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Abstract

To support the crop improvement of Physalis ixopcarpa Brot., 16 accessions provided by National Plant
Germ Plasm System USDA (USA) and one recently reported accession from Pakistan were characterized for
morphometric and genetic diversity. These accessions were evaluated for morphometric and physiological
traits. Among these traits, plant height, relative water content, total chlorophyll content, per cent germination
and leaf area were found as best for the differentiation among these accessions. These accessions were also
screened for genetic differentiation using RAPDs primers. The genetic similarity among accessions was in
the range of 0.03 to 0.33. The RAPD data supported the ecological distribution of accessions. It is inferred
from molecular typing that accessions P1512005 and P1360740 were the most diverse accessions among the
accessions of P. ixocarpa. In this study the genetic data were deviated from morphometric data which might
be due to the qualitative and quantitative characteristics of accessions influenced by environmental factors.

Introduction

Physalis ixocarpa commonly called Tomatillo, belongs to the genus Physalis and family
Solanaceae. Its fruits are used to prepare traditional dishes such as Mole Amirolo de Oxaca, the
local dish of Mexico, its extract has high anticancer, anti-angiogenic, anti-inflammatory and other
medicinal properties (Hsua et al. 2011, Zhang et al. 2016, Khan et al. 2016). Due to existence of
70 different species of Physalis in Mexico makes it becomes the center of origin (\VVargas-Ponce et
al. 2011). To have a long-term success in the P. ixocarpa improvement it is essential to have
accurate knowledge about the diversity within the germplasm collection. Further, natural diversity
represents an important genetic diversity source and can be if exploited in the breeding programs
which will result in speedy development of cultivars. Among the various Physalis species,
diversity studies using different molecular markers have been carried out for a few species such as
P. peruviana (Garzon-Martinez and Jaime 2015), P. philadelphica (Zamora-Tavares et al. 2015).
There is dearth of information about the morphology and genetic diversity of P. ixocarpa.
Information on its diversity is necessary to improve its quality and other agronomic traits. During
the past few years emphasis on the morphology of P. ixocarpa has revealed about its wider
adoptability to different environmental conditions with varying agronomic traits (Coskun 2017,
Ramirez-Godina et al. 2013). Phenotypic traits studied are highly influenced by the environment.
To have unbiased environment influence on the traits, molecular markers are best choice for
deducing the variability among different accessions of P.ixocarpa.
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Molecular markers are un-influenced by the environmental conditions besides having other
advantages over the morphological markers. Owing to the dearth of information about P. ixocarpa
diversity and its economical and medicinal properties, the present study was carried out with the
objective to evaluate the genetic and morphometric variability among the accessions for their
efficient future breeding program in Pakistan and to ascertain the relationship of P. ixocarpa
collected from Pakistan with the USDA accessions.

Materials and Methods

In the present study 16 accessions of Physalis ixocarpa provided by the National Plant
Germplasm System USDA (USA) and one indigenous accession of P. ixocarpa collected from
district Shangla KPK, Pakistan were evaluated for morphometric and genetic differentiation
(Table 1). Experiments for evaluation process were carried out in greenhouse located at Institute
of Biotechnology and Genetic Engineering, The University of Agriculture Peshawar. Seeds of
accessions were sown in plastic pots with mixture of sieved soil, organic matter, and sand (3:1:1).
The experiment was performed in completely randomized design (CRD) with ten (10) replicates.

Table 1. Different accessions of Physalis ixocarpa (Tomatillo) used in the present study.

Taxon Accession lot ID Origin
Physalis ixocarpa P1360740 G222124 Ecuador
Physalis ixocarpa P1309812 Tomate Mexico
Physalis ixocarpa P1512009 Pop or Poposokol ~ Mexico
Physalis ixocarpa P1662844 G30152 Mexico
Physalis ixocarpa P1512010 Tomate Mexico
Physalis ixocarpa P1512008 Tomate Mexico
Physalis ixocarpa P1512909 G 13134 Argentina
Physalis ixocarpa PI1512011 Tomatillo Mexico
Physalis ixocarpa P1662843 G 3015 Mexico
Physalis ixocarpa P1512005 Tomatillo Mexico
Physalis ixocarpa P1512006 Tomatillo Mexico
Physalis ixocarpa P1270459 G 349 Mexico
Physalis ixocarpa P1662845 Rendidora United States
Physalis ixocarpa P1662846 G30319 United States
Physalis ixocarpa P1662847 Pervuvian United States
Physalis ixocarpa P1291560 Tomatillo India
Physalis ixocarpa Pakistan

Thirteen morphological traits divided into 9 quantitative (leaf Area, plant height, root length,
petiole length, fresh weight, dry weight, total chlorophyll, relative water content and per cent
germination) and 4 qualitative (calyx ribbing, calyx color, leaf blade dentation, plant body
position) were studied under greenhouse conditions. Physiological variables such as total
chlorophyll content (Arnon 1949), relative water content (Bajji et al. 2001) and per cent
germination (Giri and Schillinger 2003) were also measured. Qualitative variables such as calyx
color, leaf morphology and body position were also observed in this study.

DNA was isolated from fresh leaves of each accession following the procedure of Weining
and Langridge (1991) with little modification. Optimized protocol of PCR (Devos and Gale 1992)
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was applied to amplify the genomic DNA using Randomly Amplified Polymorphic DNA (RAPD)
primers. The detail of standard protocol was previously reported by Shuja et al. (2011).

Statistical analysis of morphometric data were done on MSTATC computer software (Russel
and Eisensmith 1983). The phenogram and dendogram were constructed using NTSY'S software.

Results and Discussion

Information on morphometric, agronomic and genetic diversity of the accession of Physalis
ixocarpa is limited. For breeding purpose, the characterization of these accessions is required. P.
ixocarpa being an important crop having culinary and medicinal properties has not been studied
worldwide and no information is available about the morphometric and genetic study of
accessions of Physalis ixocarpa that are reported from different regions of the world. In the light
of this fact the morphometric and molecular analysis of the accessions belonging to different parts
of the world were compared. In the present study, the accessions of P. ixocarpa grown under
greenhouse condition exhibited considerable variation at morphometric and molecular level. All
the quantitative traits analyzed in this study showed significant differences among accessions
(Table 2).

Morphometric analysis indicated the most important characters in the differentiation of
accessions were plant height, total chlorophyll content, and root length and leaf area. Leaf is a
very important characteristic for germplasm characterization (Mudibu et al. 2011). Accession No.
P1662843 attained maximum leaf area while minimum leaf area was noted for accession
P1512008. The highest root length was observed in P1512009 followed by PI. On the other hand,
the smallest root length was measured in accession PI512008 followed by P1512011. Maximum
plant height showed by accession Pl (55 cm) as compared to other accessions. The population
P1512010 had highest total chlorophyll content with respect to other populations. No correlations
were noted for quantitative traits under study. Similar findings were also reported by Malik et al.
(2005) who studied correlation among various quantitative traits in maize. Less variation was seen
in qualitative traits of the accession. All accessions have calyx ribbing except P1270459 and
P1662846. Most of the accessions including the accession collected from Pakistan have green
color calyx, however blue and dark green color was seen only in two accessions (P1662847 and
P1291560). Medium leaf dentation was found in 59% accessions. Medium type of leaf dentation is
common (59%), but some have poor leaf dentation. Here the qualitative traits are not correlated to
quantitative traits but signify the important taxonomic features for germplasm evaluation. The
present results are in agreement with the findings of Mudibu et al. (2011)

The phenogram constructed from quantitative and qualitative traits revealed the wide range of
morphometric similarity coefficient between accessions. The population P1512010, P1662843,;
P152008 and P1512909 showed highest similarity coefficient while the lowest coefficient was seen
among P1360740, P1662845; P1360740 and PI. The accession from Pakistan (P1) was appeared in
cluster 11l of phenogram with six more accession. Pl accession showed more similarity to
P1512011.

Genetic diversity in P. ixocarpa has been based on the variation in morphometric, agronomic
traits and pedigree information. This assessment is essential for breeding programs (Rout and
Mohapatra 2008, Tamkoc and Arslan 2011). The phenotypes are highly subjective by
environmental factors (Li and Nelson 2001) and therefore molecular markers have been preferred
to evaluate genetic diversity of accessions (Hand et al. 2012a, Arslan and Tamkoc 2011). Out of
32 RAPD primers, eight (8) primers (GL G-13, GL F-12, GL E-14, GL C-18, GL H-08, GL A-04,
GL E-16 and GL E-11) produced discrete, reproducible and prominent bands and were used for
the analysis of genetic diversity among these accessions. The maximum genetic similarity was
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observed between two combinations (P1512909 and P166843, P1662845 and P1662846) and
minimum genetic similarity with high genetic diversity was shown by PI1360740 and P1512005.
The accession Pl of Pakistan showed more similarity to PI291560 and P1662847 as compared to
other populations and appeared in cluster Il of the dendogram.
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Fig. 2. Dendogram of 17 accessions of Physalis ixocarpa using RAPDs primers.
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The dendogram and phenogram presented the three groups of accessions, however, different
accession was appeared in each group. Structure of the trees presented some of the accessions
grouped in same cluster in both trees while in other cases the result varied from each other. The
populations P1512909 and P1662843, P1360740 and P1512009 appeared as the same accessions in
dendogram but morphologically they were quite different from each other. Similarly, some
accessions appeared on the same bars of phenogram suggesting the same accessions but were
genetically dissimilar. The deviation of morphometric data from genetic data might be due to the
quantitative and qualitative traits of accessions which are subjective by environmental factors
(Costal et al. 2006, Tiwari et al. 2011). The appearance of blue color calyx in population
P1662847 cannot be confirmed during molecular study. The deviation in calyx color might be due
to intraspecific variation found or dominant feature of RAPD markers which cannot discriminate
homo and heterozygotes (Costal et al. 2006). The results of the study stated no correlation
between the morphometric and genetic data. The lack of this correlation might be due to the
quantitative and qualitative characteristics of accessions influenced by environmental factors.

The information obtained from dendogram supported the distribution region of the accessions
(Krebs et al. 2010). Structure of the dendogram revealed that the Mexican and American
accessions of P.ixocarpa were clustered in separate groups. The data further stated that new
accession from Pakistan was grouped with accession collected from India which supported and
strengthened the correlation between genetic and geographic regions of the accessions.

From the above study it may be concluded that the characterization of the accession based on
set of evaluated variables facilitated the identification and documentation of accessions of given
species. The populations P1360740 and P1512005 were identified as genetically diverse accession
and can be used for future breeding program. Moreover, the current molecular data also supported
the ecological distribution and relation among the isolated geographic population.
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