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Abstract:

Bioinformatics is 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 finding of tandem
repeats for medicago truncatula. For this purpose bioinformatics tools like
Tandem Repeats Finder, Primer3, Windows software and MS Access were
used. The complete database of medicago truncatula plant was created and
placed in the INTRANET of ICRISAT, which could be accessed by the
scholars and scientists for their requirements. The database of medicago
truncatula gives complete information regarding the different tandemrepeats,
their complete sequence, the accession number of that sequence which was
given by NCBY, left primer, right primer, left temperature, right temperature,
and total sequence size.

Chapter 2 gives an introduction about the molecular phylogenetic
studies and describes completely about the phylogeny of selected
legumes 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 success. 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 by using bio-informatics tools.
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1. SSR Marker Development For Medicago Database:

1.1 Introduction:

DNA simple sequence repeats (SSRs) are also called as microsatellites.
These micro satellites are becoming used as DNA markers in marker
assisted breeding. They are codominant, occur 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 amenable to simple and inexpensive
Polymerase Chain Reaction (PCR) assays (Brown et al (1996)). SSR are
becoming the standard DNA markers for plant genome analysis. A wide
variety of methods for construction of libraries enriched for micro-satellite
sequences have been reported, the most popular among these being the ones
based on vectorette PCR using anchored primers (Lench et al. 1996).

The standard procedure for developing SSRs as genetic markers is to
isolate and sequence SSR —containing DNA clones from size-fractionated
and (or) enriched genomic DNA libraries, and to design, produce, and test
PCR primer sets for SSRs contained in the sequenced clones. The most
rapidly reassociating DNA is simple sequence DNA, which is composed of
short [5-to 10-base] oligonucleotides that are tandemly repeated. The tandem
repetition of a short sequence often creates a fraction with distinctive
physical properties that can be used to isolate it. The term satellite DNA is
essentially synonymous with simple sequence DNA. Tandemly repe.nted
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.

1.1.1 DNA repeat — finding tools:

DST- locate human repeats:
Two search modes are available, a search for human repeats using the file

BR3X and a self-homology search that will find repeats more than 2kb apart.

Tandem Repeats Finder:

A Tandem repé'z;t in DNA is two or more adjacent, approximate copies of a
pattern of nucleotides.

L#rge Dot Plots:

This page accesses a very fast dot plot algorithm designed for large DNA
sequences.

REPuter- Fast Computation of Maximal Repeats in complete genome:
REPuter computes all maximal duplications and reverse, complemented and
reverse complemented repeats in a DNA input sequence.

Repeat Masker- mask out repeat sequences:

Repeat Masker screens DNA sequences in FASTA format against a library
of repetitive elements and returns a masked query sequence ready for

database searches as well as a table annotating the masked regions.
1.1.2 Tandem Repeats Finder

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

1.1.2.1 Levels of Tandem Repeat Finder:

There are 3 levels of tandem repeat finders.

1. Basic: It uses default parameters (recommended for beginners.)

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

3. 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.



Submitting Your Sequence ey

Pleaze Seloct one of the following options: m

M—J Use default ( ded for b )
m Set zome parameters and select options.

MJ Set all parameters and options

Last revised July 22 1999
Sand any questions or comments to
alls, misn ol

EEHF T 17 5 R
M G o o 7~ Eemsmitestiods| || ot KK 4 R

1.1.2.2 Advanced Tandem Repeat Finder Program Parameters:

Input of the program consists of a sequence file and the following
parameters:

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‘ncgative
numbers] are 3, 5, or 7. A 3 is more permissive and a 7 is less permissive of
these types of alignment choices.

2. Minimum Alignment Score: The alignment score must meet or exceed

this value for the repeat to be reported.



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.

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.

1.1.2.3 Options:

1. Flanking sequence: Flanking sequence consists of the 200 nucleotides
on each side ofa repeat. Flanking sequence is recorded in the alignment file.
This may be useful for PCR primer determination.

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.

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.



Parameters: 4
Algament Parameters (match, msmach, mdels) [2 7 7) 2] e | 4

Mimmum Ahgnment Score To Report Repeat | 50 "] W
Maserum Penod Size [500 2] e

Options;

Flanking Sequence ™ Masked Sequence File I™ Data File I
Sequence;

Your data must be a DNA sequence m FASTA format (See for details) N
Choose one of the following ways to send your data

1 € Upload afile from your drectory

2 6 Cut and paste sequence
[>BE3Z1520 _.:l

Tandem Repeat Finder Advanced Submit Page

1.1.2.4 Procedure far finding Tandem repeats:
Web tools like http://c3.biomath.mssm edu/trf.advanced.submit.html

can used to find out the tandem repeats of particular sequence (source
sequence). This web tool is providled by The Department of
Biomathematical sciences, Mount sinai School of Medicine.

Down load the source sequence from the www.ncbi.nlm.nih/gov/entrez in
FASTA format.




Open the page http ;/c3 biomath mssm edu ut advanced submit.himl

Enter the source sequence in cut and paste sequence blank.
Adjust the parameters according to our practical requirement
Click the submit sequence button.

o By clicking on the submit sequence the tandem repeats finder server will

display on screen

The Tandem Repeats Finder Server

Please cite
G Benson,
Tandem repeats finder- a program to analyze DNA sequences,”
Nucleic Acids Research (1999)
Vol 27, No 2, pp 573-580

Click here for Tandem Repeats Report

IFyou save the summary table and abgament files use the default name ‘:"
supplied by the browser to preserve the automatc v
cross-hnking

TET - R 7 ———
] 1657 o Sl ool i | Wk || RS PR I

. By clicking on the tandem repeats report displays the program
analysis.

. It shows the results in a table format.

# Results of search:

The program’s analysis is sent back to the user’s web browser as two files, a
summary table file and an alignment file.
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Tandem Repeats Finder Program written by

Gary Benson
Departmant of Biomathematical Sciences
Wount Sinai School of Nedicine
Version 2 02

Please cite

G Benson,

"Tandem repeats finder: a program to anmlyze DNA sequences™
Nucleic Acid Research(1999)

vol 27, No 2, pp S73-580

Sequence BE3I21920

Paramecers 2 7 7 80 10 50 S00
Length 558

Tables 1

This 13 table 1 of 1

Click on indices to view alignment

Penod Copy 'Consensus Percent TFercent
Sie  Number  Sue  Matches Indels
2 125 2 w0 ' o

“ 21 K93

Table Explanation:

The summary table includes the following information:

—

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

2. Period size of the repeat.

3. Number of copies aligned with the consensus pattern.

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

8




6. Percent of indels between adjacent copies overall.

7. Alignment score.

8. Percent composition for each of the four nucleotides.

9. Entropy measure based on percent composition.

10.If the output contains more than 140 repeats, multiple linked tables are

produced. The links to the other table appears at the top of each table.

e  Clicking on the location indices of the table opens a second web

browser which shows an alignment of the copies against a consensus pattern.



Tandem Repsacts Finder Program writcen by

Gary Benson
Department of Piomathemaricel Sciences

Mount Sina: Schuol of Nedicine
Version 2.02
Sequence. BE321920
Parameters: 2 7 7 60 10 SO 500
Pratch=0.80, Pandel=0.10
tuple sizes 0,4,5,7
tuple distances U, 29, 159, BAXDISTANCE
Length: 555
ACGToount. A:1D.36, €:0.23, 0:0.19, T.0.2)
Found mt 1.65 ariginal size'2 final size 2
Aljgnent explanacion

Indices: 60 -84 Hcore: 50
Period size. 2 Copynumber: 12.5 Consensus size: Z

S0 ACTCTAATAG
60 OA GA GA OA GA OA GA GA GA GA GA GA G
1 Gk GA GA Gk GA GA Gk GA Gk GA GA CA G

8% GAAGAARACA

Stecvistics
Haccheas: 23, Miametches: 0, Inae o
1.00 o 00 0.00

Matches are distributed among thess disvances:
2z 23 1.00

ACGTeoune: A:10.48, C10.00, 630.52, T:0.00

Consmnsus pettern (2 bp):
GA

Found at 1:236 original sigerld final wizerld

Alignment explanation
Indic 218--246 Zcore: 51

Pariod sige: 14 Copynumber: 2.1 Conaensus size: 11

208 ACTCTCATCA

218 TTCTTCC-ARACCC
1 TTCTTCCAAAACCC

231 TTCTTCCAAAACCC
1 TTCTTCCARAACCC

248 TT
17T
247 TTTCTTCACT

Statistics
Hatches: 1S,
0.94

Hiswatches: 0, Indel 1
0.00 0.08

Natches are disctributed among chese distances:
13
14 e 0.5

ACOTcount: A:0.24. CtD.41. G10.00. Ti0.34



1.1.2.5 Alignment Explanation:

The alignment is presented as follows:

1. In each pair of lines, the actual sequence on top and a consensus
sequence for all the copies are on the bottom.

2. Each pair of lines is one period except very small patterns.

3. The 10 sequence characters before and after a repeat is shown.

4. The Symbol (*) indicates a mismatch.

5. The Symbol (~) indicates an insertion or deletion.

6. Statistics refers to the matches, mismatches and indels overall between
adjacent copies in the sequence, not between 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.




1.2 Primer Design:
1.2.1 Introduction:

Designing PCR and sequencing primers are essential activities for molecular
biologists around the world. Primer design was developed to find suitable
primers for PCR or oligo nucleotides for probes and DNA sequencing.
Primer design is crucial for the success of PCR. Inappropriate primers cause
low yield 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.

1.2.1.1 Primer Design Programs:

These are all primer design tools, which are generally used for the primer
prediction and analysis programs.

1.  The PCR Jump Station: The ultimate Web page for information and
links on all aspects of the Polymerase Chain Reaction (PCR).

2.Gene Fisher: Gene fisher processes aligned or unaligned sequences.
3.Gene Walker: It allows working with two primer sequences



4.Cyber Gene: Cyber Gene is a company that provides commercial
oligonucleotide synthesis, DNA sequencing, genotyping and bioinformatics
services.

5.Web Primer: An application that designs primers for PCR or sequencing
purpose.

6.Primer Design: A free primer design utility, from the EMBL.

7.Primer3: Primer3 picks primers from PCR reactions, according to the
conditions specified by us. Primer considers things like melting temperature,
concentrations of various solutions in PCR reactions, primer bending and
folding, and many other conditions when attempting to choose the optimal
pair of primers for reaction.

8.Poland — melting profiles of double stranded DNA: The Poland server
will calculate the thermal denaturation profile of double stranded RNA or
DNA based on sequence input and parameter settings in this form.

9.Net Primer: Net primer combines the latest primer design algorithms with
a Web-based interface allowing the user to analyze primers over the Internet.
10.Gene Primer: It gives computational support of gene experiments. This
software implements an algorithm for experimental gene identification by

multiple PCR amplification.

12.1.2 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:



1. 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.

2. 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.

3. For cycle sequencing, primers with melting temperatures above 55°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, that 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 to 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 verify 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 either do not work or give poaor cycle sequencing results.

1213 Features of Primer Design:

o Creating of new primer pairs.

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

« Finding of unique sequences within a sequence.

o Handling of s'eﬁuences up to 32,000bp.
1.2.1.4 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.

o Primer combinations can be explorated up to 6000 pairs.



1.2.2 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 Institutes of Health,
National Human Genome Research Institute, under grants ROl - HG00257
and P50-HG0098.

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 inte1 face designed by Richard Resnick for Primer v2.

Primer 3 is a computer program 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.
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1.2.2.1 Primer3 input parameters:

Source Sequence:

The sequence from which to select primers.

Sequence Id:

An identifier that is reproduced in the output to enable us to identify the
chosen primers.

Targets:

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-base-pair polymorphism.

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 start 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.

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,
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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.

Max 3' Stability:

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

Max Mispriming:

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

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

Primer Size:

Minimum, Optimum, and Maximum lengths (in bases) 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.
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Primer T,

Minimum, Optimum, and Maximum melting temperatures (Celsius) 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.

Maximum T, Difference:
Maximum acceptable (unsigned) difference between the melting
temperatures of the left and right primers.
Product T,
The minimum, optimum, and maximum melting temperature of the
amplicon. Primer3 will not pick a product with melting temperature less than
min or greater than max.
Ty = 81.5 + 16.6(logo([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 sequence.
Primer GC% Minimum, Optimum, and Maximum percentage of Gs and Cs
in any primer.
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 5'
is allowed (and yields a score of 1.75), but the alignment
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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.

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'

3' AAGTCCTACATTTAGCCTAGT 5'

or

5" AGGCTATGGGCCTCGCGA 3'

Ml

3' AGCGCTCCGGGTATCGGA 5'

The scoring system is as for the Max Complementarity argument. In the
examples above the scores are 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'.
It is 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.
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Max Poly-X:
The maximum allowable length of a mononucleotide repeats for example
AAAAAA.

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.

Start Codon Position:

This parameter should be considered EXPERIMENTAL at this point. Some
erroneous input might cause an error in Primer3. Index of the first base of a
start Codon. This parameter allows Primer3 to select primer pairs to create

in-frame amplicons.

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.

CG Clamp:

Require the specified number of consecutive 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.)

R 63|06
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Salt Concentration:

The millimolar concentration of salt (usually KCI) in the PCR. Primer3 uses
this argument to calculate oligo-melting temperatures.

Annealing Oligo Concentration:

The nanomolar concentration of annealing oligos in the PCR. Primer3 uses
this argument to calculate oligo-melting temperatures.

Max Ns Accepted:

Maximum number of unknown bases (N) allowable in any primer.

Liberal Base:

This parameter provides a quick way to get Primer3 to accept [UB / ITUPAC
codes for ambiguous bases (i.e. by changing all unrecognized bases to N.
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 files produced when the primer file flag is set.) In the
WWW interface this parameter defaults to 1.

Inside Target Penalty:

Non-default values valid only for sequences with 0 or | 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.
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Outside 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 'position penalty'. The effect of this
parameter is to allow Primer3 to include nearness to the target as a term in
the objective function.

Sequence Quality

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.

Min Sequence Quality:

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

Min 3' Sequence Quality:

The minimum sequence quality (as specified by Sequence Quality) allowed
within the 3' pentamer of a primer.

Sequence Quality Range Min:

The minimum legal sequence quality (used for interpreting Min Sequence
Quality and Min 3' Sequence Quality).

Sequence Quality Range Max:

The maximum legal sequence quality (used for interpreting Min Sequence
Quality and Min 3' Sequence Quality).
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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:

e Product Size

e Primer Size

e Primer T,

e Product T,

e Primer GC%

e Hyb Oligo Size

e Hyb Oligo Ty,

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

e Primer 3' Self Complementarity

o Primer #N's

e Primer Mispriming Similarity

o Primer Sequence Quality

e Primer 3' Sequence Quality

o Primer 3' Stability

o Hyb Oligo Self Complementarity

e Hyb Oligo 3' Self Complementarity
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o Hyb Oligo Mispriming Similarity

o Hyb Oligo Sequence Quality

e Hyb Oligo 3' Sequence Quality

The following are weights are treated specially:

Position Penalty Weight

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

Primer Weight

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

Hyb Oligo Weight

Determines the weighi 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' Complementarity

o Primer Pair Mispriming Similarity

Hyb Oligos (Internal Oligos):

Parameters governing choice of internal oligos are analogous to the

parameters governing choice of primer pairs.
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1.2.2.2 Procedure for Primer Design by using Primer3:

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

¢ 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 are present in the
source sequence.

o Then adjust parameters according to our requirement.

o Then click the Pick Primers option.

o Then it shows the results as output.

1.2.2.30utput of Primer3

In primer 3 input after adjusting the parameters like temperature, (the default

temperatures of minimum, optimum and maximum are 57,60,63
respectively. But adjust them to 59,60,61 respectively for more reliable
results, which are more acceptable for practical purpose.) By clicking on the
PICK PRIMERS gives the results as PRIMER3 OUTPUT. It will display
like as shown below.

The top of the output displays the sequence id. The next part of the output
displays the best left and right primers, and their characteristics (starting
position, length, melting temperatures, and so forth). Then the output

displays information specific to the input sequence and the selected pair.
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The next information is a quasi-graphical representation of the location of
the left (>>>>>>>...) and right (<<<<<<<,,..) primers in the source

sequence. The position of the target is marked by asterisks (*******),
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1.2.2.4 Results:

For our study, we selected medicago, which is considered the nodal crop for
all legumes. All available (approximately 1,56,000) nucleotide sequences
were analyzed for the presence of tandemrepeats upto 50bp (maximum)
length of repeat motif and no penalty gaps or indels were allowed. All the
genomic sequences of medicago from public domain database were searched
and analysed of Di, Tri, and tetra nucleotide repeats. Of the total about
1,56,000 sequences, which were searched, 7325 sequences were found to
contain repeat motif and may yield SSRs, which would yield product sizes
of around 200 bp. Of these mostly abundantly found repeats were the Tri-
nucleotide group. '

Out of 7325 tandemrepeats the Di-nucleotides are 1290,tri-nucleotides are
5210,and tetra —nucleotides are 925.

Summary by nucleotide unit length

Unit length SSR Count
2 1290

3 5210

4 925
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1.2.2.5 Data base of medicago:

As descried in the above procedure the nucleotide sequences are allowed to
find tandem repeats by submitting them to Tandem repeat finder. Then the
primers are found to these repeats by using Primer3. The results of Primer3
output are collected and created as database. This database contains eight
columns, id, accession number, sequence, left primer sequence, right primer
sequence, left primer temperature, right primer temperature and total
sequence.

This database link to gene annotation database at TIGR (www.tigr.org)

To facilitate further exploration of this resource, a dynamic database with
options to search and link to other resources is available at

(http://ww w.icrisat.org/text/research/grep/homepage/genomics/medssrs | .asp

) and on CDs from V.Mahalakshmi(cgiar.org.
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Group | SSR Count |SSR Units in Group

AC 89 ACCAGTTG
AG 828 AGCTGA TC

AT 370 ATTA

<G 2 CGGC

AAC |72 AAC ACA CAAGTT TGT TTG

AAG  |2067 AAG AGA CTT GAA TCT TTC

AAT _ |364 AAT ATA ATT TAA TAT TTA

ACC |62 ACC CAC CCA GGT GTG TGG

ACG  [508 ACG AGC CAG CGA CGT CTG GAC GCA GCT GTC TCG TGC

ACT 309 ACTAGT ATC ATG CAT CTA GAT GTA TAC TAG TCA TGA

AGG 119 AGG CCTCTC GAG GGA TCC

ccG |8 CCG CGC CGG GCC GCG GG

AAAC |73 AAAC AACA ACAA CAAA GTTT TGTT TTGT TTTG

AAAG  ]141 AAAG AAGA AGAA CTTT GAAA TCTT TTCT TTTC

AAAT |72 AAAT AATA ATAA ATTT TAAA TATT TTAT TTTA

AACC |1 AACC ACCA CAAC CCAA GGTT GTTG TGGT TTGG

aco s AACG AAGC ACGA AGCA CAAG CGAA CGIT CTTG GAAC GCAA GCTT

GTTC TCGT TGCT TTCG TTGC
AACT AATC ACTA AGTT ATCA ATTG CAAT CTAA GATT GTTA TAAC TAGT

AACT 144 TCAA TGAT TTAG TTGA

AAGG |39 AAGG AGGA CCTT CTTC GAAG GGAA TCCT TTCC

anar a0 AAGT AATG ACTT AGTA ATGA ATIC CATT CTTA GAAT GTAA TAAG]
TACT TCAT TGAA TTAC TTCA

ARTT 123 AATT ATTA TAAT TTAA

ACAG |44 ACAG AGAC CAGA CTGT GACA GTCT TCTG TGTC

ACAT 136 ACAT ATAC ATGT CATA GTAT TACA TATG TGTA

ACCC |2 ACCC CACC CCAC CCCA GGGT GGTG GTGG TGGG

U ACCT AGGT ATCC ATGG CATC CCAT CCTA CTAC GATG GGAT GGTA
GTAG TACC TAGG TCCA TGGA

ACGC 1 ACGC CACG CGCA CGTG GCAC GCGT GTGC TGCG
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ACGG AGGC CAGG CCGT CCTG CGGA CGTC CTGC GACG GCAG GCCT

ACGG 2 GGAC GGCA GTCC TCCG TGCC

ACGT 24 ACGT ATGC CATG CGTA GCAT GTAC TACG TGCA

ACTC 37 ACTC AGTG CACT CTCA GAGT GTGA TCAC TGAG

AGAT |47 AGAT ATAG ATCT CTAT GATA TAGA TATC TCTA

AGCG ] AGCG CGAG CGCT CTCG GAGC GCGA GCTC TCGC

AGCT 9 AGCT ATCG CGAT CTAG GATC GCTA TAGC TCGA

AGGG |20 AGGG CCCT CCTC CTCC GAGG GGAG GGGA TCCC

CCCG 1 CCCG CCGC CGCC CGGG GCCC GCGG GGCG GGGC

CGGCG |2 CGGCG GGCCC

ACCGG |9 ACCGG ACGCC CAGGC CCACG CGCCA

AAMAT 170 AAAAT AAATA AATAA AATTA ATAAA ATATT ATTAT ATTTT TAAAA
TATAA TATTT TTAAA TTATA TTATT TTTAA TTTAT TTTTA
AACCC AAGGG ACACC AGGAG AGGTG ATCCC CAACC CAGAT CTCTC

AACCC |54 GAAGé GGAGA GGGAT GGTTC GTCCT GTGGA GTGTC TCACC TCCAC
TCCGA TCGAC TCGCA TCTCC TGCGA TTCCG TTGGC
AAAGG AACAC AACAG AACCA AAGAG AAGCA AATCC AATCG ACAAC
ACACA ACAGA ACTCA ACTTC AGACA AGAGA AGCAT AGTAC ATCCA

AAAGG 1237 ATCTG ATGAG ATGGA ATGTC CAAAC CAACA CAACT CACAA CACAT
CACTA CAGAT CATCT CCAAA CCAAT CTCAA CTCAT CTCTT CTTCA
TCCAA TCCTT TCGAT TCTCA TCTCT TCTGT TCTTC TGAAG TGACA
TGTCA TGTTC TTCCT TTCTC TTCTG TTGGA TTGTG TTTCC TTTGG
AAAAC AAAAG AAACA AAAGA AAATC AACAA AACAT AAGAA AAGAT
AATAG AATCA AATGA AATTC AATTG ACAAA ACAAT ACATA AGAAA
ATCAA ATCTA ATCTT ATGAA ATGAT ATGTA ATTAG ATTCA ATTCT

AAAAC 236 ATTGA ATTTC ATTTG CAAAA CAATT CATAA CATAT CATTT CTAAA

CTAAT CTATT CTTAT CTTTT GAAAA GAATA GTTTT TAGTT TATCA TATTC
TCAAA TCAAT TCTAT TCTTA TGTTT TTCAA TTCAT TTCTA TTCTT TTGAA
TTGAT TTGTA TTGTT TTTCA TTTCT TTTGT TTTTC TTTTG
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1.2.2.6 Discussion:

Data mining encompasses the use of pattern recognition technologies and
statistical techniques to examine large amounts of data. De Novo generation
of microsatellite markers through laboratory based screening of SSR
enriched genomic libraries is highly time consuming and expensive. An
alternative is to screen the public databases of related model species where
abundant sequence data is already available. Beyond the cost savings, this
approach also offers the possibility of identity 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.

Since the advent of recombinant DNA technology in population genetics in
the mid-1980s, the repertoire of genetic markers available for population
studies and for crop improvement has increased enormously. Plant breeding
has changed with the introduction of these molecular techniques. Molecular
markers allow for the extension of traditional breeding methods with one
important difference-to transfer greater variety of genetic information in a
more precise and controlled manner. Since the advent of molecular markers
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-
parentral-nuclear with few loci and many alleles per locus. Mode of action
being co-dominance with the exception of null alleles at some loci, show
large variation within population s and are generally found in non-coding

regions, which may contribute to the genome stability.
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Our project work suggests that we can take advantage of DNA marker
technology, a core set of at least 1000 sequence tagged sites (STSs) that are
universal among all legume species could be developed. Though these
approaches are proving to be useful as SSR markers for the same species or
closely related species within the same genus, their utility in other related

species is yet to be tested.
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Phylogenetic studies in legumes

2.1 Introduction:
Phylogenetics, the science of phylogeny, is one part of the larger field of
systematics, which also includes taxonomy. Taxonomy is the science of

naming and classifying the diversity of organisms.

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. It is a hypothesis based on
interpretation of the data at hand and subject to further evaluation (and
possibly change) as new data become available. Phylogenetic focuses on the
construction of ancestral relationships of species or groups of species and on

how to incorporate these relationships into classification systems.

Phylogeny is used to classify organisms on the basis of their inferred
evolutionary relationships (the phylogenetic approach to classification).
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 plants and herbivores.
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Problems: If the evolutionary clock is not constant, the procedure generates
results, which can be misleading.
1. Within practical computational limits, this often leads in the
generation of tens or more "equally most parsimonious trees" which
make it difficult to justify the choice of a particular tree.

2. Long computation time to construct a tree.

2.1.2 Phylogenetic Terms

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 classifying
organisms.

Rank 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 so on.
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Evolution

Evolutionary tree

Phylogenetic

Phylogeny

Ancestor

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.

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.
Any organism, population, or species from

which some other organism, population, or

species is descended by reproduction.
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Basal group

Character

Lineage

Clade

Stasis

The earliest diverging group within a clade; for
instance, to hypothesize that sponges are 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.

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

of offspring.

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.

A period of little or no discernible change in a

lineage.
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Extinction

Pseudoextinction

Sister group

Cladogenesis

Stem group

when all the members of a clade or taxon die,

the group is said to be extinct.

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 group, whose members have ceased to
exist. The Dinosauria, it defined so as to exclude
the birds, is an example of a group that has

undergone pseudoextinction.

The two clades resulting from the splitting of a

single lineage.

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

speciation.

All the taxa in a clade preceding a major
cladogenesis event. They are often difficult to
recognize because they may not possess

synapomorpies found in the crown group.
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Cladogram

Parsimony

Homology

Relatedness

Diversity

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.

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.

Two structures are considered homologous
when they are inherited from a common
ancestor who possessed the structure. This may
be difficult to determine when the structure has

been modified through descent.

Two clades are more closely related when they
share a more recent common ancestor between

them than they do with any other clade.

Term used to describe numbers of taxa, or

variation in morphology.




Convergence Similarities that have arisen independently in
two or more organisms that are not closely

related. Contrast with homology.

2.2 Molecular phylogenetics:

Molecular phylogenetics attempts to determine the rates and patterns
of change occurring in DNA and proteins and to reconstruct the evolutionary
history of genes and organisms. Two general approaches may be taken to
obtain this information. In the first approach, scientists use DNA to study the
evolution of an organism. In the second approach, different organisms are
used to study the evolution of DNA. Whatever the approach, the general
goal is to infer process from pattern: the processes of organismal evolution
deduced from patterns of DNA variation and processes of molecular

evolution inferred from the patterns of variations in the DNA itself.
Molecular Phylogenetic Analysis: Fundamental Elements

Nucleic acid and protein sequences can also be used to generate trees. DNA,
RNA and protein sequences can be considered as phenotypic traits. The
sequences depict the relationship of genes and usually of the organism in

which the genes are found.

As we just discussed, macromolecules, especially gene and protein
sequences have surpassed morphological and other organismal characters as
the most popular forms of data for phylogenetic analyses.

First, it is important to point out that a single, all-purpose recipe does not
exist for phylogenetic analysis of this type of data. Although numerous

algorithms, procedures; and computer programs have been developed, their
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reliability and practicality are, in all cases, dependent upon the size and

structure of the data set under analysis. Phylogenetic tree-building models

presume particular evolutionary models. For any given set of data, these

models may be violated because of various occurrences, such as the transfer

of genetic material between organisms. Therefore, when interpreting a given

analysis, a person should always consider the models used and entertain

possible explanations for the results obtained. For example, models used in

molecular phylogenetic analysis methods make "default" assumptions,

including:

1. The sequence is correct and originates from the specified source;

2. The sequences are homologous--are all descended in some way from a
shared ancestral sequence;

3. Each position in a sequence alignment is homologous with every other in
that alignment;

4. Each of the multiple sequences included in a common analysis has a
common phylogenetic history with the other sequences;

5. The sampling of taxa is adequate to resolve the problem under study;

6. Sequence variation among the samples is representative of the broader
group; and

7. The sequence variability in the sample contains phylogenetic signal

adequate to resolve the problem under study.

2.3 Multiple alignment:

The most practical and widely used method is multiple alignment
method. This method is the hierarchical extensions of pairwise alignment
methods. Multiple alignments are built by successive application of pairwise

methods:



- It Compares all the sequences pairwise; (for N sequences there are N.(N-
2)/2 pairs or scores)

- It performs cluster analysis on pairwise scores to generate a hierarchy for
alignments;

- It builds the multiple alignment by aligning the most similar pair of
sequences first, 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.

o Phylogenetic tree will strongly depends on the alignments obtained.

o Insimple cases, the quality of the alignments is good, in more difficult
cases, the alignments give good starting points for further automatic
or manual refinements ;

o The multiple alignment is dependent of the score calculation model

(gap, transversions, weights...)

2.3.1 Phylogenetic tree construction methods:
Its topology (form) and its length (sum of its branch lengths) characterize
a phylogenetic tree.
Each node of a tree is an estimation of the ancestor of the elements

included in this node.
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The phylogenetic methods for constructing phylogenies from sequence
data:
1.Methods directly based on sequences:
e Parsimony ;
e Maximum likelihood ;
2.Methods indirectly based on sequences:
e Distance matrices (UPGMA, NJ,) ;

2.3.2 PHYLOGENETIC TREE: In phylogenetic studies, the most
convenient way of visually presenting evolutionary relationships
among a group of organisms is through illustrations called
phylogenetic trees.

A phylogenetic tree is a graph composed of nodes and branches, in
which only one branch connects any two adjacent nodes. The nodes
represent the taxonomic units and the branches define the
relationships among the units in terms of descent and ancestry. The
branching pattern of a tree is called the topology. The branch length
usually represents the number of changes that have occurred in that
branch. The taxonomic units represented by the nodes can be species,
populations, individuals or genes.

[Nods], "
S e -{Clade
!—_ Mouse i

g

Branch
A | \tenath

[Braﬁi\\
b}

Fly
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o Node: represents a taxonomic unit. This can be either an existing
species or an ancestor.

e Branch: Defines the relationship between the taxa in terms of descent
and ancestry.

e Branch length: Represents the number of changes that have occurred
in the branch.

e Root: The common ancestor of all taxa.

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

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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2.3.3 TREE BUILDING:
The other type of phylogenetic analysis we'll discuss is tree building.
This form of analysis is more work than signature analysis, but is
quantitative and more reliable. There are several methods for building trees,
including distance matrix methods and parsimony methods. We'll discuss the
'least-squares distance matrix' method.
Tree building starts with a sequence alignment. Here is an example
alignment of 5 sequences with 25 positions in the alighment:
Seq. A AGAUUCGUCUGUAGGUUUCCACCAA
Seq. B ACAUUCGUGUAUAGGUUUCCACUAA
Seq. C ACAUUCGUGUAGAGGUUUCCACUAA
Seq. D AAGUUCGCUUGGAGGUUUCCACGAA
Seq. E AUCGUGAGAUCCAGGUAUCCACAAU
The first step toward building a tree is to generate a similarity matrix: Just
count the fraction of identical bases in every pair of sequences in the
alignment.
Seq. A AGAUUCGUCUGUAGGUUUCCACCAA
IXHNIXIXHImXY 21725 = 0.84
Seq. B ACAUUCGUGUAUAGGUUUCCACUAA

A B C D E
0.84 - e e e
0.80 096 ---m -eeme ome-
0.76 072 0.76 ==~ ===
052 052 052 0.52 ----

mg O w »
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In this example, sequences A and B are 0.84 (= 84%) similar, A and C are
0.80 similar, B and C are 0.96 similar, etc, etc.
With all of the similarities converted to evolutionary distances (whether or
not they are corrected, or how they are corrected), you have a distance
matrix:
Evolutionary distance
A B C D E

B 0.18 = e e e

C 023 0.04 - oo e

D 029 035 029 - -

E 077 0.77 077 0.77 -----
These distances can then be used to construct a tree that best fits these
evolutionary distances. This done by starting with two of the sequences
separated by a line equal in length to the evolutionary distance between the
sequences.
Then the next sequence is added to the tree such that the distances between
A, B and C are approximately equal to the evolutionary distances.
Notice that the fit isn't perfect. If we could determine the evolutionary
distances exactly, they would fit the tree exactly, but since we have to
estimate these distances, the numbers are fit to the tree as closely as possible
using a least-squares best fit.
The next step is to add the next sequence, again re-adjusting the tree to fit
the distances as well as possible.
And at last we can add the final sequence and readjust the branch lengths

one last time using least squares.
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Notice that the distance between any two sequences is (approximately) equal
to the sum of the length of the line segments joining those two sequences - in
other words, the tree is additive.

This type of tree is called a dendrogram. The nodes connecting different
sets of branches represent common ancestors of those branches. This tree is
unrooted - the single common ancestor of all of the sequences cannot be
determined in this tree. Some people prefer dendrogram because
evolutionary distance is easily visualized. In this example, sequence B and C
are the most closely related. Each of these are somewhat less similar to A (a
little closer in the case of seq. B; that's why the branch to B is shorter than to
C). A, B, and C are less similar to D, and E is only distantly related to the
rest.

2.4 Method Of Phylogenetic Studies Of Legumes

Take the legumes i.e., Pisum sativum, Medicago, Glycine max, Arabidopsis,
Lotus and co - related the phylogenetic relationship between these Legumes
by taking a nuclear enzyme, a mitochondrial enzyme and a chloroplast

enzyme.

2.4.1 Reasons For Taking Conserved Common Enzymes In Phylogenetic

Studies.

2.4.1.1 Nuclear Enzyme

1) Nuclear enzymes have Bl-parental inheritance.
2) Nuclear enzymes are in abundance in a Genome.

3) Amplification and sequencing are easy.

51



4) 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.

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

6) Many nuclear genes may contain large Intron that necessitates reverse
transcriptase PCR.

7) The nuclear enzyme which we are taken are Chitinase due to its role in
metabolism a key functional pathway.

2.4.1.2 Mitochondrial Enzyme

1) Mitochondrial enzymes are maternally inherited.

2) These enzymes are used to construct a PhylogeneticTree 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 estimate 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 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 Aspartate amino

transferase a key enzyme in the respiratory pathway.




2)

3)

4)

5)

6)

7)
8)

2.4.1.3 Chloroplast Enzyme

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
events.

By relating variation in chloroplast DNA restriction-fragment patterns to
specific mutations, either base substitution or indels data sets suitable for
phylogenetic reconstruction’s using Parsimony analysis may be produced.
Restriction-site variation is used to estimate total sequence divergence
between taxa. Such distance measures may used to reconstruct phylogenies.
Chloroplast 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 Glutamine synthase the key

enzyme of the photosynthetic pathway.

2.4.2 Multiple Alignment Method

The most practical and widely used method in multiple sequence alignment

is the hierarchical extensions of pair wise alignment methods.
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2.4.2.1 Steps involved in multiple alignment method

1.Select the most conserved enzymes:

First we selected the most conserved mitochondrial, chloroplast and

nuclear enzymes of legumes. In legumes the most conserved functional

€nzymes are

Mitochondrial enzymes:

. Aspartate amino transferase
. NADH dehydrogenase

. ATP synthase

. Succinate dehydrogenase

. Malate dehydrogenase

N W AW N

. Citrate synthase

Chloroplast enzymes:

1. Glutamine synthase

2. Fructose 1,6 bis phosphatase

3. Phospho enol pyruvate carboxylase

4. Glyceraldehyde 3-phosphate dehydrogenase

54

2.6.1.1
1653
36314
1399}
11182

41328

1.4.1.13
3131
41131

1219




Nuclear enzyme:

1. Chitinase 3.2.1.14
2. Methyl transferase 21137
3. Alcohol dehydrogenase 1

4. Cysteine synthase 42998

2.From the all above-mentioned enzymes the following enzymes which were

selected for the practical purpose.i.e sequence available from GenBank

o Aspartate amino transferase (mitochondrial enzyme)
e Glutamine synthase (chloroplast enzyme)
o Chitinase (nuclear enzyme)

3.Search The Sequences From NCBI:

Search the sequences of the Aspartate amino transferase (mitochondrial
enzyme), Glutamine synthase (chloroplast enzyme), and Chitinase (nuclear
enzyme)

From NCBI.

Then accession numbers and their sequence of the above enzymes of

interest of legumes were downloaded on to a local database .
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Mitochondrial Enzyme (Aspartate amino transferase)

Legume Accession number
Medicago L25335

Glycine max L40579
Arabidopsis X91865

Lotus AF029898

4.Paste accession numbers of these legumes for a Mitochondrial Enzyme
(Aspartate amino transferase) in the NCBI. We will get the sequences for
that accession number of the Legumes for ex:-(Medicago, Arabidopsis,

Glycine, and Lotus).
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History Chiphoard

1: L25334%. Medicago sativa a...[g1:413726

Locus
DEFINITION

ACCESSLON
VERSTON
KEYWORDS
SOURCE
ORGANISM

RCFERENCE
AUTHORS

TITLE

JOURNAL
MEDLINE
PUBMED
FEATURES
source

ALFAATZA 5788 bp DNA linear PLN 10-FEB-1997
Medicago sativa aspartate aminotransferase (AAT2) gene, complete
cds.

L25335

L25335.1 GI:413726

aspartate aminotransferave,

Medicago sativa.

[ SN 1}

kukaryota, Viridiplantae, Streptophyta; kmbryophyta; Tracheophyta,
Spermatophyta; Magnoliophytda; eudicotyledons; (ore eudicots;
Rosidae; eurosids 1; kabales; Fabaceae, Papillionoideae; Trifolieae;
Medicago

1 (bases 1 to 5788)

Gregerson,R.G., Miller,S8.8., Petrow.ki,M., Gantt,J.5. and
Vance,C.P.

Genomic structure, expression and evclution of the alfalfa
aspartate aminotransferase genes

Plant Mol. Biol 25 (3), 387-399 (1994)

7

Location/Qualifiers

1..5788

/organism="Medicago sativa"

/cultivar="Saranac"

/sub_species="sativa"

/db_xret="taxon:3879"

1525..5247

/gene="RAT2"
jJoin(1525..1599,1680..1721,2537..2731,2873..2911
3000..3089,3205..3313,3405..3514,3767..3910,4107,.4273,
4700..4964,5116..5247)

/gene="AAT2"

/codon_start=1

/product="aspartate aminotransferase"

/protein_id="An Ac "
/db_xref="GI:777387"
/translation="MASSSLLSSVP SLSILDTNIKGKLKLGINNFSNLRSSGRI
CMAVATNVSRFEGIPMAPPDPILGVSEAFKADTNDVKLNLGVGAYRTEELQPYVLNVV
KKAENLMLERGENKEYLPIEGLAAFNKATAELLLGADNPAIKQQRVATVQGLSGTGSL
RLGAALIERYFPGAKVLISNPTWGNHKNIFNDARVPWSEYRYYDPKTVGLDFEGMIED
IKSAPEGTFVLLHGCAHNPTGIDPTPEQWEKIADVIQQKNHFPFFDVAYQGFASGSLD
EDAASVRLFESRGMEVLVAQSYSKNLGLYAERVGAINVISSSPESATRVKSQLKRLAR
PMYSNPPVHGARIVANIVGTPALFDEWKAEMEMMAGRIKTVRQALYDSISSKDKSGKD
WSFILKQIGMFSFTGLNKSQSDNMTNKWHIYMTKDGRISLAGLSLAKCEYLADAIIDS
YHNVS"

59




BASE COUNT 17491 a

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
121
781
841
9201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601

aactgtatga
aagttataag
ttaaataatc
tgtatttctc
aatgttaata
tgaccttcaa
agtagtagct
actagactct
ttttaaaact
caatctatat
gtaaaaaagt
Aaggttttagg
aatggtcttc
ggtgttaccc
ataagtaaaa
cteatattta
aaacttgttt
adaccaaate
ttcaatcgtg
ttatctcgaa
gttctatgaa
attattattt
aagtgataaa
gcccatagtt
ttacaaacaa
gttttttect
cactctgett
ttacctattt
gaaagcttaa
ggaactatgc
aatttaaggg
actttttttt
aaatgtaatt.
gttgttaatc
ttgcaattca
tgatgttett
caaccttact
ttagttaaaa
atcagagtca
aaccggaggyg
tctgttetta
ttggttaatt
gattttgttt
gtttgagggt
agcagacacg
acaaccatat
gtttgcacat
aggctatttt
tcttatgotg
tttgtgcata
atctccceat
cagacaatcc
ttgaagtata
tttttctcte
ctgcgactag
aatcctacgt
ttcgagggaa
tttcaacgat
cttggatttt
aatgaaatta
tgcattagaa

934 ¢

tgtaagttaa
ttatatoctgg
tctaccatta
ctttcgagga
tgttaattgt
gtccttaace
gttgtttttt
aaaactttta
cttactaatt
tgacttcaac
cttacatttg
tgggaatgta
atagagactt
tetgtetrtot
cetgacaaaa
atgaaattag
ttcattttce
atcagatttt
aagtaattat
vgattcatce
cttaaaaaaa
tettetgaca
acaaaacatt
tcattteata
acacaacaaa
Sticacaaca
cactttegat
atgaatgatt
gcttggaatc
ttattatcat
tgtgtatata
tttttgtaac
ttcagetega
gtatgttcca
aagtggttaa
caacaactac
ttagattaga
ttgaatcgat
gactttacat
ttaagacaaa
tttttgttte
aggatttagg
attcagtcat
ataccgatgg
aatgatgtca
gtgcttaatg
ttcectgtgec
ttcagttgag
gagagagggyq
aaattgttga
tgagggtttg
agcaatcaaa
taacatttat
tcetttttac
gtgcagctcet
ggggtgtgaa
ttcgtacatce
gctecgagtac
gagggcatga
atcatacttt
agtaagatag

962 g

gtagaccaat.
taatcaattt
atttaaattq
agtgatgcat
tgttatgtta
ttttaggtca
cctegettta
gatagacaaa
taaacvgtatg
tetaatatca
aggaanaaaaaq
atgtatattt

cccteatgat
aggagaaatq
aatcgtacet
tactaagaat
ccttoettaat
Ltttrgtqget
attcegacca
tttagttgga
tgattttttt,
agaattatgu
gtcgttgtty
tcactctceac
atcaaaccat.
aaatatggca
cctegacaca
taatcaattqg
aacaacttct.
ttcaatttta
Laattcaatt
ttttttaaat
ggtattagte
atttttgtgt
tattattact
ttttaattgt
attgtaaaac
tatgaatatt,
acctoecagac
aataagaaat.
tataatggat.
aggtgqgtcct.
ctggt.cggal.
ctcctcctga
agctcaatct
ttgtgaaaaaq
atgtattgat
tcaatattga
aaaacaaaga
getttagatt
gctgeattta
cagcaaagay
tgactgtgay
tcaggttgeo
gatagaacga
ttttattcct
gtaggtaaca
catggtctga
tagaagatat
ttatatggac
atactgattt
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agtctttgag
tgatcacatrt
aacaattgag
traeactortt
trttttttea
aaccaattaqa
ttrcatctte
tcatttecte
agcctttgta
ctecteattg
atgagatdgac
catttgtaty
ccaacdcatt
agtcatagta
tecactattaa
atattattqa
ctttattaca
aacccgaaat
aaaattatte
attcattaac
ceattataat
Laatttttta
atagaatqaq
tedacacttty
tttegeaact
tratetteat
aacatcaaqg
attaatttat
ccaatttaag
attattttaa
catcttactt
ttatcatert
tectgeagtig
tcataaatyqg
aacacacact
tatttigtta
caagtgqgttg
gagtttyaag
atcagattac
tagaatagta
caaagaatag
actaccctga
ctgeatggot
tecaattoett
tggagttggyg
ggtatttgat
ttcttatttt
ttgatgaaat
ggtaattttc
attgactgtg
acaaggcaac
tatgtagtgg
atcataaaaa
actgtccaag
tattttectg
ttctcggttt
tttttgtctt
gtaccgatac
aaaggttaca
tatgatattt
tgatttataa

ggatctgaat
acaaatttac
aattgagatc
gagtatttte
cgttgttaaq
gotacctaat
ttccotteet
cat tacaaac
dgtgaccace
ttgtactgta
acatatagtt
dactgatrcteq
catcatcgaa
atcgagaatt
agataatatc
ddaqaaat tgt
aggaaasaaaa
gaaccctgaqg
cacctaaaaa
atcttgaact
ttgaagaaaa
rtattaaaag
ggacattgta
tgatctcatc
ctttotgttg
tactctccte
ttcectgtgtat
ttttgtttte
ggtgtgtata
tatatcatta
actaatgtta
tcagetttac
cgegegcaga
attgaagaac
tcatlgttact
atttactaat
gatcaagcaa
cctgactgaa
caqgggtgeet
attcaattcce
ttttaaaatt
tcaatttcat
gttgcgacta
ggagtttctg
gcatacagaa
getgtgettt
acttettgte
tattgttttt
tttaggtcgt
atttcacttg
tgcagagttyg
atttagaaaa
canacaagaa
gtctttcagg
gagcaaaagt
aacttggtca
gcaggtaate
tatgacccca
tcctcatcca
ttctcaactg
gtatgtttta

tctcattaca
taaatcaatt
actaatcgta
tttaatggac
acttgaatca
ceaccectee
tatactaaaa
cattctcttt
actgtcettt
gcaaccgtaa
aatatcttta
actcattgtg
qatatttttt

cqttcaaaaa
ttgcattett
ccacaccaaa
aaacattttt
taatcatgaa
ttgaacttgg
caattggttg
tattattatt

ttaaaatgaa
gttgtcgtca
taaatcttta
agttgctttg
tqtaccttca
gaatcaatct
attcaacagg
tataatatga
ctctatgatc
ttcattaact
tttagattaa
gataccagcet
agttttaaaa
tattagttac
gttacttata
ttaacaaggt
acaattgttyg
ttectctgga
tgatgttaac
gcaattgaaa
tttgtetgtt
atgtttcteg
aagcatttaa
cggaagaact
tttttttaca
cagaaacctg
aggcagaaaa
atgcaattta
gaattgcagt
ttgctcggag
tataatattt
ataaatcaac
aactggttct
tttgatatca
tgatatttgt
acaagaatat
agacagttgg
ttatttagaa
ttttetteet
attcatcttg



3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
468]
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761

tagtgaaggc
aagaaaatgg
aacttttgtg
acagtgggaa
tgcttaccag
cgtgttcaaa
gtggatacaa
actaaactgc
cttetgtgag
aaaacctcgg
aatctgcaac
atgcacttgt
atcaatcaag
tgaaataatc
aatgaacttt
agtatatatt
tgaccaatgc
tgattactat
«ctaatccacce
ttgatgaatg
agoetgtatga
agcagatagg
tlgacttatc
atgagtatgt
cttolgtttg
ggaaggattt
atcgattcat
tatggtgagt
gcattgtttg
gaataagttg
gtt.gaaccta
atcatttttt
attgttgtaa
accaatgtca
t.cacgcacat
aatgtatcat

ctacagaaga
aacttcatcat
ctacttcatg
aaaatagctg
gtacacaatc
tgtcgttaac
catgaaaccg
tcattaaaaa
attgtttgag
cetttatget
aaggtgttgt
ctaaaatatt
agtcataggg
ttgtattact
cacacattaa
caacttaatc
aatgtatgct
gtatttcagg
agttcacggqg
gaaagcagaa
tagtatttot
catgttat.
tattttatac
gatttgtatt
gtcagagtga
ceectggeagg
dtcataatgt
attataccaa
tcatttttca
aatcaaagtqg
attattgaat
gcagacttca
tactactata
atagaggaca
tgaaatygat
aatcgttaga

acacgaattc
aattgcaact
gatgtgcaca
atgtaattca
tttggtaaac
aaaattgtaa
gtgggtatcqg
tttcagggtt
tcacgtggca
gaaagggtty
aaattacgta
gaattctgat
aataaactta
gctacqagta
cttctttgat
aattgttttqg
atagtaaacy
gtaaagagcc
gctaggat.tg
atggaaatga
tcaaaagaca
ttcacagygct
gttatcttta
taatgtattqg
caatatgaca
attgtccety
cagctgaaac
atcatagtta
tatgtaccca
ttgatgtaac
ttagagtat.q
agcaagtt.ga
ttaaatcatt
ttgggt.gaaa
tcaaaccctyg
caaagatc
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acatttaatt
gtttgcattt
taaccctact
acaaaagaac
gagctatctt
ttaagacaaa
tgcagtaacc
ttgctagtgg
tggaagttct
gagctattaa
tgctgtgett
tctttictag
acgataggca
ttttcgataa
agoetctctaa
tttaagaagq
ttctgtettg
aattgaaaag
ttgctaatat
tggctggaag
aaagtggaaa
tgaacaagag
gtectattte
cattattgac
adataagtggoe
gccaaatatg
geagtgaaac
t.tgacacatt
dagtcccottt
adacgagtot
tttcttattg
acctaattat
t.tacgttatt
cagt tacgge
cctteaagga

agaatatcea
ttatagtcygg
ggtattgatc
cactttcecat
ttttgraaat
taaaccttac
gtgaatatat
aagccttgat
tgtagctcag
tgtcatttec
tctaatattt
ataggtgaag
ttttgtagga
tcact teetg
ttttetacat
aagacatctt
gteaacactce
gcttgctaga
tgttgggact
gataaaaact
ggattggtca
ccaggttttt
tttgacitcta
rregetgtic
atatatacat
datacctggo
atgcttttga
acaataattt
ygaaatcatg
cttttgcaga
ttgtaatact
tgatttggag
agttcttcaa
tttcagtcaa
adacatgcat

tgcaattcta
ctceggaagg
caacaccaga
tttttgatgt
ttgtggacag
aacaaatgaa
ttcacgatat

gaagatgcgg
tcatacagta
tcatcaccgg
ttgaaattca
gtttcatttt
atagaaaagt
aatgaqttga
gagcacctat
gtattcaact
aacaatttga
ccaatgtact
ccagctctcet
gttaggcagg
ttcatactca
gactcccccat

tcaacgtaat
tttgttatat
gacaaaggat
agatgctatt
agcaagcata
tatcatgtat
ttgtaacctt
cttgaagcaa
actatattaa
tatgtttett
aattggtaac
cataaatgat
tcatgcagtc



A HUBE Sequen

lbgreh Mthw

1: L40579. Glycine max (clon. .[g1:710595]

Locus SOYMAA

1717 bp mRNA linear PLN 30-APR-~199%

DEFINITION Glycine max (clone pSAT2) nuciear-encoded mitochondrial aspartate
aminotransferase mRNA, complete cds.

ACCESSION L40579

VERSION L40%/9 1 GI:710595
KLYWORDS aspartate aminotransferase; nuclear-encoded mitochondrial protein.
SOURCE soybean.

ORGANISM

EukdE}otd:_V;tldxplantae. Streptophyta; Embryophyta; Tracheophyta:
Spermatophyta; Magnoliophyta; eudicotyledons: core eudicots;

Rosidae;
Glycine.

eurosids I; Fabales; EFabaceae; Papllionoideae; Phaseoleae;

REFERENCE 1 (bases 1 to 1717)
AUTHORS  Wadsworth,G.J., Gebhardt,J.5. and Matthews,B F.
TITLF Charac terization of a soybean cDNA ¢lone encoding the mitochondrial
1sozyme of aspartate aminotransferase, AAT4
JOURNAL Plant Mol. Biol 27 (6), 1085-109% (199H)

MEDLINE ' . __
PUBMED
FEATURES
source

Location/Qualifiers

1. 1717

/organism="Glycine max"

/strain="Century”

/db_xref="taxon:3847"

/clone="pSAT2"

/tissue_type="green .eaf"

/dev_stage="14 day o:d light grown seedlings"

1..53

54.,1337

/EC_number=" "

/note="nuclear-encoded protein”

/codon_start=1

/evidence=experimental

/product—"mltochondz¢al aspaztafe aminotransferase"”
/protein_id=".u

/db_xref="G 710596
/translation="MAIRNSLTGQFLRRSSVAGARLMSSSSSWFRSIEPAPKDPILGV
TEAFLADQSPNKVNVGVGAYRDDQRKPVVLECVREAERRVAGSQFMEYLPMGGSIKMI
EESLKLAFGDNSEFIKDKRIAAVQALSGTGACRLFAAFQQRFHPNTQIYIPVETWANH
HNIWRDAGVPMKTFRYYHPESRGLDFSGLMDDIKNAPDGSFFLLVLTAHNPTGVDPSE
EQWREISSQIKAKGHFPFFDMAYQGFASGDPERDAKAIKI FLEDGHLIGLAQSYAKNM
GLYGQRAGSLSVLCEDEKQAVAVKSQLQLIARPMYSNPPLHGALIVSTVLGDPDLKKL
WLKEVKVMADRIIGMRTTLRENLEKKGSTLPWQHITNQIGMFCYSGLTPEQVDRMTNE
FHIYMTRNGRISMAGLNTGNVGYVLDAIHEVTKSF"

I 54..128

/function="targets protein to mitochondria"

62



BASE COUNI~ 47 a

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
121
781
841
901
961
1021
1081
114}
1201
1261
1321
1381
1441
1501
1561
1621
lesl

ctcteectet
ttcgcaactce
tqtcttcttce
gagtcactga
cgtategega
gggttgcceqq
aagaatcget
Ltgcagtgca
gatttcatcc
tttggagaga
gattggattt
tgcttgtqget

agatrctette
gttttgctag
gtcatttaat
waggaagect
tgcagctgat
ctactgtect
cagaccgecat
ctttgeccaty
(tgaacaggt
tcagtatgge
ttacaaaatc
gacaaacatc
gacaaatttt
attgaagacc
tcoattttta
ttttataaaa
tacgtagett

129..1334

/product="mature mi
/EC_number="

1335. 1717
1717
ol «

ctgttegeac
gctcaccggce
gtcctcatgg
agecttteocte
tgaccaacqqg
aagtcaattc
gaagctggea
ggcttratot
taatacccaa
tgctggagtq
ttcaggactqg
tactgctcat
ccagat adaqg
tggtgatcca
daggacttrqget
gagtgtgctt
tgctagacce
tggtgatcca
catiggaatg
gcagcarata
tgatcgtatg
tggtcttaat
attctaqatt
tcagaaqgtag
caacttgtet
cttattgcaa
cagacatctt
taatttgagt
cattccrtac

/note~"putative"

382 g

tetgrettto
caattectc

ttccggaqgeoa
gccgate aga
aaacctgtgy
atggagtatec
tttggagaca
gggac tgyty
atctatatac
cctatlgaaga
atggatqgaca
aatcitacty
gctaaggyte
gagagagatq
cagtcatatq
tgtgaagatqg
atgtacagta
gatttgaaga
aggactacac
actdatcaga
acaaacgagt
acggqcaqacy
attcaatcac
tacccttate
cggggtaaga
tacgtratcog
gtttagcact
agtagattga
tatactatta

49 t

cectgttree
gccgeagete
tcgagoccoqge
gtccaaacaa
rtttggaatg
ttcccatggq
actctgagtt
catgtcgact
caqtgectac
cittceqtta
taaagaatqgc
gaqtagatcc
atttccctr
¢ 1aaagcecat
¢ ddadaatat
Agaaacaaqe
acccacctet
agttatgget
t icqgagaqdaa
ttygtatgtt
ttcatattta
Ltggatatgt
ccaacagqlq
caqgqggagca
tagtgatact
atttatcata
ttaatgagca
ataagggett
tietgtt

gegteactga
cgtegeegga
tcccaaggat
agtcaacgte
tgttagagaa
tggaagcata
catcaaggat
ttrttgctgea
¢ tgggccaac
« tatcaccct
tccagatggt
ttcagaagaa
ctttgacatqg
laagattttt
yggactgtat
tgLggctgta
ccatqgagca
taaagaagtc
cttagaqaaaq
ctgetacagt
catgaccegt
cttggacget
dccaqaatttt
aaataaattt
cttcaqggtt
trratgeace
taaccctgta
tatttatggt

tochondrial aspartate aminotransferase"
"

gtcatggeya
gcaaggctca
cctatccteg
ggagtgggty
gcagagagga
aaaatgataq
aadagaataqg
tttcaacaga
caccataaca
gagtctagag
tecttettte

«aatggagag
gcdtatcaaqg
cttgaqggata
ggceagegaq
aaaagtcagt
cttatagttt
aaggttatgg
aaggggtcta
ggattgacac
aacggtegta
atccatgagqg
tgtetttgga
aataaagtct
taccttgcat
atagattata
tcatcattty
gadacaggaag




1: X91865.
g...[gi:1017410]

LOCus
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
MEDLINFE
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
source

A.thaliana asp5

ATASPHGEN 4836 bp DNA linea: PLN 14-NOV-1996
A.thaliana aspb gene.

X91865

X91865.1 GI:1017410

aspS gene; aspartate aminotransferase.

thale cress,

(1planrae, Streptophyta; Embryophyta; Tracheophyta;
apvtmatophyta, Magnoliophyta; eudicotyledons; core eudicots:
Rosidae; eurosids II; Brassicales; Brassicaceae; Arabidopsis.

1 (bases 1 to 4836)

Wilkie,S.E., Lambert,R. and Warren,M.J.

Chloroplastic aspartate aminotransferasc from Arabidopsis thaliana:
an examination of the relationship between the structure of the
gene and the spatial structure of the protein

BlOChPm. J. 319 (Pt 3), 969-976 (1996)

2 (bases 1 to 4836)

Wilkie,S.

Direct Submission

Submitted (28-SEP-1995) 5. Wilkie, lnstitute of Ophthalmology,
University College London, Dept.Molecular Genetics, Bath St,,
Lendon, EC1V 9EL, UK

Location/Qualifiers

1..4836

/organism="Arabidopsis thaliana"

/cultivar="Landsberg erecta"

/db_xref="taxon:3702"

/tissue_type="leaf"

/clone_lib="lambda DASHII"

/germline

1821..1826
join(2237..2296,2389..2439,2563..2757,2832..2870,
2955..3044,3142..3250,3335,.3444,3652..3795,3888..4054, °*
4193..4457,4552,.4683)

/gene="asp5"
join(2237..2296,2389..2439,2563..2757,2832..2870,
2955..3044,3142..3250,3335,.3444,3652..3795, 3888, .4054,
4193..4457,4552..4683)

/gene="asp5"
/EC_number=" .
/note=“homod1mer"
/codon_start=1
/product="aspartate aminotransferase”
/protein_id=":2 .-




3

It

/db_xref="GI:1017411"

/db_xref="SWISS-PROT:P4ol4R"
/translation="MASLMLSLGSTSLLPREINKDNVKLGTSASNPFLKAKSFSRVTM
TVAVKPSRFEGITMAPPDPILGVSEAFKADTNGMKLNLGVGAYRTEELQPYVLNVVKK
AENLMLERGDNKEYLPIEGLAAFNKATAELLFGAGHPVIKEQRVATIQGLSGTGSLRL
AAALIERYFPGAKVVISSPTWGNHKNIFNDAKVPWSEYRYYDPKT IGLDFEGMIADIK
EAPEGSFILLHGCAHNPTGIDPTPEQWVKIADVIQEKNHI PFFDVAYQGFASGSLDED
AASVRLFAERGMEFFVAQSYSKNLGLYAERIGAINVVCSSADAATRVKSQLKRIARPM
YSNPPVHGARIVANVVGDVTMFSEWKAEMEMMAGR [ KTVRQELYDSLVSKDKSGKDWS
FILKQIGMFSFTGLNKAQSDNMTDKWHVYMTKDGRI SLAGLSLAKCEYLADAL IDSYH
NVS"

2237..2296

/gene="asp4H"

/number=1

2297..2388

/gene-~"aspb"

/number=l

2389..2439

/qgene="asp5"

/number=2

2440..7562

/gene-"asp5"

/number=2

2£63..2757

/gene="asp5"

/number=3

2758..2831

rgcrie="aspb"

/number-3

2832..7870

/gene="asp5"

/number=4

2871..2954

/gene="asps5"

/number =4

2955..3044

/gene="asp5"

/number=5

3142..3250

/gene="asp5"
/number-6
3251..3334
/gene="asp5"
/number=6
3335..3444
/gene="asp5"
/numbe r=7
3445..13651
/gene~"aspb"
/number=7
3652..3795
/gene="asp5"
/number=8
3796..3887
/gene="asp5"
/number=8
3888..4054
/gene="asp5"
/number=9
4055..4192

65




BASE COUNT
ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941

1377 a

ggtaccaaaa
tgattttrate
acatcatete
tqarggaaag
tcatcatcgt
aatcgatgtg
attaatggtt
gctcttgata
ttgattaatt
agtatctcca
ttetocttga
gttctgaget
ctttagttce
atggtyggyg
ccagaatatc
tegttgtecat
taacattaag
gttgatgtat
tgttgggtceg
ggaaaattga
ttaggaagac
gtaagtccgg
atgagtgtac
tccqgaaaatc
ttgegteate
tqttyaaacy
gtgtacaacc
cattgqttaa
agaaaataat
agtaatitaa
tatttgtaaa
tgttgcatga
aaacataatc
ttcgtagaca
ctcgatctga
ctgc taaaat
tttggaattg
gc tceatage
gcgegagatt
cagtttattec
cttggaactt
tgctcgaatc
taagtgtagt
atgacggttg
attcttggag
gttggtgett
ggaacttgta
gtcgttteta
ttatttgaaa
gatggaactt

/gene="asp5"

/number=9
4193 4457

/gene="asp5"

/number<=10
4458 4551

/gene="asp5"

/number=10
4552 4683

/gene="asp5"

/number=11
886 c

caaaacacaa
atctaaatct
attgtttgga
cggatcattg
gtaatagatc
cccacatgaa
aaggaccttc
cagcaaggta
tegygttt agg
cgagcgttgt
ttettectte
aaccgaacaa
atctctaacg
ctcacggcaa
tcctagatgg
atcactagag
tttctttecat
tatttcaact
ctaaaccggt
«ggataagag
ggccggttga
tttgtgrtga
cgtttcgaaa
gtggatcegg
trttgtetrt
taaatasaac
agaaccgagt
ggtagagcta
attttttige
tttgggggty
ttgattaata
accactaatc
ctaaatgact
tcgtcegtgte
tcgttatcga
actcacaaag
cttatectcg
gattccatgg
aacaaggtac
aaaatcttac
ctgcttcgaa
tgaaccatat
ttgtatctga
cagtgaagcc
tcagtgaage
ategtactga
actctagtta
ggcggagaat
ttgtgcaagc
gcagtatctt

959 g

gtactaatca
cagaatgaaqg
tatggaaatqg
gatacacagt
atgagttaaa
ataaataatt
tcggggateq
ctacactcad
taaaccgttt
cgtcetecgy
aacge caagg
gatttgtrtc
atagatcaac
aaacaacatt
taaaatatta
ttatagcaca
tacgtctaaa
aatcacacat
ttattgagtt
tgatgtttat
gaaattgagt
cgttattgec
aatttgcage
ttatcaaaga
gtgtttaggc
cggaaataaa
tatcgacc gt
ggagggacte
ttettrttttg
aaaaatgtga
tataaattagt
acaatccact
atcttaccce
tctetctegt
aaccgcgoga
tctegtgate
cactagttca
cttctttaat
ttttegeogt
ttttttgttt
ccegttecta
gaacaatttt
aatttgtggae
ttctogttte
attcaaaget
ggaactccag
atctcgtatg
ttgatgttgg
gattacatca
ccaattgagg

1614 t

tttttactet
ttgatttgtt
aactcagttc
tacacggtaa
ttaatactat
tttgttttga
gctttaacat
gtgcccacat
tettatgttg
ttatccacag
taaacaactt
gttgattcaa
attcagattt
aaactatcag
acattteccct
tagtttgata
attgttgrtc
aaaaatcatt
tgtctcattg
gegtttggty
tcggt tcagt
atcaatacat
aatgccccaa
tacaatggat
ttaaalzatce
ttgttcagqgt
tgataaccya
tecggttaat
aattttacag
ggacagaagg
gttgteacta
agtatccate
tatcaagaca
tgaatcctig
ttctaaccaa
atattttgtg
ctgatttgag
gttatctete
tctatcgagt
tcgattasac
aaagcaaagg
gaatgacgtt
ttttggttte
gagggtataa
gacactaacg
ccttatgtge
gctcttttca
agagaggaga
tcagaatatc
ggttggcage

tttaccggat
gagcaagatt
gagtttratc
aaatagctca
agtataacag
taaaatttaa
agcacatgcg
ttaacaatce
gtttggaaat
agatcttaaa
gaatcattaa
gaatcattte
cqggattttqgg
gaacacttgg
ctatattgat
gtcataatca
taaatcaaat
atttgattag
caacatcttt
tggttttact
gtcaatctct
gaatcagata
ctiacqggata
catiagcact
gattggttac
ggcagcegtg
tgttctteac
dccateatceg
tttgatctct
gtattcactt
agtgtaaata
catccactct
agcctgagaa
ttaatctttt
gtccaggtga
gatcacatca
atctgtgecag
ggttcecactt
atatggtaga
ttgaacagga
tactctcttt
ttagagtgtt
agtcttttag
ctatggctee
ggatgaaact
ttaatgttgt
tgtagttaat
taacaaagag
actaaattat
attcaacaag

tcttgatatc
caccacccga
gtctacgagce
aaacatcttc
agataaaaca
tgtttgcatc
gatgaagatt
tctetaccgg
agagctgttg
tcgtcaaata
tgatgattct
attcatttgt
tcttgeggta
ttatgttget
cgactttgac
tgtgaccceca
cattttgttt
agatggtagt
atgtccctea
tgaactcttg
tgtcacttgg
gcattggtta
gatcaaaget
tataccaggt
atattttttg
gcagtgcttt
tcactagttc
tcttgattta
gattgctttg
gtcattattg
ttcaattaat
ttcaactttt
gtgagaacac
tcttcaatct
caaatcagct
ttgtcttatt
ttaattttgt
ctectgttace
aattacgcat
taacgtaaag
tctttgttag
attagtctaa
cagagtgact
accagaccet
caatcttggt
taaaaaggtt
ttcattactt
gtaacttggt
acctcacatg
gctactgectg



3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801

agttgctatt
tgttcatcat
accttggctc
cgattagcag
ccaacctggg
accgcecttta
gccaaagtte
gagggaatga
ttgetttata
gtttgcagtt
ctgatggatt
gaaggatcct
ccaqgaacagt
gatgttgcat
agtaagcgaa
gaagccttga
ttgttgctca
atgtegtgtg
catgagceotg
atctagctac
gccagttgaa
Lcgtggecaa
tgatggcagg
acaagagcgg
gc ctaaac aa
gtttagactt
atgacgqgaca
tctctggeca
tgagctteca
tottgatett
ctagacaat t

tggagctggt
gttattaaaa
taaatcacca
cggctcttat
gtacattgtc
tcaactgaca
cgtggtccga
tagcagatat
tatgcatcaa
atactgtcetg
ataatggtta
tcatcttget
gggtaaaaat
accaggtatc
accatattat
tgaagatgca
gtcatatagt
ctcectcaget
ttgcaagtga
aggttttatg
aaggattgct
tgtagtgggt
aagaataaaq
gaaggactgg
agctcaggta
gtggtttgaa
aatggcatgt
aatgcgagta
tctcagtaga
tgattgaaac
ttcaaggaaa

catcctgtta
tgttttctca
ggtagcaaca
agagcgttat
ttgaccacaa
aaataccaca
ataccgctrac
aaaggtttgt
caaacaggat
tgtgataaaa
atcttgaatt
tcacggatgt
tgetgatgte
cecctattece
gtaacgctac
gcatctgtga
aaaaatttaq
gatgctgcta
tcctggagte
gaacctttac
cggcctatygl
gatgtaacta
acggt tagac
tcctteatte
tgccaacaat
gtttgtgcetyg
gtatatlgact
tcttgctgat
tgacaataag
cagatggcta
cttttgattt
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ttaaggaica
tgatgttcct
attcagggtc
ttcectggag
acatttttga
tcaggtaatc
tatgatccaa
ttgtcctaga
atcatttatg
cgagtacttg
tctgttatgt
gctcacaace
attcaggaaa
tacatttccg
atgcacctat
gattatttgc
gtttgtatgce
caaggtaaaa
tcagtttcta
cagtaacact
actcgaatce
tgttcagtga
aagagctgta
tgaagcaiat
tttaatacta
trticttetg
aaagacggga
gcgatcateg
aadcagtttt
aattaataag
gaatte

aagagtaatt
gtttctgagce
tttcgggaac
caaaagttgt
gtgatttggt
acaagaatat
aaacaattgg
aggctatgtt
tgatgccaaa
tttaaaqaca
aaaatataca
caactggaat
agaaccatat
aatatcgtgt
tttcoeagggce
tgagcgggga
agaaagaatt
cttactctaa
tctttacegt
acttgctttce
accagttcat
atggaaagca
tgatagccte
tggcatgttc
cacagattcc
gtaacgagca
ggatatcatt
actcatacca
atatacectt
ctagcatcac

ctgcatcttt
taatccattt
aggttcactg
gatctcatca
ttcatattta
cttcaatgat
tttggattte
ttagttgaca
gtgagtattt
acgtgaaacc
ggaagctcca
tgacccaaca
cccattrrte
ttecgagaga
tttgctagtg
atggagtttt
ggggcaatca
attttcttat
cacgaaccat
agggtcaaga
ggggcgagaa
gagatggaaa
gtttcaaaag
tetttcaceg
ctttggcett
gagcgataac
ggccggatta
taacgtaagc
tttagcttct
actatgattg



1 AF029848
Locus
DEFINITION
ACCESSION
VERSION
KFYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLF

JOURNA]
REFERENCE
AUTHORS
1ITLF
JOURNAL

ELATURFS
source

BASE COUNT
ORIGIN

Lotus corniculatu lgzr 2605931)
AF029898 1685 bp mRNA linear PLN 06-APR-1998
Iotus corniculatus aspartate aminotransferase mhNA, complete cds
AF029898
AF029898 1 Gl 2605931

Lotus corniculatus
L
Fukaryota, Viridiplantae, Streptophyta, Embryophyta, Tracheophyta,
Spermatophyta. Magnoliophytd, eudicotyledons, core eudicots,
Rosidae, curosids 1, Fabales, Fabaceae, Papilionoideae, Loteae,
Totus
1 (bases 1 to 1685)
Morlier,J M and Gregerson,R G
lsolation and DNA sequence analysic of in aspartite
aminot ransferase cDNA ¢lone (Accession No AE029898) from Lotus
cornicul itus (PGR98-034)
Plant Physiol 116 (3), 1191 (1998)
2 (bases 1 to 1685)
Morlier,J M and Gregerson,R
Direct Submission
Submitted (13-0CT-1997) Bioloyy, Lyon College, 2300 Highland Road,
Batesville, AR 72501, USA
Tocation/Qualifier
1 1685
/organism="Lotus corniculatus"
/db_xrefw"taxon 47247"
/tissue_type="nodule"
119 1492
/EC_number=*__ "
/codon_start=1
/product=-"aspartate aminotransferase"
/protein_id="i, "
/db_xref="GI 2605932"
/translation<"MAASSVFSVASHSVSPSNHHAHKGKTKIGGSGLRLANSRSFGSG
RISMAVAVNASRFEGIPMAPPDPLLGVSEAFKADKCDLKLNLGVGAYRTEELQPYVLN
VVKKAENLMLNRGENKEYLPIEGWAAFNKATAELLLGADNPAIKEQRVATVQGLSGTG
SLRHAAALIERYFPGAKVLI%SPTWGNHKNIFNDARVPWSEYRYYDPKTVGLDFEGML
EDIKSAPEGSFVLLHGCAHNPTGIDPTPEQWVKIADLIQQKNHIPFFDVAYQGFASGS
LDEDAASVRLEVSRGMEVLVAQSYSKNLGLYAERIGAINVISSSPESAARVKSQLKRI
ARPMYSNPPVHGARIVADIVGNPDLFNEWKAEMEMMAGRIKNVRQKLYDSISSKDKSG
KDWSFILKQIGMFSFTGLNKNQSDNMTNKWHVYMTKDGRISLAGLSLAKCEYLADAT I
DSYHNVS™
501 a 316 ¢ 380 g 488 t

1 ttcgattcat ceggtacgcc attaaaccac tctgcaacta gatccatcac tctttcacte
61 gagtttggtt gtaaccgttt ccgttatttc tgttgtggtc ggtttgtttc cgttgcagat
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121 ggcggegtct tcagtgttcet ctgtagectte acactctgtt tcgecttcga atcaccatge
181 tcacaaggga aaaaccaaga ttggaggtag cggtttgaga ttggcaaatt caaggtcttt
241 tggtagtgge cggatctcta tggctgttge tgttaatgct tctcgatttg agggaatace
301 gatggctcca cctgatccaa ttctcggagt ttctgaagca tttaaagcgg acaaatgcga
361 tctcaagctc aatcttggag tcggggecta cagaactgaa gaattacage catatgtget
421 taatgttgtt aagaaggcag agaatcttat gctgaataga ggggaaaaca aagagtatct
481 acctattgag ggttgggctg catttaataa ggcaactgca gagttgttac tcggagctga
541 caacccagca atcaaagaac aaagagttge cactgtccaa ggtctttctg gaactggtre
601 tctgcgacat gctgctgecte tgatagagcy atattttcca ggggcaaaag ttttgatate
661 atcccctacc tggggtaatc acaagaatat tttcaatgat gctagagtec catggtcaga
721 gtaccgatat tatgatccta agacagttgg attggatttt gagggcatgt tagaagatat
781 aaagtcagct cctgaaggat ctttcgtget acttcatgga tgtgctcata accctaccgg
841 tattgatccc acaccagaac agtgggtgaa aatagctgat ctaattcaac aaaagaacca
901 cattccattt tttgatgtcg cttaccaggq gtttgctagt ggaagcctgg atgaagatgc
961 tgcttctgtg cgattgtttg tgtcacgtgy catggaggtt ctagtagctc agtcatacag
1021 taaaqatctt ggtctctatg ctgaaaggat tggagcaatc aatgtcatt! cctcatcacc
1081 agaatctgct gcaagggtaa agagccaat! gaaaaggatt gcucaggccaa tgtactctaa
1141 tccaccggtt cacggggeta ggattgttge tgatatagtt ggaaatccag atctettcaa
1201 tgaatggaaa gcagagatqgq aaatgatggc aggaaggata aagaatgtta gacagaagct
1261 atatgatagt atttcttcaa aagacaagag tggaaaggat tggtcattca tacttaagca
1321 gataggcatg ttctcattca caggettgaa caagaatcag agtgacaata tgacaaataa
1381 gtggcatgta tacatgacaa aagatggaay gatttccctg gcaggattgt cactggecaa
1441 atgtgaatac cttgcagatg ctattattga ctcctatcat aatgtcaget gaaactagat
1501 gaaatattct ttatcaccaa gcttatattt tttggtgagt attgtatcca atcatagtgg
1561 tcggcacaca tgacaataat tcatgtaaac attaatgtca tacatgtact tttaattcce
1621 taggaatttt gtaaccttaa aataagttgae atcaaactat tgatgcaaaa aaaaaaaaaa
1681 aaaaa

e 6) Note the Exon regions of Medicago, Arabidopsis, Glycine, and lotus.
e 7) Make a Multiple alignment by putting the sequences (only Exons) of
Medicago, Arabidopsis, Glycine, and lotus in Clustal W,
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stakLdop 1w ===ATGCCPTCTHIAATC L TATC-  ===== LCTCOGLICTACTICICIGIIAL (0t K
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3 g At ANPL AACCCARAGET TAALC FTHGAATU AACAA 170 1=~ == thAAL 1
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Tab iy ACF PTAA===CAACATAL Clm TAAN CTTOGAACTTCTCC TICCARC CCCTT CIARAR 10 d
" ' - -~ - ~=—  AN(CUATYL  CAP 1CLET A JZ. 3
1 oagn TIAA  CALCT== === GICGGAT 1 CATCOCIGITO= (ACTAND 1L ] 111
tu FCAA TUTITTCGLAC FCGUECLATU TCTATCCCTGITA = TCLIA 1 T1 1 AT |
T st sdop SLAAALTCLTTT-  ===AGLAGACTC ACTATCACGGITC- Af LCAAC (TP T 17T |
[ PTSuNS I B Ay O urc«‘v‘ GACUARGGCIOATCT JICTTOC1C T AL 11 %o
. P P .
i aa st TATACCGATCC ICCTCCT ALL CANTICTIGCAGTITCTCAF S ATLTAAAG
ty TENC SAATAUC CATLOCICCACC ] SATCCAATICTCLCAGLITTOT 2AA CATTIAARCC 4
abtop o 7 CJATAAC TATCC ICCACC A ACTC PATILTTE GAGTCAC FGAAGE AT TCAARGE i
10 COCOMCATCCACECOLEICOLAR T CTATCCTS SGAC TUACTEAR 1110 1000 14
‘o PRI PR . .
¢ 1t 1go ACACAC CAATGATCTCAAL CTCAAL TTC GAGTTGOC 1 ¢ IACP CAAL GCANWAA 1A [ oy
fer s CGACAAATGL GATCTC AAC CTCAAT CTTHGAGTCGOLCTAC MGAAL T \AA SAATTALA o
itabidopals LGACACTAALC € GALGAAAC TCAATCT IGTCTTGGTGOT PATU GRAC THA SRARCT (A ]
ity inc CCATC ACACTCCAARCAAAGTCAN € TCCGAGT GGET CGTATCCCGATGAC M(‘PGAA ~04
eh o ewwa Ye e e e osd o
T di aqe ACCAIATGPGCT LAATG L L GTGAAANNAG I TG T I TTAGLG A SAZAALC ITAT(L ) SLALT 34
leru GOCCALATOGT (f TTAALL TTGT TAAGAN G~ =~ === == ~=GCAGACAAT! TIAT 0 T sAATA 44(
1tabi dope 1y GUETTATC TCCT LAATC T1 GTTAAAAAG= == = ======GLGGAI AAL I T ATGTTO ALA 3 7
iy are AUCTGTO CTT’\T‘JGMT‘HGTTR(:N Al\-*"*-----ﬁﬂ ACACAC —==¢ NGGTTGRECC €
P PRE PRAA N
11 age £ (0 AAAACAAAGACT TCICUE PATIGATGOGTLIGOCT CAITI WA AR 3 AACT 4
Tt ACC GAANACAAAGAL PATCTALCTATTGAGGOGT TG G T ol FTTTAATAA o AACTC 400
nmabidopsi s AU CAGATAACARAGACTATCTTCC AATTGAGGGGTTOGCAGCF TTLCAACAAGGETAC TG 31
alycrre NAC[UARTICATGGACTATCTTOC ATGCGTGCAACC ATAARRATGATAL MI‘MT' GO 31€
o . v es wekea w44 o4 we ..
edicago Al AGTTGTTCC TCCGNA AGAC AATCCAGCAATCAAACAGCAPAGALTTGTCAC TGT € 4€
lotu, CAUAGTLGITAC 1CGGAG TGAC AATC AGCAATCAAAGAAL ABAGA! I' LCCAC IGICE 4F0
Jrabidopsls ¢ TCAGTIGUTAT T I GUAGLL TGGTCATCC I GITATTAAGGAR ARAGAG I AGCARCAATT( 447
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8) An alignment graph among Medicago, Arabidopsis, lotus and Glycine is

obtained.
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Construct the phylogenetic tree among Medicago, Arabidopsis, lotus and

Glyeine with distances.
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229
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o Check the two species which having maximum alignment By tree
Analysis.

o Take the species, which have maximum alignment.

o By Tree Analysis we have got that there is maximum alignment between
Medicago and Lotus.

2.5 Design Primers For The Sequences Of Medicago:

o Design two sets of Left and Right Primers for the exon regions of

medicago by using PRIMER3. One set of primer is sufficient for PCR,

but the second set is taken as additional primer in the event the first fails

hybridize.




2.5.1 SELECTION OF FIRST SET OF PRIMERS

1 Design left primer from one Exon of the sequence and right primer from
another Exon, which is adjacent right position of the left exon 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 Medicago sequence has both Exons and introns. But Glycine
sequence for this enzyme has only coding regions i.e.Exons.so we can’t
design primer from Glycine for sequencing of DNA but can be used as a

marker.

2 Take one Exon region sequence of the Medicago and then paste it in
PRIMERS3 and pick primers. From this primer output left primer only has
to consider. Then design right primer from another Exon, which is
adjacent right position of the left exon sequence of the Medicago. The

parameters for both the primers should be same.
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Primer3 Qutput

WARNING: Numbers in input sequence were deleted.

No mispriming library specified
Using l-based sequence positions
OLIGO A W .

LEFT PRIMER G lé 750,93 50.00 “2136 . “tgtccaaggrcttte
RIGHT PRIMER 109 18 51.62 44.44 6.00 2.00 cceacgtaggatttgata

SEQUENCE SIZE: 109
INCLUDED REGION SIZE: 109

PRODUCT SIZE: 104, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00

1 grtgccactgtccaaggtctttcaggaactggttetetgegactaggtgcagetetgata
BEBEODIIIIEIDIIIIHD

61 gaacgatatrttcctggagcaaaagttttgatatcaaatccracgtggg
CELCICLLLELLCCLLLLL

KFYS (in order of precedence):
>>>>>> left primer
<<<<<< right primer

ADDITIONAIL OLIGOS

i ‘

Lare

2

1 LEFT PRIMER 71‘.18 50.93 44.44 4.00 2.00 actgtccaaggtctttca
RIGHT PRIMER 109 18 51.62 44.44 6.00 2.00 cccacgtaggatttgata
PRODUCT S12ZE: 103, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 3.00

2 LEFT PRIMER 8 18 51.17 50,00 4.00 1.00 ctgtccaaggtctttcag
RIGHT PRIMER 109 18 51.62 44.44 6.00 2,00 cccacgtaggatttgata
PRODUCT SIZE: 102, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00

3 LEFT PRIMER 7 19 52.51 47.37 4.00 1.00 actgtccaaggtctttcag
RIGHT PRIMER 109 18 51.62 44.44 6.00 2.00 cccacgtaggatttgata
PRODUCT SIZE: 103, PAIR ANY COMPL: 4.00, PATR 3' COMPL: 2,00

4 LEFT PRIMER 5 i8 53.23 50.00 4.00 3.00 ccactgtccaaggtcttt
RIGHT PRIMER 109 18 51.62 44.44 6.00 2,00 cccacgtaggatttgata
PRODUCT SIZE: 105, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1,00

Statistics
con too in in no tm tm high high high
sid many tar excl bad GC too too any 3' poly end
ered Ns get reg GC% clamp low high compl compl X stab
ok
Left 100 0 0 0 0 0 0 92 0 0 0 0
8
Right 100 0 0 0 0 0 8 46 19 8 0 0
19

Pair Stats:
considered 172, unacceptable product size 164, ok 8
primer3 release 0.9

Note down the left primer from the above PRIMERS3 output.



o Select another exon region of sequence which is right adjacent to the left
primer from the Medicago sequence to select the right primer,
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Primer3 Output

WARNING: Numbers in input sequence were deleted.

No mispriming library specified
Using l-based sequence positions

OL1GO FER L LY LY. TN UL DU
LEFT PRIMER 5 20 51.38 30,00 6.00 2.00 tcacaagaatattttcaacg
RIGHT PRIMER 105 20 53.28 40,00 4.00 1.00 tatcttctatcatgccctca

SEQUENCE SIZE: 110
INCLUDED REGION $IZE: 110

PRODUCT SIZE: 101, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 0.00

1 gtaatcacaagaatattttcaacgatgetcgagtaccatggtctgagtaccgatactatg
SRR LIOBIBBIBI>

61 accccaagacagttggcttggattttgagggcatgatagaagatataaag
CLELLLLLGOACLLLR LT

KEYS (in order of precedence):
>>>>>> left primer
<<<<<< right primer

ADDITIONAL OLIGOS

LEFT PRIMER 6 51.38  30.00 .00 1.00 cacaagaatattttcaacga
RIGHT PRIMER 105 20 53.28 40.00 4.00 1.00 tatcttctatcatgccctea
PRODUCT SIZE: 100, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 1.00

—

2 LEFT PRIMER 6 19 49.08 31.58 6.00 2.00 cacaagaatattttcaacg
RIGHT PRIMER 105 20 53.28 40.00 4.00 1.00 tatcttctatcatgecctca
PRODUCT SIZE: 100, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 0.00

3 LEFT PRIMER 5 20 51.38 30.00 6.00 2.00 tcacaagaatattttcaacg
RIGHT PRIMER 104 19 52.98 42.11 4.00 1.00 atcttctatcatgccctca
PRODUCT S1ZE: 100, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 0.00

4 LEFT PRIMER 3 21 48.74  23.81 6.00 1.00 aatcacaagaatattttcaac
RIGHT PRIMER 105 20 53.28 40.00 4.00 1.00 tatcttctatcatgccctca
PRODUCT SIZE: 103, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 0.00

Statistics
con  too in in no tm tm high high high
sid many tar excl bad GC too too any 3' poly end
ered Ns get reg GC% clamp low high compl compl X stab
ok

Left 110 0 0 v} 2 0 9 59 0 5 0 0
35

Right 94 0 0 0 0 0 8 67 0 0 0 [
15

Pair Stats:

considered 430, unacceptable product size 307, high end compl 2, ok 121
primer3 release 0.9

(primer3_www_results.cgi v 0.2)



Note down the right primer from the above PRIMER3 output.

2.5.2 CALCULATION OF PRODUCT SIZE
a) Put the sequence of the Exon of the Medicago for the left primer in the

primer output and by clicking pick primer we will get the left primer and
right primer both. But we have to consider the left primer only.

For example:

Left primer start point is 6

End of the left primer is 109

So the bases from which left primer starts are 103.

b) Put another sequence of Exon of the Medicago for the right primer in the
primer output and by clicking pick primer we will get the right primer and
left primer both.but we have to consider right primer only.

Right primer end point is 105 bases.

Sequence size of the right primer is 110.

¢) Introns between these two Exons are 92 bases.

Calculation the product sizes are as follows:

Left primer sequence size is 109

Left primer starting point is 6

Left primer total lengthis 103

Introns length is 92

Right primersequence size is 110

Right primer ending point is 105

Total right primer lengthis 105

Product size is = Left primer total length (103)+ Introns length (92)+
Total right primer length (105)= 300
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2.6 SELECTION OF SECOND SET OF PRIMERS
Repeat the same process as explained in the first set of primers.

Adjust the parameters for getting the primers for PCR.

2.7 Results: For our study, we selected the different conserved nuclear,
mitochondrial and chloroplast enzymes, which has the abundant sequence
data, which is available from public databases (NCBI) for the different
legumes. Out of these different enzymes for our project work we have taken
one enzyme from each nuclear, chloroplast and mitochondrial areas from
each legume. Then we find out the genetic relationship by constructing the
phylogenetic tree among different legumes for all enzymes. It was observed
that in case of mitochondrial enzyme Medicago and Lotus are
phylogenetically closely related, In case of chioroplast enzyme Glycine and
Medicago are closely related, In case of nuclear enzyme Medicago and
Pisum are closely related. The results are summarized in the following
tables.



d] enzymes

“Crop name

accession
no

oXon Tegion

1 Aspartate aminotransferase

2 Glutamine synthase

3 Chitinase

medicago

Glycine max
Arabidopsis

Lotus
medicago

Arabidopsis

Pisum

lotus

Glycine

medicago
Pisum
tnfolum

Glycine

Arabidopsis

91

125335

L40579
X91865

AF029898
X03931

AB015045

U28925

Y 12859

AF091456

Y10373
L37876
AJ011940

AF335589

AF422179

1525-1599 1680-1721

2537-2731 2873-2911

3000-3089 3205-3313
3405-3514 3767-3910
4107-4273 4700-4964
5116-5247

54-1337

2237-2296 2389-2439
2563-2757 2832-2870
2955-3044 3142-3250
3335-3444 3652-3795
3888-4054 4193-4457
4552-4683

119-1492

741-814 1529-1568
1682-1785 1910-1958
2404-2510 2604-2691
2978 3106 3221-3295
3424-3477 3613-3650
3741-3900 4078-4230
1791-2078 2160-2263
2340-2388 2472-2578
2664-2751 2834-2962
3044-3118 3192-3443
3530-3590 3671-3810
1141-1302 1642-1681
1791-1894 2013-2061
21298-2304 2617-2704
2835-2963 3211-3285
3412-3465 3595-3631
3859-4018 4145-4561
10123-10409 10919-10958
11055-11158 11286-11334
11727-11833 11932-12019
12721-12849 13137-13211
13307-13361 13593-13629
13714-13873 13979-14131

3013-3120 3579-3707
31-1008

269-1243

25-921

3338-3796 4265-4412
6215-5719

884-1271 1490-1649
1751-2168
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2.8 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 legumes, 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

Hybridization techniques (southern blotting)

DNA sequencing by chemical and enzymatic methods.
Analysis of sequence based on mitochondrial and
chloroplast to determine maternal inheritance.

Analysis based on nucleus to determine paternal inheritance.
Comparison of sequences using multiple alignment tools

Determine the relationship among the species is under study.
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