








sizes were determined using the gel documentation
program and overall eight gels were analyzed.

The 1275 bp CO1/TL2 amplicon (Fig. 1) digested
with AluI had distinct migration patterns that clearly
differentiated all threeBlattella species. Two intraspe-
ciÞc polymorphs (A and B) were observed with Ger-
mancockroach (Fig. 2). PolymorphAwas observed in
four individuals, whereas polymorph B was observed
in 11 individuals. No intraspeciÞc polymorphism was
observed with AluI digests of the CO1/TL2 amplicon
in both the Asian and Þeld cockroach. Inter- and
intra-speciÞc fragment sizes for Asian, Þeld and Ger-
man cockroach are presented in Table 2.

The alignment of the CO1/TL2 sequence for all
three species is depicted in Fig. 3. There are 23 bases
in the Þeld cockroach and 64 bases in the Asian cock-
roach that lie before the sequences listed inFig. 3.Our
sequence information is available through the

Fig. 1. Undigested amplicons visualized on 1% Agarose gel stained with ethidium bromide. Lanes 1 and 8: 1 kb markers.
Lane 2: B. germanica (517 bp). Lane 3: B. asahinai (517 bp). Lane 4: B. vaga (517 bp). Lane 5: B. germanica (1275 bp). Lane
6: B. asahinai (1275 bp). Lane 7: B. vaga (1275 bp).

Table 2. Primers, species and polymorphs identi®ed by frag-
ment size for the German, Asian and ®eld cockroach using 517 bp
and 1275 bp amplicons digested by restriction enzyme Alu1

Primers combinations Species-polymorphs Fragment sizes, bp

C1-J-1718 and C1-N-2191 Blattella germanica-A 344, 126
C1-J-1718 and C1-N-2191 Blattella germanica-B 318, 125
C1-J-1718 and C1-N-2191 Blattella asahinai-A 374, 321,b 180
C1-J-1718 and C1-N-2191 Blattella asahinai-B 374, 179
C1-J-1718 and C1-N-2191 Blattella asahinai-C 315, 152
C1-J-1718 and C1-N-2191 Blattella vaga 370, 178
C1-J-1751 and TL-2-N-3014 Blattella germanica-A 462, 381a

C1-J-1751 and TL-2-N-3014 Blattella germanica-B 471, 397, 374, 118b

C1-J-1751 and TL-2-N-3014 Blattella asahinai 540, 374a

C1-J-1751 and TL-2-N-3014 Blattella vaga 481, 403, 377, 236b

a Interpreted as double band.
b Faint band detected due to silver staining or partial digestion.

Fig. 2. Alu digests of Blattella spp. on 9% PAGE. Lanes
1Ð7: 517 bp CO1 amplicons. Lanes 9Ð13: 1275 bp CO1/TL2
amplicons. Lanes 8 and 14: negative control. Lane 15: 1 kb
marker.
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GENBANK assigned as accession numbers: AF228733
for the Asian cockroach, AF228734 for the German
cockroach, and AF228735 for the Þeld cockroach.
There were no undetermined bases in German cock-

roaches but there were 17 and 59 undetermined bases
in Þeld and Asian cockroaches, respectively. Most
undetermined bases were between the 400 and 800 bp
regions. Therewas 76% identity amongGerman,Asian

Fig. 3. DNA sequence of CO1 gene of B. germanica, B. Vaga and B. asahinai. Periods respresent identical base; -, gap; and
x indicates the end of the sequence. *G, German cockroach; *F, Þeld cockroach; *A, Asian cockroach.
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andÞeldcockroaches. Similarly, therewere79, 74, and
69% identities among Drosophila yakuba Burla and
German, Þeld, and Asian cockroaches, respectively
(Clary and Wolstenholme 1985). In relation to the D.
yakuba genome, the position of mtDNA sequences in
the German cockroach corresponds to nucleotides
1757 through 3017, for the Asian cockroach it corre-
sponds to nucleotides 1693 through 2988, and for the
Þeld cockroach it starts at 1735 andends at 2941 (Clary

and Wolstenholme 1985). Further, the dentogram
(Fig. 4), using sequencedata fromGerman,Asian, and
Þeldcockroaches, and thecricketGryllus pennsylvani-
cus Burmeister, showed that the German cockroach is
more closely related to the Asian cockroach than the
Þeld cockroach. The sequence data of the cricket
(accession no. GPU88332) were used as an outgroup,
and the sequence data of B. germanica are available as
accession no. S72627.

Fig. 3. Continued
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Discussion

We demonstrated that PCR-RFLP could be used to
differentiate three closely related Blattella spp. AluI
digested amplicons (517 bp CO1 and 1275 bp CO1/
TL2)wereuseful indiscriminatingGerman,Asian and
Þeld cockroaches. However, the usefulness of CO1
digested amplicons (517 bp) is limited because of the
intraspeciÞc polymorphism and band separation by
few base pairs. Scott et al. (1993) stated that the PCR
fragments diagnostic for species must differ by at least
50 nucleotides for unambiguous discrimination. In
contrast to the 517 bp amplicons, the 1275 bp CO1/
TL2 amplicons that was digested by AluI showed con-
sistent banding patterns in all gels. Although intraspe-
ciÞc polymorphism was observed in the 1275 bp
amplicons of German cockroaches, the banding pat-
tern of the German cockroach was clearly distinct
from that of the Asian and Þeld cockroach. There was
no intraspeciÞc polymorphism in the 1275 bp ampli-
cons of the Asian and Þeld cockroach. Furthermore,
the 540 bp fragment is found only in the Asian cock-
roach, whereas the 403 bp is found in the Þeld cock-
roach.Roehrdanz et al. (1994) andSzalanski andPow-
ers (1996) also reported similar results. In the studyby
Szalanski and Powers (1996), intraspeciÞc polymor-
phism was observed for the northern corn rootworm
(n 5 15) but the bands were discrete enough for
differentiation of three corn rootworm species. Based
on our study, species discrimination of the German,
Asian, and Þeld cockroaches can be performed by
amplifying the mtDNA with CI-J-1751 and TL-2-N-
3014primer combinations anddigesting the amplicons
with the restriction enzyme AluI. Furthermore, cur-
rent technology (PCRandDNAsequencer) has led to
rapid and efÞcient sequencing procedures (Hoy 1994,

Martinez-Gonzales and Hegardt 1994) where se-
quences are determined directly from the PCR prod-
ucts (Kambhampati 1995, 1996). We found 99.2%
identity between the CO1 gene sequences of German
cockroaches that were sequenced directly from the
PCR product and the sequence obtained in another
study where cloning procedures were used (Mar-
tinez-Gonzales andHegardt 1994). Variation between
the two sequenceprocedureswas causedby transition
at 10 locations (295, 367, 397, 451, 1107, 1251, 1327,
1415, 1418, and 1488) and insertion at two locations
(between 738 and 739, and 961 and 962).

We also observed differences in total length of the
amplicons (in both 517 bp and 1275 bp amplicons)
between the undigested and digested fragments. Dis-
parity in the total length of the fragment size ranging
from 2426 to 1980 bp between the undigested and
digested fragments has also been reported by other
researchers (Roehrdanz et al. 1994, Roehrdanz et al.
1997, Taylor and Szalanski 1999, Taylor et al. 1997).
Presence of the double bands could result in the es-
timated length of the digested amplicon being lower
than the undigested amplicons (Roehrdanz 1994, Tay-
lor andSzalanski 1999, Taylor et al. 1997). In our study,
this was observed with digested amplicons (1275 bp)
of B. germanica-A and B. asahinai. However, total
length of the digested fragments being higher than the
undigested amplicons could have resulted from both
partial digestion and the sensitivity of the silver stain-
ingmethod(Tayloret al. 1997).Because silver staining
is three times more sensitive than the ethidium bro-
mide staining, it is possible to detect bands of low
intensitywith the silver stainingmethod(Merril 1990)
in comparison to with ethidium bromide method. In
our study, this was observed with 517 bp amplicon of
B. asahinai-A, 1275bp ampliconofB. germanica-B, and
1275 bp amplicon of B. vaga (Taylor et al. 1997). Even
with increased enzyme concentration, we observed
similar banding patterns of digested fragments by the
silver staining method. Moreover, small differences in
the total length of the amplicons between undigested
and digested fragment might be a result of the sec-
ondary structure of the double stranded DNA, which
affectsmigrationofDNAinPAGE(Taylor et al. 1996).

In addition to morphologically based taxonomy, the
application of allozyme electrophoresis, PCR-RFLP,
RAPD-PCR, and SSCP are molecular techniques that
can be used for species identiÞcation as well as evo-
lutionary or phylogenetic studies (Hoy 1994, Black
and DuTeau 1997). Success of the PCR-RFLP tech-
nique is based on the presence of restriction sites in
the ampliÞed region of either genomic DNA or
mtDNAusing speciÞc restriction enzymes (West et al.
1997). Publication of the primer list for amplifying
insect mtDNA (Simon et al. 1994) has led to the
efÞcient and reliable use of PCR-RFLP for species
identiÞcation using mtDNA. Most of the universal
primer combinations used here were successful in
amplifying a portion of the mtDNA. In addition to
universal primers, PCR-RFLP can also be used for
discriminating species with primers that amplify the
internal transcribed spacers (ITS) and intergenic

Fig. 4. Growtree dentogram from the CO1 gene se-
quence of German, Asian, and Þeld cockroach, and a cricket
(outgroup) compiled by pileup program using the un-
weighted pair-group method with arithmetic average
method.
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spacers (IGS) of ribosomal DNA (Scott et al. 1993,
Beebe and Saul 1995, and West et al. 1997). But, RFLP
analysis of ITS amplicons of threeBlattella spp. did not
result inpositive speciesdiscriminationpatterns inour
study. Single-strand conformation polymorphism
(SSCP) is another technique that can be used for
speciesdiscriminationbut it requires silver staining for
visualizations of the bands. Although silver staining is
elaborate and more expensive than ethidium bromide
staining, SSCP is very sensitive to single base pair
changes. SSCP can be more efÞcient and less time
consuming than PCR-RFLP or RAPD-PCR but the
sensitivity of the SSCP analysis decreases as the base-
pair number increases (Hiss et al. 1994, Black and
DuTeau 1997). West et al. (1997) used SSCP analysis
for species discrimination but observed identical pat-
terns andattributed the failure todetect differences to
the size of amplicons (1 kb). We suggest that for
ampliconswith 450bpormore, PCR-RFLPmaybe the
most efÞcient procedure for species identiÞcation of
cockroaches using universal primers.
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