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TOM TAT
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“PHAT HIEN MARKER MICROSATELLITE TU CO SO DU LIEU TRINH TU
EST (Expressed Sequence Tags) CUA CAY XOAI (Mangifera indica)”.

Giang vién huéng dan:

TS. BUI MINH TRi

Thoi gian nghién ctu: tir thang 2 dén thang 7 nam 2006
Dia diém nghién ciu: Trung tim Phan tich Thi Nghiém - truong Pai hoc Néng
Lam TP. H6 Chi Minh

Hién nay véi su phat trién cua khoa hoc k¥ thuat cung véi su két hop lién thong
gitta cac nganh khoa hoc da mo ra nhirng thuan loi to 16n cho viéc nghién ciru va phat
trién. Tin sinh hoc — mot nganh khoa hoc méi ra doi véi muc dich hd trg, cung cap
thong tin dit liéu s& 1a mot cong cu hiru ich giup giai quyét nhiing van dé kho khan
trong nghién ctru sinh hoc trén thuc té.

Cay xoai la loai cay an qua nhiét d6i quan trong o Viét Nam c6 gia tri kinh té
cao. Chinh vi thé viéc xac dinh cac giéng xoai, phan tich sy da dang di truyén, Iap ban
dd cac gen trong bo gen 1a muc tiéu hién nay. Véi cac uu diém cua mot marker rat hiru
dung trong nghién ciru di truyén, chang toi da tién hanh xay dung phwong phap phat
hién marker microsatellite tir ngudn co sé dit liéu EST hién c6.

Phuong phap: chang t6i da st dung cac chuong trinh Perl est_trimmer.pl,
misa.pl, phan mém BioEdit véi céng cu CAP contig assembly program, phan mém
Primer3 va goi cong cu ssrfinder_1 0.

Két qua dat duoc:

Tai duoc cac trinh tu EST cuia cay xoai ¢6 trong ngudn co so dit liéu cua

NCBI

Xac dinh dugc 267 microsatellite bao gém cac dang dinucleotide

(4.12%), trinucleotide (95.51%) va tetranucleotide (0.37%)

Xac dinh viing bao ton va thiét ké primer cho 6 loai microsatellite 1a cac

loai microsatellite sau CAA, CCA, CAT, TCA, TCT, TGA
iv



SUMMARY

HIEN NGUYEN MINH, Nong Lam University, Ho Chi Minh City. August, 2006.
“DEVELOPMENT OF MICROSATELLITE MARKER FROM EST (Expressed
Sequence Tags) SEQUENCE DATABASE OF MANGO TREE (Mangifera indica)”.

Supervisor:
Dr. TRI BUI MINH

The research was carried out at the Chemical and Biological Analysis and

Experiment Center at Nong Lam University.

Nowadays the development of science and technology together with the
combination of different research field have created great advantages for research.
Bioinformatics — a new field that support speed up information processing will be an
useful tool to deal with problems in biology research.

Mango tree is an important tropical fruit tree in Vietnam, it has high economic
value. Therefore the identification of mango genus, the analysis of genetic diversity,
gene mapping are the current goal. Because of useful marker, our objective is to
develop an in-silico method in order to identify microsatellite marker from EST
database.

Methodology: we used Perl scripts such as est_trimmer.pl, misa.pl, BioEdit
software with CAP contig assembly program, Primer3 software and the package tool —
ssrfinder_1 0.

Result:

Download EST sequences from NCBI database
Identify 267 microsatllite include dinucleotide (4.12%), trinucleotide

(95.51%) and tetranucleotide (0.37%)

Identify consensus region and design primer for 6 sorts: CAA, CCA,

CAT, TCA, TCT, TGA.
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Phan 1
MO DAU

1.1. Pit van dé

Hién nay v&i su phat trién caa khoa hoc k§ thuat cung véi su két hop lién thong
gitta cac nganh khoa hoc da mo ra nhirng thuan loi to 16n cho viéc nghién ciru va phat
trién. Tin sinh hoc — mot nganh khoa hoc méi ra doi véi muc dich hd trg, cung cap
thong tin dit liéu s& 1a mot cong cu hitu ich giup giai quyét nhiing van dé kho khin
trong nghién ctiu sinh hoc trén thuc té.

Xoai la cay an qua nhiét doi quan trong & nudc ta chung duoc trong pho bién ¢
nhiéu viing mién trong ca nudc. Cay xoai vira ¢6 gia tri dinh dudng vira c6 gia tri kinh
té cao, tir qua Xoai, ré xoai,... dén la xoai déu la nguon thu loi ich cho nguoi trong.
Chinh vi thé viéc xac dinh cac gidng xoai, phan tich sy da dang di truyén, 1ap ban d6
cac gen trong bd gen la muc tiéu hién nay

Hién nay microsatellite 1a mot marker rat hiru dung trong viéc lap ban do phan
tr, xac dinh cac gidng cay trdng, danh gia nguon gbc t6 tién cua cay trong cho muc
dich nghién ctru quan thé cay trong va nghién cau qua trinh tién hoa. Nguyén nhan la
do microsatellite c6 nhitng wu diém vuot troi so vai nhitng marker khac nhu biéu hién
s6 luong lon su da hinh, 1a marker dong troi nén co thé phan biét duoc di hop tir. Mot
thuan loi to 16n nita ctia marker microsatellite 1a c6 thé phat trién in silico (trén may
tinh) dua vao cac phan mém tin sinh hoc. Vi vay cé thé giam chi phi va thoi gian cho
viéc phat hién microsatellite so véi cach thuc hién bang thuc nghiém.

Dua trén nhitng co sé do, chang toi thuc hién dé tai “Phat hién marker
microsatellite tir co sé dir li¢u trinh tw EST (Expressed Sequence Tags) cua cay

xoai (Mangifera indica).”

1.2. Muc dich va yéu cau
1.2.1. Muc dich
Xay dung phuong phap phat hién microsatellite d6i voi cay xoai tir
ngudn co s dit liéu EST hién co, cho phép tao ra cong cu phan tich, nhan dién,

so sanh cac gidng xoai.



1.2.2. Yéu cau

Tim kiém va tai duoc hau hét cac trinh ty EST cua cdy xoai hién cé trén
cac co so dur liéu.

Phat hién cac kiéu SSR phé bién tir EST c6 duoc.

Thiét ké cac primer phu hop cho phép phat hién ra cac SSR ké trén bang
cong cu PCR.

1.3. Giéi han
Co so dir liéu trinh tu sinh hoc gigi han & NCBI.

Quy trinh thyc hién chi tién hanh trén déi tuong la cay xoai.



Phan 2

TONG QUAN TAI LIEU

2.1. Gi6i thiéu vé tin sinh hec (bioinformatics)
2.1.1. Dinh nghia

Su két hop, lién thong giira cac nganh giup cho khoa hoc cé nhitng budc phat
trien moi. Trong thoi dai khoa hoc k¥ thuat ngay nay, su két hop gitra cac nganh lai
v6i nhau la rat can thiét. Khéng mot nganh khoa hoc nao co thé phat trién ma khong
can su hd tro cua nganh khac. Bioinformatics hay tin sinh hoc 1a mét vi du rat dién
hinh cua sy lién két nay va két qua dat dugc tir nganh khoa hoc nay la rat kha quan.

Theo NCBI (National Center for Biotechnology Information — Trung Tam
Thong Tin Quéc gia vé Cong Nghé Sinh Hoc) tin sinh hoc la su két hop gitta cong
nghé sinh hoc va cong nghé thong tin véi muc tiéu giap hiéu biét va kham pha nhitng

nguyén ly trong sinh hoc.

2.1.2. Méi quan hé giira sinh hoc va tin hoc

Tin hoc c6 anh hudng siu sic dén sinh hoc, théng thuong, nhimg ngudi 1am tin
sinh hoc st dung nhitng kién thirc hay/va cong cu trong tin hoc dé giai quyét nhiing
van dé trong sinh hoc. Vi du, nguoi ta tién hanh xay dung nhiing co sé dit liéu nham
quan 1y va khai thac mot luwong Ién cac dir liéu sinh hoc phan tir (nucleotide, amino
acid).

Mt khac, sinh hoc ciing ¢6 nhitng tic dong nguoc lai dén tin hoc. Vi du xay
dung mang noron (neural network) bang cach mé phong bo ndo cua con nguoi, hay
thiét ké cac thuat toan di truyén (genetic algorithms) dua vao mé phong qua trinh tién

hoa cua cac loai sinh vat.



Hinh 2.1. Str dung may tinh dé xir Iy cac thong tin sinh hoc

2.1.3. Tam quan trong caa tin sinh hec

Véi sy phat trién manh trong ca hai linh vuc 1a cong nghé sinh hoc va cong
nghé thong tin, ngay nay mot khdi luong khong 16 dir liéu sinh hoc phan tir duoc thu
thap va phuc vu cho qua trinh nghién ctu. Mot trong nhitng vi du tiéu biéu nhat 13 su
hoan thanh viéc giai ma ban do gen cia ngudi (human genome) vao nam 2003. Bo gen
cuia nguoi bao gom khoang 3 ty nucleotide va duoc Iuu trit dudi dang s6 hoa.

Tuy nhién, viéc giai ma thanh cong b gen cua nguoi hay cac sinh vat khac nhu
chuot hay 1aa méi chi 1a bude dau tién trong qua trinh tim hiéu vé ban chat phic tap
cta su s6ng. Viéc giai ma thanh cong bo gene ngudi duoc so sanh nhu viée ching ta
tim ra btrc thu cta tao hoa noéi vé ciu tao cling nhu chirc ning cua cac bd phan trong
co thé con ngudi, tuy nhién ndi dung caa buc thu trén lai dugc viét boi ngon ngir tu
nhién (natural language) ma ching ta chua hiéu dugc. Muc tiéu va thach thuc cua
chung ta hién tai cling nhu trong twong lai 13 timg budc tim hiéu va dich noi dung cua
birc thu trén sang dang ngdn ngit ma con ngudi ¢ thé hiéu dugc.

Ngon ngit tw nhién nhu moi ngdn ngit khac, ngdn ngir nay bat dau tir cac ky tu
chir cai (amino acid), dén cac tir (motif), cic cau (protein) va ngir phap (Ciu tric
protein).

Bang cach st dung cac phuwong phép sinh hoc tinh toan ching ta di ¢ thé nhan

dién dugc cac tur cua ngdn ngilt - cac amino acid. Tuy nhién, bang cach nay chung ta
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van chua c6 kha nang dé nhan dién duoc cic quy tic ngit phap phuc tap va chit chd
Clia n6 - Cau tric protein.

Vi vay viéc nhan dién cac quy tic ngir phap van phai da vao cac thuc nghiém
hoa Iy. Han ché cua cach tiép can thuc nghiém la dit tién va mat nhiéu thoi gian.Tir d6
thac day cac nha nghién cau tiép tuc tim ra cac quy tic ngit phap dé co thé hiéu duoc
nodi dung cac cau da c6 - hiéu dugc protein va ty viét ra mot cau méi - tu thiét ké mot

protein.

2.1.4. Muc tiéu cuia tin sinh hoc
- To chirc dir liéu dé quan 1y va truy cap thong tin
- Phat trién cac cong cu va tai nguyén hd trg phan tich dit liéu sinh hoc, vi du
nhu so sanh trinh tu protein dac thu véi cac trinh tu da biét rd chirc nang
- Dung nhiing cong cu nay dé phan tich dir liéu va dién giai két qua theo y

nghia trong sinh hoc.

2.1.5. Vai tro cua tin sinh hec

Sy phat trién cua tin sinh hoc cho phép md rong nhiing phan tich sinh hoc theo
2 chiéu, siu va rong.

Theo bé siu s& bao gom cac nghién ciu nham hiéu biét ngay cang nhiéu cac
protein. Bat dau véi mot gen, xac dinh chudi protein, tir d6 du doan cdu truc cua
protein. Dua vao cac tinh toan hinh hoc ¢ thé du doan hinh dang va bé mat protein,
mo phong phan tir, nhan dién lién két, va suy doan chirc ning protein. Thyc té, nhiing
budc trung gian van kho thuc hién chinh xéc, va can két hop véi nhitng phuong phap
khac dé dat két qua mong muén.

Theo chiéu rong s& bao gdm cac phuong phap so sanh gen nay véi gen khac,
protein ndy véi protein khac. Ban dau 1a nhitng thuat giai don gian dugc ding dé so
sanh chudi va cu trac cua cip protein lién quan. Khi dir liéu sinh hoc gia ting manh
mé& s& phat sinh nhu cau cai tién cac thuat giai c6 hiéu suat cao dé sip giong cot nhiéu
trinh tu, phan 1ap mau chudi hay miu ciu trac xac dinh ho protein, tao cay phat sinh
loai dé khao sat qua trinh tién hoa cua protein. Cudi cing, do thong tin duoc luwu trong
co so dir liéu 16n, cong viée so sanh trd nén phuc tap hon, doi hoi nhiéu cai tién trong

co ché t6 chirc va quan 1y co so dir ligu.



2.1.6. Mot sb bai toan 16N trong tin sinh hoc

Bai toan dau tién va hét sirc quan trong ma ching ta phai giai quyét 1a xay dung
cac co s dir liéu (database) dé quan 1y va khai thac mot cach hiéu qua cac dit liéu vé
sinh hoc phan tir ma chung ta da thu thap duoc. Hai co so dit liéu noi tiéng va duoc
nhiéu ngudi dung 14 co s& dit liéu sinh hoc Chau Au (EBI) va co sé dit liéu sinh hoc
qudc gia My (NCBI). Bén canh hai co s& dit liéu sinh hoc trén, nhiéu co s& dit liéu
sinh hoc khac di, dang va s& duge xay dung nham phuc vu cho nhiéu muc dich khac
nhau va riéng biét.

M6t cau hoi ma tat ca chung ta déu muén tim hiéu va tra 1oi d6 1a nguon gbc va
qua trinh tién hoa cua cac loai sinh vat néi chung va con ngudi ndi riéng (evolution
process). Ngay nay, viéc nghién ctru qua trinh tién hoa cta cac loai sinh vat chil yéu
dira vao cac dit liéu sinh hoc phan tir boi chung thudng cho két qua chinh xac cao hon
céc loai dit ligu khac. Vi dy, xdy dung cay tién hoa dé tim hiéu méi quan h¢ tién héa
giita cac loai sinh vat (phylogenetic tree reconstruction) 1a mot bai toan hét strc tha vi
va dang duoc Sy quan tdm ctia nhiéu nha nghién ctru trén thé gioi.

Tim hiéu mdi quan hé giita cac chudi sinh hoc phan tir (pairwise alignment,
multiple alignment) 1a mot trong nhitng muc tiéu co ban va quan trong trong tin sinh
hoc. Dua vao méi quan hé gitra cac chudi sinh hoc phan tir (gene hay protein) chung ta
c¢6 thé chan doan duoc chirc ning hay cau tric cho cac chudi phan tir moi phat hién
(gene/protein function prediction).

Chan doan cau triic bac cao cua cac chudi sinh hoc phan tir (RNA/protein high
structure prediction) 13 mot bai toan hét stc quan trong (tuy nhién rat kho) trong tin
sinh hoc bai vi chirc nang ciia cac chudi phan tir dugc quyét dinh béi cau triic khong
gian cua chung (tertiary structure). Véi cac cong nghé sinh hoc ngay nay, cdu trac bac
mot caa RNA hay protein (RNA/protein primary structure) duoc xac dinh mot cach
don gian va hiéu qua, tuy nhién, dé tim dwoc ciu trac bac cao cua RNA hay protein
can ton nhiéu thoi gian va chi phi cao. Dé giup d& giai quyét van dé trén, ngudi ta xay
dung cac thuat todn dé chan doan cau trac khong gian dua vao thong tin vé ciu tric

bac mot cua ching.


http://www.ebi.ac.uk/Databases/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/

2.2 Khai quat vé dir ligu trinh tu
2.2.1 Lich sw

Hon ba thap ky truge cuaa thé ky 20, c6 mét su thuc day cac nha sinh hoc (hay
nha khoa hoc néi chung) tim hiéu bang cach nao hang triéu hay hang ti nhitng don vi
trong bo gen cua sinh vat chira dung tat ca cac thong tin. Ma cac thong tin nay can cho
té bao dé tao nén vo sd tién trinh trao doi chat thiét yéu cho su séng cua sinh vat, va
duoc truyén tir thé hé nay sang thé hé khac. Bé c6 mot sy hiéu biét co ban lam sao su
tap hop cac don vi nucleotide riéng biét diéu khién su song, mot sé luong 16n cac dit
liéu trinh tu phai duoc thu thap va luu gitr theo mot cach ma nhiing dit liéu nay co thé
duoc tim kiém va phan tich dé dang.

Lich sir caa dit liéu trinh ty bat dau tir nhitng nam 1960, khi Margaret Dayhoff
va cong su & PIR (Protein Information Resource) thu thap tat ca trinh ty protein da biét
lac bay gio; nhom cua ba da xuat ban su thu thap nay dudi dang mot cudn sach co tén
la “Atlas of Protein Sequence and Structure”. Khi s6 luong dang ké cua nhitng trinh ty
nucleotide da c6 sin, nhiing dir liéu nay duoc liét ké trong Atlas. (Can phai nhé rang
vao thoi diém lich sir cua sinh hoc nay, nhirng trinh tu protein dugc cha trong hon la
nhitng trinh tw DNA.) Khi Atlas duoc mé rong, nd bao gdm sy miéu ta & dang van ban
dé cung cap nhiing trinh ty protein ciing nhu nhitng thong tin lién quan dén sy tién hoa
cua nhiéu ho protein.

Khoang nam 1972 sb luong dit liéu chira trong Atlas khong con rong khip, va
nhu cau né & dinh dang dién tu 1a diéu hién nhién. Noi dung cua Atlas dugc sap xép
bang dién tir bai PIR trén cac bang tir, va su sip xép nay bao gom maét vai chuong
trinh co ban ma co thé duoc sir dung dé tim va danh gia mi quan hé tién hoa xa.

Sy tién bo cua dit liéu trinh ty DNA vao nam 1982, mé dau bai EMBL (the
European Molecular Biology Laboratory) va sau d6 khong lau két hop véi GenBank,
dan dén mot thoi ky tiép theo trong lich st cua dit liéu trinh ty: sy bung nd thuc sy cua

s6 lwong dit liéu trinh ty nucleotide da tré nén sin sang cho cac nha nghién cau.
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Hinh 2.2. D@ liéu trinh tu theo cach cu

2.2.2 Mot s6 co sé dir liéu trén thé giGi
2.2.2.1. NCBI (National Center for Biotechnology Information)

NCBI la trung tam thong tin quéc gia vé cong nghé sinh hoc thudc vién
sic khoe qudc gia cua Hoa Ky (NIH). NCBI chinh thic dwoc thanh Iap vao
ngay 4 thang 11 nam 1988. Bén nam 1991, NCBI dam nhiém viéc quan Iy co
so dir liéu trinh tu DNA va tir 46 NCBI con dugc goi la GenBank.

NCBI la noi cung cép, trao ddi thong tin vé sinh hoc phan tir cia My,
thong qua nhirng co sé dit liéu truc tuyén. Ngoai ra, NCBI con tham gia nhitng
nghién ctu vé sinh hoc tinh toan (computational biology), phat trién nhiing

cong cu phan tich dir liéu bo gen, protein...

2.2.2.2 EBI (European Bioinformatics Institute)

EBI la vién tin sinh hoc cia cong dong chung Chau Au. EBI dat tai
Wellcome Trust Genome Campus nuéc Anh, thanh 1ap nim 1992. EBI bat
ngudn tir EMBL (European Molecular Biology Laboratory). EMBL dugc thanh
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Iap nam 1980 tai phong thi nghiém sinh hoc phan tir Heidelberg cua Buc va day
la co so dix liéu trinh tu nucleotide dau tién trén thé gioi.

EBI phuc vu cho viéc nghién ctu trong cac linh vuc nhu sinh hoc phan
tar, di truyén, y hoc, néng nghiép. .. bang cach xay dung, duy tri nhitng co s& dit
liu chia sé truc tuyén thong tin can thiét. Bén canh d6, EBI con thuc hién

nhitng nghién ctru trong linh vuec tin sinh hoc va sinh hoc phan ti tinh toan.

2.2.2.3. DDBJ (DNA Data Bank Japan) va PDBj (Protein Database Japan)
DDBJ la co s& dit liéu vé trinh tu DNA caa Nhat Ban, chinh thie di vao
hoat dong nam 1986, dit tai vién di truyén quéc gia (NIG). Bén nim 2001,
trung tam thong tin vé sinh hoc ¢ NIG duoc t6 chic lai véi cai tén l1a CIB
(Center Information Biology) két hop véi DDBJ, viét tit [a CIB/DDBJ.
PDBj la co so dir liéu cua Nhat Ban, tich trir dix liéu vé cau trac, chuc

nang protein.

< DDBJ cua Nhat Ban, EMBL caa Chau Au, NCBI cua Hoa Ky la ba co
so dir liéu vé trinh tu nucleotide 16n, mang tinh toan cau va ba co so dir
liéu nay co hop tac, trao d6i qua lai di liéu. Tir d6, cang lam cho dix liéu

vé trinh ty nucleotide trg nén phong pha hon.

2.3. Ngon ngir lap trinh Perl (Practical Extraction Reporting Language)
2.3.1. Gigi thiéu vé Perl va lich sir phat trién

Vao ngay 18 thang 10 nam 1987, Larry Wall — tac gia caa ngon ngit nay, lan
dau tién dua Perl (Perl 1.0) vao sir dung. Ngon ngit nay phat sinh tir ngon ngir 1ap trinh
C va bi anh huong boi cac ngon ngit khac nhu BASIC, awk, sed va UNIX shell. Perl
la su két hop cac uu diém cua nhitng ngén ngit trén.

Sau Perl 1.0 1a Perl 2.0 duoc gi6i thiéu vao ngay 5 thang 6 nim 1988. Bén thoi
diém nay sé luong nguai 1ap trinh véi nhitng muc dich khac nhau sir dung Perl di tang

Ién rat nhiéu.
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Mot nam rudi sau, ngay 18 thang 10 nam 1989, Perl 3.0 ra doi. Hang ngan
ngudi st dung Perl va Web (lac nay chi méi phat trién) da lam cho né thuc su noi
tiéng.

Thang 3 nam 1991 Perl 4.0 xuat hién. Bén luc nay Perl di l1a mot ngén ngir
twong ddi hoan chinh mac du van con mot sé khuyét diém.

Thang 10 nam 1994 Perl 5 ra doi. Phién ban nay cé nhiéu cai tién va dwa ngon
ngit nay 1én mot cap d6 maéi. Perl 5 1a phién ban dau tién 1am cho ngon ngir 1ap trinh
nay vuot xa hon nhitng cong viéc quan tri don gian va trg nén pho bién hon. Trinh
dién dich duoc viét lai hoan toan dé gia tang toc do, tinh hiéu qua va chirc nang.

Perl 5.6 xuat hién vao thang 3 nam 2000, b6 sung nhiéu dic tinh cho viéc lap
trinh.

Niam 2002, phién ban Perl 5.8 ra doi cung vé6i nhiéu cai tién méi duoc bd sung.

Hién nay phién ban Perl méi nhat dugc Larry Wall cong bé la Perl 6.0.

Perl c6 thé cai duge trén cac h¢ diéu hanh khac nhau. Mdi h¢ diéu hanh khac
nhau s& c6 phién ban Perl khac nhau. Trén hé diéu hanh Windows ta ding phién ban
ActivePerl 5.6 (hay 5.8) cho Win.

Pé soan thao ngdn ngir Perl, ta c¢6 thé dung cic phan mém soan thao nhu:
UltraEdit, Notepad, EditPlus, Perl Builder ...
Pé chay chuong trinh Perl, ta dung cac dong 1énh trén MS-DOS.

2.3.2. Ung dung
Perl duoc dung dé xir Iy file, truy cap dit liu, va duoc dung cho giao dién cong
chung (Common Gateway interface — CGlI), tién trinh tao script (chwong trinh) cua

Microsoft Windows, giao dién nguoi dung d6 hoa (Graphical User interfaces — GUI).

2.3.3. Perl va tin sinh hoc
Ngay nay, viéc str dung Perl trong sinh hoc da tré thanh sy thuc hanh tiéu chuan.
Perl con la ngon ngit phd bién nhat giita cac nha sinh hoc cho vé sé cac cong viéc lap
trinh. Perl cing la ngdn ngir chung cua lap trinh trong sinh hoc hay cua tin sinh hoc.
Mot trong nhiing Iy do tai sao Perl tré nén rat thich hop dé giai quyét cac van dé
nhu dit liéu trinh tw DNA va protein 1a vi Perl rat dé khai bao va st dung chudi. Ban

chi can st dung no, khong can lo ling vé viéc dinh vi bo nhé, hay quan Iy b nhé khi
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chudi gia ting hay giam xudng. DNA va protein ciing nhu cac dit liéu sinh hoc khac
hau hét luon hién dién trong Perl dudi dang cac chudi, vi vay diéu kién thuan loi cho

cac chudi thi ciing thuan loi cho DNA va protein.

2.3.4. Cac thanh phan co ban trong Perl
2.3.4.1. Dir li¢u v6 hwéng
a) Dir liéu vo huodng (scalar data) 1a mét kiéu dit liéu duy nhat bao gom s
va chudi.
b) Kiéu sd
Vidu: 1, 109, 1.5¢5....
¢) Kiéu chudi
Vi dy: ‘Pay 1a chudi trinh ty DNA’, hay ta c6 thé viét “Pay 1a chudi
trinh ty DNA”. Chudi c6 thé dat trong diu > hay “.
d) Bién vo hudng
- Bién vo hudng dung dé luu gia tri dir liéu vé huéng trong qua trinh tinh
toan, thuc hién chuong trinh.
- Bién v6 huéng phai bat dau tén bién vai ky tu “s”.
- Sau ky tu “$” phai c6 it nhdt mot mau tu, va mau ty bat dau khong
duogc 1a ky tu s6.
- Tén bién c6 su phan biét giita chit hoa va chit thudng.

e) Cac toan tu

- Toan ti tinh toan co ban

Toan tit | Y nghia Vidu
= Gan SDNA = ‘actggtaccatg’
+ Cong 2+3
- Tru 8-5
* Nhan 4%5
/ Chia 10/5
* % Liy thira 2%%5




Toan tir gan nhi phan
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Toan tu tang giam ty dong

Toan tir Vi du Y nghia
+= $x += 5 |$x = $x + 5
-= $Sx -= 5 [ $x = $x - 5
*= Sx *= 5 $Sx = S$x * 5
/= Sx /=5 |8x = 8$x / 5
Toan tir Vi du Y nghia
++ Sx++ Bién $x tu ting mot don vi
-- $x-- | Bién $x tu giam mot don vi

Céc toan tir so sanh: két qua tra vé 1a true hay false

Ap dung ddi v6i so | Ap dung déi véi chudi Y nghia
< 1t Nho hon
> gt Lén hon
== eq Bang
<= le Nhé hon hoic bing
>= ge Lén hon hoic bang
= ne Khong bang

- Céc toan tur luan ly

Toan tir Cach dung twong duong
&& and
|| or
~ XOor
! not

- Mot s6 toan tir théng dung khac
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Toan tir Chirc nang
<STDIN> hoic <> Nhap input tu ban phim
chomp Cadt bo ky tu newline & cubdi chudi
chop Cat bd ky tu bat ky & cubi chubi
length Tinh chiéu dai cua chudi

2.3.4.2. Cac céu tric diéu khién
a. Cau lénh diéu kién
- If
If (biéu thtc) {
Khéi lénh cédn thuc hién;
1
* Néu biéu thirc 1a dung thi khoi lénh duoc thuc hién, néu khong
khdi 1énh duoc bo qua.
- If —else
If (biéu thic) {
Khéi lénh 1 cadn thuc hién;
} else {
Khéi lénh 2 cadn thuc hién;
}
* Néu biéu thic 1a dang thi khdi lénh 1 duoc thyc hién, néu
khong khéi 1énh hai dugc thyc hién.
- If —elsif - else
If (biéu thtc 1) {
Khéi lénh 1 cidn thuc hién;
} elsif (biéu thtc 2) {

Khéi lénh 2 cén thuc hién;

} else {

Khéi lénh ca&n thuc hién;

}
* Néu biéu thuc 1 1a ding thi khdi lénh 1 dwoc thuc hién, néu

khong s& kiém tra biéu thirc 2. Néu biéu thirc 2 dung thi khéi 1énh 2 duoc
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thuc hién...Néu khong biéu thirc ndo duoc théa man, khéi 1énh trong
biéu thuc else duoc thuc hién.

- Unless
unless (biéu thuc) {
Khéi 1lénh cé&n thuc hién;
}
* Néu biéu thirc sai thi khéi lénh s& duoc thyc hién.
- Unless - else
unless (biéu thuc) {
Khéi lénh 1 cédn thuc hién;
} else {
Khéi lénh 2 cédn thuc hién;
}
* Néu biéu thirc 1a sai thi khéi 1énh thtr 1 s& duoc thuc hién, néu
khong thi khéi 1énh 2 duoc thuc hién.

b. Vong lap “while”
while (biéu thuc) {
Khéi lénh cédn thuc hién;
}
* Pau tién, biéu thirc s& dugc kiém tra. Néu biéu thirc 1a dung thi
khdi 1énh s& duoc thuc hién. Viéc thuc hién khdi Iénh s& duoc lap di lap
lai va s& dirng lai khi biéu thirc sai. Khdi 1énh co thé s& khong thuc hién

lan ndo néu biéu thic sai ngay tir dau.

c. Vong lap “for”
* Vong lap for thuong dung dé xac dinh sb lan ma khdi lénh
mudn thuc hién
for (biéu thiic 1; biéu thtc diédu kién; biéu thic 2)
khdi 1é&nh cdn thuc hién;
1
* Vong 1ap s& dung lai khi “biéu thirc diéu kién” 1a sai.

2.3.4.3. Mang (array)
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a. Giai thiéu
Bién mang gidng nhu bién v6 hudng, nd duoc tao ra dé luu dit liéu. Tuy
nhién dir liéu 1a mot danh sach (list) (danh sach 1la mdt nhom dix liéu vo hudng
duoc sap xép theo thir tu).
Mg dau bién mang 1a ky tu “@”, va cac quy tic dit tén cho bién mang
cling twong ty nhu dit tén cho bién vo hudng.
Vi du:
Qa;
@a = (1, 2, 3, $x, Sy);
Céc phan tr cuia mang duoc danh s tir 0, nhu mang trén 1 ¢ vi tri 0, 2 13
vitril...
Truy cap dén mot phan tir trong mang: $a [0] truy cap dén phan tu thir
0, Sa[1] truy cap dén phan tu tha 1 caa mang.

Nhap phan tir vio mang tir ban phim: @array = <STDIN>;

b. Mot s6 ham thao tac trén mang
- Tim chiéu dai mang:

Schieudai = scalar (Qa);

HO4ac S$chieudai = (S#a +1);
- Tim chi s6 phan tir cudi cing ctia mang:
Schisophantucuoi = S$#a;
- Ham sort, sdp xép thir tu:
@b = sort (@a);
* Ham nay sap xép thir ty cac phan tir trong mang theo thir ty bang ma
ASCII, khong sap xép theo thir tu so.
- Ham push, thém phan tir méi vao mang:
push (@a, $new_element);
* Phan tir méi duoc thém vao vi tri cudi cing.
- Ham pop, ldy di phan tir cudi cung:
$Sx = pop (Q@a);
* Sau dong 1énh ndy, mang @a s& mat di phan tir cudi cung s& duoc gan
vao bién $x.

- Ham unshift, thém phan ta méi vao dau mang:
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unshif (@a, ‘new element’);

Phan tir new element duoc thém vao dau mang.
- Ham shift, 14y di phan tir dau tién ctia mang

Sx = shift (Qa);

Sau dong 1énh nay, mang @a s& mat di phan tir dau tién ciia mang
va phan tir nay dugc gan toi bién $x.
- Ham reverse, dao nguogc cac phan tir trong mang:

@b = reverse (Qa);
- Ham join, ndi cac phan tir trong mang thanh mot chudi:

$string = join (“separator”, Qa);

Separator 13 ky tu hay chudi ky tu phan cach giita hai phan tir
mang.
- Ham split, tach mot chudi thanh mét bang cac phan tur:

@a = split (“separator”, S$string);

c. Mang con
Mang con chi chira mot s6 phan ti trong mang cho trudc
@a = (a, b, ¢, 4, e, £);
@b = @a[l..3]; mang @b chira cac phan tir tha 1, 2, 3 trong
mang @a, cu thé 1a cac phan tir b, ¢, d.
@c = @a[l,4,5]; mang @c chua cac phan tir tha 1, 4, 5 trong

mang @a, cu thé 1a cac phan tir b, e, .

d. Vong lap danh cho mang
Vong lap foreach duoc ap dung cho mang.
foreach $a (Qarray) {
khdi 1é&nh cdn thuc hién;
}
* Céac phan tur trong mang lan luot duogc gan cho bién $a qua mdi vong

lip. Bién $a chi c6 hiéu luc cuc b trong vong 1ap foreach.
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2.3.4.4 Bang bam (Hash)
a. Giogi thiéu
Hash 12 mot loai bién dung dé luu trir danh sach dir liéu vé huéng twong
tu nhu mang. Tuy nhién, cac phan tir trong mang duoc chi muc (index) tu dong
con trong Hash thi khong duoc tao chi muc mét cach tu dong. Cac phan tu
trong Hash di thanh ting cip key/ value, trong d6 phan tir key dung lam chi
muc cho phan tir value.

Mg dau bién hash 13 ky tu “%” va qui tic dit tén cho hash tuwong ty nhu

mang.
Co hai cach khai béo:
» %hash = (keyl, wvaluel, key2, value2, key3,
value3) ;
» %hash = ( keyl => value 1,

key2 => value 2,

key3 => value 3);
Truy cap mét phan tir caa hash:
$a = S$hash {$key};
Thém phan tir méi vao hash:
Shash{$key} = $value; Cap gid tri key/ value dugc thém vao
hash.

b. Mot s6 ham thao tac trén hash
- Ham delete, x6a phan ti trong hash
delete $hash{S$Skey}; x0a cap gia tri key/value twong ng vai
nhau.
- Ham keys, trich cac keys va luu cac keys nay vao mang:
@keys = keys (%hash);
- Ham values, trich cac values va luu cac values nay vao mang

@values = wvalues (%hash);

2.3.4.5. Thao tac véi tap tin
a. Mo tap tin
Cu phap



18
Open (Filehandle, “dudng dan dén tap tin cédn md”) or
die (“Khbéng md dugc tép tin”);

FileHandle s& 1a tham chiéu dén tap tin can mo sudt chuong trinh. Néu
khong mo duoc tap tin véi 1y do nao do, ham die duoc thuc thi va chuong trinh
bi ngat.

Khi mé mot tap tin, ching ta c6 thé mé ¢ ba ché d6 khac nhau: doc
(read), viét (write), chén (append). Mot tap tin dugc mo thi mic dinh trong ché
do doc.

Mg tap tin trong ché do viét (write), ta thém dau “>"trudc duong dan.
Chu ¥ khi mé tap tin trong ché do Write thi ndi dung cua toan bo tap tin sé& bi
x6a va ndi dung méi s& dugc ghi thém vao, néu khong duoc thém vao tap tin sé
1a rong.

Mg tap tin trong ché do chén (append) ta thém dau “>>” vao trudc
duong dan. Khi ma tap tin trong ché do nay ta co thé thém ndi dung vao tap tin.

M¢ tap tin dé doc va thém noi dung vao (read/write) ta thém diu “+<”
vao trude dudng dan.

Tao mot tap tin méi co thé doc va viét vao ta thém dau +> vao trudc

duong dan.

b. Pong tap tin
Cu phép

close (FileHandle);

c. Doc tap tin
Sau lénh mé tap tin, ndi dung cua tap tin c6 thé dugce doc nhu sau:
Open (THU, “D:/Perl/thu.txt”) or die (“Khéng md dugc
tdp tin”);
$Sthu = <THU>;
print “dong dau tién cua tdp tin la: $thu”;
Néu tap tin thu.txt c6 nhiéu dong, mdi dong trong tap tin thu.txt twong
rng v6i mot phan tir trong mang. Do d6 khi gan $thu = <THU>, Sthu chi
chia dong dau tién cua tap tin. Dé in hét noi dung cua tap tin thu.txt, ta phai

dung vong 1ap
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open (THU, “D:/Perl/thu.txt”) or die (“Khéng m& duogc
tap tin”);

Sthu = <THU>;

while ($thu) {

print “$thu \n”;

Sthu = <THU>;

}

exit;
Ngoai ra ta ¢ thé dung mang chira ndi dung tap tin, trong d6 mdi dong

trong tap tin tng véi mdi phan ti trong mang. Ta thuc hién nhu sau

open (THU, “D:/Perl/thu.txt”) or die (“Khéng md& dugc
tap tin”);

@thu = <THU>;

print “@thu”;

exit;

d. Viét noi dung vao tap tin
Cu phép
print FileHandle “ndi dung cédn ghi vao”;
Co6 thé viét noi dung cho tap tin tir ban phim:
Sthu = <STDIN>;
print FileHandle “Stext”;

2.3.4.6. Chuwong trinh con
a. Giai thiéu
Chuong trinh con 13 cdc doan m3 thé hién cac chirc ning khac nhau
trong chuong trinh chinh. Khi viét cac chuong trinh con chiing ta c6 thé tai sir
dung thay vi viét lai tat ca. Va viéc dung chuong trinh con 1am cho viéc to chirc
chuong trinh tét hon, 1am cho chwong trinh dé doc va dé kiém soat hon.
Khai bao:
Sub TenChuongTrinhCon {
Poan m& cidn thuc hién;

}

b. Sir dung chuong trinh con
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Goi chuong trinh con

&TenChuongTrinhCon ( );

Ta ¢6 thé bo di dau “s”.

€. Vi du cach dung chuong trinh con
# !/usr/bin/perl -w
print “Nhap vao trinh tu DNA tht 1: 7 ;
my Sdnal = <STDIN> ;
Chomp $dnal ;
Print “Nhap vao trinh tu DNA tha 2: 7;
my Sdna2 = <STDIN>;
chomp $dna?2;
my S$dna3 = &noiDNA ($dnal, $dna2);
print “Pay 1a chudi DNA nbi: $dna3 \n”;
exit;

FHEFHAAAA A AT

sub noiDNA {

my ($dnal,$dna2) = @ ;
my S$dna3 = $dnal. $dna2;
return $dna3;

}
* Pau tién chuong trinh nhan vao hai trinh ty DNA nhap tir ban phim va

luu chiing 1an lwot vao hai bién vo huéng $dnal, $dna2. Bién duogc khai bao
véi my qui dinh pham vi hoat dong caa bién va dam bao khong cé hién tuong
tring tén bién xay ra. Hai bién $Sdnal va $dna2 dugc xem nhu tham sb va
duogc truyén vao chuong trinh con dé xir Iy. Lac nay moi hoat dong sé dién ra
trong chuong trinh con. Chuong trinh con nhin vao hai bién $dnal, $dna2
thong qua bién dac biét @  va gan cho hai bién $dnal va $dna2 trong
chuong trinh con. Chuong trinh con thyc hién néi ndi dung hai bién lai, gan cho
bién Sdna3 cudi cung tra gia tri lai cho chuong trinh chinh qua chutc ning
return. Bién $dna3 trong chuong trinh chinh s& nhan gia tri tra vé nay, sau

d6 duoc xuat ra man hinh bai dong 1énh print.
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2.3.4.7. Regular Expression
a. Giogi thiéu
Regular expression 12 mot dic ta cho mot nhom ky tu ta mudn tim trong
mot chudi.
Pattern 1a mot chudi ky tu nhat dinh ma ta c6 thé tim kiém trong mot
chudi.
Vay, regular expression sé dac ta mot pattern va patern nay sé€ 1a khuén

mau c6 thé so khop vai chudi ky tu da cho.

b. Vi du cach dung regular expression
Ta viét chuong trinh tim doan nho DNA trong mét chudi trinh tu DNA

cho truéc
#!/usr/bin/perl -w
my S$dna = ‘ACTGTGATGCGTACGTTTAC' ;
my Ssubdna = ‘ATGC’;
if ($dna =~ /$subdna/) {
print “Tim thdy $subdna trong chudi DNA $dna \n”;
lelse {
print “Khéng tim thdy $subdna trong chudi DNA $dna
\n”;
}

exit;

Trong chuong trinh nay, ta dung regular expression ¢ dong 1énh $Sdna
=~ /$subdna/. Muc dich chuong trinh 13 kiém tra ‘ATGC’ c6 trong chudi
DNA ban dau hay khong. Pattern & day 13 $subdna, mang néi dung 1a doan
trinh ty gan ‘ACTG’ duoc thé hién thanh regular expression khi dat pattern nay
vao giita hai ddu “//”. Regular expression ndy s& tim $subdna trong chudi
DNA ban dau thong qua toan tir két ni =~ (binding operator). Két qua tim

kiém s tra lai gia tri true, néu tim thay va false néu khong tim thay.

2.4. Gi6i thidu vé cay xoai
2.4.1. Vi tri phan loai
Cay xoai (2n=40) thuoc
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Gioi Plantaeia

Nganh Magnoliophyta
Lop Magnoliopsida
Phan lop Rosidae

Bo Sapindales

Ho Anacardiaceae
Gidng Mangifera

Loai Mangifera indica L.

2.4.2. Nguén géc

Cay xo0ai la mot trong nhitng cay an qua duoc nguoi An Do trong tur rat 1au doi.
Theo De Candolle (1886) nguoi An o da biét trong xoai cach day khoang 4000 nam,
con theo Hill (1952) thi khoang 6000 nam, vi vay rat khé xac dinh rd ngudn goc phat
sinh cua cay xoai.

Dua vao sy xuat hién cua cac loai hoang dai, cac bang chiing khao ¢ hoc, su
phan bé dia 1y ciing nhu lich st trong trot 1au doi da gan lién voi cac phong tuc tap
quan cua ngudi dan trong vung, nhiéu nha nghién ciu (De Candolle, 1904; Popenoe,
1920; Vavilov, 1949-1950; Mukherjee, 1951; va Singh, 1959) cho ring cay xoai co
ngudn gbc & vung bién gisi giita An Do va Myanma. Theo Bondad (1989) ¢6 ba ving
c6 thé dugc coi la noi phat sinh ciia cay xoai, d6 la khu vuc An Do va Pong Duong,
viing bién gigi gitta An Do va Myanma, khu vuc Bong Nam A.

Do d6, cay xoai la cay cta vung nhiét dgi va cé nguon gbc tir cac nudc trong
khu vuc Chau A ma trong d6 An D6 va cac nudc trong khu vuc Dong Nam A dugc coi

la trung tam phat sinh cua cay xoai.

2.4.3. Gia tri dinh duwdng va lgi ich
Khi phan tich thit qua xoai c6

Bang 2.1. Gia tri dinh dudng cua qua xoai

Pon vi | Ning lwgng | Carbohydrate | Protein | Cholesterol | Trong | Chatbéo | Chit béo
(calo) (gram) (gram) | (milligram) | lwong (gram) bao hoa
(gram) (gram)
1 qua 135 35 1 0 207 1 0.1
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Ty I& phan in duoc cia qua xoai la 70%. Xoai giau vitamin A, B2, va C dic
biét 1a vitamin A, trong 100g an dugc co6 dén 4,8mg. Ngoai ra con cé cac loai mudi
khoang K, Ca, P, CI.

Qua x0ai ngoai an tuwoi con dung lam db hop, lam mat, nude giai khat, cho Ién
men ruou, lam ddm. Vo qua chira kiét li, hoai huyét. Vo cdy xoai gia chira sot, dau
rang. L4 chira ho, sung hong. R& cay xoai ciing c6 thé nhuom vai. Hoa xoai 1a ngudn

mat cho ong.

2.4.4. Pic diém hinh thai
24.4.1. Ré
Cay xo0ai co bo ré rat sau va khoe, nhat 1a hé théng ré coc. Ré cé thé moc
sau 5-6m nhung phan I6n phan b tap trung ¢ tang dat 0-50cm. Vé bé rong, ré
c6 thé an xa 9m, nhung tap trung & vung ban kinh 2m. Nho ¢6 bo ré an sau va

phan bd rong ma cay xoai dugc coi la cay c6 kha nang chiu han rat tét.

2.4.4.2. Than va tan cay
Cay xoai thugc loai dai moc, sinh truong khoe nén cay to va tan lon,
xanh quanh nam. Than gé cao 10-15m vai d6 16n tan tuong tu. Tan cé hinh bau

duc, hinh thap hodc hinh cau tuy theo giéng.

2.4.43.La

La don, moc vong, co kich thudc 16n: rong 6-10cm, dai 35cm. Mdi nam
cay ra 3-4 dot 1c, 14 non ra trén cac chdi mai, moc theo chum, mdi chum c6 7-
12 l4. La non c6 mau tim hong hoac phét nau. La gia c6 mau xanh dam. La non
dat kich thuéc 6n dinh hai tuan sau khi moc va 14 chuyén luc hoan toan sau 35

ngay. Thoi gian ton tai cua la xoai 1a ba nam.

2.4.4.4. Hoa
Hoa moc thanh chum & ngon canh. Chum hoa to va dai 20-40cm. Mbi
chum c6 200-4000 hoa. Trén mot chum hoa thuong c6 ca hai loai hoa: hoa

ludng tinh va hoa dwc. Hoa c6 kich thuéc nho 6-8mm. Hoa ludng tinh co tiéu
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nhuy hiru thy, cé voi nhuy, ¢6 bau noan phat trién. Hoa duc thi tiéu nhuy bat

thu va c6 bao phan phat trién.

Hinh 2.3. Hoa xoai

2.4.45.Qua

Qua x0ai ¢co thit qua, vo qua va hat. Hinh dang, do 16n va mau sic cua
qua c6 thé nhan biét tuy theo giéng. Thoi gian tir khi ra hoa dén khi qua chin
tay giéng, gidng chin sém thi 2 thang, gidng chinh vu thi 3-3,5 thang, giéng

chin muon thi 4 thang. Xoai Viét Nam thugc nhoém chinh vu.

Hinh 2.4. Qua xoai

2.4.4.6. Hat
C4u tao hat xoai bao gom
- Gan la céac soc doc theo chiéu dai hat

- Xo ¢6 & khap hat, dai nhat & bung va lung cua hat
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- Lép vo cung (noi qua bi) day mau nau
- Lép vo mau vang trong suét nam sat 16p vé cing
- Lé6p vo bao mau ndu mém bao quanh la mam ndi lién voi
cubng bang mét soi nho
- L4 mam c6 nhiém vu cung cap dinh dudng cho cay con nhu
phoéi nhii cia cac hat khac
- Phoi

2.4.4.7. Phoi

Xoai ¢o6 nguon géc tir cac nudc Pong Duong, Malaysia, Indonesia,
Philipine thuong thugc nhom da phéi, con xoai & An P, Banglades, Pakistan
c6 hién tuong don phoi nhiéu hon. Xoai da phoi la trong 1 hat ¢6 nhiéu phéi va
khi gieo hat d6 co thé moc Ién nhiéu cay con. Trong cac phoi d6 ¢é 1 phéi hitu
tinh, con lai 1a phoi vo tinh do cac té bao cua phoi tim hinh thanh. Cay moc tir
phoi vo tinh thi gidng cay me, con cay moc tir phéi hiru tinh thi cay me. O cac

gidng don phoi, cay moc khac cay me vi d6 1a phai hiru tinh.

2.4.5. Yéu cau sinh thai
2.45.1. Nhiét dp
Nhiét do thap nhat 1a 2-4 °C, thich hop nhat la 24-26 °C, nhiét do cao
nhat xoai chiu dugc la 44-45 °C nhung & nhiét do nay yéu cau da nudc. Nhiét
d6 anh huong rd rét dén sinh truong va thoi gian chin cua qua xoai. Di voi
sinh truéng qua, cay xoai can nhiét do cao hon so vai thoi gian ra hoa va nhiét
d6 cao trong thoi gian qua phat trién 1a yéu té quan trong dé cé thé thu hoach

X0ai som.

2.4.5.2. Dit

Xoai khong kén dat, thich hop trong trén nhiéu loai dat, dat vang, do,
Ferelit, phu sa o, phi sa méi ven song... nhung phai c6 tang canh tac day it
nhét 1a 1,5-2m. D6 pH tét nhit 1a 5,5-6,5. Muc nuéc ngam thich hop 1a 2,5m,

néu muc nudc nudge ngam khong on dinh thi anh huéng xau dén bo ré.
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2.4.5.3. Lwgng mua

Xoai ¢6 thé sinh truéng, phat trién tét ma khong can tuéi & nhitng ving
c6 luong mua trung binh nam tir 1200-1500mm. Trong 1 nim cay x0ai can phai
c6 mot khoang thoi gian kho han vao thoi diém cudi nam dé tao diéu kién cho
qua trinh phan héa mam hoa. Trong thoi gian xoai nd hoa yéu cau thoi tiét kho

rao dé tao thuan lgi cho qua trinh thu phan hinh thanh qua.

2.4.6. Mot s6 giong xoai trong pho bién ¢ Viét Nam

2.4.6.1. Xoai cat Hoa L¢c

Xuat xu tir Cai Bé (Tién Giang) va Cai Mon (Bén Tre), dugc ngudi nong
dan ¢ nhiéu tinh vang dong bang séng Ctu Long tuyén chon, nhan gidng va
trong qua nhiéu thé hé do ¢ pham chat tot. Trai to trong luong trung binh 300-
500g. Hinh dang qua bau dai, vo mong, hot nho. Thit vang, com day, dé, khong
c6 xo, huong vi thom ngon va ngot. Thoi gian tir khi ra hoa dén chin la 3,5
thang. Giéng quy, nhung hoi kho van chuyén va xuét khau do cé vé mong nén

d& bi dap néu chuyén chd khong can than.

2.4.6.2. Xoai cat Can Tho
Qua nhé hon xoai cat Hoa Loc, c6 com day, ngot, huong vi thom ngon

va cho nang suit kha cao. Thoi gian tir khi ra hoa dén chin l1a 3,5 thang.

2.4.6.3. Xoai thom

Xoai nay duogc trdng nhiéu ¢ Tién Giang, Bong Thap, Can Tho. Trong
lwong trai trung binh 250-300g, voé trai xanh sam (thom den) hay xanh nhat
(thom tring), thit qua ngot thom. Thoi gian tir khi tro dén khi chin kha sém 2,5
thang.

2.4.6.4. Xoai budi (xoai ghép)
Cay trong bang hat chi 2-3,5 nam la ¢6 qua. Trong luong trai trung binh
la 250-350g. V6 day, thit nhio, it ngot. Mui hoi cua trai giam dan khi tudi cay

cang gia.
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2.4.6.5. Xoai tugng
Trong lugng trung binh cua trai la 700-800g. Thit qua mau vang nhat, it

X0, it nudc, khong ngot, hoi chua thuong an suong.

2.4.6.6. Xoai Thanh Ca

Xoai nay duoc tréng phd bién & cac tinh duyén hai mién Trung, 1 phan &
Thanh phé H6 Chi Minh, 1 sé tinh mién Bong Nam Bo va déng bang song Cuu
Long. Trong lugng trung binh 350-580g, qua hinh triang dai, vo vang tuoi va
bong, thit vang tuoi, it xo, nhiéu nudc, ngot va thom. Cay c6 nhiéu dot qua trai

vu trong nam.

2.5. Khai quat vé EST (Expressed Sequence Tag)
2.5.1. Dinh nghia
EST la nhitng doan nho trong trinh ty DNA (thuong dai tir 200 dén 500
nucleotide) duogc tao ra bang cach giai trinh ty mot dau hay ca hai dau cua mot gen
biéu hién.

Tizzues

s

(LI § putil seqercing

I partial cequercing

Hinh 2.5. So @b hinh thanh EST

2.5.2. Nguyén nhan hinh thanh va wng dung caa EST
Cac nha nghién ctu dang lao dong mot cach can man dé giai trinh tu va thu
thap bo gen cua rat nhiéu loai sinh vat, bao gom chuét va ngudi, véi mot sé lugng 16n
vi nhitng |y do quan trong.
Mic du nhitng muc tiéu quan trong cua bat ki dy an giai trinh tu nao déu co thé
c6 duoc trinh tu gen va xac dinh dugc mét tap hop hoan chinh cua gen, nhung muc
tiéu cudi cung la dat dén tam hiéu biét vé viéc khi nao, vi tri nao, va bang cach nao ma

mot gen dugc hoat hoa, mot tién trinh ma thuong duoc xem la su biéu hién gen.
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Mot khi chiing ta bt dau tim hiéu vi tri nao va bing cach nao 1 gen dugc biéu
hién dudi nhitng diéu kién thong thuong, sau d6 chang ta co thé nghién ctu diéu gi
Xay ra trong mot trang thai da thay doi, vi du nhu trueong hop bi nhiém bénh. Tuy
nhién, dé thuc hién dugc muc tiéu sau cung, cac nha nghién ctu phai xac dinh va
nghién ctru vé protein, hay nhitng protein ma né duoc ma hoa bai mét gen nao do.

Viéc tim thay mot gen ma ma hoa cho mét protein hodc nhiéu protein la diéu
khong dé& dang. Nhu trudc day, cac nha nghién ctu s& bat dau cudc tim kiém bang
cach dinh rd mot van dé sinh hoc va phat trién thanh mét chién luoc cho viéc nghién
ctru van dé& d6. Thong thudng, viéc tim nhitng tai liéu khoa hoc thuong cung cap nhiéu
dan chang cho viéc tién hanh nhu thé nao. Vi du, cac phong thi nghiém khac c6 thé
cong bd dir lieu ma da thiét 1ap su lien két gitra mot protein dic biét va mot can bénh
dugc quan tam. Cac nha nghién ciu sau d6 sé& lam viéc dé phan lap protein, xac dinh
chuc nang caa no, va dinh vi gen ma né ma hoéa cho protein.

Mot cach khac, cac nha khoa hoc s& tién hanh nhitng nghién cau di truyén dé
xac dinh vi tri nhidm sic thé cua mot gen dic biét. Mot khi vi tri nhiém sic thé da
duoc xac dinh, cac nha khoa hoc s& sir dung nhitng phuong phap hoa sinh dé phan lap
gen va protein tuong tng. Du bang cach nao thi nhitng phuong phap nay déu ton nhiéu
thoi gian, cé trudng hop nhiéu nam, va két qua la chi co vi tri va sy miéu ta caa mot sb
lwong phan trim nho cta gen duogc tim thay.

Tuy nhién, thoi gian doi héi cho viéc dinh vi va mé ta hoan toan mét gen da
giam xudng dang ké nho su phat trién va huéng tiép can cua mot ki thuat dugc dung
dé tao ra Expressed Sequence Tag hay EST. EST cung cap cho nha nghién ciru mot
phuong phap nhanh chéng va khong ton kém cho viéc kham pha cac gen méi, tim
duoc dit lidu vé su biéu hién va diéu hoa gen, va cho viéc thanh Iap ban d6 gen.

Y tuong la giai trinh ty nhitng manh DNA ma ching dai dién cho nhitng gen
biéu hién trong té bao, mé hay co quan nao do tir nhitng sinh vat khac nhau va sir dung
nhitng sy danh dau nay dé tim ra dugc gen bang sy bat cip giita cac nucleotide. Thach
thire két hop viéc xac dinh gen tir trinh tu bo gen bién ddi gitra cac sinh vat va doc 1ap
vé6i kich thude bo gen ciing nhu su hién dién hay vang mat cua intron, né 1a nhiing

trinh tw DNA xen vao lam gian doan trinh tu ma héa protein caa mot gen.



2.5.3. Su hinh thanh EST

cDNA dai dién cho 1 gen biéu hién da duoc phan lap, cac nha khoa hoc sau do
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c6 thé giai trinh tu vai tram nucleotide tir diu nay hay dau kia caa phan tir dé tao ra hai
loai EST khac nhau.

- 5’EST

Chi giai trinh ty phan bat dau caa cDNA tao ra 5’EST. 5°EST ¢6 duoc tur
dau 5’ cua mot ban sao (transcript) ma ban sao nay thuong ma héa cho mot

protein. Nhitng vaing nay c6 khuynh huéng bao ton giira cac loai va khong thay

mRMNA
iReverse Transcriptase

:|— cDNA

iRibﬂn uclease degredation of RN A

Synthesis of Second Strand of DNA

| Double
Stranded DNA

Forward Sequencing Reverse Sequencing
Primer Primer

L= T

5 EST 3 EST

Hinh 2.6. Sy hinh thanh EST

db6i nhiéu trong mot ho gen.

- 3’EST

Giai trinh ty phan cudi cua phan tir cDNA tao ra 3’EST. Bai vi nhiing

EST nay duoc tao ra tir ddu 3” ctia ban sao, chung thuong roi vao nhiing ving

khong ma hoa cho protein, hay la nhitng vang khong dich ma (untranslated

region — UTR), va do dé chang c6 kha nang biéu 16 sy bao ton giira cac loai

thap hon so véi nhitng trinh tw ma hoa.
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2.6. Gi6i thiéu vé microsatellite
2.6.1. Khai niém
Microsatellite 1a nhitng trinh ty dic biét caa DNA ma c6 chta su lap lai ndi tiép
tir 2 dén 6 bp (Connel va ctv, 1998).
Vidu
GTGTGTGTGTGT hay (GT)s
CTGCTGCTGCTGCTG hay (CTG)s
ACTCACTCACTCACTC hay (ACTC),
Trong céac tai liéu microsatellite con duoc goi la SSR (simple sequence repeats),

STR (short tandem repeats), VNTR (variable number of tandem repeats).

2.6.2. Pic diém

Microsatellite 1a marker duoc lya chon trong viéc 1ap ban d6 phan tt, sy xac
dinh nhitng gidng cay trong, danh gia ngudn gbc to tién cua cay trong cho muc dich
nghién ctru quan thé cay trong va sy tién hoa la vi

v’ Cé tinh da alen va bién di cao

v La marker dong troi

v Phan b4 ngau nhién khip bo gen sinh vat

v' D@ dang xac dinh bang PCR sir dung cac primer dac biét

Microsatellite c6 & bo gen thuc vat thip hon nam lan so véi dong vat co va
(Lagercrantz va ctv, 1993). Uéc tinh tan sé xuat hién cua microsatellite o thuc vat
trong pham vi tir mdi mot 3.3 kb & laa mach (Becker va Heun, 1995) dén 1.2 Mb cho
su ldp lai GA/CT va GT/CA ¢ ca chua (Broun va Tanksley, 1996). Trung binh sy xuat
hién cua microsatellite Ia mdi mot 21.2 kb & thuc vat hai 14 mam va mdi mot 64.6 kb &
thue vat mot 14 mam (Wang et al., 1994).

Mot ca thé co mot locus dong hop s& cé cung s6 lan Iap lai trén ca hai nhiém
sic thé, trong khi mot ca thé di hop s& c6 sé 1an lap lai khac nhau trén hai nhiém sic
thé. Nhitng vang xung quanh locus ctia microsatellite, dugc goi la vang hai bén
(flanking region) co6 thé co cung trinh ty. Pidu nay rat quan trong boi vi nhitng vang

hai bén co thé dwoc dung nhu primer cia phan tng PCR khi né s& khuéch dai
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microsatellite, va vang hai bén nay s& bao ton gitta cac gidng hay thinh thoang gitra
cac ho.

Hinh dudi cé hai dong dai dién cho hai nhiém sic thé tuong dong trong co thé
ludng boi. (Bé rd rang, chi mot soi cua mdi nhiém sic thé duoc thé hién)

DPong hop (ca hai soi ¢6 7 1an lap lai CT)

...CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTATCGGTACTACGTGG...

...CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTATCGGTACTACGTGG

5’ vung hai bén microsatellite 3’ vung hai bén

Di hop: (Mot soi ¢6 7 1an Iap lai, va soi kia co 8 1an lap lai

...CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTATCGGTACTACGTGG...

...CGTAGCCTTGCATCCTTCTCTCTCTCTCTCTCTATCGGTACTACGTGG...

2.6.3. Co ché hinh thanh microsatellite
Sy da dang cia microsatellite 1a két qua tir sy khac nhau trong sé lugng cac don
vi lap lai. Su khac biét nay duogc tao ra boi nhitng 16i trong qua trinh tai ban DNA
(Jarne va Lagoda, 1996; Moxon va Willis, 1999); enzyme DNA polymerase bi 15i khi
né sao chép vang lap lai, 1am thay doi s6 1an l3p lai (Jarne va Lagoda, 1996).
2.6.3.1. Su trwot 16i ctia polymerase (Polymerase slippage)

Khi DNA tai ban, enzyme polymerase khong tim thay vi tri ciia né va cit
bot don vi lap lai hay thém vao qua nhiéu don vi lap lai. Két qua la soi méi c6
s6 lan lap lai khac vai soi bd me. Piéu nay giai thich cho nhitng su thay d6i nho
trong sb 1an lap lai (thém vao hoic bét di mot hay nhiéu lan lap lai).

Sy truot 15i c6 thé khuéch dai nhiing trinh ty lap lai ngan nay thanh
nhiéu 1an 13p lai qua cac thé hé ké tiép.

Bén canh d6, hiéu qua cua hé thdng stra chita cho su bap cap sai ciing

dong mat vai tro quan trong trong téc do bién doi caa microsatellite.
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2.6.3.2 Sw bit cip khong dong déu trong giam phan
Co ché nay giai thich cho nhitng thay ddi 16n hon trong s6 l1an lap lai.
Trong so d6 dudi, nhidm sic thé A cé qua nhiéu sy lip lai, va nhiém séic thé B

thi co qua it su lap lai.

A B

Hinh 2.7. Su bét cap khong ddng déu trong giam phan

2.6.4. M hinh sy dot bién ciia microsatellite
2.6.4.1 M6 hinh ddt bién bac thang (SMM — Stepwise Mutation Model)

Mb hinh nay giit cho cac microsatellite chi tang hoac giam mot 1an lap
lai. N6 goi ¥ rang hai alen khac nhau bai 1 1an I3p lai thi co quan hé ho hang
gan hon (co t6 tién chung gan hon) so véi nhitng alen khac nhau nhiéu lan lap
lai.

Noi cach khac, kich thudc co y nghia khi thuc hi¢n nhiing thi nghi¢m
thdng ké trén quan thé. Viéc st dung mé hinh nay dé théng ké khoang cach di
truyén dugc goi la Rst. SMM hau nhu 1a mé hinh wu tién khi tinh toan méi quan
hé gitra cac quan thé mac du s& xuat hién van dé homoplasy (dwoc giai thich ¢
phan sau)

Gia sir rang ban dang nghién ciru moét quan thé va ban tim thay bbn ca
thé. Ba ca thé trong s d6 c6 cang kiéu gen va mot ca thé c6 su khac biét. diéu
nay chi ra rang ba ca thé dé co quan hé ho hang gan hon so véi ca thé con lai.

Tuy nhién d6 khong phai la truong hop duy nhat. Bé hiéu duoc tai sao,
hiy xem sy phat sinh loai dudi ddy. Dau hoa thi chi ra sy dot bién cua

microsatellite.
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...CAGCAGCAC? ..,CAGCAGCAlG... .A.C;AGCAGCAG ...... (;DAGCAGCAGCAGA..
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..CAGCAGCAG.. CAGCAGCAGCAG.

...CAGCAGCAG...
Common Ancestor

Hinh 2.8. M6 hinh d6t bién bac thang

Trong hinh nay, quan thé 1 1a nguon géc cua hai quan thé, 2 va 3. Trong
quan thé 3, co6 mot dot bién bac thang, nén né co CAG lap lai bon lan thay vi ba
lan. Quan thé 3 1a ngudn gbc cua hai quan thé, 6 va 7. Quan thé 6 mat di mot
lan Iap lai, nén chi co6 CAG lap lai ba lan. Van dé Ia cac quan thé 4,5 va 6 co
cung alen tai locus cua microsatellite, tuy nhién no co lich st tién hoa khac
nhau. Chung ta cé thé noi rang alen cia chung dugc xac dinh theo trang thai
nhung khong theo dong dai.

Néu mot nha khoa hoc chi kiém tra mot locus nay, nguoi d6 s& két luan
mét cach nham 13n rang quan thé 6 c6 quan hé ho hang véi quan thé 4 va 5 hon
SO VGi quan thé 7.

Hién tuong hai alen duoc xac dinh theo trang thai nhung khong xac dinh
boi dong ddi, duoc goi 1a homoplasy. Trong nghién ctu quan thé, homoplasy
c6 thé din dén viéc danh gia sai vé su phan hudng tién hoa. Cach duy nhat dé
phat hién homoplasy la thi nghiém trén nhiéu locus khac. Homoplasy dugc cho
rang cé anh huang nho trén quan thé trong mot khoang thoi gian ngan (hang
traim thé hé) va mo hinh dot bién bac thang van la mé hinh dwgc wu tién
(Goodman, 1998).

2.6.4.2. Mo hinh “K” alen
Mb hinh nay gitr cho mot microsatellite co thé dot bién mot cach ngau

nhién thanh bt ci “K” alen nao. Do d6, no khéng cho rang mét trinh tw c6 8
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1an Iap lai nhat thiét dot bién thanh trinh tw c6 7 hay 9 1an lip lai. Trinh tu thich

hop @6t bién thanh mat trinh tu c6 15 1an lap lai.

2.6.4.3. M6 hinh alen vo6 han (infinite alleles model — IAM)

MJi dot bién co thé tao ra mot cach ngau nhién bat cir alen méi nao. Mot
alen ¢6 15 1an lap lai c6 thé c6 quan hé gan vaéi mot alen ¢ 10 lan Iap lai ciing
nhu alen ¢6 11 lan I3p lai. Noi cach khac, kich thudc khong quan trong. Viéc

thong ké sir dung mo hinh nay duoc goi la Fst.

2.6.5. Nguyén nhan ton tai ciia microsatellite

Microsatellite 1a DNA v6 nghia, va su bién d6i phan 16n khong c6 tinh chét ré
rét.Chang thuong khong cé tac dong co thé do luong dugc trén kiéu hinh, va khi
chung dot bién, thong thuong la gay hai va khéng co lgi. O nguoi, 90% nhitng
microsatellite da biét duoc tim thay trong ving khong ma héa caa bo gen. Khi tim thay
& ving ma hoéa & ngudi, microsatellite duoc biét 1a gay bénh. Tha vi la khi tim thay
trong vang ma hoa, microsatellite thuong la su lap lai ba nucleotide. Su giai thich co
thé la do nhitng dang nucleotide lap lai khac s& gay hai nhiéu cho viing ma hoa, vi né
s& gay ra sy dot bién xé dich khung.

Microsatellite cung cap ngudn can thiét cho su da dang di truyén. O vi khuan,
su bién d6i alen caa microsatellite trong viing ma héa duoc cho 1a dé thich nghi véi
nhitng méi truong khac nhau. Nghia 1a mét alen ngan cé thé thich nghi voi mot moi
truong, va mot alen dai véi nhiéu lan l1ap lai co thé thich nghi vai mot méi truong khac.
Dic biét 13, soi nho protein ngian co thé lam cho vi khuan it nhét, va mét sgi nhé
protein dai hon ¢ thé 1am né dinh hon va gay bénh hon (Moxon va Wills, 1999). Do
d6, ¢ su da dang trong quan thé s& dam bao su song sét cua quan thé vi khuan trong
nhitng méi trudng khac nhau. Tuong ty, Kashi va Soller (1999) tin rang su da dang
cua microsatellite c6 thé 1a mot cach dé dén bu cho sy mit di tinh da dang di truyén do
bai su chon loc di truyén.

Microsatellite c6 thé gitp diéu hoa su biéu hién gen va chac ning protein.
Kashi va Soller (1999) ciing dua ra gia thuyét rang microsatellite c6 thé c6 vai tro diéu

hoa trong biéu hién gen. Chang dugc tim thdy mot cach co hé théng gan nhitng ving



35

ma hoa. Sy da dang cua microsatellite ciing két hop véi su bién doi vé sé luong trong

chuc nang protein va hoat dong cua gen.

2.6.6. Cac cach phan lap
Microsatellite ¢ thé duoc tim thay bing nhiéu phwong phap, bao gém su thu
duoc tir nhitng thu vién cia bd gen bang cach sang loc thu vién caa bo gen, sang loc
thu vién nhidm sic thé vi khuan, thu vién cDNA, tir nhitng dix liéu chung nhu ngan
hang gen (GenBank), tir cac loai 1an can va tir dir liéu sy danh dau trinh tu biéu hién
(EST).
2.6.6.1 Microsatellite c6 ngudn goc tir thw vién
Thu vién cua bd gen co thé 1a mot ngudn caa microsatellite. Dé phat
trién nhiing microsatellite tir thu vién cia bo gen, nhitng dong thu vién dugc
sang loc va&i cac probe cé dac trung lap di lap lai. Nhirng dong duong tinh sau
d6 duoc giai trinh tu cho sy xac minh va thiét ké moi. Nhitng vi du vé su sir
dung thanh cong khuynh huéng nay la ¢ laa mi (Ma va ctv, 1996), cay thong
(Kostia va ctv, 1995), cay laa mién (Brown va ctv, 1996), nho (Bower va ctv,
1996), dau nanh (Akkaya va ctv, 1992). Trong su so sanh véi cac phuong phap
khac dé co dugc microsatellite, phuong phap nay cé thé tén nhiéu cong stc, dic
biét 1a khi yéu cau nhiéu microsatellite. Trong mot thi nghiém & cay théng,
6000 dong duoc sang loc dé co duoc 8 microsatellite hiru dung (Kostia va ctv,
1995), va ¢ cay laa mién chi c6 0.2% dong chira microsatellite, trong dé s
microsatellite hiru dung la it hon (Brown va ctv, 1996). Mot thuan lgi cua
hudng nay la phuong phap co ki thuat don gian, phu hop véi tat ca cac phong
thi nghiém.

2.6.6.2 Microsatellite tir thw vién BAC/YAC

Microsatellite 13y tir thu vién BAC (nhiém sic thé nhan tao tir vi khuan)
hodc YAC (nhidm sic thé nhan tao cia nAm men) la mot phuong phap dau tién
cua su phan lap nhitng microsatellite myc tiéu dén nhiing ving caa bo gen ma
khong day du marker SSR. Nhirng thu vién chén vao 16n nhu BAC va YAC
khong duogc sir dung thuong xuyén & thuc vat cho su phan lap microsatellite vi

nhitng thu vién cheén vao Ion chi thich hop vai mot vai loai thuc vat. BAC da
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duogc stir dung thanh cong cho muc dich nay ¢ dau nanh (Cregan va ctv, 1999)
va c6 mot vi du vé viéc sir dung YAC & nam (Chen va ctv, 1995). Bt loi cua
BAC va YAC la nguy co vé su lay nhidm DNA eukaryote ma c6 chira trinh ty

microsatellite (Cregan va ctv, 1999).

2.6.6.3 Microsatellite tir thw vién cDNA

Microsatellite thu dugc tur thu vién cDNA thi tuong duong voi
microsatellite thu tir dix liéu EST néu EST la trinh tu cDNA. Microsatellite tir
thu vién cDNA c¢6 thé dugc sang loc tir trinh tu trong mot dit liéu (vi du nhu
EST) hoac phan lap tur su sang loc tu nhién cua nhitng dong thu vién qua viéc
lai voi nhitng doan chén cé chira microsatellite. Microsatellite thu duoc tr su
sang loc nhitng dong thu vién cDNA véi mdi oligo 1a mot huéng thuong duoc
su dung trong nghién ctiru nguoi va dong vat (David va Maddox, 1997; Ruyter-
Spira va ctv, 1998) va str dung & mac do thap hon & thuc vat. Vi du cho viéc sir
dung no ¢ thuc vat la ¢ lua (Panaud va ctv, 1995), khoai tay (Milbourne va ctv,
1998).

2.6.6.4 Microsatellite ¢6 ngudn géc tir dir liéu
a) GenBank va nhirng dir li¢u trinh tw cong cfng

Mot vai nghién ciu dau tién vé microsatellite duwa trén tinh hiru ich cua
microsatellite trong nhitng trinh tu tr cac dir liéu cong cong nhu EMBL hay
GenBank. Mot s6 nghién ctu tir nhitng nam cubi thé ky 20 bang viéc sir dung
microsatellite tir ngudn dit liéu 1a & khoai tay (Milbourne et al., 1998), cay lua
mién (Brown et al., 1996), lua mach (Barker va Heun, 1995), ca chua (Smulders
et al., 1997), dau nanh (Akkaya et al., 1992) va nhiéu loai khac. Su phan lap
microsatellite tir nguon dit liéu nay bao phu tat ca trinh ty c6 sdn va thuong
gom dit liu dang cDNA hay EST. Microsatellite tir nguén di liéu nhu EMBL
va GenBank duoc xac dinh dé dang qua viéc phan loai trén may tinh va chi yéu
cau thiét ké moi cho nhitng trinh tu bén canh. Biéu nay lam cho microsatellite
tir nguon dit liéu c6 chi phi thap, it tn cong va dang tin cay hon so véi nhiing
hudng trude day. Tiéu chuan dugc thiét 1ap cho su phan loai trén may nay co

thé khac nhau, nhu mét vi du theo Thiel va ctv (2003) tim kiém tat ca su lap lai
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dinucleotide véi n > 6, su lap lai trinucleotide v&i n > 5, su lap lai
tetranucleotide v&i n > 5, su lap lai pentanucleotide v&i n > 5, su lap lai
hexanucleotide v&i n > 5. Bét loi dau tién cua viéc thu duoc microsatellite tur
ngudn dit liéu cong cong la thuang chi c6 mot sé lwong nho microsatellite phu
hop v&i mot sé loai.

Mot nghién cau vé dir liéu cong cong cho microsatellite trén ca chua
(Smulders va ctv, 1997) nhan ra rang 42% SSR nam trén ving upstream hoac
downstream ctia mot gen, 26% ¢& intron, 22% & cDNA va chi ¢6 10% nam trén
DNA c6 mi hoa. Két qua tuong tu dugc nhan thay trén khoai tay (Milbourne va
ctv, 1998). Smulders va ctv (1997) ciing thay rang sy xuat hién cua dang lap lai
phu thugc vao vi tri cua microsatellite. Upstream hay downstream cua gen va ¢
intron, 61% su lap lai 1a dinucleotide. O cDNA chi 37% su lip lai la
dinucleotide, va & exon la chi 13%. Vi trinucleotide, Smulders thay rang hau

nhu cé xu hudng nguoc lai mac du né thugc vao dang dac biét.

b) Dir ligu EST

Microsatellite 1a mot khuynh huéng da dugc s dung ¢ nguoi (Haddad
va ctv, 1997) ma da trd nén hiru ich & thuc vat khi dix liéu EST da tré nén phd
bién hon. Ngay nay, khuynh hudng dic biét nay di duoc thuc hién & lua
(Miyao va ctv, 1996; Cho va ctv, 2000). Microsatellite EST vé mit chic nang
giong vai microsatellite tir cDNA, diém khac biét rd nhat la gitta su tim kiém
trinh ty trén may tu dir liu EST va viéc lai nhitng dong cDNA. Microsatellite
tir EST ¢o6 nhitng thuan lgi 1a nhanh chong giai thich (bang su phan loai trén
may), phong pha, hién dién & nhitng noi nhiéu gen, va c6 thé doi chuyén cao
(Cho va ctv, 2000; Scott va ctv, 2000).

Bat loi cua microsatellite tir EST so véi nhitng phuong phap khac la nd
phu thugc vao su hién dién truéc @6 cua dir liéu trinh tu, va co thé it da hinh
hon so véi nhitng microsatellite ngau nhién. Microsatellite tir EST it da hinh
hon so véi microsatellite tir thu vién gen vi co mot ap luc bao tén trinh tu trong
Cac vang gen nén lam giam sy da hinh. Tuy nhién microsatellite tir EST van cé
muc d6 da hinh hitu ich cho viéc 1ap ban dd, va nghién ciru sy tién hoa (Meyer
va ctv, 1995; Cho va ctv, 2000).
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2.6.6.5 Kiém tra microsatellite tir mot loai c6 lién quan

Kiém tra microsatellite tir mot loai ¢6 lién quan véi mot loai khac la mot
phuong phap mong mudn caa cac nha nghién ctu, vi né khong doi hoi ky thuat
cao, chi phi thap. Su han ché dau tién cua viéc st dung microsatellite tir nhitng
loai khac 1a chi c6 mot phan microsatellite tir loai khac s& hitu dung, sé luong
va nhirng loai ma microsatellite da phat trién thi bi han ché. Thang thuong viéc
st dung nhitng moi khac loai ciing yéu cau sy t6i uu héa hon nhitng méi twong
d6ng. Mbi khac loai s& tao ra nhitng san pham véi kich thuéc khong mong
muén, hoic tao ra nhitng san pham véi kich thuéc mong mudn nhung khong
phai SSR. San pham tir moi khac loai dé bién d6i qua cac qua trinh lai, giai
trinh tu (Westman va Kresovich, 1998) trudc khi st dung trong nhitng nghién

clru €6 y nghia.

2.6.7. Uu diém va han ché ciia phwong phap microsatellite
2.6.7.1. Uu diém

Thuan loi to 16n cta su phan tich microsatellite 1a phuong phap nay biéu
hién sé luong 16n sy da hinh. Mét locus & dau nanh (Glycine max) duoc bao
c4o la c6 26 alen (Cregan va ctv, 1994). Hon nita, kha nang phan biét cac ca thé
khi co su két hop cac locus dugc kiém tra lam cho phuong phap nay rat hiru
dung trong céac thi nghiém dong chay gen, xac dinh cay trong va phan tich méi
quan hé cha con (Hokanson va ctv, 1998).

Microsatellite 1a marker dong troi, do d6 di hop tir co thé dé dang duoc
xac dinh. Tinh ddng troi cua microsatllite s& gia ting sy hiéu qua va do chinh
xac cua nhitng phép tinh toan di truyén quan thé dya trén nhitng marker nay so
véi nhitng marker khac, nhu AFLP va RAPD. Hon nira, viéc xac dinh di hop tir
& thé hé F1 s& lam cho nhiing phan tich pha h¢, su lai gidng, dong chay gen tro
nén dé dang hon (Schlotterer va Pemberton, 1994).

Khi cac primer SSR da dugc xac dinh, viéc sang loc cac vat liéu sir dung
ky thuat nay hoan toan khong dit tién. Hon nita, sy khuéch dai SSR giita cac
loai nghia la su xac dinh nhitng primer SSR thich hop khéng can thiét trong

nhitng loai c6 quan hé gan. Vi dy, ba bo primer microsatellite da duoc thiét ké &
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Malus domestica (Rosaceae), cac microsatellite nay cung cap 35 loci, trong s6
d6 co nhitng primer ¢ thé khuéch dai cac loai Malus khac (Guilford va ctv,
1997; Gianfranceschi va ctv, 1998; Hokanson va ctv, 1998).

2.6.7.2. Han ché

Han ché cua phuong phap microsatellite 13 khong thé ap dung phan tich
trén mot hé thong 16n bao gom nhiéu loai c6 quan hé di truyén xa nhau, diéu
nay 1a do microsatellite co ti I¢ dot bién qua cao din dén 2 tro ngai. Thir nhat,
trinh tu vung flanking & 2 bén vung microsatellite thuong khic nhau gitra cac
loai do dot bién, vi vay khé co thé ap dung primer microsatellite ciia loai nay
cho loai khac. Thir hai, do ti 1¢ dot bién cao nén khi 2 loai c6 cung két qua phan
tich véi 1 trinh ty microsatellite, vi du nhu ACyq, ching ta cling khong thé két
luan rang 2 loai d6 c6 cing ngudn goc t6 tién ban dau, vi ¢ thé 1 loai phan ly
tir t6 tién cta chung 1a ACig rdi dot bién thanh ACyq, con 1 loai phan ly tir to

tién ctia chiing 1a ACx roi dot bién thanh ACiq
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Phan 3

PHUONG TIEN VA PHUONG PHAP TIEN HANH

3.1. Thoi gian va dia diém
Khoa luan dugc thuc hién tai Trung Tam Phan Tich Thi Nghiém Truong Dai
Hoc Nong Lam Thanh Phé H6 Chi Minh tir thang 2 dén thang 7 nam 2006.

3.2. Phwong ti€én
May vi tinh cai dat hé diéu hanh Microsoft Windows Server 2003
Puong truyén internet
Céc phan mém soan thao lap trinh Perl nhu: UltraEdit, Notepad, Wordpad...
Trinh bién dich Active Perl 5.8

Céc phan mém sinh hoc nhu BioEdit, Primer3...

3.3 Phuong phap

Truy cap co so
dir ligu NCBI

\ 4
Thu nhan trinh tu

EST cua cay xoai

A 4
Tim kiém cac dang microsatellite

tu trinh ty EST

Thiét ké primer tir viing

bao tdn cua microsatellite

Hinh 3.1. So db chung cac buéc tién hanh
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3.3.1. Thu nhan trinh tw EST cua cay xoai tir NCBI

3.3.1.1. NCBI va EST

Hién nay nhiéu nha khoa hoc ciing nhu cac trung tam giai trinh tu bo gen
da tao ra hang tram hang ngan EST cho viéc sir dung cong cong. Khi EST da
duogc tao ra, cac nha khoa hoc cong bb chiing trong GenBank, duoc quan Iy boi
NCBI. C6 rat nhiéu EST duoc dua vao, do do né tré nén khé khan cho viéc xac
dinh mot trinh tu ma trinh tu d6 da duoc gui vao co so dir lieu. EST tro nén dé
dang truy cap va la mot céng cu phat hién gen hiru dung, EST can dugc t6 chtc
sap xép thanh mot co so dit liéu co thé tim kiém dugc va ciing ¢6 thé hd tro su
tiép cap véi cac dir lieu gen khac. Do d6, vao nam 1992, cac nha khoa hoc &
NCBI da phat trién mot co so dir liéu méi dugc thiét ké nhu mot tap hop EST.
Khi mot EST da duoc sang loc, chu thich va dugc dua vao GenBank, sau dé né

duoc gui vao co sé dir ligu mai nay, goi la dbEST.

3.3.1.2 Truy cap co sé dir liéu va thu nhan trinh tw

Pé tim cac trinh ty EST, chung t6i sir dung cong cu Entrez EST tim trén
toan bo cac trinh ty EST chira trong hé théng GenBank (NCBI), ¢ lién két véi
cac co s dit lisu EMBL, DDBJ va mot s6 hé théng dit liéu khac trén thé gidi.

Truy cap vao trang web cua NCBI tai dia chi

http://www.ncbi.nlm.nih.gov/entrez

A Entrez PubMed - Microsoft Internet Explorer

File Edt View Favortes Todls Help l':'

Qo+ © W [E G Pron Srros @ @ 2-% B[ o1

Address éjhttp:,i;‘www‘ncbi.nIm.n\h.gow‘entreziquery.chi?DB=pubmed hd GD Links *
Y- ¢ v | searchwed - & [ & @ el Bl By vahoo! - »
& add Tab ]

4(-3 Entrez PubMed

A

A service of the National Library of Medicine

Pub ed and the National Institutes of Health 1 NCBI
WWW,pubmed. gov Sign In] [Register
All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journals Books

Search | PubMed v | for ||

|' Limits \ Preview/Index | History | Clipboard | Details |

Hinh 3.2. Trang entrez cua NCBI
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Chon EST tai khung Search va “mango” tai khung for dé truy cap trinh

tuw EST cua cay xoai.
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trezfquery. fogirDE=pubmed v‘ Go | Links ®
¥ | searchweb - &7 - @ @ | c=Imail - Bl @My vahoo! - »
Add Tab
Conserved Domaing mﬁ

3D Dornains
Gene

Genome Project .! NCBI :
GENSAT Sien In] [Register

GED Profiles
{ GEO DataSets

HormoloGene
Search | joumals for |mango L

MeSH -
MCEI Web Site Preview/Index THwtor_\-’ T Clipboard TDermly W

MLM Catal L
bl el 0 get started, enter one or more search terms.

About Efsti¥ earch terms may be topics, authors or journals.
PMC

B PopSet -
Text Vel Probe

R EEEE:;: E‘D”::;ssr{ i @ Set up an aummated PubMed update

PSR o Subslance v NCBI|  inless than S minutes.

Help | FAQ (1) Get a My NCBI account. (2) Save your search.

Tutorials (3) Your PubMed updates can be e-mailed directly to you. 3

ﬁj B Internet

Hinh 3.3. Trang tim kiém trinh t

Lua chon dinh dang “FASTA” ¢ khung Display va tai toan bo trinh tu

kiém duoc bang cach lra chon “File” tai khung Send to.

2 NCBI Sequence Viewer v2.0 - Microsoft Internet Explorer

File Edit ‘Wiew Favorites Tools  Help :f

@Back M | \ﬂ \g _.lj /._“ search \:1\? Favarites @Medla 6‘} < - :4 _J oS! I§|

Address |2j http:f fvawawy ki nlm . nib, gove fentrezjquery fogifCMD=Display&DB=nucest v‘ Go Links >

Y_’ - ¢'| vH Searchwieh v 7 E' @' @ =g Mail @My\'ahnnl - Answers -

= NCEI Sequence Viewer v2,0 | ok 4dd Tab m
-~

< 3% ¥ B
(S NCBI 7:.7‘ e SNucleotide Sign In] [Register]

PubMed Nucleotide Protein Genome Struchwe PMC Taxonomy OMIM Books

Search EsT ~| for [mango |

Limits Preview/Index  History Clipboard Details

Display | FASTA v| Show|20 v|Sendto v

Send
Ttem 1 - 20 of 15966 endte of 799 Hest
File
.
[01: EBG698332. Reports NecGex 346F10 Om...[g1:94462477] Links

Olext sequence
»gi| 94462477 | gb| EB698352, 1|EBEY8352 NecGex_346F10 Ornamental tobacce (LxE8)
GEEEECAAGGEGAGCTAGGCCTCCCTTCCAT CAATCTAT GETCTAAAAT GCAGCAAACAGAGEETTGGCAR
ARARAATTCCTCAGTGAT GECTTACATCT CACAGAT GAAGGCAAT GCCATTGT TCACCAAGAAGTTGTTA
ARGOETTOEATEAAGCAGETTTTTOTEOCCARAAGATECCTTAT GATETCCCTCACCAT TCAGARAATCIEA
|

€

& B Ttermer

Hinh 3.4. Tai toan bo trinh tu

3.3.2. Sip xép cac trinh tw EST



tu.
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Str dung mét chuong trinh Perl ¢o tén 1a “est_trimmer.pl” dé sip xép cac trinh

Cu phap

est_trimmer.pl <FASTAfile> [-amb=n, win] [-tr5=N, n, win] [-tr3=N, n,

win] [-cut=min, max] [-id=name]

Giai thich
<FASTAfile>

[-amb=n, win]

[-tr5=N, n, win]

[-tr3=N, n, win]

[-cut= min, max]

[-id=name]

La file don ¢ dinh dang FASTA chira cac trinh tu

Loai bo nhitng doan & ngoai bién chia “n” nucleotide
nhiéu nghia hay mo ho

Loai bo nhitng doan c6 chua cac dang N={A, C, G, T} tu
dau 5°. Gia tri “n” x4c dinh s 1an lap lai thap nhét caa “N”
trong mdi doan & dau 5° ¢6 kich thuéc “win”

Tuong tu nhung xét trinh ty & dau 3’

Xéc dinh kich thuéc nho nhat va 1én nhét caa trinh ty

Két qua cudi cang sau khi chay chwong trinh dugc luu
trong file “name”.results, va cac budc cua tién trinh dugc
liét ké trong file “name”.log. Néu khong nhap tén “id”, két

qua s& duoc gan vao <FASTAfile>.

Vi cac tiy chon trén chung toi xac dinh nhitng yéu cau chay chuong trinh

est_trimmer.pl nhu sau

-amb=2, 5, 50: kiém tra cac base nhiéu nghia (tim 2 base nhiéu nghia tro

I&n trong mdi doan 50 bp

-tr5=T, 5, 50: cat & dau 5°, loai bo dudi “T”, kiém tra trong mdi doan

50bp

-tr3=A, 5, 50: cat ¢ dau 3°, loai bo dudi “A”, kiém tra trong mdi doan 50

bp

-cut=200, 500: loai bé nhitng trinh tu nho hon 200 bp, kich thudc trinh

tu gidi han la 500 bp
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o C:YWINDOWS\System32\emd. exe - 0| =

D :~detaisrun>est_trimmer.pl sequences.fasta —amb=2,.50 —-tr5=T.5.%0 —-tr3=A.5.58 -c
ut=280.500 —id=mango

Performing following steps:

1. Check for amhiguousz bases f{(search for 2 ambiguous haszez in a 58 bp window).
2. Trim 5' end: Remove "T" tails. Check for 5 x T in a 58 bp window.
3. Trim 3' end: Remove "A'" tails. Check for 5 x A in a 58 bhp window.
4. Size restrictions: Size cutoff is 200 bp. Restrict seguence size to 508 bp.

(DONE

D:~detaivpun>

Hinh 3.5. Chay chuong trinh est_trimmer.pl

3.3.3. Tim kiém microsatellite

3.3.3.1. Cong cu SSRIT (Simple Sequence Repeat Identification Tool)

Pay la mot chuong trinh tim kiém tat ca cac microsatellite c6 trong cac
trinh ty dua vao. Chuong trinh nay c6 thé sir dung hoan toan mién phi tai dia
chi Internet http://www.gramene.org/db/searches/ssrtool

File Edit WView Favorites Tools Help

Back ~ d o | . ) search ‘\_'-:._-"Favorites Media 6-“ = - !~
’ ’ rd L

Address EI http:/ fwa, gramene, orgfdbfsearchesjssrtool s a Go Links
Y_’ - P | Searchweb - & [Ti- @' @ Mail - @ My ‘fahoo! - @ Answers v ¥
B ssraT = Add Tab i

GRAMENE Searches Find anything + Search
| | | | | |

SSRIT - Simple Sequence Repeat Identification
Tool

This tool finds all perfect sunple sequence repeats (SSEE) in a given sequence.
For source code for a stand-alone version please click here.
For citation, please use this reference Termnyih ef al. (2001).

Mote: Netzcape 2.0 or greater, or IE 4.0 or greater requiived.

Hinh 3.6. Cong cu SSRIT

Céc thong sb tim kiém duoc lya chon nhu sau
- Chon lya dang cua SSR, vi du néu ban muén tim tit ca cac SSR dén
hexamers (nghia 1a ban mudn tim dimers, trimers, tetramers, pentamers va

hexamers ban chi can chon lya “hexamers”.


http://www.gramene.org/db/searches/ssrtool
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- Nhép vao sé 1an Iap lai ti thiéu cua SSR

- Dan hozc nhap vao trinh ty can tim microsatellite

- Nhat nut “Find SSR” hoac nhan Enter

Két qua s& xuat hién dudi dang mot danh sach liét ké bao gom cac muc
tén trinh tyu, dang SSR, s6 lan lap lai, vi tri bat dau (c6 SSR), vi tri két thic,
chiéu dai trinh tu

=M SSRIT - Microsoft Internet Explorer

File Edit Yiew Favorites Took  Help -
[ ) Back v () x| |2] ([ ) search 5 7 Favorites @A recia L4} = < S!- [E]

address | @] http: ffwwws.gramene. arg/dbfsearches]ssraol v | B | unks 7
¥ - 2 v || searchweb ~ &7 B &~ @ | c=@mMal ~ @My vahoo! -~ B Answers + ¥
LY ssmiT == add Tab ]

-
SSRs found in yowr sequence(s)

No.of SSE SSE

Sequence Motif Repeats start| end SeqLength
%i|409?4333|gb|CK590404.1|CK5904047 toa 5 262 379 420
%i|409?4332|gb|CK590403.1|CK5904037 toa 5 262 379 423
%i|409?4329|gb|CK590400.1|CK5904007 toa 5 262 379 435
%i|409?4328|gb|CK590399.1|CK5903997 toa 5 262 379 553
%i|409?432?|gb|CK590398.1|CK5903987 toa 5 262 379 563
%i|409?4326|gb|CK590397.1|CK5903977 toa 5 262 379 585
?|409?4325|gb|CK590396.1|CK5903967 toa 5 262 379 585 3
2] & Internet

Hinh 3.7. Két qua tim SSR cua SSRIT

SSRIT ¢6 nhuogc diém la chi tim dugc mét s6 luong gisi han trinh tu (500 trinh

tu) trong mot 1an chay chuong trinh va khong co su thong ké két qua tim kiém

3.3.3.2. Cong cu MISA (Microsatellite Identification Tool)

Cong cu nay cho phép su xac dinh va dinh vi microsatellite ciing nhu cac
microsatellite ghép (compound microsatellite) ma bi ngat quang boi mot sb
base nhat dinh. Cong cu nay dugc viét tir ngén ngi 1ap trinh Perl va co thé tai
vé may sx dung tr dia chi internet sau  http:/pgrc.ipk-
gatersleben.de/misa/misa.htmi

Cu phap

misa.pl <FASTAfile> véi <FASTAfile> la file chta trinh ty ¢
dinh dang FASTA

Cong cu nay can thém mot file chaa cac thong sé cho qua trinh xac dinh

microsatellite, file nay c6 dinh dang “misa.ini”.


http://pgrc.ipk-gatersleben.de/misa/misa.html
http://pgrc.ipk-gatersleben.de/misa/misa.html
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File misa.ini c6 cAu trac nhu sau

@ Ultrakdit-32 - [D:\detailmisalmisa.ini]
=S
2

ﬂﬁile Edit Search Project Yiew Format Column Macro Advanced Window Help
¢+ 0Edd R & W 1 E -]

migapl Misani I

ldefinition{unit size,min repeats): Z2-f 3-5 4-5 5-5 A-§ z
2 interruptions {max difference between 2 35Rs): 100

a

Hinh 3.8. File misa.ini

Trong d6 hang dau tién xac dinh dang va s6 lan lap lai téi thiéu cua
microsatellite. Hang thi hai la sb nucleotide téi da chén vao giira hai
microsatellite.

Két qua cua viéc tim kiém microsatellite s& dugc lwu trong hai file

File “<FASTAfile>.misa” luu cac gia tri su dinh vi va su Xac dinh

cac microsatellite
File “<FASTAfile>.statistics” théng ké két qua cua qua trinh tim

kiém

3.3.4. Xac dinh vung bao ton
Ving bao ton 1a vang ¢ hai bén trinh ty microsatellite, nhiing trinh ty nay

thuong giéng nhau d6i vai mdi mot dang microsatellite. Vung bao ton rat quan trong
trong phan tich microsatellite bai dy chinh la co sé cho viéc thiét ké primer.

Pé xac dinh dwgc vang bao ton, chung toi tién hanh viéc sap giong cot
(alignment) cac trinh ty.

Sip giong cot dua vao microsatellite, chung toi ldy trinh tu microsatellite lam
diém tap trung, sau d6 tao trinh ty bao ton (consensus sequence) dbi vai mdi dang

microsatellite bang cong cu “CAP Contig Assembly Program” c6 trong phan mém

BioEdit.
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> BioEdit Sequence Alignment Editor
File Edit Sequence Algnment View Accessory Application  RNA  ‘World Wide Web  Options  Window  Help

= 0

7 D:\detailalign\CAAS. FASTA

E |E0u[ie[New ﬂhs J B 14 total sequences
Mode: | Select / Slide = Selection: 0 Sequence Mask: None Start
— Pasition: 8: gi40363856]gbICK585 84 Numbering Mask: None wler at)!

£ 1D IT §eo+ BEREE TN 50 1R SwE 7 S e
|r|'|'||v!r!|!!|!‘!r!!||'v|'r||'|'|'||!!r!||!!!|!!!!|!v!r|!|
:{ 60 70 50 S0 100
gl | 409698 TATCCACCGATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTC]
g1]409698 ATCCACGCGATTGTT CAACAACAACAACARCCACCACATACGTCATCATCATTCI
gl | 409698 TATCCACCGATTGTTCAACAACAACAACARCCACCACATACGTCATCATCATTC]
g1 409698 TATCCACCGATTGTT CAACAACAACAACARCCACCACATACGTCATCATCATTCI
g1 409698 TATCCACCGATTGTT CAACAACAACAACARCCACCACATACGTCATCATCATTCI
gl | 409698 TATCCACCGATTGTTCAACAACAACAACARCCACCACATACGTCATCATCATTCT
g1 409698 TATCCACCGATTGTT CAACAACAACAACARCCACCACATACGTCATCATCATTCI
ql|409698TATCCACCGATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCT
q1 | 5 gl,l’40969886,|’gb,|’CK585957 1,|’CK585957 IST_WIS_. 18203 AD ORFEUmBl Dllbrary Caenurhabdlt\s elegans cDNAS slml\ar tU C45E5 6 mRNA seguence
gi| 409698 1A : AAC
ql|409698TATCCACCGATTGTTCAACAACAACAACAACCACCACATACATCATCATCATTCT
gl | 409698 TATCCACCGATTGTTCAACAACAACAACARCCACCACATACGTCATCATCATTCI
g1 409698 TATCCACCGATTGTT CAACAACAACAACARCCACCACATACGTCATCATCATTCI
g1 409698 TATCCACCGATTGTTCAACAACAACAACARCCACCACATACGTCATCATCATTCI

[ |

Hinh 3.9. Sap giong cot trinh tu

3.3.5. Thiét ké primer
Primer Ia nhitng doan nucleotide ngan, bat cap bo sung véi dau 5° hay dau 3’
ctia mach DNA khudn mau. Primer duoc thiét ké dua vao vung trinh tu da duoc biét,
nam & hai dau caa doan gen can khuéch dai.
Thong s6 quyét dinh su thanh cong caa phan tng PCR la viéc thiét ké primer.
Mot primer dugc thiét ké khong tot co thé s& cho két qua it hay khong cé san pham do
su khuéch dai khong chuyén biét va/hay sy hinh thanh cau trac tha cip, cac cau trac
nay sé& canh tranh va ngan chan sy tao thanh san pham mong muén.
Viéc thiét ké va chon lua primer phai thoa man mot s6 yéu cau sau
- Chiéu dai primer: chiéu dai tét l1a 18 dén 24 base. Chiéu dai nay du
dai dé dam 4o tinh chuyén biét va da ngan dé primer bam vao mach
mau dé dang & nhiét do bt cap.
- Nhiét @6 nong chay (T,,) la nhiét @6 ma mot nira soi d6i DNA tach ra
tré thanh soi don va cho biét tinh 6n dinh cta soi déi. Thanh phan
(G+C) trong DNA cao sé& dan toi nhiét d6 T,, cao vi lién két H trong
DNA cao hon. Cé nhiéu cong thire tinh T, hai trong nhitng cong thirc
dugc nhiéu nguoi st dung la
T =59.9 + 0.41 * (%GC) — 675 / chiéu dai
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Tm=2 (A+C) + 4 (G+C) (cong thuc Wallace)

Primer véi nhiét do nong chay trong pham vi 55 °C dén 72 °C
thuong cho két qua tbt nhat.
Tinh chuyén biét: primer phai dugc lua chon sao cho chi c6 mét trinh
tu duy nhat trong DNA mau duogc khuéch dai. Vi Taq polymerase ¢6
hoat tinh trong mot pham vi nhiét @6 rong, su kéo dai primer sé xay
ra & nhiét do thap hon nhiét do bat cap. Néu su thay doi nhiét do qua
cham sy khong chuyén biét sé xay ra va enzyme sé xuc tac sy kéo dai
néu c6 mot sy twong déng ngan ¢ dau 3.
Thanh phan base: anh huéng dén do dic hiéu cua qua trinh bat cap,
nhiét ¢6 néng chay, nhiét do bat cap va sy on dinh cta cau trac phan
tir. Cac base dwgc sap xép ngau nhién thi thich hop hon la nhiing
ving (A+T) dai hay la nhiing ving giau (G+C). Thanh phan (G+C)
trung binh khoang tir 50% dén 60% s& cho nhiét ¢6 nong chay, nhiét
d6 bat cap thich hop trong mot phan tng PCR binh thuong.
Trinh tu primer dau 3’ quyét dinh tinh chuyén biét va tinh tuong
thich caa phan tng PCR. Cac trinh tu dau 3” khong nén co

+ G hay C khong c6 nhiéu hon 3 tai vi tri nay vi s& lam cho
primer bét cip khong chuyén biét.

+ 3” thymidine, n6 lam cho sy bat cap sai dé xay ra hon so voi
nhitng nucleotide khac.

Cac cap primer nén duoc kiém tra su bd sung & dau 3’ vi né

thuong dan dén su hinh thanh cau trac thi cap.
Trinh tu primer dau 5°: cac base & dau 5’ it quyét dinh dén sy bat cap
cua primer. Do d6 c6 thé thém cac yéu t6 trinh ty nhu vi tri gidi han
(restriction site) - nhitng vi tri nay c6 thé giéng nhau hoic cé cung
dau dinh (dau bang) voi enzyme gidi han trong MCS (Multiple
Cloning Site) cua vector chon dé dong hoéa gen quan tam. Ncol
(CCATGG) hay Ndel (CATATG) thudng duogc sir dung vi ¢o thé tao
ra codon mg dau ATG.
Cau tric thir cap: néu su bat cap gitra forward primer vai reverse

primer (hinh thanh dimer, hetero-dimer), forward primer véi forward
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primer hay reverse primer vai reverse primer (self-dimer, homo-
dimer), hay primer ty tao thanh ciu trac hairpin (kep toc) xay ra
nhiéu hon so véi sy bat cap cua primer véi DNA mau thi hiéu qua
nhan ban caa phan tng PCR s€ giam mét cach rd rét. Nhu vay, nén

tranh nhitng trueong hop nay.

3.3.5.1. Primer3

Chuong trinh Primer3 1a mot trong nhitng chuong trinh thiét ké primer
mién phi duoc biét dén nhiéu nhat. Chuong trinh nay duoc tao ra bdi cac nha
khoa hoc thugc Vién Nghién ctru Sinh Y hoc Whitehead va Trung Tam Nghién
ctau Genome cua MIT (Whitehead Institute for Biomedical Research and MIT
Center for Genome Research). Chuong trinh nay c6 thé duoc sir dung hoan toan
mién phi tai dia chi internet  http://www-genome.wi.mit.edu/cgi-
bin/primer/primer3_www.cgi

Chuong trinh Primer3 thiét ké primer cho mét trinh tw DNA dua vao,
thoa man nhiéu tiy chon khac nhau, chu yéu 1a cac diéu kién vé %GC, vé nhiét
d6 bat cap caa primer, kich thuéc san pham... Pay 1a chuong trinh 16n véi gan
100 tiy chon khac nhau twong Gng véi cac diéu kién ma primer dugc tao ra
phai théa man. C6 mot thuan loi 13 hau hét cac tiy chon nay déu cé gia tri mac
dinh cua no, va nguoi ding co thé khong thay d6i cac thong s6 nay néu ho
khong ¢6 nhu cau dic biét.

Khi muén thiét ké primer cho mot gen hay mot doan trinh tu nao do,
trude tién nguoi st dung phai dua doan trinh ty DNA ctia minh vao chuong
trinh va xac dinh cac thong sd Vé trinh ty primer, nhiét &6 nong chay cua primer,

kich thudc san pham can... Cac thong so chi tiét khac c6 thé gitr mic dinh.


http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
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A Primer3 Input (primerd_www.cgi v 0.2) - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help ﬁ'

QBack e O e d \g .'\J 7 ) Search :\? Favorites @Media 6-‘{ == oI E

Address éjhttp:,f,ffrodo.wi.mit‘edu,l’cg\-b\n,l’primerS,l’primerS_www‘cgi v EGD Links *

Y! - P v | SearchWeb + 47 5- @' @ = Mail - @My Yahoo! = Answers -

| Primer3 Input (primer3_www . cgi. . + Add Tab m
Py

Primer3 disclanner code

pick primers from a DINA sequence cautiens FAG

Paste source sequence below (5'->3', string of ACGTNacgtn -- other letters treated as M -- numbers and blanks ignered)
FASTA format ok, Please N-out undesirable sequence (vector, ALTTs, LINEs, etc.) or use a Misprimme Library (repeat
library). | MONE A

»TCT 375 5

LTGTCCGATGAGLAGTCTACCACACCALCCGCTGCAACTCGACGCTCCAGCCGATGGAAATATGAATGAT

TTGACGTCGTTGATAC ARGGAGTTCTGC AAC AGACAC AGGATCGATTCCAGCACATGTCGGATCAGATTL
TTCGGCGLATCGATGATATGAC LACGAGALTCGGATGATTTGGTAGALGRATATCALCGATTTGCTGCAL
TCGAACCAAGTTGAACATCCGCCALGCGCTCALTAAGATTGCTCTACACTCTTCCCALATGALTGCATCG

GTCGGCGTTGCCTTC TTCATCATGCATC ATAATTCCAATTCGTTTTGTGTGC TTGCCTCTGCGTCTCTCC

O

Pick Pick Pick

left hybridization right

primer probe primer

or {internal of 2
£ C >
ﬂj ® Internet

Hinh 3.10. Chuong trinh Primer3

Dua trén nhitng yéu cau cho viéc thiét ké primer di xac dinh nhu trén
chung t6i thiét lap cac thong sb cho chuong trinh Primer3 nhu sau
+ Targets(muc tiéu): m, n v&i m 1a vi tri bat dau c6 microsatllite
va n 1a chiéu dai microsatellite
+Primer size (kich thudc primer)
Min: 18; Max: 24
+ Primer Tm (nhiét d6 nong chay cta pimer)
Min: 55.0; Max: 72.0; Max Tm difference: 2.0
+ Primer %GC
Min: 50.0; Max: 60%

+ Cac thong sb khac van giit mac dinh.

3.3.5.2. Chuong trinh Perl ssrfinder_1_0

bay la mdt chuong trinh cua tac gia Steven Schroeder thudc truong Dai
hoc Missouri — Michigan. Chuong trinh gém 6 Perl scripts ¢6 chitc ning xéac
dinh SSR va thiét ké primer thich hop cho mdi SSR tim duoc
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- 1 _ssr_repeat finder.pl: tim SSR, 14y ra trinh tw SSR va vung flanking
cho nhiing phan tich sau.

- 2_ssr_primer_designer.pl: thiét ké primer ma muc tiéu 1a khuéch dai
vung trinh tu chira SSR.

- 3_ssr_primer rep_check.pl: sang loc lai cac primer da thiét ké dé loai
bo nhitng primer c6 chira trinh tu lap lai

- 4 ssr_primer blast.pl: so sanh cac primer di thiét ké véi co so dir liu
primer

- 5_ssr_order_filter.pl: tao 1 file chi chira SSR ma c6 primer duy nhat

- 6_ssr_primer_formatter.pl: tao 1 file chi chira SSR c6 primer duy nhét
— file nay dugc tao don gian chi chia nhitng thong tin can thiét cho viéc chon
lua primer.

Yéu cau: vi chuong trinh nay dugc viét cho hé diéu hanh Unix hay
Linux nén can phai thuc hién sira doi mot sb 1énh 1ap trinh co ban dé co thé
chay trén moi truong Window.

Chuong trinh can su két hop véi 3 phan mém khac 13 Primer3, blastall
va formatdb dé thuc thi. Ba phan mém nay c6 thé tai hoan toan mién phi (co
phién ban danh cho Window) tur trang Primer3
http://frodo.wi.mit.edu/primer3/code  va  trang Blast cia  NCBI
http://www.ncbi.nlm.nih.gov/BLAST/download.shtml

Céc thong sb cua chuong trinh thiét ké primer déu dwoc mic dinh nhu
sau

TARGET=m, n v6i m l1a vj tri bat diu c6 microsatllite va n 1a chiéu dai
microsatellite (muc tiéu)

PRIMER_PRODUCT_SIZE_RANGE=80-160 80-240 80-300 (kich
thude san pham)

PRIMER_OPT SIZE=24 (kich thudc t6i wu ctia primer)

PRIMER_MIN_SIZE=20 (kich thudc tbi thiéu caa primer)

PRIMER_MAX_SIZE=28 (kich thudc ti da ciia primer)

PRIMER_OPT_TM=63 (nhiét d6 nong chay tbi wu cua primer)

PRIMER_MIN_TM=60 (nhiét 6 nong chay tdi thiéu caa primer)

PRIMER_MAX_TM=65 (nhiét do néng chay tdi da ciia primer)


http://frodo.wi.mit.edu/primer3/code
http://www.ncbi.nlm.nih.gov/BLAST/download.shtml
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PRIMER MAX DIFF TM=1 (d6 chénh léch nhiét d6 nong chay téi da)
Véi cac thong sé mic dinh trén chuong trinh hoan toan co thé st dung

cho muc tiéu cua dé tai.
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Phan 4
KET QUA VA THAO LUAN

4.1. Thu nhan trinh tw EST caa cay xoai
Khi sir dung tir khoa va phuong phap nhu muc 3.3.1.2 chung t6i da tai duoc
toan bo 15966 trinh tu EST cua cay xoai. Cac trinh tu nay & dinh dang FASTA, moi

trinh tw c6 cu trac nhu hinh 4.1

@ Ultrakdit-32 - [D:\detaildulieulsequences.fasta] (=13

Aﬁile Edit Search Project Wiew Format Column Macro  Advanced ‘Window Help .= ﬁ
«r» DT L @RS W 8 =] # R

all fasta] Fi_sar_order_formatterpl  sequences.fasta l

142 g

143 »gi 57963521 |gb |CxX700408.1|C700408 seq 14 Mango fruit tissue EST library
144 ACGECTGCACCTTCTCATTTGC TTTCTCGTATAA TAGTCTTCGTATCACTGCGTCTTGCCCAGATTC CAL
143 TCCCAAGAGTCCCGCARACCAATTC TCGAGRAGTGTAGTTTACGAGGTTTEETATGGTGCCARCATRACCC
146 ACAAGTCCCACATARAGGGATAACGTAGCACGCTAAGAGATAGTTGAGAGTGTTGAAGTAAGGEATC GAAT
147 GEEAGGTGACEATTTGAAGCCAAC TGCTTCGTTARA TATATTAGCGARATTCTCAGTGC TCAGATTCART
148 AGGGGCCTTGEARACCCACCRATTGTTTTTACRATTGCCC TEGAGATGGCCARCTTCCTGATARCCARATT
143 CTTCEATGATCTGATTCGTAAGAGGETCAAGATTAGCCTTC TTEEC GCCCECAGGRGGAGEECCACCAGT
150 TECCARACCTEGEATC TATTGC G TCARGCCCOTTGN CARGTGCACCETTCARGARRRAC TCGECTTCOTAG
131 GAACTCCAAGTTGAGAGC TACTTGGATACGATCCTTATCATTAGC TATARTTGGTCCACAGGARGCAGCA
132 CACATGACCTTTCGGATATTCARTATGGAATARARCAGACAAARGC CARGEACAGAGTAGCATTTTALC

153

154 =i 57963520 |gb|CxX700407.1|C700407 seq 11 Mango fruit tissue EST library
155 TTTTTTTTTTTTTTTTTTTTTT T T TCTAARAAGCARACCTCGNT TCCATGANCCATTATC TTACATTACAT
136 GAAACCAACARATTCATTGGNAGAAACATTTARAAGGGTCACATC TTTTCCACTAATAGRATATGC TTARC
137 CCTARATATCCTAATCGACATARAGAAAACGARACTACCCCGATNTGACCCARARRARAANCARAACARRA
138 TRAGAARNTNCARAGAGARTC TNTACTTCTATTCCATGCATTGACTTGC TCCGGTCGGGECNCAGRGTRAR
133 TTATCACATCACCGTNTTNTTTCCGGEETCCARATGCGECARAGC TEEEC TARAANGCNCCGARRCTACCC
160 TTGAATCCAGTAATTCAACCATGEEEETARAATTARCACACC TEGECACCTTGT

161

o

< |
For Help, press F1 Lni, Caol. 1, CO UM Mod: 4/13(2006 9:37:10aM  File Size: 9303745 3

Hinh 4.1 Trinh tu EST & dinh dang FASTA

Day la kiéu dinh dang phd bién trong co so dit liéu cia GenBank gom 2 phan
cha yéu. Phan 1 bat dau bang mot dau “>”, theo sau la cac thong tin vé trinh ty d6 nhu
tén trinh tu, sé gi, accession number...Phan 2 la cac nucleotide cua trinh tw. Binh dang
FASTA c6 wu diém la chi chira trinh tu va nhiing thong tin thiét yéu vé trinh ty do.
Hon nira trong mét file trinh tu & dinh dang FASTA ¢6 thé c6 nhiéu trinh tu so véi
dang Plain format chi chira mot trinh tu.

Mic khac viéc lua chon kiéu dinh dang trinh ty dé tai vé & dang FASTA la sy
thuan loi cho cac nghién cau sau vi phan 16n cac chuwong trinh, phan mém caa tin sinh
hoc déu sir dung dinh dang FASTA.
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Do muc tiéu cua dé tai a tim kiém tit ca cac microsatellite c6 trong toan bo
ngudn dir liéu EST cua cay xoai nén viéc tai tat ca 15966 trinh ty thudc cung mot file

1a diéu hop ly, d& dang cho cac cong viéc phan tich sau nay.

4.2. Sap xép cac trinh tu
Sau khi chay chuong trinh est_trimmer.pl voi cac thong sé nhu muc 3.3.2 da
trinh bay, két qua da dwoc luu trong 2 file
mango.results: chira tat ca cac trinh tu théa man cac thong sé cua budc
kiém tra voi est_trimmer.pl
mango.txt: file nay ghi nhan tat ca cac tién trinh thyc thi trén mdi trinh ty
khong dat yéu cau dé ra nhu loai bo trinh tu c6 kich thuéc bé hon 100 bp, loai
bo duoi poly A, poly T...
Bl mango - WordPad M=

File Edit Yiew Insert Format Help

bDezd &k # B

>gi| 40974795 gh| CE590866. 1| CK590866 IST WIS 48100 AD-ORFeomel.0 library Caenorhehditiz elegans A
Remove "T" tail at §' szide: T.

-

-

»>gi| 40974794 | gh| CEE80865. 1| CK590865 IST WIS 46102 AD-ORFeomel.0 library Caenorhabditis elegans
Remove "T" tail at 5' side: T.
Remove "A" tail at 3' side: LA,

-

>gi| 40874793 | gh| CE590364. 1| CE530864 IST WIS 45101 AD-ORFeowel.0 library Caenorhabditis elegans
Remove "T" tail at 3' side: T.

Remove "A" tail at 3' side: AL,

Remowve "A" stretch at 3' side: ARAARATGGTTTGATGCAAAATATCCACATACACTGGTT.

»>gi| 40974792 | gh| CEE80863 . 1| CK590863 IST WIS 46104 AD-ORFeomel.0 library Caenorhabditis elegans
Remowve "T" tail at 5' side: T.
Remove "A" tail at 3' side: 4.

-

>gi| 40874791 gh| CE590362 . 1| CKE530862 IST WIS 45103 AD-ORFeowel.0 library Caenorhabditis elegans
Remove "T" tail at 5' side: T.

-

>yi|405974790| gh| CE590861.1|CKS90861 IST WIS 48106 AD-ORFeomel.0 library Caenorhabditiz elegans
Remove "T" tail at §' szide: T.

-

»gi| 40874789 gh| CKE90360. 1| CKE90860 IST WIS 485105 AD-ORFeomel.0 library Caenorhabditis elegans
Remowve "T" tail at 5' side: T.

-

>gi| 40974755 gh| CE590359. 1| CE5908559 IST WIS 45107 AD-ORFeowel.0 library Caenorhabditis elegans
Remove "T" tail at 5' side: T.
Remowve "A" tail at 3' side: L. w

-

Hinh 4.2. Tién trinh thyuc thi caa est_trimmer.pl

4.3. Két qua tim kiém microsatellite
4.3.1. Cong cu SSRIT
SSRIT cho phép tim kiém mét 1an Ia 500 trinh tu va ton khoang 5 phut. Chinh

vi cong cu SSRIT khong co6 kha nang tim kiém SSR voi mot sb luong qua 16n trinh ty
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(15966) nén phai chay chuong trinh nhiéu Ian, tén nhiéu thoi gian va phai lap lai tién
trinh. Hon nita bang két qua cua SSRIT khong luu thanh file dé truy cap, phai xem két
qua truc tuyén, khong cé su théng ké vé cac dang microsatellite. Do dé chung t6i xac

dinh rang céng cu nay khéng phu hop véi muc dich nghién ciu cua dé tai.

4.3.2. Cong cu MISA
Thuc thi chuong trinh MISA cho két qua rat nhanh va cé 2 file duoc tao thanh
mango.fasta.misa: chira cac thong tin vé tén trinh ty, dang SSR, kich

thudce, vi tri bat dau va két thac cia SSR...

- = - = = . - "
o] SSRnr S5R type SSR size start end
gilA9481301 |gh|DYE37635. 1p2 (GA)B 12 37 43
ilA9478122|gb|DYE33316. 1p2 (GA)B 12 20 Kl
0il40974333|gh|CKA50404. 1p3 (TGAB 18 361 378
0il40974332|gh|CKA50403. 1p3 (TGAE 18 361 378
0il40974329|gh|CKA50400. 1p3 (TGAE 18 361 378
0il40974328|gh|CKE50393. 1p3 (TGA)E 18 361 378
0il40974327 |gh|CKA50393. 1p3 (TGA)E 18 361 378
0il4097 4326 |gh|CKkAS0397. 1p3 (TGAG 18 361 378
0il40974325|gh|CKA90396. 1p3 (TGAE 18 361 378
0il4097 4324 |gh|CKEB0395. 163 (TGAE 18 361 78
il40974323|gh|CkE50354, 103 (TGAE 18 361 378
gil40974322|yb|ClE50393. 163 (TGAE 18 361 378
40974321 |yb|ClE50392, 163 (TGAE 18 361 378
gil40374320|yb|CkE50331. 1p3 (TGAB 18 361 378
gil40374319|gh|CKE50330. 1p3 (TGAB 18 361 378
0il40974318|gh|CKA50383. 1p3 (TGAB 18 361 378
0il40974293|gh|CKAE50370. 1p3 (CCA)S 15 g1 75
0il4097 4277 |gh|CKA90343. 1p3 (CCA)S 15 g1 75
0il40974253|gh|CKA50330. 1p3 (CCA)S 15 266 280
0il4097 4258 |gh|CKE50323. 1p3 (CCA)S 15 266 280
0il40974247 |gh|CKAS0318. 1p3 (CCA)S 15 266 280
0il4097 4246 |gh|CKAS0317. 1p3 (CCA)E 15 266 280
0il4097 4205 |gh| CKEB0277. 163 (CCA)S 15 266 280

3
a
1
1

Hinh 4.3 N6i dung file mango.fasta.misa

mango.fasta.stastistics: 1 file thong ké két qua tim kiém microsatellite
Dua vao file mango.fasta.statistics nay ching toi xac dinh duoc sé lugng trinh
tu khong dap @ng yéu cau ma khi chay véi est_trimmer.pl di chua théng ké duoc: ban
dau chang toi co 15966 trinh tu, sau khi chay est_trimmer thi c6 231 trinh ty khong
thoa man yéu cau do do tong sé trinh tu duoc kiém tra 1a 15735.
Két qua cua viéc tim kiém microsatellite duoc liét ké & bang 4.1, s6 luong SSR
dugc xac dinh chiém ty & 1.7% tong s6 trinh ty EST duoc kiém tra, phan bé twong ddi

nhiéu trong bo gen. Véi nghién ctu trén d6i tuong la cay nho (Scott va ctv, 2000),
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SSR chiém 2.5% va trén cdy bong vai (Qureshi, 2004) SSR chiém 1.34% tong s trinh

tu EST.

Bang 4.1. Két qua tim kiém microsatellite

Két qua S6 lwong
Tong s6 trinh tu kiém tra 15735
Tong kich thudc caa trinh tu da kiém tra (bp) 7400551
Tong s6 SSR dugc xac dinh 267
Tong s6 trinh ty c6 SSR 265
S6 trinh tu c6 nhiéu hon 1 SSR 2
S6 SSR hién dién & dang SSR ghép 1

Su phan b cac dang l3p lai co s6 luwong khac nhau theo bang 4.2.

Bang 4.2. Sy phan bé cac dang lap lai cua SSR

Pon vi lip lai S6 SSR Ty 18 %
2 (dinucleotide) 11 4.12
3 (trinucleotide) 255 95.51
4 (tetranucleotide) 1 0.37

Bang trén cho thdy phan Ién cac microsatellite cua cay xoai la dang

trinucleotide (95.51%). Cac dang khac xuat hién rat it, diéu nay tuong ty ddi véi

microsatllite ghép (compound microsatellite). Trong cac nghién ctu khac trén dbi

tugng cay nho dang trinucleotide 1a chy yéu chiém ty 18 1a 62.90%. Trén cay mia dang

dinucleotide c6 ty 1¢ 38.19%, trong khi dang trinucleotide co ty 1& 31.49%. Sy phan b

cac dang lip lai cua microsatellite ¢ sy khac biét giita cac ddi twong nghién ciru khac

nhau.

Uu diém caa MISA so véi cac phuong phap khac 1a két qua tim kiém cua

MISA dugc luu thanh file, c6 su théng ké cac dang microsatellite, chuong trinh thuc

thi nhanh, may tinh khong can néi mang internet chi can tai ma (code) cia chuong

trinh vé may tinh sau dé c6 thé ap dung don gian va hiéu qua.
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Nhuoc diém cua chuong trinh nay 1a khong cé chic nang phan loai céc trinh ty
theo dang microsatellite da tim kiém. Do d6 chang toi phai tién hanh phan nhom trinh
tu bang cach thu cong dwa theo cac dang microsatellite da xac dinh duoc

Két qua dat dugc cho thay

Co tat ca 31 loai SSR trong dé dang dinucleotide co6 5 loai, dang

trinucleotide c6 25 loai va tetranucleotide cé 1 loai.

Bang 4.3. Cac loai SSR

Dang Dang trinucleotide Dang
dinucleotide tetranucleotide
AT; CA; AAC; AAG; ACC,; TAAT
CT; TC; AGA; AGC; AGT;
GA ATC; ATT; CAA;
CAG; CAT,; CCA,

CGA; CTT,; GAA;

GCC; GCT; GGA,;

GGT; GTG; TCA;
TCT; TGA; TGG; TTC
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Hinh 4.4 Cac file trinh ty sau khi phan nhom
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Vi cac dang dinucleotide va tetranucleotide chiém ty 1& va tan suat xuit hién

thap nén chang toi chi tiép tuc nghién cau ddi véi dang trinucleotide.

4.4. Xac dinh ving bao ton

Dé két qua align (sip giong cot) va xac dinh ving bao tdn duoc chinh xac,
chang toi loai bo cac loai microsatellite ¢ tan suat xuat hién thap (<2.5%)

Sau qua trinh sang loc chang t6i con lai 7 loai microsatellite

Bang 4.4. Cac loai microsatellite nghién ctru

S6 thw tw | Loai microsatellite | S6 trinh tw | Tan suat xuit hién
1 AGA 31 11.61%
2 CAA 14 5.24%
3 CAT 24 8.99%
4 CCA 73 27.34%
5
6
7

TCA 7 2.62%
TCT 32 11.99%
TGA 16 5.99%

Thuc hién viéc sap giong cot va tao trinh tu bao ton dua trén cong cu CAP
contig assembly program chung t6i c6 dugc 6 loai microsatellite, microsatellite AGA

sau khi thuc hién 2 tién trinh néi trén cho thay su khéac biét vé trinh tu & vung flanking

nén khong thé thiét ké duoc primer chung cho tat ca 31 trinh tu.

& BioEdit Sequence Alignment Editor
File Edit Sequence alignment Wiew Accessory Application  RMA  WWorld Wide web  Options  wWindow  Help

> CAP contig assembly program Output

E |CDU[iE[NEW ﬂ'ﬂ ﬂ B 15 total sequences
e ’—LI Selection: 0 Sequence Mask: None Stark
oae: | Select / Slide Position: Murmbering Mask: None uler at:
— — TEE e 42 [CaTGAT TTes ; Seroll Lol | |
g I DT T &en- Eﬁ%.ﬁi.l:E!! 184 ERTCAT % @I\-II H % eed slow O A fast
e[TTTHTTTTTrTrrrrrrpaertrec|raTr|rrartroc|ricr|rrastrocrrey|Traa v
-1 a0 70 a0 20 100 110 120 17

cap gi|40596%9 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAALTCATCAACTY
cap gi|40569 TCCAC CEATTGTTCAACALCAACAACAACCACCACATACGTCATCATCATTCTTCAATACALATCATCALCT
cap ogi|4056%9 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAAATCATCAACTY
cap gi|405969 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGETCATCATCATTCTTCAATACAAATC CATCAACTY
cap gi|40596%9 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAALTCATCAACTY
cap gi|40569 TCCAC CEATTGTTCAACALCAACAACAACCACCACATACGTCATCATCATTCTTCAATACALATCATCALCT
wap oi|405969 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAAATCATCAACTL
cap gi|405969 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAALTCATCAACTC
cap gi|40569 TCCAC CEATTGTTCAACALCAACAACLACCACCACATACGTCATCATCATTCTTCAATACALATCATCALCTC
cap gi|4056%9 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAAATCATCAACTY
cap gi|405969 TCCACGUGATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAAATC CATCAACTY
cap gi|40596%9 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACATCATCATCATTCTTCAATACAALTCATCAACTY
cap gi|40569 TCCAC CEATTGTTCAACALCAACAACLACCACCACATACGTCATCATCATTCTTCAATACALATCATCALCTC
wap oi|405969 TCCAC CEATTGTTCAACAACAACAACAACCACCACATACGTCATCATCATTCTTCAATACAAATCATCAACTL
Contic-0 ToCAC CEATTET T AR CAACAACA A AN O ACCACATACGETCATCATCATTCTTCAATACALAATCATCALCT
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Hinh 4.5. X4c dinh ving bao tén cua microsatellite CAA

4.5. Thiét ké primer di véi 6 microsatellite
4.5.1. Primer3
Viéc thiét ké primer va chon lua cac thong s phai thoa cac yéu cau di néu
trong muc 3.3.5.1.
Két qua cua chuong trinh Primer3 cua 6 microsatellite

<3 Primer3 Output [primer3_www_results.cgi v 0.4) - Microsoft Internet Explorer

I

File Edit Miew Fawvorites  Tools  Help i
- " —_ n "
QBack - O - |j @ _'\J P ! Search :\?’ Faworites @Media 6-“ T g = ! E]
Address @ hikkp: fFrada,wi. it edufcgi-bin/primer 3iprimer3_www_resulks,cqi v Go | Links ¥
Y_’ . év - | Searchweb « & E' @' @ = Mail - @My Yahoo! - .t'-\nswers -
|| Primer3 Output (primer3_www_.. ok 4dd Tab ﬁ
A

Primer3 Output

PRIMER PICKING RE3SULTS FOR TCL 415 5'

No wispriming likbrary specified
Using l-based sequence positions

QLIGO start len b ] oo any 3' zeq
LEFT PRIMER 55 13 57.62 S52.63 §.00 1.00 GCATATGCAACTCCACCAG
EIGHT PRIMER 330 15 55.97 E0.00 5.00 3.00 STTGTTGTGGTGGTCCLL

SEQUENCE 3JIZE: 507
INCLUDED REGION 3IZE: 507

PRODUCT SIZE: 276, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 3.00
TARGETS (start, len)*: 297,15

Hinh 4.6. Két qua thiét ké primer cua microsatellite TCA

Chung toi da thiét ké duoc 6 cap primer cho 6 loai microsatellite. Theo bang 4.5,
chang toi liét ké loai SSR, forward primer, reverve primer va nhiét do nong chay (Tm)

Bang 4.5 Két qua thiét ké primer tir chuong trinh Primer3

Loai SSR Forward primer (5’ - 3°) Reverse primer (5’ - 3°)
CAA GTCTCAAACCCCAAATCC TGTCCACCAGAACCAGAG
CAT ACCGCCAGTCTATGGAACAC | TACTTAGCGGCCATCAAACC
CCA TTCCAAGAAGCACTGTGTGG | TTGTGGTTGAGGTTGCTCAG
TCA GCATATGCAACTCCACCAG |GTTGTTGTGGTGGTCCAA
TCT TGCTGCAATCGAACCAAG GCAGGAGGCACAAATAGTAGTC




60

TGA AGCAGTGAATCCGGTGATCT | GGTTTCAGCGCCTTATCAAC

4.5.2. Chwong trinh Perl script ssrfinder_1 0

Lan luot thyc thi tung file tir 1 &én 6 cta goi cong cu nay, chang toi c6 duoc két

qua sau

R/
0’0

R/
0’0

1_ssr_repeat_finder.pl c6 3 file két qua

new_id20060715.txt: liét ké cac sd truy cap, tén trinh tw c6 SSR

labdout20060715.txt: liét ké dang SSR, vi tri va chiéu dai SSR, trinh ty

ssrout20060715.txt: liét ké SSR, trinh tu ¢6 chira SSR va vung flanking
2_ssr_primer_designer.pl co6 3 file két qua

primerin.txt: liét ké cac thong sé6 mic dinh cho quy trinh thiét ké primer
(xem muc 3.3.5.3)

raw_primer20060715.out: liét ké cac két qua tinh toan cho mdi primer
duoc thiét ké

primer_result20060715.txt: liét ké SSR, trinh tu, cap primer da thiét ké,
nhiét d6 nong chay va chiéu dai san pham cua primer.

TGATGATGATGATGATGA  TGA ATATGGCGTCGAGTACAATGGCG GAGCAGTGAATCCGGETE 61633 TAL

CAACAACAACAACAR CAA  GOAAMAGTGATTGGTCCACTGAT CAMRATCCATATCCACCG:  B3.518 GTI
CATCATCATCATCAT CAT  AGCCTACGGGAATGTTCCACCGC ACACCACCACCATCATAL  B2.912 GAY
CCACCACCACCACCA CCA  ACAAAGACTACAAACTCGAACCA AATCGATATCTGTTCCCE 63 AG
TCATCATCATCATCA TCA  TGAAGTATTGCCACCAACAGATG AGTGCTGTIGATGTTCCA  B3.173 GTI
TCTTCTTCTTCTTCT TCT  ACATCCGCCAAGCGCTCAATAAGTCATGCATCATAATTCCA B2.526 GA

Hinh 4.7 N6i dung file primer_result20060715.txt

3_ssr_primer_check.pl tao file rescreened20060715.txt co6 noi dung giong file
primer_result20060715.txt vi khong co primer dugc thiét ké co nhiéu trinh tu
l3p lai nén budc kiém tra nay van giit nguyén gia tri cii.

4 ssr_primer_blast20060715.pl ciing cho két qua gidng
primer_result20060715.txt vi co so dir liéu primer hién tai khong co.

5 ssr_order_filter.pl: chuwong trinh nay tao file filter20060715.txt c6 chua dang
SSR, trinh tu primer, va cac thong sb cua primer khac

6_ssr_order_formatter tao file cudi cung la order20060715.txt, file nay chi chira
cac thong tin can thiét cho viéc thiét ké mdi nhu dang microsatellite, forward

primer va reverse primer.
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* K&t qua cua chuong trinh thiét ké primer

| B3 Microsoft Excel - order20060715
Ele Edit ‘ew Insert Format Tools Data  Window  Help

DeEas SRy & & @ =-2 i@ A -0 - BIUEA

G24 - 5

A B C D E F_1
1 TGA  GAGCAGTGAATCCGGTGATCTA B1533 TAATATCATCACTTTCTCGCCGTT B1.145 143
2 CAA | CAAATCCATATCCACCGATTGTIC £3.518 GTTGATGAAGACTAGTTIGGCGGTT 62.838 135
3 CAT  ACACCACCACCATCATAGTTTCCT 52912 GACGTCTTACTTACTTAGCGGCCA b2 969 112
4 CCA | AATCGATATCTGTTCCCCTCAACA B3 AGTTTTGATGATGGTTCGCATICT B3.137 142
5 TCA AGTGCTGTTGATGTTCCAGTTTCA B3.173 GTTTTGCAGATTGTIGTIGTGGTG B3.723 135
B TCT  TCATGCATCATAATTCCAATTCGT B2 626 GAGATTAAAAGCAGGAGGTACAAL 52935 159

Hinh 4.8. Két qua thiét ké primer

Trong hinh 4.8 c6t A la loai SSR, cét B la forward primer, cot C va E la nhiét
d6 nong chay, cot D la reverse primer, cot F la chiéu dai san pham tao thanh.

Tir két qua thiét ké primer thu duoc tir 2 chwong trinh khac nhau, chung toi
nhan thay cac primer trén déu thich hop cho phan ang PCR tuy vao yéu cau, muc dich
thuc nghiém. Primer & 2 chuong trinh c6 két qua khac nhau la do viéc lya chon céc

thong sb cho tién trinh thiét ké méi khac nhau.
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Phan 5 ' ‘
KET LUAN VA PE NGHI

5.1. Két luan
Tt qua trinh thuc hién dé tai ching toi rat ra két luan nhu sau
Xay dung phuong phap phat hién microsatellite d6i véi cay xoai tir ngudn co sé
dir ligu EST hién co, d6 la sir dung cac chuong trinh va cong cu est_trimmer.pl,

misa.pl, CAP contig assembly program, Primer3 hay goi cong cu ssrfinder_1_0.

Co so dir liéu EST cua

NCBI
Str dung cong cu tai dir liéu Truy cap
cua NCBI Thu nhan
\4
Trinh ty EST cua
cay xoai
Xt Iy véi chuong trinh est_trimmer.pl Sép xép cac trinh ty EST
\ 4
Cac trinh ty EST
da duoc sap xép
Xt ly véi chuong trinh misa.pl Xac dinh microsatellite
\4
Cac trinh ty EST ¢6

chira microsatellite

Xt Iy véi phan mém BioEdit Align, xac dinh viing bao ton

\4
Align va xac dinh

viing bao ton

Xu ly véi chuong trinh Primer3, Thiét ké primer

goi cong cu ssrfinder 1 0 v
Primer da thict ke

Hinh 5.1. So d6 phuong phap thuc hién
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Két qua dat duoc
ba tai dugc 15966 trinh ty EST cua cay xoai
Xac dinh va dinh vi dugc 267 microsatellite trong d6 dang trinucleotide chiém
ti 1& cao nhat (95.51%)
Xac dinh dugc ving bao ton cua 6 loai microsatellite va thiét ké duoc primer
cho 6 loai microsatellite bao gom céc loai sau: CAA, CAT, CCA, TCA, TCT va TGA.

5.2 Pé nghi

Dé tai nén duoc tiép tuc phan tich bing thuc nghiém dé kiém tra hiéu qua cua
viéc thiét ké primer.

Viét va sir dung chuong trinh hay phan mém cé kha nang phan loai cac trinh ty
da xac dinh SSR.

Ap dung quy trinh xac dinh microsatellite cho cac ddi twong thi nghiém khac
néu di tuong thi nghiém dé cé san ngudn dix lidu tir cac co o dit liéu.

Xay dung co so dir liéu trinh ty, microsatellite va cac primer da thiét ké.

Tang cuong viéc dao tao, phat trién nganh tin sinh hoc vi d6 1a mot nganh hd

trg dic luc cho cong tac nghién cuu.
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PHU LUC

1. Ma chuong trinh est_trimmer.pl

#!/usr/bin/perl -w
# Check for arguments. If none display syntax #
if (QGARGV == 0)

{open (IN,"<$0");

while (<IN>) {if (/"\#\# (.*)/) {Smessage .= "$1\n"}};

close (IN);

die $message;}
# Check if help is required #
if (SARGV[0] =~ /-help/i)

{open (IN,"<$0");

while (<IN>) {if (/"\#\#\#(.*)/) {Smessage .= "S1\n"}};

close (IN);

die Smessage; }
# Open FASTA file #
open (IN,"<$ARGV[O]") || die ("\nError: File doesn't exist !\n\n");
# Checking arguments #
Sarg = @ARGV;
Sarg > 1 || die ("\nError: No arguments determined !\n\n");
for ($i = 1; $1i < Sarg; $i++)

{if ((Samb _n,$amb win) = (SARGV[$i] =~ /-amb=(\d+), (\d+) /1))
{Smessage .= "S$i. Check for ambiguous bases (search for Samb n
ambiguous bases in a $amb win bp window) .\n";}
elsif ((Str3 b,$tr3 n,S$tr3 win) = (SARGV[S$i] =~ /-

tr3=([ACGT]), (\d+), (\d+) /1))

{Smessage .= "S$i. Trim 3' end: Remove \"S$tr3 b\" tails.";
if ($tr3 win > 0) {Smessage .= " Check for $tr3 n x $tr3 b in a
$tr3 win bp window.\n"} else {Smessage .= "\n"};}
elsif ((Str5 b,$tr5 n,S$tr5 win) = (SARGVI[S$i] =~ /-

tr5=([ACGT]), (\d+), (\d+) /1))

{Smessage .= "S$i. Trim 5' end: Remove \"S$tr5 b\" tails.";
if ($tr5 win > 0) {Smessage .= " Check for $tr5 n x $tr5 b in a
S$tr5 win bp window.\n"} else {Smessage .= "\n"};}
elsif ((Scut min, $cut max) = (SARGV[$i] =~ /-cut=(\d+), (\d+)/i))
{Smessage .= "$i. Size restrictions: Size cutoff is $cut min bp.

Restrict sequence size to $cut max bp.\n";}
elsif (($file) = (SARGV[S$i] =~ /-id=(.*)/1i))
{}
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else {die ("\nError: Argument nr. ",++$i," is invalid !\n\n")}};

# Open results & log file#

if

($file) {open (OUT,">S$file.results") || die ("\nError: Output file

name not valid !\n\n");open (LOG,">$file.log")}

else {open (OUT,">SARGV[0].results");open (LOG,">$ARGV[0].log")};

print "\nEST TRIMMER\n===========\n\nPerforming following steps:\n\n";

print LOG "\nLOG FILE OF ALL PERFORMED MODIFICATIONS\n";

print LOG ":::::::==================::::==========\n\n";

print LOG "\nPerforming following steps:\n------—-————————————————————
\n\n";

print Smessage;

print LOG S$message;

# core #

$/ =

ll>ll;

while (<IN>)

{next unless (($seqgname,Sseq) = /(.*2)\n(.*)/s);

$seq =~ s/[\d\s>1//g;

$seq =~ s/ ["ACGTN]/N/gi; # only "acgtn" characters allowed
Smessage = '';

Sdiscard

A} 30

no';

for ($i = 1; $i < Sarg; S$i++)
{if (($amb_n,$amb win) = (SARGV[$i] =~ /-amb=(\d+), (\d+)/1i))
{&Trim 5 n;
&Trim 3 n;}

elsif (($tr3 b,$tr3 n,$tr3 win)

(SARGV[S$1i] =~ /-

tr3=([ACGT]), (\d+), (\d+) /1))

{ &Trim 3 oligoN }

elsif ((Str5 b,$tr5 n,$tr5 win) (SARGV[S$i] =~ /-

tr5=([ACGT]), (\d+), (\d+) /1))

{&Trim 5 oligoN }
elsif (($cut min,$cut max) = (SARGV[$i] =~ /-cut=(\d+), (\d+)/1i))
{if (Scut max < length $seq)
{Sseq = substr $seq,0,Scut max;
Smessage .= "Restrict sequence size to $cut max bp.\n"};
if (Scut min and (length $seg < Scut min))
{Smessage .= "Discard sequence (below Scut min bp cutoff).\n";
Sdiscard = "yo;}
if (Sdiscard eg 'nd')
{$seq = join ("\n",grep($ ,split(/(.{70})/,%$seq)));
print OUT ">$segname\nS$seqg\n"};
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if (Smessage ne '') {print LOG "\n>S$segname\n$message"} };
print "\nDONE\n";
close (IN);
close (OUT);
close (LOG);
# subroutines #
sub Trim 5 n
# trim 5' end until specified window contains less than n ambiguous
bases
{$check = '0";
while ((length $seg > Samb win) and ! (Scheck eq '1'))
{Swindow = substr $seq,0,Samb_win;
if ($window =~ /" ((["N]*N) {Samb n}) /i)
{$seq =~ s/"(S1IN*)//i;
Smessage .= "Ambiguous sequence at 5' side: $1.\n" }
else {$check = "1"'};};
sub Trim 3 n
# trim 3' end until specified window contains less than n ambiguous
bases
{Scheck = '0"';
while ((length $seg > Samb win) and ! (Scheck eq '1'))
{Swindow = substr $seq,-$Samb win;
if ($window =~ /.* ((N["N]*) {$amb n}) /i)
{ $seq =~ s/ (N*$1)S$//1i;
Smessage .= "Ambiguous sequence at 3' side: $1.\n" }
else {Scheck = '1"}; };
sub Trim 5 oligoN
# remove o0ligoN stretches from 5' side
{$check = '0";
if ($seq =~ s/7($tr5 b+)//1i) {Smessage .= "Remove \"S$tr5 b\" tail at
5' side: $1.\n"};
while (! ($check eq '1"))
{ if (length $seq > Str5 win) {$window = substr $seq,0,Str5 win}
else {$window = S$seq};
if (Swindow =~ /" (.*?(S$tr5 b){S$tr5 n})/1i)
{ S$seq =~ s/7($1Str5 b*)//1i;
Smessage .= "Remove \"S$tr5 b\" stretch at 5' side: $1.\n" }
else {$check = '1'"}; };
sub Trim 3 oligoN
# remove oligoN stretches from 3'side

{$Scheck = '0"';
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if ($seqg =~ s/($tr3 b+)$//1i) {Smessage .= "Remove \"$tr3 b\" tail at
3" side: $1.\n"};
while (! ($check eq '1"))
{if (length $seq > $tr3 win) {Swindow = substr $seq,-Str3 win} else

{Swindow = $seq};

if ($window =~ /.*(($tr3_b){$tr3_n}.*)/1)

{ $seq =~ s/($tr3 b*$1)$//1i;

Smessage .= "Remove \"S$tr3 b\" stretch at 3' side: $1.\n"}
else {$check = '"1'};}

}i

2. Ma chwong trinh misa.pl
#!/usr/bin/perl -w
#SSSSS DECLARATION SSSSS#
# Check for arguments. If none display syntax #
if (@ARGV == 0)
{open (IN,"<$0");
while (<IN>) {if (/"\#\# (.*)/) {Smessage .= "$1\n"}};
close (IN);
die $message;};
# Check if help is required #
if (SARGV[0] =~ /-help/i)
{open (IN,"<$0");
while (<IN>) {if (/"\#\#\#(.*)/) {Smessage .= "S1l\n"}};
close (IN);
die Smessage; };
# Open FASTA file #
open (IN,"<$SARGV[O]") || die ("\nError: FASTA file doesn't exist !\n\n");
open (OUT,">$ARGVI[O0].misa");
print OUT "ID\tSSR nr.\tSSR type\tSSR\tsize\tstart\tend\n";
# Reading arguments #
open (SPECS,"misa.ini") || die ("\nError: Specifications file doesn't
exist !'\n\n");
my %typrep;
my Samb = 0;
while (<SPECS>)
{ %typrep = $1 =~ /(\d+)/gi if (/"def\S*\s+(.*)/1);
if (/~int\S*\s+(\d+) /i) {Samb = $1}};
my Qtyp = sort { $a <=> $b } keys Styprep;
#SSSSS CORE SSSSS#
$/ o= ">"

my S$max repeats = 1; #count repeats
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my $min repeats = 1000; #count repeats
my (%count motif, $count class); #count
my (S$number sequences, $size sequences, $ssr_containing segs); #stores number
and size of all sequences examined
my $ssr_in compound = 0;
my ($id, $seq);
while (<IN>)
{next unless (($id,S$seq) = /(.*2)\n(.*)/s);
my (Snr,%start,@order, %$end, $Smotif, $repeats); # store info of all SSRs
from each sequence
$seq =~ s/[\d\s>]//g; #remove digits, spaces, line breaks, ...
$id =~ s/"\s*//g; $id =~ s/\s*$//g;$id =~ s/\s/_/g; #replace whitespace
with " "
Snumber sequences++;
$size sequences += length $seq;
for ($i=0; $i < scalar(Q@typ); $i++) #check each motif class
{ my Smotiflen = Styp[S$i];
my Sminreps = Styprep{S$typl[S$il} - 1;
if (Smin repeats > Styprep{Styp[$i]}) {Smin repeats =
Styprep{$typl[$i]l}}; #count repeats
my $search = " (([acgt]{Smotiflen})\\2{Sminreps, })";
while ( $seqg =~ /$search/ig ) #scan whole sequence for that class
{ my Smotif = uc $2;
my $redundant; #reject false type motifs [e.g. (TT)6 or (ACAC)5]
for ($j = Smotiflen - 1; $j > 0; $j--)
{ my Sredmotif = " ([ACGT]{$j})\\1{". (Smotiflen/S$j-1)."}";
Sredundant = 1 if ( S$motif =~ /$redmotif/ )};
next if Sredundant;
Smotif{++Snr} = Smotif;
my $Sssr = uc $1;
Srepeats{$nr} = length($ssr) / Smotiflen;
Send{$nr} = pos(Sseq);
Sstart{$nr} = $end{$nr} - length(S$ssr) + 1;
# count repeats
Scount motifs{Smotif{$nr}}++; #counts occurrence of individual motifs
Smotif{Snr}->{Srepeats{$nr}}++; #counts occurrence of specific SSR in
its appearing repeat
Scount class{S$typ[$i]}++; #counts occurrence in each motif class
if (Smax repeats < Srepeats{S$nr}) {Smax repeats = Srepeats{$Snr}};};
}i
next 1f (!$nr); #no SSRs

$ssr_containing segs{S$nr}++;
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@order = sort { $start{$a} <=> S$start{Sb} } keys %start; #put SSRs in
right order

$1 = 0;
my $Scount seq; #counts
my (Sstart, $end, $Sssrseq, $ssrtype, $size);
while ($i < $nr)

{ my $space = $Samb + 1;

if (!Sorder([$i+1]) #last or only SSR

{Scount_seqg+t+;

my Smotiflen = length ($motif{S$order[S$i]l});

Sssrtype = "p".S$motiflen;

$ssrseq = " (Smotif{Sorder[S$i]}) Srepeats{S$Sorder[$i]}";
Sstart = S$start{Sorder[$i]}; S$Send = Send{Sorder[S$i++]1};
next};

if ((Sstart{Sorder[$i+1]} - S$end{S$Sorder[$i]}) > Sspace)
{ Scount seqg++;
my S$motiflen = length (Smotif{$order[$il});
$ssrtype = "p".Smotiflen;
$ssrseq = " (Smotif{Sorder[S$i]}) Srepeats{S$Sorder[$i]}";
Sstart = S$start{$order[$i]}; S$Send = Send{Sorder[Si++]};
next };
my ($interssr);
if (($start{Sorder[$i+1]} - Send{Sorder[$il}) < 1)
{ Scount seg++; $ssr_in compound++;
Sssrtype = 'c*';
Sssrseq =
"(Smotif{Sorder([$i]}) Srepeats{Sorder[$i]} (Smotif{Sorder[$i+1]}) Srepeats{Sor
der[$i+1]1}*";
Sstart = Sstart{Sorder[$i]}; Send = Send{Sorder[$i+1]} }
else
{Scount seqg++; S$ssr_in compound++;

Sinterssr = lc substr($seq, $end{Sorder[$i]}, (Sstart{Sorder[$i+1]} -

Send{S$order[$i]}) - 1);
Sssrtype = 'c';
Sssrseq =

"(Smotif{$Sorder[$i]}) Srepeats{Sorder([$i]}Sinterssr (Smotif{Sorder[$i+1]}) Sre
peats{Sorder[$i+1]}";
Sstart = Sstart{Sorder[$i]}; Send = Send{Sorder[Si+l]};
#Sspace -= length S$interssr };
while ($order[++$1 + 1] and ((Sstart{Sorder[$i+1]} - Send{Sorder[S$i]})
<= S$space))
{ if (($start{Sorder[$i+1]} - S$end{Sorder[$il}) < 1)



{ $ssr_in compound++;

Sssrseq .= " (Smotif{Sorder[$i+1]}) Srepeats{Sorder[S$Si+1]}*";

Sssrtype = 'c*';
Send = $end{Sorder[$i+1]}}
else

{ $ssr_in compound++;

Sinterssr = lc substr ($seq, $Send{Sorder[$i]}, (Sstart{Sorder[$i+1]}

Send{Sorder[$il}) - 1);
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S$ssrseq .= "Sinterssr (Smotif{Sorder[S$i+1]})Srepeats{Sorder[$i+1]}";

Send = Send{Sorder[S$i+1]};
#Sspace -= length S$interssr}};
Si++;})

continue

{print OUT "$id\t$count seg\t$ssrtype\t$ssrseqg\t", (Send - S$start +

1),"\tSstart\tSend\n"};};

close (OUT);

open (OUT,">$ARGV[0].statistics");
#SSSSS INFO SSSSS#

#SSS Specifications SSS#

print OUT "Specifications\n

\"SARGV[0]\"\n\nDefinement of microsatellites (unit size / minimum number

of repeats) :\n";
for ($i = 0; $i < scalar (Q@typ); $i++) {print OUT
"(Styplsil/Styprep{S$typl[$il}) "};print OUT "\n";

\n\nSequence source file:

if ($Samb > 0) {print OUT "\nMaximal number of bases interrupting 2 SSRs in

a compound microsatellite: S$Samb\n"};
print OUT "\n\n\n";
#SSS OCCURRENCE OF SSRs S§S§S#

#small calculations

my @ssr containing segs = values %ssr_containing segs;
my $ssr containing segs = 0;
for ($i = 0; $i < scalar (@ssr containing segs); Si++)

{$ssr containing segs += $ssr containing segs([$il};

Sa cmp S$b }

my Qcount motifs = sort {length (Sa) <=> length (Sb) ||
keys %count motifs;

my @count class = sort { $a <=> Sb } keys S%count class;
for ($i = 0; $i < scalar (Qcount class); S$Si++) {Stotal +=

Scount class{$count class[$i]}};

#SS§ Overview S§S#

print OUT "RESULTS OF MICROSATELLITE
SEARCH\n================================\n\n";
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print OUT "Total number of sequences examined:

Snumber sequences\n";

print OUT "Total size of examined sequences (bp):

$size sequences\n";

print OUT "Total number of identified SSRs: Stotal\n";
print OUT "Number of SSR containing sequences:

$ssr containing segs\n";

print OUT "Number of sequences containing more than 1 SSR:
",$ssr_containing segs - ($ssr_containing segs{1l} || 0),"\n";
print OUT "Number of SSRs present in compound formation:
$ssr_in compound\n\n\n";

#SSS Frequency of SSR classes SSS#

print OUT "Unit size\tNumber of SSRs\n";
my Stotal = undef;
for ($1i = 0; $i < scalar (Qcount class); $i++) {print OUT
"$Scount class[$i]\t$count class{$Scount class[$i]}\n"};
print OUT "\n";
#SS§ Frequency of SSRs: per motif and number of repeats SSS#
print OUT "Frequency of identified SSR motifs\n-----——-——----"-"-"-"-"-"---—-————————
—————— \n\nRepeats";
for ($i = $min repeats;$i <= Smax repeats; $i++) {print OUT "\tS$i"};
print OUT "\ttotal\n";
for ($1i = 0; $i < scalar (@count motifs); $Si++)

{my S$typ = length (Scount motifs([$i]);

print OUT S$count motifs[$i];

for ($j = $min repeats; $j <= Smax repeats; $j++)

{if ($7 < Styprep{$typ}) {print OUT "\t-";next};
if (Scount motifs[$i]->{$j}) {print OUT "\tScount motifs[$i]->{S$j}"}

else {print OUT "\t"}; };

print OUT "\t$count motifs{$count motifs[$i]}\n";};
print OUT "\n";
#§S§S Frequency of SSRs: summarizing redundant and reverse motifs SSS#
# Eliminates %count motifs !
print OUT "Frequency of classified repeat types (considering sequence
complementary) \N-—————
—————————————— \n\nRepeats";
my (%red rev,@red rev); # groups
for ($i1i = 0; $i < scalar (Q@count motifs); $i++)

{ next if (Scount motifs{S$Scount motifs[$i]} eq 'X");

my (%group,@group, $red rev); # store redundant/reverse motifs
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my Sreverse motif = Sactual motif = Sactual motif a = Scount motifs[$i];

Sreverse motif =~ tr/ACGT/TGCA/;

my Sreverse motif a = Sreverse motif;

for ($j = 0; $j < length (Scount motifs[$il); $j++)

{if (Scount motifs{Sactual motif}) {$group{Sactual motif} = "1";
Scount motifs{Sactual motif}="'X"};

if (Scount motifs{Sreverse motif}) {S$Sgroup{Sreverse motif} = "1";

Scount motifs{Sreverse motif}="'X"};

$actual _motif =~ s/ (.) (.*)/$281/;

$reverse motif =~ s/(.) (.*)/$231/;
Sactual motif a = Sactual motif if (Sactual motif 1t Sactual motif a);
Sreverse motif a = Sreverse motif if (Sreverse motif 1t

Sreverse motif a) };

if (Sactual motif a 1t $reverse motif a) {Sred rev =
"Sactual motif a/Sreverse motif a"}

else {$red rev = "Sreverse motif a/Sactual motif a"}; # group name

Sred rev{Sred rev}++;

@group = keys %group;

for ($j = 0; $j < scalar (Qgroup); S$Jj++)

{for (Sk = Smin repeats; S$k <= S$max repeats; Sk++)
{ if (Sgroupl$jl->{Sk}) {Sred rev->{"total"} += Sgroup[$jl-

>{$k};Sred rev->{$k} += Sgroup[$j]l->{$k}} } };
for ($i = $min repeats; $i <= S$max repeats; $i++) {print OUT "\t$i"};

print OUT "\ttotal\n";

@red rev = sort {length ($a) <=> length ($b) || $a cmp S$b } keys S%red rev;
for ($1i = 0; $i < scalar (@red rev); $i++)
{my S$typ = (length ($red rev[$i])-1)/2;

print OUT S$red rev[$i];

for ($j = $min repeats; $j <= Smax repeats; $j++)
{if ($j < Styprep{Styp}) {print OUT "\t-";next};
if ($red rev([$i]->{$3j}) {print OUT "\t",$red rev([$i]->{$7}}
else {print OUT "\t"}};

print OUT "\t",S$red rev[$i]->{"total™},"\n"; };

3. Ma chuong trinh ssrfinder_1_0

«» 1 ssr_repeat_finder.pl

#!/usr/bin/perl -w

Sdatename = '20060715'; # date for directory name and datafile info

Sruntype = 1; # 1 = genbank fasta, 0 = local (fasta header differences)
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# no need to change anything below this point
$seqgcount = 0;
$ssr _count = 0;
@ssr label = gw(ab cde fghijklmnopgrstuvwzxyzaaab
ac ad ae af ag ah ai aj ak al am an ao ap ag ar as at au av aw ax ay az);
# set the flanking length here ( in bases )
$flank length = 150; # i.e. 150 bp
# set the minimum length of the repeat
Smin pattern length = 12; # i.e. 12 bp
# open the input sequence file - fasta format 3rd field of header is the
accession number
open (SEQFILE, "../S$datename/sequence$datename.txt") || die "file not found:
siv;
# open the output file for the sequence ids
open (IDFILE, ">>../Sdatename/new ids$datename.txt") || die "couldn't
create file";
# open the ouput file for the ssr results
open (SSROUTFILE, ">>../S$datename/ssrout$datename.txt") || die "couldn't
create file";
#open the output file for the overall output for loading into labdb
open (LABDBTXT, ">>../$datename/labdboutS$datename.txt") || die "couldn't
create file";
# read in file of previously checked IDs
SCheckedIDs = “cat ../$datename/CheckedIDs.txt’;
# parse the sequence file and process
if (Sruntype == 1) {
while (defined ($line = <SEQFILE>)) {
chomp $line;
if ($line =~ /">/) |
if (defined ($Seq)) {
# check if genbank id has been done before
if ($CheckedIDs !~ /S$SeqgHead[3]/) {
&SSRSearch;
print "new seqg\n";
} else {
print "old seg\n";} }
Ssegcount++;
print $segcount;
SHeadLine = $line;
undef $Seq;
@SeqgHead = split(/\|/, $HeadLine) ;
print IDFILE "$SeqgHead[3]\t$SegHead[4]\n";



} else |

$Seq = "S$Seg" . "Sline"; }
if (defined ($Seq)) {
# check if genbank id has been done before
if ($CheckedIDs !~ /$SeqgHead[3]1/) {
&SSRSearch;

print "new seg\n";
} else {
print "old seg\n"; } }
} elsif (Sruntype == 2) {

while (defined ($line = <SEQFILE>)) {

chomp ($1line);

@LineIn = split(/\t/, $line);

$SegqHead[3] = $LineIn[0];

print $SegHead[3];

$Seq = S$LinelIn[1l];

if (defined ($Seq)) {
&SSRSearch; }

$seqcount++;

print $seqgcount;

if ( (Ssegcount%5) == )
print "\n";

} else {
print "\t"; }

undef $Seq;

@SeqgHead = split(/\|/,$HeadLine) }

} elsif (Sruntype == 3) {

while (defined ($line = <SEQFILE>)) {

chomp ($line);
if ($line =~ /*>/) |
if (defined ($Seq)) {
&SSRSearch;
} $seqcount++;
print S$segcount;
if ( ($seqgcount$5) ==
print "\n";
} else {
print "\t";}
undef $Seqg;

SHeadLine = $line;

@templinel = split(/>/,$HeadLine);

@templine?2 split (/\./,

Stemplinel[1l]);
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$SegHead[3] = Stempline2[0]." ".Stempline2[3];
print IDFILE "$SegHead[3]\n";
} else {
$Seq = "$Seqg" . "S$line"; }
if (defined ($Seq)) {
&SSRSearch; }
close (SEQFILE);
close (IDFILE);
close (SSROUTFILE) ;
close (LABDBTXT) ;
print "Number of sequences in input file = $segcount \n";
print "Number of Repeats found = S$ssr_count \n";
exit 0;
# subroutines
sub SSRSearch () {
print "*";
$suffix = -1;
while ( $Seq =~ /(([ATGCI{2,})\2{3,})/gl ) {
print "+";
Sfullmatch = $1;

Sminmatch = $2;

# minimum matches: di-nt 6 repeats, tri-nt 4 repeats, tetra-nt 4 repeats

# check that repeat is greater than minimum total length of match

# and that it is not a single nt repeat - AAAAAAA, TTTTTTTT, etc.

if ( (( Slength sub = length($fullmatch)) >= Smin pattern length )
&& ' ( $fullmatch =~ /([ATGC])\1{8,}/ ) ) {
print "-";

$ssr_count++;
Ssuffix++;
SAccession = "SSegHead[3]" . "S$ssr label[S$suffix]";

print SSROUTFILE "S$Accession\tS$fullmatch\tSminmatch\t";

print LABDBTXT "$SegHead[3]\t$Accession\t$fullmatch\tSminmatch\t";

Spos2 = index ($Seq, $fullmatch) ;

Spos3 = $Spos2 + Slength sub;

if (Spos2 < $flank length) {
Sposl = 0;

} else {

Sposl = S$pos2 - $flank length; }
if ( ( ( Smax = length($Seq)) - $pos3 ) < S$flank length ) {
Spos4d = Smax;

} else {

Spos4 Spos3 + Sflank length; }
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Sseqgleft =
$segcenter
$segright =
print SSROU
print LABDB
Sseqgcenter,"1", $s

print "\n";}

substr ($Seq, $posl, $pos2-Sposl) ;
= substr ($Seq, Spos2, Spos3-$Spos2) ;
substr ($Seq, $Spos3, $Sposd-$pos3) ;
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TFILE S$seqleft, "I[", S$segcenter,"]",$seqgright,"\n";

TXT Spos2,",",$length sub,"\t", $seqleft,

eqright, "\n"; }

% 2_ssr_primer_designer.pl

#!/usr/bin/perl -

Sdatename = '2006

w

" [ll
4

0715'; # date for directory name and datafile info

Sprimer3app = 'd:\\detail\ssrfinder 1 O\\primer3'; # full path to the

primer3 command
# no need to chan

# open the ouput

ge anything below this point

file with the ssr results

open (SSRINFILE, "../$datename/ssrout$datename.txt") || die "couldn't open
file";
open (RAWPRIMER, ">../S$datename/raw primer3Sdatename.out") || die "couldn't
open file: $!";
open (PRIMEROUT, ">../$datename/primer results$datename.txt") || die
"couldn't open file: $!";
Scounter = 0;
while (defined($line = <SSRINFILE>)) {

chomp ($line);

@columns = split(/\t/,S$line);

@seq = split (/\[I\]1/,$columns([3]);

$length left = length(Sseq[0]);

$length mask = length(Sseq[l]);

$length right = length($seq[2]);

$tl = Slength left+1;

$t2 = $length mask;

open (PRIMERIN, ">../$datename/primerin.txt") || die "couldn't open file:

s1v;
print PRIMERIN
print PRIMERIN
print PRIMERIN
print PRIMERIN
print PRIMERIN
print PRIMERIN
print PRIMERIN
print PRIMERIN

"PRIMER_SEQUENCE_ID:",$columns[1],"\n";
"SEQUENCE=", $seq[0], $seq[1],S$seq[2],"\n";
"TARGET:", $tl, n,n, $t2, n\nn;

"PRIMER PRODUCT SIZE RANGE=80-160 80-240 80-300\n";

"PRIMER OPT SIZE=24\n";
"PRIMER MIN SIZE=20\n";
"PRIMER MAX SIZE=28\n";
"PRIMER OPT TM=63\n";



print PRIMERIN "PRIMERfMINiTM=60\n";
print PRIMERIN "PRIMER_MAX_TM=65\H";
print PRIMERIN "PRIMER_MAX_DIFF_TM=1\H";
print PRIMERIN "=\n";

close (PRIMERIN) ;

# Sprimer3 = °../devel/primer/primer3 0 9 test/src/primer3 core
< ../$datename/primerin.txt’;
Sprimer3 = ‘$Sprimer3app < ../$datename/primerin.txt’;

print RAWPRIMER "######## Scolumns[1l] #########\n";
print RAWPRIMER S$primer3, "\n";
@prime out = split(/\n/, Sprimer3);
foreach $i (0..S$#prime out) {
(Svarname, $varvalue) = split(/=/, Sprime out[$i]);
Sprimehash{$varname} = $varvalue;}
if ($primehash{'PRIMER LEFT SEQUENCE'}) {
Scounter++;
print PRIMEROUT "$columns[0]\t$columns[1l]\t$Scolumns[2]";
print PRIMEROUT "\tS$seq[0]S$seq[l]S$seql[2]";
print PRIMEROUT "\t", $primehash{'PRIMER LEFT SEQUENCE'};
print PRIMEROUT "\t", Sprimehash{'PRIMER LEFT TM'};
print PRIMEROUT "\t", $primehash{'PRIMER_RIGHT_SEQUENCE'};
print PRIMEROUT "\t", S$primehash{'PRIMER RIGHT TM'};
print PRIMEROUT "\t", $primehash{'PRIMER PRODUCT SIZE'};
print PRIMEROUT "\n"; }
undef S$primehash;}
close (PRIMEROUT) ;
close (SSRINFILE);
close (RAWPRIMER) ;
print "repeats primed: ", S$counter, "\n";

exit 0;

«» 3_ssr_primer_rep_check.pl

#!/usr/bin/perl -w

Sdatename = '20060715'; # date for directory name and datafile info
# no need to change anything below this point

open (OUTFILE, ">rescreenedS$Sdatename.txt");

Sgood = 0;
S$Sbad = 0;
Stemp = ‘type primer results$datename.txt’;

@templ = split(/\n/, Stemp);
foreach $i (0..S$#templ) {
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@temp2 = split(/\t/, Stempl[$i]);
print Stemp2[0],"\t",Stemp2[1],"\t",Stemp2[2],"\t", Stemp2[31];
print
"\t", Stemp2[4],"\t",Stemp2[5],"\t", $temp2[6],"\t", Stemp2[7],"\t", Stemp2[8],
"\t";
if (( Stemp2[4] =~ /(([ATGC]{2,3})\2{(3,})/gi ) ||l ( Stemp2[6] =~
/(([ATGCI1{2,31)\2{3,}) /g1 )) {
print "bad\n";
Sbad++;
} else {
print "good\n";
Sgood++;
print OUTFILE
Stemp2[0],"\t",Stemp2[1],"\t", Stemp2[2],"\t", Stemp2[3],"\t";
print OUTFILE
Stemp2[4],"\t", Stemp2[5],"\t", Stemp2[6],"\t",Stemp2[7],"\t", $temp2[8], "\n" }
print "good: $good\nbad: $bad\n";
close (OUTFILE);
exit (0);

¢ 4 ssr_primer_blast.pl

#!/usr/bin/perl -w

Sdatename = '20060715'; # date for directory name and datafile info
Sblastapp = 'd:\\detail\ssrfinder 1 O\\blastall'; # full path to the
blastall command

S$blastdbdir = 'd:\\detail\ssrfinder 1 O0\\db'; #full path to the blast
database directory

Sblastdbname

'AllPrimers.nt'; # name of the blast database to use
Sformatdbapp = 'd:\\detail\ssrfinder 1 O\\formatdb'; # full path to the
formatdb command

# no need to change anything below this point

open (PRIMERSIN, "../$datename/rescreenedS$datename.txt") || die;

open (BLASTOUTFILE, ">../S$Sdatename/blastout$datename.txt") || die;

open (FULLBLASTOUT, ">../S$datename/fullblastoutput$Sdatename.txt") || die;
Scounter = 0;

$bOhit = 0;

while (defined($1ine=<PRIMERSIN>)) {

chomp ($1line);
@columns = split(/\t/,$line);
SAccession = S$Scolumns[0];

Ssequence = Scolumns([3];
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Sforward = $columns([4];

Sreverse Scolumns[6];
Scounter++;
print S$counter, "\n";
print BLASTOUTFILE $Accession, "\t", S$columns[1], "\t", S$columns[2];
print BLASTOUTFILE "\t", $sequence, "\t", $forward, "\t", $columns[5],
"\t";
print BLASTOUTFILE S$reverse, "\t", S$columns[7], "\t", S$columns[8], "\t";
&BlastIt;
print "Blasted Sequences= ", S$counter,"\n";
print "Blast NON-Hits= ",$bOhit,"\n";
close (PRIMERSIN) ;
close (BLASTOUTFILE) ;
close (FULLBLASTOUT) ;
exit 0;
sub BlastIt() {
open (TMPSEQFILE, ">../$datename/repeats/S$Accession.fasta");
print TMPSEQFILE "> ", S$Accession,"\n", $sequence,"\n";
close (TMPSEQFILE);

# Sblastout = ‘blastall -p blastn -d db/AllPrimers.nt -e 0.01 -
i ../$datename/repeats/SAccession.fasta’;

Sblastout = "$blastapp -p blastn -d $blastdbdir/S$blastdbname -e 0.01
-i ../S$datename/repeats/S$Accession.fasta’;

print FULLBLASTOUT
"XXXXX\t", SAccession, "\ t XXX XXX XXX XXX XXXXXXXKXXXKXXX\n\n" ;

print FULLBLASTOUT $blastout;

&ParseBlast;
sub DBup () {
# open (BLASTDBFASTA, ">>../blast/db/AllPrimers.nt");

open (BLASTDBFASTA, ">>S$blastdbdir/S$blastdbname");
print BLASTDBFASTA "> ",$Accession,"” f\n",Sforward,"\n";
print BLASTDBFASTA "> ",$Accession," r\n",$reverse,"\n";
close (BLASTDBFASTA) ;
# Sformatdbstatus = system("formatdb -i db/AllPrimers.nt -p F -o T");

Sformatdbstatus system ("$formatdbapp -i $blastdbdir/Sblastdbname -p
Fo-o T");}
sub ParseBlast () {
# split the blast output into records (splits at blank lines)

@blastrecs = split(/\n\n/, S$blastout);
# the record that contains the hit results SHOULD be in record 6 - WATCH
OuT

if (Sblastrecs[5] =~ /Sequence/) {



@blastmatch = split(/\n/, S$blastrecs[6]);

print BLASTOUTFILE S$#blastmatch-1, "\t";

for S$entry (0 .. S$#blastmatch) {

(Sname, $score, S$SE) = split(/[ 1+ /, S$blastmatch[$entry]);

print $name,"\t",$score,"\t",S$E,"\n";

print BLASTOUTFILE "\t", $name,"\t", $score,"\t", SE;}

} else {

print BLASTOUTFILE "O\t";

SbOhit++;

print "No Hits found\n";

print BLASTOUTFILE "\tnone\tnull\tnull";

&DBup; }

print BLASTOUTFILE "\n";}

R/
0’0

5 ssr_order_filter.pl

#!/usr/bin/perl -w

Sdatename = '20060715'; # date for directory name and datafile info

# no need to change anything below this point

open (OUTFILE, ">filterS$datename.txt");
$infile = ‘cat blastout$datename.txt’;
Scount = 0;

@templ = split(/\n/, S$infile);

foreach $f (0..$#templ) {

@temp2 = split(/\t/, Stempl[Sf]);

if

(Stemp2[11] eq 'none') {

print OUTFILE S$temp2[0],"\t",Stemp2[1],"\t";

print OUTFILE S$Stemp2[2],"\t",$temp2[3],"\t";

print OUTFILE S$Stemp2[4],"\t",$temp2[5],"\t";

print OUTFILE S$Stemp2[6],"\t",S$temp2[7],"\t";

print OUTFILE S$temp2[8],"\n";
print $temp2[0],"\t",Stemp2[10],"\t",Stemp2[11],"\n";

Scount++; }

print
close

exit

/7
0‘0

"non-hits: ", $count,"\n";
(OUTFILE) ;
(0);

6_ssr_order_formatter.pl

#!/usr/bin/perl -w

Sdatename = '20060715'; # date for directory name and datafile

info
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# no need to change anything below this point

open (OUTFILE, ">orderS$Sdatename.txt");

Sinfile =

Scount =

@templ

@temp?2

‘cat blastout$datename.txt’;

0;
split (/\n/, $infile);
foreach $f

(0..S#templ) {
split (/\t/, Stempl[$f]);

if (Stemp2[l11] eqg 'none') {

print
print
print
print

print

OUTFILE S$Stemp2[0],"\t";
OUTFILE S$temp2[4]1,"\t",$temp2[5],"\t";
OUTFILE S$temp2[6],"\t",S$temp2[7],"\t";
OUTFILE Stemp2([8],"\n";

Stemp2[0],"\t",Stemp2[10],"\t", Stemp2[11],"\n";

Scount++; }}

print "non-hits: ", S$count,"\n";

close (OUTFILE)

exit (0);

83



