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ABSTRACT

Bioinformatics, the application of computational techniques to analyze the information
associated with bio-molecules on a large scale and encompasses a wide range of subject
areas from structural biology, genomics to gene expression studies.

Chapter 1 gives an introduction and overview of the SSR marker development in
sorghum . For this purpose bioinformatics tools like Tandem Repeats Finder, Primer3,
Windows softwarc and MS Access were used. More than 50,000 records were collected
and placed in the INTRANET of ICRISAT, which could be accessed by the scholars and
scicntists for their requirements.

A tandem repeat in DNA is two or morc contiguous approximate copies of a pattern of
nucleotides. Extensive knowledge about pattern size, copy number, mutational history,
etc. for tandem repeats has been limited by the inability to easily detect them in genomic
sequence data. These sequences range in size from 3kb up to 700kb. A World Wide Web

server interface at hitp./c3.biomath.mssm.edu trl advaneed.submit.html has been

established for automated usc of the program.

Primer design is crucial for the success of PCR. Inappropriate primers cause low yield,
equivocal results and misinterpretation. An idcal primer should only bind with its 3' end
to a unique sequence.

Chapter 2 is dealt with an introduction about Phylogenetic studies and describes
completely about the phylogeny of selected cereals for conserved enzymes. . For this
purpose we utilized the software tools like CLUSTAL W for multiple alignment,
JALVIEW for alignment analysis and phylogenetic tree construction, AND PRIMER 3
for primer designing which is crucial for PCR.Phylogeny is about evolution and is used
to reconstruct evolutionary events. It is now possible to construct phylogenetic evolution
at a molecular level through analysis of molecular sequences. namely proteins & nucleic
acids.To construct phylogenetic tree among grass family, the sequences of conserved
enzymes from mitochondria, chloroplast and nucleus are probed using bio-informatics

tools.



CONTENTS

1. SSR Marker Development For Sorghum Data Base ............ .l
1.1 Introduction .........ceeeuent ceereesreneans reeresenenees cesreeerennans el
1.2 Different Tools For Repeat Finder............. cerrsersrerensiennes  eeeld
1.2.1 Censor_xxx_Humrep [Censor].......cccccvvmmrueiiiiieeieeennuninerenenees ser seen 3
1.2.2 Repeatmasker_Xxx Primate [Repmask].......cccoeervenninanannens chee e serees 3
1.2.3 SST_Xxx_HumRep |SST].cccuuniiiiiraiririniiiiniieininnneneen vereser ses samens 3
1.2.4 Xnun_Repeat_Default [XNUNJ.....coooiiimiiiiiiiinnniennnninnmniiinnes coe e 3
1.2.5 TAN DEM_Xxx_DEFAULT [TANDEM......oooivineieirssmnennrsnsenesins sse sosssen 3
1.2.6 Inverted_Xxx_Default INVERTED].........cocoovrvvencnrcnnns 3
1.3 Tandem Repeats Finder ..........ccooviniveiiiniiiiniiinniiiinnns vonnene 4
1.4.1 Basic.......... Ctestsnissnetstrrsetnisaarretntisansansrtens cevesereeseiesenisnnese sasens se 4
1.4.2 Intermediate......cooveernireeiiinniiereiiieniiiniieertanertoesreeiimaereenns cernes see 4
1.4.3 Advanced...........oeiee creserssaransesennseessasans errtassaensessssasessrnnenns wend
1.5 Advanced Tandem Repeat Finder Program Parameters .................. )
1.5.1 Alignment Parameters......... eeeeseantereaneieatsesatssoratstansstrsaratitnn  sennsand 6
1.5.2 Minimum Alignment SCOre.........ccoveciiiininiinniinnininniiiinien -}
1.5.3 Maximum Period Size.............. vesesesersenesiesniesrasasanesneretntes tasoseeenes 6
1.5.4 Detection parameters......... ceesreesvasiacssssaresasassintseteressrtssars  bessansoss 6
1.5.5 Options .....cccervueenns [N
1.5.5.1 FlanKing SCqUence....cccretecirrmnrasniusnsnsnnnns ISTTTTTTTTTRTPTIen o semened 6
1.5.4.2 Masked scquence File o 4
1.5.4.3 Data File...... cesrsananresssences eerrresserarrrsnaes crrssessesassrensres seneseers seen 6

1.6 Procedure For Finding Tandem Repeats.......ccccciae tevnnnes enan

1.7 Entering the sequence for Finding Tandem Repeats... ..........8




1.7.3 Submit sequence...........ccceeireenes cresetesestntstenietarenes  eenbesantensasenas o9

1.8 Table Explanation..........ccceueciiiinmniiiiieeniinieniiiiiniiieee sivies sensieesens 10
1.9 Alignment Explanation............... YR § |
1.10 Primer Design................ cresrarenierenienenns SR TR ¥4

1.10.1 Introduction...... deeerireessacisasinens

1.11 Primer Design Programs.........

1.12 Primer Design Considerations................ ceeerennens coerenarasne e K
1.13 Features Of Primer Design..........c.c....... creerraeres veesernense weneld
1.14 Limits Of Primer Design.......... censranneens cresestenes sesenrsenienans 14
1.15 Primer Design Parameters.........c.c.cocveuvivncinncenniee ceceeeeneeenddd
1.15.1 Primer Length,..ccovueerniiiiiiiiiinnmmimiiniiiiine sieneeeecesninssen 15
1.15.2 Primer Seque;lce .................. sesensnaniesen [N sessesesenne vas FRRRR 1

LI5.3 GC CONLENt..uuuuierireermnriesisiiiniereresmessinssessisessnsnmannnnsosssesnee seresssns 16
1.15.4 Melting temperature............ eesetnteessretetnatesaersaresasnsss rassasessrnnsenses 16
1.15.5 Secondary structure formation.............ccceeverereenirieenniesennnerennnns O v

1.15.6 Specificity.......cccoernrnnnns 17
1.15.7 Primer ends......... F RN )
LI6 Primer3.....ovieieiiiiiiniieiiiiiiiiierereimniesnsrenensseassessassanes soesevosansnnnns 18

1.17 Procedure For Primer Design By Using Primer3........c...... ....18

1.18 Primer3 Input Parameters.......

1.18.1 Source Sequence.....

1.18.2 Sequence Id...........

1.18.3 Targets.............. eeesieeeareriiirertaeeererttatseareartisesetaaeestaresenarttrane o 19
1.18.4 Excluded Regions........covccvvunierniinnnninioiiniiessinnnneeenisssnneneaessonseen 19

1.18.5 Product Size......cccevirennniiiennniieernnnnieninieniiiiinmiioniiimm. 19

1.18.6 Number To Return..........cceeeeees covanene tovenseseasenes oserenae cor vnaneren veeenn20
1.18.7 Max 3" Stability...c..cocecisirrssnnirenininnmmreiennaniomenseineninees siresnessessn 20
1.18.8 Max Mispriming.........oreeuees reereerisessssissrarasessesisaassesens Sesssnnnnn ]
1.18.9 Pair Max Mispriming..........ceeeeviecennrmmsnnnnncnnnnnes

1.18.10 Primer Size......coco0vererens



L18.11 Primer Tp ceccevvuvnniecinnannes eesstenettesrntertresttsrnttntasestsenssrssarsnnannn 21

1.18.12 Maximum T, Difference........coceiiieeervnnnniiinienrnneniiens srosesininnnenn 21
118,13 Product Thuueeiieeiinnninemmnnsinsenisssisserennnnnnes eeereaeee Crerrassiienninssseene 21
LI8.14 Primer GC% ..uuvvvuenniniiiiniiieenreiiieiniiniiininiisninsssssssssssssssssnsessanaan 21
1.18.15 Max Complementarity...coieeesieeeirerrerrniiersssnrecenssrasrossenesssnssennssens 21
1.18.16 Max 3' Complementarity.......ccccovermmnniirienniiennnens [ 22
L1817 Max Poly-X...c.couiriiiiiiiiiiieriinirienniiisnssssnnsnssssssssssssen 23
1.18.18 Included Region................... N cerrrerersssiineeranans x|
1.18.19 Start Codon Position.............cce.e cere e FS RN .23
1.18.20 Mispriming Library.......cccccevmuuisissiiiniiinnniinorssinneneniisieeesseesessne 23
1.18.21 CG Clamp......coovrunerrrannnees ceresseraasenraerten cereresensirenasennees ceneenni23
1.18.22 Salt Concentration........... cerrseernaerennaieeens crtreseranirrranenaeees cenneen2d
1.18.23 Annealing Oligo Concentration.................... toserernassresrannacsnee ceenennnd
1.18.24 Max Ns Accepted.............. Y 24
1.18.25 Liberal Base......v.ciiieiinnineninsiiiiiiseiremmminiieisessemnnenmeessssisesse 24
1.18.26 First Base Index.......... esebsesrsmssiieceresisenntaeettttiseernrsteestaantsrnnsens 24

1.18.27 Inside Target Penalty.......ccoevunriiiiniivienennninniineiiinenieeemnnieenaecerees 24



1.18.28 Outside Target Penalty.....cooorieeirecrnrrennnines [N R 2

1.18.29 Sequence Quality.......cooeerieerinnirannns

1.18.30 Min Sequence Quality.

1.18.31 Min 3' Sequence Quality

1.18.32 Sequence Quality Range Min
1.18.33 Sequence Quality Range Max....
1.18.34 Penalty Weights.........ccccvveerenn.

1.18.35 Hyb Oligos (Internal Oligos) ........c.ccvvirireeniinriiannninnnennnne rereeens -
1.19 Methods For Finding Tandem Repeats........ccc.... crrnenernnnennes30
1.19.1 Steps Involved After Downloading The Scquence

Of Sorghum From NCBI
1.19.1.1 Fasta Format

1.19.1.2 Enter The Sequence For Finding Tandem Repeats...

1.19.1.3 Submit Sequence

1.19.1.4 Tandem Repeats Report........ccccvurueersiisirienen crerenaes Ceesssissiesrennes 33
1.19.1.5 Summary Table.......ccoociiiiimiininnniinniinieinns, . X
1.19.1.6 Alignment Explanation Table....

L1917 Primer3.....cccociiisisssssrsrnnnnnnnnnannnennenineeneennnnnenenn crerernieenenneen35-37
1.19.1.7 Out Put Of Primer3..........

2.2 Phylogenetic terms....
2.3 Phylogenetic classifications.......... veertersrraanranens
2.4 Methods of phylogenic analysis.............




2.4.3 Multiple Alignment Method...........ccccciiiimnirniininiiniecciiniiiieen 58

2.5 CIUStAIW corvneneniiiiiiiiiiniieniieininnenennsesissessininsessnnanssssessssssnsrensasssses 58
2.5.1 upload a file .cu..cvvuiieniiiniiiiniiiiiimmicniii s ssas s 59
2.5.2 SEqUENCES ...uvvrereenrrrerneeniirieeinaeiinerennanenens crrsesanaernesnnenee rhesesnnansanas 60
2.5.3 search title .....oovveunninrnrenniiiiiiiii s e eesee 61
2.5.4 CPU MOdE..uucvuunienniiiinieinniiiiniiiniiiiiniiiieonteiietssssansessassrnasssavessened 61

2.5.5 alignment.... 3|

2.5.6 Output....... ) |

2.5.7 JalVieW...oveeennnirinnnnennnnns ereesrrersttettretesnrennsinssnnrstssesasrararrrrarrerend 62

2.5.8 0Ut OFAET..ccvvuuiimrrerniiirnnniiiiieeeiietrettersieiniisisstnasssnnsensrenseasnaonn 62

2.5.9 color.......... creseserannssireraaaieesnens S RN 62

2.5.10 Fast paiwise alignment options..........cceveuviiiiimnnniiieneannes cresesennssennnes 62
2.5.11 multiple sequence alignment options...........oceverruiiieeiienniiiiieeinenenecen 62
2.5.12 Gap open........ ceseserenretressesisersanin

2503 ENd ZaP..cccuriiirinniiimminniiriiiiiiistiraieisssrranieesniesesttanssssnnnarsasennanns

2.5.14 Gapext....veeevniennniiiinninniene,

2.5.18 Ignore Gaps In ARENMENt ....coooviviiinnnnnmmmminiiiniiiiiiiiiineeienss 64
2.6 Phylogenetic Tree............ costesererananses Crettesennannasssessesenststrereresnroonns 64-65
2.7 Methods For The Phylogenetic Studies Of Cereals.............c.cooviiniiinnnnnnd 66
2.8 Reasons For Taking Enzymes In Phylogenetic Studies................ SRR
2.8.1 Nuclear ENZyme.....ceeeeeeesssresnnnntiiin sorsias sesssssins censsisssssssssnansannan 66

2.8.2 Mitochondrial Enzyme.......cccoveeneeene cererrereenes PR 1erea66
2.8.3 Chloroplast Enzyme........ccoovesasacness cessnrannes N ¥
2.9 Multiple Alignment Method.....ccceeiveeieiiiieinnmnminnnninisiisiiiinen 67
2.10 Steps Involved In Multiple Alignment Method.....ccccoovesiesnsneniinnsissnssinns 67
2.10.1Select The Most Conserved Enzymes........covvaeeioiirnnnniitenienseninnninsssnd 67



2.10.2 Search The Sequences From NCBl....vvcciverieeeesieenieeessieenieeeseeesnn68-69
2.10.3 Accession Number.......... eeetsessssessrasereserestrersanions versrinanneee ceenn72-80
2.10.4 Exon Regions........ ceresseernneanes cerenanes . cerresesnanens ceserreeane vrnnnene 81
2.10.5 Multiple Alignment......... ceeesreene ST ORTPROPRRNS ) |
2.10.6 Run Clustalw........ PP PPPURROTPRIRRURIN .

2.10.7 JalView............ covsnerenne RPN, £ 5. 1)

2,10.10 Tree Analysis...
2.10.11 Design Primers For The Sequences Of Maize....... cerarenee crereenaee R
2.10.12 Selection Of First Set Of Primers....c..ccoovveiiinienninnenicnnnensineeninnnn 99
2.10.12.1 Primer3 For Left Primer................ . creeren voserennraneeenens95-97
2.10.12.2 Primer3 Ou'tlput For Left Primer.............. ceereneassisnen TN .}
2.10.12.3 Primer3 For Right Primer.....
2.10.12.4 Primer3 Output For Right Primer.....
2.10.12.5 Calculation Of Product Size.....
2.10.13 Selection Of Second Set Of Primers.......
2.10.13 .1 Primer3 For Left Primer.............coovuueennns ersnaereissenenes corerennnnl03

2.10.13 .2 Primer3 Output For Left Primer..........cccceonvinveiiinnnns cessnrenennnnns 106
2.10.13 .3 Primer3 For Right Primer.......c.c.cccovviinnnnnns . Cresinna .107-109
2.10.13 .4 Primer3 Output For Right Primer............. e cosnenne e 110
2.10.13 .5 Calculation Of The Product Size.......... i SRR | §
2.10.14 Mitochondrial And Nuclear Enzyme...........coevvenneeeissinecessnnnnn 111-112
211 RESUMS....eeeiieerisnsssnessinsnsaessnnnossssnnnssssesnnnasses TR § k 5 § T

2,12 DiSCUSSION. v vvevrerersererseressoreersrasnesrssssssrorasasssssassonssreraorassesnssssasas 118




WEBSITES USED IN THE PROJECT WORK

1) http://mww-genomewi.mit.edu/cgi-hin/primer/primer3 www.cgi

2) http:/mww.ancbinlmanih.gov/entrez/query fegi

3) http//www.ebiac.uk/clustalw/
4) htp://www.nehinlm.nih.goy/

5) hetp://e3.hiomath.mssm.cdu/trf.hemli

6) http://c3.biomath.mssm.cdu/example.html
7) http://c3.biomath.mssm.edu/trf.definitions.html#fasta

8) http://c3.biomath.mssm.edu/trf.submit.options.html

9) http://c3.biomath.mssm.cdu/trf.advanced.submit.html

10) http://c3.biomath, mssm.cdu/tri.upload.form.html

11) http://mww.nebi.nim.nih.gov/entres/query fegi?db=Nucleotide

12) http://www 2.cbi.ac.uk/~michele/jalview /contents.heml

13) http://www.expasy .ch/cnsy me/

14) http://www.genome.ad.jp/
15) http://mvww.mssm.edu/school.html




LIST OF FIGURES

S.No Subject page No.
1 |Tandem Repeat Finder Option Page. 5

2 |Tandem Repeat Finder Advanced Submit Page, 7

3 | Submission Of Sequence To Advance Tandem Repeat Finder. 9

4 | Primer3. 28-29
5 | Alignment Explanation Table. k7]

6 | NCBI Home Page. 70

7 | NCBI Nucleotide Page. 71

8 | ClustalW Submission Form.

82




BIOINFORMATICS

Introduction;
Bioinformatics is conceptualizing biology in terms of molecules (in the sense of physical-

chemistry) and then applying “informatics” techniques (derived from disciplines such as
applicd math, Computer Science, and statistics) to understand and organize the associated

with these molecules, on a large scale.

In the last few decades, advances in molecular biology and the cquipment available for

rescarch in this field have allowed the increasingly rapid sequencing of large portions of

the genomes of several species. In fact, to date, scveral bacterial genomes, as well as
those of some simple eukaryotes (e.g., Succharomyces cerevisiae, or baker's yeast) have
been sequenced in full The Human Genome Project, designed to sequence all 24 of the
human chromosomes, is also progressing. Popular sequence databases, such as Genbank
and EMBL, have been growing at exponential rates. This deluge of information has
necessitated the carcful storage, organization and indexing of sequence information.
Information science has been applied to biology to produce the ficld called

Bioinformatics.

The most pressing tasks in bioinformatics involve the analysis of sequence information.

Computational Biology is the name given to this process, and it involves the following:

1. Finding the genes in the DNA sequences of various organisms

2. Developing methods to predict the structure and/or function of newly discovered
proteins and structural RNA sequences. '

3. Clustering protein sequences into families of related sequences and the
development of protein models.

4. Aligning similar proteins and generating phylogenctic trees to examine

evolutionary relationships.



The Need For Bioinformatics
1. Whole Genome Analyses and Sequences
Experimental Analyses involving Thousands of Genes simultaneously
DNA Chips and Array Analyses
Expression Arrays
Comparative Analyses between Specics and Strains
Proteomics: 'Proteome’ of an Organism ... 2D gels, Mass Spec

Medical applications: Genetic Disease ... SNPs

L I A T

Pharmaceutical and Biotech Industry
Forensic applications

10. Agricultural applications

Evolution Of Bioinformatics

After years of research in structure-function relationships of genes and proteins, the last
decade proved to be extremely important and immensecly satisfying due to its technical
advances in genome sequences of several species and protein structure and identification.
To handle this ever-increasing voluminous data, computer processing power and disk
storage has been instrumental. Besides gathering all these data, it is necessary to compare
these nucleotide and amino acid sequences to find similarities and differences. Since it
is not convenient to compare the sequences, that are several hundreds of nucleotides by
hand, several computational techniques were developed to approach this problem. In
addition these are less crror-prone than the manual approach. So bioinformatics has taken

its place to cater the needs of biological community.



Divisions Of Bioinformatics

Bioinformatics is a multi disciplinary subject. Though only about a decade old, it has
become very important for the growth of biosciences. biotechnology, and the economic
prosperity of nations. Three well-identified subdivisions of Bioinformatics are:

a) Molccular Bioinformatics

b) Cellular and sub-cellular Bioinformatics and

¢) Orgasmic and community Bioinformatics.

Out of these three, most Bioinformatics scientists and workers practice molecular
Bioinformatics. The other two areas are more recent and are at different stages of
development. In the next 5-10 years, cellular and sub-cellular Bioinformatics that will
include metabolic patHWays. epigenetic, and neuro Bioinformatics on one hand and
Bioinformatics of Species Diversity, behavior, evolution and the effect of pollutants on

higher as well lower species, on the other will occupy the main stage.
Global Importance Of Bioinformatics

Bioinformatics has acquired great importance due to its recent application in vast amount
of data generated in the Genome sequence projects. The target of decoding the three
billion base pairs of the human DNA has become achievable only through the use of
various innovative techniques and methods evolved by the Bioinformatics scientists.
Bioinformatics has become an essential component of biotechnology based product and
process development. The process of drug design and development is expensive and time
consuming. The application of the tools and techniques of Bioinformatics has resulted in
the reduction in cost and the development cycle of the drugs. This aspect has a
tremendous impact on the society. If a newly discovered drug is a life-saving one, then
the resulting gains are not only in terms of financial savings but also in saving the lives of
several million people. Major pharmaceutical and biotechnology companies have set-up

large R&D groups in Bioinformatics.



Current research has identified biotechnology the fastest growing sector of production
technology. Further advances in this sector will depend quite a lot upon the progress of
Bioinformatics and hence there is a great emphasis on Bioinformatics world over. The
following are a few important Websites for international networks/ institutions/ groups on

Bioinformatics.

The Role Of Bioinformatics In Research

As traditional way of research is very time consuming and laborious, in these days there
is introduction of computers and even biological sciences are no exception to this. The
long sequences and enormous flow data in molecular biology it becomes difficult to
manage data by persons or by organizations. Further with the help of computers through
Internet and Intranet, §Haring of data with others in the organization or organizations
through out the world is becoming routine. This aids in the research and makes it easier
for scientists to download, analyze. compare and exchange information. This also saves a

lot of time and finances.

Uses Of Bioinformatics

1. The main role of bioinformatics for today’s world is to increase productivity and
quality of all plants and animals.

2. For understanding evolution, comparative genomics will add hither to
unimaginable comprchensiveness to the study of the relationships between
species.

3. In cell biology. the components of cellular activity, how these components
interact and  how they are influenced by environmental states can be identified
comprehensively.

4. In medicine, sequences will provide a basis for the study of susceptibility to
disease, it’s pathogenesis and the development of new preventive and therapeutic
approaches.

5. Bioinformatics is extremely useful to mankind as it can help in increasing crop
yields and animal produces, to cater the needs of ever increasing human



population. It also helps to develop more effective drugs to protect public health

as well as to control pests and diseases on the crop.




1. SSR Marker Development In Sorghum

1.1 Introduction

DNA molecules are subject to a variety of mutational events. One of the less well
understood is TANDEM DUPLICATION in which a stretch of DNA, which we call
the pattern, is converted into two or more copies, each following the preceding one in a
contiguous fashion.for example we could have
...TCGGA... ... TCGGCGGCGGA...

In which the single occurrence of triplet CGG has been transformed into three identical,
adjacent copies. The result of a tandem duplication event is termed as TANDEM
REPEAT. Over time, individual copies within a tandem repeat may undergo additional,
uncoordinated mutations so that so typically. only approximate tandem copies are
present. Tandem repeats are ubiquitous sequence features in both prokaryotic and
eukaryotic genomes. These are highly useful as genetic markers. They are codominant,
oceur in high frequency, and appear to be distributed through out the genomes of most,
not all the higher plants and animals. They also display a high level of polymorphism,
even among closely related accessions. and are amcnable to simple and inexpensive
Polymerase Chain Reaction (PCR) assays (Brown et. al. 1996).

Tandem repeats are usually classified among satellites (spanning megabases of DNA,
associated with heterochromatin), minisatellites (repeat units in the range 6-100 bp,
spanning hundreds of base pairs) and microsatellites (repeat units in the range 1-5 bp,
spanning a few tens of nucleotides). The minisatellites are also called "various number
tandem repeats" or VNTRs. The microsatellites are also called "short tandem repeats” or
STRs. (Short tandem repeats, STRs) contain 2-5 bp repeats VNTR 'S are scattered at
various locations in the Genome are regions that are highly variable. These regions
contain a type of DNA sequence called variable number Tandem Repeat. Tandem
repeats are multiple copies of sequence of base pairs arranged in head to tail fashion. For
example, a frequently found Tandem Repeat is CA, and one strand containing this type
of repeat reads CACACA... notated as (CA) ,  the other strand would read



GTGTGT.... In this example, the number of repeating base pairs is two, but it can be
more. When the repeating unit is less than four, the VNTR is called a
MICROSATELLITE and when the repeating unit is longer it is a MINISATELLITE.

MICROSATELLITE are DNA regions with variable numbers of short tandem repeats
flanked by a unique sequence. Microsatellites make good genetic Markers because they
each have many different ‘alleles’-i. e. There can be many difterent lengths of the repeat
region. The number of repeats there are at the same location defines an allele. With
many alleles, most individuals are heterozygous, giving power to note association
between marker allele and performance in progeny inheriting a favorable linked QTL

allele.

~“CACACACACACACACA
PRIME PRIMER
CACACACA

Tandemly repeated sequences are especially liable to undergo misalignments during
chromosome pairing, and the size of tandem clusters tends to be highly polymorphic.
The smaller clusters of this simple sequence can be used to characterize individual
genomes in the technique of “DNA finger printing”. Comparisons of corresponding
regions of simple sequence DNA with in and between species are informative about the

mechanisms involved in manipulating sequences

1.2 Different Tools For Repeat Finder

1.2.1 censor_xxx_humrep [censor]

This tool searches for genome wide repeats and classifies its findings. Each incarnation
of this tool produces two tables containing ALU (xxx=ALU) and non ALU
(xxx=NONALU) repeats. In this incarnation the **Humrep" repeat database [humrep] is
used and the search sensitivity is set to “*moderate”. If the input sequence was derived
from other mammalians than human the ‘‘MamRep" repeat database - which comes
along with CENSOR too - is used.



1.2.2 repeatmasker_xxx primate [repmask]

This tool searches for both genome wide and simple repeat and classifies its findings.
Each incarnation of this tool produces three tables containing ALU (xxx=ALU), non
ALU (xxx=NONALU) and simple (xxx=REPEAT) repeats. In this incarnation the
**Primate" repeat databasc is used. The search sensitivity is set to "high” and tagging of
simple repeats is turned on. If the input sequence was derived from other mammalians
than human the “‘Rodent" or “*Vertebrate" repeat database - which comes along with
RepeatMasker too - is used.

1.2.3 sst_xxx_humrep [sst]

This tool searches for both genome wide and simple repeats and classifies its findings.
Lach incarnation of this tool produces three tables containing ALU (xxx=ALU), non
ALU (xxx=NONALU) and simple (xxx=REPEAT) repeats. 'The ‘HumRep" repeat

database [humrep) is used.
1.2.4 xnun_repeat_default [xnun)]

This tool searches for short-period repeats (micro-satellites) and masks its findings. In
order to reduce the rate of false positives the default probability cut is lowered from 1 %
to 0.1 %.

1.2.5 tandem_xxx_default [tandem]

This tool searches for short-period repeats (micro-satellites) and reports the consensus
repeat unit. Each incarnation of this tool produces two tables. The first table
(xxx=STRAND) contains all repeats found together with the consensus repeat unit and
the strand information. The second table (xxx=REGION) contains just the repeat regions *

and is cross-linked with the first table.
1.2.6 inVerted_xxx_default [inverted]

This tool searches for inverted repeats within a window of 2 kbp. The window size is an
internally fixed parameter of the analysis tool itself. Each incamation of this tool
produces two tables. The first table (xxx=STRAND) contains two entries for each



inverted repeats. One for the forward and one for the reverse strand repeat unit. The

second table (xxx=REGION) contains just the repeat regions and is cross-linked with the
first table.

1.3 Tandem Repeats Finder

A Tandem repeat in DNA is two or more adjacent, approximate copies of a pattern of
nucleotides. Tandem Repeats Finder is a program to locate and display Tandem Repeats
in DNA sequences. In order to use this program, we have to submit the sequence in
FASTA format. There is no need to specify the pattern, the size of the pattern or any
other parameter. The program’s analysis is sent back as two files, a summary table file
and an alignment file. The summary table contains information about each repeat,
including its location, size. number of copies and nucleotide content. Clicking on the
location indices for one of the table entries opens a second web browser that shows an
alignment of the copies against a consensus pattern. The program is very fast, analyzing
sequences on the order of .5Mb in just a few seconds. Submitted sequences may be up to

5MBb in length. Repeats with pattern size in the range from 1 to 500 bases are detected.

1.4 Levels Of Tandem Repeat Finder:
There are 3 LEVELS of tandem repeat finders.

1.4.1 Basic

It uses default parameters (recommended for beginners.)

1.4.2 Intermediate

It provides the parameter Maximum period size, and options Flanking sequence and
Masked Sequence File.

143 Advanced

It provides the parameters like Alignment parameters (match, mismatch and indels),
Minimum Alignment Score To Report Repeat, Maximum Period Size and options like

Flanking sequence, Masked sequence file, Data file.



 TANDEM REPEATS FINDER

| Submitting Your Sequence

TANDEM REPEAT FINDER OPTION PAGE



1.5 Advanced Tandem Repeat Findeer Program Parameters:
Input to the program consists of a sequence file and the following parameters:
1.5.1 Alignment Parameters
Weights for match, mismatch and indels. Lower weights allow alignments with more
mismatches and indels. Match weight is +2 in all options here. Mismatch and indels
weights [interpreted as negative numbers] are 3, 5, or 7. A 3 is more permissive and a 7
is less permissive of these types of alignment choices.
1.5.2 Minimum Alignment Score
The alignment score must meet or exceed this value for the repeat to be reported.
1.5.3 Maximum Period Size
The period size must be no larger than this value for the repeat to be reported. The
program will find all repeats with period size between 1 and 500, but the output table
can be limited to some other range.
1.5.4. Detection parameters
Matching probability P, and indeal probability P; P,, =.80 and P; =.10 by default and it
cannot be modified in this version of the program.
1.5.5 Options
1.5.5.1 Flanking sequence
Flanking sequence consists of the 200 nucleotides on each side of a repeat. Flanking
sequence is recorded in the alignment file. This may be useful for PCR primer
determination.
1.5.4.2 Masked sequence File
The masked sequence file is a FASTA format file containing a copy of the sequence
with every character that occurred in a tandem repeat changed to the letter ‘N°. The
word “masked” is added to the sequence description line just after the ‘>’ character.
1.5.4.3 Data File: The data file is a text file, which contains the same information, in the
same order, as the summary table file, plus consensus sequences. This file contains no
labeling and is suitable for additional processing, for example with a perl script, outside

of the program.
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1.6 Procedure For Finding Tandem Repeats:

Web sites like hup://c3.biomath.mssm.edu/trladvanced.submit.himl are used to find out

the tandem repeats of particular sequence (source seq ). This web site is provided

by The Department of Biomathematical sciences, Mount sinai School of Medicine.

e Down load the source sequence from the www.ncbi.nlm.nih/gov/entrez
o Open the page http://c3. Biomath.mssm.edw!trf.advanced.submit.html
o Enter the source sequence in cut and paste sequence blank.

o Click the submit sequence button.

1.7 Entering The Sequence For Finding Tandem Repeats:

1.7.1 Sequence: )
Data must be a DNA sequence in FASTA format.

1.7.2 FASTA format:

The FASTA format looks like this,
2i|18063613|gb|BM324719.1BM324719  PIC1_34_G05.b1_A002 Pathogen-infected
compatible 1 (PIC1)  Sorghum  bicolor ¢DNA, mRNA  sequence
GCACGAGGCACACACACACACTGACGTACGATATCGAACACACTGACACAA
CACAACCGCCGGGCGCCGCCGGCTTTGTCGTCAACGTCACCATTCCTTAACA
CACTCTCTACATACACGTCGCAGCCGGCCGGCAGCTCATCTTCTGTATTTAA
ACGCGCTCCATCCATTCCGGTCAGGGCACGGAGTCGTCACTCCTAGCTCCGC
GCGCACCGAGCTCCCACACACTCTCGCAGCAATGGCACGCGGCGGCTCTACC
GCGGCTCCTCCACCCCTCCCGCCGCTGCTGCTGCTGCTGGTGGTAGTAGTGG |
TGTCCTCGGCCTTTTTCGCTCGCTGCTGCCACGCCGCGCCGCCGGGTGCACTG
GTGACGAGCGTCCCGGGGTACACGGCGGGCAGCGGCGCGCTGCCGTCGAAG
CACTACGCCGGGTACGTGACGGTGGACGAGGCGCACGGCAGGAGGCTCTTC
TACTACCTGGTGGAGCCGAGCGTGACCCCGCCAAGGACCCCGTCGTGCTGTG
GCTCAACGGCGGGCCTGGCTGCTCCAGCTTCGACGGC
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1.8 Table Explanation:

The summary table includes the following information:

Indices of the repeat relative to the start of the sequence.

Period size of the repeat.

Number of copies aligned with the consensus pattern,

Size of consensus pattern (may differ slightly from the period size).
Percent of matches between adjacent copies overall.

Percent of indels between adjacent copies overall.

Alignment score.

Percent composition for each of the four nucleotides.

0 ® N o kWD =

Entropy measure based on percent composition.

10. If the output contains more than 140 repeats, multiple linked tables are produced.
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1.9 Alignment Explanation:

The alignment is presented as follows:
1. In cach pair of Hnes. the actual sequence on top and a consensus sequence for all
the copics is on the bottom.
20 Bach paiv of lines s one period exeept very small patterns.
3. The 10 sequenee chavacters before and alter a repeat is shown,
A4 Symbol # indicates a mismateh.
5. Symbol indicates an insertion or deletion.
O, Statistics refers to the matches. mismatches and indels overall between adjacent

copivs in the sequence, not hetween the sequence and consensus pattern.



7. Distances between matching characters at corresponding positions are listed as
distance, number at that distance, percentage of all matches.

8. A,C, T, G count is percentage of each nucleotide in the repeat sequence.

1.10 Primer Design

1.10.1 Introduction:

Designing PCR and sequencing primers are essential activities for molecular biologists
around the world. Primer design was developed to find suitablc primers for PCR or oligo
nucleotides for probes and DNA sequencing. Primer design is crucial for the success of
PCR. Inappropriate primers cause low yicld and misinterpretation. Primers that bind to
multiple DNA loci can synthesize side products and render sequencing illegible,
especially with high amplification of small amounts of DNA and with impure DNA. They
are generally the result of short DNA sequence repeats. An ideal primer should only bind
to a unique sequence. To ensure this the given sequence must be compared with itself to

identify repeats.

Primer Design is a DOS-program to choose primer for PCR or oligonucleotide probes.
Napiwotzki, J. and Becker. A. wrote this program in 1995. It is tailored to check known
sequences for repeats and unique sequences and subsequently to create proper primers

according to this data.

1.11 Primer Design Programs:

o PrimerGen searches strings of amino acid residues in order to reverse-translate
oligonucletide primers of a desired range of lengths and maximum number of

degeneracies.
« Primer (Stanford) Sun Sparcstations only

« Primer (Whitehead) Unix, Vms (and DOS and Mac if you can compile it)



Amplify, Bill Engels (Macintosh only), is for use in designing, analyzing, and
simulating experiments involving the polymerase chainreaction (PCR). You can

obtain your copy of Amplify here

PrimerDesign 1.04, a DOS-program to choose primer for PCR or

oligonucleotide probes. Sce also the PrimerDesign Welcome Page.

PC-Rare, a new software by R. Griffais, which uses a rare octamer at the 3'

termini of the primer. This powerful (but user fricndly) sofiware is available for

Macintosh and Windows environment.
Primer Design, a Java applet by Luca Ida Giovanni TOLDO.

CODEHOP, PCR primers designed from protein multiple sequence alignments

(Local mirror site at WIS).

Primer3, an online service to pick PCR primers from nucleotide sequence.
(Local mirror site at WIS).

NetPrimer (PREMIER Biosoft International). NetPrimer combines the latest
primer design algorithms with a web-based interface allowing the user to analyze

primers over the internet

1.12 Primer Design Considerations:

One of the single most important factors in successful automated DNA sequencing is

proper primer design. It is important that a primer has the following characteristics:

(S

. Primers should be at least 18-20 nucleotides in length to minimize the chance of

encountering problems with a secondary hybridization site on vector or insert.
Primers with long runs of a single base should generally be avoided. It is especially
to avoid 3 or more G's or C’s in a row.
For cycle sequencing, primers with melting temperatures above S5°C are generally

produce better results than primers with lower melting temperatures.



4, Primers should have a G/C content between 40 and 60 percent. For primers GC
content of less than 50%, it may be necessary to extend the primer sequence

beyond 18 bases to keep the melting temperature above the recommended lower
limit of 55°C.

5. Primers should be “stickier” on their 5' ends than on their 3' ends. A “sticky” 3'
end as indicated by a high G/C content could potentially anneal at multiple sites on
the template.

6. “G” or “C” is desirable at the 3’ end.

7. Primers should not contain complementary (palindromes) within themselves,
which is they should not form hairpins. If this state exists a primer will fold back
on itself and result in an unproductive priming event, which decreases the overall
signal obtained.

8. Primers should not contain sequences of nucleotides that would allow one primer
molecule to anneal io it self or to the other primer used in a PCR reaction (primer
dimer formation).

9. If possible, run a computer search against the vector and insert DNA sequences to
verity that the primers, and especially the 8-10 bases of its 3” end, are unique.

10. Do not design degenerate primers. Do not request inosine in sequencing primers.

They cither do not work or give poor cycle sequencing results.
1.13 Features Of Primer Design:

e Creating of ncw primer pairs.

o Creating one suitable primer to a given primer.
¢ Finding of repeats within a sequence.

¢ Finding of unique sequences within a sequence.

¢ Handling of sequences up to 32,000bp.

1.14 Limits Of Primer Design:
o The sequence length, which can be used for primer design, repeat and unique
search is limited to 32,000bp.



e Maximal 16000 repeats can be found and sorted.

e Primer combinations can be explorated up to 6000 pairs.

1.15 Primer Design Parameters:

The most critical parameter for successful PCR is the design of primer. The primer
sequence determines several things such as the length of the product, it's melting
temperature and ultimately the yield. A poorly designed primer can result in little or no
product due to non-specific amplification or primer dimer formation, which can be

competitive enough to suppress to product formation. The main parameters for primer
design are:

1.15.1 primer length

Specificity, the temperature and the time of annealing are at least partly dependent on
primer length. Length of primer is critical parameter in primer designing. It is also
proportional to annealing efficiency. For general studies primers of typically 17-34
nucleotides in length arc the best primers, <16 nucleotides generally anneal non-target

DNA sequences. Longer primers are required when a perfect complementary sequence to
the entire template is not found.

1.15.2 primer sequence

a) 3' self/cross complementarity — 3 or more bases of complementarity at the 3' end
can give a strong primer dimer and reduce PCR efficiency.
b

~

Runs of single bases — avoid long runs of single bases (i.¢.5 or more).

c¢) Internal self-complementarity - We should check and avoid sequences of
internal self-complementarity otherwise these regions can form hairpin loops.

d

-~

Internal sequence structure — Primer stability is affected by nearest neighbour
interactions between bases. Consequently it is better to have Gs and Cs together in

pairs rather than dispersed within As and Ts.



1.15.3 GC content:

Melting temperature and annealing temperature are strictly dependent on each other. GC is
an important characteristic of DNA and provides information about the strength of
annealing (GC have hydrogen bonds between them). The base composition of primer
should be between 45% and 55% of GC. The primer sequence must be chosen such that
there is no poly G or poly C stretches that can promote non-specific annealing. Poly A,
poly T stretches also to be avoided as these will breath and open up stretches of primer

template complex.
1.15.4 Melting temperature:

a) Matching the primer for melting temperaturc - the stability of a primer-
template DNA duplex can be measured by its melting temperature(Ty,). The Ty,
of any duplex of DNA is defined as the temperature at which 50% is dissociated as
ssDNA. T, is affected by scquence, length, p', salt concentration etc. The Ty, of
any primer pair (or multiplexed set) should be reasonably well matched otherwise
amplification efficiency may be compromised.

There are many formulas used for calculating Ty, the most accurate account of
nearest neighbour interactions and are best lefi to computer programs.

T (" C) =2(A+T) + 4(G+C)

This formula becomes inaccurate for longer primers.

Alternatively another more versatile formula is as follows: -

T (" C) = 69.3 + 0.41(%G+C) — (650/L)

%G + C= %age GC content of the primer

L = length of primer (bp)

After calculating the Tys of a primer pair they differ by too much it is best to add
further bases to the less stable of the pair from the 5' end.



b) Choosing an annealing temperature for a primer set — the first time a pair of
primers is used it is best to attempt an annealing temperature 5° C below the
average Iy, for the primer pair. Annealing temperature is then adjusted depending
on the preliminary results or alternatively a Mg?" titration can be useful especially
where the product size is large or the GC content is high.

1.15.5 Secondary structure formation:

An important factor to consider when designing a primer is the presence of secondary
structures. Presence of secondary structures greatly reduces the number of primer
molecules available for the reaction. The presence of hairpin loops reduces the efficiency
by limiting the ability to bind to the target site. The single stranded nucleic acid sequences
may have secondary structure due to the presence of complementary sequences in the

primer sequence. Secondary structure formation occurs mainly because of repetitive

sequence.
1.15.6 Specificity:

Primer specificity is partly dependent on primer length. Primers must be chosen so that
they have a unique sequence with in the template DNA that is to be amplified. A primer
designed with a high repetitive sequence will result a smear when amplifying genomic
DNA. How ever the same primer may give a single band if clone from a genomic library
is amplified. Because Taq DNA Polymerase is active over a broad range of temperature,
primer extension will occur at the lower temperatures of annealing. If the temperature is
too low, non-specific priming may occur which can be extended by the Polymerase if
there is a short homology at the 3' end. In general, a melting temperature of 55°C to 72°C

gives the best results.

1.15.7 Primer ends:
The 3' terminal position in PCR primers is essential for the control of mis-priming.

Another variable to look at is the inclusion of a G or C residue at the 3' end of primer. This



will helps to improve the efficiency of the reaction by minimizing local unwind of DNA

double helix. This occurs because of AT rich sequence.

1.16 PRIMER3

To design primers for a region of interest, Genotator i.e.Primer3 is used. The development
of Primer3 and the Primer3 WWW interface were funded by Howard Hughes Medical
institute and by the National Institutcs of Health, National [fuman Genome Research
Institute, under grants ROI - HG00257 and P50-11G0098.
Primer 3 started as a reimplementation of Primer .5 as software component; the design of
Primer 3 draws heavily on the design of Primer .5 and Primer v2 and WWW interface
designed by Richard Resnick for Primer v2.
Primer 3 is a computer pr‘dgram that suggests PCR primers for a variety of applications.

a) To create STS (sequence tagged sites).

b) To amplify sequences for single nucleotide polymorphism discovery.

¢) To select single primers for sequencing reactions.

d) Do design oligo nucleotide hybridization probes.
1.17 Procedure For Primer Design By Using Primer3:

o Select the query sequence and Id, which has the Tandem repeats in i

e Paste source sequence in FASTA format.

o Paste the sequence Id number in the sequence Id blank.

o Then put the tandem repeats in brackets [ ], which arc present in the source
sequence. '

e Then adjust parameters according to our requirement.

o Then click the Pick Primers option.

e Then it shows the results as output.



1.18 Primer3 Input Parameters:

1.18.1 Source Sequence
The sequence from which to select primers or hybridization oligos.
1.18.2 Sequence Id

An identifier that is reproduced in the output to cnable the user to identify the chosen

primers.

1.18.3Targets

If one or more Targets are specified then a legal primer pair must flank at least one of
them. A Target might be a simple sequence repeat site (for example a CA repeat) or a

single-basc-pair polymorphism.

1.18.4 Excluded Regions

Primer oligos may not overlap any region specified in this tag. The associated value must

be a space-separated list of
Start, length

Pairs where star! is the index of the first base of the excluded region, and length is its
length.

E.g. 401.7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases
at 68. e.g. ...ATCT<CCCC>TCAT. Forbids primers in the central CCCC.

1.18.5 Product Size

Minimum, Optimum, and Maximum lengths (in bases) of the PCR product. Primer3 will
not generate primers with products shorter than Min or longer than Max, and with default
arguments Primer3 will attempt to pick primers producing products close to the Optimum

length,




1.18.6 Number To Return

The maximum number of primer pairs to return. Primer pairs returned are sorted by their
"quality”, in other words by the value of the objective function (where a lower number
indicates a better primer pair). Setting this parameter to a large value will increase

running time.
1.18.7 Max 3' Stability

The maximum stability for the five 3' bases of a left or right primer. Bigger numbers

mean more stable 3' ends.
1.18.8 Max Mispriming

The maximum allowed weighted similarity with any sequence in Mispriming Library.
Default is 12.

1.18.9 Pair Max Mispriming

The maximum allowed sum of similarities of a primer pair (one similarity for each

primer) with any single sequence in Mispriming Library. Default is 24
1.18.10 Primer Size

Minimum, Optimum, and Maximum lengths (in bascs) of a primer oligo. Primer3 will not
pick primers shorter than Min or longer than Max, and with default arguments will
attempt to pick primers close with size close to Opt. Min cannot be smaller than 1. Max
cannot be larger than 36. (This limit is governed by maximum oligo size for which

melting-temperature calculations are valid.) Min cannot be greater than Max.



1.18.11 Primer T,

Minimum, Optimum, and Maximum melting temperatures (Cclsius) for a primer oligo.
Primer3 will not pick oligos with temperatures smaller than Min or larger than Max, and

with default conditions will try to pick primers with melting temperatures close to Opt.
1.18.12 Maximum Ty, Difference

Maximum acceptable (unsigned) difference between the melting temperatures of the left

and right primers.
1.18.13 Product Tr,

The minimum, optimum, and maximum melting temperaturc of the amplicon. Primer3

will not pick a product with melting temperature less than min or greater than max.
T =815 + 16.6(logia([Na+])) + 41#*%GC) - 600/length,

where [Na+] is the molar sodium concentration, (%GC) is the percent of Gs and Cs in the

sequence, and length is the length of the scquence.

1.18.14 Primer GC%

Minimum, Optimum, and Maximum percentage of Gs and Cs in any primer.
1.18.15 Max Complementarity:

The maximum allowable local alignment score when testing a single primer for
(local) self-complementarity and the maximum allowable local alignment score when
testing for complementarity between left and right primers. For example, the
alignment
5' ATCGNA 3'

(I
3' TA-CGT §'

is allowed (and yields a score of 1.75), but the alignment



5'ATCCGNA 3'
(i
3'TA--CGT 5
is not considered. Scores are non-negative, and a score of 0.00 indicates that there is

no reasonable local alignment between two oligos.
1.18.16 Max 3' Complementarity:

‘The maximum allowable 3'-anchored global alignment score when testing a single primer
for self-complementarity, and the maximum allowable 3'-anchored global alignment
score when testing for complementarity between left and right primers. The 3'-anchored
global alignment score is taken to predict the likelihood of PCR-priming primer-dimers,
for example
5" ATGCCCTAGCTTCCGGATG 3'
UL
3' AAGTCCTACATTTAGCCTAGT §'

or
5" AGGCTATGGGCCTCGCGA 3
N
3 AGCGCTCCGGGTATCGGA '

‘The scoring system is as for the Max Complementarity argument. In the examples above
the scores arc 7.00 and 6.00 respectively. Scores are non-negative, and a score of 0.00
indicates that there is no reasonable 3'-anchored global alignment between two oligos. In
order to estimate 3'-anchored global alignments for candidate primers and primer pairs,
Primer assumes that the sequence from which to choose primers is presented 5'->3', Itis
nonsensical to provide a larger value for this parameter than for the Maximum (local)
Complementarity parameter because the score of a local alignment will always be at least

as great as the score of a global alignment.

i)



1.18.17 Max Poly-X:
The maximum allowable length of a mononucleotide repeat, for example AAAAAA.
1.18.18 Included Region:

A sub-region of the given sequence in which to pick primers. For example, often the first
dozen or so bases of a sequence are vector, and should be excluded from consideration.

The value for this parameter has the form
start,length

where start is the index of the first base to consider, and /length is the number of

subsequent bases in the primer-picking region.
1.18.19 Start Codon Position:

This parameter should be considered EXPERIMENTAL at this point. some erroneous
inputs might cause an crror in Primer3. Index of the first base of a start codon. This

parameter allows Primer3 to select primer pairs to create in-frame amplicons.
1.18.20 Mispriming Library:

This selection indicates what mispriming library (if any) Primer3 should use to screen for

interspersed repeats or for other sequence to avoid as a location for primers.
1.18.21 CG Clamp:

Require the specified number of consccutive Gs and Cs at the 3' end of both the left and

right primer. (This parameter has no effect on the hybridization oligo if one is requested.)
1.18.22 Salt Concentration:

The millimolar concentration of salt (usually KCl) in the PCR. Primer3 uses this

argument to calculate oligo melting temperatures.

BR 63\03



1.18.23 Annealing Oligo Concentration:

The nanomolar concentration of annealing oligos in the PCR. Primer3 uses this argument

to calculate oligo melting temperatures.

1.18.24 Max Ns Accepted:

Maximum number of unknown bases (N) allowable in any primer.
1.18.25 Liberal Basc:

This parameter provides a quick way to get Primer3 to accept IUB / IUPAC codes for

ambiguous bases (i.e. by changing all unrecognized bases to N.
1.18.26 First Base Index:

The index of the first base in the input sequence. For input and output using 1-based
indexing (such as that used in GenBank and to which many users are accustomed) set this
parameter to 1. For input and output using 0-based indexing set this parameter to 0. (This
parameter also affects the indexes in the contents of the {iles produced when the primer

file flag is set.) In the WWW interface this parameter defaults to 1.
1.18.27 Inside Target Penalty:

Non-default values valid only for sequences with 0 or 1 target regions. If the primer is
part of a pair that spans a target and overlaps the target, then multiply this value times the
number of nucleotide positions by which the primer overlaps the (unique) target to get the
'position penalty'. The effect of this parameter is to allow Primer3 to include overlap with

the target as a term in the objective function.
1.18.28 Qutside Target Penalty:

Non-default values valid only for sequences with 0 or 1 target regions. If the primer is
part of a pair that spans a target and does not overlap the target, then multiply this value

times the number of nucleotide positions from the 3' end to the (unique) target to get the

24



'position penalty'. The effect of this parameter is to allow Primer3 to include nearness to

the target as a term in the objective function.
1.18.29 Sequence Quality

A list of space separated integers. There must be exactly one integer for each base in the
Source Sequence if this argument is non-empty. High numbers indicate high confidence
in the base call at that position and low numbers indicate low confidence in the base call

at that position.
1.18.30 Min Sequence Quality:

The minimum sequence quality (as specified by Sequence Quality) allowed within a

primer.
1.18.31 Min 3' Scquence Quality:

The minimum sequence quality (as specified by Sequence Quality) allowed within the 3'

pentamer of a primer.
1.18.32 Sequence Quality Range Min:

The minimum legal sequence quality (used for interpreting Min Sequence Quality and

Min 3' Sequence Quality).
1.18.33 Sequence Quality Range Max:

The maximum legal sequence quality (used for interpreting Min Sequence Quality and

Min 3' Sequence Quality).

1.18.34 Penalty Weights:

This section describes "penalty weights", which allow the user to modify the criteria that
Primer3 uses to select the "best" primers. There are two classes of weights: for some

parameters there is a 'Lt' (less than) and a 'Gt' (greater than) weight. These are the weights



that Primer3 uses when the value is less or greater than (respectively) the specified

optimum. The following parameters have both 'Lt' and 'Gt’' weights:
o Product Size
o Primer Size
e Primer T,
e Product T,
o Primer GC%
o Hyb Oligo Size
o Hyb Oligo Trp
e Hyb Oligo GC%

For the remaining parameters the optimum is understood and the actual value can only

vary in one direction from the optimum:
o  Primer Self Complementarity
o Primer 3' Self Complementarity
o Primer #N's
o Primer Mispriming Similarity
o Primer Sequence Quality
o Primer 3' Sequence Quality
o Primer 3' Stability
o Hyb Oligo Self Complementarity
o Hyb Oligo 3' Self Complementarity
o Hyb Oligo Mispriming Similarity
o Ilyb Oligo Sequence Quality
o Hyb Oligo 3' Sequence Quality

The following are weights are treated specially:

o Position Penalty Weight



o Determines the overall weight of the position penalty in calculating the penalty
for a primer.

o  Primer Weight

e Determines the weight of the 2 primer penalties in calculating the primer pair
penalty.

¢ Hyb Oligo Weight

Determines the weight of the hyb oligo penalty in calculating the penalty of a primer pair
plus hyb oligo.

The following govern the weight given to various parameters of primer pairs (or primer
pairs plus hyb oligo).

o T, difference

o Primer-Primer Complementarity

o Primer-Primer 3' Corﬁplcmentarity

o  Primer Pair Mispriming Similarity
1.18.35 Hyb Oligos (Internal Oligos):

Parameters governing choice of internal oligos arc analogous 1o the parameters governing

choice of primer pairs.
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1.19 Methods For Finding Tandem Repeats
All  available nucleotide  sequences of sorghum from the NCBI

(hup://www.nebi.nlm.nil/govientres) were downloaded in FASTA format on to a local

database.
1.19.1 Steps Involved After Downloading The Sequence Of Sorghum From NCBI.
1.19.1.1 Fasta Format

The FASTA format looks like this,
2i|18063613|gb|BM324719.11BM324719  PIC1_34_G05.b1_A002 Pathogen-infected
compatible 1 (PIC1)  Sorghum  bicolor ¢DNA, mRNA  sequence
GCACGAGGCACACACACACACTGACGTACGATATCGAACACACTGACACAA
CACAACCGCCGGGCGCCGCCGGCTTTGTCGTCAACGTCACCATTCCTTAACAC
ACTCTCTACATACACGTCGCAGCCGGCCGGCAGCTCATCTTCTGTATTTAAAC
GCGCTCCATCCATTCCGGTCAGGGCACGGAGTCGTCACTCCTAGCTCCGCGC
GCACCGAGCTCCCACACACTCTCGCAGCAATGGCACGCGGCGGCTCTACCGC
GGCTCCTCCACCCCTCCCGCCGCTGCTGCTGCTGCTGGTGGTAGTAGTGGTGT
CCTCGGCCTTTTTCGCTCGCTGCTGCCACGCCGCGCCGCCGGGTGCACTGGTG
ACGAGCGTCCCGGGGTACACGGCGGGCAGCGGCGCGCTGCCGTCGAAGCAC
TACGCCGGGTACGTGACGGTGGACGAGGCGCACGGCAGGAGGCTCTTCTACT
ACCTGGTGGAGCCGAGCGTGACCCCGCCAAGGACCCCGTCGTGCTGTGGCTC
AACGGCGGGCCTGGCTGCTCCAGCTTCGACGGC

1.19.1.2 Enter The Sequence For Finding Tandem Repeats.
Each of the sequence was searched for tandem repeats region and motif using the

Tandem Repeat finder at http://c3.hiomath.mssm.eduw/trladvanced.submit.himi, This

program was developed by the department of biomathematical sciences, Mount Sinai

School of Medicine (http://www.mssm.edu/school.html). Advanced options were used to
be find the tandem repeat region. ‘
Parameters are set according the requirement. Alignment parameters (match, mismatch,
indels) are set to (2,3,5). Minimum alignment score to report repeat is set to 30 and

option period size to 10.
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1.19.1.7 Primer3

PRIMERS3 program to used design the primers in sequences where repeat region were
found. The sequence and its Id. Were pasted in the sequence text box in FASTA format.
Tandem repeats regions were masked by placing them in brackets [ ]. The parameters
were set according to the requirement. The selected options for product size Min
imum100.0ptimum 200 ,maximum 400 . the primer ancaling temperature Minimum
59.0,0ptimum 60.0.Maximum 61.0 degree celcius. Primer GC% should be Minimum
20.0 and Maximum 80.0.primer size should be minimum 18bp.Optimum 20bp

maximum27bp. Then click the pick primer option.
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1.19.1.7 Out Put Of Primer3

Primer3 Output

No mispriming library specified
Using l-based sequence positions

OLIGO I - o . s
LEFT PRTMER 1088 20 59.96 55,00 4.00 3.00 GGCCCATCTAACCGTACAGA
RIGHT PRTMER 1285 20 59.50 45.00 /.00 1.00 TGCAACTGTTGTTGTTGCTG

SEQUENCE SIZE: 21274
INCLUDEDN REGION SIZRE: 2124

PRODUCT STZE: 198, PATR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00
TARGETS (start, len)*: 1131,27

1 GAATTCGAGCTCGGETACCCAGACCTCCCANCCCATGCTCGCCACGTTTGTTAGGCCANGG

6

-

AGGCGCCCGCCACACCTACCACGCCCTACCAATCCHCCATGTCTAGCTATCACGCCCTCC

12

P

TTGCCTCACGTGAATGTCAAGAT TGTTTCACCATAL TATTTATGACAGAGGACTTGATAA

18

—

TTTTTTTCTY

TAATCAAAGT TTAATTAAAACTTTGTCAAAT T TACACANTACTAAAGCA

24

ATTGTAATCAAGANCACAGGGAGTGC

TGTGATAATAGCTATAAGCATTCTANTTTGTAC

30

—

ATTCTATTTGTGTIGCATACATCTGTACATACTGGGATTTCAATTTGTCTTGATCTTGTAG

36

s

CATTTTTCAATCATTGATGAACAACTTCATCTAACTACGTTGCANGACAAATAGTACAGT

4?2

-

AGTACAACMAGTCCTTTGATARAGGCT TTGATATACATGAGCAAGTCATAACTTTACTT

48

—

GCACATCATGTCTGTAAAGTGGAACATTTCTGATGTGGCTAAGGCTATAACATGTGTAAA

54

-

GGTGAAGTGATGTCACTCCTCATTTATCGAAANGTTCCAATAGARAATGACAACTTITCC

601 TTGTAAGTAGTGGAAATTGTCTTTCCTACACAGACCATATANTCCAATAAAATTGATAAC

66

ik

TAAATGTCANATCGACTAGGTGCCATGTCATCTATAGTTTATCTGTTGT T CCARAAGC

721 CAAMNATCTAAACAGATATCTATGAGCTCTCACTCATATAAATAGGCCCCAAATCAGTAGT

781 TAAACCATCGCCCATAACATTGAGAGGAATTAGAAAANTACCAAGTGAAACGAACTAGCA
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841

901

961

1021

1081

1141

1261

1321

1381

1441

1501

1561

1621

le81

1741

1801

1861

1921

1981

ACGTCCTTCCAACAATGGCTACCAAGATATTCGCCOCTCCTTGCECTCCATGETCTTTTAG
TGAGCGGTACAACTGCGGCCATTATTCCACAGTGCTCACTTGCTCCTAATGCTATTATTC
CACAGTTCATCCCACCTGTTACTGCTTTAGGGAATGAACACCTAGCTGTGCAGGCCTATC
CTGGACAGCAGGTGCTTTCGGCGAGCATCTTACAACAACCAATTGCCCAATTGCAGCAGC
AATCCTTGGCCCATCTAACCGTACAGACCATCACAGCGCAGCAGCAGCAGCAACANCAAC

EE R F S T S S kA Ak
AACAACAACAACAACAACAGTTCITGTCATCACTCAGTGCACTAGCCGTGGCGAACCAGG
CCGCCTACTTGCAACAACAGCTGCTTACATCCAACCCACAT TCTCTGGCTAATGCTGCTG
CATACCAGCANCAACAACAGTTGCAACTAGCCATGGCGAATCCAACCGCCTACGTACAAC

R R S TR L L L L

AACAACTGCTTCTATCCANCCCACAGGCTGCCACCAATGCCGCTACATACCTACAACAAC

AACAATTTCAACAGATCTTACCGGCGCTCAGTCAACTACGCATGGCANACCCTACCGCTT

ACTTGCAACAGCAACAGTTGC T TCCAATCAACCAACTGE

CTGGCAAACACTGACGCAT

ACTTGCAACAACAACAGCTGCTTCCGGTTAATCCACTGGTAGTTGCCANTCCATTAGTTG

CCGCCTTCCTACAGCAACAACAATTGTCGTCATTCAACCAGATATCTTIGGTTAACCCTG

CCTTGTCGTGGCAGCAACCCATCATTGGTGGTGCCATCITCTAGATTACATATGAGTTGT

TGTACTTGATAACAAAGCTCTCATACCGGCATGGGCAACT I TCCTAAAATAATCAATATA

TTGGTTGAGATTTAT TTGTCTATTTCGTAATTATG T TCTTCATATATGCGATTGAAAACA

TCACATCATAATTAANGACACATGCTTGGTTAAT T TGTGGACAATAACATAATACTTCAT

CAATCTAAAGATGTGCCTGCCCGACCTGAATAT TCTAACTTGGGTGTGTGTGTTTTTATA

CGATAGATGCACTATTGGAAT CGCGCGCTTTGCCTAGTGTCTAGGGCACTCGGCAAACGG

TAAAAAAAACACTCGGCAAACCGTTTGCTGGGTGCCACACT CGGAAAGCGGAGACAGCAA
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2041 CAAAAATAACGGCAAAGCAAAACATAGTCAAATCAGATGCATGTATGGGGATCCTCTAGA

2101 GTCGACCTGCAGGCATGCAAGCTT

KEYS (in order of prccedence):
drawkk target.

»»>>>> left primer

<4<<<< right primer

ADDITIONAL OLLGOS

1 LEFT PRIMER 1081 20
RIGHT PRIMER 1285 20
PRODUCT STZE: 205, PAIR ANY

2 LEFT PKRIMER 1080 20
RIGHT PRIMER 1285 20
PRODUCT $1ZE: 206, PAIR ANY

3 LEFT PRIMER 1001 20
RIGHT PRIMER 1188 20
PRODUCT SIZE: 188, PAIR ANY

4 LEFT PRIMER 1002 20
RIGHI' PRIMER 1188 20

PRODUCT SIZR: 187, PATR ANY

Statistics

con too in in
sid  many tar exacl
ered Ns get reg
ok
Lett 1064y 0 0 0
771
Right 8773 Q 0 0
577

Puir Stats:

60.15  50.00 L.00 0.00 AATCCTTGGCCCATCTAACC
59.50 45,00 7.00 1.00 TGCANCTGTTGTTGTTGCTG
COMPL: 3.00, PAIR 3' COMPL: 2.00
$59.39 H0.00  5.00 0,00 CAATCCTTGGCCCATCTANC
59.50 45.00 7.00 1.00 TGCAACTGTTGTTGIIGCTG
COMPL: 3.00, PALR 3' COMPL: 3.00
60.00 60.00 6.00 2.00 CCTAGCTGTGCAGGCCTATC
59.06 55.00 8.00 3.00 CGGCTAGTGCACTGAGTGAT
COMPL: 5.00, PATR 3' COMPL: 3,00
60.00 60.00 6.00 2.00 CTAGCTGTGCAGGCCTATCC
59.06 55.00 8.00 3.00 CGGCTAGTGCACTGAGTGAT
COMPL: 5.00, PALR 3' COMPL: 3.00
no tm tm high high high
bad [e1e} too Loo any 3' poly end
GCtclamp low high compl compl X stab
448 0 5809 3518 b 22 14 o8
142 0 3498 4419 11 24 24 4

considered 11174, unacceptable product size 10518, high end compl 117, ok 539

primer3 releasc 0.9

(primer3_www results.cgi v 0.2)
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1.20 Results

All available (approximately 110055) nucleotide sequences were analyzed for the
presence of tandem repeats up to 80bp (maximum) length of repeat motif and no penalty
gaps or indels were allowed. Although such methods may not detect some repeats
containing insertions or deletions, it was considered that such a conservative approach
might not be affecting the results very dramatically. The summary of the total number of
potential SSRs in each of the nucleotide length group is presented in table 1. As descried
in the above procedure the nucleotide sequences are allowed to find tandem repeats by
submitting them to Tandem repeat finder. Possible primers were found to these sequences
which had repeat regions using Primer3. All the sequences with tandem repeats do not
yield primers either due the sequence being short and less than minimum product size
that is prescribed in the parameter or the tandem repeat regions could be skewed to the
sides resulting in the loss as a flanking region. The results of Primer3 output were
collated and entered into a database table, with right primer sequence, left primer
temperature, right primer temperature and total sequence as shown in Table 2.

Of the total 9232 a little over (6232) were from tri-nucleotide groups.the tetra-nucleotide
groups that potentially form the polypeptide repeats were the next largest groups
followed by di-nucleotide and penta-nulceotide. The SSRs summary by various
nucleotide groups for a minimum repeat size length of 10bp and the units that are part of
the group. are presented in Table3. The largest group is the tri-nucleotide group
*CCG’consisting of 3312 accessions. Of these, the largest sub-group were from the
*GCG’ and *GCC” group which both code for alanine. In the di-nucleotide repeats the
most common repeat was the *AG’group which translated to di-oligopeptide of Arginine

and Glutamine.
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Table 1 . Summary of the repeat motif by nucleotide unit length of more than 10bp

repeat length
Nucleotide unit length Number of SSRs
i Di 962
Tri 6232
i Tetra © 1468
Penta 569 ]
Total 9232
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Table 2

-

66741 75

7554456

AW680658

AW284211

&

P G

ﬂ',

AAGAGGAGCCAAAGAA
AAAGAAGAAGAAGGAG
AAGAAGGCCAAAAAGG
CCAAGAAGAAGAAGAA
GTCCAAAAAGGATTGA
GGTGGTCAGGCAAAG

GCGGGGCAATAAAATC

GAGGAGCCA
AAGAAAAAG
AAGA

TTTTATTG
CCCGCCTTT

~59.13

6063]

112

(o)
GCACGAGGATCGATCA
GCGTGCATCCCTGACA
AAAAAAAGCACACACA
CACATACATACACCTA
CTAGTCTTCGTGGCTG
CCAAGCTTAAGCTCGA
GAAGGATTAACAATGG
CGGTAGTCTCGCGG

CA(6)

GGATCGATC
AGCGTGCAT

CCGCCATTG
TTAATCCTTC
T

60.78

59.04

126

8087874

AWG22049

TCAATGGGTGGACCAA
ACACAATTGCAAACCC

TCAAGCTGCTGCTGCT
GCTCAACTGACCCTCT
TACAGCAGCAACGGAT
CCTGCCTATGCAACAA
CAGCATCAG

TGC(4)

ATGGGTGGA
CCAAACACA
AT

CTGATGCTGT
TGTTGCATAG
G

59.95

105

8089381

AW923556

CGCTTTAATGTCGCGA
GATTGATAGCAAGGTT

CCTGCTGCTGCTGCTG
CTGCTCTGGAACAGTG
GGAAACACTGCTGTCT
TGCTCCGTTGTGTCTA

GGGCCGGGGTGTGCA
TCGCTGGATTT

CTG(6)

CGCGAGATT
GATAGCAAG
G

AATCCAGCG
ATGCACACC

59.53

122
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9847911

BE592838

GCACGAGGCTCGGCC
AAAAATCTGCGGCGAG
CTCCGCTCCGATCCGA
TCCGATCCGACTGCTC
CCCACGCCGTTGAGG
CCGAGCGGGGGTCCA
GGAGAGGAGAGGAGA
GGCGCGGC

TCCGA(4)

AGGCTCGGC
CAAAAATCT

GCCTCTCCT
CTCCTCTCCT
G

59.77

60.63

116

11680518

11920692

BF588194

BF655560

GCACGAGGGGATTGCT
TTCCCCACCCCACCTC
CGTCTCCGTCTCTTGC
CGACCGAAGCGACTCC
ACCTGAGGAGAGGAG
AGGAGAGGACAGAGG
AGAGGACAGCAAGCTA
CCGCCCCCGTCCCCG

GAGGA(4)

CACGAGGGG
ATTGCTTTC

CGGTAGCTT
GCTGTCCTCT
C

59.17

60.16

125

GCACGAGGCTCTCTCT
CTCTCTCTCTCTCTCTC
TCTTCTCTCGAGAATG
GTTGTGTAGGCGGCG
GGCCCAGGAGGGAGG
GAGGGAGGAGAGAGA
GAGGGGAGCTAGGGT

GGAG(4)

GCACGAGGC

CCCTAGCTC

TCTCTCTCTC
T

CCCTCTCTCT
(o]

59.03

59.53

12

12500452

BG049068

TIT
TACTACTAGTAGGACA
GGAGTGCTCCATTATT
AATTAATTATTCTATTA
TAAAGTGCTTGCTTGC
TTGCTGCTAATCCATG
CACCATTAGGAAGAGA
ACCCTCTCTCCGTCGT
GCATGCAGCTTGTAC

TGCT(4)

AGGACAGGA
GTGCTCCAT
TATT

CACGACGGA
GAGAGGGTT
C

59.13

60.81

128
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25
29
|15
17
17 i
4
77 i
12
{ACCT AGGT ATCC ATGG CATC CCAT CCTA CTAC GATG GGAT GGTA GTAG TACC TAGG TCCA
108
TGGA
97 ACGC CACG Q_(; CGTG Q GCGT GTGC "'GCG GCCA GCTG GGTC TGGC A_CQ _§§§ CAGC
CCAG CCGA CGGT GACC
84 ACGG AGGC CAGG CCGT CCTIG CGGA CGTC CTGC CACG GCAG Eﬂ QEAQ GGCA GTCC jides
TGCC
1181 ACGT ATGC CATG CGTA GCAT GTAC TACG TGCA AGTC CAGT G"CA 1'CAG TGAC
71 ACTC AGTG CACT CTCA GAG" GTGA TCAC TGAG
194 ’A AT ATAG ATCT CTAT GATA TAGA TATC TCTA
54
228 AGCT ATCG CGAT CTAC GATC GCTA TAGC TCGA
52 AGGG CCCT CCTC CTCC GAGG GGAG GGGA "CCC
74 CCCG CCGC CGCC CGGG GCCC GCGG GGCG  GGGC CCGG CGGC GCCG GGCC
69 :AAAAG AAACA AAATG AAGAA ATACA ATTAC CATAT GTTTT TAATG TCATT TGTAA TGTTA TGTTT
;TTQTT TITCT TTTGT |BRKC] TTC TCTTT
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ATAAA TAAAA TTATT

AAGCA AAGCT ACATC ACTGT AGAGA AGCTA AGGAA AGTAC AGTGT ATGGA ATICG CAGAT
CATTG CCAAT CTAGA CTCAT CTGAT CITCT GAATC GAGAA GAGTA GATCA GATCT GATIG

GGTT7T GIGTA GIGTI GTTGT GITIC TACTG TAGCA TAGGA TAGTIC TCAGA TCCAT TCCTA
JCTTC TCTCT TGATC IGCAA TGCTT TGTAC IGTTIG TICAG IICTIC TIGCA TIGCT TITGIG

ACAGG ACCGA AGAGC AGAGG AGCAG AGCGA AGCTG AGGGA AGGTG AGTCG AGTGG ATCCC

ATGCG CACCT CACGC CAGCT CAGTG CCACA CCCTT CCTAC CCTIGA CCTIC CGATC CGATG

CGTCT CGTGT CTAGC CTCCY CTCGT CTCTC CICTG CTGAG CTGCA CTGCT GAGAG GAGCA

GAGGA GAGGT GATCG GCACA GCACT GCGTT GCTCA GCTCT GCTTG GGAGA GGCTA GGGAA

GGTIGA GTGCA GTGTG ICCGA TCCGT ITCGGA ICGGT ICTCC TGCAC TGCGT IGCTC TIGGGT
1

TTCCC

AGGCC CACCC GCG CAGGC CCCCT CCCGT CCCIG CCGTC CCTCC CCTIGC CGCCT CGCGA
CGGCA CGGCT (CICCC CICCG CICGC CIGCC CTIGCG GAGGG GCCGT GCGGA GCTCC GCTGC
GGGGA GTGCG TICCCC TCCGC TCCGG TCGCC TGCCC TGCGG

CCCGC CCGCC CGCCG CGCGC CGGCG GCCCC GCGGC  GGCGC
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1.21 Discussion:

De novo generation of micro-satellite markers through laboratory-based screening of
SSR- enriched genomic libraries is highly time consuming and expensive.an alternative is
to screen the public database of related model species where abundant sequence data is
already available.beyond cost savings. this approach also offers the possibility of
identifying rarc micro-satellite motifs, which would be uncconomical to identify through
laboratory protocols.the availability of massive amounts of nucleotide sequence data has
led to the development of innovative ways to examine these data as reflected in their
functions. Various types of DNA markers have been used in plant breeding and of these
the most extensively used are the micro-satellite markers. The reasons for their extensive
use are due to their mode of transmission, which is bi-parental-nuclear with few loci and
many alleles per locus. Mode of gene action being co- dominance with exception of null
allele at some loci, show large variation within populations and are generally found in
non-coding regions, which may contribute to the genome stability. Genome sequence and
protein sequence information is publicly available for large —scale analysis from Gene
bank at (NCBI) and European Molecular biology Laboratory (EMBL). Today, the search
for a gene of interest starls with sequence

Information, including expressed scquence tags (EST). Genome related public database
are an invaluable part of the scientific community and most notably the model organism
database, have two major consumers: the focused scientific community actively studying
that system. and the large scientific community interested in relating this specialized
information to and from other systems. The thrust of any high-throughput facility is the
creation of large, well-organized, rigorous datasets. The model system database can be
mined by other related crop specialist to design markers for marker-assisted selection and
-aided introgression methods. such an approach cansave valuable resources both in terms

of time and funds.
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2. Phylogenetic studies in cereals

2.1 Introduction

Phylogeny is really about Evolution and is used to reconstruct evolutionary events at a
molecular level through analysis of molecular sequences, namely proteins & nucleic
acids. Phylogeny is a diagram (a phylogenetic tree or cladogram) that depicts the
evolutionary relationships among organisms. Comparative morphological. anatomical.
embryological, molecular, behavioral, physiological. chemical. geographical, and fossil
data can all be used. together or separately. to construct the phylogeny. Phylogeny
provides the historical perspective from which to interpret the evolution of characters.
patterns and processes of diversification, rates of evolution, historical biogeography, and
co-evolutionary phenomena, such as the relationships between hosts and parasites or
plants and herbivores. Phylogeny is used to classify organisms on the basis of their
inferred evolutionary relationships (the phylogenetic approach to classification).
Phylogeny is a hypothesis based on the best interpretation of the data at hand and subject
to further cvaluation (and possibly change) as new data become available.Phylogenetic
focuses on the construction of descent relationships of species or groups of species and
on how to incorporate these relationships into classification systems. Probably the first
steps on cstablishing relationships and classifications were by Carolus Linnaeus in the
18" century. He is the founder of taxonomy. the biological branch of study dedicated to
naming and classifying life forms. Linnaeus first established the binomial naming system,
which continues today. In fact, many of the names he developed are still being used as
scientific names. He also established a filing hierarchy, but avoided making his
classifications based on evolutionary relationships. He was a natural theologian and

believed that spccics were permanent creations that existed according to God’s plan.
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2.2 Phylogenetic terms

Adaptation

Anagensis

Ancestor

Basal group

Character

Clade

Cladogenesis

Cladogram

Change in a organism resulting from natural selection: a
structure which is the result of such selection.
Evolutionary change along an unbranching lineage:
change without speciation.

Any organism, population, or species from which some
other organism, population, or species is descended by
reproduction.

The carliest diverging group within a clade: for instance.
to hypothesize that sponges arc basal animals is to
suggest that the lineage(s) leading to sponges diverged
from the lineage that gave rise to all other animals.
Heritable trait possessed by an organism; characters are
usually described in terms of their states, for example:
"hair present" vs. "hair absent," where "hair" is the
character, and "present” and "absent" are its states.

A monophyletic taxon: a group of organisms which
includes the most recent common ancestor of all of its
members and all of the descendants of that most recent
common ancestor. From the Greek word "klados".
meaning branch or twig.

The development of a new clade; the splitting of a single
lineage into two distinct lineages; speciation.

A diagram, resulting from a cladistic analysis, which
depicts a hypothetical branching sequence of lineages
leading to the taxa under consideration. The points of
branching within a cladogram are called nodes. All taxa

occur at the endpoints of the cladogram.
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Convergence

Crown group

Derived

Diversity

Endosymbiosis

Evolution

Evolutionary tree

Extinction

Similarities. which have arisen independently in two or
more organisms that are not closely related. Contrast with
homology.

All the taxa descended from a major cladogenesis event.
recognized by possessing the clade's synapomorphy. See:
stem group.

Describes a character state that is present in one or more
subclasses, but not all. of a clade under consideration. A
derived character state is inferred to be a modified
version of the primitive condition of that character, and to
have arisen later in the evolution of the clade. For
example. "presence of hair" is a primitive character state
for all mammals. whereas the "hairlessness" of whales is
a derived state for one subclade within the Mammalia.
Term used to describe numbers of taxa. or variation in
morphology.

When one organism takes up permanent residence within
another, such that the two become a single functional
organism. Mitochondria and plastids are believed to have
resulted from endosymbiosis.

Darwin's definition: descent with modification. The term
has been variously used and abused since Darwin to
include everything from the origin of man to the origin of
life.

A diagram, which depicts the hypothetical phylogeny of
the taxa under consideration. The points at which lineages
split represent ancestor taxa to the descendant taxa
appearing at the terminal points of the cladogram.

When all the members of a clade or taxon die, the group
is said to be extinct.
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Gradualism

Homology

Hypothesis

In-group

Lineage

Monophyletic

Outgroup

Paraphyletic

Parsimony

A model of evolution that assumes slow, steady rates of
change. Charles Darwin's original concept of evolution
by natural selection assumed gradualism. Contrast with
punctuated equilibrium.

Two structures are considered homologous when they are
inherited from a common ancestor. which possessed the
structure. This may be difficult to determine when the
structure has been modified through descent.

A concept or idea that can be falsified by various
scientific methods.

In a cladistic analysis. the set of taxa which are
hypothesized to be more closely related to each other than
any are to the outgroup.

Any continuous line of descent; any series of organisms
connected by reproduction by parent of offspring.

Term applied to a group of organisms, which includes the
most recent common ancestor of all of its members and
all of the descendants of that most recent common
ancestor. A monophyletic group is called a clade.

In a cladistic analysis, any taxon used to help resolve the
polarity of characters, and which is hypothesized to be
less closely related to each of the taxa under
consideration than any are to each other.

Term applied to a group of organisms, which includes the
most recent common ancestor of all of its members, but
not all of the descendants of that most recent common
ancestor.

Refers to a rule used to choose among possible
cladogram, which states that the cladogram implying the

least number of changes in character states is the best.
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Phylogenetic

Phylogeny

Plesiomorphy

Polarity of characters

Polyphyletic

Primitive

Pseudoextinction

Field of biology that deals with the relationships between
organisms. It includes the discovery of these
relationships. and the study of the causes behind this
pattern.

The evolutionary relationships among organisms: the
patterns of lineage branching produced by the true
evolutionary history of the organisms being considered.

A primitive character statc for the taxa under
consideration.

The states of characters used in a cladistic analysis, either
original or derived. Original characters are those acquired
by an ancestor deeper in the phylogeny than the most
recent common ancestor of the taxa under consideration.
Derived characters are those acquired by the most recent
common ancestor of the taxa under consideration,

Term applied to a group of organisms, which does not
include the most recent common ancestor of those
organisms; the ancestor docs not possess the character
shared by members of the group.

Describes a character state that is present in the common
ancestor of a clade. A primitive character state is inferred
to be the original condition of that character within the
clade under consideration. For example, "presence of
hair" is a primitive character state for all mammals,
whereas the "hairlessness” of whales is a derived state for
one subclade within the Mammalia.

The apparent disappearance of a taxon. In cases of
pseudoextinction, this disappearance is not due to the
death of all members, but the evolution of novel features
in one or more lineages. so that the new clades are not

recognized as belonging to the paraphyletic ancestral
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Punctuated equilibrium

Radiation

Rank

Relatedness

Reticulation

Selection

Sister group

Stasis

group. whose members have ceased to exist. The
Dinosauria. if defined so as to exclude the birds. is an
example of a group that has undergone pseudoextinction.
A model of evolution in which change occurs in
relatively rapid bursts. followed by longer periods of
stasis.

Event of rapid cladogenesis. believed to occur under
conditions where a new feature permits a lincage to move
into a new niche or new habitat, and is then called an
adaptive radiation.

In traditional taxonomy, taxa are ranked according to
their level of inclusiveness. Thus a genus contains one or
more species; a family includes one or more genera, and
50 on.

Two clades are more closcly related when they share a
more recent common ancestor between them than they do
with any other clade.

Joining of separate lineages on a phylogenetic tree,
generally through hybridization or through lateral gene
transfer. Fairly common in certain land plant clades;
reticulation is thought to be rare among metazoans.
Process which favors one feature of organisms in a
population over another feature found in the population.
This occurs through differential reproduction -- those
with the favored feature produce more offspring than
those with the other feature, such that they become a
greater percentage of the population in the next
generation.

The two clades resulting from the splitting of a single
lineage.

A period of little or no discernible change in a lineage.
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Stem group All the taxa in a clade preceding a major cladogenesis
event. They are often difticult to recognize because they
may not posscss synapomorpies found in the crown
group.

Synapomorphy A character which is derived. and because it is shared by
the taxa under consideration. is used to infer common
ancestry.

Systematics Field of biology that deals with the diversity of life.
Systematics is usually divided into the two areas of

phylogenetics and taxonomy.

Taxon Any named group of organisms, not necessarily a clade.
Taxonomy The science of naming and classitying organisms.
Vicarianee Speciation. which occurs as a result of the separation and

subsequent isolation of portions of an original population.

2.3 Phylogenetic classifications

Integrating the results of a phylogenetic analysis into a classification is an extremely
contentious issuc in systematics. Basically, taxa are recognized on the basis of
monophyly.
1. Linnacan system
a) Named groups arc monophyletic
b) Not all groups are necessarily named

¢) Ranks are arbitrary

2. Phylogenctic or "rankless" systems
a) Groups given unranked names
b) Groups defined by ancestry - i.e. phylogenetic tree
¢) Groups described/diagnosed by a character(s) on the branch of the

monophyletic
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2.4 Methods of phylogenic analysis

There are three methods

1) Cladistic
2) Phenetic
3) Multiple alignment

2.4.1 Cladistic Method

Cladistics is a particular method of hypothesizing relationships among organisms. Like
other methods, it has its own set of assumptions, procedures, and limitations. Cladistics is
now accepted as the best method available for phylogenetic analysis, for it provides an
explicit and testable hypothesis of organismal relationships. The basic idea bchind
cladistics is that members of a group share a common evolutionary history. and are
"closely related", more so to members of the same group than to other organisms. These
groups are recoghized by sharing unique features, which were not present in distant
ancestors. These shared derived characteristics are called synapomorphies.The Cladistic
approach takes into account both ancestral relationships between organisms and current
data stored in their scquences. Here, morphological similarities/differences are also
considered as part of the evolutionary history of organisms being compared. The software

employed in this approach includes parsimony and maximum likelihood methods.

2.4.2 phenctic Method

Phenetics, also known as numerical taxonomy. involves the use of various measures of
overall similarity for the ranking of species. There is no restriction on the number or type
of characters (data) that can be used, although all data must be first converted to a
numerical value, without any character "weighting." Each organism is then compared
with every other for all characters measured, and the number of similarities (or
differences) is calculated. The organisms are then clustered in such a way that the most
similar are grouped close together and the more different ones are linked more distantly.
The taxonomic clusters. called phenograms, that result from such an analysis do not

necessarily reflect genetic similarity or evolutionary relatedness. The lack of evolutionary
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significance in Phenetics has meant that this system has had little impact on animal
classification. and as a consequencc. interest in and use of Phenetics has been declining in

recent years.

2.4.3 Multiple Alignment Method
The most practical and widely used method in multiple sequence alignment is the
hierarchical extentions of pair wise alignment methods.
e Multiple alignments are built by successive application of pair wise methods:
e Compare all sequences pair wise; (for N sequences there are N.(N-2)/2 pairs or
scores)
e Perform cluster analysis on pair wise scores to generate a hierarchy for
alignments;
e Build the multiple alignment by first aligning the most similar pair of sequences.
then the next most similar pair and so on;
Once an alignment of 2 sequences has been made, then this is fixed. Thus for a set of
sequences A, B, C, D having aligned A with C and B with D the alignment of A, B, C, D
is obtained by comparing the alignments of A and C with that of B and D using averaged
scores at each aligned position.

2.5 Clustalw
ClustalW is a sequence alignment tool, which is used to produce Multiple alignments of a
protein  scquence./nucleotide  sequence.  This  web (ool  available at

http://www.ebi.ac.uk/clustalw/
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2.5.2 Sequences

‘The sequences have different names. as the first 30 characters of the name are significant.

If clustalw finds two or more sequences with the same name it will fail!

‘The following are the points to follow not to get the fatal error.
A set of sequences in different formats has been used as input. For example:
>Seql
MRVLLAALGLLFLGALRAFPQDRPFEDTCIIGNPSHYYDKAVRRCCYRCP
MGLFPTQQCPQRPTDCRKQCEPDYYLDEADRCTACVTCSRDD
>Seq2
PVAEERGLMSQPLMETCHSVGAAYLESLPLQDASPAGGPSSPRDLPEPRV
STEHTNNKIEKIYIMKADTVIVGTVKAELPEGRGI.AGPAEP
ELEEELEADHTPHYPEQETEPPLGSCSDVMLSVEEEGKEDPLPTAASGK
>Seq3
MSALLTAAGL LFLGMLQAFP TDRPLKTTCA GDLSHYPGEA
ARNCCYQCPS GLSPTQPCPR
GPAHCRKQCA  PDYYVNEDGK  CTACVTCLPG LVEKAPCSGN
SPRICECQPG MHCCTPAVNS
CARCKLHCSG EEVVKSPGTA KKDTICELPS SGSGPNCSNP
GDRKTLTSHA TPQAMPTLES

All input sequence must be in the same format. The sequence separators every 10 aa in
seq3 are not allowed in the f asta format specification. The program does not allow this
kind of input.
s Sequences with spaces (delctions) will have the same affect as above.
* Sequences should not have illegal characters as for example.
>Badsequence
*SNERNVCN*WFVYWADQL*WIELKCFA*HICNSG*LQRYNKPKNNQPI
WGGIKRRCSS*

« Need at least two sequences to generate an alignment.
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Illegal characters in the input should be removed. This could be due to cuting &

pasting from a word processing program..

Remove any empty space or empty lines from the beginning of the input. put

format for the alignment.

Example:
In FASTA format:
>i|21326110|gb|AF503433.1| Sorghum bicolor BAC 170F8, complete sequence
AAGCTTTTGCTAATCGGAAGCGAGACTTTGCTCCCATCAGAGCAAAGT
ATGATCTTGAGAAGTACAAGTGGGAAAAGTCAAACCGCAAGTGCAAG
ATTGTCATCAAGAAAACCATCACAGAGGGCCTAAGAGGTGCCATCCAT
GTGAGACAGCAAAAGAATACCTTGAGAAAGTGAAGAATCAGTTTACT
GGTTCAACCAAAGCCCATGCTTCCACCCTGATCCAGAAACTCACTAAC
ATGAGGTTCACAGGGGGGAGTGTGAGAGAGCACATTCT

2.5.3 search title

To identify the database search results.

2.5.4 cpu mode

This option allows the choice the version of clustalw based on cpu mode(Central

processing unit). There are two options:

Clustalw_mp this is a parallelised version of clustalw that runs on multiprocessor SGI

syslems.
Clustalw this is the gencric (single CPU) version of the program. Use this version if

we are having prolems with the MP version of the program.

2.5.5 alignment

choose a full alignment or using a stringent algorithm for generating the tree guide or a
fast algorithm.

2.5.6 Output

Output format for multiple alignment results display. The options are ALN, GCG,
PHYLIP, PIR and GDE.
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2.5.7 Jalview

A new cxperimental option has been added to the results page. which involved using a

Java Applet called JalView. This is a fully featured MSA editor which allows not only to

edit the alignment but also, to exchange the alignment formats. For documentation click

on the JalView Hyperlink.

2.5.8 Outorder

Decide, which order the sequences, should be printed in the alignment.

2.5.9 color

To get the alignment in color this option should be selected. This option only works when

we choose ALN or GCG as the output format.

2.5.10 Fast paiwisc alignment options

Ktup

Window

Score

Topdiag

Pairgap

This option allows you to choose which 'word-length' to use when
calulating fast paiwise alignments.(note: make sure you have
choosen 'fast' in the ALIGNMENT.

Use this option to set the window length when calculating fast
pairwise alignments.(Note: make sure you have choosen 'fast’ in
the ALIGNMENT.

This option allows you to decide which score to take into account
when calculating a fast pairwise alignment. (Note: make sure you
have choosen 'fast’ in the ALIGNMENT.

Select here how many top diagonals should be integrated when
calculating a fast pairwise alignment.(Note: make sure you have
choosen 'fast' in the ALIGNMENT.

Sclect herc to set the gap penalty when generating fast pairwise
alignments.

2.5.11 multiple sequence alignment options

matrix

This option allows you to choose which matrix series to use when
generating the mulitple sequence alignment. The program goes
through the choosen matrix series, spanning the full range of

amino acid distances.
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blosum (henikoff) These matrices appear to be the best available for carrying out
data base similarity (homology searches). The matrices used are:
Blosum80. 62, 40 and 30.

pam (dayhoff) These have been extremely widely used since the late '70s.We
use the PAM 120, 160. 250 and 350 matrices.
gonnet ‘These matrices were derived using almost the same procedure as

the Dayhoff one (above) but are much more up to date and are
based on a far larger data set. They appear to be more sensitive
than the Dayhoff series. We use the GONNET 40. 80, 120, 160.
250 and 350 matrices. We also supply an identity matrix, which
gives a score of 10 to two identical amino acids and a score of
zero otherwise.

2.5.12 Gapopen

Set the penalty for opening a gap.

2.5.13 Endgap

Set the penalty for closing a gap.

2.5.14 Gapext

Set the penalty for extending a gap.

2.5.15 Gapdist

Set the gap separation penalty.

2.5.16 Phylogenetic Tree

‘T'o use this option need to input a sequence alignment, if this alignment is in PIR or

PHYLIP format. ALN and GCG MSF files are not supported so this has to convert MSF

files to PIR format.

This option allows choosing the following output formats for the tree:

Neighbor-Joining

Phylip

Distance

2.5.17 kimura correction of distances

This option allows setting on distances correction (correction for multiple subsitutions).

This is because, as sequences diverge, more than one substitution will happen at many

63



Node: represents a taxonomic unit. This can be either an existing species or an ancestor.
Branch: Defines the relationship between the taxa in terms of descent and ancestry.
Topology: The branching patterns of the tree.

Branch length: Represents the number of changes that have occurred in the branch.
Root: The common ancestor of all taxa.

Distance scale: scale that represents the number of differences between organisms or
sequences.

Clade: a group of two or more taxa or DNA sequences that includes both their common
ancestor and all their descendents.

Operational Taxonomic Unit (OTU): Taxonomic level of sampling selected by the user
to be used in a study. such as individuals. populations. specics, genera, or bacterial
strains.

A phylogenetic tree is composed of nodes--each representing a taxonomic unit (species,
populations. and individuals)--and branches, which define the relationship between the
taxonomic units in terms of descent and ancestry. Only one branch can connect any two
adjacent nodes. The branching pattern of the tree is called the topology and the branch
length usually represents the number of changes that have occurred in the branch. This is
called a scaled branch. Scaled trees arc often calibrated to represent the passage of time.
Such trees have a theoretical basis in the particular gene or genes under analysis.
Branches can also be unscaled, which means that the branch length is not proportional to
the number of changes that has occurred, although the actual number may be indicated
numerically somewhere on the branch. Phylogenetic trees may also be either rooted or
unrooted. In rooted trees, there is a particular node, called the root--representing a
common ancestor--from which a unique path leads to any other node. An unrooted tree
only specifies the relationship among species, without identifying a common ancestor, or

evolutionary path.
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2.7

Cere

Methods For The Phylogenetic Studies Of Cereals

als i.e.. sorghum bicolor. Hordeum vulgare. Zea mays. Triticum aestivum, orizya

sativum are taken and co - related the phylogenetic relationship between these cereals by

taking a nuclear enzyme. a mitochondrial enzyme and a chloroplast enzyme.

2.8 Reasons For Taking Enzymes In Phylogenetic Studies

2.8.1
1
2
3
4

5

6

7

282

Nuclear Enzyme
) Nuclear enzymes have bi-parental inheritance.

) Nuclear enzymes are in abundance in a Genome.

=~

Amplification and sequencings are easy.
) They have mosaics of highly conserved variable region. The conserved regions
have been informative for resolving relationship at higher taxonomic levels.

Alignment of the variable region is often problematic.

-~

They exhibit a wide range of evolutionary rate in phylogenetic utility.

~

Many nuclear genes may contain large Introns that nccessitate reverse
transcriptase PCR.
) The nuclear enzyme which we are taken are alcohol-dehydrogenase due to its role

in metabolism a key functional pathway

Mitochondrial Enzyme

1) Mitochondrial enzymes are maternally inherited.

2) These enzymes arc used to construct a PhylogencticTree to display the
Evolutionary relationships between Individual sequences.

3) The structure of this gene tree contains information which in conjunction with a
calibrated mutation rate for the DNA sequence under study, can be used to
cstimate a time-scale for events in evolutionary prehistory.

4) Sites that have frequently undergone mutations are less conserved among

species compared to those where the consensus is more the sequence is highly
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conserved. Evolutionary changes are found the non-conserved regions of the
sequence.

5) These will provide the phylogenetic evolution of a given mitochondrial gene.

6) The mitochondrial enzyme investigated in this study is Malate-dehydrogenase a

key enzyme in the respiratory pathway.

2.8.3 Chloroplast Enzyme

1

2)

3)

4)

5)

6)

7)
8)

Chloroplast gene Restriction-Site Variation has been shown to be well suited for
studies of genetic relationships at or below the family level.

The chloroplast genome consists of a large and a small region of Single-copy DNA
separated by a pair of identical but inverted repeat sequences.

Restriction-pattern differences between taxa may be interpreted as site changes
caused by single base substitutions or single insertion deletion cvents.

By relating variation in chloroplast DNA restriction-fragment patterns to specific
mutations, either base substitution or indels data sets suitable for phylogenetic
reconstructions usiﬁg Parsimony analysis may bc produced.

Restriction-site variation is used to estimate total sequence divergence between
taxa. Such distance measures may used to reconstruct phylogenies.

Chloplast Enzymes found in plants only. These enzymes are mostly related to C3
and C4 pathways of photosynthesis.

These enzymes are maternally inherited.

The chloroplast enzyme, which we taken is Phosphoenol pyruvate the key enzyme

of the C4 photosynthetic pathway.

2.9 Multiple Alignment Method

The most practical and widely used method in multiple sequence alignment is the

hierarchical extensions of pair wise alignment methods.
2.10 Steps Involved In Multiple Alignment Method

2.10.1Select The Most Conserved Enzymes:

Select the most conserved and functional mitochondrial, chloroplast and nuclear enzymes

of cereals. In cereals the most conserved functional enzymes are as follows: -
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Mitochondrial Enzymes:
1. NADH dehydrogenase 1053
. ATP synthase RICRAE
. Succinate dehydrogenase 1.3.99.1
. Malate dehydrogenasc 1.1.1.82

. Citrate synthase 4.1.3.28

Chloroplast Enzymes:

1. Fructose 1,6 bis phosphatase
2. Phosphoenolpyruvate carboxylase

3. Glyceraldehyde- 3-phosphate dehydrogenase

Nuclear Enzyme:

1.Methy! transferase - 21137

2.Alcohol dehydrogenase (NN

3.Cysteine synthase 4.2.99.8

From the all above-mentioned enzymes we selected the following enzymes, which are
more convenient for our practical purpose.i.c

Malate dehydrogenase (mitochondrial enzyme)

Phosphocnol pyruvate carboxylase (chloroplast enzyme)

Methy! transferase (nuclear enzyme)

2.10.2 Search The Sequences From NCBI:

Scarch the sequences of the Malate dehydrogenase (mitochondrial enzyme), Phosphoenol

pyruvate carboxylase (chloroplast enzyme), and Methy! transferase (nuclear enzyme)

From NCBI.(National Centre For Biotechnology Information)

Then note the accession number of the above enzymes of interest of cereals.




Chloroplast Enzyme (Phosphoenol Pyruvate Carboxylase)

Cereal Accession number
Maize E17154

Rice AF271995
Sorghum AF399915

Paste accession numbers of the cereals for a Chloroplast enzyme (Phosphoenol pyruvate
carboxylase) in the NCBI. The sequences for the accession number of the cereals for ex:-

(maize, oryza sativa and sorghum bicolor) will display.
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FH Key Location/Qualifiers

Fi1

FT source 1..6781

FT /organism='Zea mays'

I'T /cultivar="Golden Cross Bantam' FT intron
1477..1586

FT exon 1587..1981

FT intron 1982..2091

FT exon 2092..2176

FT intron 2177..3073

FT exon 3074..3296

FT  intron 3297..3745

F1 exon 3746..3849

FT  intron 3850..3974

FT exon 3975..4065

FT intron 4066..4202

I exon 4203..4357

T intron 4358..4453

IFT exon 4454..5452

FT intron 5453..5549

FT exon 5550..5936

FT  intron 5937..6024

1 CDS

Ir join(1297..1476.1587..1981,2092..2176. I’

3074..3296,

FT 3746..3849,3975..4065,4203..4357. FT
4454..5452,5550..5936.

FT 6025..6318)

IFT /product="phosphoenolpyruvate coaboxylase'.

FEATURIS Location/Qualifiers
source 1..6781

/organism="unidentificd"
/db_xref="taxon:32644"
BASE COUNT 1687a 1854c¢ 1548g 16921
ORIGIN
1 tctagagalg taatggtgtt aggacacgty gttagelact aatalaaatg taaggtcaaa
61 attcgatggt ttattttcta ttttcactta cctageatta teteattict aattgtgtga
121 taacaaatgc attagaccat aattctgtaa atacgtacat ttaagcacac agtctatatt
181 ttaaaattct tcttittglg tggatatcce aacccaaate cacctetete cteaateegt
241 gtatcttcac cgetgecaag tgecaacaac acatcgeatce gtgcaaatct ttgttggttt
301 gtgeacggtc ggegecaatg gaggagacac ctglacggtg cecttggtag aacaacatee
361 tlatccctat atgtatggte ccttcgtaga tggeacccett atccctacaa tagecatgla
421 ttgcatacca agaattaaat atactttttc ttgaaccaca ataatttatt atagcggcac
481 ticttgttct ggtigaacac ttatttggaa caataaaatc ccgagttcct aaccacaggt
541 tcacttttt tecttatcct cctaggaaac taaattttaa attcataaat ttaattgaaa
601 tgttaatgaa aacaaaaaaa ttatctacaa agacgactct tagecacage cgecteactg
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661 caccctecaac cacatcctge aaacagacac cctegecaca teectecaga tictteecte

721 cgatgeagec tactigctaa cagacgecct ctecacatee tgeaaageat tectecaaat

781 tettgegate ceccgaatee ageattaact getaagggac geecteteca cateetgeta

841 cccaatlage caacggaata acacaagaag geagglgage aglgacaaag cacgleaaca
901 geaccgagece aagecaaaag gagceaaggag gageaagece aagecgcage cgeagetete
961 caggteeect tgegattgee geecageagta geagacacce cteteeacat ceecteegge
1021 cgctaacage ageaagecaa gecaaaaaga agecleagee acageegglt cegtigeggt
1081 taccgecgat cacatgeeca aggecgcgec titccaaacg cegagggecg ceegticeeg
1141 tgcacageea cacacacace cgeecgecaa cgacleeeca teectattlg aacceaceeg
1201 cgcactgceat tgatcaccaa tegeatcgea geageacgag cageacgecg tpecgeteca
1261 accgtetege ttecetgett agettececge cgegecatgg cgtepaccaa geacceegge
1321 cetggegaga ageaccactc catcgacgeg cagetecgle agetggtece aggeaagpte
1381 tccgaggacg acaagctcat cgagtacgat gegetgeteg tcgacegceltt ccteaacate
1441 ctccaggace teccacgggec cagecttege gaattigtaa ctaaccaceg cegeegeeea
1501 tttettette gaccggttge cgeetgegeg cggeactget cgtgiegtgt gettagtett

1561 agtgcttact actgtaatge atgcaggtce aggagtgeta cgagglgleg gecgactatg
1621 apggcaaagg agacacgacg aagelgggeg ageleggegc caageteacg gggctggece
1681 ccgecgacge catectegtg gegageteca tectgeacat getcaaccte gecaacctgg
1741 ccgaggaggt geagatcgeg caccgecgec geaacageaa getcaagaaa ggtpppticg
1801 ccgacgaggg ctecgecace accgagtecg acatcgagga gacgeleaag cgeetegtgt
1861 ccgaggtegp caagtcceee gaggagglgt tegaggeget caagaaccag aceglegace
1921 tegtetteac cgegeatece acgeagtecyg ceegeegele getectgeag aaaaacgeca
1981 ggtatatatt tctcaatgge ttgatcgata tgctactcac gttatatace cttaagtett

2041 aaccattatt attatttttg ataaataaaa atgtcggtct tgtcgetgea ggatecggaa

2101 ttgtctgace cagetgaatg ccaaggacal cactgacgac gacaageagg agetegatga
2161 gectetgeac agagaggtac gtacatatta catticacac cagggaatgc aagaacttta
2221 tcaagagaca ttcattettt gatagagata gaatagaaca catgeacagt acacgtggac
2281 tcatgagcett geaagacate gageacgaca cgtgtaagtt agtgegecag agaaatette
2341 aatttatatg tcaagtcagg tcaggttele ccattaaaac acatataaat aaatattcat

2401 tattatcaag cltaaggtaat anacaaccaa actittccac tatttaaact gtetttgeaa

2461 actccaaagt agaaactaac ctaatcagga aagaactaga ctgcacattt atgttttaac
2521 aatgcaatga gagaactgct acatgtataa cagaattatt tatatgagge cgacttgact
2581 taagattcaa tgtigaagac cactigatga aaactacact gaattattta tatgcetatte

2641 tccagetgty cteaaageat tttectttta cttaaaaaag atcattttgt acaaagatct

2701 cttactcata tagagccatt tgagtagaac ttcggtacca cagatgeatt aatggtttag

2761 ttglaatcaa gtigttgtac tcatcattat attttectaa caagtaggge atccagtitc

2821 tecttgatga ggaatcaaac clagatagcec ttaactccac accctcaatt agetaggceta
2881 tgcteaaglt cctagtgtta caaatttcag acgagtcata atgtcatcac tgagcacteg

2941 gtaaagagcg tctctctcat ggtgcatata tatgatgcag accacctgag aagtttactg
3001 cticaagcca ccaaagtggt atttttgttg tttgggttgt ttagttctaa ttecttttet

3061 tgggtgttca cagatccaag cagecticag aaccgatgaa atcaggaggg cacaacccac
3121 cceccaggac gaaatgegcet atgggatgag ctacatccat gagactgtat ggaagggegt
3181 gectaagttc ttgcgeegty tggatacage cctgaagaat atcggeatea atgagegect
3241 tccctacaat gtttctctea tteggttete ticttggatg ggtggtgace gegatggtac

3301 atttctgeet acccttitca ataaagtgge aggagcetete tgtetttcag cttgagagaa

3361 accttcctgce tttactctga ctgcaataga tgticagaaa aactagtcta tcatttcgag
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3421 ctctcaggag ctagaatiit aaaattgaaa ttatttagla caccteacta ataaaaattt

3481 atcatccata catgcetagea caacatataa geataattla atcaaatctt tatattgeaa

3541 cctggaacct aacttgttga attttttata tcacagaatt atacgtgtag tattattita

3601 tatatcaaag agtgcttata ttatatcagt acttgicetg tcaatattea aggctaacgt

3661 ttttcttttc tcgecagaaa attatatata cagaattata tgttttttct aagectgtat

3721 atctttgcaa tetatcgeta tataggaaat ccaagagtta ccceggagpl gacaagagat
3781 gtatgettge tggecagaat gatggctgea aacttgtaca tcgatcagat tgaagagetg
3841 atgtttgagg tactgtacat ccatactgea gatttgittg attgaatget ctatgatttt

3901 ttgettgecee tgttttttge tgictceggt ceataccaga acteteatge atgeategie

3961 tgatatatct gtagetetct atgtggeget gecaacgatga getteglglt cgtgecgaag
4021 agctecacag ttegtetggt teccaaagtta ccaaglatta cataggtaac cacaaacaga
4081 agcalttatg tttgettaat tettgectge cgtacagget titgcaaaag tetecactag

4141 tgttitcaaa ttaattigag ggctettitg geatctitic tgaagtgtat tigetggepe

4201 agaattctpg aagcaaattc ctecaaacga geectacegg gtgatactag gecatglaag
4261 ggacaagcetg tacaacacac gegagegtge tegeeatetg ctggcttetg gagtitetga
4321 aatttcagceg gaatcgteat ttaccagtat cgaagaggta aatatcgtea tgtatatatt

4381 atatatattc atagtatgac atcagcactg caactaacaa aaaaaaaatc actactgteg
4441 tgcatgeatg cagttecttg agecacttga getgtgetac aaatcactlgl grtgactgegg
4501 cgacaaggcee ategeggacg ggagectect ggacclectg cgecaggttt teacgttegg
4561 getcteeetg glgaagetgg acalccggea ggagleggag cggeacaccg acgtgatcga
4621 cgcecatcace acgeaccteg geategggte gtaccgegag tggteegagg acaageggea
4681 gpagtppctg clgleggage tgcgaggeaa gegecegelg clgeeccegy acctteeeca
4741 gaccgaggag atcgeegacg tcatcggege gttcecacgte ctegeggage teeegeecga
4801 cagcttegge cectacatea telecatgge gacggeceee teggacglge tegeeglgga
4861 gctectgeag cgegagtgeg gegtgeggee ageegtgeee gtggtgecge tgticgaaag
4921 getggecage ctgeaglegg cgeecgegte egtggagege clettctegg tggactggta
4981 catggaccgg atcaagggcea ageageaggt catgglegec tacteegact ceggeaagga
5041 cgeeggeege ctgtecgegg cgtggcaget gtacagpgeg caggaggaga tggegeaggt
5101 ggecaagege tacggeglea ageteacctt gttccacgge cgeggaggea cegtgggeag
5161 gggtggeggy cecacgeace ttgecatect gteccagecg ceggacaccea teaacgggte
5221 catcegtgty acggtgeagg gegaggteat cgagtictge tteggppage ageacetgty
5281 cttccagact ctgeagegcet tcacggeege cacgetggag cacggeatge aceegeeggt
5341 cteteecaag ceegagtgge geaagceteatl ggacgagatg gegglegtgg ccacggagga
5401 gtaccgctee gtegtegtea aggaggeceg cticglegag tacttcagat cgglatgetg
5461 ccattgceca ttgetttgtg acgatcgaat tecatccatgt cgategttct titcatteat

5521 tegagegttt gtgcgteact cactatcagg ctacaccgga gaccgagtac gggaggatga
5581 acatcggeag ceggecagee aagaggagge ceggegacgg catcacgace clgegegeea
5641 tceectggat cttetegtgg acccagacca ggttccacct ceeegtgtgg ctgggagtey
5701 gegecgeatl caagttegec atcgacaagg acgleaggaa cliccaggte ctcaaagaga
5761 1gtacaacga gtggccalte ttcagggtea cecetggacct getggagatg gttttcgeea
5821 agggagacce cggeattgee ggettgtatg acgagetgcet tgtggcagaa gaactcaage
5881 cctttgggaa gcagetcagg gacaaatacg tggagacaca geagcttcte ctecaggtac
5941 caaaaccagc actgcactgt acgatatgaa taaaagtctg ttgtctgget cctgategat
6001 gactgactac tccattttgt gcagatcget gggeacaagg atattcttga aggegatcca
6061 ttectgaage agggactggt getgegeaac cectacatca ceaccctgaa cgtgttccag
6121 gectacacge tgaageggat aagggaccee aacttcaagg tgacgececa geegeegetg
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TITLE  Direct Submission
JOURNAL Submitted (24-MAY-2000) Lab. Plant Nutrition. Faculty of
Agriculture, Kobe University. Nada. Kobe 657-8501. Japan
FEATURES Location/Qualitiers
source 1..3307

Jorganism="Oryza sativa (japonica cultivar-group)”

/cultivar="Nipponbare”

/db_xref="taxon:39947"

/dev_stage="devcloping seeds”

DS 188..3067

/codon_start=1

/product="phosphoenolpyruvate carboxylase”

/protein_id="AAGOOI80.1"

/db_xref="GI1:9828445"
/translation="MERHQSIDAQLRLLAPGKVSEDDKLVEYDALLVDRFLDILODLH
GPHLREFVQECYELSAEYENDRDEARLDELGRKLTSLPPGDSIVVSSSIFSHMLNLANI.
AFEVQIAHRRRIKLKRGDFADEASAPTESDIEETLKRLVTQLGKSREEVEDALKNQTV
DLVFTAHPTQSVRRSLLQKHGRIRNCLRQLYAKDITADDKQELDEALQREIQAAFRTD
EIRRTPPTPQDEMRAGMSYFHETIWKGVPKFLRRIDTALKNIGINERLPYNAPLIQFS
SWMGGDRDGNPRVTPEVTRDVCLLARMMAANLYFSOQIEDLMFELSMWRCSDELRIRAD
DLHCSSRKAAKHYIEFWKQIPPNEPYRVILGGVRDKLY Y TRERTRHLLTTGVSEIPEE
ATFTNVEEFLEPLELCYRSLCACGDKPIADGSLLDFLRQVSTFGLALVKLEDIRQESDR
HTDVLDAITTYLGIGSYAEWSEEKRQDWLLSELRGKRPLFGPDLPQTEEIADVLGTFH
VLAELPADCFGAYIISMATAPSDVI.AVELLQRECHIKQPLRVVPLFEKLADLEAAPAA

VARLFSIDWYMNRINGKQEVMIGYSDSGKDAGRLSAAWQMYKAQEELVKVAKHYGVK
L

TMFHGRGGTVGRGGGPSHLAILSQPPDTIHGSLRVTVQGEVIEHSFGEEHLCFRTLQR
FIAATLEHGMHPPISPKPEWRALMDEMAVVATKEYRSIVEKEPRFVEYFRSATPETEY
GRMNIGSRPSKRKPSGGIESLRAIPWIFAWTQTRFHLPVWLGFGGAFKHIMQKDIRNI
HTLKEMYNEWPFFRVTLDLLEMVFAKGDPGIAALYDKLLVAGDLQSFGEQLRNNFEET
KQLLLQVAGHKDILEGDPYLKQRLRLRESYITTLNVCQAYTLKRIRDPSFEVMSQPAL

SKEFVDSNQPAELVQLNAASEY APGLEDTLILTMKGIAAGMQNTG"
BASE COUNT 8l6a 8l4c 880g 797t
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ORIGIN
1 cccacactel ctaceeecaa acttgeccte caatctatct cegeegeege cgeegectee

61 geegegagag ggeglegecg agetgegegp gaggelegec teeegeagea tetggeegga
121 tteglegtag tegaggeage tgtaagegag agagagpeag atggecgege cegeegggaa
181 gpeggepatg gageggeace agtcgatega cgegeagetg cggetgeteg cgeeggppaa
241 gptatcegag gacgacaage legtcgagla cgacgeccle cteglegace getlectega
301 catcctecag gacctgeacg geccteacet cegegaatic gtgeaggagt getacgaget
361 gleggeggag tacgagaacg acagggacga geegegpcte gacgagetlgg ggaggaagcet
421 caccageetg cegecggggg actecategt cgietecage teetictege acatgeteaa
481 cclegecaac ctegecgagg agglgeagat CEegeacege cgeeggatca agetcaageg
541 cgggpactlc geecgacgagg cetecgegec caccgaglee gacategagg agacgcteaa
601 gegectegte acccageteg geaaglegag ggaggagply tegatgege leaagaacca
661 gaccgligac cteglgttca cegegeatee aacpeaglee gteaggaggl cectgeteea
721 gaagcacggg aggatccgga atlgectgag geagttatat gegaaagaca teactgetga
781 tgacaagceag gagettgatg aggecctgea gagggagatl caageagctt tcagaactga
841 tgaaatcege aggactccte ceactectea ggatgaaatg cgegeegega tgagttattt
901 tcatgaaact atatggaagg glglaccaaa glicttgcge cgeattgata ctgetctgaa

961 aaatattggy attaatgagc gictiectta caatgetect cleatecagt tetcateetg

1021 gatgpgtggl gacegtgatg gaaacccaag agttacacca gagglttacaa gagatglatg
1081 ctigtiggea agaatgatgg clgctaacct glacticlet cagatagaag atctgatgtt

1141 tgagcetetet atglggeget geagtgatga acticgaatt cgtgeagatg attrgeattg
1201 ctectecaga aaagetgeaa ageactatat agaattctgg aageaaattc clecaaatga
1261 gecttategt gteatacttg gtggtgtcag geataaattg tactatacge gtgaacgtac
1321 tegecalcta ttgacaactg gagtliictga aattccagag gaggeaacgt ttactaatgt
1381 tgaagagttt clggageege tigagetgtg clacagatca tatgtgelt glggtpacaa
1441 accrlataget gatggaagec Uctigattt ctigegteaa gtatcaactt ttggpetgpc

1501 tettgtaaaa cttgacataa ggeaggagtc tgatcgacac actgatglee ttgatgecat
1561 aactacatat cttgggattg gatcttacge tgaatgglct gaggagaaac gecaggatty
1621 gettttptee gaactaaggg geaaacgtcc titglitggt cetgalctic clcagactga

1681 agaaattget gatgtittag gaacatlica cgtectiget gageteceegg cagattgtt

1741 tggtpcttac atcatctecaa tggcaactge accatctgat glgcttgetg tggagettct

1801 acagepgpag tgecatataa aacagectet gegagligit ceectatltg agaaacttge
1861 agatctigaa geagetecag cagegglgpe acgactattt tcaatagact gglacatgaa
1921 taggattaat ggcaageagg aggtcatgal tggatactca gactetggea aggatgetgg
1981 tegletttct geageatgpe aaalgtacaa ageacaagag gagetigica aggtggcaaa
2041 geattatggt glaaagttga caatgttcca tggaagaggt ggaacagllg gcagaggagy
2101 tggteecagt catcettgeca tattatclca accaccagac acgatacatg gatcacttcg
2161 tglaacagta cagggegagg ttattgaaca ctcgttigga gaggaacact tgtgcetttag
2221 aactctgeag cgetttactg cagetactet tgageatgga atgeatccte caatttecee
2281 caaaccagaa tggegtgcete taatggatga gatggetgll gtggcaacaa aggaatatcg
2341 atcaatcgte ttcaaggage cacggtttgt tgaatacttc cgatcggcaa cacctgagac
2401 agaatatggce aggatgaaca ttggtageeg accatcaaag agaaagecta gtggtggeat
2461 tgaatcgete cgtgeaatte cttggatttt tgettggaca caaactaggt ticatetice

2521 tgtatggett ggatttggtg gapgegticaa acatataatlg cagaaggata tcaggaacat
2581 ccatacactg aaagaaatgt acaatgagtg gecattette agggtcacct tggacttget
2641 tgagatggtt ttcgctaagg gagatccagg aattgetget ttatatgaca aattgettgt
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REFERENCE 2 (bases | to 1389)
AUTHORS Fontaine.V., Hartwell J.. Jenkins.G.1. and Nimmo.H.G.
TITLE  Dircct Submission
JOURNAL Submitted (12-JUL.-2001) IBLS. University of Glasgow. University
Avenue. Glasgow G12 8QQ. UK
FEATURES Location/Qualificrs
source 1..1389
Jorganism="Sorghum bicolor"
/db_xref="taxon:4558"

gene 1..1389
/gene="PPCK"
DS 21..944

/gene="PPCK"

/mote="protein kinasc"

/codon_start=1

/product="phosphoenolpyruvate carboxylase kinasc”
/protein_id="AAKSI871.1"

/db_xref="GI:15029405"
Nranslation="MSAELKRDYEIGAEIGRGRFGVVHRCTSRATGEAFAVKSVDRSQ

LADDLDRELALLEPKLAQLAGAGNPGVVQTHAVYEDETWTIHTVMDLCAGPDLLEWVR
1.

RRGAPVPEPLAAAIVAQVAQALALCHRRGVAHRDVKPDNILIDTAPAGSDDGEDEEED

SGEACEAETAPRARLADFGSAAWVGAGGLGRAEGLVGTPHYVAPEVVGGGEYGAKAD
\Y

WSAGVVMYALLSGGALPFGGETAAEVLAAVLRGSVRFPPRLFSGVSPAAKDLLRRMIC
RDEWRRFTAEQVLAHPWIVSGGGARAIERPT!
BASE COUNT  263a 393c¢ 507g 226t
ORIGIN
| geacgaggaa ltactgaagt atgaglgegg agelgaagag ggactacgag ataggcgegy

61 agatcggleg cggeegette ggggtggtee acegetgeac glecegegee aceggegagy
121 cglicgeegt caagteeglg gaceggtege agetggecga cgacetggac cgegageteg
181 cggagetgga geccaagelg gegeageteg ceggepegay caaccecgpe gtgglgeaga
241 cgeacgeggt gtacgaggac gagacglgga cccacacggl gatggacetg tgegegggce
301 cgpacetget cgagtgggty cgeelecgee geggegegee tglgeeggag ceeetggepy
361 cegecategt cgegeaggte geecaggege legegelety ceacegeege ggegtegece
421 accgegacgl aaagecegac aacatectea tegacaccge ceeegeagpg agegacgacy
481 gepapgacga ggaagaggac ageggegags cegaggagec CRagacggcy cepegescge
541 gpctggegga cicgggteg gegpegtapg tgggegecgg tggpctggge cgcgeggaag
601 geetggtgpe gacgeeceac tacglggege ccgaggtagt gggeggepge gagtacggeg
661 cpaaggegga cglgtggage geeggegtpg tgatgtacge getgetetee ggeggegege
721 teeegttegg cggegagace geggeggagg tgctagegge cglgetgegg ggeagegtee
781 gpttecegee caggetgttc agegggglgt ceceegegge caaggacclg ttgaggcgea
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841 tgatctpecg cgacgagtgg cggagglica cegecgagea aglectepet caccegtgga
901 tegigagegg cggaggagea cgggeaatcg ageggecaac clgagpatga ggagpecata
961 ccataccage agaggagpag accatatgge gggeggacgt glattgeegt agagacacag
1021 acacggcaag gaatcccgac gtegttatgt atacggtitt glatglatgt atgtatgtac

1081 gtacgpacca gagagtagta gagtacggta getgetgecg aatgatgagt ageatcateg
1141 attccgeget glgtaggege ageagageag atcgategge aaagaagelt glataggett
1201 ctggttttce ttacticegg gtttttggpa tgetetttac ctageagtyc agageaccet

1261 tittttggat gtpectggta agtggtaget pgatgtatat acactgaceg tettgtacaa

1321 atggagtgga gttggataaa taaataaaat cgageetitg tacttecana aaaaaanana
1381 aaaaaaaaa

2.10.4 Exon Regions

Note the Exon regions of maize. oryza sativa and sorghum bicolor pyruvate carboxylase
from the NCBI. which is given above.

2.10.5 Multiple Alignment

Make a Multiple alignment by putting the sequences (only Exons) ol Maize. oryza sativa

and Sorghum bicolor phosphenol pyruvate carboxylase in Clustal W.
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2.10.6 Run Clustalw
Click RUNCLUSTALW button, which is present on CLUSTALW. Job output will be
displayed which is given below.
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i _Y’& - Custonize l -| ..mmgmmmvm.u

Your ClustalW Results:

Pairwise Scores:

SUBMIT ANOTHERJOB |

i

CLUSTAL W i1.31) Mulriple Sequence Alignmenrsa

CLUSTAL W o(1.81) Multiple Sequenc

Hsequence tormal is Pearson

juence L: MAIZE 2334 bp
Sequence D1 ORYZA 2878 bp
Sequence 3 SORGHUM Y44 bp

start of Porrwise alignments
Aligning.
Sequences [2:3) Allaned. Score:
Sequence: 2 Alraned. Score: 7
Sequenc L3 Aligned. Score:
Guide tree tile creatoed:
82798.dnd]

Start of Multiple Alignment

There arc o groups

Aligning...
sequenc

Sequence: Sroreigeis
Alignment Soore 16647

Score:
Delayed

e Alignments

1
1

[ /net/nfs0/voll/prodaction/winobody /tup/ 916117, 63400

35531

CLUSTAL=ALigument file sreated  [/net/nfs0/voll/product ion/winohody/tmp/9T6177, 5344954

A0798.aln)

Your Multiple Sequence Alignment:

CLUSTAL W (1.81) multiple sequence

MALZE
ORYZA
SORGHUM

MATZE
ORYZA
SORGHUM

MAIZE

alignment

60

120

1C. 2
ORYZA CAGGACCTGCACGCLCCTCACCTCCGUGAATTCGTGCAGGAGTGCTACGAGCTGTCGGEG 180
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SORGHUM

MAIZE
ORYZA
SORGHUM

MAIZE
ORYZA
S0RGHUM

MALZE
ORYZA
50ORGHUM

MAIZE
QRYZA
SORGHUM

MATZE
ORYZA
SORGHUM

MAI[2E
ORYZA
SORGRUM

MALIZE
ORYZA
SORGHUM

MATZE
ORYZA
S0RGHUM

MALZR
ORYZA
SORGHUM

MATZE
ORYZA
S0ORGHUM

MATZE
ORYZA
S0RGHUM

MALZE
ORYZA
SORGHUM

MAIZE
ORYZA
SORGHUM

MAIZE
ORYZA
SORGHUM

CATCCTGCACATGCTCAACCTCGUC
AACCTCGCC

“GATCCGGAATTGTCTGACCCAGO TGARTGCCAAGGACATCACTGACGACGAC
CGGGA hATLLbuAAFFGFCTGACG(AGTTA]AWGCFAAACA(AT(ALTL

AGATTCAAGCAGCTTTCAGAACTGATGAA

ATCAGGAGGGCACAACCCACCCCCCAGGACGAAATGCG
ATCCGCAGGACTLCC CACTCCTCAGGATGAAATGC

GAGACTGTATGGAAGGGCGTGCCTAAGTTCTTGUGCCGTGTUUATACAGCCCTGAAGAAT
GARACTATATGGAAGGGTGTACCAAAGTTCTTGCGCCGCATTGATACTGCTCTGAAAAAT

ATCGGCATCAATGAGCGCCTTCCCTACAATGTTTCTCTCATTCGGTTCTCTTCTTGGATG
ATTGGGATTAATGAGCGTCTTCCTTACAATGCTCCTCTCATCCAGTTCTCATCCTGGATG

GGTGGTGACCGCGATGGAAATCCAAGAGT TACCCCGGAGGTGACAAGAGATGTATGCTTG
GGTGGTGACCGTGATGGARACCCARGAGTTACACCAGAGGTTACAAGAGATGTATGCTTG

AGAATGATGGCTGCAAACTTGTACATCGATCAGATTGAAGAGCTGATGTTTGAG
TTGGCAAGAATGATGGCTGCTAACCTGTACTTCTCTCAGATAGAAGATCTGATGTTTGAG

CTCTCTATGTGGCGCTGCAACGATGAGCTTCGTGTTCGTGCCGAAGAGCTCCACAGTTCG
CTCTCTATGTGGCGCTGCAGTGATGAACTTCGARTTCGTGCAGATGATTTGCATTGCTCC
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CCCTACCGGGTGATACTAGGCCATGTAAGGGACAAGCTGTACAACAL.
CCTTATCGTGTCATACTT GGTGTCAGGGATAAATTGTACTAT

GCGGAATCGTCA

CCATCTGCTGGCTTCTGGAGTTTCTGAAATT! TTACCAGTATE 947
SGCCATCTATTGACAACTGGAGTTTCTGAAATTC hAGLAuhKAA( TTACTAATGTT 1194

GAACGAGTTCCTTGAGCC
GAAGAGTTTCTGH

cC 1087
1314

1127
1374

CACCTCGGCATCGGGTCGTACCGCGAGT! - SGAC CG 3GAGTGG 1187
'GGGATTGGATCTTAC i B 3G 1434

1247
1494

GAGATCGCCGACGTCATCGGCGCGTTCCACGTCCTCGCGRAGLTCCCGCCCGACAGCTTC 1307
GAAATTGCTGATGTTTTAGGAACATTTCACGTCCTTGCTGAGCTCCCGGCAGATTGTTIT 1554
AIGAGTC(GGAGLTGAAGAQGGAFTACGALA[AhGCthbAGAF(FGTCGCGGCFGFTTL 60

Ao xx - * o YRR TR A A

GGCCCCTACATCATCTCCATGGCGACGGCCUCCTCGGACGTGCTCGCCGTGGAGCTCCTG 1367
GGTGCTTACATCATCTCAATGGCAACTGCACCATCTGATGTGCTTGCTGTGGAGCTTCTA 1614
(yGG(‘T(;(.. 'CCACCGCTGE. Af GTCFCGLGLLA(’FF(‘( GAGGE ('TT(‘C( CGTCAAGTOCGTG 120

Lo e o . oo Foae e .

CAGCGCGAGTG -CGGCGTGCGGCCAGCCETGCCCG-TGCTCCCGCTGTTCCAAAGGCTG 1424
CAGCGGGAGTG=-CCATATAAAACAGCCTCTGCGAG-TTC T TCCCCTATTTGAGARACTT 1671
3 l(‘G(‘AGCT(JG(‘I‘GI\('GACCT(.\;A(‘( GCGAGL] (ICI\G(‘T()(JAG(.CCAAGCTO 180

v e RS

GCCAGCCTGCAGTCGGCGCCCGCGTCCETGGAGCGUCTCTTCTCGGTGGACTGGTACATG 1484
GCAGATCTTGAAGCAGCTCCAGCAGCGGTGGCACGACTATTTTCAATAGACTGGTACATG 1731
GCGCAG ==GCCGGCGCGGGCAACCCCGGEGTG CAGACGCACGCGGTG-TACGAG 237

.. . s owe 4 ok w . » ah oAse W

GACCGGATCAAGGGCAAGCAGCAGGTCATGGTCGGCTACTCCGAL! GGCAAGGAC 1543
AATAGGATTAATGGCAAGCAGGAGGTCATGATTGGATACTCAGACTCTGGCAAGGAT 1790
GAFGAGAC~--GTbbACCFACALGGTGATGGA((TFTCCGFGQCFCCCGACLTGCTCGAG 294

. e EEE ) aar 4 A P

CGGCCGCCTGTCCGCGGCGTCGCAGCTGTACAGGGCGCAGGAGGAGATGGCGCAGGTGGE 1603
TGGTCGTCTTTCTGCAGCATGGCAAATGTACAAAGCACAAGAGGAGCTTGTCAAGGTGGE 1850
TGGGTGCGCCTCCGECGCGGEGCGCCTGTGUCGGA~GCCCUTGGCGGCCGCCATCGTCGC 353

LR LR *n I + k¥ - xx xa
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CAAGCGCTACGGCGTCAAGCTCACC TTGTTCCACGGCCGEGGAGGCACCGTGGGCAGGG- 1662
ARAGCATTATGGTGTAAAGTTGACAATGTTCCATGGAAGAGGTGGAACAGTTGGCAGAG- 1909
-==GCAGGTCGCCCAGGCGCTCGCGCTCTGCCACCGCCGL v(;(‘L‘T«. L.K‘F CACTGUGAL! CT 410

.“n . P R R .

GTGGCGGGCCCACGCACCTTGCCATCCTGTCCCAGCCGCCGSACACCATCAACGGGTCCA 1722
GAGGTGGTCCCAGTCATCTTGCCATATTATC TCAACCACCAGACACGATACATGGATCAC 1969
AAAG(‘CLLACM(‘I\TCCT (,ATCGI\CAL(.G(‘( CCCGCAGGGAGCGACGACGEL L-AGGACGA 470

s . e PR «

TCCGTGTGACGGTGL vAhG:LuAbGTFAT(QAFTTF\&CTTLbbCGAubAG\AC<TGIb 1780
TTCGTGTAACAGTA AGGGCGAGGTTATTGAACACTCGTTT
GGAAGAGGACAGCGGCGAGGECGAGGAGGCUGAGAUGGLGE (-(‘(-

LR Ve enaan e .« . . .

CTTCCAGACTCTGCAGCGCTTCACGGCCGLUACGC TGGAGCACE! 1840
CTTTAGAACTCTGCAGCGCTTTACTGCAGCTACTC T TGAGE 2087
FTT(GrrTLGbchrrchbhlhhh§hkLbUlhthlhhh(\ULLPGGAAQGCFT( 590

cen . Ao e e e e e

CTCTCCCAAGCCCGAGTGGCGCAAGCTCATUGACGAGATGGCGGTCGTGGCCACGGAGGA 1900
H SCAACAAAGGA 2147
CGAGGTGGTC CGG=-CGGCGAGTACGGC -GCGAAGGE 647

+ e Cee 0 aes

1960
2207
707

ATATCGATCAATC
GGACGTGTUGAGC!

+ . Bh v e s . PN

GGAGACCGAGTACGGGAGGATGAACATCGGCAGLCLGLCAGCCAAGAGGAGGCLLCGGEGG 2020

TGAGACAGAATATGGCAGGATGAACATTGGTAGCCCACCATCAAAGAGAAAGCCTAGTGG 2267

CGGEGGCGAG-ACCRCGGCGGAGGTGCTAGCGGCCGTGCTGCGGGGUAGCGTCOGGTTCC 766
N a4 4w A aaaw s . ‘e

GGCATCACGACCCTGCCGLGOCATCCCCTGGATCTTCTCGTGGACCCAGAC =CAGGTTCC 2079
GGCATTGAATCGCTCCGTGCAATTCCTTCGATTTTTGCTTGGACACAAAC-TAGGTTTC 2326
COONCAGGCTGCTTCAGCGGGETGTCCCCCGCGGCCAAGGALCT Cv’[‘ThI\(;( CATGATCT B26

PN PR *oaa PR

ACCTCCOCGTETUGUTGRGAGTCGGCGCCGCAT TCANGTTCGCCATCGACARGGACGTCA 2139
ATCTTCCTCTATGGCTTGGATTTGGTGGAGCGTTCANACATATANTGCAGAAGGATATCA 2386
Ge '”G(’GA( (.-AOTG("("G(‘AGGTTCA(’(’(‘(‘( (,A(..— ~CAAGTCC-TCGCTONC (‘(—(JI()GAT(‘G 883

- * Iy . *

GGAACTTCCAGGTCCTCAAAGAGATGTACAACGAGTGGCCATTCTTCAGGGTCACCCTGG 2199
GGANCATCCATACACTGAAAGAAATGTACAATGAGTGGCCATTCTTCAGGGTCACCTTGG 2446
TGAGCGGCGGACCAGCACGGGCAAT -~ =~ =~ CGAGCGGCCAACCTGA -~ == === === o= 924

se 4 P LT

2259
2506

TCGCTTGTGGCAGAAGAACTCAAGCCCTTTGGGAAGCAGCTCAGGGACAAATACGTGGAGA 2319
TGCTTGTGGCAGGTGATCTGCAATCCTTTGGAGAGIAGCTGAGAAACAACTTTGAAGAGA 2566

CAGAGCAGCTTCTCCTCCAG- === === == oo mmmmm-smeo- 2339
CAARACAGCTACTCCTTCAGGTTGCCGGTCACAAGGATATTCTGGAAGGGGATCCTTACT 2626

2686
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2.10.8 Alignment Graph

An alignment graph among Maize, oryza sativa and Sorghum bicolor phosphenol
carboxylase genc will obtain.
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Average distance b

38.53 Sorghum

1961 MAIZE
he 92
1961 ORYZA
. Fotsie [ =] P Showdstonces _Close| Ouput|
2.10.10 Tree Analysis

Check the two species which having maximum alignment By trce Analysis. Take the
species, which have maximum alignment. By ‘Irec Analysis it has been found that there
is maximum alignment between Maize and oryza sativa phosphenol pyruvate carboxylase

gene.

2.10.11 Design Primers For The Sequences Of Maize:

Design two sets of Left and Right Primers for the exon regions of maize sequences by
using PRIMER3. One set of primers are sufficient for PCR, but the second set is taken as
additional primer in the event the first fails hybridize. '



2.10.12 Selection Of First Set Of Primers

Design left primer from one Exon of the sequence and right primer from another Exon of
the sequence. The distance between the two primers should be about 500 to 1000 base
pairs. Take the sequence from the species, which has both Exons and introns.i.e we have
taken Maize sequence because it has both Exons and introns. But rice sequence for this
enzyme has only coding regions i.e.Exons.so we can’t design primer from rice for

sequencing of DNA but can be used as a marker.

2.10.12.1 Primer3 For Left Primer

‘Take one Exon sequence of the maize and then paste it in PRIMER3 and pick primer.
The region of the exon from which the left primer is designedare 4454-5452. The left
primer is picked from the Exons, which is right of the exon from which the right primer
is picked. The parameters for both the primers should be same.the product size should
be Min: 100.0pt: 200,Max: 1000.Primer size should be Min: 18bp.Opt: 20bp.Max:
27bp.Primer annealing temperature should be Min: 57.0pt: 60.Max: 63 degree celcius.
‘The GC% should be Min: 20and Max: 80.
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2.10.12.2 Primer3 Output For Left Primer.

Put the sequence of Exon of the maize for the left primer in the primer3 output and by
clicking pick primer the left primer and right primer both will be obtained. But. left
primer only has to be taken into cosideration. Primer3 output for left primer are given
below.

Primer3 OQutput

WARNING: Numbers in input sequence were deleted.

No mispriming library specified
Using 1l-based sequence positions

0LIGO B R VL Lo
LRFT PRIMER 663 20 60.83  55.00 7.00 1.00 cgteaagcteaccttgttec
RIGHT PRIMER 843 20 60.33 55.00 7.00 0.00 ¢rgeagagtctggaageaca

SFQUENCE SIZE: 999
INCLUDED REGION STZE: 99%

PRODUCT SIZE: 181, PATR ANY COMPL: 4,00, PATR ' COMPL: 1,00

1 ttecttgageeacttgagetgtgotacadatcactgtgtgactyeggogacdaggecate

[

=

geggavgggagaestectggacctoct gegaecaggttttoacygtt vgggetetecat gty

121 aagetggacateeqqgeaggagteggageggeacacagacgtgatcqacgocat caceacy

181 caccreggeategggtegt acegagagtggtecgaggacaageggeagqaglygetycty

(53
=

toggagetgegaqgeaagegecegetgetgeecacggacct to

vdgaccgaggagato

30

-

geegacgteatoggegegl tecacgtectegeggagetecageccgacagaet teggeeee

36

tacatcatctuocatrggegacggeocectegqacgtgotegecygtggagetaeatgoaqoye

42

et

gaqtgaggegtycggoecagecgtgeccgtggtgeagetgttagaaagyotgqueagectg

48

=

cagtegyceqgeccgagteogtggagegectetteteggtggactggtacatgqgacaggate
541 aayggeaageagoaggteatggteggetactocgactecggcaaggacyuaggeagacty

601 towegoggegtggcagetgtacagggoeycaggaggagatggegeaggtyggecaagegetac

st

66

=

ggegteaaqgetcacettyglt q t. 1
3B EIBYBILIBIBLIFD

72

Py

acgeaccttgecatectgteccagecgecggacaccateaacqgqgtecateegtytgacy
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781 gtgcagggcgaggtcatcgagttatgettoggggaggaycaccetgtgeticcagactetg

B R T TRy

841 cagcactltcacggaegocacgetggageacggeatgracergerggtotateccaagecy
<<

901 gagtggcgcaagatcatyggacgagatggeagtcqtggecacdgdggagtacegeteage

961 gtegtcaaggaggeecgettegtegagtacticagateg

KEYS (in order of precedence):
saw»an» left primer
<<< right primer

@

ADDITIONAL OLIGOS

1 LEFT PRIMER 662 20 60.99 55.00 7,00 3.00 geyleaagetcacetgtte
RIGHT PRIMER 843 20 60.33 55.00 7.00 0.00 ctgcagagtotgyaageaca
PRODUCT SIZE: 182, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00

£ LEFT PRIMER 662 20 60.99 55.00 7.00 3.00 gegtcaageteaccttgtte
RIGHT PRIMER 842 20 60.33 55.00 7.00 1.00 tgcagagtctggaaycacag
PRODUCT SIZE: 181, PAIR ANY COMPL: .00, PAIR 3' COMPL: 3.00

3 LEFT PRIMER 665 20 58.85 50.00 7.00 1,00 tcaagutcaccttgttocac
RIGHT PRIMER 843 20 60.33 55.00 7.00 0.00 ctgeagagtcotggaageaca
PRODUCT SIZE: 179, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3,00

4 LEFT PRTIMER 664 21 59.76 52,38 7.00 1.00 gtraagoteaccttgttocac
RIGHT PRIMER 843 20  60.33 55.00 7.00 0.00 ctgeagagtetggaagcaca

BRODUCT $1Z%E: 180, PAIR ANY COMPL: 5,00, PAIR 3' COMPL: 3.00

Statistics

con too in in no tm tm high high high

sid  many tar excl bad GC too t.oo any 3' poly end

ered Ns get reg GCt clamp low high compl compl 4 stab ok
Left 8334 0 0 0 770 0 147 6981 0 8% 0 75 276
Right 8279 0 0 0 70 0 BS5 7041 0 32 0 #2 269

Pair Stats:
considered 1342, unacceptable product size 828, high end compl B2, ok 432
primer3 release 0.9

(primer3_www_results.cgi v 0.2)

note down the left primer from the above PRIMER3 output.

2.10.12.3 Primer3 For Right Primer

Pick the next Exon region sequence after the left exon region from which the left primer
was designed for the right primer. The right primer from this region is designed as
descbried about for the left primer in Primer 3 but only the right primer is to be
considered from the output for right primer are given below..The parameters are similar
to that of PRIMERS3 for left primer.the exon region, which are taken to design the right
primer are5550-5936.

99






Objective Function Panalty Weights for Priwmexs

Gpjective ks for Primer Paizs

Hyb Olige

Holk Olige (lotsyonsl Dligel sneral Londitions

Objective Function Penzlty Waights for Hyb Oligses

&
=



2.10.12.4 Primer3 Output For Right Primer
By clicking pick primer we will get the right primer and left primer both. but right

primer only has to be consider.primer3 output for right primer are given below.

Primer3 Output

WARNING: Numbers in input sequence were deleted.

No mispriming library specified
Using l-based sequence positions

oLIGO e b R I L L
LEFT PRIMER 1 20  60.28 60.00 4.00 3.00 gctacaccggagacegagta
RIGHT PRIMER 197 20 59.70 50.00 7.00 3.00 tggaagttectyacgrectt

SEQUENCE SIZE: 1387
INCLUDFED REGION S12F: 387

PRODUCT 512E: 197, PAIR ANY COMPL: 3.00, PAIR 3' (COMFL: 1.00

agtacgggaggatgaacateggeadecaggeeageeaagagygaad

PEESY

6l cecqgegyeqgeat cacgacoctgeqegecatecoctggat ctteteglggacecagace
121 aggttccaccteccegtgtggetgggagltaggogecycatt caagttegecatgacaaq
181 gacqteaggaacttocaggtoct caaagagalgtacaacygagtggocat tettcagggte

R L A

scggeattgcaygettgtat

241 acectggacctgetggagatggtittagceaagggagac

101 gacyagetgrttgtggeagaagaacteaageectttgqyaageagctcagggacaaatac

361 gtggagacacagcagultetoctocdy

KEYS (in order of precedence):
swpa>rx lett primer
«-<ngs right primer

ADDTTIONAL OLIGOS

1 LEFT PRIMER 1 20 60.28 60.00 4.00 3.00 gctacaccygagacagagta
RIGHT PRIMER 196 20 59.70 55.00 7.00 1.00 ggaagttcctgacgtecttg
PRODUCT STZE: 196, PALR ANY COMPL: 3.00, PAIR 3' COMPL: 2.00

2 LEFT PRIMER 174 20 60.30 55.00 6.00 1.00 cgacaaggacgtcaggaact
RIGHT PRIMER 377 20 59.65 55.00 5.00 2.00 agctgetgtgtetccacgta
PRODUCT SIZE: 204, PATR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00 ’

3 LEFT PRIMER 1 20 60.28 60.00 4.00 3,00 gctacaccggagaccgagta
RIGHT PRIMER 193 20  60.30 55.00 6.00 2,00 agttcctgacgtecttgteg
PRODUCT SIZE: 193, PALR ANY COMPL: 3.00, PAIR 3' COMPL: 2.00

4 LEFT PRIMER 186 20 60.23 55.00 7.00 3.00 caggaacttccaggtcctca
RIGHT PRIMER 317 20 59.65 55.00 5.00 2.00 agctyctgtgtcteccacgta

PRODUCT SIZE: 192, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 0.00




Statistics

won too in in no tm tm  high high high

s5id many tar excl bad GC too oo any 3' poly end
ered Ns get reg GC: clamp low high compl compl X stab ok
Left 2541 0 0 0 86 0 144 1972 0 10 0 41 288
Right 2438 0 9 0 7 0 Jobt B et} 1 8 0 52 418

Pair Stats:
considered 224, unacceptable product size 159, high end compl 13, ok 52
primer3 release 0.9

(primer3_www results.cqgi v 0.2@

Note down the right primer from the above PRIMER3 output.
2.10.12.5 Calculation Of Product Size

Left primer sequence size is 999
Left primer starting point is 663
Left primer total length is 336
Introns length is 98
Right primer sequence size is 387
Right primer ending fmim is 197

Total right primer length is 190

Product size = Left primer total length is (336 ) +introns(98) +Right primer ending point
is (197) = 631

2.10.13 Sclection Of Second Set Of Primers

Repeat the same process as explained in the first set of primers.Sect the parameters for
designing the primers for PCR.

2.10.13 .1 Primer3 For Left Primer

The parameters set to design the left primer for second set of primers are: the product size
should be Min: 100,0pt: 200,Max: 1000.the primer annealing temperature is Min: 49,
Opt:51, Max: 54.the GC% isMin : 20 and Max: 80.the primer size is Min: 18bp,Opt:
20bp,Max: 27bp.  The exon regions which are taken to design the left primer are 3074-
3296.
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2.10.13 .2 Primer3 Output For Left Primer.

Primer3 Output

WARNING: Numbers in input sequence were deleted.

No mispriming library specified

Using l-based sequence positiocns

OLIGO

LEFT PRIMER Tz T8 URoLes 3.8

RIGHT PRIMER
SEQUENCE S3I1ZE: 223
INCLUDED REGION SIZE:

223

191 20 h1.23 35.00

5.00 2.00 ¢tteagadeegatygaaat

5.00 3,00 ¢gaatgagaqaadcattygtd

PRODUCT S1Z%E: 180, PAIR ANY COMPL: 3.00, PAIR ' COMPL: .00

1 atccaagoage

R R S L F e

.tcagaaccgatgaadtcaggagqgeacaacrrdarcccecagagacgaa

6l atgcegetatgggatgagotacatecatygagactgtatgqaagggeatgect aagttetty

21 cgecytgtggatacagecotgaagaatateggeatcasdtgagogeettocctacaatgtt

e

KEYS (in order of precedence):

»ase>s Jeft primer
<% right primer

ADDITIONAL OLLGOS

LEFT PRIMER
RIGHT PRLMER
PRODUCT S1ZE: 174,

"

LEFT PRIMER
RIGHT PRIMER
PRODUCT S14F: 179,

w

LEFT PRIMER
RIGHT PRIMER
PRODUCT STZE: 173,

4 LEFT PRIMER
RIGHT PRIMER
PRODUCT SIZE: 177,
Statistics
con  too
sid many
ered Ns
Left 1069 [
Right 1206 [}

Pair Stats:

L T

12 18
185 20
PAIR ANY

17 18
191 20
PAIR ANY

13 18
185 20
PAIR ANY

12 18
188 20
PAIR ANY
in in

tar excl
get  reg

0 [}

Q o

T

50.69 38
51.0% 40
COMPL: 4.00,
51.55 38
51.23 35
compL: 3.00,
51.55 38
51.05 40
COMPL: 3.00,
50.69 38
51.69 40
CoMPL: 3.00,
no

bad GC
GC: clamp

() 0

0 [

tteggttetes rattggatgggtggtgaccygegatyg

-89 5.00 2.00
.00 5.00 0.00
PAIR 3' COMPL:

.89 5,00 3.00
.00 5.00 3.00
PAIR 3' COMPL:

.89 5.00 3.00
.00 5.00 0.00
PAIR 3' COMPI:

.89 5.00 2.00
.00 5.00 0.00
PAIR 3' COMPL:

ctteegaaccgatgaaat

ag

0

agaaacattgtagggaaqy
00

tteagdacegatgaaate

ugaatgayagaaacatigta

.00

ttcagaaccegatgaaate

ag
1.0

agaadcattgtagqggaag
0

cttecagaaccgatgadat

algagagaaacattgtaqgg

1

tm tm  high
too too any
low high compl

18 983
17 1107

4
0

.00

high
3
compl
27

1

poly
b4

22

0

considered 303, unacceptable product size 149, high end compl 4, ok 150

primer3 release 0.9
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iprimexr3_www_ zesulm cgiov

note the left primer from the'above PRIMER3 output.

2.10.13 .3 Primer3 For Right Primer

The exon region which are taken to design the rigth primer are 3746-3849.the

parameters are similar to that of left primer.
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sequence Quality
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210013 4 Primerd Qutput For Right Primer

Primerd Output

note downr the right primer from the above PRIMERS output
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2.10.13 .5 Calculation Of The Product Size
Left primer sequence size is 223

Left primer starting point is 12
Left primer total length is 211
Introns length is 450

Right primer sequence size is 104

Right primer ending point is 101

Total right primer length is 101
Product size = Left primer total length is (211 ) +introns(101) +Right primer ending
point is (450) = 762

2.10.14 Mitochondrial And Nuclear Enzyme

Mitochondrial and nuclear enzyme selected are Malate dehydrogenase and methyl
transferase. The procedures of multiple alignments for these two enzymes are similar to
that of chloroplast enzyme, which are explained above.
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The summary sheet of the three enzymes is given in the table below

i ST T

Teognumvaigare

1603-783,873-963, i
1461-1547,1643-1727, p
11984-2165,2420-2490, i
i{2570-2660,2749-2823,
i2912-3013,3100-3222,
13303-3371,3456-3524,
Ao A 13619-367237654638 0 0 0
imaiatedehydrogenase [JAF353203 !'Oryza sativa ‘50—1 088
1 ljmaiatedehydrogenase [JAFO07581 zea mays [78-1076
?Imethyl transferase IAF063403 zea mays 1854-3316,3481-4960,
15107-5271,5361-55653,
34-5745,5819-5966,
069-6266,6364-6642,
723-6884,6960-7178,
7259-7417
Imethyl transferase IAF083403 zea mays 107-5271,5361-5553
methyl transferase [AB028870 rordeum §3-3349
vulgare _
methyl transferase AF387790 Isorghum 110-1198
bicglor
methy! transferase 76384 riticum E2-1 1 73
estivum )
S— I
methyl transferase gtrz:isz ryza sativa [[187-1227
- B> SK-Z--£
osphenolpyruvate 17154 {maize 1587-1981,2092-2176,3074-

06,3746-3849,3975-4065,4203-

e
AF399915

ot e
JAF271995
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2.11 Resuits

For our study we have taken Phosphoenol pyruvate carboxylase a chloroplast enzyme,
Malate dehydrogenase a mitochondrial enzyme in sorghum bicolor, maize and oryza
sativa, and methyl transferase a nuclear enzyme in zea mays. Hordeum vulgare, sorghum
bicolor, Triticum aestivum and oryza sativa. In case of Phosphoenol pyruvate
carboxylase, Malate dehydrogenase and methyl transferase. there is a maximum
alignment is between oryza sativa and maize, maize and sorghum bicolor. zea mays and
Hordeum vulgare.the maximum alignment can be studied by alignment graph. The
distance between the two species can be studied by phylogenetic tree. The exons of the
above mentioned enzymes are used for designing primers for PCR.The summary sheet of
the primers for the above enzymes are given in the tablel.
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Tablel:

IM31965

e
[AF063403

jmethyl transferase

AF063403
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2.12 Discussion:

Phylogeny is about evolution and is used to reconstruct evolutionary events. It is now
possible to construct phylogenetic evolution at a molecular level through analysis of
molecular sequences, namely proteins & nucleic acids.

To construct phylogenetic tree among grass family. the sequences of conserved enzymes
from mitochondria, chloroplast and nucleus are probed using bio-informatics tools. The
scheme for such study is the following

o Identify exon regions for the enzyme to be investigated.

* An exon region of the particular enzyme is used to design the primers.

o Confirm the presence the particular sequence of the enzyme (exon) in the species of

interest using wet lab techniques.

Isolation of chloroplast,mitochondrial and nuclear DNA
Amplification of DNA by using PCR

H’ybridization techniques(southern blotting)

DNA sequencing by chemical and enzymatic methods.

AN N N RN

Analysis of sequence based on mitochondrial and chloroplast to
determine maternal inheritance.

v Analysis based on nucleus to determine paternal inheritance.

v Comparison of sequences using multiple alignment tools

Determine the relationship among the species under study
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