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Abstract

Chloroplast genome sequences have been utilized extensively for studying evolutionary
dynamics, indicating a very low rate of base substitutions among different plant taxa. An initiative
has been taken to reveal phylogenetic relationship using rps8 gene derived from chloroplast
genome of Gossypium arboreum L. (A genome species) and also to validate the authenticity of A
genome as a mother parent in the present day cotton species Gossypium hirsutum L. The rps8 gene
sequence derived from G. arboreum was aligned with the DNA sequences of the corresponding
rps8 genes of 34 diverse angiosperms. Differences in rps8 gene of G. arboreum with the
corresponding gene sequences were in the range of 0% for G. hirsutum to 17.41% for Epiphagus
virginiana. The average nucleotide differences among all the rps8 genes were 12.5%. Cluster
analysis grouped all the members into three major clusters and one small cluster. Most of the plant
species belonging to the same family grouped in one cluster. It has been demonstrated that the A
genome is the mother parent in the evolution of G. hirsutum, and the gene is relatively conserved
across the different plant taxa.
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Introduction

Over the last two decades chloroplast genetic information has been widely used as
genetic markers for plant and algal phylogenetic studies (Clegg, 1993). Conserved
nucleotide substitution rate of chloroplast DNA, facilitates comparison of variations
among different plant taxa. Chloroplast genome is uniparentally inherited, and is
effectively nonrecombining thus helps simplify theories of phylogenetic inference
(Provan et al., 2001).

Small genomes, especially of organelles and bacteria, are well suited to global
comparisons of gene order. Like eukaryotic genomes, they are subjected to structural
changes such as inversion, transposition or translocation, as well as gene loss and (more
rarely) gene gain. Nucleotide diversity provides basic information about evolution and it
is also a source of most of morphological changes. Chloroplast DNAs in most land plants
share highly conserved gene content and similar gene orders (Palmer, 1985). The
presently available chloroplast genome sequences of about 35 photosynthetic land plants
and seven charophycean green algae exhibit a high degree of conservation in overall
structure and gene arrangement (Turmel et al., 2006). Ribosomal protein S8 (rps8) is one
of the proteins from the small ribosomal subunit and its function has been widely studied
in Escherichia coli (Zengel & Lindahl, 1994). The rps8 is thought to be an essential
ribosomal protein in bacteria, because its mutants cannot assemble the large and small
ribosomal subunits (Wower et al., 1992). It regulates the translation of its mRNA,
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(Cerretti et al., 1988; Gregory et al., 1988). Crystal structures are available for Bacillus
stearothermophilus S8 and for Thermus thermophilus S8, and the structure of
Methanococcus jannaschii S8 has been explained which is bound to a fragment of 16S
rRNA (Tishchenko et al., 2001). In addition, the structure of S8 is known in the intact 30S
ribosomal subunit from T. thermophilus (Wimberly et al., 2000).

Understanding chloroplast genome and the mechanism of gene regulation will
become increasingly important in future including the development of environmentally
safe transgenic crops (Scott & Wilkinson, 1999; Zhang et al., 1999). Globally, cotton is
an economically important crop (Rahman et al., 2002). Limited studies have been
reported to understand the evolution of cotton (Rong et al., 2004). In the present study we
reported the DNA sequence of rps8 gene in G. arboreum and its phylogenetic
relationship to illustrate its evolution and degree of conservation of this gene among taxa.

Materials and Methods

Isolation of total DNA: Total genomic DNA was isolated from a local cotton variety of
G. arboreum var. Ravi by a method proposed by Igbal et al., 1997.

Primer designining: Primers were designed on the basis of the reported sequence of rps8
gene in G. hirsutum. Forward 5 -TCGTATACCGGACAGA-3' and reverse 5’-
ACCATGGGTAAGGACACT-3' primers were designed to amplify region of 424 bases
from the G. arboreum. Polymerase chain reaction (PCR) was performed in a total volume
of 20ul, using 2.5ul (15ng/ul) of cotton DNA, 10 X PCR buffer without MgCl, (10mM
Tris-HCI, 50mM KCI, PH 8.3), 3mM MgCl,, 0.1mM each of dATP, dGTP, dCTP and
dTTP and 0.5 units of tag DNA polymerase, 0.15 mM of each primer. Tag DNA
polymerase together with 10 X PCR buffer, MgCIl, and dNTPs were from MBI
Fermentas. Polymerase chain reaction consisted of 35 cycles of 94 °C for 1 min, 94 °C
for 30 sec, 50 °C for 30 sec, 72 °C extension for 1 min and final extension at 72 °C for 10
min. PCR amplification produced single product of size 424 bases. PCR products were
resolved on 2% agarose gel.

Cloning and sequencing of PCR product: PCR product was cloned into T/A cloning
vector ptz57R/T and sequencing was done on ABI automated DNA sequencer. Sequence
was edited manually to get exon region of 405 bases of rps8 gene (Accession No, A.M.
422014).

Phylogenetic study: DNA sequence of the exon region of the corresponding rps8 gene of
34 angiosperms belonging to diverse families were obtained from the Gene Bank. All
sequences were aligned using clustalX and phylogenetic analyses were conducted by
bootstrap analysis excluding gaps with PAUP version 4 beta 8.

Results and Discussion

Gossypium arboreum L. containing A genome is thought to evolve from its ancestor
6-11 MYA and then reunited with D genome to produce tetraploid cotton species nearly
1.1-1.9 MYA (Wendel & Cronn, 2003). In the present study, rps8 gene derived from G.
arboreum chloroplast was found 100% similar with the corresponding gene in G.
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hirsutum and comparatively high homology in sequences of rps8 (average similarity=
87.50%) was found among the 34 plant taxa. Maximum dissimilarity (17.41%) was
detected in the corresponding gene of Epiphagus virginiana. Genome rearrangements
influence gene order and configuration of gene clusters in the chloroplast genomes. (Cui
et al., 2006)

Table.1 Species and family name of 35 Angiosperms.

Sr. # Name Family
1 Gossypium arboreum Malvaceae
2 Gossypium hirsutum Malvaceae
3 Eucalyptus globulus Myrtaceae
4 Vitis vinifera Vitaceae
5 Cucumis sativus Cucurbitaceae
6 Panax ginseng Avraliaceae
7 Nicotiana tabacum Solanaceae
8 Solanum tuberosum Solanaceae
9 Atropa belladonna Solanaceae
10 Lycopersicon esculentum Solanaceae
11 Lactuca sativa Asteraceae
12 Helianthus annuus Asteraceae
13 Solanum bulbocastanum Solanaceae
14 Lotus japonicus Fabaceae
15 Arabidopsis thaliana Brassicaceae
16 Brassica rapa Brassicaceae
17 Calycanthus fertilis Calycanthaceae
18 Ranunculus macranthus Ranunculaceae
19 Nuphar advena Nymphaceae
20 Yucca schidigera Agavaceae
21 Medicago truncatula Fabaceae
22 Nymphaea alba Nymphaceae
23 Acorus americanus Acoraceae
24 Vigna angularis Fabaceae
25 Spinacia oleracea Brassicaceae
26 Oenothera elata Onagraceae
27 Epifagus virginiana Orobenchaceae
28 Oenothera ammophila Onagraceae
29 Amborella trichopoda Amborellaceae
30 Phalaenopsis aphrodite Orchidaceae
31 Glycine max Fabaceae
32 Nicotiana sylvestris Solanaceae
33 Nicotiana tomentosum Solanaceae
34 Acorus calamus Acoraceae
35 Populus alba Salicaceae
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It may be demonstrated that this gene has not been affected during the course of
evolution in the genus Gossypium. Secondly, the evolution of G. hirsutum took place 1.1-
1.9 MYA that is not a very long time in the geological time scale (Herland et al., 1990). It
may also be concluded that 100% similarity of the rps8 gene of G. arboreum with G.
hirsutum is also one of the indicators that the A genome contributed as female parent in
the present day cotton (Wendel & Cronn, 2003).

Cluster analysis grouped the 35 species in three major clusters and one small cluster
(Fig 1). Small cluster ‘A’ includes Arabidopsis thaliana (brassicaceae) and Brassica rapa
(Brassicaceae). Cluster ‘B’ consisted of two subclusters; subcluster ‘b, comprised of
Atropa belladonna (Solanaceae), Nicotiana tobaccum (Solanaceae), Nicotiana sylvestris
(Solanaceae), Nicotiana tomentosum (Solanaceae), Solanum tuberosum (Solanaceae),
Lycopersicon esculentum (Solanaceae), and Solanum bulbocastenum (Solanaceae) and
subcluster b, comprised of Panax ginseng (Araliaceae), Lactuca sativa (Asteraceae) and
Helianthus annuus (Asteraceae) (Fig 1). Cluster ‘C’ consisted of two subclusters,
subcluster “c; includes G. arboreum (Malvaceae), G. hirsutum, (Malvaceae), Eucalyptus
globulous (Myrtaceae), Oenothera elata (Onagraceae), Oenothera ommophilia
(Onagraceae), Vitis vinifera (Vitaceae) and populus alba, ‘c, subcluster consisted of
Cucumus sativus (Cucurbitaceae), Lotus japonicus (Fabaceae) and Glycine max
(Fabaceae). Cluster ‘D’ included two subclusters. Subcluster ‘d;” contained Calycanthus
fertilis (Calycanthaceae), Nymphaea alba (Nymphaceae), Amborella trichopoda
(Amborellaceae), Acorus calamus (acoraceae) and Phalaenopsis aphrodite, however,
subcluster d, comprised of Ranunculus macranthus (Ranunculaceae), Nuphar advena
(Nymphaceae), Yucca schidigera (Agavaceae) Acorus americanus (Acoraceae),
Medicago truncatula (Fabaceae) and Vigna angularis (Fabaceae).

The relationship portrayed in the cluster is compatible with evolutionary information
and the evolutionary trees constructed on the basis of sequences of 18S rDNA, rbcL, and
atpB genes (Soltis et al., 2000). All the clusters and subclusters indicated a very
conceivable pattern of evolution. Members of the same family and related families were
grouped in same clusters and subclusters. Moreover, the rps8 gene showed a very low
degree of differences among diverse dicot families belonging to a wide range of
geographical distribution including dicots like trees, shrubs, climbing shrubs and herbs,
aquatic angiosperms and basal angiosperms (Burleigh & Mathews, 2004) illustrating that
this gene possesses a conserved DNA sequence, which was least effected during the
course of evolution of angiosperms under the influence of external factors including
climate and habitat. Such commonalities have been reported in 17 chloroplast genes
including 14 slow evolving genes (10 of photosystem II, three ribosomal protein genes
and one NADH dehydrogenase gene) (Graham & Olmstead, 2000). Amborellaceae is
considered as a sister to Calycanthaceae, Nymphaea alba (Nymphaceae), Nuphar advena
(Nymphaceae), water lilies (Nymphaea alba and Nuphar advena) and Amborella are
considered as sister to all other angiosperms and are considered as basal angiosperms
(Nickerson & Drouin, 2004). Although they are primitive angiosperms but showed a high
degree of similarity with G. arboreum, a member of an advance family. Chloroplast
DNAs of most of the land plants shares a highly conserved gene content and with notable
exceptions, a largely co-linear gene order. Conserved gene order may reflect a slow
intrinsic rate of neutral chromosomal rearrangements, or selective constraint. (Cui et al.,
2006).
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Conserved structure of ribosome throughout the prokaryotic and eukaryotic lineages
is the main reason of the conserved nature of this gene, reflecting the early origin of their
essential function (Kay & Jacobs-Lorena, 1987; Katsukoshi et al., 1998). Also, the
protein encoded by the corresponding gene is known to be important for ribosomal
structure and function such as S4, S5, S10, S12, S13, L1, L2, L5 and L11 which are
highly conserved throughout bacterial kingdom as expected (Katsukoshi et al., 1998).
Secondly, the angiosperms have typically been viewed as being monophyletic (Doyle &
Donoghue, 1993). Thus being a ribosomal gene and least prone to external factors, the
rps8 gene has not been as affected as any other non-conserved gene could be. Thus this
study suggests that this gene has a conserved DNA sequence and also confirms the
maternal status of A genome species in the present day cotton species.
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