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ABSTRACT. Pawpaw [Asimina triloba (L.) Dunal.], a tree fruit native to eastern North America, is in the beginning
stages of commercialization. Cultivars available in the early 20th century have been lost, and significant genetic
erosion may have occurred. Polymorphic microsatellite marker loci were developed from enriched genomic libraries.
Five marker loci were used to fingerprint 28 cultivars and 13 selections. For the 41 genotypes, 102 alleles were
amplified and major allele frequency (0.16—0.94), number of genotypes (2-27), and allele size (144-343 bp) varied
greatly by locus. Four loci were highly polymorphic, as indicated by values for expected heterozygosity (H.), observed
heterozygosity (H,), and polymorphism information content, but only two alleles were detected at locus Pp-C104. A
high level of genetic diversity was observed in the studied genotypes. The H, (0.68) and H, (0.70) were similar and
indicated few null alleles. In the 41 genotypes, 39 unique fingerprints were observed. These new microsatellite marker
loci will be useful for cultivar fingerprinting, management of collections, and investigation of genetic diversity in
collections and wild populations. Grouping of genotypes in an unweighted pair group method with arithmetic mean

dendrogram was generally consistent with their origins.

The North American pawpaw is a tree fruit in the initial
stages of commercial production (Pomper and Layne, 2005;
Pomper et al., 2008a, 2008b). The fruit reach up to 1 kg, and are
the largest edible fruit native to the United States (Darrow,
1975). Pawpaw has great potential for the processing market
(Duffrin and Pomper, 2006; Templeton et al., 2003), as well
as fresh market sales at farmers’ markets, on-farm sales, and
community-supported agriculture (Pomper and Layne, 2005).
The fruit is very nutritious (Peterson et al., 1982); it has a unique
aroma, smooth custard-like texture, and flavors similar to
a combination of banana (Musa acuminate Colla.), mango
(Mangifera indica L.), and pineapple [Ananas comosus (L.)
Merr.] (Duffrin and Pomper, 2006; Layne, 1996; Shiota, 1991).
In addition to the pawpaw’s promise as a new fruit crop, there
are natural compounds (annonaceous acetogenins) in the leaf,
bark, and twig tissues that possess insecticidal and anticancer
properties (McLaughlin, 2008).

The pawpaw is diploid [2n = 2x = 18 (Bowden, 1948; Kral,
1960)] and the flowers are strongly protogynous, as well
as likely self-incompatible (Willson and Schemske, 1980).
Pawpaw flowers are pollinated by flies and beetles (Faegri
and van der Piji, 1971). Native pawpaw patches can be found in
mesic hardwood forests growing in large patches as understory
trees and can be found in 26 states in the eastern United States,
ranging from northern Florida to southern Ontario, Canada, and
as far west as eastern Nebraska (Callaway, 1990, 1993; Kral,
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1960; Young and Yavitt, 1987). Usually, few fruit are produced
in pawpaw patches.

Pollinator limitation has often been suggested as an expla-
nation for low fruit set in wild patches (Willson and Schemske,
1980). However, low light levels in the forest understory may
also limit flower bud formation in summer. If flowers are
formed and successfully pollinated, low light levels may also
reduce photosynthate partitioning to fruit and reduce fruit set.
Pawpaw often produce many root suckers, presumably forming
large clonal patches, thus contributing to poor fruit set within
a patch due to self-incompatibility. 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). Seed germination rates may be low in the wild due to
desiccation sensitivity of the seed (Geneve et al., 2003) and
because pawpaw seed is killed at freezing temperatures
(Pomper et al., 2000).

Clonality is an adaptation of reproduction by asexual means
of root suckers by pawpaw to persist and spread on the forest
floor. Because this species often reproduces by asexual means
and fruit set is usually low in pawpaw patches, within-
population genetic variation could be low. However, Pomper
et al. (2009b) examined clonality of six pawpaw patches in
Kentucky using inter simple sequence repeat (ISSR) DNA
markers and found that at least 50% of the patches were not
clonal and had at least two genotypes per patch. Pawpaw is an
outcrossing species. Reproduction by seed allows genetic re-
combination and appears to have played an important role in
climatic adaptation in this species. Species whose populations
are distributed over a wide geographic region, such as A. triloba,
also may maintain significant variation among populations
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(Hamrick and Godt, 1989). In the southern portion of its native flanked by unique, conserved DNA sequences. The relative
range, the distribution of A4. triloba overlaps that of some random distribution of microsatellites in the genome, codominant
subtropical Asimina Adans. species, and some introgression may inheritance, high level of reproducibility, and transportability

have occurred.

From 1900 to 1950, over 50 paw-
paw cultivars were selected and
named, of which only two remain:
‘Sweet Alice’ and ‘Middletown’
(Peterson, 1991, 2003). The rest ap-
pearto have been lost through neglect
or abandonment of collections, or
cannot be identified due to loss of
records. Since 1950, additional paw-
paw cultivars have been selected
from the wild or developed as a result
of breeding efforts of hobbyists
(Peterson, 1986, 1991). Currently,
over 45 cultivars are available from
nurseries (Pomper et al., 2009a), and
many of these selections are main-
tained at the Kentucky State Uni-
versity (KSU) National Clonal
Germplasm Repository (NCGR) for
Asimina species in Frankfort, KY,
which is a satellite site of the NCGR
in Corvallis, OR. The loss of culti-
vars over the past century may rep-
resent considerable genetic erosion
(Huang et al., 1997; Peterson, 1991).

Pawpaw is in the early stages of
domestication. Maintaining a high
level of genetic diversity is important
for the long-term genetic improve-
ment of the crop, and in minimizing
vulnerability to disease. A range of
molecular marker systems has been
used in attempts to evaluate genetic
diversity in pawpaw. These marker
systems include the minisatellite probe
(Rogstad et al., 1991), allozymes
(Huang et al., 1997, 1998), ran-
dom amplified polymorphic DNA
[RAPD (Huang et al., 2000, 2003)],
ISSRs (Pomper et al., 2003), and
amplified fragment length polymor-
phism [AFLP (Wang et al., 2005)].
Overall, these studies determined
that the genetic variation in culti-
vated and wild pawpaw is similar to
those of other long-lived, temperate
woody perennials characterized by
a widespread geographic range, in-
sect-pollinated outcrossing breeding
systems, secondary asexual repro-
duction, and animal-dispersed seed.

Microsatellites, or simple se-
quence repeats (SSRs), are a marker
of choice for genetic diversity esti-
mates, genetic mapping, and DNA
fingerprinting (Wiinsch and Hormaza,
2002). SSRs are short (1-6 bp)
tandem repeat DNA sequences
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Table 1. Genetic background of pawpaw selections included in the genetic study.

Clone Genetic background
1-23% Open-pollinated seedling of ‘Taylor’
1-68 Open-pollinated seedling from ‘Overleese’
2-10 Open-pollinated seedling of BEF-30¥
2-54 Open-pollinated seedling of GAZ-VA*
3-11 Open-pollinated seedling of BEF-33
3-21 Open-pollinated seedling of BEF-43
5-5 Open-pollinated seedling of BEF-54
7-90 Open-pollinated seedling of RS-2%
8-20 Open-pollinated seedlings of ‘Sunflower’
9-47 Open-pollinated seedling of BEF-49
9-58 Open-pollinated seedling of BEF-50
10-35 Open-pollinated seedling of BEF-49
11-13 Open-pollinated seedling of BEF-53
‘BH10’ Wild seedling from Cecilia, KY
‘Cales Creek’ Wild seedling from Summers County, WV
‘Davis’ Wild seedling from Eaton Rapids, MI
‘Greenriver Belle’ Wild seedling from Hart County, KY
‘IXL’ Seedling of ‘Overleese’ female X ‘Davis’ male selected
in Eaton Rapids, MI.
‘M. Gordon’ Wild seedling from Cranbury, NJ
‘Middletown’ Wild seedling from Middletown, OH
‘Mitchell” Wild seedling from Iuka, IL
‘NC-1’ ‘Davis’ female x ‘Overleese’ male
‘Overleese’ Cultivated (open-pollinated) seedling from Rushville, IN
‘PA-Golden #1” Second-generation seedling from G.A. Zimmerman collection
‘PA-Golden #3’ Second-generation seedling from G.A. Zimmerman collection
‘PA-Golden #4° Second-generation seedling from G.A. Zimmerman collection
‘Potomac’ Open-pollinated seedling of BEF-53
‘Prolific’ Seedling from Eaton Rapids, MI
‘Rappahannock’ Open-pollinated seedling of BEF-30
‘Rebecca’s Gold’ Seedling from Eaton Rapids, MI
SAA-Zimmerman Seedling from G.A. Zimmerman collection selected in Amherst, NY
‘Shenandoah’ Open-pollinated seedling of ‘Overleese’
‘Sue’ Wild seedling from Indiana
‘Sunflower’ Wild seedling from Chanute, KS
‘Susquehanna’ Open-pollinated seedling of BEF-53
‘Sweet Alice’ Wild seedling from West Virginia
‘Taylor’ Wild seedling from Eaton Rapids, MI
‘Taytwo’ Wild seedling from Eaton Rapids, MI
‘Wabash’ Open-pollinated seeding from BEF-30Y
‘Wells’ Cultivated (open-pollinated) seedlings from Salem, IN
‘Wilson’ Wild seedling from Cumberland, KY

“Numbered selections from the PawPaw Foundation orchards; numerous wild selections from the
remnant collections of H.A. Allard (Arlington, VA), Blandy Experimental Farm (Boyce, VA), B.
Buckman (Farmington, IL), J. Hershey (Dowington, PA), R. Schlaanstine (West Chester, PA), and
G.A. Zimmerman (Linglestown, PA), plus some from truly wild trees and some from named cultivars
that were assembled by R.N. Peterson and H. Swartz at the University of Maryland Experiment
Stations in Keedysville and Queenstown, MD.

YBEF = Blandy Experimental Farm collection (Boyce, VA); numerous wild seedlings plus portions of
G.A. Zimmerman’s collection, donated posthumously, and assembled by O.E. White and staff at
Boyce, VA, from 1926 to 1955.

*GAZ = G.A. Zimmerman collection containing most, if not all, of the named cultivars of the time
plus numerous wild selections and interspecific hybrids; assembled by G.A. Zimmerman of
Linglestown, PA, from 1920 to 1940.

“RS = R. Schlaanstine collection, material descending from G.A. Zimmerman’s collection via J.
Hershey; assembled by R. Schlaanstine of West Chester, PA, date uncertain, circa 1960.
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across laboratories make these markers useful for assessing
genetic diversity, as well as fingerprinting (Kijas et al., 1995;
Wiinsch and Hormaza, 2002). SSR marker systems have been
developed for a number of fruit species, including hazelnut
[Corylus avellana L. (Bassil et al., 2005)], blueberry [Vacci-
nium corymbosum L. (Boches et al., 2006)], peach [Prunus
persica (L.) Batsch (Aranzana et al., 2002)], cherry [Prunus
cerasus L. (Cantini et al., 2001)], pear [Pyrus communis L.
(Yamamoto et al., 2001)], and apple [Malus sylvestris (L.) Mill.
(Hokanson et al., 1998, 2001)].

Our long-term goal is to develop reproducible DNA marker
systems that can be used to fingerprint cultivars and assess
genetic diversity in the KSU repository collection and across
pawpaw’s native range. The objectives of this study were to
develop microsatellite loci and use them to fingerprint cultivars
and assess genetic diversity in the KSU collection. The re-
sulting SSR fingerprints should provide a reproducible means
of identifying pawpaw cultivars and for managing germplasm
in nurseries and the repository collection.

Materials and Methods

PrANT MATERIAL. Leaf samples were collected from pawpaw
cultivars and PPF advanced selections (Table 1). For most
genotypes, dormant cuttings were collected in mid-Mar. 2008
from pawpaw trees located at the KSU-NCGR for Asimina
species in Frankfort, KY, were placed in beakers of distilled
water, and put under fluorescent room lighting at room
temperature (21 °C) to force budbreak and leaf growth. Leaf
samples of the pawpaw cultivars Greenriver Belle, Sue, and
IXL were obtained from Nolin River Nut Tree Nursery (Upton,
KY). Leaf samples were also collected from a seedling cherimoya
(Annona cherimola Mill.) tree in the
KSU greenhouse; cherimoya is in the
same family as pawpaw.

DNA EextrACTION. DNA was

were designed from flanking regions using DesignerPCR (version
1.03; Research Genetics, Huntsville, AL) with the parameters of
annealing temperature 60 °C, GC content 50% and amplicon size
of 100 to 350 bp. Primer pairs were labeled with FAM and were
made by Integrated DNA Technologies (Coralville, 1A).

SSR-POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION.
The SSR-PCR amplification was performed with GoTaq Flexi
DNA polymerase (Promega, Madison, WI). The reactions were
set up as follows: 4 UL of 5x colorless GoTaq Flexi buffer, 0.4
pL of 10 mm dNTPs solution, 2 uL of 25 mm MgCl,, 0.3 uL of
30 um forward primer (fluorescence labeled with FAM)
solution, and 0.3 puL of 30 um reverse primer (unlabeled)
solution, 0.2 UL of 5 units/uL GoTaq DNA polymerase, 2 UL of
diluted I ng-uL ! pawpaw DNA, and 10.8 uL of ddH,O to bring
the total volume to 20 pL. Six primers were selected and
labeled with FAM for use in this study: Pp-B3, Pp-B103, Pp-
B118, Pp-B129, Pp-C104, and Pp-G119. The PCR amplifica-
tions were performed using a thermal cycler (Endurance Series
TC-512; Techne, Burlington, NJ). The PCR program consisted
of an initial period of 94 °C for 3 min, followed with 30 cycles
of 40 s denaturation at 94 °C, 40 s annealing at 56 °C, a 30-s
extension at 72 °C, and a final extension period of 10 min at 68
°C. The PCR results were then stored at 4 °C until analysis.
Products were separated with ABI 3130 Genetic Analyzer
(Applied Biosystems) with GeneScan™ 500 LIZ™ as an
internal size standard. Individuals were genotyped with Gene-
Mapper software (version 4.0; Applied Biosystems). At least
two replicate amplifications were subjected to electrophoresis
and analysis for each primer set.

DaTta ANALYSIS. PowerMarker, version 3.25 (Liu and Muse,
2005), was used to calculate the major allele frequency, number
of genotypes, observed number of alleles (na), observed

Table 2. Characterization of five new microsatellite loci in pawpaw.

extracted from leaves using the

Allele scoring

DNAMITE Plant Kit (Gel Co., Locus Primer sequence Motif quality

San Francisco). About 1 to 2 cm2 of Pp-B3 Forward: AGCGAAAACGAACATACCTC (CT)13 gOOd

young leaftissue was used. DNA con- Reverse: CCTCCTCCACCACCACTAC

Centration and 260/280 nm absor- Pp-B103 Forward: ATGCCCCAACAGAGACTTC (CT)I() gOOd

bance ratio were determined with a Reverse: GGATGAGACACTCGGCTTAC

GeneQuantTM pro RNA/DNA calcu- Pp-B129 Forward: ACACCAGCCATGATTATGATTC (GA)23 gOOd

lator (GE Healthcare Biosciences’ Reverse: TCCTTCTCACTCCATCAACAAC

Piscataway’ NJ) All Samples were Pp-ClO4 Forward: TTTAGCTGACCCCACATAGG (ATG)Q gOOd

stored at —80 °C until needed. Reverse: CAGGAGCCTTACAGGATCAG
MICROSATELLITE-ENRICHED Pp-Gl 19 Forward: AAACCGTAGTAAAACCAGACAA (AAT)H gOOd

LIBRARIES AND PRIMER DESIGN. Genetic

Reverse: GGATAGGAAAACATGGTGATTA

Identification Services (GIS; Chats-
worth, CA) constructed pawpaw ge-
nomic libraries from DNA extracted
from the cultivar PA-Golden (#1) that
were enriched for dinucleotide repeat

Table 3. Major allele frequency, number of genotypes, observed number of alleles, allele size,
expected heterozygosity (H.), observed heterozygosity (H,), polymorphism information content
(PIC), and frequency of null alleles (r) for all cultivars and advanced selections.

GA (library B) and for trinucleotide

. Major allele  Genotypes  Alleles Allele

rﬁ))eat AC;FGI(hbriary C) and AAE Locus frequency (no.) (no.)  size (bp)  H. H, PIC r
](31 rg% ): nst; stz{e]f:e Sec.lquAnCEeT Pp-B3 026 2 90  175-195 083 078 081 003
Ty ; l‘sm‘é 16 S namic it Pp-BIO3 0.16 35 270 252343 093 090 092  0.02
égn}‘{‘a ?trh ye ‘]’3. equencing fi Pp-B129 0.20 28 150  166-193 0.88 0.78 087  0.05
{ d]:a lcatrre hlosc.lences)bl\?  Pp-Cl04 0.94 2 2.0 175,184 011  0.12 011 —0.01
owed by efec d‘){’ 3‘;??‘2 OI}.a B, PG 0.35 15 70  144-176 075 083 071  —0.05
sequencer (model 377; Applied Bio- /| 0.38 20 120 144343 070 0.68 068  0.01
systems, Foster City, CA). Primers
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heterozygosity (H,), expected hetero-

Table 4. Allelic fingerprints of five microsatellite loci for the 28 pawpaw cultivars and 13 advanced

zygosity (H), and polymorphism in- selections.
formation content (PIC) for all Allele size (bp) for each locus
accessions. The major allele fre- Genotype Pp-B3 Pp-B103 Pp-B129 Pp-C104 Pp-G119
quency is the frequency of the most 1035 183/191 266/339 166/172 184 158/164
common allele. The H, was calcu- 11_13 191 264/305 166/172 184 158
lated as the number of heterozygous 123 185/189 290/310 158 184 158/176
genotypes at a given locus divided by 168 185/187 268/341 158/179 175/184 158/164
the number of genotypes present at 2 1q 191 264/270 170/172 184 161/164
the locus. Gene diversity was defined 2-54 191 264/270 162/166 184 161
as the probability that two randomly 31 191 272/288 158/172 184 158/161
chosen alleles from the population 3 3] 189/191 266/305 166/170 184 161/164
are different. PIC was an estimate that 5-5 183/189 270/305 166/168 184 161
the parental origin of an allele canbe  7_9¢ 185/191 305/342 170/176 184 161/164
determined from the marker locus g 2¢ 189/191 264/270 162 184 158/167
genotype in any given offspring. 947 183 272/274 158/166 184 158/161
The equation for H,, H, and PIC 9 s5g 183/191 264/339 170/176 184 158/164
are given in the PowerMarker soft-  <gH1(’ 189 319/321 162/170 184 144/161
ware manual. Genetic distance (D)  ‘Cales Creek’ 175/183 266/274 156/158 184 158/164
between genotypes was computed as  <Dayis’ 185/189 264/268 158/164 175/184 158/164
(1 — proportion of shared alleles) <Greenriver Belle’ 183/189 264/266 162/172 184 158/161
(Bowcock et al., 1994). The fre- <xr’ 187/189 274/309 158/162 175/184 158/164
quency of null alleles was calculated <M. Gordon’ 185/195 270/312 164/170 184 161/164
as r = (He — Hy)/(1 + H,) (Botstein  <Middletown’ 183/193 270/321 170 184 158/161
et al., 1980). The distance data were  “Mitchell’ - 266/321 158/172 184 158/167
used to generate an unweighted pair  <NC-1° 185/193 266 158/162 184 158/161
group method with arithmetic mean  <Qverleese’ 185/189 264 158/164 175/184 158
(UPGMA) dendrogram. ‘PA-Golden#1’ 191/193 336/343 172/176 184 158/164
‘PA-Golden#3’ 189/191 336/343 158/172 184 161/170
Results ‘PA-Golden#4’ 175/183 319/326 164 184 158/161
‘Potomac’ 183/191 264/324 170 184 158/164
Initial sequencing of 34 inserts  <prolific’ 189/191 309/323 158/162 184 158
from libraries enriched for the di-  ‘Rappahannock’ 183/191 266 166 184 164/170
nucleotide repeat GA, and for tri-  Rebecca’s Gold’ 185/193 266 158/162 184 158/161
nucleotide repeats ATG and AAT  ‘Shenandoah’ 185/187 264/274 162/164 184 158/164
motifs, led to the development of a  <gye 175/189 266/329 166/180 184 161/164
number of promising primer sets.  ‘Sunflower’ 187 274/341 162/180 175/184 164
After initial screens, six primer sets  ‘Susquehanna’ 189/191 264/270 162 184 158/167
showed great promise for finger- <Sweet Alice’ 175/183 260/324 166/182 184 144/164
printing and genetic diversity stud-  <Taylor’ 183/185 268/322 173/193 184 167/170
ies in pawpaw cultivars (Table 2).  Taytwo’ 175/185 252/290 158 184 164/176
The loci Pp-B3, Pp-B103, Pp-B118,  <wabash’ 183 266/324 170/172 184 158/170
Pp-B129, Pp-C104, and Pp-G119  «wells’ 175/191 276/290 177 184 161/164
yielded products; however, the lo-  <wilson’ 183/185 268/321 173/193 184 167/170
cus Pp-B118 was not used in the ‘Zimmerman’ 191/195 303/324 164/177 184 158

genetic analysis because of difficul-
ties in determining allele size due to

split peaks.

For the 41 genotypes, 102 alleles were amplified (Table 3).
Major allele frequency (0.16-0.94), number of genotypes (2-27),
and allele size (144-343 bp) varied greatly by locus. Four loci
were highly polymorphic, as indicated by values for H,, H,, and
PIC, but locus Pp-C104 was nearly monomorphic. H, (0.68) and
H. (0.70) were similar and r = 0.01, indicating few null alleles. In
the 41 genotypes, 39 unique fingerprints were observed. The
pairs 8 through 20 and ‘Susquehanna’ had the same fingerprint,
as did ‘Rebecca’s Gold” and ‘NC-1’ (Table 4). An UPGMA
dendrogram (Fig. 1), which depicts the genetic relationships
among the cultivars and advanced selections, showed five
groups. ‘Taylor’ and ‘Wilson’ (Group I) were close to each
other, but distant from all other accessions. The other four groups
are designated by the name of a member: ‘Susquehanna’ (Group
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1), “Wabash’ (Group III), “Wells’ (Group IV), and ‘Overleese’
(Group V).

The ‘Overleese’ group contains ‘Davis’, ‘Sunflower’, and
four genotypes thought to be seedlings of ‘Overleese’. ‘IXL’
and ‘NC-1’, hybrids between ‘Overleese’ and ‘Davis’, clus-
tered with their parents. ‘Shenandoah’ and 1-68 are seedlings
of ‘Overleese’ and were placed in the same group. Selection 1—
23, thought to be a seedling of ‘Taylor’, was unexpectedly
placed in this group. Selection 8-20, thought to be a seedling of
‘Sunflower’, was assigned to the ‘Susquehanna’ group. ‘PA-
Golden #1” and ‘PA-Golden #3 were placed in the ‘Susque-
hanna’ group, while ‘PA-Golden #4’ was placed in the
‘Wabash’ group. These three selections originated from the
remaining trees in the collection of G.A. Zimmerman, and
different genetic backgrounds were expected.

J. AMER. Soc. Horr. Sci. 135(2):143-149. 2010.
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0.1

Fig. 1. UPGMA dendrogram of 41 pawpaw genotypes based on five microsatellite loci and shared
allele distance. Genotypes are grouped by ‘Taylor’ and ‘Wilson’ (Group I), ‘Susquehanna’ (Group

1I), “Wabash’ (Group III), ‘Wells’ (Group V), and ‘Overleese’ (Group V).

Discussion

This is the first report of the development of SSR loci for
pawpaw. These primer pairs can now be used to assess genetic
diversity in pawpaw and provide reproducible fingerprints for
cultivar identification. These primers may also be useful for
other Asimina species. We attempted to amplify DNA of
cherimoya at the five loci, but obtained no PCR products (data
not shown). Cherimoya is in the same family as pawpaw, but
SSR markers are not always transferable among genera.

The SSR fingerprinting of the 41 pawpaw accessions
identified 39 unique genotypes. Only two pairs of accessions
could not be distinguished. The dendrogram of pawpaw
genotypes constructed from SSR marker data are similar in
many respects to those constructed using other types of
markers. Markers used in previous studies include RAPDs
(Huang et al., 2003), AFLPs (Wang et al., 2005), and ISSRs
(Pomper et al., 2003). All of these studies have shown ‘Taylor’
and ‘Wilson’ to be similar. Using RAPD markers, Huang et al.
(2003) placed ‘Overleese’ and its seedlings ‘Shenandoah’ and

J. AMER. Soc. Hort. Sc1. 135(2):143-149. 2010.

________

1-68 in the same group, as did we based on

L wilson E [ SSR markers. Using AFLP markers, Wang
t=Zimmerman | et al. (2005) showed that ‘Taytwo’ and 1-23
i— PA-Golden #1 | were closely related, which is consistent with
[ {— PA-Golden#3 our results. We could not distinguish between
—{ ! :;(l).ﬂc ' ‘Rebecca’s Gold’ and ‘NC-1" using SSR
: {SUSquehanna E 1 markers. Pomper et al. (2003), using ISSR
— L o910 ! markers, could not distinguish between these
1 : 2-54 ' two cultivars. However, Huang et al. (2003)
L — 1113 | reported differences in RAPD markers. ‘Sun-
ool LIV | flower’ was assigned to different groups in
T— Sweet Alice ! these studies. Some discrepancies are to be
—] E \?Vr:::sr:er Belle E expected, as different marker systems sample
' 958 ! different genomic regions.
L ' Potomac ' A high level of genetic diversity was
] — 10-35 | detected in the pawpaw genotypes. The high
— Rappahannock average number of alleles per locus (12.0) is
i PA-Golden #4 E comparable to that in other outcrossing
) ' ?:::s ek | woody perennial fruit and nut crop species
e _— such as 13.3 alleles per locus reported for
| ' M. Gordon E hazelnut (Bassil et al., 2005), 9.5 per locus
E Sue ! for avocado [Persea americana M. (Lavi
L 321 VIV et al., 1994)], 10.7 for sour cherry (Cantini
— 790 i etal., 2001), 12.1 for apple (Hokanson et al.,
— BH-0 E 1998), and 9.1 for pear (Sisko et al., 2009).
! fA-i?jdletown ! Tree species with lower reported average
~Suniiower ~ ! alleles per locus include olive (Olea euro-
' Shenandoah | paea L.) with 5.5 (Noormohammadi et al.,
[———— Davis . 2007), peach at 2.2 (Ahmad et al., 2004), and
L Overleese | avocado in Ghana at 4.4 (Acheampong et al.,
L L E 1-68 E vV 2008). Microsatellite marker loci have been
— XL ! used to study two species of Annona L.,
[ ' l’:jwo ! which are relatives of pawpaw. In Annona
L Mitchel E crassiflora Mart., an undomesticated species
— | NG : native to Brazil, Pereira et al. (2008) used 10

SSR loci and reported averages of 19.3
alleles per locus, H. = 0.91 and H, = 0.81.
In cherimoya, Escribano et al. (2008)
reported averages of only 4.9 alleles per
locus, H. = 0.53 and H, = 0.44. If locus Pp-
C104 is set aside, the values for pawpaw are
similar to those for 4. crassiflora.

H. (0.70) and PIC (0.68) indicated high levels of genetic
diversity among the pawpaw genotypes examined. Hazelnut is
a perennial tree species that also has high genetic diversity in
commercially available cultivars. Using SSR markers, Bassil
et al. (2005) reported high H., and PIC value for hazelnut
cultivars of 0.68 and 0.64, respectively. Pereira et al. (2008)
reported a H, 0f 0.91 for undomesticated trees of 4. crassiflora.
Escribano et al. (2008) reported a H, 0f 0.53 and a H, 0f 0.44 for
cherimoya. The pawpaw cultivars and advanced selections
appear to display a much larger genetic base than currently
reported for cherimoya and positively support continued efforts
toward the further domestication of pawpaw.

This study provides additional evidence that high levels of
genetic diversity exist in 4. triloba (Huang et al., 1997, 1998,
2000; Pomper et al., 2003; Wang et al., 2005), which is
consistent with frequent seed reproduction and adaptation of
different environments. Pomper et al. (2009b) reported that at
least half of the pawpaw patches examined with ISSR markers
had at least two genotypes. The development of additional
polymorphic SSR markers would facilitate future studies.
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In conclusion, six pawpaw microsatellite loci were identified
and SSR primer sets developed to fingerprint and assess genetic
diversity in pawpaw cultivars and advanced selections from the
PPF breeding program. High H,, and PIC values indicated high
levels of genetic diversity among the genotypes examined,
which positively supports the continued efforts toward the
further domestication of pawpaw. Microsatellite fingerprints
will provide a reproducible means of identifying pawpaw
cultivars and for managing germplasm in nurseries and the
KSU repository collection.
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