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DNA Fingerprinting the American Cranberry

Development of genetic fingerprinting technology

Cranberry varieties:
An overview

Over 130 cranberry varieties have
been reported and described {Eck, 1990.}
The majority of the varieties were se-
lected in the 1800s and early 1900s from
native bogs located primarily in Massa-
chusetts, New Jersey, and Wisconsin.
Varietal descriptions and identification
are principally based on fruit or berry
characteristics. However, most of these
berry characteristics, e.g., fruit size, shape,
color, presence of cuticular wax (bloom)
are quantitative traits. Quantitative traits
are controlled by more than one gene,
with each gene contributing only a small
portion of the observed variation. An-
other characteristic of quantitative traits
is that they are generally influenced sig-
nificantly by environment; these at-
tributes reduce their effectiveness in dis-
tinguishing among varieties.

In addition, closely related individu-
als such as full- or half-siblings may be
quite similar in appearance. This is also
the case between parents and offspring;
the apple doesn’t fall far from the tree,
or the cranberry doesn’t fall far from the
vine. Furthermore, unrelated individuals
may look similar; most of us have encoun-
tered unrelated individuals that are strik-
ingly similar in appearance to one an-
other.

by NicholiVersa and Richard Novy

Characteristics and
propagation of cranberry

The cranberry species has the ability
to reproduce asexually through the root-
ing of stolons or runners, which is ex-
ploited in the commercial propagation of
cultivated cranberry. Cranberry also re-
produces sexually by seed. Thus, there is
the potential of volunteer seedlings to
establish and spread in an existing plant-
ing. It is also not known whether the ini-
tial selections from native bogs or
marshes were from a single clone, al-
though that has been assumed to be the
case. If, however, multiple cuttings from
a native bog were taken to establish the
first domesticated bogs, then varieties
may have actually have consisted of more
than one genotype (distinct genetic type)
having similar fruit and vegetative mor-
phologies.

Cranberry varieties traditionally have
been propagated by raking the vines or
runners from producing bogs or marshes,
and pressing the vines in a bed to estab-
lish new plantings. If the vines consisted
of more than one genotype, then the per-
centages of the various genotypes might
differ in the new planting. Furthermore,

. since vines of varieties for new plantings

have often been obtained from other
growing regions, the composition of
genotypes could change over time in a

different region. This occurs when one
genotype may be better suited to one
environment, while other genotype(s)
are favored in a different environment.

Because of the likelihood of obtain-
ing varietal mixtures in cranberry propa-
gation, and the lack of reliable morpho-
logical traits to readily distinguish among
varieties, it is not unexpected that little
varietal integrity exists in cranberry. Two
or more genotypes that are similar in fruit
appearance, but differing in production
and other subtle characteristics, might be
considered one and the same variety. On
the other hand there are also numerous
examples where growers have recognized
apparent genetic variants in producing
bogs.

Qualitative traits and
biochemical markers
Qualitative traits are those that can
be classified in discrete categories, e.g.,
blue versus brown eye color in humans,
and are generally the most useful in dis-
tinguishing among individuals. One ad-
vantage of qualitative traits is that they
are generally not greatly affected by en-
vironment. Examples of such traits in
fruit crops include red versus yellow pig-
mentation as in ‘Red Delicious’ and
‘Golden Delicious’ apples, respectively,

and serrated versus entire {smooth)
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leaves as in blueberry. Unfortunately, few | cient to effectively distinguish among | bose} attached to a phosphate (PO,)
such traits exist in cranberry. most cranberry varieties (Hugan et al. | group at one end and to one of four bases
Another way to discriminate among 1993). at the other end: adenine (A), thymine
individuals is through the use of bio- (T}, guanine (), and cytosine {(C). The
chemical markers. An example of abio- | DNA markers for variety nucleotides are attached to one another
chemical marker is blood type in humans. | identification by their sugar groups to form a chain con-
Although requiring laboratory proce- Another source of qualitative bio- | sisting of hundreds of thousands of nucle-
dures, biochemical markers are qualita- | chemical markers is DNA (deoxyribo- | otides. DNA actually exists as a pair of
tive and have proven to be useful for va- | nucleic acids) itself. One major advan- closely aligned nucleotide chains, with
rietal identification in many crops and | tage of analyzing DNA is that the envi- | the bases of each chain opposite one an-
animals. They may prove useful in iden- | ronment has relatively little divect impact | other. Each pair of bases is weakly bonded
tifying cranberry varieties. We analyzed | on an individual’s DNA. to each other, and is referred to as a base
enzymatic proteins {isozymes) in cran- DNA is composed of four basic nucle- | pair. The structure resembles a twisted
berry, but found that the quantity and | otide building blocks. Each nucleotide | ladder and is referred to as the ‘double
number of unique markers was insuffi-  consists of a sugar molecule (deoxyri- helix’. Along the long axis of the ladder,
any one of the four types of nucleotides
. Table 1A. Cranberry varieties used in RAPD analysis, their source, date of | canbe attached to any other nucleotide,
introduction, and the state from which they originated. however, only certain bases can be paired
to one another between the two chains
or at the ‘rungs’, i.e.,, A-T and C-G.
VARIETIES SOURCE DATE ORIGIN ~ Although all individuals may have
the same sequence of nucleotides in most
Berry Berry MA Cran.Res.Cent. 1883 Massachusetts segions of tl?e DNA chain, there is also a
Black Veil MA Cran.Res.Cent. 1890 Massachusetts great probability that mutation has cre-
Matthews WI-DuBays Cran. Co. 1880 Massachusetts ;zd ed): g:;;;t’ s:z:;zzfc??RYzi%:
Early Black Rutgers B\C Res. Cent. 1835 Massachusetts G-T-T in one individual could be A-A-
G-C-G-TT in another individual, where
Early Red MA Cran.Res.Cent. unknown Massachusetts the third base from the left is G instead
Howes Rutgers B\C Res. Cent. 1843 Massachusetts of A. These are the types of differences
that DNA fingerprinting technology uti-
McFarlin Rutgers B\C Res. Cent. 1874 Massachusetts lizes in discriminating among individu-
Paradise Meadow MA Cran. Res. Cent. 1873 Massachusetts als.
Ben Lear WL-DuBays Cran. Co. circa 1901 Wisconsin DNA RAPD analysis
Gebhardt Beauty ~ WI-DuBays Cran. Co. 1893 Wisconsin One method of DNA analysis is re-
ferred to as Random Amplified Polymor-
Metallic Bell MA Cran.Res.Cent. unknown Wisconsin phic DNA (RAPD} technology, and has
Searles WI-DuBays Cran. Co. 1893 Wisconsin been used in variety identification and
: classification in potato, cauliflower and
Thunderlake 3 WI-DuBays Cran. Co. 1970 Wisconsin broccoli, papaya, celery and turf grass.
Habelman 2 WI-DuBays Cran. Co. 1569 Wisconsin ! We utilized a method of DNA analysis
“referred to as silver-stained RAPDs
Biron WI-DuBays Cran. Co. circa 1950  Wisconsin (ssRAPDs) to detect sequence differ-
Budd’s Blues WI-BuBays Cran. Co. 1880 New Jersey ences between mdmc.!uz?ls in an initial
study of cranberry varieties.
Cropper WI-DuBays Cran. Co. 1930 New Jersey RAPD analysis uses small DNA
Early Richard WI-DuBays Cran. Co. 1870 New Jersey ;ﬁ::i sh:aﬁizg ;:‘;:::: r;’ﬁf::: oo
Garwood Bell Rutgers B\C Res. Cent. 1875 New Jersey probes. Our study used 10 nucleotide long
P ’ . .
Plum Rutgers B\C Res. Cent. 1872 New Jersey Kf}{? g_sGljé‘:g‘g; E:Egig)cigl :;;2; é:ai-,
‘Woolman Rutgers B\C Res. Cent. 1897 New Jersey berry DNA from an individual. If a se-
. quence homologous to this primer, (i.e.,
Norman LeMunyon WI-DuBays Cran. Co. circa 1960 New Jersey TA-G-C-C-C-T-A-G-G) appears twice
on opposite strands of the double helix
Cranberries  December 1994/January 1995 Page 11




and within a certain proximity, the se-
quence in between the two sites will be
replicated many times or ‘amplified’. Am-
plification takes place by a process called
‘polymerase chain reactior’. Essentially,
the primer DNA is placed in a vial along
with DNA extracted from an individual
with necessary chemicals and enzymes
that are required for DNA replication.
In an individual lacking that specific
nucleotide sequence combination, no
amplification results, In addition, the dis-
tance between the two flanking se-
quences may also vary resulting in DNA
segments of different lengths to be am-
plified among individuals. The DNA of
an individual may contain none, few, or
many copies of the homologous nucle-
otide sequence for a given primer. The
homologous copies are located at specific
locations on chromosomes, and the pres-
encefabsence between individuals ot va-
rieties of the homologous sequence at
a particular chromosomal location allows
for differentiation between these two in-
dividuals.

The amplified DNA particles in these
vials are then sorted based on their size
(length) which influences how fast they
migrate through a thin porous gel. Mi-
gration is accomplished by subjecting the
gel to an electric field. DNA pieces of
identical length would migrate to the
same spot on the gel forming a band. A

DNA stain — a silver stain in this study
— is used to visualize the DNA on the
gel. Individual band patterns or “finger-
prints” can then be compared.

DNA analysis of cranberry

Cranberry is estimated to have 608
million nucleotide base pairs {Costich et
al. 1993) arranged in 12 independent
units called chromosomes. In an initial
study, the DNA of 22 cranberry varicties
was analyzed by the ssRAPD fingerprint-
ing method to: (1) evaluate whether
ssRAPD DNA fingerprints could be used
to distinguish among cranberry varieties,
and to begin establishing cranberry
ssRAPD DNA fingerprints for accessions,
(2) assess the genetic diversity within
domesticated cranberry varieties, and (3)
ascertain if ssSRAPDs can identify re-
gional genetic divergence within cran-
berry.

Plants representing 22 cranberry va-
rieties were used in the ssRAPD analy-
sis, of which eight originated from Mas-
sachusetts, seven from New Jersey, and
seven from Wisconsin (Table 1A). Leaves
from accessions representing each vari-
ety were collected from bog and green-
house grown plants in the fall of 1992 and
again in the spring of 1993. DNA extrac-
tion, quantification, amplification are
given in Novy et al. (1994). To establish
that the ssRAPDs being used for finger-
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Fig. 1. ssRAPD profiles for 6 cranberry varieties. The arrow points to a
DNA fragment that was present in 7 of the 22 varieties. Lanes 1-6 are
proflies for ‘Biron’, ‘Habelman 2’, ‘Black Veil’, ‘Matthews’, Plum’, and

‘Budd’s Blues’, respectively.

prints were reproducible, a second set of
fingerprints was obtained from leaves
collected in the spring of 1993. Only
those bands which were present in both
replicates were used in the variety analy-
sis. DNA bands were scored for their pres-
ence (1} or absence {0) in each variety
(see Fig. 1).

RESULTS

Cranberry ssRAPD markers

A total of 162 reproducible DNA
bands were identified. Ninety-six (59%)
of the bands were present in all 22 vari-
eties. Being that all varieties had these
bands, they could not be used as markers
to discriminate among these individuals.
Sixty-six (419} bands were polymorphic,
i.e., some varieties had them and some
{or 1) did not. These are the bands that
can be used to distinguish one individual
from another. Figure 1 is an example of a
ssRAPD profile generated.

Genetic relationships among
cranberry variecties

Genetic distance values are analogous
to a tally of band differences between
varieties. Genetic distance values may
indicate the relatedness between two in-
dividuals or groups of individuals. The
more closely related two individuals are,
the smaller the genetic distance (fewer
band differences) expected. The plants
differed by an average of 21 ssRAPD
bands with a range of 0 to 34 bands. The
dendrogram (Fig. 2) derived from these
genetic distance values shows cranberry
to be genetically variable, From the den-
drogram, a few inferences can be made.
One is that certain varieties are more
closely related to one another than they
are to others. For example, the varieties
‘Plum’ and *“Woolman' differ by 12 bands,
whereas they differ from ‘Early Black’ by
an average of 17 bands, suggesting that
‘Plum’ and ‘Woolman’ are more closely
related to each other than either is to
‘Early Black’. Second, varieties originat-
ing from the same state or region were
generally no more similar to another than
those with disparate origins, e.g., Massa-
chusetts versus Wisconsin.

Of particular interest were those
groups of varieties with genetic distances
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of “0", indicating they were cither geneti-
cally identical or very closely related.
Three varietal groups with “0” band dif-
ferences were observed: (1} ‘Early Red’,
‘Howes’, and ‘McFarlin’, (2) ‘Biron’ and
‘Early Richard’, and {3) ‘Matthews’,
‘Hableman 2’, and ‘Norman LeMunyon’.
Thus, rather than the expected 22 dis-
tinct DNA fingerprints being identified,
only 17 were found.

Evidence suggests that the genetic
distance values of “0” are examples of
varietal misclassification. However, to
accept this hypothesis, it must be shown
that values of “0” are not the result of
there being too few ssRAPD markers em-
ployed, i.e., we have not looked at
enough bands. Based on further analysis
using statistical testing, it is our conclu-
sion that these identical fingerprints are
a result of misclassification (see Novy et
al. 1994 for details). When redundant fin-

gerprints (band differences = Q) were

excluded from analysis, the 17 unique
genotypes identified using ssRAPDs dif-
fer, on average, by 22 bands with a range
of 11 to 34 bands.

Variety specific bands

Nine of the 17 unique fingerprints had
genotype-specific bands, i.e., only one
variety of the 17 tested had that band.
An additional four varieties were
uniquely identified by the absence of a
specific band. Thirteen of the 17 geno-
types could therefore be distinguished
from all others by the presencefabsence
of one particular band, the exceptions
being ‘Early Black’, ‘Thunderlake 3’,
‘Woolman’ and the ‘Matthews’ -
‘Habelman 2’ - ‘Norman LeMunyon’ fin-
gerprints.

Regional differences
No significant differences in genetic
diversity were found between varieties on

the basis of regional origin or state, i.e.,
New Jersey, Massachusetts or Wisconsin.
We did find an East (N] and MA) versus
West (W) difference for two bands
which were present in all of the eastern
varieties except ‘Early Richard’ and miss-
ing in five of the seven Wisconsin vari-
eties; the exceptions were ‘Searles’ and
‘Habelman 2’. As already mentioned, it
is likely that the accessions representing
‘Barly Richard’ and ‘Habelman 2’ are
misclassified, and thus are of uncerrain
origin. Being that the “Eastern” bands
were present in the fingerprint of
‘Searles’, we suspected that this particu-
lar accession of ‘Searles’ might also be
misclassified.

To determine if misclassification of
‘Searles’ had occurred, three additional
*Searles’ accessions were obtained from
two other sites in Wisconsin (Table 1B}.
One varient {designared ‘Searles-1’) was
collected from a bog of the Searles fam-

Fig. 2. Average-linked dendogram of varietal relationships as determined from ssRAPDs. This dendogram
summarizes the genetic relationships among the 22 varieties in a graphical form.The distance units are based
upon the number of DNA band differences between cranberry varieties. For example, the vertical line
connecting ‘Plum’ and “‘Woolman’ indicates that they differ from one another by 12 ssRAPDs.The smaller the
distance unit between varieties, the more closely related they are thought to be. Abbreviations next to varietal
names are the state from which they originated.
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ily, whose ancestor, Andrew Searles, was
the originator of this variety; the other
two variants (designated ‘Searles-Z and
3"} were collected from another Wiscon-
sin site. Fingerprint profiles obtained for
the three variants indicated they were
not the same clone; their band patterns
also differed from the original ‘Searles’
used in the study. ‘Searles-1” was found
to be missing the “Eastern” bands, while
‘Searles-2 and 3’ had them.

Being that ‘Early Richard’ originated
in the east, and our original accession was
lacking the eastern bands, additional
‘Barly Richard’ selections (4 vines) from
a 90-year-old New Jersey bog (Table 1B)
were obtained and fingerprinted. Two fin-
gerprints were identified, neither identi-
cal to the ‘Early Richard’ fingerprint in
the initial study. Interestingly, the “East-
ern” bands were present in both finger-
prints,

Summary

ssRAPDs are effective means of *fin-
gerprinting” and assessing genetic varia-
tion in cranberry. This is in direct con-
trast to isozymes, which were less infor-
mative in this regard (Hugan et al. 1993).
Three fingerprints were represented by
accessions of two or more varieties. It is
unlikely that two genetically distinct va-
rieties would have an identical com-
bination of 66 ssRAPD bands. This find-
ing suggests that misclassification of cran-
berry varieties has occurred, with several
varieties being represented by one clone
or genotype. Utilizing the few morpho-
logical descriptors present in cranberry,
the misclassification hypothesis appears
to be valid in that varieties with “0” band
differences were quite similar in appear-
ance in our field plots. On the other hand,
more than one fingerprint was also found
for a given variety, i.e., ‘Searles’ and ‘Early

Table 1B.Additional accessions of ‘Searles’ and “Early Richard” analyzed.

VARIETY SOURCE
Searles-1 Jacob Searles Cranberry Co., Wisconsin
Searles-2 & 3 Claude Strozewski Marsh, Wisconsin

Early Richard

Ron Hill, Green Bank, NJ

Richard’.

The fact that cranberry is a woody
perennial reproducing both sexually and
asexually, i.e., seeds and stolons, likely
promotes varietal heterogeneity. It would
also be expected that older plantings
would be more heterogeneous. Consid-
ering that most of the varieties examined -
in this study were selected from the wild
native bogs 100-150 years ago, the results
obtained in this study are not surprising.

The fact that different genotypes rep-
resent the same variety in various re-
search programs (NJ], MA, WI), under-
scores the difficulty in discriminating
among cranberry varieties. In a study of
the ‘McFarlin’ cranberry we have found
this also to be the case. These findings
have serious implications for cranberry
research, in that results obtained for a
given “variety” may have little or no rel-
evance to other plantings having the
same variety name. From a commercial
standpoint, growers may also be estab-
lishing bogs with an undesirable
genotype(s) of a variety.

Two ssRAPD markers (bands) were
identified which were present in all the
eastern varieties (originating from MA
and NJ), but absent in most of the Wis-
consin varieties. ‘Searles’ was the one
exception among Wisconsin varieties, in
having the “Eastern” bands. However, the
fingerprint of the ‘Searles-1’ accession
from the Jacob Searles Co., where this
cultivar originated, lacked the “Eastern”

Table 2. Pairwise ssRAPD marker differences between 22 cmhbarry varieties.

CULTIVAR L 2 3 4 5 6 7 8 9 10 11 £2 13 14 15 16 17 18 19 20 21 22
t Berry Berry *
2 Black Veit 24 *
3 Matthews 2 i8 *
4 Early Black 26 18 20 *
5 Barty Red 22 24 20 22 *
6 Howes 22 24 20 22 4 *
7 McFarlin 22 24 20 22 {3 0 *
8 Par. Meadow 18 21 9 2l 27 27 27 *
9 Ben Eear 27 23 &3 23 25 25 15 24 *
10 Geb. Beanty 25 23 2% 19 23 23 23 26 20 #
11 Metal. Bell 23 21 19 25 23 23 23 26 16 18 *
12 Searies 19 25 21 21 19 19 19 26 14 24 18 *
£3 Thurderlake 20 16 18 22 22 22 22 19 21 17 25 27 *
14 Habelman 2 2 18 0 20 20 20 20 19 15 21 19 21 18 *
15 Biron 23 13 23 25 27 27 27 2 28 24 22 34 11 23 *
16 Budd'sBlues 20 20 2 18 22 2 2 23 19 21 5 15 26 22 27 *
L7 Cropper 19 21 23 23 27 27 27 20 26 26 26 24 21 23 22 25 *
18 E. Richard 23 23 23 25 27 27 27 22 28 24 22 k3 11 23 0 27 22 *
19 Gar. Bell 18 20 20 20 i8 18 18 21 21 23 2t 17 22 20 27 14 23 27 *
20 Plam 19 23 21 17 23 23 23 24 20 26 24 22 25 21 24 25 22 24 27 *
21 Weotman 4 21 H 15 17 21 21 21 24 20 22 26 22 23 i5 28 27 20 28 27 2 *
22 M. Lemunyen 22 i8 ] 20 20 200 20 L 15 21 19 21 18 o 23 22 23 23 20 2f 15 *
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bands. Thus, the initial accession of
‘Searles’ analyzed is likely a misclass-
ification.

The lack of “Eastern” bands in acces-
sions of ‘Early Richard’ used in the first
analysis suggests that it was most likely a
‘Biron’ which had been misclassified.
Cluster analysis also supports this con-
clusion, in that the variety most closely
related to the ‘Early Richard’ - ‘Biron’
genotype was a Wisconsin variety
‘Thunderlake 3’

The presence of the “Eastern” bands
in the ‘Hableman 2’ fingerprint suggests
that this variety was not of Wisconsin ori-
gin. Having the same fingerprint as the
‘Matthews’ and ‘Norman LeMunyon’ ac-
cessions, it could be one of these two va-
rieties. ‘Habelman 2’ was selected from a
bed of native cranberries in 1969 (M.
Dana, unpublished data). A bog estab-
lished with “Eastern” varieties was nearby
this native bed (D.M. Boone, personal
communication}, making plausible the
possibility of “Eastern escapes”. Another
explanation is that misclassification of
‘Habelman 2’ had occurred following its
initial selection from the wild.

The discovery of accessions represent-
ing different varieties with identical
ssRAPD fingerprints demonstrates the
confusion present in cranberry varietal
identification. ssRAPDs have provided
valuable qualitative markers in cranberry,
and should be a useful method for dis-
criminating among cranberry varieties.
The 17 ssRAPD fingerprints generated
in this study will be useful standards for
further varietal classifications in cran-
berry. Using accessions of a variety from
different growing regions, it may be pos-
sible to identify a consensus fingerprint
that would typify that variety. A study of
intra-cultivar genetic variation in cran-
berry has been undertaken to address this
question.
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[Viaccinium macrocarpon (Ait.) Pursh] by
Novy, R.G., Kobak, C., Goffreda, and N.

Vorsa.

References

Costich, D.E., R. Ortiz, T.R. Meagher,
L.P. Bruederle and N. Vorsa. 1993.
Determination of ploidy level and
nuclear DNA content in blueberry by
flow cytometry. Theor. and Appl.
Genetics 86:1001-1006.

Eck, P. 1990. The American Cranberry.
Rutgers University Press, New
Brunswick, NJ. 420 pp.

Hugan, M.S., Bruederle, L.P., and N.
Vorsa 1993, Genetic variation in dip-
loid and polyploid cranberry popula-
tions {Vaccinium section Oxycoccus).
Amer. ]. Botany 78 (6, part 2}: 122
(abstract). AIBS Meetings, 1-5 Au-
gust 1993. Ames, 1A,

Novy, R., C. Kobak, ]. Goffreda, and N.
Vorsa. 1994, RAPD:s identify varietal
misclassification and regional diver-
gence in cranberry [Vaccinium macro-
carpon {Ait.) Pursh]. Theor. and Appl.
Genetics. 88(8):1004-1010. w5

when you die?

York Life:

¢ A Survivor Purchase Option

id you know that if the combined value of everything
you personally own is more than $600,000, the IRS
may take up to 50% or more of the amount in excess of it

You can guard against this, but the key is planning.
That’s where we can help with these solutions from New

» A Survivorship Whole Life Policy

* Spouses's Paid-Up Insurance Purchase Option*

Did You Know the IRS Can Take 50% or

More of What You Own From Your Family?

view.

Every one of these helps you make money available
when it's needed to pay the substantial estate setdlement costs.

As New York Life agents, we've spent our careers learn-
ing how to help prepare families for the future. It's hard to
imagine anything more important than helping your family
maintain the lifestyle you worked a lifetime to give them.

Preserve your assets — you worked a lifetime for ther.
Call today to schedule a confidential, no obligation inter-

*Not, available in New York.

Kenneth Olson

New York Life

P.O. Box 100

Black River Falls, Wl 54615
Bus. (715) 284-5168

Charles R. Nelson, CLU
New York Life

P.O. Box 540

Eau Claire, WI| 54702
Bus. (715) 834-4174

Yok

The Company You Keep.®
© 1994 NewYork Life insurance SW|-4

Cranberries December 1994/January 1995 Page 15




