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ABSTRACT
Pawpaw [Asimina triloba (L.) Dunal] is a tree-fruit (see overleaf, page 2) native to the southeastern region

of the United States. Kentucky State University serves as the USDA-National Clonal Germplasm Repository
for pawpaw, therefore assessing genetic diversity across the pawpaw’s native range is a high priority. Pawpaw
is usually found in large patches as an understory tree and root suckering likely occurs. To determine if native
pawpaw patches are clonal, DNA was extracted from leaf samples collected from trees in six native patches in
three counties in central Kentucky. Two ISSR-PCR primers yielded three polymorphic and six monomorphic
markers in the six patches. Three patches did not display any polymorphic markers in each patch, suggesting
they were clonal. However, three other patches did show polymorphic markers within each patch, indicating
these patches were not clonal and contained trees of at least two genotypes within each patch. This study
suggests that to assess the genetic diversity of a pawpaw patch or local population, more intensive sampling
strategies will be required.
KEY WORDS: Asimina triloba (L.) Dunal, Kentucky banana, understory tree, inter simple sequence repeat,
ISSR DNA markers

INTRODUCTION

The North American pawpaw [Asimina
triloba (L.) Dunal] is in the early stages of
commercial production (Pomper and Layne
2005). This tree produces the largest edible
fruit native to the United States that may
reach up to 1 kg in size (Darrow 1975). The
pawpaw fruit has both fresh market and
processing potential. The fruit is very nutri-
tious (Peterson et al. 1982); it has an almost
tropical aroma, smooth custard-like texture,
and flavors reminiscent of a combination of
mango, banana, and pineapple (Layne 1996;
Shiota 1991; Duffrin and Pomper 2006).
Natural compounds in the leaf, bark, and twig
tissues of pawpaw possess insecticidal and
anti-cancer properties (McLaughlin 2008).
The unique qualities of the fruit, ornamental
value of the tree, and the potential for useful

bioactive compounds suggest that pawpaw has
great potential as a new high-value crop.

Pawpaws are native to mesic hardwood
forests of 26 states in the eastern United
States, including Kentucky (Chester et al.
1995) and surrounding states (Rheinhardt and
Rheinhardt 2000; Larimore 2003; Lagrange
and Tramer 1985), ranging from northern
Florida to southern Ontario (Canada) and as
far west as eastern Nebraska (Kral 1960). This
small, deciduous tree may attain a height of 5
to 10 m and tends to be found in patches
(Layne 1996). Pawpaws are often found
growing as understory trees in the deep, rich
fertile soils of river-bottom lands (Kral 1960;
Callaway 1990; Callaway 1993; Young and
Yavitt 1987). The pawpaw is diploid [n 5 2x 5
18, (Bowden 1948; Kral 1960)] and is
pollinated by flies and beetles (Faegri and
van der Piji 1971). Pawpaw flowers are
strongly protogynous and are likely self-
incompatible (Willson and Schemske 1980),1 Corresponding author e-mail: kirk.pomper@kysu.edu
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although some cultivars, such as ‘Sunflower’,
may be self-fruitful. Pollinator limitation has
often been suggested as an explanation for low
fruit set (,0.5%) in wild patches (Willson and
Schemske 1980). Low light levels in the
understory may also limit flower bud forma-
tion during the previous summer. If flowers
are formed and successfully pollinated, low
light levels may also reduce photosynthate
partitioning to fruit and reduce fruit set. If
fruit is produced, the relatively large pawpaw
seeds are well-adapted for dispersal by
mammals such as coyotes and raccoons
(Cypher and Cypher 1999).

The potential clonality of pawpaw patches
and the interaction of this plant with other
plant species in the forest is of interest to
researchers (Hosaka et al. 2005, 2008; Cole
and Weltzin 2005). Pawpaws often produce
many root suckers, presumably forming large
clonal patches, thus contributing to poor fruit
set within a patch due to flower self-incom-
patibility. Clonality has been suggested as an
adaptation by pawpaw to persist and spread
on the forest floor. Hosaka et al. (2005)
evaluated three possible functions of clonal
growth related to pawpaw: (1) risk spreading
through multiplication of stems, (2) enhanced
establishment and survival of new stems, and
(3) horizontal expansion growth of patches.
These authors found no difference in stem
turnover rate for patches of different size,
indicating that stem production is more than
sufficient to avoid patch extinction. They
found no evidence that clonal growth contrib-
utes to extensive horizontal expansion of
patches, suggesting that ensuring survivorship
of new stems is the main ecological role of
clonal growth in pawpaw. The origin of new
stems (ramet or seedling) in patches was
difficult to ascertain, but inspection of root
connections by excavating pawpaw patches in
an area adjacent to the study plot indicated

that more than 90% of the stems appeared to
be of clonal origin (Hosaka et al. 2005).
Neither ramet occurrence over time nor
mortality was correlated with light conditions;
however, the structure of pawpaw patches and
ramet size was influenced by canopy condition
(Hosaka et al. 2008). Hosaka et al. (2005,
2008) did not determine if the patches were
indeed clonal, and they did not determine if
fruit were produced in the patches. Although
pawpaw trees in patches reproduce clonally,
whether patches consist of a single genotype,
potentially from a single seed from the
original fruit (which usually contains about
15 seeds), has not been examined.

Determining the clonality of pawpaw patch-
es is important in developing strategies for the
conservation of pawpaw genetic resources. In
1994, Kentucky State University (KSU) was
designated as a satellite repository for Asimina
preservation in the U.S. Department of
Agriculture (USDA), National Plant Germ-
plasm System (NPGS). As a result, germplasm
evaluation, preservation, and dissemination
are high priorities for KSU. The repository
orchards currently contain over 2000 acces-
sions collected from the wild in 17 states and
more than 40 cultivars. One of the goals of the
repository is to assess levels of genetic
diversity in native populations, in the repos-
itory collection, and in commercially available
cultivars. Another goal is to acquire unique
germplasm to add to the collection that could
be useful in future pawpaw breeding efforts.
When sampling pawpaw patches for genetic
diversity studies and for preservation of
samples, the clonality of patches is an
important consideration. If pawpaw patches
are usually clonal, sampling methods can be
less intensive. Examining clonality of pawpaw
patches using DNA based markers, such as
inter-simple sequence repeat (ISSR) marker
systems (Pomper et al. 2003), would detect

Table 1. Location and description of pawpaw patches sampled for study.

Patch Kentucky county GPS coordinates Approximate number of stems Topography

A Franklin N38 07 44.57 W84 53 13.71 100 Top of hill
B Franklin N38 07 47.98 W84 53 10.23 500+ Top of hill
C Woodford N38 08 31.44 W084 51 32.58 100 Gradual slope
D Woodford N38 08 00.06 W084 51 07.62 30 Flat area
E Menifee N37 49 36.36 W083 38 28.74 50 Steep slope
F Menifee N37 49 22.92 W083 37 41.70 100 Steep slope
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genetic differences among trees in a patch,
which is not possible with observational or
morphological studies.

To test if native pawpaw patches are clonal
or contain more than one genetically different
tree, we utilized inter-simple sequence repeat
(ISSR) DNA fingerprinting techniques to
determine if DNA fingerprint patterns indicate

pawpaw patches contained genetically differ-
ent trees (seedlings) in a patch.

MATERIALS AND METHODS

Plant Material

Leaf samples were collected from 20 trees
each from six different patches located in central

Figure 1. Maps of the six patches in three Kentucky counties that were sampled in the genetic study.
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Table 2. Inter simple sequence repeat (ISSR) markers scored for DNA samples collected from 20 individual trees in
six Kentucky pawpaw (Asimina triloba) patches: Patch A (Franklin Co.), Patch B (Franklin Co.), Patch C (Woodford
Co.), Patch D (Woodford Co.), Patch E (Menifee Co.), and Patch F (Menifee Co.), with 1 indicating the presence of the
marker and 0 indicating the absence of a marker.

Marker

Patch and tree number

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20

841T-1470 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20

841T-1470 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20

841T-1470 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16 D17 D18 D19 D20

841T-1470 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 E20

841T-1470 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
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Kentucky (Table 1 and Figure 1). The leaf
samples were collected on a transect line across
the largest dimension of each patch. Patches
varied greatly in size; ranging from 30 to 500
stems. Leaf samples were stored in Ziploc plastic
bags at 280uC until needed for extraction.

DNA Extraction

DNA was extracted from the pawpaw leaves
using the DNAMITE Plant Kit (The Gel
Company, San Francisco, CA). About 1,2
cm2 of young leaf tissue was used. The DNA
concentration and a 260/280 nm absorbance
ratio were determined with GeneQuantTM pro
RNA/DNA calculator (GE Healthcare, Piscat-
away, NJ). All samples were stored at 280uC
until needed.

ISSR-PCR Amplification

The ISSR-PCR amplification was per-
formed with GoTaq Flexi DNA polymerase
(Promega Co., Madison, WI). The reactions
were set up follows: 4 ml of 53 colorless
GoTaq Flexi buffer, 0.4 ml of 10 mM dNTPs
solution, 1.6 ml of 25 mM MgCl2, 1.33 ml of
3 mM primer solution, 0.3 ml of 5 units/ml
GoTaq DNA polymerase, 2 ml of diluted 1 ng/
ml pawpaw DNA, and 10.37 ml of ddH2O to
bring the total volume to 20 ml. Based on prior
screenings, two primers were synthesized for
use in this study based on the primer UBC841
(University of British Columbia, Canada,
microsatellite set #9) with the following
sequences: UBC 841C (GAG AGA GAG
AGA GAG ACC) and UBC841T (GAG AGA
GAG AGA GAG ATC). The PCR amplifica-
tions were performed using GeneAmp PCR
system 9700 (Applied Biosystems, Foster City,
CA). The PCR program consisted of an initial

period of 94uC for 5 min, followed with 45
cycles of 45 sec denaturation at 94uC, 1 min
annealing at 50uC, and 2 min extension at
72uC, and a final extension period of 10 min at
72uC. The PCR results were then stored at
4uC until electrophoresis. Products were
separated by electrophoresis at 60 volts for
18 hrs using a 300 ml, 18 cm long, 2% agarose
gel. Hyperladder I or II DNA markers (Bio-
line Inc., Boston, MA) were used as weight
ladder standards. Gels were imaged using a
Kodak Gel Logic 100 photo documentation
system, and the PCR-amplified products
analyzed using Kodak Molecular Imaging
Software (Version 4.0.5, Kodak, Rochester,
NY). At least three replicate gels were scored
for each primer/patch.

Data Analysis

Scores were entered into a matrix, analyzed,
and dendrograms constructed using NTSYSpc
software, version 2.11T (Exeter software,
Setauket, NY) The level of genetic similarity
among trees in a patch was determined by
Nei’s genetic distance (Nei 1978). Dendro-
grams were constructed based on the matrix
of the distances using unweighted pair-group
mean analysis (UPGMA). A similarity matrix
was generated using the Dice coefficient, S 5
2Nxy/(Nx + Ny), where Nx and Ny are the
numbers of bands observed in trees X and Y,
respectively, and Nxy is the number of bands
common to both clones (Dice 1945). The Dice
values were then used to perform UPGMA
cluster analysis and generate a dendrogram.

RESULTS AND DISCUSSION

For the two ISSR primers utilized, nine
reproducible markers were amplified in the

Table 2. Continued.

Patch and tree number

Marker F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20

841T-1470 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
841T-1380 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841T-670 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-2800 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
841C-1945 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1830 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1550 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-1480 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
841C-750 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Figure 2. Photograph of a representative agarose gel of inter simple sequence repeat markers for 20 pawpaw trees in
Patch F. Marker 841T-1470 is indicated by the arrow and occurs in three trees in the patch. A ladder of known band
sizes can be found in the far right lane of the gel.

Figure 3. Dendrograms created using Dice (1945) coefficient values to perform an unweighted pair-group mean analysis
cluster analysis for Patches A, E, and F and display the genetic relationships of the seedling trees to the other trees in the patch.
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Figure 3. Continued.
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six patches examined. Primer 841C produced
six reproducible markers for the patches at
2800, 1945, 1830, 1550, 1480, and 750 bp in
size. Primer 841T produced three reproduc-
ible markers for the patches at 1470, 1380,
and 670 bp in size. There were three poly-
morphic markers, 841T-1470, 841C-2800, and
841C-750, and six monomorphic markers,
841T-1380, 841T-670, 841C-1945, 841C-
1830, 841C-1550, and 841C-1480 scored
across the patches (Table 2).

The marker data indicated that there were 3
genotypes represented in the 20 trees sampled
across Patch A, indicating the patch was not
completely clonal (Table 2). Each tree sam-
pled in Patch B displayed all the same marker
and all trees contained all the markers scored,
suggesting the patch was clonal. Trees in
Patch C all displayed an identical marker
pattern, all trees were missing the markers
841T-1470 (bp) and 841C-750, suggesting the
patch was clonal. Trees in Patch D displayed
an identical marker pattern, all trees were
missing the marker 841C-750, suggesting the
patch was clonal. The marker data indicated
that there were 2 genotypes represented in
the 20 trees sampled across Patch E that did
not contain the marker 841C-750, indicating
the patch was not clonal. The marker data
indicate there were 2 genotypes represented
in the 20 trees sampled across Patch F that
did not contain the marker 841C-750, but
three trees did contain markers 841T-1470
and 841C-2800, indicating the patch was not
clonal (Figure 2). Dendrograms of Patches A,
E, and F display the genetic relationships of
seed derived and clonally produced trees in
the patch (Figure 3).

Patches B, C, and D did not display any
polymorphic markers in each patch, suggest-
ing these patches were clonal. However,
Patches A, E, and F did show polymorphic
markers within each patch, indicating these
patches were not clonal and contained trees
of at least two genotypes within each patch.
It is possible that Patches B, C, and D do
contain seedling trees that were not sampled
when we collected on a transect line across
the widest part of a patch. Additionally, it is
possible that screening the trees sampled
from Patches B, C, and D with additional
ISSR primers could identify the presence of
seedling trees.

Determining the clonality of pawpaw patch-
es is important in developing strategies for the
conservation of pawpaw genetic resources. In
1994, KSU was designated as a satellite
repository for Asimina preservation in the
USDA-NPGS and germplasm evaluation,
preservation, and dissemination are high
priorities (Huang et al. 1997, 1998, 2000;
Pomper et al. 2003). To determine the level of
genetic diversity in native populations and to
acquire unique germplasm to add to the
repository collection, the potential clonality
of pawpaw patches is an important consider-
ation in developing sampling strategies for
wild pawpaw patches (Rogstad et al. 1991). If
pawpaw patches are usually clonal, sampling
methods can be less intensive. It is difficult to
demonstrate that a patch is clonal or not. This
would require that all trees in a patch be
sampled. We have observed pawpaw patches
of well over 500 stems and sampling all stems
in a patch this size would be extremely labor
intensive. In this study, 50% of the pawpaw
patches that we examined were not clonal. A
pawpaw fruit often contains more than 15
seeds. Therefore, non-clonal patches may be
the result of multiple seeds germinating from
an original fruit or from multiple seeds in the
feces of an animal that had consumed one or
more pawpaw fruit. Non-clonal patches could
also be the result of sexual reproduction and
fruit dropping into the patch allowing the
expansion of the genetic base of the patch
(Cypher and Cypher 1999; Peterson 1991).
This study suggests that to assess the genetic
diversity of a patch or local population, more
intensive sampling strategies will be required.
The examination of additional patches with
additional primers will aid in the development
of a patch sampling strategy for pawpaw.
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