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SHORT NOTE

Results and Discussion

The amplif ied and sequenced 2BS rDNA PCR product

comprises 885 nucleotides: 160 of the D1 domain, 439 of
the D2 domain and 286 from the intervening and flanking
regions. The 5' terminal sequence of the 28S rDNA was
aligned with available sequences of wasp species Nasonia
vitripennis, Melittobia digitata (Hymenoptera: Pteromali-
dae) (Campbell et a\.,1993) and Drosophila melanogaster
(Diptera: Drosophil idae) (Tautz et a/., 19BB) (Fig. 1). The
solitary wasps were the nearest related species to the
Vespa crabro we found in the EMBL Data Library
(Heidelberg) .

N ucl eotide co m position

The base composition of the analysed V. crabro sequence
is 30% G, 27% C, 23k A, 2Oo/" T which is similar to the
known chalcidoid wasps (Table 1). In the spacer region of
V. crabro adenine (3a%) is predominant, followed by gua-
nine (27"k), thymine (20%) and cytosine (19%). The con-
servation of the spacer regions may be due to functional
constra int ,  i .e .  the in teract ion wi th 5.8S rRNA (Fig.  2,
under l ined s i tes) .

Sequence similarity

The pairwise percentage sequence similarity of the differ-
ent regions between the studied species is given in Table 2.
The aligned sequences of the spacer region show a high
similarity in all compared species. The sequence of D1 is
not  avai lable for  the chalc idoid wasps.  Hi l l is  & Dixon (1991)
argue that  a l ignments are of ten ambiguous when the
paired sequences differ by more than about 30%. This is
the case for the D. melanogasler sequence. To provide
nevertheless a satisfactory alignment we derived the sec-
ondary structure trom V. crabro 285 rRNA and compared
this with the secondary structure of D. melanogaster 285
rRNA.

Mutations may accumulate in a different rate in single-
stranded versus duplex regions (Vawter & Brown, .1 993).
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Abstract

The two variable domains D1 and D2near the 5'end of
the 28S ribosomal RNA gene (large subunit rRNA)
have been sequenced lor Vespa crabro. The sequence
was aligned to corresponding rDNA regions of the
wasp species Nasonia vitripennis, Melittobia digitata
and the fruit fly Drosophila melanogaster. We analysed
the nucleotide composition and sequence similarity
for the different regions of the investigated sequences
and present the inferred secondary structure ol Vespa
crabro.
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Introduction

Eukaryotic 2BS rRNA consists of twelve divergent domains
(D1 D12) (Hassouna et  a/ . ,  1984),  which a l ternate wi th
more or less conserved sequences. The focus of this study
is the 5' terminal region of 2BS rDNA with the two variable
domains D1 and D2 flanked and interrupted by conserved
sequences. The rRNA contains many secondary structural
e lements,  such as duplex,  s ingle-st randed,  hai rp in and
bulge regions which are mainly stabil ized by hydrogen
bonds (Chastain & Tinoco, 1991). The secondary structure
is an important requirement for interaction of the rFINA with
proteins and other rRNA molecules. In this study we
compare the D1 and D2 region of the European hornet
Vespa crabro with corresponding sequence data from
other insects.
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CCCCCTGAAT TTAAGCATAT TATTAAGCGG AGGAAAAGAA ACTAACCAGG

AAACTCCATC TAAGGCTAAA TATGACCACG AGACCGATAG CGAACAAGTA

CCGTGAGGGA AAGTTGAAAA GAACTTTGAA GAGAGAGTTC AAGAGTACGT

1 7 ^

N .  v .
1 4 . d .
D . m .

V . c .
N .  v .
r4.  d.
D . m .

V . c .
N .  y .

1 4 . d .
D . m .

V . c .
IV.  v .
14 .  d .
D . m .

344
1 0 7
1 0 7
3 1 8

394
L57
1 s 6

5 0
1 9
1 9
5 0

V.c. ATTTCCT-AG TAGCTGCGAG CGAAGAGCaAA ATAGcccAGc AcTGAATeeg 99
D . m .  . . . . T . . T . .  . . . . c . . . . .  . . . . A . . A . .  . C . . T T . . . .  . . . A . c . . A .  1 0 0

v.c- ccc'GTAcA-c ccccAc---- GAAATGTAGT GTTccccAcc ATcccccrrA 144
D . M .  T T T . . C T . T A  T G . . . A A T G T  . . G . . . C . . .  . . A T . . - . . C  G . . A A T A . . C  L 4 9

V.C. CATCCCGAGG CGCATGACCG CGTCCAAGTC CATCTTGAAT GC,GGCCATTT L94
D . m .  T . G T - - A T . A  G A A .  . T . 4 . .  - A . T T  . T . . . . A . .  .  . A . . .  L 9 2

V.C. ACCCGTAGAG GGTGCCAGGC CCGTAGCGAC CGGTC,CAGCG TCTTGGGAGG 244
D . m .  . . T . A  C . . - - - - - -  . . A T . . T  T A C . A - - - - -  _ _ _ _ _ _ . . T .  2 L g

V.C. ATCTCTCCTT AGAGTCGGGT TGCTTGAGAG TGCAGCTCTA AGTGGGTGGT 294
N . v .  . . . . . T . .  . . T . .  . . . T .  5 7
M . d .  . . . . . T . .  . . T . .  . . . T .  5 7
D . m .  . . G . T . . . A A  . . T . .  . . T . .  . A . . .  2 6 8

D 1

V.c. GAAACCG-TT CAGGGGTAAA CCTGAGGAAC ccGAAAGATc GAATGGGGAG 443
I V . v .  . A . . .  . . A . .  2 0 6
r f . d .  . A . .  .  . . A . .  2 0 5
D . m .  . . . . . T . C . .  A G A . . T . . . c  . . C . . T . . . .  . T . . . T A T C .  . T T A T . . A . A  4 1 8

V.C. ATTCAGCGTC AGCGGCGCTG GCT-CGGCCG AGTGAGCGAT GTTGCCG--A 490
N . v .  . . . . . T . . . .  . . . . A . . T . .  . . . T . C . T G T  G . A T C . . . .  . . . . c c .  2 5 4
I ' [ . d .  .  .  .  . . T . .  . .  . . T . .  . . . T . C . T G C  G A C T C . . . . .  . A - . . . . A G .  2 5 4
D.M.  T .A .T  .AATT .TA . .  A .  . - -TAAA-  446

.  . c .  .  3 6 8

CTACGGTTG- GCGACACGTT ATCACTCATG CCTTGTCCGG GGTCGTCGTC 539
. c T . . . . . c c  . T . T . . . . C G  T C . G . . - c C .  c T A . . . . . . A  C A . . . . . . G .  3 0 3
. c T . . . . c T C  . . . T . . . . C c  T C - c . C - c C .  - . A .  .  C . . . . . . . c .  3 0 1

. 4 . . A  T T A . . - - - A .  A A . A .  4 6 4

ü

V.c. GTGCACTTCT CCTCTAGTA- GAAcGTcGcG AcccGTTGGG TGccGGTccT 588
N .  v .  . c .  .  .  3 5 1
r 4 . d .  . . c . .  . G . . .  . . T . . . _ A T C  3 4 9
D . m .  T . . T .  T . C A . . T A . c  . . - . A . T . T A  . T . T A . . A . -  C A T _ _ A . A . C  5 1 0

V.c. ACC'GTCCGAG CGGTAGACTG TCGcGTcGc- TTCG-.-GCG cAcGcGTcAG 634
I v . v .  . . . . C . . . c T  T . . . C  . . . . c  . . T A C G C . T .  . c . . .  A O L
M . d .  . A T . c . . . c T  . . . . C . T . . .  . T . . . C . T . c  - - - -  _ c . . . x c . . .  3 8 8
D . m .  . A A - - T T T . T  . A - . . A . A . A  . A A . T . A T A G  . . T A T T C  - - . . A  5 4 7

Figure 1
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V.e. ACCC-TCGGT CGCCCGGCCG GcTGcccGGc GGTC--GAAC -TTATAA---
N . v .  . . . - A C . . . .  T  . . . A T A . . T .  c C . . . . . A A C
M . d .  . . . c A . . . . .  T C A A . . T . .  . . T . . . .  . . . A T A . . . .  G C . T A . T C A C
D . m .  T T A A A . T . C .  T . . A T - T T T A  A . - - - - - - A .  A . A A T A A . T G  T . A T . . . T T T

V.c. GGTATCTTGC CGCAATTATC GAACTGCGT- cGGGcccGc- -GcAGGcGcG
N . v .  T G G . .  . . c . - - . - - T  A . c - . . . . . T  . T . . . T . . T C  G . . . . . . T . .
I ' | . d .  . . . . A T G G .  . . C . - -  . T  . A . . . T . . T C  G . . . . . . T . .
D . m .  . A . . A 4 G . . .  T .  . . A  . . T T . A T A . -  - - . A T T - - - -  - A . . . - T . . .

V.c. GTCAGTGTCT CGGAGGTACG GAcccGGTGc cGTccccGAG --ccTGAc-c
N . v .  T C T C .  . . . . T T . . . .  . . . . T A . . . .  . . . T G . . . c .  C G . T . . c . c T
M . d .  T C T C .  . . . . T T . . . .  . . . . T A . C . .  . . . T G . . . c .  C c . T . . c . c T
D . m .  - . T . 4 . T . T .  . . . . A T . . T A  - - - - T A A - - -  . . c . A T

V.C. AGCTGTTGGC AGGCGGAGTC cTcTGAcGGG cAAT-AcAc- --AATAA---
N . v .  G . . C . . . A . T  C A A . . A T . . .  . . . c . . . T . .  . T C . T . . . T T  C G . . C c c A T T
M . d .  c . . . . . . A . T  C . A . . A T . . .  . . . c . . . T . .  . T C . _ _ _ _ _
D . m .  . A T . A . C A - T  T . A T - - - - . T  T . G . . T T T A T  T . T A T G . . . T  T . T . . G . - - T

V.c. TACCGGTCTG CGACGCTACT GC-TTT-GGG -TAcTcTcAG GAcccGTcTT
I V . y .  . . . c .  - . . . . T . . . .
M - d .  T . . . .
D . m .  A  . A . T . . G . A A  . - - A . . C A . .  A . . . C T . . G .
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4 3 8
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Figure 1. Primary structure of 5'terminal 28S rDNA compared with other eucaryotic homologues. The underlined sequences represent the two variable
domains Dl  and D2 (part i t ion as in Hassouna et  a l . .1994\.

V . c .
JV.  v .
I '1 .  d .
D . m .

GAAACACGGA CCAAGGAGTC TAAC

We found compensatory mutations in duplex regions,
where one fixed mutation positively selects another com-
plementary substitution. In single-stranded sequences, on
the other hand, mutations accumulated independently,
except in the binding sites for other molecules. Compared
to D. melanogaster, we detected that more than g0% of
mutations in duplex regions of the investigated sequence
are compensatory mutations.

We calculated the sequence similarity from alignments
of  duplex ( inc luding the 5.BS RNA binding s i te)  and s ingle-
stranded regions (Table 3). The similarity values of the two
separate regions within the wasps are almost identical to
the similarity of the whole region. This would allow for using

of the entire DNA stretch in phylogenetic studies of wasps
(Hi l l is  & Dixon,  1991).  For  the d is tant ly  re lated f ru i t  f  ly  the
difference between single-stranded and duplex regions is
higher, which would make a separate treatment of the two
regions useful for phylogenetic problems.

Our analysis does not pretend to provide new insights
into insect phylogeny. However, it demonstrates the feasi-
bil i ty of the selected 2BS rDNA sequence for phylogenetic
studies after considering the secondary structure for se-
quence alignment of more distantly related organisms. 28S
rRNA is a good candidate for further unravell ing the phylo-
geny of wasps and may allow for a comprehensive under-
standing of wasp evolution.

Table 1. Nucleotide composition in the conserved
regrons (spacer)  and the var iable regions (D1, D2)
ot Vespa crabro, Nasonia vitripennis, Melittobia
digitata and Drosophila melanogaster. Nuc -
Number of  nucleot ides in the di l ferent  regions.
A, C, G, T nucleotides and their percentage of
Occurrence.  -  Sequence not  avai lable.

Species Nuc A C G N U C A C G N U c A C G T

Spacer D 1

V.c.

M.d.

D.m

1 9 9

1 9 9

1 9 8

200

20

34

20
23
23
39

34 19 27 20
34 20 25 21
34 19 25 22
37 19 22 22

':o : 'j 'l

133  32  14  20

439 16 31 33
454 15 29 33
429 15 30 32
3 4 1  3 6  1 1  1 4
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Table 2. Percentage of sequence similarity in the
di f {erent  regions in pairwise compar isons.  Gaps
were treated as one mutation event without
conside.at ion of  gap lenglh.  Spa spacer regions
(sequence posi t rons 1 1s,257-413,853-875) D1

sequence posttions 96 255 and D2 sequence
posi t ions 414 852.  sequence not  avai lable.

M.d

D2D 1spaD2D 1Spa

D.m

spa D 1

V.C.

M.d

72
87

o 1

91
91

98
99

7598 57 46
48
48

V . C

M.d.

D m

Table 3. Percentage of sequence similarity in pairwise comparison in
regions selected by the secondary structure.  Complete region :  C;duplex
regions D, single-stranded regions : S. Gaps were treated as one
mutation event without consideration ol gap length.

M.d D.m

C
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Experimental procedures

Larval material of V. crabrowas col lected from one nest in Berl in
(Germany). The nuclear DNA was prepared by standard protocols
(Sambrook  e ta l . .  1989)

Amplification and sequenctng

We chose two primers in the 5' terminal part of the 28S rRNA for
ampli fying, using PCR (Polymerase Chain Reaction) as described
in Beye & Moritz (1994). The f irst primer is located in the highly
conserved 5'end of 28S rDNA and the second in the conserved
intersperse between D2 and D3, corresponding to Vossbrinck &
Friedman (1 989)

Primer 1: Mo 6 5'-CCC CCT GAA TTT AAG CAT AT-3'
Primer 2. N/o 7 S'-GTT AGA CTC CTT GGT CCG TG-3'

The PCR product was purif ied by gel elut ion and Geneclean l l
K i l  (B lO 10.1  ,  Inc . ) .  c loned in  pUC 19 and sequenced by  the  Sanger
dideoxy-chain termination technique with the Sequenase kit
(Sequenase Version 2, US Biochemical).  The,r35S-dATp label led
sequence reacttons were eleclrophoresed in 79,. acrylamide, 7 v
urea gels and visual ized by autoradiography. Corresponding se-
quences were found by screening the EMBL Data Library (Heidel-
berg)  C lus ta l  V  (H igg ins  & Sharp .  1989)  was used lo r  mu l t ip le
sequence a l rgnmenl .


