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Studying molecular evolution using tools of bioinformatics: an
example from maize starch biosynthetic pathway
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ﬁ:—::!t:mh and techniques of biolnformatics are used o reveal the evolutinary patiern and chmanology
of different phylogendlic events in the evolulsoaary history of an organism. In maize, shrunken, Brinle,
wary and nugary mitants all resubts from amomalies in the starch biosynihetic Iﬂ_h“}'-TM genes
responsible are shibe2wel and sl respectively. The presen anicle explores and depicts an outlipe of
computer application based methods adopted in a standard molecular phylogenetic analysis using sequence
data of these gene prodicts controlling different steps of maize starch biosynthetic pllhwa}:. Several such
melbods amely MSA PSI-HLAST, Maximum Likelibood analysis and LIPGMA analysis reveals thal
shrumken |, wary! and sugary] have evolulionary rates ranging in betaeen 0,001 -0.03 substitutions per
site. Nar-synonymous substitation (as polymorphism is analysed using pratein sequences) substilution rate
is much shower in britle2 (0.0006).The divergence limes between the ancestars of .'in.rg.h_m and makse-
tensime lineage has been caloulated from these non-synamymous substitution rabes. MEME annlyses and
distribation of matifs in these sequences and their homelogues suggess changes {duplication wml

rearrangements] in the genetic materiad after Sorgfm-maize split
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Sequence polymorphism analysis revesls evolutionary
aspects imprinied within the scquensced of genes and

gene products. Phylogenetic studies using sequence dsta . =Elkan,

enables us 10 know the timing of evers and pattern of
chanpes in the ancestoss of AN organism as we cannol do
experiments on evolulionary hisiory, Various toods and
Lechniques of bicinformatics are heing used to reveal the
gvalutionary  pattern and  chroaology of  dirferent
phylopenetic events in the evolulionary history of an
orgarism {Baxevanis and Ouellenie, 2002, The present
aricle explores and depiets an outline of these compuser
application based metheds adopled in & standard
moleculnr phylagenetic analysis using the gene products
cantrelling  differemt  steps  of  swarch  blosynihetic
pathway of Z moys (Badenbuizen, 1963} sap maps.
{Lin) as cxamples, These genes (namely shlblwz]
gt swll, determuning the guantity'guality of starch
stored in comn kernels, mulates o produce variows starch
deficiens phenctypes inciuding shrunken {Chourey and
Melson, 19760 Arinde { Hannah et al . 30} waxy (Feng
ef @l , 2008; Shure e al, 1983) and sugary (James ef
il 19%5) mutants, The producti of these genes have
been analyzed w0 bring om the nawre of evalution in
maaize starch biosynthetic pathway, The wark inspects
all ihe important arengs of bisinformatics which can be
wilized by a plant biologist while deducing origin und
evolution of genes and hiochemical pathways including
the tocls for sequence  analysis and  alignment
Jeanmougin o af , 1998; MNei and Gojobori, 1986, Mei
at al, 000 (Chenal X, Mepa, Bioedst and Dot matrix
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analysis.), analysis of homology and protein profile
(BLAST (abischul e e, 1990, MEME (Bniley and
954} and Seguence Logo  swudy)  and
phylogenetic study (Wei and Gojobari, 1986, Nei e ol ,
2001 Shudier and Keppler, 1988) (MI-UPCMA method
and MAXIMLIM LIEKELITHOOD method)

Materials and Methods

The protein sequences of mberest ars chosen from
NCBI datshase ai Anipachi nimrih The mostly used
format in phylegenstic anslysis is the FASTA Format
(Thampsan & o, 1997} which has been us=d here ns
well, While measuring similarities betwom sequences,
the principles followed are that, replacement of an
aming acid by another ore having similar size or
physicochemical property 15 mofe  common Chan
replacemesnt by ope having dissimilar size'propeny and
aming &cids are more probable s be deleted in groups
rather than the individual deletion of same number of
bases. According 1o standardized scoring matrices of
amine acid replocements, scoring 35 done. Scoring
matrices used inthe present study ase mainly PARM2S)
(which comreipands 10 an overall sequence identity of
20%) and BLOSUMGT (in which the threshold value of
sequence idemtidy i 62%), "Clustal ¥ 240 and *BioEdan’
software are used for MSA | Jeanmougin ef af | 1998),

Homology has been seasched primarly by usiog
BLAST - the online ool available st NCBL {Alschul e
o, 1990k Using the PSI BLAST programme patierrs of
similority in same posbiban of the query s searched
agminst prodein sequence database and then the modches
of that tnitial panem are extendsd by ferated dearch and
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gradual refinement ol cach cyele Each entev i the
databass is checked lor shorl regloms which are similas
W & particulor petlemn e, comigoous reglen in the
query sequenee. Once o match is found. the programme
enterids it ns possible und curries on firther senrch
eycles 1o lind more malches of that extended patiem,
BLAST performs a gapped nlignment beiween the QueEry
sequence ardl the dnisbase sequence, Bl scone {57) i
derived irom ihe raw alignment score 5 ia which (he
Sutistical properties of the scoring sysiem used are
taken imo scoount, By normalizing 2 mw scare, using
ihe lormuda;

L AS=In K
In2

1 bit soore ' is anained. F +alue number of hits one can
“expecl” bo see by chance when searching & database of
o particular size) bedow 0.05 05 considered in be
sgnificant. The E values are intespreted in the presen
sy sccording 1o the following guideline: E < 0,07
implies hemalogy of the sequence with the query : E =
D2 — 005 indictes passible hemalogy and E = 0,08
suggess chance similarity, In the present work, every
e preseried has been subjected to 500-1000 bootsirap
verifications done by randomly stripping off whole
columns from the ariginal MSA prepared from the
sequences under siudy, The number of chanpes between
pairs in & group of sequemces including the maize
pralein sequence of interest has been subjected 1o tan
different Lypes of distance analysis ey, Meighhoar
Joining and UPGMA (Unweighted Pair Group Method
with Arithmatic Mean) using MEGA 4 { Tomira e o/,
2007} Prior 1o pliylagenetic tree building,the sequences
under sludy has besn subjected to Tajima's newiralify
fcst andd Tajims’s rebative b tes 1o know the nature of
evolution (Tajima 1989, Tajima 19%3), Using Tajuna's
test af Neumrality, the number of segregating sltes (5)
and the average pairwise differences (x) are compared to
detect the nature of selection in sequences under gy
The difference between these two estimates has been
depicted a5 Tolme's D wefee  Under  neuir
cxpeclations, both noand 8 pives similar estimates. 8o
when Tajima’s D is approsimnlely zero, neutrality of the
locus has been predicied, A positive I value suggested
baleicing selection and & negative D value depicted the
operation of purifying selection in the loci under
sludy Tajima's relative rale fedt has besn used #o
measure unifprmity of evolutionary rates among maize
baci {under study) and its homologues o relased
organisms Cidentified by BLASTwiih respecd Weoan
oulgroup. Three pequences, |, 2 and 31 hes been
camidered where sequence 3 s the outgroup. 11 g s
the observed number of silcs in which sequences 1, 2
and 3 Rhave nuclestides i, jand k . ender the molecular
chock hypathesis, E (ng § = E (g ), that is , when the
ciolutionary rates sre sume, the expecied number of
sites shawing unigue residue in the firsd sequence (g}
# same 8 the expected number of siies showing unique
residue i the seeond sequenses (my b The null
hypothesis is thar these twe values sre same, The
equality b tested from ihe chi-square value ml | degree
ol Freedom wiklizing the formula

&

Clebeaginere = frg J- &g WIE iy ) 4 IS Flar

1 i lar chock
When this hypmhesis is rejected, the molecy g
hypoibscsis hos alse heen reecied foe the studied 363 ol
SEUETEES,

Neighbor-joining trees are drawn using distances
between pairs of taxa rather than individual charcters.
As ihis method albows differeni rate of evalition along
the different branches of the tree, it has limitations when
a molecular clock is operative in the sequences unies
sudy {as known from Tajima's relative rate test). NJ
wrees depleted only the pattern of evoluton of the
sequences under siudy. The ewolutionary rates and
diverpencs iimes are calculated w=ing UPGMA |='|.m|'_-‘:'Ij
which does nol consider differential rates of evoidtion
along ithe different branches of the evolutionary pres,
Distarce from nodes ane calculated by arithmetic mean
enabling the study of svolulonary rates and dil.-zrg-:rm_t.
fimes. However, this method has been applied only if
the operation of molecula clock is cusblished in the
sequences under study, iba s UPGMA analysis is dene
oniy  when the gene shows  slmilas  evolutionary
substitution rate in all organisms. This uniformity of
evolulomary rates has been determired by Tajima's
relafive rate test. For the callbration of UPOMA trees in
this work. a divergence time of 50 million years
between Chryzo and the Sorghum - maize lineape has
botn wsed ms caloulmed by Wolfe (1989) This
divergence lime has been used customarily by many
researchirs while working out the phylopeny of Zeo
Ry

Common malifs in these relaed sequences has becn
identified by wing the MEME algarithm (Bakley and
Elkan, 1%94). MEME stands for *Multiple Expectaion
Mazimization for Motif Elicitation’. The programeme
locates ungapped pattemns in a series of prolein sequence
and display the locstion and sequence lopa of these
motifs, In il present work the online meme server a1
Wit meme nehe net has been wsed for MEME analysis,
MEME displays the occurrences [sites) of she matll
which are shown aligned with each ather, The position
of these motifs are also shown, The motifs are Jited in
order of Ipcneming statistical significance (p-walue)
which gives the probahility of & random skring
(gemeraied from the backpround letier Frequencies)
heving the same masch scare or higher. The occurrences
of the mudil in the 1rining se1 sequences are shown with
block diagrams One disgram is printed for esch
srquence showing sl the occurrences of the motif in
thal sequence. The sequenues are sorted by the lowes [
value among all cocurrences of the matif in & given
sEjuenee,

Reaubls and Discussion

The shrunken mutants in maize show cofaplels or neeoaly
complete absence of pucrose senhase activity i ihe
storage tissue and mulants show *shrunken’ phemobyp
ol the kemnels, The shrrovken ! gene product s o sucrose
synthase which convents suwerose 10 UDP-glucose, The
prolein consists of 357 residues (gi 2703014578, gh
ACZTAI0 |, MSA end Disiance mairis  shows
closemess of maize shf with its Soecharam ond Soeshio
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Ulihodegiees 3 be 0022 and 0014  respectively
Suggesting it comparabive closeness with Sarghan
BLAST p sugpesis possible homology of maize i/
with  suerote mtheses of  mosocols ke
Sorgplum, Hordewm,  Bombiiva,  Tridewm  and  Orpes
Sequence  polymorphism  and  Meighbour  Joining
angdysis suggests thal maize, Sacchorms and Sorghum
derived the 4/ pene from & common ancestor from
which maize diverged earlier, Tajima’s relative rate 1es
(Chi-sgussre = 1.00 with | degree of freedom | suggests
that evalubonasy rate of malze shl fallows a molecalar
clack and the valuwe of Tajima's D is 0,15, suggesting
"recar peurality” (Ovhea, 19920 of this bocus, Based on the
assumpdion of o mobecular chock, VIPCEMA tree Bs drawn
with 500 boalstan replicates using MEGA 4 (Figure 1),
Arabidopsis sied gene product (E = 32" is used a5 an
wutlgrowp, A divergence Lime of 29.6 myz befween the
amcesiars o Tritkcus-Hordewn and  Sorghusr-maize
Fircapes is predicted by UPGMA  pnalysis in an
evglutionary mte of 0,003 substitutions per site, Theee
motifs having lengihs of 50-60 residucs are idesificd
using MEME, The sequence under study (sl gene
product of Zea mave) show unbgque disiribution of all
these three matifs with an increase in length suggesting
duplication ard rearrangements in this locus in courss of
originof malze.

Maize deitiled (hrd) gene encodes the small subumil of
ADP-gheose  pyrophosphorylase  (AGPare),  which
comserts ADP-plecoss imto glucose-1-phosphate {the
subsirate for starch gynthesis). Muiamis are chamcserized
by hard, britile kermels which is the resalt of an
alieration = stach  compositlon  and  properiy. The
protein 05 composed  of 474 residees (g
11664297  ghAANIOI0O0ILN] irec sugpesis the
closeness of maize W2 with the AGPase small subianit of
Sargfum and teosinle (Zmaoy sap parviglomiz) The
value of Tajima's [ is (0.24) suggests that maize bF
and shi peres have urdengone evplufion in smalar
patterdsubstivution  rate B uniform  and  minisal
operation of selection). However, the evolstionary rate
is much shower in &2 (00006 substitutions per site in
contrast o D03 i ek AL this uniform evelutionary
rake ab the 842 locus as per the result of Tapima’s relabive
ratc test [chi square = 2 at ldegres of fresdom
suggesting the mull hypotbesis of operation of moletular
ok i this locus bo be true), Drjer - Hordewm shiws a
divergere time of 328 mya and Sorghwm diverped
fram 1he maibe-toosinie ancestor nearly 148 ooya.aga.
This divergenes fime  between the progenisers of
Sorghgm and malze b5 o bil lager than that calvulsted
from the evoluticnary rales inosed locl (183 mya) which
can be explained by ibe shower evolulionary rale of
maize W2 locus. MEME analysiz i3 dane 1o find oul
theee molifs in the sequences under sludy. All of these
three motlfs in malze and teosinte are larger in kength
compared 1o il hemologues  including  Sorglum
suggesting changes in &2 gene afler Sorghum-emales
apdin,

bizize waxyd (wel) gene encodes granule bound storch
symithase whicl B essential for appropriste amyloss ba
amylapectin ralia in the mates kernels, n wery mutands

(wx{), Ihe omylose synthesized by soluble starch
synthase isoenzy mes is transformed into amy lopoctin by
starch  branching  enzyme.  Only  amylopectin
pccumulates  making  the muwant  kerpels  wany
{sticky). The wx! gene product is composed of 271
residues (gill S035000]) and shows homalogy with the
granule bound starch synthases of Sorghum and teosinte
{# mazys. subsp.mevicana). Tajima's newtrality iesl shows
D= -2, 1. This negative value of Tajima’s b suggests that
maize wx/  locws has been suhjected s purifying
selection, Tajima's relative rate test (Chi-square= 1.00
with | degree of freedom ) suggests that evolutionary
gate follows o malecular clock in maize wx i This mbe 1§
0,001 substiluzans per site At this uniferm evolufionary
rate, [IPGMA analysis suggests that the apcestor of
maize and tensinie diverged from the Coir-Sorghum line
1838 million years ago. Divergence 1ime af Sarghum
and Caix is 12.00 million years. MEME analysis is dane
g fimd s motifs in the promule Sowad sienek pachaees
under siudy.Theie motifs in maize ard teosinie
(# mavesubsp, mexicama) are also lorger in lengrh
compared 1o the hamologous proteins in ather plants
{this is exgetly what found by MEME analysis of shf
amd M2 proteins) including Sorghum, However in Cody,
these matifs are in parity with maios and teesinte in lew
of lergth and distribugion.

Malze suganyl (aul) gene encodes. siarch debrarciing
ernyme which transforms amylopectin into amylose in
kemcls. The protein is composed of 357 residues
RLASTp and Meighbous loining analysis supgests 114
possible  homology  with  the  Gsoamylascs  of
Sorghum, Triticwm and  Alovdeun Tajima™s [ 15 039,
suggesting ‘near neutrality™(Ohta, 1992; Ohta 1996) of
the locus. Tajima's relstive cate tesd (Chi-sguare= 1.00
with | degres of fresdom ) suggests that evelutionary
mbe [olkws a molecular clock in maize su/!.This rate is
0,002 substibations per gite. The divergence lime of
maies and Sorghum s once agin suggested o be 183
mya by distance analysis at swd locus which evolves af o
rabe of 0.002 substibaisns per site. In all the prowsing of
monocols siudisd (including mpize sul gene produc), 3
copiet of the malif hag been found in comtrast o the 2
copies presant in the Arabidapsis protein, Moreover the
distrihution of thess copbes in maiae sul gene produsct is
inpermediate o tha found in Triveum and Sorphum,

To summartze |, the svoldionary padern amd prolein
sequence polyimarphizm af maize in the e involved in
siarch binsymibesis has been annlysed im ihe prosen
wark_Amoag the geines determining quadity and quasmity
of maize kernel sarch, shrunken!, wanp! and sugaryl
shows evidulionary rales ronging in Between 0,000+
0003 substitctiors  per siteMon-synonymos
substibulean (0 polymarphism is analysed on protein
sequences] subsiltion rate is much slower in beitrle?
(0.0CKIG). Among hem, wxl! bears evidence of strong
purifying selection.Phylogenctic analvsis of all these
sequences  suggests thal ibe maize-<tcosine lincage
diverged from Sorghuom nearly 183 million vears ago
ard divergerce of Coir wwl Sorphum occurred later
Digtribution of meils (known from MEME analysiskn
all ihese proicing suggest chanpes {duplication and
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Figure 1; LUPGMA reas shawing evolimionary raes and diverpence tmes of the maize loci involved in starch bioe
synthesis
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