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Abstract

The present study is the first report of phylogenetic relationships between some economically important
members of Amaranthaceae and Chenopodiaceae of Lower Gangetic Plains of India, using RAPD and ISSR
markers. A total of 293 RAPD and 177 ISSR fragments were generated with 15 (out of 50) decamer arbitrary
primers and 11 (out of 30) microsatellite repeat anchored primers, respectively. Mean genetic similarities
were estimated at 0.47 and 0.45 using RAPDs and ISSRs, respectively. The members of Chenopodiaceae are
separated from those of Amaranthaceae in both the cases. The mantel test between the two Jaccard’s
similarity matrices gave r = 0.83, showing good correlation between RAPD and ISSR based similarities.
However, in both the dendrograms Celosia sp. showed distant relationships with other amaranths.

Introduction

Amaranthaceae and Chenopodiaceae contain a number of economically important crops and
weed species. Among the leafy vegetables Amaranthus gangeticus, A. paniculatus and A. viridis
of Amaranthaceae and Basella rubra, Chenopodium album, Spinacia oleraceae and Beta vulgaris
of Chenopodiaceae are extensively cultivated in Lower Gangetic Plains of India. Grain amaranth
is grown aong the whole length of Himalayas and aso in the plains of India.

Interspecific and intervarietal hybridization in nature have caused a wide variation in
amaranths, differing in pigmentation of plant parts as well asin inflorescence. Wide spread nature
of many species and variability have resulted in considerable synonymity (Grant 1959).
Chenopodiaceae and Amaranthaceae traditionally have been considered allied based on a shared
core floral formula. These two families congtituting the present materials have generated many
controversies over the years with respect to their taxonomic position and phylogenetic
relationships.

Morphological traits are influenced by genotype-environment interactions. Moreover
morphological characteristics are usually determined by a small number of genes that may not
represent the total genetic diversity within the genome (Brown-Guedira et al. 2000). Therefore,
taxonomic groupings based on morphological characteristics may not actualy describe the
relationships among the different taxa.

With the advent of PCR based DNA markers such as random amplified polymorphic DNA
(RAPD) (Williams et al. 1990), it is now possible to survey a large number of loci and ascribe
unambiguous taxonomic and genetic relationships among different taxa. Inter-smple segquence
repeat (ISSR) (Zietkiewicz et al. 1994) markers are useful in detecting genetic polymorphisms and
are simpler to use than simple sequence repeat (SSR) technique as prior knowledge of the target
sequences flanking the repeat regions is not required (Zietkiewicz et al. 1994). Though ISSR has
been recognized as useful molecular markers in this purpose, it has never been used in
phylogenetic study of amaranths and chenopods. The aim of this study was to clarify the
phylogenetic relationships among different economically important taxa of Amaranthaceae and
Chenopodiaceae available in Lower Gangetic Plains of India with the help of RAPD and ISSR
markers.
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Materialsand M ethods

Three leafy vegetables of amaranths, Amaranthus gangeticus, A. paniculatus and A. viridis,
three grain amaranths, Amaranthus hypochondriacus, A. caudatus and A. cruentus, one
ornamental plant, Celosia cristata and one weed, Telanthera philoxeroides of Amaranthaceae and
four leafy vegetables of Chenopodiaceae Basella rubra, Chenopodium album, Spinacia oleraceae
and Beta vulgaris were used in this study. All the accessions were collected in wild from Lower
Gangetic Plains of India, except grain amaranths, which were collected from National Bureau of
Plant Genetic Resources (NBPGR), ICAR, Pusa, New Delhi, India. Wild plants were identified by
Botanical Survey of India, India.

DNA extraction: Genomic DNA was extracted from fresh young leaves of the above
mentioned genotypes using the method of Dellaporta et al. (1983) with alittle modification.

PCR conditions and gel electrophoresis: RAPD analyses were carried out with 50 decamer
primers from Kit A, B, D and E of Operon Technologies, USA while 30 anchored microsatellite
primers were obtained from the set # 9 of University of British Columbia, Canada and some
designed in our laboratory. PCR reactions for RAPD and ISSR analyses and gel electrophoresis
were done using the method of Ray et al. (2006).

Data analysis. Bands of equal molecular weight and mobility generated by same primer are
considered to be of identical locus. Genetic similarities between taxa were measured by the
Jaccard’s similarity coefficient (1908) and were used to construct dendrogram using the UPGMA
(Unweighted pair group method with arithmetic average). Multidimensional principal coordinate
analysis (PCA) was also conducted. Details of the data analyses were same as described by Ray et
al. (2006). All the statistical analyses were carried out using the NTSY Spc 2.1 (Exeter Software,
Setauket, N. Y.) software package (Rohlf 2000).

Results and Discussion

RAPD analysis. An initial screening resulted in selection of 15 decamer oligonucleotides
from 50 primers for estimation of genetic relationships, which produced clear and reproducible
amplification products. A total of 293 loci were generated; all of them were polymorphic at inter-
generic level. Details of the polymorphism with RAPD primers are given in Table 1. Within
Amaranthus 73.7% bands were polymorphic among the three leafy types, A. gangeticus, A.
paniculatus and A. viridis and 71% bands were polymorphic among the grain types. The extent of
polymorphism observed among the amaranth and chenopod genotypes by OPA-18 is shown in
Fig. 1.

Genetic similarities among al individuals ranged from 0.09 to 0.85, with a mean similarity of
0.47. For the RAPD dendrogram, cophenetic correlation was estimated at r = 0.96, corresponding
to avery good fit. In RAPD based dendrogram (Fig. 3a) C. cristata is the most diverse among all
the individuals. RAPD markers clearly separated leafy amaranths from grain types. T.
philoxeroides has been grouped with the leafy amaranths. B. rubra has been separated from the
rest of the chenopods and grouped with the amaranths. The results of PCA (Fig. 4a) corresponded
well to those from the cluster analysis obtained through UPGMA.

ISSR analysis. Eleven out of 30 ISSR markers were used for estimation of genetic
relationships among and within amaranths and chenopods. A total of 177 loci were observed; all
of them were polymorphic at intergeneric level. Details of the polymorphism with ISSR primers
are given in Table 2. In the genus Amaranthus 42.5% bands were polymorphic among the three
leafy types and 71.6% bands were polymorphic among the grain types. The ISSR primers
produced varying numbers of DNA fragments, depending on their SSR motifs (Fig. 2). Most
dinucleotide repeats (CA)g and (AC)g gave good fingerprint patterns. However, (CA)sT did not
show any amplification indicating that (CA) repeat flanked by either G or A and not by T. Though
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some anchored and unanchored trinucleotide repeats produced polymorphism, unanchored
tetranucleotide repeats studied in this case did not give any amplification product. A possible
explanation of these resultsis that dinucleotide microsatellites are prevalent in plants while mono-,
tri- and tetranucleotide repeats are less common (Wang et al. 1994).

Table 1. RAPD primers scored to draw the phylogenetic relationships between amaranths and
chenopods.

Amaranths® Chenopods”
: . Total no. of No. of Total no. of No. of
Primers  Primer sequence loci polymorphic loci loci polymorphic
generated with % generated loci with %
OPAO4  AATCGGGCTG 10 10 (100) 09 09 (100)
OPAO06 GGTCCCTGAC 19 18 (94.7) 14 14 (100)
OPAO8  GTGACGTAGG 12 12 (100) 14 14 (100)
OPA10 GTGATCGCAG 18 17 (94.4) 15 14 (93.3)
OPA1l CAATCGCCGT 11 11 (100) 08 08 (100)
OPA14 TCTGTGCTGG 10 10 (100) 05 04 (80)
OPA15 TTCCGAACCC 09 08 (88.9) 12 12 (100)
OPA16 AGCCAGCGAA 14 14 (100) 15 15 (100)
OPA17 GACCGCTTGT 16 15 (93.75) 17 17 (100)
OPA18 AGGTGACCGT 24 24 (100) 14 13 (92.85)
OPA20 GTTGCGATCC 13 13 (100) 14 14 (100)
OPB03  CATCCCCCTG 14 14 (100) 08 08 (100)
OPB04  GGACTGGAGT 12 12 (100) 08 08 (100)
OPBO07 GGTGACGCAG 14 13 (92.85) 09 09 (100)
OPB13  TTCCCCCGCT 10 09 (90) 11 10 (90.9)
Total 206 200 (97.08) 173 169 (97.7)

*Members of Amaranthaceae excluding Celosia cristata and Telanthera philoxeroides.
#Members of Chenopodiaceae including Basella rubra. Percentage of polymorphism shown in parenthesis.

Figs. 1-2: 1. The random amplified polymorphic DNA (RAPD) profile using the primer OPA-18. Lane M A DNA Hind I11
digest and ®X 174 DNA Hae Ill digest marker. Lanes 1-12: A. gangeticus, A. paniculatus, A. viridis,
A. hypochondriacus, A. caudatus, A. cruentus, C. cristata, T. philoxeroides, B. rubra, C. album, S oleraceae and
B. wulgaris, respectively. 2. The inter-simple sequence repeat (ISSR) polymorphism using the ISSR primer UBC 857.
Lane M 100 bp ladder marker. Lanes 1-12: A. gangeticus, A. paniculatus, A. viridis, A. hypochondriacus, A. caudatus,
A. cruentus, C. cristata, T. philoxeroides, B. rubra, C. album, S oleraceae and B. vulgaris, respectively.
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Genetic similarities among all individuals ranged from 0.06 to 0.85, with a mean similarity of
0.45. For the ISSR dendrogram, cophenetic correlation was estimated at r = 0.98, corresponding to
avery good fit. In ISSR based dendrogram (Fig. 3b) no group stood out in any special way, thus
allowing al the taxa to be in one main cluster, divided into two main subgroups. The first
subgroup contains all the taxa except C. cristata and T. philoxeroides. In this subgroup, all the
species of Amaranthus and genera of Chenopodiaceae including B. rubra are clearly separated in
two different clusters. Association among the members of Amaranthaceae and Chenopodiaceae
examined with principal coordinate analysis (PCA) (Fig. 4b) corresponded well to those from the
cluster analysis obtained through UPGMA.

Table 2. ISSR primers scored to draw the phylogenetic relationships between amaranths and
chenopods.

Amaranths* Chenopods’
. Primer Tota no. No. of No. of

Primers sequence of loci polymorphic loci Total no. of polymorphic

generated with % loci generated i with 96
UBC-825 (AC)sT 11 11 (100) 11 10 (90.9)
UBC-842 (GA)sYG 09 09 (100) 08 08 (100)
UBC-846 (CA)sRT 12 12 (100) 13 12 (92.3
UBC-847 CA)sRC 11 11 (100) 07 07 (100)
UBC-857 (AC)sYG 10 10 (100) 10 10 (100)
UBC-865 (CCG)q 05 05 (100) 06 06 (100)
UBC-866 (CTO)s 12 12 (100) 04 04 (100)
ISSCR-2 (CA)sAG 11 11 (100) 07 06 (85.7)
ISSCR-3 (CA)s GG 19 18 (94.73) 17 17 (100)
ISSCR-4 (CT)s TG 13 13 (100) 13 13 (100)
ISSCR-5 (CA)sAC 12 11 (91.66) 05 05 (100)
Total 125 123 (98.4) 101 98 (97)

R - A and G residues; Y- C and T residues. *Members of Amaranthaceae excluding Celosia cristata and
Telanthera philoxeroides. *Members of Chenopodiaceae including Basella rubra. Percentage of
polymorphism shown in parenthesis.

Combined analysis: In this study, individual data sets were combined to examine congruence
and incongruence among the results. The Mantel test for comparison of the RAPD based and ISSR
based similarity matrices showed a good correlation (r = 0.83). Strict consensus tree (Fig. 3c) was
produced to summarize the trees produced by RAPD and ISSR based clustering. The dendrogram
clearly separated the 12 individuals of Amaranthaceae and Chenopodiaceae into six different
groups (Fig. 3c¢). The results of PCA analysis combining both RAPD and ISSR data are shown in
(Fig. 4c).

Cluster analyses of RAPD and ISSR data using UPGMA revealed that the three leafy
amaranth species are closely related, whereas grain amaranths have been separated from the leafy
amaranths and together form a separate cluster (Fig. 3a and 3b). High level of RAPD polymor -
phism in leafy amaranths than grain typesis also corroborated by Chan and Sun (1997). Chan and
Sun (1997) are of opinion that the relatively high level of RAPD polymorphism in the leafy
vegetable species may be the result of their relatively short cultivation history or lack of selection
pressure in domestication. Whereas ISSR analysis shows higher level of polymorphism in grain
amaranths than leafy vegetables indicating the little effect of selection pressure under
domestication on anchored microsatellite repeats.

Despite the great discriminating power of both markers, some differences between the two
could be detected. RAPD based clustering (Transue et al. 1994) and hybrid fertility data (Gupta
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and Gudu 1991) indicated that A. caudatus is closely related to A. hypochondriacus. However
A. caudatus is more closely related to A. cruentus in ISSR based clustering. On the basis of
restriction - site variation in chloroplast and nuclear DNA, Lanoue et al. (1996) also reported that
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Fig. 3. UPGMA dendrograms of the unweighted pair group method with arithmetic averayiny cluster analysis
revealed by a. random amplified polymorphic DNA, b. inter-simple sequence repeats and c. consensus
tree of RAPD and ISSR.
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Fig. 4. Three-dimensiona plot of PCA using a. random amplified polymorphic DNA, b. inter-smple
sequence repeats and c. combined data sets of both RAPD and ISSR. The numbers plotted represents
individuals and corresponds to the ones as serially stated for Fig. 1.
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A. caudatus and A. cruentus are more closely related to each other. Position of T. philoxeroides
aso varied in RAPD and ISSR analyses. Such variation may be due to the fact that the PCR
amplified profiles in the two marker assays originated from different repetitive and non-repetitive
regions of genome. In respect to the position of T. philoxeroides, ISSR based clustering is
coherent with some morphological characters. Both T. philoxeroides and C. cristata have papery
tepals, bractlets and monadel phous stamens. In this study, both RAPD and ISSR analyses placed
Celosia sp. apart from other amaranths. The phylogeny of Amaranthaceae and Chenopodiaceae
using the sequence variation of the chloroplast gene rbcL also could not infer the position of
Celosieae to be recognized as subfamilies and tribes (Kadereit et al. 2003). Basella has generated
much attention due to some conflicting reports from the classical taxonomists. Many taxonomists
(Bentham and Hooker 1880, Prain 1903) have placed Basella under Chenopodiaceae. While
several other taxonomists (Pax and Hoffmann 1934, Cronquist 1968, Takhtgjan 1981) placed
Basella spp. under a separate family Basellaceae. Though Basella comes in a common cluster with
other chenopods in ISSR based dendrogram, the consensus tree based on both RAPD and ISSR
data sets shows that Basella is well separated from rest of the chenopods. This supports the
separate family status of Basellaceae. The present study supports the separate status of
Amaranthaceae and Chenopodiaceae as done by several other classical taxonomists (Bentham and
Hooker 1880, Cronquist 1968, Takhtgjan 1981) rather inclusion of the members of
Chenopodiaceae within Amaranthaceae as done by Cuénoud et al. (2002).

There is no doubt that when morphological variation causes confusion or mis-identification,
RAPD analysis alone can aid the correct identification of species in amaranth genetic resources
(Transue et al. 1994, Chan and Sun 1997). Although it seems that complementary approaches,
such as using both RAPD and ISSR data may provide more accurate information on genetic
diversity and phylogenetic relationships between amaranths and chenopods.
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