& cho dac diém gen phu thudc vao
dic diém 5' va 3' xa nhat. Céc vi du bd sung vé ban ghi thé hién
moi quan hé gifra cac dic diém gen va cac dic diém khac nhu
mRNA va CDS 1a AF165912 va AF090832.



https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#TaxonA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#CDSA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#BaseSpanA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#ProteinIDA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#TranslationA
https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#GeneA
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complement | Chi ra rang gene nay nam trén sg¢i bo sung hay soi goc

Trong rat nhiéu truong thong tin nhu vay: mot sb truong théng tin can luu
y khi trich xuét thong tin tr file ndy 1a truong thong tin vé vi tri, tén gene va

trinh tu gene.
1.5 Quy trinh phdn tich hé gen luc lap

Bo gen luc lap thuong duoc st dung trong nghién ctru sinh hoc quan thé va
thuc vat hoc vi sy don gidn cua cau trac bd gen hinh tron, su di truyén chu yéu
1a dong vo tinh ctia n6 doc theo dong me ciing nhu sé luong ban sao cao trong té
bao[20]. BJ gen luc lap thuong duoc cho 1a c6 d6 bao thu cao, sb luong variants
thap su bién d6i trinh tr va do d6 viéc st dung bo gen dugc chil yéu gidi han
trong cac nghién ctu & pham vi lién loai va lién ho[21]. Nhitng phan tich so
sanh gan day cta trinh tu luc lap hoan chinh cho thay nhan thuc vé sy bién doi
thap cua luc lap trong loai 14 sai khi nhin vao quy mé bd gen. Kane va cong su
dé xuét rﬁng toan bd bo gen luc lap co thé duoc sir dung lam ma vach dé xac
dinh cac giéng cay tr6ng[22]. Hon nira, str dung mdt hoac mdt ) vung cua bo
gen luc lap khong phu hop dé mé ta mirc d6 bién doi cua b gen luc lap. Vi vay,
viéc st dung bd gen luc lap hoan chinh chic chén 1a cach tot nhat dé khai thac

thong tin vé tién hoa.


https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#ComplementA
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r -
@FORIUSPO2AIWDL I
CCGTCAATTCATTTAAGT TTTAACCTTGCGGCCGTACTCCCAGGCGGT

+
AAAAAAAAABAA 1990: 11 17701 IFFAAMAACCAA: : 1 1BBRE7A7

ADN luclap Chuén bi thu vién

itrinh tur D{t liéu d&u ra clla NGS - fastq file
giditrinh ty

chloroplast dna

/_.,

Dung cay phan loai, nghién ciru Chui gidi hé gene luc lap béing cac
tién hod vé phan loai, dé xuat cong cu khac nhau
marker phén loai loai,giong ...

Két qua 13p rap trinh ty hé
gen luc lap — fasta file

Anh 1-6: Quy trinh phan tich hé gen luc lap.

Quy trinh phan tich hé gen luc lap dugc mé ta nhu trong Anh 1-6. Thong
qua dir li€u giai trinh tu toan bo hé gen cua céc loai thuc vat, cac nha nghién ctru
da théng ké duogc rang co khoang 5% sb doan doc trd 1én c6 ngudn gbe tir luc
lap.[23] Diéu nay cung cép mdt cach khac dé co duoc bod gen luc lap. Thay vi
tach riéng luc lap bang phuwong phap sucrose gradient hodc high salt, sau d6 tach
chiét ADN luc lap va giai trinh ty; trinh ty ADN luc lap trong cac dir licu giai
trinh tu toan bd hé gen WGS s& duoc dong hang vao bo gen luc lap tham chiéu
(c6 thé 1a bo gen san co6 hodc bd gen cua loai gan nd). Nhu vay phuong phap dua
trén dong hang 13 mot trong nhiing phuong phap pho bién duoc lya chon dé thuc
hién so sanh trinh ty trong nhiing nam gan day. Tuy nhién, vi cdu tric va chirc
nang trong bd gen c6 thé khac nhau nén cac phuong phap dua trén sy lién két
nhu vay cé thé tré thanh khong dang tin cay ddi véi cac don vi phan loai ma

khong c6 ho hang gan gili ton tai v&i bd gen luc lap chat luong cao.
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Kmer analysis Y Mapping on reference chloroplasts

Assembly

O ring closure

Anh 1-7: M6 td co ban vé workflow xit 1y dit liéu va ldp rép trinh tw hé gen luc lap[24]

Vi vay, phuong phéap lap rap denovo hé gen luc lap 1a phuong an téi wu
hon khi muén tao ra hé gen luc lap. Hién nay phé bién nhit 1a sir dung bang tan
s k-mers. K-mers 1a mot chudi con chinh xac cia chudi DNA c6 dd dai xéac
dinh (%), tan s6 cua nd trong mot tp hop cac chudi DNA c6 thé duge tinh mot
cach don gian.[24] Ung dung thdng ké trén viéc chia sé k-mer giita cac mau cho

phép udc tinh vé khoang céach di truyén.[25]

Tir bang tan sb k-mer c6 thé v& dugc biéu db phan phdi tan sb k-mer va
cho thiy sb luong k-mer xuat hién & mdi tan sb trong tap dir lidu. Pay 1a co so
cho viéc lp rap cua cong cu plasmidSPAdes[26] va Recycler[27] hai cong cu
duoc danh gia 1a tdt khi thuc hién lép rap cac trinh ty h¢ gen ti thé hodc hé gen

luc lap.

Pé cht giai hé gen luc lap cac nha nghién ctru thudng st dung cac cong
cu pho bién nhu: DOGMA, Verdant, CPGAVAS2, GeSeq, PGA... véi cic cach
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tiép can chu giai khac nhau. Tuy nhién, c6 thé chia thanh 2 phuong phép co ban:
str dung cac cong cu BLAST dé so sanh trinh tu giita hé gen tham chiéu (hé gen
d3 c6 sin, duoc nghién ciru day du) va hé gen dich; sir dung HMM profile dé so
sanh.

Sau khi c6 két qua chu giai hé gen, cac nha nghién ctru ¢6 thé st dung trinh
tu cac gene da dugc chu giai hodc toan bd trinh tu hé gen dé thuc hién dung cay
phan loai va nghién ciru tién hoa. Thong thudng cay phan loai dugc suy luan khi
st dung phuong phip Maximum Likelihood va m6 hinh TamuraNei [72, 73].
Céc két qua nay thuc su c6 ¥ nghia trong viéc ap dung dinh danh hoic phan loai
thuc vat. Ngoai ra ¢ thé sir dung nhiing két qua nay dé ap dung vao viéc chon,
tao giong cac loai thuc vat co gia tri kinh t& cao nhu sam ngoc linh[9]-[11],

dong trung ha thao, ca phé...

Hé théng ngan hang gen NCBI van con rat nhiéu hé gen luc lap duoc lap
rap, chu giai sai s6t mdc du do 1a nhiing hé gen da dugc nghién ciu ky ludng.
Mot s6 16i pho bién nhu: gen bj cat ngan, thém vao nhiing phan mé rong khong
mong mudn cua cac exon, bo sét cac gen da biét, lira chon sai cac chudi ma hoa,
cac khung doc mé dugc gid dinh 1a gen chic nang... Viéc chu giai gen chuc
nang cua luc lap rat quan trong, viéc nay gitp ich cho cic nha nghién ciru vé
phan loai co thé ap dung dé phan loai chinh xac céc cdy thuc vat gan giii trong
cung chi, ho; viéc chu giai sai co thé dan dén mot hé qua domino khi nhiing
nguoi nghién ctru sau st dung nhitng két qua chua chinh xac nay cho nhiing
nghién ctru ciia minh. Tinh dén thoi diém hién tai chua co phﬁn mém chd giai hé
gen luc lap nao c6 wu thé va chua cé budc tién 16n nao trong viéc nang cao thuat
toan chu giai hé gen luc lap vi s6 lugng han ché cac nha khoa hoc vé khoa hoc
may tinh, thuat toan tin sinh hoc phat trién nhitng thuat toan mai cho viéc nay.
Pén nay chi c6 mot sé cong cu hd trg cha giai luc lap nhu : Dual Organellar
GenoMe Annotator (DOGMA)[3]; Chloroplast Genome Annotation,
Visualization, Analysis, and GenBank Submission (CPGAVAS & CPGAVAS?2)
[4]; GeSeq [5]) ;Verdant [6], PGA. Tuy nhién, ching déu c6 nhiing vu diém va
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khuyét diém riéng. Viéc khao sat, danh gia nhitng phan mém nay co y nghia
quan trong nham nang cao chat luong chu giai gen chirc ning trong hé gen luc

lap.

Hién nay, CPGAVAS2, GeSeq, PGA 1a cac cong cu ndi bat da duge mot sb
nha nghién ctru khac danh gid cao trong nhitng nghién ctru riéng 1¢ [28]-[30].
Nhung chua c6 nghién ctru cu thé sao so sanh truc tiép 03 cong cu niy. Trong
khuon kho cta ludn vin nay t6i thuc hién so sanh, danh gia cong cu
CPGAVAS?2, GeSeq, PGA trén mdt tap dir ligu cu thé: Heé gen luc lap Ca phé

Arabica.

Ca phé Arabica 13 mot loai cAy cong nghiép mang lai gia tri cao cua Thé
gidi ciing nhu Viét Nam — nam 2022, Viét Nam dat gia tri xuat khau hon 250
triéu USD — nhung cho dén nay ciing chwa co nghién ctru cu thé nao vé chon
giéng ca phé arabica thong qua hé gen luc lap ¢ Viét Nam. Nhu vay, viéc dua ra
mot phuong phap tdi wu cho viée chu giai hé gen luc lap ciing s& dong gop mot
phan nho cho viéc gia ting san luong va gia tri ca phé Viét Nam thong qua cac

nghién ctru v€ chon, tao giong ca phé.
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2 CHUONG 2: CAC PHUONG PHAP CHU GIAI HE GEN LUC LAP

C6 2 phuong phap co ban dé chu giai hé gen luc lap: sir dung cac cong cu
BLAST dé so sanh trinh tu gitta h¢ gen tham chiéu (hé gen da cé san, duoc
nghién ctru ddy di) va hé gen dich; sir dung HMM profile dé so sanh.

Trong tin sinh hoc, BLAST (basic local alignment search tool) 1a mot thuét
toan va chuong trinh dé so sanh thong tin trinh ty sinh hoc co ban, chéng han
nhu trinh ty axit amin cta protein hodc nucleotide cua trinh ty DNA va/hoac
RNA[31]. Tim kiém bang BLAST cho phép cac nha nghién ciru so sanh trinh tu
protein hoic nucleotide (duoc goi 1a truy van) véi thu vién hodc co s dit liéu vé
trinh ty va xac dinh trinh tu co s¢ dit liéu giéng véi trinh ty truy van trén mot

, ; L RSO L
Start with a multiple s SCG -8

sequence alignment seq3 NCGgF DN
seqd TCG-WQ  yeetion
123345
1w

Insertions / deletions can
be modelled

A E
Occupancy and amino acid ( Kl e
frequency at each position in [
the alignment are encoded @/‘; \ » 5,

Profile created

3Z

msemon F D

\|2 13 S
0 G G C (4

Anh 2-1: M6 ta qud trinh hinh thanh HMM profile
nguong nhat dinh. Mot s6 cong cu dién hinh nhu: DOGMA[32], Verdant[33],

CPGAVAS[34]...

Céc mo hinh Hidden markov profile (HMM) la mdt trong nhitng quy trinh
thanh céng nhat dé phat hién sy twong dong giita cac protein. HMM profile 13
mot bién thé cia HMM lién quan cu thé dén trinh tu sinh hoc. HMM profile
bién viéc lién két nhiéu chudi thanh mot hé théng tinh diém danh riéng cho vi
tri, hé théng nay co thé duoc st dung dé dong hang cac chudi va tim kiém co s

dir liéu cho cac chudi twong dong tir xa[35]. Tan dung thuc té 1a cac vi tri nhat



23

dinh trong su sip xép trinh tu c6 xu hudng co cic sai 1éch trong d6 cac phan du
c6 nhiéu kha ning xay ra nhat va c6 kha niang khac nhau vé xac suét chia phan
chén hodc phan x6a. Viéc thu thap thong tin nay mang lai kha ning phat hién cac
diém tuwong ddng thuc sy tot hon so véi cac phuong phap dua trén BLAST
truyén thong, phuong phap nay xu phat cac hanh vi thay thé, chén va x6a nhu
nhau, bat ké chung xuét hién & dau khi thyc hién dong hang.

Du¢i day toi xin trinh bay thuat toan ctia nhitng dai di¢n tiéu biéu cho hai
phuong phap chu giai luc lap nay gdm: CPGAVAS2 va PCA (st dung BLAST
dé tim kiém cac gen twong dong) va GeSeq sir dung két hop profile HMM va
BLAST dé tim kiém gene chirc ning, cha giai hé gen.

2.1 Thudgt toan CPGAVAS/CPGAVS2

INPUT Protein coding gene Apollo
o [ |
(FASTA) —
[——| Overlappinggene |— X
NGS data ::_"::;_ 1 View
(FASTQ) —bl Gene with small exon |— s
2. AdjustCDS| Gpp3
start and end
s [memterone > =]
3. Export
R
Gene tRNAscan-SE i
» :I tRNA gene —
RNA-Seq annotation Aragorn
corrected o
dataset BLAST » FRNA gene |
(43)
- IR region —
Vmatch
— Tandem repeat SSR(unit | _ A A4
W‘ﬁ{ MISA size: 1~6) | GB file I | Sequin |
-sive |_’ Large (unit ] >
dataset Repeat » TRF size: >6)
(2644) Discovery
Di '
5 v
User P SNP Circular
= Diversity »| BWABCFtoois | map |
(GB format) Analyses Bowtie2 —
~— Tophat/REDItools RNA-editing

“Three” “Three” “Four”
datasets pipelines output files

Anh 2-2:Quy trinh phdn tich ciia CPGAVAS2. 3 Step 3-3-4
CPGAVAS2 lé'ly chudi plastome & dinh dang FASTA va dir licu NGS tuy
chon & dinh dang FASTQ lam dau vao. Cac bd dir licu, quy trinh phan tich va
tép dau ra duoc duge hién thi trong Anh 2-2 va duogc tom tat dudi dang step-
workflow: 'ba', 'ba' va 'bon'. Step 'Ba' dau tién cho thay rang CPGAVAS2 hd trg
ba bo dit liéu khac nhau dé chu giai bo gen, chang han nhu bo dit lidu da c6 dix

litu RNA-seq (43-tap dit liéu plastome), tap dit lidu cong cong day du (tap dir
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liu 2544-plastome ldy ¢ trén ngan hang NCBI) va trinh ty do nguoi dung cung
cap[29]. Budc ‘ba’ thir hai chi ra raing CPGAVAS2 hd tro ba loai quy trinh, cu
thé 1a chu thich bo gen, lip lai nhan dang va phan tich da dang (tham do). Step
'bon' thong tin rang CPGAVAS? tao ra bon loai dau ra: tép GFF3 dé chinh sta
tht cong bang cac trinh chinh sira, chang han nhu Apollo; mét tép d6 hoa hién
thi cac gen va cac doan 1ap lai c6 chu thich; mot t€p ¢ dinh dang GenBank; va

mot b tép dir liéu cod cAu trac nguoi dung co thé tai 1én ngan hang gen NCBI.

Thuét toan tim kiém céc gene chuic ning dugc toi uu va trinh bay trong
nghién ctru ctia Liu khi céng bd vé cong cu CPGAVAS bao gébm 4 bude co ban

nhu sau:

Budc 1 nhom cac chudi protein, cDNA va “gen rRNA” thanh cic

nhoém tuong dong dua trén co s dit liéu GenBank va sau dé tao co
so dir liéu ¢ kha nang tim kiém cho mdi nhom.

e Budc 2 tao céc protein tham chiéu va mot tap dit liéu cDNA + “gen
rRNA” tham chiéu cho mdi chudi bd gen truy van dau vao.

e Budc 3, cac chudi protein tham chiéu, cDNA va “gen rRNA” duoc
anh xa téi trinh tu bd gen bang cic chuong trinh Blastx, Blastn,
protein2genome va est2genome.

e Budc 4, cac vung lip dao ngugc dugc xac dinh bang cong cu phan
mém vmatch véi cac tham sb mic dinh. Va tRNA duge xac dinh
bang tRNAscan véi cac tham sé do ngudi dung chi dinh.[34]
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2.2 Thudgt toan GeSeq

Userinput soquence(s)[Fasta [
References to annotate Inverted
| ' Repeat
GenBank
. I:: ARAGORN ) ARAGORN

CDS, rRNA, IRNA tRNAscan-SE P> tRNA -SE
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| user | P iRna [ | BLATH | D | cirer | FP{RNA]RNA] misc_feature )
RNA, IRNA, DNA | | DNA
~———
———— gene ropoat
FASTA CDS F A
— - Hit
CDS BLATX P | cmer | P OS] [ sequence |——
cDs
— —p(misc_feature: HMM hits]  GeSeq
TV VR
profile HMMs v GenBank file output
’ nhmmer
CDS, RNA v * v
OGDRAW
mFASTAs mFASTAs
gene, COS codon-based
rRNA, tRNA CDS alignments

Anh 2-3: Thudt todn GeSeq

Nguoi dung cung cip (céc) trinh ty FASTA axit nucleic dé chu thich va
chon hodc cung cép cac trinh tu axit nucleic tham chiéu & dinh dang GenBank
hodc FASTA. Duya trén cac chudi tham chiéu d3 chon hodc duoc tai 1én, GeSeq
xay dung co s& dit licu BLAT khong ma hoa protein (rRNA, tRNA va DNA) va
co s& dit liéu BLAT mi hoa protein (CDS), thuc hién tim kiém so sanh trinh tu
ADN (BLATn") va BLAT ('BLATX'") tim kiém tuong tng trinh ty ADN sang
protein. GeSeq chu thich tir cac lugt truy cap dugc loc cac 16p rRNA, tRNA,
CDS va gen tiém niang. “Cac gen tiém ning” 1a két qua ciia cac lan so sanh
tRNA, rRNA va CDS va bao gom cac intron (néu c6). Céac 1an so sanh DNA
dugc chu thich la 'misc_features' hodc, cach khac, 1a 'primer_bind'. Ngoai ra,
ngudi ding c6 thé kich hoat tim kiém nhmmer bang cach chon cic HMM ho so
ctia cac chudi CDS va rRNA (hién chi ¢6 luc lap) lam tai li¢u tham khao. Tat ca
cac 1an so sanh hé so HMM déu duogc chu thich dudi dang misc_features dé hd
tro quan 1y tha cong. Theo tuy chon, ngudi dung c6 thé goi ARAGORN hoic
tRNAscan-SE dé chi thich de novo cac tRNA va tu tim kiém BLASTN dé phat
hién cap 1ap dao nguogc (IR) thuong théy trong bo gen luc lap. Pau ra GeSeq tbi
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thiéu (tat ca cac tép dau ra duoc dan nhin mau xam) 13 tép GenBank chira tt ca
cac chu thich va phan giai thich cia n6 bdi OGDRAW dé danh gia nhanh. Ngoai
ra, ngudi ding co thé chon cac du ra tiy chon bd sung, bao gdm cac tép da
FASTA riéng biét (‘'mFASTAs') chtra cac chudi chu thich thudc vé cac 19p gen,
CDS, rRNA va tRNA. Néu mot sé trinh tu duge tai 1én dé cha thich trong cung
mot cong viée thi cac mFASTA két hop cho tat ca cac trinh tu ¢6 chu thich cua
bbn 16p cling duoc cung cip dé tai xudng va theo tiy chon, viée sap xép dua
trén codon ¢6 thé duoc tao ra cho tat ca cac trinh tw CDS duoc chd thich c6 hodc

khong c6 GenBank dugc chon hodc tai 1én.

pé cung cép cho GeSeq mot by tham chiéu chat luong cao vé céc trinh tu
hé gen luc lap tham chiéu, tac gid da chon bo gen luc lap hoan chinh cua 34 loai
thuc vat trai rong trén toan bd pham vi phan loai tir réu dén cay gidng. Sau do,
ho tao ra nhiéu cach sap xép cho timg gen ma hoa protein va rRNA, dong thoi
quan 1y cac cach sip xép nay theo cach thu céng[36]. Do d6i véi nhiéu loai
trong s6 34 loai, khong c6 xac nhan thuc nghiém vé gen hodc chu thich intron
exon, nén mot sd hé gen dugc chu thich khi st dung dir li€u tir cac sinh vat duoc
nghién ctru chuyén sau vé biéu hién gen luc lap, nhu Arabidopsis thaliana,
Nicotiana tabacum, Oenothera elata va Zea mays. Bo dir li€u nay dugc goi la

MPI-MP chloroplast reference set.
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Thudt toan Chloe
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Anh 2-4: M6 hinh mé ta quy trinh phén tich ciia Chloe

Cong cu s¢ léy dau vao 1a trinh tu bd gen s€ dugce chu thich, mot tap hop

cac b gen tham chicu va chu thich cua chiing cling nhu danh sach cac mau danh

cho cac dac diém dugc chu thich. Mau chtra nhitng ky vong trudc vé cac tinh

nang, bao gdm ca thtr ty cia ching so voi1 cc tinh nang khac va dg dai dién hinh

cua chung. Chloe thuc hién ba budc tuan ty: sa“ip xép toan b0 bo gen, chiéu chu

Genome sequence

Species Common name Accession Reference RNA-seq accession
Arabidopsis thaliana Mouse-ear cress AP000423.1 Sato etal., 1999 SRR1292877
Spinacia oleracea Spinach NC_002202.1 Schmitz-Linneweber et al., 2001 SRR3680359
Nicotiana tabacum Tobacco 200044.2 Shinozaki et al., 1986 SRR6149304
Medicago truncatula Barrelclover IX512022.1 Gurdon & Maliga, 2014 SRR504353
Zea mays Maize NC_001666.2 Maier et al., 1995 SRR3089594
Oryza sativa Rice NC_001320.1 Hiratsuka et al., 1989 DRR147591
Nymphaea mexicana Mexican waterlily NC_024542.1 Yang etal., 2014 SRR10158656
Lidodendron chinense Chinese tulip poplar NC_030504.1 B.Lietal. 2016 SRR9949011
Amborella trichopoda NA NC_005086.1 Goremykin, 2003 SRR9087794
Zamia furfuracea Cardboard palm NC_026040.1 NA SRR5894356
Gnetum montanum NA NC_021438.1 Mao et al., 2017 SRR5908685
Ginkgo biloba Ginkgo NC_016986.1 C.-P.Linetal., 2012 SRR10311648
Picea glauca White spruce KT634228.1 Jackman et al., 2015 SRR2134666
Marsilea crenata NA NC_022137.1 Gao etal., 2013 NA
Azolla caroliniana Water fern MF177093.1 F.-W.Lietal., 2018 SRR5499388
Selaginella moellendorffii Lycophyte F1755183.1 Smith, 2009 SRR4762345
Physcomitrella patens Moss AP005672.1 Sugiura etal., 2003 SRR3350460
Marchantia paleacea Liverwort NC_001319.1 Logacheva etal., 2009 SRR3926770
Anthoceros formosae Hornwort NC_004543.1 Kugita et al., 2003 ERR2040977

Anh 2-5: Danh sdch cdc dit lidu dwoc lra chon dé xdy dung co so hé gen tham chiéu ciia Chloe
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thich va du dodn va sang loc mo hinh gen.

Tuong tu nhu CPGAVAS2 Chloe cling xdy dung co s¢ dir liéu hé gen
tham chiéu dya trén nhimg trinh tu t6t, c6 két qua RNA-seq. Cong cu st dung
19 hé gen luc lap cé chat luong tdt, co két qua RNA-seq. Pac biét nhitng loai
nay duoc lua chon dai dién cho su da dang phat sinh loai ctua thuc vat trén can,
bao gdm céc dong chinh trong nhanh: réu, réu, duwong xi, thuc vat lycophytes,
thuc vat hat tran, thuc vat hat kin sém, thuc vat hai 1[4 mam va thuc vat mét 14
mam. Co s& dit liéu ndy s& cung cap bang chimg cho viéc chu giai twong d6i
dang tin cdy cua cac loai c6 lién quan chit ché (hé gen cung loai, loai gan hodc
cung ho). Hon nita, cac dit liéu luc lap nay déu c6 du dir liéu RNA-Seq dé xéc
minh ranh gidi exon-intron. Ngoai ra, hau hét cac loai déu 1a thuc vat dugc
nghién ctu rong rdi va do dé thudng co san cac bang chimg thuc nghiém
khac.[37]

Dong hang

Chloe sir dung mang hau t6 dé can chinh nhanh cac két qua khép chinh
xac gilta hai by gen. Tién t6 cia mot chudi (vi du: 'ATCG") 1a mot chudi ky tu
(chudi con) lién ké trong chudi 'ATCG' xuét hién & dau, bao gé)m 'A', 'AT', 'ATC',
'ATCG'. Hau t6 ctia mot chudi 13 chudi con xuat hién & cudi, bao gdm 'ATCG',
'TCG', 'CG', 'G' va céc vi tri bat dau cta chung 1a 1, 2, 3, 4. Mang hau t6 1a danh
sach cac chudi vi tri bat dau cta cac hau to, duoc sap xép theo tht tu bang chi
cai (Shrestha et al. 2014). Vi du: mang hau t6 ciia 'ATCG' 1a 1, 3, 4, 2. Mang hau
t6 1a mot cau trac dir liéu don gian, hiéu qua va duge p dung phd bién cho cac
ung dung tin sinh hoc, ch:fmg han nhu cong cu can chinh trinh tu theo cdp

MUMmer4. Giai doan dong hang ctia Chloe dugc thuc hién nhu sau:

e DAng hang bang cach hop nhat cac mang hau to; xtr Iy tirng soi mot
cach doc lap

e Lay cé4c khéi duoc dong hang dai nhat tir mang tién t cho tai khoi
hau t6 di dugc dong hang



29

Lap day khoang tréng giira cac khéi dugc dong hang bang cach tim
kiém cac két qua khop ngén hon

Hop nhat nhitng khéi da dong hang lién ké cach déu nhau ¢ ca hai
hé gen.

Diéu nay sé& cho két qua nhimg khdi dong hang giira hai hé gen c6 thé co

nhitng diém sai khac nhung s& khong c6 nhirng khoang trong.

Di chuyén chii gidi

Pbi voi mdi chiac niangduoc chu giai, két qua chd giai s& duoc
“thuyén chuyén” sang nhirng khdi duoc déng hang

Cac chu giai dugc di chuyén mang ban ghi vé d6 léch tir dau 5' va
3' cuia cac chirc nang ma ching bat ngudn tir d6 (néu d6 1a CDS
chudi ma hoa)

Xay dung nhitng nhom duoc cha thich theo quy trinh sau: vai moi
nucleotide trong trinh ty hé gene, dém sb luong cha thich duoc di
chuyén ctia mdi loai chic nang dugc dong hang tai vi tri do

Do6ng hang cho mdi nhdm chi thich

Xay dung bang chi thich chic nang trén hé gen dich dua trén
nhitng ban mau da dugc déng hang

Xéc dinh ranh gigi cia cac ving chire nang bang cach du doan can
bién dua trén do léch 3 va 5 dua trén cac chi giai duoc di chuyén
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(a) Features and aligned blocks on references
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Anh 2-6: M6 ta phwong thire di chuyén chii gidi

Xdy dung mé hinh gene

e Thu thap nhitng chirc nang lién quan vao mo hinh gene

o Néu la mot gene ma hod, tinh toan vi tri cua exon cudi ciing va tim
kiém vi tri bo ba két thic.

e Kiém tra nhitng chirc nang c6 thé canh nhau (ranh giéi intron-exon,
cac gen canh nhau ...)

e Xa&c dinh cac exon lién tiép gan nhau cing pha

e Tim kiém cac vi tri c6 thé 1a bo ba mo dau, bao gom ca bo ba
“ACG” va “GTG” — nhitng bd ba hiém gip hodc dugc tim kiém tir
co so dir lieu RNA

T61 nhan théy réng Chloe 12 mdt thuét toan toi wu, c6 mét sb cai tién, dic
biét co s& dir liéu luc lap tham chiéu cua Chloe dugc cho la dﬁy du, trai dai trén
nhiéu loai thuc vat. Pa dugc so sanh ¢ hiéu qua khi so sanh véi cac cong cu
chu gidi luc lap khac[24]. Ngoai ra, Chloe dugc tich hgp cung véi GeSeq, vi vay
t6i lwa chon phuong 4n sir dung cong cu GeSeq két hop thuat toan Chloe dé chu
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giai hé gen luc lap. Véi du doan phuong an nay s& két hop dugc diém manh cua

2 thuat toan va cho két qua tdt.
2.4 Thudt toan PGA

PGA (Plastid Genome Annotator), mgt cong cu doc 1ap st dung dong
1énh, ¢6 thé thue hién cha thich hang loat hé gen luc lap nhanh chéng, chinh xéc
va linh hoat. Cong cu st dung cho cac hé gen muc ti€u mo1 duge cha giai dua
trén cac hé gen tham chiéu da duge cha thich rd rang. Nguoc lai voi cac cong cu
hién co, PGA sur dung cac hé gen luc lap tham chiéu 1am truy van va cac hé gen

luc lap dich 1am chu dé dé xac dinh vi tri gen - goi 13 phuong phap tim kiém

BLAST truy van nguoc.
query
rRNA _
W rry RNA nucleotide
input|GenBank-formatted__ > PCG nucleotide
reference(s) gene
cO8 CDS amino acid without intron
CDS amino acid with intron
subject
P FASTA-formatted
input

/*;larl and stop codons /intronfexon boundaries/intron loss / IR annotation/

GenBank- | rRNA [ tRNA | gene | cDs |
formatted file(s)

output
genes that need
to be checked

Anh 2-7: M6 ta thudt todn chii gidi ciia PGA

total gene |annotated unannotated
numbers |gene numbers|gene names
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PGA xac dinh chinh x4c ranh giéi gen va intron cling nhu sy mat mat
intron. Chuong trinh Xudt ra cc tep c6 dinh dang GenBank cling nhu tép nhat

ky dé hd trg ngudi ding xac minh chu thich.

Anh 3-8 thé hién sau budc duoc tién hanh dé cha thich cac plastome: (1)
Chuén bj cac plastome tham chiéu theo dinh dang GenBank; (2) Chuén bj cac
plastomes dich c6 dinh dang FASTA; (3) Tao co s& dit li¢u tham khao; (4) Tim
kiém BLAST; (5) Xac dinh ranh gidi ddi tuong; (6) Tao GenBank va t¢p nhat
ky[28].

Dinh vi gen

Céac gen rRNA va tRNA trong hé gene lyc lap dich duoc tim kiém bang
BLASTN trén co so dit liéu luc lap tham chiéu. Pbi v6i cac gen ma hoa protein
(PCG), BLASTN va TBLASTN dugc sir dung dé tim kiém. Bat ki PCG (protein
coding gene) co ti 18 twong ddng TBLASTN 1én hon murc gia trj ngudng (mic
dinh 1a 40%) s& duoc chu thich trong hé gene luc lap dich. Néu st dung nhiéu
hon mot hé gene tham chiéu, mdi rRNA, tRNA hoidc PCG c¢6 gia tri twong dong
cao nhét bang céng cu BLAST/TBLASTN s& duoc chon dé x4c dinh cip trinh tu
lién tuc co gia tri twong dong cao (High scoring segment pair - HSP) trong hé

gene dich.

Trong mét sd trudng hop dic biét nhu véi cac gen rpll6, petB va petD.
MGdi gen ndy c6 mot exon dau tién ngin (69 bp) va exon thtr hai dai hon nhiéu.
Piéu nay din dén viéc khi sir dung BLAST/TBLASTN thi s& d& dang tim kiém
ving exon sb 2, v4i nhiing ving exon ngan s& vo cung kho khin. Béi vi, ving
exon sO 1 s& tré thanh mot ving c6 d6 twong dong rat cao véi nhiéu trinh ty &

trong cac co s¢ dit licu tham chiéu.
Thudat toan tim kiem ranh gioi

bé tim kiém ranh gidi gitta cdc vung mot cach chinh xac, 3 thuat toan
dugc ap dung: xac dinh by ba m¢ dau va bd ba két thic; xac dinh vi tri cac ranh

gi01 intron-exon va xac dinh vung intron bi mat; xac dinh ranh gioi cac vung lap
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dao. Nhitng két qua cip trinh ty lién tuc co gia tri twong dong cao (HSPs) duoc
tim kiém béng TBLASTN duoc st dung lam dir li€u ban dau. PGA sau do sé xac
dinh b ba mé dau va bd ba két thiic cho cac gene ma hod protein. Pé xac dinh
b0 ba két thiic, PGA s& bat dau tir diem ket thiic 5° ciia HSPs va bd ba ket thic
dau tién duoc tim thay s& dugc xac dinh 1 bo ba két thuc. Bo ba mo dau s& dugc
xac dinh néu nam trong mét sd truong hop sau: néu bd ba dau tién ctia HSP 1a
ATG thi s& x4c dinh 1a b ba md dau; néu bo ba dau tién ciia HSP khong phai 1a
methionine (ATG) thi PGA s& tim kiém ATG trén trinh ty HSP, néu gap trinh tu
dau tién thi s& xac dinh d6 12 bo ba md dau; néu khong tim thay trinh ty ATG thi
PGA sé& xac dinh 4 trinh ty trén trinh ty tham chiéu dé lam probe tim kiém tir

phai sang trai.
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3 CHUONG 3: CAC THUC NGHIEM VA KET QUA
3.1 Dir liéu thir nghiém

Nho nhimg tién bd ctia cong nghé giai trinh tu va luu trit. Pa ¢6 hon 4000
bd gene luc lap dugc cong bd trén toan thé giéi[38]. Trong sudt 2 thap ky phat
trién, da c6 nhiéu nd lyc cla cac nha khoa hoc dé thanh lap nhitng co sé dir li¢u
chuyén biét cho hé gene dang vong noi chung va hé gen luc lap néi riéng. C6 thé
ké dén mot sb co so dir liéu tiéu biéu dudi day:

Organelle Genome Resources

Co s¢ dit licu Organelle Genome Resources 1a mdt phén cua hé co sé dir
liéu sinh hoc 16n nhét thé giéi NCBIL. Co s¢ dit liéu OGR chua toan b nhing hé
gen dang vong nhu mtDNA va hé gen luc lap. Cho dén nay, da c6 3020 bo gen
luc lap tur thuc vat trén can da dugc giai trinh tu va luu trit trong co so dir li€u
NCBI https://www.ncbi.nlm.nih.gov/genome/browse#!/organelles/, truy cap lan
cubi ngay 01 thang 09 nam 2023). Tuy nhién, nhitng dir liéu trén NCBI thuong
khong duoc kiém duyét can than. Cac trinh tu duogc dua 1én NCBI s& chi dugc
kiém duyét bang nhan vién cia NCBI néu trinh tu d6 dugc diang ki vao hé co so
dit liéu tham chiéu Refseq. Bac bi¢t 1a vo1 nhitng hé gene nho nhu h¢ gene luc
lap. C6 nhiéu trinh tu khong ddy du hodc lap rép chat luong kém duoc tim thay
trén ngan hang gene NCBI.

ChloroplastDB

Co so dir liéu bd gen luc lap (ChloroplastDB) 1a mét co s& dir liéu dua
trén nén tang web, danh cho cac by gen plastid duogc giai trinh ty déy du, chtura
cac trinh ty gen, protein, DNA va RNA, vi tri gen, vi tri chinh stta RNA
(http://chloroplast .cbio.psu.edu/)[39]. ChloroplastDB cung cdp cac chd thich
théng nhat, tim kiém tén gen, BLAST va chirc ning tai xudng cho cac gen va
trinh ty gen dugc ma hoa bang luc lap. Ngudi dung co thé truy xudt tit ca cac
chudi chinh hinh bing mét lan tim kiém bat ké tén gen trong GenBank.

ChloroplastDB hd trg rat nhiéu cho nghién ctru so sanh vé tién hoa trinh tu bao
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gdm nhiing thay d6i vé ham lugng gen, cach st dung codon, cdu triic gen va cac
stra d6i sau phién mi nhu chinh stta RNA. Cac bd protein chinh hinh duoc

TribeMCL phan loai va mdi bo dugce gan mdt tén gen tiéu chuén.

CpGDB (Chloroplast Genome Database)

CpGDB (Chloroplast Genome Database)[40] c6 dia chi tai

gndu.ac.in/CpGDB/index.aspx 14 co s& dit liéu mién phi, cho phép tim kiém va

tai xuéng trinh tu b gen luc lap hoan chinh, trinh ty gen riéng 1¢ va ho so dic
trung cua cac loai thyc vat khac nhau. Co s& dit 1iéu con cho phép so sanh do dai
gen va vi tri clia cac gen khac nhau gifta cac loai thyc vat thudc cung ho hoac
khac ho. Phién ban CpGDB 1.0 dugc cac nha khoa hoc An Do tai truong Dai
hoc Guru Nannak Dev ra mat vao ngdy 29 thang 02 nam 2020. Theo thong ké
trén trang web cua co so dit liéu hién nay trén co s& dir liéu c6 3823 bo gen luc
lap hoan chinh, thudc 256 ho. (Dit liéu duoc 13y trén trang chu cta co so dit lidu,
truy cap lan cudi ngay 01/09/2023).[40]

Ngoai ra, con cé mdt s6 co so dit liéu luc lap da cii va khong con hoat dong
nita nhit GOBASE, PCIR (Database of Plant Chloroplast Inverted Repeats). Sau
qua trinh khao sat toi nhan thay, hién nay chi c6 co s¢ dit liéu ciia NCBI 1a ¢o
trinh tu cdp nhat. Cac co s& dir liu luc lap khidc nhu CpGDB hay
ChloroplastDB van su dung cdac trinh tu & trén co s¢ dit ligu NCBI. Cac co s¢ dir
liéu ndy cung cip thém cho nguoi dung mot sé cong cu phan tich. Tuy nhién,
trong pham vi ludn van chi can cac trinh tu hé gen luc lap dé 1am dau vao cho
cac cong cu. Do do, co s& dir liéu NCBI Organelle Genome Resources 1a thich
hop nhat dé khai thac. Mic du vay, dd co nhimg bao cdo cho thiy chat luong
trinh ty trén ngan hang NCBI khong déng déu, nhiéu trinh ty kém chat luong

van dugc dua 1én vi vay, can thiét c6 cong tac sang loc dir liéu dau vao.


https://www.gndu.ac.in/CpGDB/index.aspx

3.2 Sang loc dir ligu ddu vio

Nhu da phan tich & muc 3.1 dir liéu dau vao s& duoc khai thac trén co s&

dir ligu NCBI Organelle Genome Resources. Cac trinh tu hé gen luc lap s€ duoc

National
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36

Nucleotide

Species
Plants (34)
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Source databases
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RefSeq (1)

Customize ..

Sequence Type
Nucleotide (96)
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Sequence length
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Release date
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Revision date
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Anh 3-1: Két qua tim kiém trinh ti luc lap ddy di cia lodi ca phé arabica

tim kiém vai1 tor khod nhu sau: “coffea arabica chloroplast, complete genome”.

Téng cong co6 96 trinh tu dugc tim théy dua vao tur khoa trén.

Dé thyc hién 1y trinh tu di 1dp rdp ciia cac mau, ngudi dung can bam vao

“Sent to” & goc bén phai man hinh. Va lya chon thiét dat nhu sau:

Send to: »

® Complete Record
oding Sequences
)Gene Features

Choose Destination
O Clipboard

) Collections

Download 119 items.

Format

FASTA v

Sort by
Default order v
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Lua chon thiét dat nhu vay c6 y nghia nhu sau:

e Complete Record: tai vé toan bo recorde

e File: Lya chon tai file

e Fasta: Lva chon tai vé trinh ty fasta hé gen luc lap

e GenBank (full): Lya chon tai vé cic ban ghi di cha giai caa céc trinh tu
hé gen luc lap

Pé phan tich hé gene luc lap can sir dung 2 loai dit liéu: trinh tu hé gen luc
lap (dinh danh fasta) va ban ghi két qua cha giai hé gen lyc lap (dinh dang .gb —
genebank). Dong thoi, nhu da phan tich & trén co so dit liéu NCBI ¢6 s luong
trinh tu 16n nén khong thé tranh khoi sai sot trong qua trinh kiém duyét chét
luong trinh tu. Vi vay, nham lya chon ra nhirng trinh ty co chét luong on dinh dé
tién hanh so sanh danh gid ¢ budc sau, hai loai dit li¢u s€ dugc tai vé d6 1a: trinh

tu h¢ gen va file genebank — chtra thong tin da chu giai cua céc trinh ty hé gen.

Dit liéu sau khi dugc tai vé s& dugc xir Iy bang tay, kiém tra ting trinh tu

deé tim ra nhitng trinh tu c6 chat luong tot dua vao mot s ti€u chi sau:

e S6 luong gene

™ [ |;| > ThisPC > LocalDisk(C) > Users > Thinkerle > Downloads » Khoaluanluclap > Chuan bidata
Tl Sort = View
Mame Date modified Type Size
~ Last week
¥ 96sequence 10/2/2023 1:47 PM FASTA File 24,828 KB
1al
}" G6sequencegh 10/1/2023 1:47 AM GE File 60,308 KB

Anh 3-3: Dit liéu duwoc tai vé
e Cau tric trinh tu hé gen: kich thudc céc ving SSC, LSC va IR

Sau khi kiém tra t6i dua ra lya chon 10 trinh tu nhu bang dudi:
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Bdng 3-1: Bang tong hop trinh tir sir dung dé so sanh, danh gid trong ludn van

STT | Genbank ID Tén loai Kich thudc hé gen
(bp)
1 EF044213.1 Coffea Arabica isolate 155 189
2 KY085909.1 Coffea Arabica isolate 155 188
3 MK342634.1 | Coffea Arabica isolate CH3 155 191
4 MK353209.1 | Coffea Arabica isolate HP1 155 191
5 MK353212.1 Coffea Arabica isolate IN1 155277
6 | Mn3700051 | Colfea /g;’g’;f isolate 155 134
7 | mnzzo00ss | Colee /ggf;;f]”‘ isolate 155 059
8 MN370924.1 |Coffea Arabica isolate WEGI 155 134
9 MN894552.1 |Coffea Arabica isolate TGG1 155133
10 MN370923.1 Colffea Arabica isolate CM 155 189

bé chuan bi file dau vao cho cac cong cu, to1 thuc hién trich xuat tirng

trinh ty hé gene thanh cac file don 1é.

}"EFD:MEHJ 10/4/2023 5:54 PM FASTA File 156 KB
}" K¥085909.1 10/4/2023 5:54 PM FASTA File 156 KB
}" ME342634.1 10/4/2023 5:54 PM FASTA File 156 KB
}" MK353212.1 10/4/2023 5:54 PM FASTA File 157 KB
}f'mm.?ogom 10/4/2023 5:54 PM FASTA File 156 KB
}"MNB?DQD&‘I 10/4/2023 5:34 PM FASTA File 156 KB
}"MNB?DQZB.‘I 10/4/2023 5:34 PM FASTA File 156 KB
}"MNB?DE‘Z‘L‘I 10/4/2023 5:34 PM FASTA File 136 KB
%" MMN834352.1 10/4/2023 3:34 PM FASTA File 136 KB

Bang 3-2: Trinh tu hé gen luc lap theo tung Genbank ID
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3.3 Cdc thuc nghiém

3.3.1 Chi gidi bang cong cu CPGAVAS?2
Pé thuc hién phan tich dugc trén cong cu CPGAVAS2, ngudi dung thuc
hién truy cép vao trang web cua cong cu:

http://47.96.249.172:16019/analyzer/home

Giao di¢n cong cu hién thi nhu hinh duéi.

General information

Project Name- [my_annotation_project |

Species Name- [unspecified |

Upload your input file in EASTA format with a postfix of
" fas" or " fasta”. Here is a sample file_'l Choose File | No file chosen |
(Optional) Enter your email address to receive a notice
for job completion.”

Reference Dataset

Three Options:- [1. 43-plastomes
If you select option 3:
please upload a file in GenBank format with a postfix of- | Choose File | No file chosen |
".gb" or ".gbf". Here is a sample file.

Repeat identification

Repeat Type Search Parameters

-[11026354E55E565 |

1. Microsatelite Sequence RepeatsShort explanation of the parameters: the numbers
before and after the "-" represent the unit size and
minimal numbers of repeats respectively.
-[277801050500 Fd-m |
Short explanation of the parameters: 2,7, 7: weights for

2. Tandem Repeatsmatch, mismatch and indels, respectively; 80 and 10:

detection parameters, matching probability Pm=80 and
indel probability Pi=10; 50: minimum alignment score;
500: maxmum period size.
-[Fp-h3430 |
Short explanation of the parameters: -f: compute

3. Dispersed Repeatsmaximal forward repeats; -p compute maximal
palindromes; -h search for repeats up to the given
hamming distance; -I. specify that repeats must have

the given length.

O muc General Information — Thong tin co ban nguoi dung can nhap vao

mot sO thong tin sau:

e Project Name: Tén cua du an
e Species Name: Tén cua loai luc lap can phan tich


http://47.96.249.172:16019/analyzer/home
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e Upload your input file in FASTA format with a postfix of ".fas" or

" fasta". Here is a sample file.: Vi tri dé tai 1&n trinh ty file fasta cua hé

gene luc lap

e (Optional) Enter your email address to receive a notice for job

completion.: Tuy chon nhap vao email dé cong cu thdng bao tinh trang

phan tich

Muc Reference Dataset — Dit liéu tham chiéu. Tai muc nay nguoi dung c6 3

Itra chon co sé dir liéu: 43 — plastomes: bd 43 hé gene d3 c6 két qua RNA-Seq;

2544 plastomes: 2544 h¢ gen trén co so dit liéu NCBI; Custom reference in

Genbank format: dit liéu tham chiéu nguoi dung tu dua 1én dé so sanh.

Muc Repeat identification: tai ddy nguoi dung c6 thé thay doi cac tham s6

dé tim kiém cac vung lap dao trong hé gen

Microsatelite Sequence Repeats: doan lap lai microsatellite 1a cac
doan l3p lai c6 kich thudc tir 1-6 nucleotide va tong do dai khong qua
100 nucleotide. Gi4 tri tham sé mac dinh: 1-10 2-6 3-5 4-5 5-5 6-5.
Giai thich tham s6: cac s6 trudc va sau dau "-" twong tng la kich
thude don vi va s6 1an l1ap lai téi thiéu.

Tandem Repeats: Cac chudi lap lai trong hé gen. Gi4 tri tham s6 mic
dinh: 2 7 7 80 10 50 500 -f -d -m .Giai thich ngan gon céc tham sé:
2,7,7: trong so lan luot 1a khap, khéng khép va indel; 80 va 10: tham
sb phat hién, xac suét tring khép Pm=80 va x&c suat indel Pi=10; 50:
diém can chinh téi thiéu; 500: kich thuéc thoi gian ti da.

Dispersed Repeats: Céac ving lap lai phan tan. Gié tri tham sé mic
dinh: -f -p -h 3 -1 30 .Giai thich céc tham s: -f: tinh s6 1an lap chuyén
tiép tdi da; -p tinh toan cac bang mau tdi da; -h tim kiém lap lai dén
khoang cach hamming nhat dinh; -I: chi dinh rang céc lan Iap lai phai
c6 do dai nhat dinh,



41

3.3.2 Chi gidi bang cong cu GeSeq

Geseq la mot cong cu c6 nén tang 1a web. Dia chi dé truy cap vao cong cu

nhu sau:

https://chlorobox.mpimp-golm.mpg.de/ceseq.html

bé thuc hién chu giai ngudi dung can thyc hién lya chon nhu sau:

FASTA file(s) to annotate
0 files in list © Upload File(s)

@ Circular O Linear

Sequence source
@ Plastid (land plants) ) Plastid (algae)
(O Mitochondrial

Annotation Options
B Annotate plastid Inverted Repeat (IR)
M Annotate plastid trans-spliced rps12
Annotation Support

Support annotation by Chlog
Support annotation by MFannot

Annotation revision
@ Keep best annotation only
(> Keep all annotations

Muc FASTA files to annotate chira nhitng tuy chon cho file fasta khi tai
1én cong cu. O déy toi lua chon Circular; Sequence source 1a Plastid (land
plants); Annotation Options: Annotated plastid Inverted Repeat (IR); Annote
plastid tran-spliced rpsI2 ; Annotation support t61 lgya chon Support

annotation by Chloe la st dung thuat toan Chloe; Annotation revision lya chon

BLAT search

Protein search identity
(25 v

rRNA, tRNA, DNA search identity
85 v]

Annotate
CDs tRNA rRNA

Opticns

Ignore genes annotated as locus tag
[Jignore genes annotated as ORFs

¥ HMMER profile search

Chloroplast land plants

Annotate
@CDS+rRNA OCDS (JrRNA


https://chlorobox.mpimp-golm.mpg.de/geseq.html
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Keep best annotation only.

Muc Annotation tdi lya chon tham sb cho 2 phwong phap tim kiém
BLAT search va HMMER profile search. Tai muc BLAT céac tham sé déu
duoc thiét dit theo mic dinh: Protein search identity 1a 25; rRNA, tRNA, DNA
search identity 1a 85. Muc HMMER profile search chung t61 lya chon Annotate
CDS + rRNA.

3rd Party tRNA annotators

¥ ARAGORN v1.2.38

Genetic code
|Bacterial/Plant Chioroplast ~|

Max intron length
3000 pp

Options

() Allow overlaps

CJFix intron

([ Report low scoring tRNAs

B ARWEN v1.2.3
¥ tRNAscan-SE v2.0.7

Sequence source
|Organeliar tRNAS ~|

Search mode

Genetic Code

[Universal v

Cut-off score for reporting tRNAs

Score and report cutput options
Disable pseudogene checking

() Display detailed prediction output

() show origin of first-pass hits

() show primary and secondary structure
components to scores

Tai muc 3" Party tRNA annotators t6i lya chon ca 2 cong cu la

ARAGORN v1.2.38 va tRNAscan-SE v2.07

3rd Party References

Add NCBI RefSeq(s)

‘no RefSeq selected

MPI-MP Reference Set
chloroplast land plants {CDS + rRNA)

User References
GenBank/EMBL

0 files in list © Upload File(s)

FASTA Nucleotide (CDS)

0 files in list © Upload File(s)

FASTA Nucleotide (tRNA, rRNA, primer, other DNA or RNA)

0 files in list © Upload File(s)
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Muc BLAT Reference Sequenchers t61 lva chon MPI-MP Reference

Set lam co s¢ dit liéu tham chiéu

3rd Party Stand-Alone Annotators

+ Chloév0.1.0

Chloroplast land plants

Annotate
Ecps OJtRNA  (JrRNA

B MFannot v1.34

Chuing thoi sir dung 3" Party Stand-Alone Annotators la Chloe v0.1.0
khi Annotate CDS.

Két qua khi tra vé sé tra vé dinh dang file Genbank.
3.3.3 Chii gidgi bang cong cu PGA

Céc thyc nghiém chu giai bﬁng cong cu PGA duogc thuc hién trén may
tinh hé diéu hanh Ubuntu 20.04 phién ban kernel 5.14, ram 96GB.

Mbt sd cong cu yéu cau duoc cai dat nhu sau:
e (COngcu BLAST+

Cong cu BLAST di c6 san trén trong danh muyc package ctia hé diéu hanh

Ubuntu vi vay dé cai dat cong cu nguoi dung chi can cai dit thong qua cau lénh:
sudo apt install ncbi-blast+

Pé kiém tra cong cu di cai dat thanh cong hay chua nguoi ding sir dung

cau lénh:

blastn -version
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Két qua tra vé 1a:
blastn: 2.12.0+

Package: blast 2.12.0, build Mar 8 2022 16:19:08
Nhu vay la cong cu BLASTH da cai dat thanh cong.
Tiép theo toi cai dit cong cu PGA thong qua to hop cdu 1énh CMD

git clone https://github.com/quxiaojian/PGA.git
vim ~/.bashrc

export PATH=/home/xxx/PGA:3PATH

source ~/.bashrc

chmod a+rwx PGA.pl
Pé danh gia xem cong cu di cai dat thanh cong hay chua t6i str dung cau

1énh dé thuc hién chay vé6i bo dit lidu test

perl PGA.pl -r test/angiosperms/reference -t

test/angiosperms/target
Két qua tra vé nhu sau:

PGA.pl Plastid Genome Annotator
Copyright (C) 2020 Xiao-Jian Qu
Email: quxiaojian@sdnu.edu.cn

2023.09.01 22:23:18 || Begin extracting annotations from
reference!
2023.09.01 22:23:19 || Finish extracting annotations from
reference!

2023.09.01 22:23:19 || Begin annotating the 1 sequence:
Rosa_roxburghii

2023.09.01 22:23:19 || Begin blasting reference to sequence!
Warning: [blastn] Examining 5 or more matches is recommended
Warning: [blastn] Examining 5 or more matches is recommended



45

Warning: [tblastn] Examining 5 or more matches is
recommended

Warning: [tblastn] Examining 5 or more matches is
recommended

2023.09.01 22:23:20 || Finish blasting reference to sequence!
2023.09.01 22:23:27 || Finish annotating the I sequence:
Rosa_roxburghii

2023.09.01 22:23:27 || Finish annotating all sequences and total
elapsed time is: 19 seconds!

Nhu vay, cong cu PGA da dugc cai dit thanh cong. DPdi véi 2 cong cu
CPGAVAS2 va GeSeq déu 1a cong cu trén nén tang web vi vay toi khong phai

cai dat va thiét 1ap méi trudng chay.
perl PGA.pl -r reference -t target -i 1000 -p 40 -q 0.5,2 -0 gb -f
circular -l warning
Giai thich cac gia tri tham s6
[-h -help] thong tin trg giup.

[-r -reference] tham sb nay dé khai bao vi tri ch@r file trinh ty Genbank d3

formatted cua trinh tu hé gen luc lap tham chiéu. tham sd nay la bat budc

[t -target] tham sb nay dé khai bao vi tri cht file trinh ty Fasta cua trinh

tu hé gen luc lap dich. tham s6 nay 1a bat budc

[-i -ir] tham s khai bao d6 16n téi thiéu cua vung lip dao. gia tri mic

dinh 1a 1000.

[-p -pidentity] tham sé dung dé khai bao d6 twong dong cua trinh tu gene.
Gia tri mic dinh 12 40. Bat ki PCGs (protein coding gene — gene ma hoa protein)
v6i TBLASTN thap hon gi4 tri ndy s& duoc théng ké trong file log va s& khong
dugc chu giai.

[-q -qcoverage] Tham sb dung dé khai bao d6 bao phil. Gia tri mic dinh 1a
(0.5,2) bat ki PCGs nao c¢6 do bao thu thap hon 0.5 va 16n hon 2 déu khong duoc

chu giai va liét ké vao file log
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[-0 -out] tham s6 dung dé dinh nghia thu muc dau ra
[-f -form] tham s6 dung dé dinh nghia loai hé gene dAu vao circular hodc
linear

[-] -log] tham s6 dung dé dinh nghia cau tric file log. Gia tri mic dinh 1a

warningCau truc dir liéu dau ra cua cadc phan mém chu giai luc lap
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Két qua so sanh dic diém 3 phuong phap chu giai CpGAVAS2, GeSeq, PGA va so sanh thoi gian chay trén 10 trinh tu day

du cua luc lap loai Ca phé Arabia dugc tom lugc trong hinh 3-1.

Bdng 3-2: So sanh tinh ndng mét sé cong cu:

\ Giao dién ngwi [Thoi gian / 1| C8 thé chay de :
STT Cong cu H¢ diéu hanh onng ~ nhiéu hé¢ gen/ Cach tiép can
dung b0 gen Al :
lan

Windows, Linux, n So sanh h¢ gen va co s¢ dir li€u tham
1 CpGAVAS2 Mac Web 1 hour khong chiéu, blast/blastx

Windows, Linux, . So sanh h¢ gen va co s¢ dir li€u tham
2 GeSeq Mac Web 60s o chiéu, m6 hinh HMM
3 PGA Windows, Linux, Command line 19 35* 6 So sanh co s¢ tham chiéu va hé gen,

Mac

blast/blastx

*gia tri trung binh cua 10 1an chay

Nhén thdy rang, 3 cong cu trén déu c6 thé sir dung duoc da nén tang; trong d6 2 cong cu CpGAVAS2 va GeSeq cd giao

dién nguoi dung 1a web, con PGA 1a mdt cong cu doc 1ap st dung cmd. Sau qué trinh thiét lap va chay cong cu thi nhan théy

cong cu PGA cho két qua nhanh chéng. Chi trung binh 13 19.2s so véi xap xi 60s ctia cong cu GeSeq. Riéng cong cu CpGAVAS2

cho két qua tra vé rat 1au khoang trén 1 tiéng cho 1 hé gen luc lap. Thém vao d6 céng cu GeSeq va PGA c6 kha ning phan tich
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nhiéu hé gen cung 1 lac. Chi can thiét 1ap 1 file fasta chira nhiéu trinh ty hé gen hodc thiét 1ap mot thu muc chira nhiéu trinh ty hé

gen cac cong cu c6 thé xtr Iy 1an luot cac hé gen voi thoi gian nhanh chéng.

Bdng 3-3: Bang tong hop sé gene chii gidi dwge bang 3 cong cu chii gidi.

cpGAVAS2 GeSeq PGA
N Gene |Gene T 6ng Gene |Gene T 6ng Gene |Gene T 6ng
Mau tRNAsPCGsrRNA. co co 6 tRNAsPCGsrRNA. co co 6 tRNAsPCGsrRNA. co co S
Introns| exon Introns|exon Introns|exon

EF044213.1|1 29 79 4 15 3 [130] 29 79 4 15 3 [130]| 29 79 4 15 3 [ 130
KY085909.1] 28 80 5 13 3 | 129] 28 80 4 13 3 [ 128 | 28 80 4 13 3 [ 128
MK342634.1] 28 81 5 13 5 [132] 28 79 4 15 3 [129] 28 79 4 15 3 129
MK353209.1] 30 78 4 14 3 | 1291 30 82 4 14 3 [133| 30 82 4 14 3 [133
MK353212.1] 28 80 4 13 5 1130 29 82 4 13 4 (132 | 28 82 4 13 4 | 131
MN370905.1] 30 80 5 13 4 1132 29 81 4 13 3 [130]| 29 80 4 13 4 1130
MN370908.1] 28 78 4 15 4 11291 29 80 4 14 3 [ 130 30 80 4 14 3 1131
MN370924.1] 28 78 4 13 4 11271 29 81 4 13 3 [130]| 29 81 4 13 3 [ 130
MN®g94552.1] 28 79 4 13 3 | 127 ] 28 79 4 14 4 (129 | 28 78 4 14 4 | 128
MN370923.1] 29 80 4 16 3 [132] 30 80 4 15 3 [132| 29 80 4 16 3 [132

Bang 3-2 tong hop s6 gen chi giai dugc bang 3 cong cu chua giai. Bang sb liéu cho thay sd luong gene chi giai dugc thong
qua cac cong cu khong c6 nhiéu sy sai khac. Dic biét 1a giita hai cong cu GeSeq va PGA. Cac mau EF044213.1, KY085909.1,
MK342634.1, MK353209.1, MN370905.1, MN370924.1, MN370923.1 déu c6 sd luong gen chu giai dugc 1a gidng nhau giira hai



49

cong cu PGA va GeSeq. Cac mau MK353212.1, MN370908.1, MN894552.1 chi c¢o su sai khac 1a 1 gene. Déi v6i cong cu
CPGAVAS2 c¢6 su sai khac voi két qua chi giai bang 2 cong cu PGA va GeSeq 8 trén 10 méu, sd lugng mau sai khac 1a tir 1-2
gen trén mot mau. Tuy vy, s lugng gen ndy déu ndm & trong khoang chap nhan duge. Khi sb luong gen trén hé gen luc lap vao
khoang 130 gen.

.....

Pé danh gia thém vé chat luong chu gidi t61 thyc hién danh gia trén mot sb tiéu chi nhu sau:

o Véi nhdm gen tRNAS/PCGs khong c6 instrons: sé luong gen chi thich bi thiéu; gen cht thich sai; ranh gigi gen chu
thich sai; gen chu thich chinh xac

o Véi nhém gen tRNAS/PCGs ¢6 instrons/ rRNAs: sé lugng gene chd thich bi thiéu exon; exon bi chd thich sai; ranh
gidi exon bi ch thich sai; s6 lugng gene chii thich exon dung

Dua vao bang két qua tong hop két qua chu giai theo céc tiéu chi (Bang 3-2), téi nhan thay phin mém PGA va GeSeq
c6 két qua twong tu nhau. Trong d6 GeSeq hoi kém hon mot chut & mot sb tiéu chi nhu sé luong gen tRNAs khong ¢

instrons bi thiéu voi PGA trung binh 13 0.2 con v6i GeSeq 13 0.4 hodc ranh gi6i cha thich PCGs khong c6 introns bi sai ctia

GeSeq 13 0.44 con PGA 14 0.4. Két qua nay ciing twong tu nhu nghién ctru ciia Xiao-Jian Qu nim 2019.[28]

Bdng 3-4: Bdng tong hop két qud chii gidi theo cdc tiéu chi

Coffea Arabica
CPGAVAS2 GeSeq PGA
tRNAs MG (sb lugng gen chii thich bj thiéu) 1.1 0.4 0.2
khong co WG (gen chu thich sai) 0.3 0.2 0
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instrons WGB (ranh gidi gen chu thich sai) 1.7 1.7 0
CG (gen cht thich chinh xéc) 15.7 17.2 17.9
ME s6 lugng gene chu thich bi thiéu exon 1.2 0 0
tRNASs ¢o WE: exon bi chu thich sai 0.3 0 0
instrons WEB: ranh gidi exon bi chu thich sai 0.8 0.2 0.15
CE s6 luong gene chu thich exon ding 7.3 8.5 8.4
MG: (sb luong gen chu thich bi thiéu) 1.15 0.25 0.15
PCGs khong WG: (gen chu thich sai) 0.1 0 0
c6 introns WGB: (ranh gidi gen chu thich sai) 0.4 0.44 0.4
CG: (gen cht thich chinh xac) 76.5 77.7 78.5
ME: s6 luong gene chu thich bi thiéu exon 1.1 0 0
PCGs co WE: exon bi chu thich sai 0 0 0
introns WEB: ranh gi¢i exon bi cht thich sai 4.3 0.1 0.1
CE s6 luong gene chu thich exon ding 15.4 18.9 19.2
MG: (s lugng gen chi thich bi thiéu) 0.4 0 0
rRNAs WGBYV(?e;nI(qgg?é(iﬂ;rtlhglig :E:Zh sai) 1.(;5 ogs 0(.)5
CG: (gen cht thich chinh x4c) 2.6 3.4 3.55

Trong do, da ph?m sal sOt cua phén mém PGA déu dén tir viéc x4c dinh sai bd ba m¢o dau, nguyén nhan co thé vi thuét toan
PGA c¢6 xu huong lya chon bd ba ATG xuat hién dau tién 1a khung doc mé. GeSeq cho két qua tdt hon khi xac dinh bd ba mo
dau khi cho phép ca ATG, GTG, ACG va TTG 1a b ba mé dau.
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Khi so sanh PGA va GeSeq nhan thiy ring PGA yéu cau ngudi dung phai
tu xac dinh hé gen 1am tham chiéu. Piéu d6 din dén viéc néu lwa chon hé gen
tham chiéu khong tot hodc hé gen d6 khong hoan chinh s& anh huong dén két
qua chu giai. Trong nghién ctru ctia minh tac gia Xiao-Jian Qu ciing da khuyén

cao nguoi su dung nhu sau:

e Nguoi ding nén kiém tra can than hé gen luc lap tham chiéu. PGA duoc
dong goi voi mot sb plastome duge chd thich thich hop, va do d6 né
nguoi ding co thé st dung PGA dé cha thich lai mot hé gen da duoc st
dung l1am tham chiéu.[28]

e Nguoi dung khéng nén chu thich cac plastome c6 do hoan thién cao bang
cach st dung plastome tham chiéu hoan chinh, vi BLAST c¢6 thé chd thich
mot s6 gen du thira.[28]

Pé chimg minh cho viéc ndy t6i thuc hién so sanh két qua khi st dung 2 hé
gen tham chiéu khac nhau. Hé gen tdt t6i van lua chon hé gen c6 ma sb
NC 008535.1 dang 13 hé gen duoc xac dinh 1a hé gen tham chiéu trén ngin
hang gen NCBI. Hé gen kém chat luong t6i str dung hé gen Coffea-arabica-
cultivar-Red-Bourbon-isolate-ID1545 ¢6 ma sd Genbank ID 13 CM061598.1. Hé
gen CM061598.1 1a mot hé gen chat luong kha kém khi c¢6 kich thude ving 1ap
dao chi 3015 nucleotide . Pay 1a mdt gia tr1 kém khi hé gen luc lap no6i chung

vung 1ap dao c6 kich thudc khoang 25000 nucleotide.

Két qua khi st dung trinh ty tham chiéu NC_008535.1 t6i thu duogc két qua

Fiter. Remote files Fiter:
)

ThinkerLe"Downloads'Khoa luan luc lap ERERIIC T & [ [home/vdsa-72/PGAest_tot

1  genes in the reference plastome(s): 130.
otal number of genes annotated in the target plastome: 130.

Anh 3-4:Két qua sir dung trinh tw tham chiéu chat lwong tot dé chii gidi hé gen bang
PGA
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Két qua khi str dung trinh tu tham chiéu CM061598.1 t6i thu dugc két qua

size  Iype Uate Moamea Ambutes name size  Iype Uz

0 File folder 10/10/2023 3:1. — screen log 625 Teat Docu... 10
0 File folder 10/9/2023 3:10. ylargat ab 230613 GB File 10
26824 PG File 10/10/2023 31 A | waming log 3136 Text Docu. 10

B warning X +

sdgnmenten File  Edit  View

target
i Total number of genes in the reference plastome(s): 8.
Total number of genes annotated in the target plastome: @.
A1l gene names from the reference plastome(s) that were not annotated in the target plastome:

Anh 3-5: Két qua sir dung trinh tw tham chiéu kém chat lwong d@é chii gidi hé gen bang
PGA
Dé dang c6 thé nhan thdy dugc rang khi st dung trinh ty tham chiéu chét

luong kém t61 khong thé chu giai dugc hé gen luc lap, trong khi st dung trinh tu
tham chiéu chat luong cao toi thu dugce day da 130 gen & trong hé gen ctia mau
EF044213.1.

Nhu vay, qua qua trinh khéao sat va1 10 hé gen luc lap cua loai ca phé arabica
to61 nhan théy: cong cu GeSeq st dung thuat toan Chloe va PGA khi lya chon hé
gen tham chiéu t6t s& cho két qua chu giai tét twong dwong nhau. Tuy nhién, han
ché cia PGA la nguoil dung phai tu xac dinh hé gen tham chiéu dau vao, do do
v6i nhitng nha nghién ctru chua c6 nhiéu kinh nghiém trong tin sinh c6 thé s&
lya chon hé gen tham chiéu dau vao chua tét dan dén két qua chu giai chua tt.
Vi vay, t6i khuyén cao v6i nhimg nha nghién ctru nén sir dung cong cu GeSeq st
dung thuat toan Chloe va phuong phap HMMER profile dé chu giai nhiing hé

gene cua minh.
3.5 Xdy dung quy trinh tw dpng lip rdp va phén tich hé gen luc lap

Pé thuan tién cho nguoi dung co thé thyuc hién cha giai h¢ gen luc lap tu dir
ligu NGS st dung cong cu PGA, t61 da xay dung mot quy trinh tich hop cac

cong cu thuc hién céc budc ctia qua trinh phan tich hé gene luc lap nhu sau:
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Bat dau

Nhap di¥ liéu dau
vao: FastQ file

1.FastQC: Panh gia chat lwong Giai trinh tw

2.Mapping: St dung Samtools, dé anh xa di
liéu GTT véi hé gen tham chiéu luc lap ca phé:
NC_008353

3. Lap rap: St dung plasmidSPades dé |3p rap
hé gen luc lap ca phé

4. Cha giai: Cha giai hé gen luc lap ca phé da
|ap rdp duoc bang PGA

Dt liéu dau ra:
Genbank file

Anh 3-6: Quy trinh tw déng lap rdp trlnh ti hé gen luc lap va chii giai bang PGA.
DPau vao 1a dit liéu giai trinh ty xut ra tir hé may giai trinh tu thé hé 2 —

[llumina /MGI/Thermofisher. FastQC[41] duoc sir dung dé danh gia chit luong
giai trinh ty. Sau qua trinh danh gia chat luong giai trinh tu, cong cu
minimap2[42] dugc sir dung dé anh xa dit liéu giai trinh tu véi trinh ty tham
chiéu NC_00835 va Samtools [43] dugc dung dé xir Iy dit liéu sau 4nh xa. Dir

liéu sau khi 4nh xa s& dugc chuyén thanh dang file fastq dé 1am dau vao cho
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cong cu lip rap plasmidSPAdes[26] - mot cong cu phd bién cho viée lap rap hé
gen dang vong. DPau ra cta cong cu plasmidSPAdes 1a trinh t lyc lap da lap rap

s& duogc chira trong file *.scaffold.fasta. Pay sé& 1a dau vao cho cong cu PGA dé

$ cat luclap.ubuntu.sh

astq; do n=$(basename $i .fastq); mkdir $n; fastqc -t 24 --nogroup -o $n $i; done

ename $i .fastq) ; minimap 24 ../re EL > $n.sam; done

s --plasmid --phred-offset

ta .
ename $i .mapped.bam); perl /home/vdsa-72/PGA/PGA.pl -r /home/vdsa-72/PGA/ref coffea -t ./scaffolds_fasta ; done

1 |

Anh 3-7: Code trong flie linux.ubuntu.sh
chu giai h¢ gene ca phé. Dudi day la doan code dugc viet dudi dang file sh:

Thue nghiém voi mot tdp dir liéu mau:

To61 thyc hién thuc nghiém mot mot t€p dir liu giai trinh ty mau:
SRR25655514 — day 1a mdt tap dir liéu géc gidi trinh ty tir hé¢ may HISEQ4000
trén ngan hang SRA ctiia NCBI. B dit liéu nay bao gom 21,397,912 doan doc,
tong so base 1a 2.7 Gigabase; trinh ty thudc vé loai ca phé ché (Coffea Arabica),

GCEED.
luclap.ubuntu.sh

L — nNC_ee8535.1.fasta
SRR25655514 . fastq

1 directory, 3 files

Anh 3-8: Chuan bi dir liéu phan tich ty dong
duoc thu tai Uracao, Colombia; dit liéu duoc giai trinh ty vao ndm 2022.
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Chung t6i chuan bi file nhu sau:

e SRR25655514.fastq la file dit liéu giai trinh tu
e Luclap.ubuntu.sh la file chtra quy trinh phan tich

e Thu muc ref chia trinh ty tham chiéu caa luc lap loadi ca phé:
NC_008535

Sau khi chuan bi t6i chay file luclap.ubuntu.sh va nhan vé két qua nhu sau:

-

)4 directories

Anh 3-9: Céy thu muc tao ra sau qud trinh phan tich tw dong
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Sau khoang 20 phut cho toan bd qué trinh t6i thu duoc két qua tir danh gia
chét lugng giai trinh ty, anh xa doan doc vao trinh ty tham chiéu, léy ra nhitng

trinh tu trong dong voi hé gen tham chiéu, 1ap rap va cha giai hé gen.

5514 fastqc.html

1 directory, 2 files

$ tree -fh 2_mappin

2 .mappin

-th 4.annctation/

2 directories, 4 files 16 directories

Anh 3-10: Danh sach cdc file tao ra sau qud trinh phdn tich tw dong
Nhu vay, thong qua luén van nay t61 da tim hiéu dugc cac phuong phap cha

giai hé gene luc lap, c6 nhiing so sanh ban dau gitta 3 phuong phap
CPGAVAS2/GESEQ va PGA. Chiang c6 nhiing diém manh diém yéu riéng,
dong thoi thong qua d6 dé xuat mot quy trinh tu dong phan tich va chsu giai hé

gene luc lap cho cay ca phé.
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4 CHUONG 4: KET LUAN

Trong ludn vin nay t6i di tim hiéu quy trinh phén tich hé gen luc lap; khao sat
03 co so dir liéu hé gen luc lap: NCBI, ChloroplastDB va CpGDBD; Da thuc
nghiém trén tap 10 trinh ty ddy du cia 10 hé gen luc lap Ca phé Arabica trén 03
cong cu CPGAVAS?2, GeSeq, PGA va dua ra mét s6 két luan sau:

1.

Cong cu CPGAVAS? c6 han ché 1a phan tich 1au, khéng phén tich dugc
nhiéu trinh tu cung mot ldc. C6 chat lwong chi giai thap hon so véi
GeSeq va PGA. Ly do c0 kha nang do CPGAVAS?2 st dung co s¢ dir liéu
tham chiéu ci.
Cong cu GeSeq va PGA cho két qua chu giai hé gen luc lap tuong duong
nhau vé hiéu suat ciing nhu 13 do chinh xéc.
Cong cu PGA c6 han ché 1a phai st dung 1 trinh ty cO sin dé lam
database phan tich. Do d6: két qua phan tich s& phu thudc nhiéu vao viéc
nguoi ding lya chon trinh tu dé so sanh.
GeSeq khi st dung két hop ca phuong phap BLAST va mé hinh HMM;
dong thoi sir dung co sé dir liéu tham chiéu, thuat toan Chloe cho két qua
phan tich tot. Khdng yéu cau nguoi dung cung cap trinh tu tham chiéu.
Do d6, phu hop véi nhitng nguoi dung it hiéu biét vé tin sinh hoc, chi giai
nhitng loai mai hoic loai c6 it dix liéu tham chiéu.
Xay dung quy trinh tu dong tir khau kiém tra chat luong giai trinh tu, X
ly dix liéu giai trinh tu, 1dp rap va cha giai cho riéng dit liéu giai trinh tu
luc lap cay ca phé.

5 KIEN NGHI VA GIAI PHAP

Trong luan vin st dung nhiing trinh tu dé so séanh c6 chat lugng tuong doi
tbt, cing mot loai. Do d6, két qua cd thé chua duoc phd quat.
Can mé rong tap dir liéu so sanh cho nhiéu d6i twong hon.
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