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A previous study showed that in the haplodiploid solitary wasp Trypoxylon albitarse, most individuals carry
one B chromosome per haploid genome, the same dosage as the standard (A) chromosomes, indicating
a possible regularization of B-chromosome meiotic behaviour and its integration into the A genome. In
a new sampling, we have analysed 15 populations (including 9 out of the 10 previously analysed) to test
the evolution of this integration process. The new results provide a direct report of the invasion process
in the Porto Firme population, where B frequency has dramatically increased in only four generations.
In the populations from the Vigosa region, however, B frequency has remained stable, although the princi-
pal B type, the metacentric one, has increased in frequency at the expense of the acrocentric one in
several populations. The implications of these new results on the hypothesis of the integration of these B
chromosomes, as regular members of the A genome, are discussed.
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1. INTRODUCTION

B chromosomes are genome parasites maintained in natu-
ral populations of many eukaryotic organisms at the
expense of a variety of accumulation mechanisms (i.e.
drive), in spite of their harmful effects on the host genome
(Camacho er al. 2000). In nature, cases of coevolution
towards mutualism have been reported, the most popular
being the mitochondria in the eukaryotic cell. Explaining
how this coevolutionary change takes place in natural
populations is one of the most challenging issues of evol-
utionary biology. In a previous paper, we supplied evi-
dence that B chromosomes in the solitary haplodiploid
wasp Trypoxylon albitarse are in the process of becoming
regular members of the chromosome complement,
because most individuals carried a single B per haploid
genome, the same dosage as the standard (A) chromo-
somes (Araujo et al. 2001). We thus postulated that these
B chromosomes need drive (i.e. a segregational mech-
anism favouring the increase of B frequency in the germ
line) when they first invade a population, but it is then
lost when the B number is regulated to one per haploid
genome, most probably because of a high tendency of two
Bs to pair in female meiosis. Under this scenario, B
invasion and stabilization would be expected to be rapid,
and both should lead to the presence of one B per haploid
A genome in most individuals.

Our present work tests these expectations in a new sam-
pling including nine populations previously analysed, and
six new populations of the wasp 7. albitarse
(Hymenoptera: Sphecidae: Larrinae). The results met all
expectations of a rapid invasion and integration process,
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and indicate that the metacentric B is fitter than the acro-
centric one.

2. MATERIAL AND METHODS

A total of 637 individuals (284 females and 353 males) from
533 nests of 7. albitarse were collected from 15 natural popu-
lations in five municipalities (Vigosa, Porto Firme, Cajuri,
Coimbra and Piranga) in the forest zone of Minas Gerais state
(Zona da mata mineira, Brazil), from January 1998 to December
2000 (table 1). In Vigosa and Porto Firme, we resampled 9 out
of the 10 populations analysed previously (Araujo er al. 2001).

The methods for cytological and statistical analyses were
essentially the same as in our previous report (Araujo er al.
2001). The five variables employed for analysis were: (i) the
number of B chromosomes per haploid A genome (By,); (ii) and
(iii) the number of metacentric or acrocentric B chromosomes
per haploid A genome (Mety,, and Acroy,, respectively); (iv) the
stabilization index (SI) of B chromosomes (Bg), i.e. the pro-
portion of individuals carrying one B per A haploid genome
(Aragjo er al. 2001); and (v) the SI of the metacentric B chromo-
some (Metsy). In the Porto Firme population, some individuals
showed intra-individual variation in B number. For statistical
analysis, we used the most frequent B number in these mosaic
individuals.

3. RESULTS AND DISCUSSION

We first analysed temporal variation in the populations
sampled twice in the Porto Firme and Vigosa munici-
palities. The Porto Firme population (Nova Ilha) has
shown a spectacular increase in B frequency in only two
years, i.e. four generations (table 2). This increase has
been mainly achieved by the metacentric B, which was the
only B variant present in the first sampling and the most

© 2002 The Royal Society



1476 S. M. S. R. Aratjo and others

B-chromosome integration, revisited

Table 1. Number of nests collected and individuals analysed cytologically in the new sampling.
(The first nine populations were also sampled in Araujo et al. (2001).)

specimens analysed

population district geographical coordinates nests females males
Nova Ilha (Nil) Porto Firme 20°43'21" S, 43°05'33" W 36 32 30
Amoras (Amo) Vigosa 20°42'46" S, 42°54'08" W 43 20 18
Campus (Cam) Vicosa 20°45'54" S, 42°51'31" W 60 22 28
Vila Cristal (Cri) Vigosa 20°46'08" S, 42°50'17"W 53 30 29
Palmital (Pal) Vicosa 20°49'20.9" S, 42°50'58.3" W 37 35 39
Paraiso (Par) Vigosa 20°50'05" S, 42°50'58" W 18 8 9
Marrecos (Mar) Vigosa 20°50'17" S, 42°51'51" W 38 8 21
Silvestre (Sil) Vicosa 20°43'34" S, 42°52'45" W 21 10 8
Vila Chaves (Cha) Vicosa 20°45'05" S, 42°50'38" W 14 12 20
Barrinha (Bar) Vigosa 20°45'11.5" S, 42°52'49.5" W 58 22 36
Fundao (Fun) Vicosa 20°44'55.6" S, 42°49'28.7" W 36 15 22
Cajuri (Caj) Cajuri 20°47'17.4" S, 42°47'39.7" W 67 29 53
Vila Paraguai (Vpa) Cajuri 20°45'38.3" S, 42°44'58.3" W 20 10 16
Coimbra (Coi) Coimbra 20°51'21.9" S, 42°48'15.2" W 10 10 14
Piranga (Pir) Piranga 20°40'18.7" S, 43°18'28.3" W 22 21 10
total 533 284 353

Table 2. Comparison of five population parameters between the two sampling periods in the Nova Ilha population (Porto Firme

region) and the eight populations from the Vigosa region, by means of the Mann—Whitney test.
(n, number of nests analysed; P, probability corrected for the sequential Bonferroni method.)

Porto Firme Vigosa
1997 1999 1996-1997 1998-2000
mean  mean mean mean
(n=10) n=36) U P P, (n=146)  (n=173) U P P,

B, 0.133 0.962 24.5 0.000035 0.000175 0.993 0.937 11 030.5 0.051 456
Mety, 0.133 0.883 38.5 0.000165 0.000 660 0.810 0.908 10513.0 0.009 933 0.029 7990
Acro,, O 0.079 155.0 0.505 557 0.183 0.029 7295.5 < 0.000001 < 0.000 005
Bg; 0.133 0.529 91.0 0.017786 0.053 358 0.904 0.693 9015.5 0.000011 0.000 0440
Metg, 0.133 0.436 113.0 0.074 386 0.633 0.673 11 589.0 0.205 089

frequent one in the second. The acrocentric B appeared
in the second sampling at a very low frequency (figure 1a).
This indicates that the acrocentric B is most probably a
by-product derived from the metacentric B through
deletion and/or inversion (Araujo et al. 2000). The high
mutability of B chromosomes generating new variants is
characteristic of some B-chromosome systems, e.g. the
grasshopper Eyprepocnemis plorans (Lopez-Leon et al
1993), and is one of the key properties granting a long life
for B-chromosome polymorphisms (Camacho ez al. 1997).

This dramatic increase in B frequency provides direct
evidence of an invasion episode by the metacentric B,
which has passed from a mean frequency of 0.133 in the
first sampling to 0.883 in the second. The only precedent
of a direct report of B invasion in a natural population
was shown in E. plorans (Zurita et al. 1998). In parallel to
the increase in B frequency, Bg and Metg have increased
up to values close to 0.5 (figure 1b,¢), although they are
still lower than those observed in Vigosa (see table 2). The
occurrence of some mosaic individuals, showing cells with
different numbers of B chromosomes, as well as the pres-
ence of some males with 0B or 2B and some females with
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1B, 3B or 4B, might explain the lower SI in Porto Firme.
In the Vigosa region, the mean frequency of mosaics was
2.5% among males and 7% among females. In Porto
Firme, however, we found 3.3% of mosaics in males and
31.25% in females. It is clear that B instability is lower in
males (haploid) than females (diploid), and that instability
in females is much higher in Porto Firme than Vigosa. It
is interesting to note that the Porto Firme population was
analysed during a period in which the B frequency has
remarkably increased (indicating a recent invasion), but
populations from the Vicosa region have been analysed
once the B frequency was high (indicating an older
invasion). It is thus probable that B chromosomes in
Vigosa populations have had more time for mitotic reg-
ularization in the diploid sex. In Porto Firme, the B chro-
mosome has had to face new genetic backgrounds, some
of which may not facilitate its regular transmission. These
signs of instability are commonly found in B chromosomes
to a higher or lower degree (for a review, see Jones &
Rees (1982)).

In Vicosa, the eight re-analysed populations, as a whole,
showed stability for By, (figure 1a) and Metg; (figure 15),
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Figure 1. B-chromosome evolution in 15 Brazilian
populations of the wasp Trypoxylon albitarse. (a) Total
number of B chromosomes (B}, squares) and number of
acrocentric chromosomes (Acroy; circles) per haploid A
genome. (b) SI for the metacentric B chromosome (Mets;).
(¢) SI for all kinds of B chromosomes (Bg;). Populations
analysed by Araujo er al. (2001) are represented by open
squares or circles and are joined by a dotted line. See
population codes in table 1.

but there were significant tendencies for Met,, to increase
and Acro,,, to decrease (figure 1a). These changes in the
frequency of these two B chromosomes have been paral-
leled by a decrease in Bg; (table 2), and were particularly
apparent in Amoras, Campus and Vila Cristal populations
(figure 1¢). These results indicate an overall stability in B
frequency in this region, although it is only apparent
because a replacement of the acrocentric B by the meta-
centric B seems to be taking place. The substitution of
one B variant for another has previously been reported in
the grasshopper E. plorans and was based on the existence
of drive for the replacing variant (Zurita et al. 1998). In

Proc. R. Soc. Lond. B (2002)

T. albitarse, we have no data on B-chromosome trans-
mission, but the frequency data indicate that transmission
efficiency of the metacentric B is higher than that of the
acrocentric B. Bearing in mind that the metacentric is the
most frequent B in all populations hitherto analysed and
that its invasion ability seems to be very high (as was
observed in Porto Firme), it is reasonable to argue that
the metacentric B is fitter than the acrocentric one.

The six new populations sampled showed B frequency
and stability parameters similar to those observed in the
Vicosa region, indicating that they are at a similar evol-
utionary stage, with most individuals carrying one B per
haploid genome and high SI values (see figure 1), which
is logical given their proximity to Vigosa.

As a whole, our present results give strong support to
our hypothesis on the integration of B chromosomes into
the A genome of 7. albizarse by the joint action of drive,
which is necessary for the initial invasion, and regulariz-
ation of B meiotic behaviour in the diploid sex, presum-
ably because of a high tendency of Bs to pair. We cannot
rule out, however, that bearing one B per haploid genome
might be beneficial for the host genome, in which case,
invasion would also be rapid. An invaded population
would rapidly tend to show most of its individuals har-
bouring one B per haploid genome, provided that drive
(or selection) is strong and meiotic pairing of the two Bs,
in 2B females, tends to suppress drive.

The possibility remains that the decrease in the fre-
quency of the acrocentric B and the consequent overall
decrease in SI is the result of the ‘arms race’ between the
A and B chromosomes (Camacho ez al. 1997). In other
B-chromosome systems, the usual outcome of the arms
race is the suppression of B drive (Nur & Brett 1985,
1987, 1988; Shaw & Hewitt 1990; Herrera ez al. 1996;
Camacho et al. 1997). In T. albitarse, if our hypothesis is
correct, drive is suppressed by the regularization of B mei-
otic pairing. For this reason, host-mediated suppression
of drive is not necessary because it is achieved by the para-
site itself. The existence of a low degree of B mitotic insta-
bility and a certain rate of mutation of the metacentric
into the acrocentric B, which seems to be less fit, are two
additional obstacles that the metacentric B needs to pass
to become a regular member of the A-chromosome comp-
lement.

We thank M. J. P. Araujo for his assistance in the collection
of specimens and C. C. Silva for her laboratory assistance. This
study was in part supported by grants from Fundacido de
Amparo a Pesquisa de Minas Gerais, Coordenacdo de Aper-
feicoamento de Pessoal de nivel Superior and Conselho
Nacional de Pesquisa (S.M.S.R.A. and S.G.P.), and Ministerio
de Ciencia y Tecnologia (BOS2000-1521) and Junta de Andal-
ucia (CVI-165) (F.P. and J.P.M.C.).

REFERENCES

Araujo, S.M.S.R., Pompolo, S.G., Dergam, J.A.S. &
Campos, L.A.O. 2000 The B chromosome system of
Trypoxylon (Trypargilum) albitarse (Hymenoptera,
Sphecidae). 1. Banding analysis. Cyzwbios 101, 7-13.

Araujo, S. M. S. R, Pompolo, S. G., Perfectti, F. & Camacho,
J. P. M. 2001 Integration of a B chromosome into the A gen-
ome of a wasp. Proc. R. Soc. Lond. B 268, 1127-1131. (DOI
10.1098/rspb.2001.1613.)

Camacho, J. P. M., Shaw, M. W., Lopez-Leon, M. D., Pardo,


http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0011-4529^28^29101L.7[aid=1182942]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0962-8452^28^29268L.1127[aid=2713554]

1478 S. M. S. R. Aratjo and others

B-chromosome integration, revisited

M. C. & Cabrero, J. 1997 Population dynamics of a selfish
B chromosome neutralized by the standard genome in the
grasshopper Eyprepocnemis plorans. Am. Nat. 149, 1030—
1050.

Camacho, J. P. M., Sharbel, T. F. & Beukeboom, L. W. 2000
B-chromosome evolution. Phil. Trans. R. Soc. Lond. B 355,
163-178. (DOI 10.1098/rstb.2000.0556.)

Herrera, J. A., Loépez-Leon, M.D., Cabrero, J., Shaw,
M. W. & Camacho, J. P. M. 1996 Evidence for B chromo-
some drive suppression in the grasshopper Eyprepocnemis
plorans. Heredity 76, 633—639.

Jones, R. N. & Rees, H. 1982 B chromosomes. New York: Aca-
demic.

Lopez-Ledén, M. D., Cabrero, J., Pardo, M. C., Viseras, E.,
Camacho, J. P. M. & Santos, J. L. 1993 Generating high
variability of B chromosomes in the grasshopper
Eyprepocnemis plorans. Heredity 71, 352-362.

Proc. R. Soc. Lond. B (2002)

Nur, U. & Brett, B. L. H. 1985 Genotypes suppressing meiotic
drive of a B chromosome in the mealy bug Pseudococcus
obscurus. Genetics 110, 73-92.

Nur, U. & Brett, B. L. H. 1987 Control of meiotic drive of B
chromosomes in the mealy bug Pseudococcus affinis
(obscurus). Genetics 115, 499-510.

Nur, U. & Brett, B. L. H. 1988 Genotypes affecting the con-
densation and transmission of heterochromatic B chromo-
somes in the mealy bug Pseudococcus affinis. Chromosoma 96,
205-212.

Shaw, M. W. & Hewitt, G. M. 1990 B chromosomes, selfish
DNA and theoretical models: where next? In Oxford surveys
in  evolutionary biology, vol. 7 (ed. D. Futuyma &
J. Antonovics), pp. 197-223. Oxford University Press.

Zurita, S., Cabrero, J., Lopez-Ledén, M.D. & Camacho,
J. P. M. 1998 Polymorphism regeneration for a neutralized
selfish B chromosome. Evolution 52, 274-2717.


http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0962-8436^28^29355L.163[aid=1182944]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0016-6731^28^29110L.73[aid=532741]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0016-6731^28^29115L.499[aid=532758]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0009-5915^28^2996L.205[aid=532742]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-3820^28^2952L.274[aid=532792]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0962-8436^28^29355L.163[aid=1182944]
http://leporello.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0009-5915^28^2996L.205[aid=532742]

