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Fig. 3. Autoradiographs of BamHI-digested genomic
DNA blots hybridized with cloned marker DNA probes.
Lanes A contain Asian gypsy moth DNA and Lanes N
contain North American moth DNA. (a) FS-2 probe. (b)
FS-3 probe. (c) FS-4 probe.

amplified fragments of the predicted size, but the
same fragments were seen in all individuals,
whether of Asian or North American origin.

Discussion

We have identified 3 RAPD-peR based markers,
FS-2, FS-3, and FS-4, which can be used to differ-
entiate Asian and North American strains of the
gypsy moth. The 3 markers exhibited accuracy
rates of 95.8, 88.0, and 97%, respectively, when
tested on known Asian moths and 99.2, 86.6, and
98% when tested on moths of North American or-
igin. The probability of determining the correct
identity of an Asian moth when all 3 markers agree
is 99.98%, and for a North American moth the prob-
ability is 99.99%. The 3 new markers will improve
the accuracy of identification of gypsy moth spec-
imens in regions where introductions of Asian
moths are suspected.
The FS-2, FS-3, and FS-4 markers can also iden-

tify a significant portion of known FI hybrids if
used in combination (83% using FS-2 and FS-4, 72%
using FS-3 and FS-4). The FS-4 marker results were
sufficiently accurate that the FS-4 will be useful as
an indicator of Asian parentage in unknown popu-
lations. However, the inheritance of the FS-2 and
FS-3 markers in FI hybrids was not as high as ex-
pected. A likely explanation is heterozygosity of
the target genomic region in the North American
gypsy moth population, particularly in the case of

FS-3. More complex patterns of inheritance could
also be occurring. Because all 3 RAPD-amplified
marker fragments contained highly repetitive DNA
sequences, it is uncertain whether the target
genomic regions consist of single or multiple loci.
Interactions such as competitive primer binding at
2 or more target sites could be involved in the
presence or absence of the marker DNA fragment.
It also remains to be determined whether the FS-2,
FS-3, and FS-4 markers show sex linkage. However,
because the markers were developed for use on
DNA from male moths captured in pheromone-
baited traps, Z chromosome linked markers would
detect hybrids because the male gypsy moths in-
herit a Z chromosome from each parent.
Following DNA sequence analysis of the ampli-

fied marker regions, it was possible to develop lo-
cus-specific primers 20 nucleotides in length for the
FS-3 marker. Frequently, locus-specific primers,
which can be used with more stringent reaction
conditions, are more sensitive than RAPD-peR and
may produce more reproducible results under
varying laboratory conditions (Paran and Michel-
more 1993).
Attempts were made to develop locus-specific

primers for the FS-2 and FS-4 markers. For the FS-2
marker, 7 different upper and 6 lower primer se-
quences were tested in all combinations. In most
cases, multiple fragments were amplified and often
the strongest bands were not of the predicted size.
One lower primer amplified several fragments
when used alone. The large number of amplified
bands as well as results of a genomic Southern blot
indicate that part or all of the FS-2 sequence is
highly repetitive, which could account for the dif-
ficulty in finding useful specific primer sequences.
Locus-specific primers were also designed based

on the FS-4 sequence. Three upper and 3 lower
primers were tested, but all combinations resulted
in amplification of the DNA fragment of the pre-
dicted size in both Asian and North American
moths. It is possible that the Asian / North American
polymorphism is within one or both of the 10-
nucleotide RAPD primer binding sites resulting in
differential amplification. The sequence within the
Asian RAPD-amplified region may be nearly iden-
tical to that of the corresponding North American
sequence, resulting in the failure of the internal
primer sequences to distinguish the 2 strains.
Although they exhibit significant developmental

and behavioral differences, Asian and North Amer-
ican gypsy moths appear to be poorly differentiated
genetically, based on the low proportion of RAPD-
peR fragments that differ between the 2 strains.
Only 4 useful markers have been found upon test-
ing >500 RAPD primers (Garner and Siavicek 1996,
this work). A small number of false positives or
negatives may occur with any single marker used,
because of heterogeneity within the Asian and
North American populations. However, use of sev-
eral markers on the same suspect moth sample will
result in a higher probability of correct identiflca-

-

-



674 ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 90, no. 5

tion. Accuracy of identification of gypsy moths is
critical because treatment of Asian moth infesta-
tions must cover larger areas because of the in-
creased migration ability of flying Asian females. In
addition, Asian moths have a wider host range that
includes economically important conifers, so fail-
ure to rapidly eliminate an Asian moth infestation
may have more costly consequences. The new
gypsy moth markers described in this paper should
improve the ability to make correct management
decisions concerning millions of dollars in treat-
ment costs and potential impacts.
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