ISSN : 0974 - 7532 Volume 7 Issue 5

Zesearch & Reviensd in
Trade Science Ine. BflOSC]ol@nCeS

Review

RRBS, 7(5), 2013[165-174]

Genetic differentiation between populations of the dogwhelk,
Nucdla lapillus, from sheltered and exposed shores as shown by
profiling of DNA microsatélite loci

Talib Hussen Alit?
Molecular Ecology and Fisheries Genetic L abor atories School of Biological Sciences, Bangor University, (UK)
Mosul University, (IRAQ)

ABSTRACT

Aninitial analysis of genetic diversity using Nine primer pairs of DNA microsatellite loci (NIw2, Nlw3, NIws,,
NIw1l, NIlwl4, NIlwl7, NIlw21, NIw25, NIlw27) was carried out along the North Wal es coast, thetow Nucel lalapillus
populationsisfrom a sheltered shore (Llanfairfechan) and that from Cable Bay isexposed. The 9 primer pairswere
optimized nonefailed to produce amplification productsunder any of the conditionstested. All nine microsatellite loci
tested were polymorphic for both populations and the number of alleles per population per locus ranged from 8 to
14, with atotal number of 117 alelesintheglobal sample. Levelsof genetic variability were similar across samples.
All individual loci, show higher observed than expected heterozygosity. The observed heterozygosity (H,) was
0.8614 and 0.8833 and expected heterozygosity (H,) acrossall loci per population was 0.8409 and 0.8533, and inthe
both groups H_ was higher than H_for all loci.

A global test for concordance with HWE revealed no deviations from HWE in any locus. F, values per locus
ranged from 0.007 t0 0.034, and the global F, was0.081 (P<0.001) revealing significant structuring.

In the present study the distribution of genetic variability among Nucella populations estimated and characterized
in tow selected spatia scales sites. The average observed heterozygosity in Nucella (Ho = 0.869) it was differ
significantly using data generated by the same set of microsatellite loci, population was genetically affected.
Global F, indicated genetic differentiation among populations (4%), indicating the occurrence of past and/or
present gene flow among them.

Analysis of molecular variance revealed that most of the genetic variation is distributed within the populations
(96%), indicating that presence of high genetic exchange and ecol ogical adaptationsto different environmentsare
important for species survival

Variation at nine microsatellites loci was used to asses whether seasonal and geographical factors as well as
Tributyltin (TBT)contamination have an impact on genetic diversity on Nucellalapillus populations. There were
obvious genetic variations at these loci in this species (mean expected heterozygosity = 0.84 and 0.85; mean
number of alleles= 10.22and 9.67), as significantly different allele frequencieswere found, between samplesfrom
the two studied populations. Indicating that Nucella lapillus around North Wales comprise two genetically
heterozygous populations.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION Atlanticwherethereissuitable habitat!™.
In sheltered shore habitats, snailswith e ongated
Nucellalapillus(dogwhelk) isagastropod mollusc  shell Figure 1a. relatively small foot, smaller aperture,
that is found on wave exposed to sheltered rocky thickened shell wal impedetheattack by crabs, while
shores. Itiswiddy distributed on both sdesof theNorth — inwaveexposed habitat, snallsareof smdler sze, rda
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tively large foot,larger and more rounded aperture,
stronger attachment and greater resistanceto dislodg-
ment by waves Figure 1b. Shdllsfromdogwhek livingin
sheltered habitatswhere predation pressureislikely to be
strong, arestronger than shellsfrom morewave-struck
places. The animalsliableto be attacked by crabs had
drongshdlsandrdativey smdl bodies Animasonmore
exposed shores, where crabswererare, had larger bod-
ies(inparticular largefeet which hd ped them hang on) but
weeker shelld2,

b
exposed

shel’?ered

(Photosby R. N. Hughes, M olecular Ecology and FisheriesGenetics
L aboratory School of Biological SciencesM EFGL website/ Bangor
University UK)

Figurel: Nucellalapillus

Thedifferencesareremarkably dear & thoseweights
where shellsmay begin to moveinto asizerefuge, the
shdlsfromshdtered habitatsaremorethantwiceasstrong,
weight for weight than shellsfrom exposed habitats. The
shellsof dogwhelk protect the soft internal body of the
animd fromenvironmenta hazards, suchasmohbilerocks,
or biologica hazards, such aspredatory crabsand TBT
contamination.

Thedogwhelk Nucdlalapillus, isan oviparousgas
tropod which lays sessleegg masseswith direct deve -
opment™. N.Igpillushaslimited dispersal ability which
owingto non planktoniclarvaeand anadult ambit Sized.

Natura sdection can produce cong derabledifferencesin
the physidlogy or morphol ogy of organismsover quiteshort
distanced?®.

Usudlyitisdifficult to determinetheselectiveforce
acting. However, many intertidal and sublittoral animals
aresubject to predation by crabsand different environ-
mental factorsto greetly differing extents, and thishas
marked effects.

N. lapillusis ableto adapt to suit local environ-
mentsand isoften so sedentary initsreproduction and
dispersd that populationswithin metresof one another
canrecelvelittlegeneticinterchange™®. Geneflow be-
tween neighbouring popul ationsisnot grest, they are,
therefore, well placed by their breeding systemtore-
spondto loca differencesin habitat such aswaves tem-
peratureand contamination’®9,

In order to complement and extend previouswork,
characterization of fine-scd e popul ation structureana y-
Sisbased on severa unlinked nuclear loci isdesirable.
Thefirst set of 14 microsatellites DNA markersfor
Nucellalapilluswas published by Kawai?. Themain
objective of the present study wereto amplified the
known 9 markersfor Nucellalapillus, study the genetic
differentiation and population structurefor Nucellal pil-
lus at selected spatial scales (30 Kmrangefrom East
Bangor coast to North Bangor coast), withinitsnative
range and explorethe rel ationships between genetic
differentiation, contamination and hydrodynamic/ to-
pographic barriersat regional scales. Therefore, theaim
of thiswork wasto study ateration in dogwhelk at the
genomicleve by environmenta change, manmade TBT
pollution and natural effect wave action and crab pre-
dation. Thisisapreliminary study based onalimited
number of comparison (only two populaions), but the
correlation between additive variation and mean num-
ber of alelessuggeststhat both could besimilarly im-
pacted upon during the demographic history of these
populations, compared level sof genetic diversity and
genetic structuring between two sitesrepresenting shel-
tered and exposed shores. Perhapsthe most interest-
ing contribution of thisstudy isto show potentia useof
quantitative variation for assessing genetics of
anthrogenicactivities,

MATERIALSAND METHODS

Dog whelks were collected from two localities
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across North-Wales, sampling regionsrepresentative
of sheltered and exposed shores popul ationswere cho-
senfor the present study. For sheltered shorespopula
tions sampleswere collected from Llanfairfechan and
for exposed shored popul aions sampleswere collected
from Cable Bay. Thesetwo sitesare separated by ap-
proximately 30 km cover water distance Figure 2 and
represented closerange scale of dispersal TABLE 1.

30 km

Figure 2 : Location of study sites along the North Wales
coastline. S=L lanfairfechan (53° 15.456" N, 03° 58.085" W,
exposureindex =1); MB =Menai Bridge (53°13.272" N, 04°
09.861" W, exposure index = 0); E = Cable Bay (53° 18.357"
N, 04° 08.293" W, exposure index = 13). The wave exposure
index isbased on mean annual wind ener gy and fetch together
with environmental modifiers(10).

At eachlocdity wecollected individuasfrom Sites
the demographichistory of Nucdlalapillusiswell docu-
mented, including siteswhere shoresare sheltered or
exposed. TABLE 1

TABLE 1: Sampling Stesdetails

Wave
exposure
index
53° 15.456° N 03° 58.085" W 1
53°18.357" N 04° 08.293" W 13

! Sample . .
Site 78 Latitude Longitude

Llanfairfechan 42
Cable Bay 42

DNA extraction, screening and microsatellite
analysis

Totd genomic DNA wasextracted from foot muscle
tissue in periopods of al Nucellalapillus using the
DNeasy TissueKit (Qiagen)™. Followinginitid tridls,
nine microsatelliteloci described and devel oped by
Kawai!?, Each popul ation sample was genotyped at
ninemicrosaelliteloci weretested after they weream-
plified for Polymerasechain reaction (PCR) conditions.

DNA extraction/ CTAB

Molecular variability wasestimated by genotyping
ninemicrosatelliteloci, Total genomic DNA was ex-
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tracted fromfoot muscletissueusingthe CTAB - DNA
extraction method (Pascoa’Sonia, 11) and amplified
for the following loci (Nlw2, Nlw3, NIw8, Nlw11,
NIw14, Nlw17, Nlw21, NIw25, Nlw27), describedin
Kawai et al?. A total of 96 samplesof Nucellaadult
individual swere collected (48 from each population)
for geneticanaysisfromtwo Sites, Cable Bay (Exposed
shore) and Llanfairfechan (Sheltered shore) during
May2009 and stored in ethanol until DNA extraction.

Levelsof genetic diversty within and between|apil-
lusfrom the two above siteswere typed for the nine
microsatelliteloci wereassessed usng variationat nine
microsatelliteloci: NIw2, Nlw3, Nlw8, NIw11, Nlw14,
NIw17, Nlw21, Nlw25 NIw27, developed by Kawai
@, Molecular variability was estimated by genotyping
ninemicrosatelliteloci.

WholeDNA (tota nucleic acid wasextracted from
ethanol preserved tissue usingaCTAB-chloroform/
IAA method (2% Hexadecyltrimethyl ammonium Bro-
mide)*2. PCR reaction were performed under thefol-
lowing conditions: 120 sat 95CE% then 30 cycles of
30sat 95CE%, 30 s at the specific annealing tempera-
ture (see Shaw and Adcock*¥ and Shaw et al™*4 and
1sat 72 CE%, using a Hybaid Omnigene thermal cy-
cler. Reaction mixescontained 0.5ul template DNA,
0.75ul MgCi12, 0.32 ul each nucleotide,0.2 IM of each
primer (forward primer 5’ end-labelled with a Cy5 fluo-
rescent dye group), 0.05 ul Taq polymerase (Bioline
UK) withthemanufacturer’s supplied 2.5 ul buffer (160
mM (NH4)2 SO4, 670 mM Tris-HCI), inafinal reac-
tionvolumeof 12 ul. Amplified products were resolved
on 1% agarosegel srun onanALF express(Pharmacia
Biotech) automated sequencer, product sizes being
determined againgt interna standard sizemarkersusing
Fragment Manager v.1.2 (PharmaciaBiotech).

Measuring DNA

DNA size measured by aNanodrop spectropho-
tometer (ND-1000 TechnologiesInc.19810 USA. The
Nanodrop ND-1000 isafull-spectrum (220-750nm)
with high accuracy and reproducibility. The ND-1000
has the capability to measure highly concentrated
sampleswithout dilution (50X higher concentration than
the samples measured by astandard cuvette spectro-
photometer.

PCR — RELP (Restriction fragment length poly-
mor phism)
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Anaysson PCR—amplified DNA fragments, PCR
product wasdigested with restriction enzymes. There-
sulting DNA fragment wasandysed by agarosegd (1%)
electrophoresis.. DTT (dithiothretiol) stabilisetheen-
zyméd™,

Primersamplification

Variouspermutationsof PCR conditionsweretested
onall 9 primer pairsto optimizelocus-specific amplifi-
cation conditionsand test their utility asgenetic mark-
ers. Each par wassubjected to around of PCR optimiza-
tion performing cydingwith annealing temperaturesrang-
ingfrom45°C to 62°C PCR amplificationswerecarried
out in 12.5 pul reactions containing 50—-100 ng of ge-
nomic DNA (0.5 ul), 0.6 ul of each primer (NIw2, Nlw?3,
NIw8,, Nlw1l, Nlw14, Nlw17, Niw21, Nlw25,
NIw27), 2.5u1 PCR buffer, 0.75ul mM MgCI2, 0.3 pl
mM of each dNTP (Promega),7.2 ul dH,0, and 0.05
U Taq DNA polymerase (Promega) on an MJ Mini
Therma-Cycler (Biorad). Thermd cycling parameters
were: initia denaturationat 94°C for 5 min followed by
35 cyclesof denaturation at 94°C for 1 min, primer-
specific annealing temperaturefor 1 min (TABLE 2),
extengonat 72°C for 1 min and final extension at 72°C
for 10min. Microsatd litefragmentswerethen resolved
on 1% agarosegels.

Primer labelling and multiplex amplify loci using
giagen multiplex kits

Multiplex PCRisapowerful techniquethat enables
amplification of two or more productsin paralel ina
singlereaction tube. Itiswidey used in genotyping ap-
plicationsand different areasof DNA testinginresearch
laboratories. Multiplex can dso beused for quaitative
and semi-quantitative gene expression anaysisusing
cDNA asadartingtemplate (analysisof satellite DNA,
short tandem repeet[ STR].

Following PCRmultiplex amplification, theextension
productswereresolved on 2% agarosegels.

Visualizingand quantifying DNA by eectrophore-
Sis

Wholegenomic DNA (tota nucleic acid) extracted
wasvisualized by electrophoresison 1% agarose gel,
rough estimatewas made of the quantity extracted by
comparison with known quantitation standard or mass
ladder (marker). Thelocation of the DNA within the
gel can bedetermined directly by includingalow con-

centration of thefluorescent dye, eithdium bromide (Et
Br) inthegd. A Transilluminator was used to shine ul-
traviolet (UV) light of wavelength 300nm on the gel
and the fluorescent emission (590nm) is photo-
graphed®,

Genotyping performed onanABI 3010xI geneticana:
lyzer (Applied Biosystems) and dlelesweresizedtoan
internal size standard (ROX GS 400HD; Applied
Biosystems) Using GENESCAN 3.7(Applied
Biosystems). Automated sequencersproduct sizesbe-
ing determined against interna standard sizemarkers
using 3130 xI Geneticandyzer (AB applied Biosysems-
Hitachi) GeneticAnayzer (gpplied Biosystems/ Hitachi).
Inorder to determinelevel sof polymorphism of these
markers, we screened 96 individua samplescollected
from Cable Bay and Llanfairfechan. Extension prod-
uctswereresolved on an ABI PRISM 3130 Genetic
Analyser (Applied Biosystems) and dlelesweresized
relativeto aninterna sizestandard (ROX GS400HD;
Applied Biosystems) using the Gene M apper® Soft-
ware (Applied Biosystems)*t,

Satistical analysis
Geneticdataanalysis

Genotypesat dl pairsof loci weretested for geno-
typic linkage disequilibrium, and within loci within
samplesfor deviation from Hardy-Weinberg out-cross-
ing expectations, using exact testswith significancede-
termined by aMarkov chain method (genepop v.3.21%9,
Genetic differentiation among sampleswas analysed
using F1*, whichisameasure of genetic variation
distributed between samples compared to that within
samples, and variesfrom O (identica genefrequencies)
to 1 (samplesfixedfor different alelicforms).. Levels
of FST, estimated by 01*¢! both globally and pairwise
between samples, were cal cul ated and tested for sig-
nificant departurefromzero (no differentiation) using
permutation procedures within FSTAT v.2.9.3.21%9,
Wheremultipletestswere conducted significancelev-
elswere adjusted according to a Bonferroni correc-
tion(?d,

Theraw datawas analysed with Microcheker?4
to check microsatellitesfor null allelesand scoring er-
rors. Excel microsatellite Toolkit (30 Park SDE 2001)
wasusedto cal culatedldic frequencies, mean number
of alleles per locus and observed (Ho) and expected
heterozygosity (Hg) under Hardy-Weinberg assump-
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tion. Testsfor deviationsfrom Hardy-Wei nberg pro-
portions, heterozygote deficiencies, genotypic linkage
equilibrium and geni c heterogeneity among popul ations
were estimated using the exact test of GENEPOP ver-
sion 3.4%2, Estimates of FST, FIS, and their signifi-
canceper population over dl loci werecdculated using
FSTAT version 2.9.3.2%, Findly, hierarchica andysis
of molecular variance(AMOVA) was performed using
GenAlEx version 6.2(41 in order to test for possible
regiona structure.

RESULTS

The 9 primer pairs (NIw2, NIw3, NIw8, NIw11,
Nlw14, NIw17, Nlw21, Nlw25, Nlw27) were opti-
mi zed, nonwasfailed to produceamplification products
under any of the conditionstested and amplified reiably
(TABLE 2). Toconfirmthat theprimerswereuseful, vari-
ous permutationsof PCR conditionsweretested onal
9 primer pairsto optimizelocus-specific amplification
conditionsandtest their utility asgenetic markers.

Theanneding temperatureof locusNIw14 waslow
(45C°). Prdiminary genotyping of individua sshowed thet
locus polymorphismranged from8to 16 alleles (N =
13) and observed heterozygosity (H ) per locusranged
from 0.833to 0.95 with the expected heterozygosity
(Hp) from 0.78t0 0.88. No evidenceof linkagedisequi-
librium was observed, and atest for concordancewith
Hardy-Weinberg equilibrium (HWE) reveded nodevia
tionfromHWE exceptinlocusNIwl1l and NIwl14. The
primersdescribed by Kawai et d@ yid ded generdly uni-
formamplificationsof putativeloc intheNuce lapopula
tion.

Microsatellite analysis

A totd of 96 Nucdllalgpillusretrieved fromthetwo
sitesweretyped for the ninemicrosatelliteloci. The
Micro-checker analysisdid not detect scoring errors
dueto stuttering, no evidence of largeallele drop out.
No evidenceof null alleesand no corresponding sig-
nificant positivevaluesof F_(TABLE 2)

All ninemicrosatd liteloci werepolymorphicfor the
studied popul ationsand thenumber of aldesper popula-
tion per locusranged from 8to 16, with atota number of
1174dldesinthegloba sample. Levelsof geneticvariabil-
ity weresmilar acrosssamples. All individud loci, show
higher observed than observed heterozygosity. Theob-
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served heterozygosity (HO) acrossdl loci per population
was ranged from 0.833 to 0.95, and the expected het-
erozygosity (HE)) was0.78t00.88intheLlanfairfechan
and CableBay Group respectively (TABLE 2). A globa
test for concordance with HWE revealed no deviations
fromHWEinal locus(TABLE 2). Testing HWE for
individual populationsand loci revealed that thisdis-
equilibriumremained not significant within populations
(al populationslocus)(2008). Global F,.valuewas-
0.046, suggesting excess of heterozygotesin the sam-
pling area. F_ values per locusranged from -0.0063
and 0.066, and the global FST was 0.026 (P<0.001)
reveding sgnificant Sructuring. Ninemicrosatelliteloci
tested werepolymorphic (TABLE 2), with9-21 alleles
per locus. The observed heterozygosity per locus(H,)
varied from 0.35t0 0.45 (mean 0.4) and expected het-
erozygosity (H,) from0.81t00.92 9 mean 0.86). Ho
waslower thanHE for all loci.

A globd test for concordancewithHWE reveded no
deviaionsfromHWE inadl locusexcept for Nlwll and
NIw14, ninemicrosatdliteloci tested werepolymorphic
with 8-14 aleesper locus(TABLE 2). HWE for indi-
vidua populationsandloci revealed that thisdisequilib-
rium remai ned significant within populations (all popu-
lationsat locusNIw11 and NIw14). Evidence of link-
agedisequilibriumwasobservedin pair wiseloc Niwl1l
andNIwl4inthegloba populationtest. Globa F vaue
inal loci were range from -0.002 to 0.105 (mean -
0.046). suggesting an excess of heterozygotesinthe
sampling area. F_ valuesper locusranged from 0.007
and 0.034, and the global F_. was 0.018 (P<0.001)
(TABLE 2), reveding sgnificant structuring.

Additionally, hierarchicad AMOVA (TABLE 3) re-
ved ed that mogt of thegenetic variancewasfound within
popul ations (96%, P,0.001).

however, asignificant fraction (4%) Figure3was
a so found among popul ationswithin sites (partition
among biogeographic sites,Llanfairfechan and Cable
Bay coast Group)

DISCUSSION

The populations of most, if not all, species show
someleve sof genetic structuring, which may bedueto
avaiety of nonmutudly exclusveagents. Environmenta
barriers, historical processes and life histories (e.g.
mating system) may all, to some extent, shapethege-
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TABLE 2: Main genetic variability measureby locus of Nucellalapillusfrom North-Walescoast.

Genetic differentiation between populations of the dogwhelk RRBS, 7(5) 2013

L ocus Primer Sequence523? Repeat T (C) Sizerange(bp) Na Heg Ho Fis Fsr S-\)g
Niw2 e A LCCALACTIAC  (GT)BMAbY)(GTITT 55 110 12 0828 0842 -0016 0012 0.0046
Nlw3 FOCCCACCIAISCATACTIAS  (GT19(G0)26T)136 55 180 11 0851 0951 -0117 0016 004
Niwg ORI CT oA oo AT A (CA)3CC (CA)9AA 57 150 120848 0902 -0064 0007 )45
Nwil o ATATCATATOCOGTO0OASE  (GAM(CA)2GA)GT 52 160 14 0651 0833 0021 0011 0.008*
NIwld o O A ee  (CA226bp)(CA)5 45 180 11 0833 0807 0031 0018 0.552¢
N1z O ATl (GT)25 49 140 14 0832 0833 -0002 0017 0.0291
N2l g A O o e (CDAGTCT)ECTT 53 190 8 0799 0883 -0.105 0029 0.7439
Niwzs ~FATCARIGTTACASCTIAMATC  (cans@bpca)s 50 110 9 0787 0867 -0.102 0034 00003
Niwzz  TASTOCET TACTOCREACACT  (Gnu@ebp)(GTCT)2 55 150 16 0883 0933 -0058 0021 0.2267
All 117 0.831 0869 -0.046 0018

T (°C) : annealing temperature; bp: base pairs; Na: number of alleles found per locus; HE: expected heterozygosity; HO:
observed heterozygosity; FIS: standardised genetic variance within populations at each locus; FST: standardized genetic
variance among populations at each locus; H-W: Hardy-Weinberg P values. Microsatellites developed in the present study. (*

should not be with equilibrium)
TABLE 3 : Hierarchical AMOVA for N.lapillus means

Percentages of Molecular Variance

populationsin theNorth-Wales coast. Ameng Pops
4%
Sourceof ¢ o5 Mg B g4y povalue
variation Var
Among 1 21.823 21.823 0344 4 P<0.001
populations
within 82 605940 7.390 7.390 96  0.044 Within Pops
populations 96%
Total 83 627.762 29.212 7.733 P< 0.001 Figure 3: Analysisof molecular variance
TABLE 4: Main geneticvariability measurefor North-Walescoast populations.
roup of Nexp H obs N-all =
oulation (SD) (+SD) (+SD) s
4 0.8409 + 0.8614+ 10.22+ Nlw2 NI3 NI8 NI11 NI14 NI17 NI21 NI25 NI27 Me
0.0135 0.0194 244 -0.016 -.117 -0.064 0.021 0.031 -.002 -0.105 -0.102 0.545 -O.(
2 0.8533 + 0.8833+ 9.67=
‘ 0.0087 0.0182 1.66

N: sample size; Hexp: unbiased heterozygosity according to Hardy-Weinberg; Hobs: observed heterozygosity; N-all: mean
number of alleles per locus and standardised genetic variance within populations (FIS) at each locus for each population; SD:

Sandard deviation.

netic structureof populations. In addition, as species’
geographica distributions aretypically more extended
than anindividua’s dispersal capacity, populations are
oftengeneticaly differentiated throughisolaion by dis-
tanceé®. Accurate knowledgeof local population struc-
ture can provideimportant insightsinto speciesbiol-
ogy, including dispersal behaviour of individud s8. DNA
microsatellitemarkersareroutindy used to investigate
thegenetic structuring of naturd populations. Theknowl-
edge of how genetic variation is partitioned anong
populations may haveimportant implicationsnot only

inevolutionary biology and ecol ogy, but alsoin conser-
vation biology®!. Many researchers have experienced
difficultiesinisolatingmicro-satdliteloci frommarine
Invertebrate species, mainly because microsatellitere-
peatsininvertebrates aretypically lessabundant and
shorter thanin vertebrates?.

The low annealing temperature (45C°) of locus
NIw14 inthisstudy was considerably low, such low or
extremeanneding temperature (41C°) wasa so recorded
for N. lapillusat locusNIw25 by Kawai et a3 and they
refer tothelow mdtingtemperatureof thereverseprimer.
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Themicrosatdlitesinthisstudy generaly exhibited
highlevelsof heterozygosity; observed heterozygosity
was significantly higher than expected heterozygosity.
No significant deviationsfrom Hardy-Weinberg equi-
librium between and within popul ations except for loci
NIw11 and Nlw14, (exact probahility test, P,0.05) were
recorded, do not record the presence of null allelesor
excessof homozygotesat theseloci. Resultsof thisstudy
showed aglobal F_ of 0.018 (P<0.001 between the
Llanfairfechan and Cable Bay Groups, suggesting sig-
nificant structuring, among the sampl ed populations
collectedin 2009. Accordingly, Sgnificant genetic Sruc-
ture between thesetwo siteswas also reved ed by Hi-
erarchical AMOVA TABLE (3). global test for con-
cordancewith HWE revea ed no deviationsfromHWE
in most loci except Nlw1l and Nlw14 (TABLE 2).
Testing HWE for individual populationsand loci re-
ved ed that thisdisequilibrium remained non significant
within populations. Global F . valuewas-0.046, sug-
gesting excess of heterozygotesin the sampling area.
F, values per locusranged from 0.007 t0 0.034 and
thegloba F_ was0.018 (P<0.001) revealing signifi-
cant structuring Wright'?.,

Genotype-based statistics (e.g. F,) and parentage
anaysisareseverdy biased by null alelesNull aleles
aregeneraly referred to asalelesthat fail to amplify
during polymerase chain reaction (PCR) and may cause
alocusto deviate from Hardy-Weinberg equilibrium
and show ahomozygous excess, particularly whenthe
frequency ishigh (say 10% or more). When someloci
areinHWE whileother loci show clear disequilibrium,
thisisinterpreted asevidencefor random mating and
paramixialn such cases, deviation from HWE propor-
tions are assumed to possibly ascoring error or null
dlde®.,

Theresultsof thisstudy showed that therewereno
deviationsfrom Hardy-Weinberg proportionsfor most
loci except those that were recorded for loci Nlw1l
and NIw14. Thismay suggest that the samplesrepre-
sent non panmicitic populations. Resultsin TABLE (2)
showed that H_ waslower than H_for al loci, whichis
in accordance with Kawai et al? resultson Nucella
lapillus, wherethey refer that thisperhapsrefl ects popu-
lation subdivision or inbreeding.

Analyses based on multi-locus microsatellite
genotyping indicate genetic homogeneity of Nucella
lapillus populations. Observed F_. values between
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Llanfairfechan and Cable Bay populationswerelow
and nonediffered sgnificantly from Zero. Low leve of
genetic structuring have been previoudly detected, us-
ing DNA and microsatdllite data®!.

Current study showed a global F_. of 0.081
(P<0.001 between the Llanfairfechan and Cable Bay
Groups, suggesting significant structuring, among the
sampled popul ations collected in 2009. Accordingly,
significant regiona genetic structure between thesetwo
siteswasalso revealed by AMOVA. For theinterpre-
tation of F_, it hasbeen suggested that avaluelyingin
therange0.05indicateslittle genetic differentiati on2"2,

Theinterpretation of thetwo theoretical extremes
for F,. (Oand 1) ishowever, straightforward. A value
of zero meansthat we sampled withinapanmictic unit.
At theother extreme, ava ueof onemeansthat thereis
no diversity within subpopul ationsand that at |east two
of the sampled subpopulations arefixed for different
adldes. Vauesbetween thesetwo extremeswill thenbe
interpreted as depicting variouslevelsof structuring.
However, it can bedifficult and misleadingto givea
biological meaning for thesevaues. For theinterpreta:
tionof F_, it hasbeen suggested that avauelyinginthe
range 0-0.05 indicateslittle genetic differentiation; a
va uebetween 0.05and 0.15, moderate differentiation;
avaluebetween 0.15 and 0.25, great differentiation;
and valuesabove 0.25, very great genetic differentia-
tion (27,30). Indeed, thevaueof F_, (0.018) TABLE
(2) inthisstudy isgenerally considered asreasonably
low and investigatorg®! interpreted that the structuring
between sub-populationsisweak. A seemingly low F
value (0.018) might infact indicate very important ge-
netic differentiation, thisproof was dready stressed by
Wright?, hewrotethat differentiation isby no means
negligibleif F_ isassmall as0.05or less. F wasused
rather than RST™, because R tendsto suffer from
higher variancewith limited numbersof loci®! and to
follow both estimates tend to converge under condi-
tions of high migration rate, departuresfrom astrict
Stepwise Mutation Modd and low leve sof sup-popu-
lationdifferentiation (al likely conditionsinthe present
study)

Neverthd ess, the present study suggeststhat, some
local congtraintsto geneflow among populationsof N.
lgpillusmay exi<, at least during thetimeperiodinwhich
sampling wasundertaken. Such congraintsmight result
from hydrodynamic or topographic barriersalong the
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studied area, with aparticular impact of waveand TBT
contamination.

Thisstudy raisesinteresting questionsregarding the
effect of a temporally and spatially dynamic
hydrogeographic regime a ong the Wel sh coastline.
However, future studiesemploying additional hierar-
chical sampling at larger geographic scaleswould be
desirableto complement our findingsandinferenceson
the potential roleof hydrodynamic/topographic barri-
ers. Based on our data, and experience with arange of
N. lapillus microsatellite markers derived from geo-
graphicaly disparate populations, In anticipatethat the
current loci of Kawai et al? using the application of an
appropriately robust pandl of informative polymorphic
markersfor population genetic studies. Together, they
will beuseful inexamining popul ation differentiation a
arange of spatial and temporal scalesin thisimportant
globally invasivespecies.

Thereisapersstent wave gradient aswell asTBT
contamination gradient and possibly temperatureaong
thesesited®. However, giventhat N. lapillusiscontinu-
oudly distributed over aconsiderably larger range of
temperaturesand of other environmenta conditionswith
no signature of agenetic break such asobserved aong
the coast of continental Europeand inview of thelevel
of structuring, wesuggest that neutra population differ-
entiationisamorelikely explanation of the observed
differences. N.lapillushasnolong planktoniclarva phase
andisan oviparousgastropod laying sessle egg masses
withdirect development', N. Iapillus, thereforehaslim-
ited dispersal ability. However, the genetic diversity
observed hereindicatesthat dispersa ability of Nucdla
Iapillusmight behigher than generadly assumed®.

Sampling areas are separated by approximately 30
km (shortest over water distance) According to the
oceanographic model the distance between the
Llanfairfechan and Cable Bay groupsisgreater than
the predi cted mega opaaverage dispersionradius, po-
tentia ly contributing to the genetic differentiation ob-
served here®2.

Geneflow between neighbouring popul ationsisnot
gredt, they are, therefore, well placed by their breeding
systemtorespondtolocal differencesin habitat’>®l.

Previousdetailed comparative anaysisof thege-
netic structure in marine organisms reveaed that
dogwhelk popul ations show less genetic Structurethan
most directly devel oping speciesfor which geneticdata

areavailable*!

Adaptation through successive generationsisap-
parentin N. lapillusanditisableto adapt to suit local
environmentsand is often o sedentary initsreproduc-
tion and dispersal that populationswithin metresof one
another canreceivelittlegeneticinterchange®. Itisthis
ability to genetically adapt to environmenta conditions
that has produced the globoseform in the exposed ar-
eas, thed ongated formin thelesser-exposed areasand
therangeof intermediateforms. Thegenetic diversity
and genetic structure were observed in the two popu-
lations, thismay be dueto an artifact, however, the su-
perposition of other local factors(couldbe TBT con-
tamination andtemperatureeffects), influencingthege-
netic structuring of dogwhelk populations. Thisresults
aso dresstheimportanceof loca factors(environmenta
or ecological) in determining genetic structure of
dogwhelk populations.

In north Walesthe wave exposureindex is based
on mean annual wind energy and fetch together with
environmental . However, giventhat Nucdllalapillus
iscontinuoudly distributed over aconsiderably larger
range of exposed and sheltered areas and of other en-
vironmental conditionswith no signature of agenetic
break such as observed a ong the coast of continental
Europe®* andinview of thestrongleve of structuring,
wesuggest that neutral population differentiationisa
morelikely explanation of the observed differences.

According to population geneticstheory, marine
taxawith direct devel opment are estimated to posses
higher popul ation genetic structuring, with lower con-
nectivity than thosewith planktoniclarva®, andthere-
foregeneflow between neighbouring popul ationsisnot
great. They are, therefore, well placed by their breeding
sysemtorespondtolocd differencesinhabitat likewind
waveseffect!®. Thiscons stent with those based onem-
pirica observationson the strength of coastal currents.
Therefore, becausemost Nuce lapopul aionsaongthe
Welsh coast aremainly separated by distancesof 20to
60 km, such adispersa radiusispredictedtoresultin
no considerable exchange of individualsamonglocal
populations. However, sampling areas are separated
by approximately 30 km (shortest over water distance)
and, the short distance between thesampling groupiis
contributing to theweek genetic differentiation observed
here. Thelack of evidencefor strong genetic structure
reported here can beinterpreted as, either the popula-
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tionsare of recent origin and have not had sufficient
timeto differentiate genetically or levelsof geneflow
have been maintai ned high between breeding popul a
tiong?®.
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