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Population-specific D ingerprints in a
neotropical pseudoscorpion (Cordylochernes
scorpioides)

DAVID W, ZEH, *+ JEANNE A. ZEH, "1 MARY ALICE COFFROTH: &
ELDREDGE BERMINGHAM*
“Smithsonian Tropical Research institute, T Department of Genetics, Queans Medical Centre, University of Nottinghain,
Notingham, UK. and *Department of Biological Sciences, State University of New York, New York, U 5.4

The pseudoscorpion, Cordviochernes scorpioides, is currently deseribed as o single spocies, FANgINg
throughout the rain forests of Central and South America, Populations from Panama and French
Ciudana appear morphologically and behaviourally indistinguishable. However, DNA finger-
printing, using the probe M13, revealed distinet, population-diagnostic clusters of low molecular
weipht bands [ <4 Kby This appears to be the most extreme case of population differeatialion in
minsatellite DNA so far detected in outbred, sexualiy-reproducing populations. As the two
populations also exhibit allozyme divergence and are reproductively incompatible at the post
zygotic stage. we conclude that they are, in fact, eryptic species, the characteristies of which are
z-xp‘péu’unl only at the molecular level.

Keywords: Coredylochernes scorpioides, [DNA lingerprinting, minisateliite DNAL popuiation
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differentintion.

introduction

Rapid evolution in hypervariable or minisatellite” DNA
resuits in restriction fragment profiles which are often
unigue o the individual Ueffrevs, T985abl These
muttilocus "DNA fingerprints” provide a powerful
methad for determining parentage and dentilying
close relatives. As knowledpe of penetic relatedness is
critical 1o many uspects of behavioural ceology, DNA
fingerprinting has been increasingly applied to the
wmvestioation of social interactions ranging from extra-
pair paternity { Westneal, 1990} to eusociality {Reeve o
gl 19900 Clearly, by providing a direet messure ol
fertilization success, the technigue also promises o
revolulionize the study ol sexual selection (Burke,
FORGY

By contrast, because minisateilite DINA evolves so
rapidily, multilocus DNA fingerprinting is thooght to
have little applicability 1o research at the popuiation
level or above [Lynch, 1988, Burke er al, 1891
Exceptions occur when the rate ol hypervarable
region evolution s constramed by some mechanism

Copraspondeno

Cdeh, Department of Genets, Queens Meoedal
Capirg, Ulrtversity ¢of |

Motnagham, Notmgham NGT 2UHD UK

such as asexual reproduction (e, Nybom & Schaal,
FOOO: Turner of af, 1990 Carvalho er ol 19910
founder effects and/or inbreeding {Gitbert er afl, 19900
For example, in their study of the California Channed
Island fox, Gilbert o af. {19907 stress that DNA finger-
printing was elfective in detecting population differen-
tintion only becanse of the existence of small, solated
populations in which “the fixation of restriction frag-
ment polymorphisms can outpace the generation of
fragment-fength variability through recombination”

I this paper, we document the existence of distinel
multilocus DNA fingerprint patterns in two popula-
tions of a neotropical pseudoscorpion [Cordylochernes
seorpiofdest. The sigaificance of this research lies
the fact that populabion-diagnostic fragments ware
detected 1n sexually-reproducing  uxdividuals taken
from large, outhred, mainland pepulations of what s
reported to be a single species, ranging throughout the
rain forests of Central and South America [(Bewr,
PR strongly - support the  recen
suggestion that muliocus DNA fingerprinting may be
in the analysls of poputation-level
differemintion fvan Pilen er wf, 1991, It may also

ful in the identification of eryplic species.

Ohur results

2 useful tool
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Methods

Sackground

A

The population differcntiation in minisateliite 1
reported here was discovered accidentally when indivi-
duals for a DNA [ingerprinting study ol sexual selec
weorpiotdes were obtained  front two
geographically  distant populations  {(Panama and
Cronch Guiana see Zeh & Zeh, 1092D) Preliminary
mvestigation of inheritance patierns xuwui that mini-
catellites in O scorpivides are, in general, inherited ina
siple Mendetian fushion (1. W. Zeh & 1AL Zeh

unpublished datal Inoan analysis of three known
families {mother. father, and four, six or eight olf-
springl, palrwise COMParisens of segregation of all
paterngl and maternal fragmeals detected only two
significant cases of linkage, hoth of which occurred n
the Taroest family (for discussion of minisatellite linkage
analysis, see Meng ef al., 19901,

tion w1 £

Studly populations

In Paaama, pseudoscorpions were coliected i lowland
tropical forest in the {ormer Canal Zone {Parque
Nacional  Soberania, Barro Colorado  Lsland, and
Ciigante Peninsulaj, In French Cruiana, collections were
made alunw the Piste du Kaw, S0 km south-east of
Cavenng (Z¢h ;&:. Zeh, 1092b1 Individuals used Tor
both populations were either liek 1-{'01.1&:&'{(}(1 adults or
the labore l:m reared olfspring of females inseminated
m the beld, No more limn one individual per family
was mciude al in the analysic. Depending on the restrics
wsedd Haelll or Hinf1 from 20 10 24
from cach population were included in the

o um\-'m;*
individuals
atrlyses,

DNA preparation

Whale adults { = 6 me were stored at -~ 70°C o later
grinding 1n 400l of CTAY extraction bulfer
R \ 1o the addition of 15 ul ol

Proteinuse I-\,‘ saniples were placed inu
erbath for 5 1 b The DNA was then purified
vy perlorming the [ollowing extract N b SUCCEsSIon,
nsing @ 400 4l volume: one ehlorolorm/isoamyl alco-
pvo phenelfehlorolorm/iseamyl aleohols
5 ; chlorolorm/isoamyl  alcohol.
1500 nd d i3 b 600wl of
Eif’é par cent ethanol at — 20°C and I'Ha‘Elﬁf:d for 30 mm
at 12,000 g Pellews ware wi ashed twice tn cold 70 per
vacuurmn drigd and mwhpvmkd i 20 gl

and  one
A was then precipiated wil

cent othanol,
of T budfe

claved:

CHU s, E mn BIDTA, pH 7 auto-

DNA aliquots were digested Tor 08 hat 37°C
cither 13 units of Haelll or 20 unils of Henf i Foloen
phoresis was then carried oul in 10 per cent ag
gels run at 34-36 V for 34 hoin cireulating 171
hulfer Ausubel e al. 1889) To check for the ¢
sistency of digestion and to control for gcl distoriy

samples from at least one
dently digested and run several lmu Ay,
clectropheresis, ethidium bromide stamed gels
examingd under uliraviolet Hght 1o evittuate dige
guality. DNA fragments were then denatured in
NaCl 0.5 v NaOH and neutralized in b Tos
NaCl helore capillary transfer to nylon
{7 ctabind, Cuno ne Membranes were cheted Tos
at BT

e

Hybridization

The wild-type M3 bacteriophage was used sy probe
in a stightly-modified “sandwich’ hybridizaton pry
dure developed by Weihe e af. TTODUL %rig[’“v
hranes were fivst prefivbridized for 46 1
ol FON then hybridized overnight at ¢
untabelicd. single-stranded M1 3 washed for 20 mim
2 88C 0.1 per cent SDS. and Tinally bybridized tor
P20 16 h with replicative form MIS which hid been
S gsing o random priming kit ety

abelled with
Research 1 ab (:ml(n'iuv Moembranes were wis
20 min in 2 % SSC, 001 per cent SN at room temper
ture and again 111 65°C, and were then exposed 1o 5y
film (Kodak Xeomal ARGat 78 ‘Ciar b
an ntensifying sereen,

7 odays .nik

Experimental design and analyses

45 specimens, DINA oxir acted *rnm the

individuals {2+ was divided mto bwo i
guots, one for digestion with Flaelll, it I
Hinfl. [ anc five Tor Hind

Fach ¢ wa_i;ﬂ m,‘;!‘a‘a%'\;,:'!'x o

i 4 of the <
bl

our gels were run Lor Flael
el ;um"mui approxumately
.ii'u.iivﬂ{i abs from the
COMPATISONS WeTE Caiicy dout separately b
Two methods were used 1o comprare the w
B Ew'm%z population variation in DINA flngorpring pros

51 purml;;‘éinm 1

by
S Firsl we used the conventionsl tec Binice ol Ci

a'ulzluug%_ spnd-sharing coefficients, mo his wvise

extimate lovels of hm! intra- and inter m;m;;&%znsz i

sharing, This approach relies oo the assum
fraoments of equal mobility are sdentiend

valied (or intrapopulation applications such i pli
assignment. this assumpon may ool i
making comparisens bebween popu ftions, 1 b

we also wsed o second, simpler method whi




require the assessment of hand equivalence but refied
only on calculating the mean fragment length for each
individual.

For both the band-sharing and the fragment length
analyses, we carried out intra- and inter-population
comparisons in terms ol (i) strongly and (i) weakly
hybridizing bands. Strongly hybridizing bands result
from high sequence homology between genomic and
probe DNA {Wong ¢/ gl 19871 and are therefore
likely to be the most directly comparable between
populations. In both poputations, strongly hybridizing
bands, ic. bands stili visible after higher stringency
washes, were confined to the 1-4 kb region ol gels.
Consequently, analyses were carried out separately by
two gel regions: (i) 1-4 «b inclusive, and {ii} 4-20 kb.

Comparison of band-sharing coefficients

(ntrapopulation band-sharing coefficients (see Gill et
4l 108S) were obtained by caleulating the ratio of
shared bands to the mean total number of bagds 1 pair
of individuals in adjacent for nearly adjacent) lanes on
a gel That is, for cach population, individuat A was
compared 0 ndividuat B, B 1o C, ete. A similar
approach was used 10 assess hane sharing between the
populations. For cach el we compared mdividual A
from Panama to individual A from French Guiana, ete.
Rands were scored as equivalent it their centres were
fess than 0.5 mm apart.

Comparison of fragment fengths

Band positions o the autoradiographs were recorded
on compiiter [ile, using o sonic digitizing tablet (IBI gel
reader. Fragment sizes were hen estimated with the
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MacVector, version 3.5 [ragment size program (Y
Kodak Co.b Using the positions of HindlT} lambda

fragments as calibration points, this program employs a

least squares algorithm to estimate fragment lengths.
We then used these data to compule the mean fragment
length possessed by cach individual findividual mean
fragment length or IMEL 8

Because of the large number of bands hybridized by
multilocus probes and the difficulty in precisely con-
troliing stringency conditions, hetween-gel compari-
soms are geperally considered unreliable for such
PUTPOSES A8 paternity testing (Gt 19907 Here, how-

ever. characterization of the populations relicd on a
gratistical description of fragment lengths rather than
on band-sharing proportions. it was therefore possibie
Lo test for between-pel effects, A two-way analysis of
variance (anova b was performed on IMFEL, with popu-
lation and gel as {actors. Because the number of indi-
viduals varied somewhat between gels, SAS type 10l
sum of squares was used w calculate significance levels
(SAS Institule, LORK L.

Results

Comparison of band-sharing coefficients

For fragments between | oand 4 kb, ie. the strongly
hybridizing {ragments, the hetween-population band-
sharing coefficient for cach enzyme was markedly
lower than the cocllicient within either the Panama of
(he French Guiana poputation (Tabie Ui Intrapopala-
don coelficients ranped between {1286 andd 0371,
compared o mterpopalation vaives ol 0015 and
0070, A one-way non-parametric ANOvA (Krushal-~

Table 1 Within- and belween-population pand-sharing coefticients in

Cordvlochernes scorpiotdes by restriction engvime and gel region

Comprrisoen

feetll

French CGuiana (FO

Papamn i PAN
FC o PAUN
find|

French Ciuima i

Panama { PAN
By PAN

P kb region 420 kb region

i Muan S iz Mean S
P {1,256 (305N S {30156 (031
ie {1331 (a7 . (100 041
b (.030 [VEAR e (sl (08
14 (a7 [EREE il {097 .068
17 (.35 04050 i (1242 {1065
17 (1079 (1.032 i2 SRR {31,060

b pumiber of comparisens, Menn s the mean hal-sharing coethicient.

S0 the standard grror
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Hoglll

French Gurana

Panamu

kb

9.4

0.6

<4

Wallls test) showed these diflerences 1o be highly signi

Heant for both eazvmes [Haelll y7 = 24606, d.f =2,
P00 il b oy = bhav =2, = 000021 By
contrast, in the 420 Kb regton of the gell e tor weakly
fvbridizing Tragments, there were no signilicant dife

pnces i wilhine versus between-population band-
sharing  coeliiciens {Hoellh o= 2

P (VA0

Comparson of fragment lengths

Phe two popubtions exiibiied o markod ditferenee o
the drey m:na:'js.' of frogment Jeogths in the

nfor both Hueltl iFig 37 and Hinf1 (Fig,
A {-r,wm_gvzz-ri.u.m ol populason mesn IMEFL (Table |
desmonstrated thatl the mu

chsiribntion

velltes of French Guinng
peeioscormions conmsisted of sipmficantty lenger frag-
raents than thoss of Panamo sdvaduals i the 13 kb
By contrast. the populations did ool
santly i the 420 Kb region

o fragments mothe 14 kb

! 'd ()H ‘,{:

Fig. 1 Poputation-specific DNA
lIngesprinisin Cordviochernes seor-
pricictes, Floe-digested DNAL Tndivid
uanls ndhicatod oy the arrows werg
unrelaiod and only these were inchudad
i the analysis, For cach population the
remaining individuals were progeny ol
asingde femate. Control lanes are indi
cated by (7

range, partitioning of the vanance in IMEPL Hh(:\-\fud i
noesigniticant effect of gel {F o= 167 P = 00191 Hor
oels carrving DNA digested with Hm"i[l or this
reslriction enzyme, p()puluﬁi(an exerted a highly sipmls
cant elffect OF (o= 10948 7 <0001 and accounted
[or approximately 56 per cent of the totad vaistion.
The interaction between gel and popaistion was n
stonificant O, o= 0080 F=000684 In the cose o
Hinfl, the cﬂ ot ol gel altheugh

FPOA3AE was weak a‘mnp:n'f.:(] 1o thut

significinl

of -(.:;3&13;.!1‘1{.)[1 é./‘; Lo PESAT, P =C0.0001 L Population

accounted for 04 per cent of the total variation m
IMPLL The interaction hetween gl i
minor (F, LAY

and pom

was  significant hut relatively
0009

Inothe =20 kb range. Loy Haelll partitioning of the
varianee 1 IMEPL showed a1 xnmﬂ bt m'ur'mtil ¥ osieni
ficant effect of gel 147 g e AT
ton did oot exert g %1;.1_;115.1{';.15“ uféu:i .
P67 35 and accounted for less than 1 oper cont o
the total
population  was

“ ‘ e

The interuciion between gel
not  osigmificant (8

VATTALD,




Fig. 2 Populntion-specific 1Ny A lngerprings in Cordye-
locheres nm/rmu/(\ Hinfl-digested DNAL Other data as

deseribed

iy

ol
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P=038220 For s/l the effect of gel was again
not stgnificant (F) 2000 P=0103
of p( pulation  was  not significant
P=04066} and accounted for fess than | pu cent of
the total variation in IMFL. The interaction between

The t“'[: {ect

=054,

ﬂ'ci and p(‘)pll%:-ui(m was not sigoificant (7, = (.89,
....... ]/(\
Discussion

This study pm\uic\ clear evidence that populations of
C. scorpioides v Panama and French Crutang can be
distinguished on the hasis c‘uf‘ their minisatelite 1INA
profiles. The population in Panama is characterized by
the presence of short fragments (1,222 kb Pwhich are
virtually absent in brench (rumlm mdividuals, By
contrast, pseudoscorpions from Freneh Cuiana PUSKESS
s distinetive cluster of bands in the 250 kb range.
The distinetion between the 1wo popuiations is so
mzu'kccl that, for Hinfl, there is o 99 per cent probaly:
lity of correctly assighing an individual to s source
popiil; 1!10[] on the basis of its mean fragment fength
the <4 kb range {caleulated from caantile statistios,
see SAS Tnstitute, T983: p, 3300,

The  popu l-i!t(ll!"(il(l“il()\'i{ minssatellite bands
present in O scorpioidey differ sienificant y from clher
populalion or strain-specific DNA fingerpeints so Gar
cetected lees Cafifornia Channel Tshand loxes tCsdbert
ol ol l‘)‘){h, Minke whales (van Pijlen er ol 1991 1
aphids (Carvatho er af, 19915 clonal vertehrates

dable 2 Population compirisons of individual mean fragment leagihs (N EL 0y

Cordvlochernes scorpioides by restriction efgyme and g

Fopubation

el

French Cuians

Panamy

Mean length
difforence
i

f--‘rr:l el Cruiang

Parama

A region

P20 kb region

Moan
i e ot S
2 ; 163 35 L9y
2202 R7 Al It
SRAY SIS
20 St Koz 23y
£ial Hl6a a3
corpron ndicduala, R
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Haelll
. Short fragments . tong fragments
5.0+ 2.0 B — -
French Guiana Fraench Guiana
1.5
1O
0.5
&
(s i)
2 \
N I
s .0 e e S S i A
B a0 Y P U .
[ Panama FPanarny
#
5 30
2.0-
2.0-
1O
(R ¥
§\§ W
00 00 VAN N

|65 ll,'YO.‘j 2245 2785 3525 5865 4.80

Fragment lengih (kD)

Hinfl

Short fragments

French

Fig. 3 Frequency distribution of Heelli-
digested DNA fragments categorized
by fength and poapuiation,

00 PO 1440 B0

Long frogments

French Guiana

£ 09mial

Mema

Frogment i

Fig.4 Frequency distibution of Hedl-
rested DINAT
by length and population.

iy

ety calegs




o0 al.. 19901 and blackberries and raspberries
o & Schaal, SOOI In all these cases, diagnostic
elitte bands are associated with high levels of
{sharing within populations or clones. By contrast,
capopulation band-sharing coelficients reported
are relatively low, indicating that individuals from
trench Crulana and Panema were sampled from
predominantly outbred  populations. Conse-
netther founder effects nor inbreeding can be
to explain the presence ol these population-
wostie minisatellite in O scorploides.

be of significance thal the population-

ments i the range of 2.2 kb or fess. In most studies,
of this molecular weight are run off the gel
> the greatest between-individual vanability is
higher motecular weight fragments
er ol TORSHh Conseguently, as may be the
sex-specific minisatellite bands {MeRae &
L9915 poputation differences such as those
Lin O scorpiaides may well have gone undetected
DINA fingerprints of other species,
consistent with

The findings reporled here e
mudtilocus protein electrophoresis ivestigabion of
French Guiang and Panama ;w()pulc-mnm ol (.
corpioides. This study revealed a nearly Tixed allele
nce al the lactate debydrogenase (LDH locus,
stggests \NI hu rt'w'tt“it'!ml gene ﬂ(m‘ or strong

npuhiixhul ai;nm i%\ COntt ml. g lut’m
rvariale morphologicat and bebavioural study {Z¢h
L L9920 b, and unpublished datad, we found that
wingical charncters did not reliably distinguish
ween individualy from Freach Guiana and Panan.
At populntions exhibited extreme variability in male
Hawi(wm doiratty, with coefficients of variation of
approximately 200 per cent for sexually dimorphic
{Zeh & Zeh, 199 2a,bl Such extreme varia-
s apparcntly commaon o populations of O scor-
e throughout Central and South America, and
proved problematic Tor laxonemists. Originally

cas oo complex of several Cordvlochernes
Heter, 19325 the complex was reclassified as a
when re-examination of bundreds of
saled extremely high fevels of fintrae

variation in o external morphology  (Beler,
the popudations from Prench Guiana and
pericnce markedly different climates and
Jel eroull TOUTE found tha

v u complex sel of behoviours assoctated with
compention, The pseudescorpion
v oddend o dving trees undes
gun bueetle, Acrocinus fongl

wi have

sab wied made

s from old o newl

dra of the gisnt barie
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manus {Zeh & Zeh, 19920b, Zel eral, 19927 1 both
populations, this unusual dispersal mode has been
exploited by males who compete to monopolize beetle
abdomens as mobile mating territories [Zeh & Zeh,
P99 2a.b) iy observing mdividuals under both feld and
laboraiory conditions, we have [alled 1o detect any
population-specific hehaviourad characteristics,

To tnvestigaie the wpmducti\-‘c compatibilily  of
p.\;uudc}.\.c{)rpima‘ from Irench CGuiana and Panama,
moere than 5001 lupc)pa Hation crosses were carried out
in the laboratory 1. AL Zeh, unpublished diatal Females
from both populations accepted spermatophores from
males ol the foreien” population. and  produced
external brood sacs as a result of interpopulation
maling. However, there brood  sacs were  always
aborted, with embryonic development apparently not
procecding beyond the initial cell divisions. The two
populations therefore appear o be complelely repre-
ductively mcompatible at the postzygotic stage.

Molecular genetie mothods, such as protein electro-
phoresis and  mtDNA - restriction fragnent length
apalysis. have been firmly established as powertul tec h-
piguies Lor dentifying cryplic species {see reviews i
{')owlirm eroaf, 180 f\-“lul‘ thy eraf,, LU0 The results

this study indicate that the morphologicalty and/or
lu. haviouraliy cryplic ~..|mu«;.s sty also be detectable in
the DNA fingerprint proliles of populations. The
population-dingnostic  minisatellite bands
here imply minimal gene How between Panama and
French Cutana, Taken in congunction with data onallo-
symes, behaviour, morphelogy and  interpopulation
reproductive compatibility, the results of our DNA
fingerprinting study stronply suggest that O scorpiodes
i, in Lot o complex of cryptic species, the charac
eristios of which are apparent only at the molecutal
Jevel,

reported
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