RESEARCH COMMUNICATIONS

Population genetic structure and
conservation priorities of Oryza
rufipogon Griff. populations in
Kerala, India

. 12 .
R. Dinesh Raj'?, A. G. Kiran' and

1
George Thomas*
'Plant Molecular Biology. Rajiv Gandhi Centre for Biotechnology,
Thiruvananthapuram 695 014, India

*Present address: Department of Botany and Biotechnology,
Bishop Moore College, Mavelikara, Alapuzha 690 110, India

Oryza rufipogon Griff. is a valuable reservoir of useful
traits for rice genetic improvement. We evaluated the
genetic diversity of six populations of O. rufipogon
from Kerala wusing random amplified poly-
morphic DNA (RAPD) markers. Various estimates
revealed high genetic diversity in the populations.
However, gene flow between the populations was low
and 47% of the total genetic diversity was partitioned
between populations, suggesting moderate differentia-
tion between them. Clustering of all individuals from
the same populations under distinct nodes supported the
population differentiation. Considering its outbreed-
ing behaviour, the low gene flow and moderate differ-
entiation recorded in this study indicate that the
recent habitat destruction and fragmentation have
had an impact on the genetic characteristics of O.
rufipogon populations in Kerala. The high genetic
diversity observed in this study, contrary to expecta-
tions for fragmented populations, is presumably con-
tributed by the recurring gene flow from cultivated
rice grown in nearby fields. We recommend immedi-
ate conservation of a large number of populations
of this species, including establishment of isolated
conservatories away from rice fields to maintain the
purity of the wild gene pool.
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THE common wild rice Orvza rufipogon Griff., consid-
ered as the ancestor of Asian cultivated rice (Oryza sativa
L.), is an important reservoir of useful traits for the
genetic improvement of rice. Many useful genes from O.
rufipogon have been successfully introgressed into the
cultivated background"* and similar efforts are going on
in different laboratories’. Until recently, O. rufipogon
was a common weed in the marshy areas of tropical and
subtropical regions of the world. Rapid industrialization
and urbanization in many Asian countries have destroyed
numerous O. rufipogon populations®. Habitat destruction
and fragmentation expose the populations to founder
effects, genetic drift, inbreeding and restricted gene flow,
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which are highly detrimental to the diversity and survival
of a species’ . In China, for example, O. rufipogon popu-
lations have been decimated and the plant is now an
endangered species there. Population genetic characteris-
tics of Chinese populations of O. rufipogon have been
compiled in detail by several authors and have helped in
the development of suitable measures for the conserva-
tion of this species in China®**'?. So far, no systematic
work has been reported in India on the population genetic
characteristics of O. rufipogon, though the forces that
threaten its survival in China are occurring in India too.

Kerala is one of the most populous states in India and
experiences tremendous economic pressure for develop-
ment. The habitats of several valuable species, including
that of O. rufipogon, are being increasingly destroyed.
Therefore, establishing appropriate conservation and
management policies based on the existing spectrum of
genetic diversity is essential for O. rufipogon. In addi-
tion, many workers consider the Malabar Coast of Kerala
as one of the centres of diversity of rice'®. The genetic
resources sampled from the centre of diversity of a spe-
cies have great value, as they may contain novel traits not
seen elsewhere. In this study, we evaluated the population
genetic characteristics of six populations of O. rufipogon
from Kerala using RAPD markers.

Altogether, five expeditions were conducted between
September and December in 2005 and 2006 to locate O.
rufipogon populations in Kerala. The means of travel was
by automobile, so areas inaccessible by road were not
included in the survey. Particular attention was given in
expeditions to traverse marshy lands and low lying areas
as natural populations of O. rufipogon are known to occur
in such regions. Geographic locations of the six collec-
tion sites chosen for sampling O. rufipogon are shown in
Figure 1. Distance between the collection sites ranged
from 64 km between Kozhikode and Wayanad to 362 km
between Thiruvananthapuram and Wayanad. All collec-
tion sites were primarily marshy lands. They were either
abandoned paddy fields or were paddy fields long ago re-
claimed for coconut cultivation, except Wayanad, which
was an uncultivated forestland. There was ongoing rice
cultivation at different distances from all collection loca-
tions, except Wayanad, which was the only population
found isolated from cultivated rice in our expeditions.
O. rufipogon existed as scattered clumps in all collecting
sites, extending over ~100-200 m. Though patchy, the
species was found distributed frequently near and
between the Alapuzha and Ernakulam sites. However, no
distribution was located at a distance of at least 15-20 km
from the other four populations.

Eighteen individuals were collected from each of the
six collection sites. Individuals were a minimum of 10 m
apart. Leaf samples were collected directly from the field
and the genomic DNA was isolated using a GenElute™
Plant Genomic DNA Kit (Sigma) following the manufac-
turer’s instructions.
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Two representative individuals from each population
were used for an initial screening using 96 random
decamer primers randomly selected from A, C, E, F, G
and J kits (Operon Technologies, Alameda, USA). The
primers that yielded discrete, unambiguous and poly-
morphic amplification profiles in the initial screening
were selected for further analysis. The RAPD analysis
was carried out as reported elsewhere'".

Each RAPD band was treated as an independent char-
acter and was scored as present (1) or absent (0). The
binary matrix was used to compute a pairwise genetic dis-
tance matrix based on the DICE coefficient using the
software WINBOOT'®. Cluster analysis was performed
on genetic distance matrices employing an UPGMA using
the SAHN (Sequential, Agglomerative, Hierarchical and
Nested cluster) module of the software NTSySpc 2.021.
Cophenetic correlation was estimated using COPH and
MXCOMP procedures of NTSySpc to test the reliability
of the topology of the dendrogram. A Mantel test was
performed to assess the correlations between Nei's
genetic distance and geographic distance between popula-
tions using the MXCOMP module of NT Sy Spc.
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Figure 1. Map of Kerala showing the collection localities of the O.
rufipogon populations studied.
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POPGENE software was used to estimate the percent-
age of polymorphic bands (PPB) and Nei’s gene diversity
(h). Nei’s coefficient of differentiation (Gy) and gene flow
(Nm) were calculated using POPGENE on the basis of
gene frequencies. Populations were assumed to be in
Hardy-Weinberg equilibrium for all POPGENE analyses.
The Shannon information index for phenotypic diversity'®
was also estimated, as described by Maughan et al'’. to
examine the partitioning of genetic diversity within and
among populations.

Of the 96 primers screened initially, 11 that produced
reproducible and polymorphic profiles were selected for
the analysis of 108 O. rufipogon individuals sampled from
six populations. The 11 primers (OPA10, 11, 19; OPC11;
OPEL1L, 14, 17; OPG4; OPJI1, 12, 15) produced 73 bands
in total, of which 66 (90.41%) were polymorphic, with an
average of six polymorphic bands per primer.

Table 1 summarizes the genetic diversity statistics of
the six O. rufipogon populations revealed by RAPD
markers. PPB values ranged from 35.62% in Wayanad to
56.16% in the Emnakulam population, with a mean of
90.41%. Nei’s gene diversity (4) was highest in the Erna-
kulam population (0.2088 +0.2079) and lowest in the
Wayanad (0.1180 +0.1861) population, with a mean of
0.2935 £ 0.1675.

The Nei’s coefficient of differentiation (Gy) ranged
from 0.0331 to 1 with a mean of 0.46 + 0.1934, whereas
the gene flow (Nm) estimate ranged from 0.0573 to
14.6034 with a mean of 0.6 £ 0.0916. According to Shan-
non’s information index, 52.25% of the total diversity
was found to be partitioned within and 47.75% between
populations.

A dendrogram was constructed from the UPGMA cluster
analysis of pairwise RAPD genetic distance estimates
based on the Dice coefficient. The dendrogram separated
the 108 individuals into four major clusters (Figure 2).
Cluster I comprised 54 individuals and could be separated
into two subclusters, Ia and Ib. Individuals of the Kozhi-
kode population were entered into subcluster la, whereas
those of the Alapuzha and Ermakulam populations into
subcluster Ib. In subcluster Ib, individuals belonging to
the Alapuzha population clustered under one node and
those of the Ernakulam population under two distinct

Table 1. Population genetic statistics O. rufipogon

Percentage of
polymorphic bands

Nei’s gene

Populations diversity (h)

Thiruvananthapuram 49.32 0.1526 £ 0.1912
Alapuzha 45.21 0.1607 + 0.2044
Ernakulam 56.16 0.2088 +0.2079
Kozhikode 53.42 0.1670 £ 0.1924
Palakkad 41.10 0.1435 £0.1971
Wayanad 35.62 0.1180 £0.1861
Total 90.41 0.2935+£0.1675
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Figure 2. UPGMA dendrogram based on Dice genetic distances of

108 O. rufipogon accessions (cophenetic correlation, » = 0.86). The
four clusters I, II, III and IV, and the two subclusters identified in clus-
ter I are indicated at the nodes. The digits given at the left side indicate
populations: 1, Thiruvananthapuram: 2, Alapuzha; 3, Errnakulam: 4,
Palakkad; 5, Kozhikode: 6, Wayanad.

nodes. Clusters II, III and IV corresponded to individuals
belonging to the Wayanad, Palakkad and Thiruvanan-
thapuram populations respectively. The cophenetic corre-
lation (r) between the RAPD data matrix and the
cophenetic matrix was 0.86, and such high » values are
considered to be a good representation of the data matrix
in the dendrogram'®. The Mantel test yielded a poor
correlation (#=0.1105; p = 0.6641) between Nei’s genetic
distance and the geographic distance between popula-
tions. 7

O. rufipogon is an outcrossing species'’. Outbreeders
are characterized by high levels of genetic polymorphism,
high rates of gene flow between populations, and high
partitioning of total genetic diversity within popula-
tions2"2!

Consistent with the diversity characteristics expected
for an outbreeder, the different genetic diversity statistics
used in this study showed a high genetic diversity in the
Kerala populations of O. rufipogon. The PPB value of
90.41% yielded by the RAPD technique in this study was
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higher than that of the Chinese populations of O. rufipo-
gon teported by Ge er al® (82.5%) and Song et al.”
(78.8%) using the same marker system. The total Nei’s
genetic diversity (/) of the Kerala populations (0.2935 +
0.1675) was slightly higher than that of the Chinese popu-
lations (0.227) (ref. 22) and was similar to those reported
carlier for other plant species with high genetic diversity ™',

However, contrary to the expectations for an out-
breeder, gene flow between the Kerala populations of O.
rufipogon was low (Nm=0.6 £ 0.0916) and the popula-
tions showed moderate level of differentiation with only
half of the total diversity being partitioned within popula-
tions (Shannon information index =47.75% and Gy =
0.46 £ 0.1934). The present results contrast with those
obtained for Chinese populations of O. rufipogon, in
which a considerable proportion of genetic diversity was
partitioned within rather than between populations’. Be-
sides the Shannon information index and the G results,
the topology of the dendrogram also supports the existence
of genetic differentiation between the populations exam-
ined. Similarly, an Nm value of 0.6 obtained in this study
is low compared to the very high values, as high as 1,
reported for other outbreeders™*°. In Kerala, the popula-
tions of O. rufipogon are increasingly becoming smaller
and more isolated due to urbanization, land transforma-
tion, grazing and mowing. Habitat destruction and frag-
mentation reduce gene flow between populations and
increase population differentiation®’. Thus, our results
suggest that the Kerala populations of O. rufipogon have
begun to experience the genetic effects of its recent habi-
tat fragmentation, as reported in other outbreeders such as
Speyeria idalia®.

However, the expected decline in genetic diversity,
which usually accompanies habitat fragmentation® was
not observed in the Kerala populations. On the contrary,
as discussed above, their genetic diversity was very high.
How can this contradiction in the genetic structure of O.
rufipogon populations be explained? The ‘isolation by
distance’ hypothesis® cannot be invoked to explain the
genetic structure of the Kerala populations of O. rufipo-
gon because of the poor correlation between their geo-
graphic and genetic distances. Several authors have
reported gene flow from cultivated rice to O. rufipogon
under natural conditions™'***, High genetic diversity has
been reported in wild populations of sea beet” and
Phaseolus vulgaris® that grow nearer to their cultivated
relatives compared to those grown farther away. The
Wayanad population, which showed the least within
population diversity, was isolated and no rice field was
found nearby, whereas intense rice cultivation was found
in areas nearby the other populations, particularly the
Alapuzha, Ernakulam and Kozhikode populations, which
showed high ‘within population diversity’. Thus, natural
gene flow from the cultivated rice may be a cause of the
high genetic diversity of O. rufipogon populations in
Kerala.
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Our results provide a blueprint for designing conserva-
tion and management policies for maintaining the genetic
diversity of O. rufipogon in Kerala. We recommend
immediate steps to conserve O. rufipogon populations in
Kerala, including isolating the conservatories from the
paddy fields in both ex situ and in situ conservation ini-
tiatives. Further expeditions focusing the unexplored
regions may be conducted, and if populations are found,
their genetic structure should also be taken into account
before finalizing the populations to be sampled for differ-
ent conservation approaches. Populations far from rice
fields, like the Wayanad population, can be chosen for
in situ conservation. Moderate genetic differentiation
among populations suggests sampling of a large numbers
of populations covering the complete species range of
O. rufipogon for ex situ conservation.
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