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3. EXECUTIVE SUMMARY

In this study, we investigated the population stices of black codEpinephelus daemélii
using samples from the Elizabeth and Middleton Ré&&drine National Nature Reserve
(EMRMR) screened for variation in five regions otachondrial DNA and three nuclear
microsatellite loci. Our initial aim was to invegdite the genetic connectedness of black cod
from the EMRMR and more coastal NSW regions buitéichsampling prevented us from
undertaking this comparison. Previous to thisgttigere was no information on the stock
structure ofe. daemeliin Australian waters nor on molecular markers echklcod. This study
therefore reports the first use of mMtDNA markerd amcrosatellite loci irE. daemelii

Direct mtDNA sequencing of five gene fragments fréinblack cod individuals was
successfully undertaken from DNA sourced from maigdbpsies, fin sections and dried scales.
Up to 3192 base pairs were sequenced in blackMost gene regions were relatively easy to
amplify, sequence and analyse except for the corggion which was extremely difficult to
amplify routinely. Two fragments (16S rRNA and agttoome oxidase ) were suitable for
species differentiation with only one haplotypeersd in the 16S and two haplotypes in the
coxlgene. The remaining three mtDNA gene fragment®¢rome b, NADH dehydrogenase
subunit 2 and the control region) demonstratedttmmedium variation (% variable sites =
0.68, 0.78, 7.60 respectively) suitable for popatatinalyses. Three of eight nuclear
microsatellite loci that successfully amplifieden daemeliwere highly variableH, ~ 0.800)
and showed no evidence of null alleles (albeinmak sample sizes).

From a molecular genetic viewpoint, the evidenoenfthis study suggests that the spatial and
temporal collections of black cod from the EMRMR aimilar. The null hypothesis of a single
stock could not be rejected, but the small samplsgeduce our power to critically evaluate
this hypothesis. As other marine studies have shbaihgenetic heterogeneity among fish
species is usually more pronounced across widegrgpbic scales, it is plausible that the
observance of genetic homogeneity among thesddosateflects pelagic egg or larval drift in
these areas, coupled with adult movements, as4fkm separates the two reefs.

Given the current data however, it is not posdiblascertain if these collections are genetically
dissimilar to those from the eastern Australianstalaregions. Observations of genetic
homogeneity in other Epinephelus species has bemmnsto be both species, marker and
location specific. We found the cytochrome b fragtmerovided marginally significant
differentiation (based on differences in haplotjiggjuencies) among samples from the eastern
Australian coastal regions and those from the EMRMR Lord Howe Island. The actual
source of the variance was however difficult toed®iine given that only six cod were analysed
from the coastal regions. Currently, the samplessirom all areas are very low and need to be
substantially increased to provide meaningful camspas.

We therefore recommend the urgent acquisition aferko daemelilsamples across a broader
range and examination of at least the markersrmdtlin this study, in order to determine the
levels of gene flow between locations.

While this study provides only the initial inputdd@ management and conservation processes
for E. daemeliiwe firmly believe that the combining of genetata with tagging and
morphological data will enhance the power of futst@ck structure investigations for this
protected species.



4. OUTCOMES ACHIEVED

This results of this research were aimed at aduhg$sur major objectives. Three of these four
objectives were fulfilled, the remaining objectieeuld not be adequately addressed due to
sampling limitations and difficulties our collabtwes had in sourcing black cod tissues from
the field. The objectives from the original contraere:-

1. using direct sequencing, develop and deploy mtDNakkers that are suitable for

investigating stock structure in black cod collect from the NSW coast and

EMRMR
The molecular markers developed in the currentystuete based on the polymerase chain
reaction (PCR). PCR requires only small amountssetie; we used fin clips, scales, white
muscle tissue and small biopsy samples. Using RCRtques, tissues were obtained in a non-
destructive manner from this protected species FtDNA gene regions were sequenced and
three demonstrated low to medium variation amoegthblack cod individuals screened in the
current study.

2. analyse the genetic connectedness between blackacaples using the mtDNA
sequences and analytical genetic software

Unfortunately, we did not undertake any cod sangptinrselves, and it was extremely difficult
for our collaborators to acquire a comprehensivalmer of black cod samples from the field.
The study also suffered significantly from a payoit sampling locations; we only received six
cod samples from the coast and near coast arease Bamples were insufficient for rigorous
population analyses and subsequent tests of gesudtdivision between the EMRMR region
and eastern areas were not undertaken. Therefoveeveenot able to fulfill this objective.
However, good levels of genetic diversity were obsé in the 80 black cod individuals that
were sampled from the Elizabeth and Middleton MafReefs Marine National Nature Reserve;
there was no temporal or spatial genetic heteragedetected in the EMRMR.

3. develop and optimise sequenced mtDNA markers feciep identification. Link
into the existing Bar Code of Life project by seqciag selected samples Bf
daemeliifor thecoxl fragment and compare with already obtaigihephelus
sequences

Two of the five mtDNA gene regions (16S rRNA andochrome oxidase I) provided excellent
species specific sequences which are suitablecturate species detection. Sequences from
these regions will further help to clarify the intelationships within the genus and will readily
enable the molecular identification of this spearesonfiscated fish or fillet samples, in egg or
larvae samples. In addition, as there was no mialecformation on this species in publicly
available databases, representative sequencesfréime mtDNA gene regions, including the
two regions more suited to species identificatioage been submitted to both GenBank and the
BarCode of Life database.

4. trial available microsatellite primers from othgpinepheluspecies on selectéd
daemeliiindividuals

Nine nuclear microsatellites developed Eorquernugsee Riverat al, 2003) were trialed if.
daemelii Three of these loci successfully amplified a RE&duct. Medium to high levels of
genetic diversity were observed at these threealtttough no significant differences among the
EMRMR samples were detected.
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Overall, the current genetic findings are consistdgth a management practice of considering
black cod in the EMRMR as a single stock. The cagaahis statement is that the failure to
reject the null hypothesis does not mean that sttreicturing in this area does not exist; only
that it was not detected in our current study. @ability to reject the null hypothesis may be
related to the power of the genetic markers empldie. lower levels of variability observed in
the mtDNA gene fragments) and the very small sarsigkss examined (particularly for the
hyper-variable microsatellite loci). While mtDNA $®@metimes more sensitive to population
bottlenecks and more subject to genetic drift ampupation differentiation than nuclear DNA
(due to the maternal inheritance, haploidy, anccbeaduced effective population size of
MtDNA), in the current study the findings from baettarker types were concordant.

This research represents the first preliminaryystadlack cod in any Australian waters, and
while we do not have enough samples to comment@padpulation structure of black cod
more widely, we would recommend the urgent acqaisiof moreE. daemelisamples across a
broader range. Examination of at least cytochromi¢ADH dehydrogenase subunit 2 and the
control region and the three microsatellite lodiioed in this study would help to determine
the levels of gene flow between locations if mamples are acquired. Additionally, we would
recommend that tagging studies are undertakenigplecies so that adult movements can be
monitored; larval studies should be establishegive a better understanding of the movement
and duration of the larval phase and the likelihobtbcal replenishment; and future genetic
studies should be combined with more in depth malggical sampling via field photography
studies.



5. BACKGROUND

5.1 E. daemelii population characteristics

Epinephelus daemel{Ginther, 1876) (black cod) is a large (up to §0k5 m in length) reef
dwelling grouper species of the family Serranidaeccurs in reef caves, gutters and beneath
bommies (Gill and Reader, 1992) in warm tempe@tubtropical waters of the southwestern
Pacific. In Australiag. daemeliis found in coastal and offshore reef habitatsfsmuthern
Queensland to eastern Victoria (Pogonaslal.,2002). Black cod are a slow growing species
and are considered sedentary yet territorial aggesgive (Heemstra and Randall, 1993). As
with many other serranids (Riveeal., 2004), black cod are protogynous hermaphrodites (
Pearset al, 2006 and references within), with smaller figpitally being female and becoming
male at about 110 cm in length (Paulin and Rob&&82).

Apart from this, we know very little of the biology ecology of black cod, although Hutchins
and Swainston (1986) observed recently settledhjlegin coastal rock pools along the NSW
coastline. It is unknown if adults form breeding@gps and nothing is known of larval
distribution, fecundity or life history. The spegiis listed as vulnerable under tK8W
Fisheries Management Act 19%Ince 1999), and has been protected in NSW 4888 (see
also Pogonosleét al.,2002) following an apparent decline in numbergs1970’s due to
spear fishing (Leadbitter, 1992). Furthermdedaemeliis listed under section 15 of the
Commonwealth Fisheries Management Act 1991der this Act, the taking of black cod in
fishing operations is illegal unless covered byiarttific permit (Pogonoslet al., 2002).

The general characteristics of slow growth, putatong life history, unequal sex ratios,
territorial sedentary nature and apparent decliqeopulation numbers have led to the need to
obtain information regarding population structusethis species. Such information is
extremely important for continued species manageiaueth protection - particularly within
NSW state waters as this area provides the largggin of protection for the species.

There is currently nothing known regarding the ktsitucture of. daemelii but the successful
management of any threatened species requireagbEssment at an appropriate scale (Rivera
et al.,2003). This means implementing a variety of tdotghe assessment. One such
important tool for fin fish management is the asayof genetic markers.

5.2  Genetic stock structure and population studies

As indicated above, knowledge of the genetic stimecof populations forms the fundamental
basis for management of all species, be they himweexploited or protected. Stock structure
uncertainty restricts the ability of conservatioarmagers to make assessments on local, regional
or temporal scales. While the population strucfarde. daemeliis currently unknown, we can
expect the number of genetically distinct populagiforE. daemeliito depend on reproductive
and physiological factors, environmental factopgvening grounds, thermo clines, and water
currents. Additionally and very importantly, in nve fish such as the black cod, large
population sizes or life-history stages such aagiellarvae can play a role in determining
genetic differentiation (Waples, 1988; Watdal.,1994). Marine species characterised by larval
stages that are carried by the ocean currentssalengge distances, or marine populations that
have few geographic barriers to dispersal, willbyatay show little stock structure across their
wider geographic locations (Waed al., 1994; Bargellonét al.,2000).
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The continued conservation of black cod thereferpiires information on genetic
connectedness among coastal populations and bethesmand populations within marine
protected areas (i.e. areas of no-take). If gewmiiffierences are not observed between marine
protected and other areas, we would not be abikgject the null hypothesis of single genetic
stock in the region. If genetic differences areemsbed, then gene flow across spatial areas must
be limited. Any such deviations from panmixia ie thlack cod’s range would necessitate more
fine scale population management.

5.2.1 Molecular studies in other Epinephelus spp.

To date, there have been no population genetidestwthE. daemeliand available loci and
markers are lacking. Research on otBginepheluspecies include mitochondrial DNA
(mtDNA) sequencing (for fillet identification fromroupers, taxonomic studies in serranid
species, phylogenetic research in Eastern AtlamitAustraliarEpinephelinaespecies) (Craig
et al.,2001; Maggicet al.,2005; Trotteet al.,2005; Wardet al.,2005), intraspecific
phylogeography ok&. adscensioniandE. marginatusising mtDNA surveys and Restriction
Fragment Length Polymorphisms (RFLPs) (Gilk¢sl.,2000; Carliret al.,2003; Maggicet
al., 2006), taxonomic relationships among species®fibnuEpinephelusased on
Randomly Amplified Polymorphic DNA (RAPD) fingerpiting (Govindaraju and Jaysankar,
2004), population subdivision of Hawaiian grouper guernu} using mtDNA sequences
(Riveraet al., 2004) and development and application of micedeg loci, mtDNA RFLPs
and allozymes more generally.(quernusk. morio, E. coididesE. polyphekadiorE.
marginatus, E. malabaricus, E. fuscoguttat(Richardson and Gold, 1993; Richardson and
Gold, 1997; Nugrohet al.,1998; De Innocentiist al.,2001; Rhodest al.,2003; Riveraet al.,
2003; Zatcoffet al.,2004; Antorcet al.,2005; Zhuet al.,2005; Koedprangt al.,2007).

The current research utilises molecular markerskvaimploy PCR techniques. Such markers
are relatively quick and easy to implement and akrequire large tissue samples. Individuals
can be sampled non-destructively; this is ideakfadying black cod as the species is protected
and destructive sampling is not permitted.

Once obtained, molecular sequences are submitieabiec databases (e.g.
http://www.ncbi.nim.nih.gov) for comparison agaipséviously submitted data. However, this
approach relies on the quality and quantity of sittiechinformation to the databases; to date,
there are a limited number Bpinepheluspecies sequences andEhaaemelisequences in
GenBank. For the current study, we therefore chmsise an integrated approach that employed
both mtDNA and nuclear microsatellites to give aeiaformed indication of the stock

structure as patterns of nuclear inheritance caguiite different from that of the mitochondrial
genome (Avise, 1994; Appleyaed al.,2002; Rubinoff, 2005).

5.3  Application of mitochondrial DNA

MIDNA is a haploid genome and is generally inheritierough the maternal line. It has an
effective population size one quarter that of nacl2NA (making it highly sensitive to any
bottleneck effects) and its evolutionary rate cdrode is estimated at five to ten times that of the
nuclear genome; mtDNA therefore can show rapidsratesubstitution (Browet al.,1979;

Moore, 1995). MtDNA is considered a powerful molecuool for investigating population
differentiation, genetic diversity and species tiferation. Universal mtDNA primers are

widely amplifiable across distantly related fistkesies and the sequences of most primers are
published. In the current study, we have considéveddifferent mtDNA gene fragments. Prior
to this study, there was no mtDNA sequence infoionadvailable folE. daemeliiso we were



unsure of which (if any) gene fragment would prevehough sequence variation to undertake
homogeneity studies.

From the literature, the 5’ end of the control ;eg{CR) of the mtDNA is usually highly
variable and has the highest observed rate ofddsstitution and insertion/deletion events in
vertebrates (Saccome al.,1987; see also River al.,2004). Other mtDNA regions also
suitable for population studies include the cytoche b genedyth) and the NADH
dehydrogenase subunit 2 gene (ND2) while the cytook oxidase IdoxIl) gene and the 16S
ribosomal RNA gene (16S) are usually more suitgghtglogenetic comparisons. These five
genes have traditionally been utilized for botteirand intra species molecular studies.

5.3.1 Background to mtDNA gene fragments

‘Universal’ primers enable access to the mitoch@idienomes of untested species (Palumbi,
1996). Ask. daemeliis one such species, our strategy was to ammifgral different
mitochondrial gene fragments and test these foetiediversity and variation.

The 16S ribosomal RNA (16S) is a large subunit Ri¢fe in the mtDNA. It is relatively
conserved in sequence and structure and genevallyes more slowly than other mtDNA
regions (Palumbi, 1996). The 16S rRNA gene mayainrénough variation suitable for species
level identification (phylogenetic analyses) andassonally higher levels of variation in this
fragment may be utilised in population comparisén&pinepheluspecies, 16S rRNA has
been used for fillet identification from grouperglaaxonomic studies in several serranid
species (Craigt al.,2001; Maggicet al.,2005; Trotteet al.,2005).

The cytochrome oxidase | germxl) is a subunit of the cytochrome oxidase complbictvis
part of the electron transport chain in the celis b highly conserved fragment across phyla; as
such it has been proposed as a global bio-ideatiific system for animals and fish (see Weird
al., 2005) and is the gene of choice for the Barcodsdfefinitiative
(http://www.barcodinglife.com/views/login.phpNhile the utility of this gene fragment is

based on its ability to differentiate between spg¢i.e. within species sequences are more
similar to each other than to sequences in othexigp) there have been exceptions to this
observation (Warét al.,2005).

The cytochrome b geney(th) also codes for a protein in the electron transgioain (Palumbi,
1996). It is a fully functional monomer (i.e. istrgart of a larger subunit or complex) (Palumbi,
1996) and has a number of both conserved and Variagions which make it suitable for both
species and population level analyses (dependirigeogspecies in question).

The NADH dehydrogenase subunit 2 gene (ND2) has bkeewn to be variable in other marine
fish populations (Smitlet al.,2001; Appleyarcet al.,2002; Appleyardet al.,2004; Maggicet
al., 2006) and so we chose to also investigate thigrfemt in black cod.

The control region (CR) of the mitochondrial genornatains the region for mtDNA

replication and transcription (Palumbi, 1996). Wiilhere are a number of conserved blocks of
sequence in the control region, there are alsar@euof flanking areas around these conserved
regions that can vary and are often highly variablese characteristics make this particular
gene fragment highly suitable for population leaehlyses. This fragment was used for
population study irE. quernugRiveraet al.,2003) and also been utilised extensively in other
fin fish species (e.g. Ovendenal.,2004; Saliniet al.,2006; see others in this report)
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5.4  Application of nuclear microsatellite loci

In contrast to the mtDNA gene fragments, micro$itgelare co-dominant, bi-parental nuclear
markers that display high levels of polymorphismey are used widely in fisheries and
aquaculture studies (O’Connell and Wright, 1997 maidrences within) but they may require
primer sequences which are species-specific orldesd from closely related species. PCR
amplification conditions for primers may also vamong species.

There are currently no publish&d daemellimicrosatellite primers although there are a number
microsatellites developed for othepinepheluspecies (e.gz. quernusk. morio, E. coidides

E. polyphekadiorE. marginatus, E. malabaricus, E. fuscoguttafRhardson and Gold,

1993; Richardson and Gold, 1997; Nugrahal.,1998; De Innocentiist al.,2001; Rhodest

al., 2003; Riveraet al.,2003; Zatcoffet al.,2004; Antorecet al.,2005; Zhuet al.,2005, and see
evaluation of microsatellite loci in othEpinepheluspp. Koedprangt al.,2007)). In the

current study, we concentrated on the primers aciddeveloped by Riverat al. (2003) for the
closely relatedE. quernusn an effort to extend the available markersBEodaemellli

6. NEED & OBJECTIVES

Currently, the Commonwealth Department of the Earvinent and Water Resources is focusing
on the relationships between NSW coastal populatidiblack cod and those at the Elizabeth
and Middleton Reefs Marine National Nature Resé@mtbée Tasman Sea. As outlined, the
determination of genetic structure is fundamentadiged on the relationship among alleles and
genotypes in a population. Fa daemeliithere are no molecular markers in place with tic
study population structure or describe allelicafifinces. Hence, the major objective of the
current study:-

1. using direct sequencing, develop and deploy mtDNakkers that are suitable for
investigating stock structure in black cod collens from the NSW coast and
EMRMR

In addition, resolution of stock structure is betteinaged through a combination of approaches
than by any single technique in isolation. Keepinig in mind, the other objectives of our
research were:-

2. analyse the genetic connectedness between blackaogples using the mtDNA
sequences and analytical genetic software

3. develop and optimise sequenced mtDNA markers feciep identification. Link
into the existing Bar Code of Life project by seqciag selected samples Bf
daemeliifor thecoxl fragment and compare with already obtaiBgihephelus
sequences

4. trial available microsatellite primers from othgpinepheluspecies on selectéd
daemeliiindividuals



7. METHODS

7.1  Sampling and DNA extraction

Black cod samples were acquired from a number wfces and locations through our
collaborators (CMAR did not undertake any samplifigfese were provided as alcohol stored
tissues or DNA extracted samples (see Table 1 andd-1) and consisted of white muscle
tissue, dried fin sections, scales and biopsy seen@ampling information was entered into a
CMAR spreadsheet and saved on CMAR servers. Whssihge, tissue samples were sent to
CMAR and in instances where original tissue sample® limited, researchers at James Cook
University (JCU) extracted DNA and sent the driedDto CMAR. Both JCU and DEWR
undertook specific sampling field trips in the EMRMegion designed to acquire black cod
samples although the acquisition of samples fraemtbre coastal regions was opportunistic.
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Table 1 Sampling locations, sample size and source details of E. daemelii used in the current

study
Sampling Sample Approximate sample Date of Sample  Sourcé Sample
location and numbers location sampling  size type
abbreviation Latitude Longitude
Bundaberg AMS I. 24°52'S 15221°E Sept 1 Australian  DNA
(Bundg) 39781 1999 Museum
(62ED) via JCU
Saumarez Reef AMS 29°56'S 15342'E May 2 Australian  DNA
(Saumarez) 1.40856-003 2001 Museum
& AMS via JCU
1.40856-005
(64ED &
65ED)
Port Stephens IED - - Aug 1 UTS tissue
(PortS}) 2003
Bermagui AMS I. 3625'S 15604'E April 1 Australian  DNA
(Berma) 43615 2005 Museum
(63ED) via JCU
Rocky Point 2ED - e June 1 NSW tissue,
(RockyPy’ 2005 Fisheries  scales
& UTS
Middleton Reef 3ED-44ED  2&7'S 15807E  Feb 2006 42 JCU 23
(Middle06) tissues,
19
DNA
Elizabeth Reef 45ED - 29%56'S 15905'E Feb 2006 16 JCU 3
(Eliza06) 61ED tissues,
13
DNA
Lord Howe 66ED 3£31.5'S 15804°E Aug 1 LHMPA tissue
Island (LordH) 2006
Middleton Reef 67ED - 2927'S 15907E Feb 2007 5 DEWR tissues
(Middle07) 71ED
Elizabeth Reef 72ED - 2956'S 15405E  Feb 2007 15 DEWR tissues
(Eliza07) 86ED

“sample was taken from confiscated catch off a laeglessel that uses Port Stephens as its homefishiseas taken outside the

state jurisdiction but no details on exact locatoa known

" sample was taken from confiscated catch off RoakptPnear the entrance of Port Stephens

*primary contact at source:- Australian Museum S®Reeney and P. Grumski; University of Technologgir&y = E. Buckle;

NSW Fisheries = N. Otway; Lord Howe Marine Park larity = G. Kelly; Department of Environment and #&aResources = P.

Anderson

" if tissue was provided, DNA extraction was as penfiega below, in all other instances JCU providégddDNA
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Figure 1Sampling locations for E. daemelii (where positional information was available) off the
eastern Australian coastline, Elizabeth and Middleton Reef regions and Lord Howe Island.

In addition to the samples outlined above, we edseived five samples from juvenile black
cod (small fin sections) from Emily Buckle (UTStards the end of April 07. These samples
were not included in the overall analyses due ¢ir flate arrival. However DNA was extracted
(individuals were from the Wollongong, Kiama. Ldfdwe Island and Minnamurra River areas
(i.e. cod numbers 87-91ED) and analysed for a commpioof the mtDNA gene fragments.

When tissues were provided, total genomic DNA (frgpproximately 25mg tissue or several
scales) was extracted using Wizard SV Genomic DNAfiRation Systems (Promega, USA) as
per the manufacturer’s instructions, except fotietuvolumes which were reduced to a total of
250ul. If any tissues remained these were stored, algtigan aliquot of the extracted DNA, at
-80°C. Genomic DNA for each individual was then diluted0 ng/l where possible using a
NanoDrop ND1000 Version 3.0 (NanoDrop Technologies USA). The DNA aliquots were
stored at AC for working applications. Samples were used fithimtDNA and microsatellite
amplification, although depending on observed vianma or lack thereof, not all samples were
used for each application.

Initially, all samples were analysed independetualgbtain diversity statistics (i.e. mtDNA
haplotypes and microsatellite allele frequencids)the sample sizes of several of the locations
were extremely small and in several cases therenwvaketailed sampling location information
(e.g. PortS), these samples were not used in suéskedetailed population analyses. The
genetic differentiation results presented herebased on the two sets of temporal samples from
the Elizabeth and Middleton Reefs (Eliza06 & 07 diddle06 & 07) with limited

comparisons with the samples from the other aregs $aumarez and LordH). Four of the five
late arriving samples were used for NBZtb and CR amplification. However only the first two
regions were amplified and sequenced successfully.
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For the Elizabeth and Middleton Reef collectiofshé molecular data demonstrated that the
collections were not significantly different, theg@ups were pooled and further analyses
undertaken.

In all multiple test comparisons, the significateeels ofP-values were adjusted for multiple
tests using the sequential Bonferroni correctioic€R1989).

7.2  MtDNA amplification and analyses

Table 2 outlines the primers used for mtDNA gemaginent amplification. The 1680xI, cyth,
ND2 and CR fragments were separately analysed.lé@tions were undertaken in a Perkin
Elmer GeneAmp® System 9600 thermal cycler (AppBéasystems, USA) in a total volume of
50ul. Reactions consisted ofid of 10 mM dNTP’s (Promega), 4 of 25 mM MgC} (Applied
Biosystems), ml of 10x Amplitaq Gold Buffer (Applied Biosystemd)ul of 10 uM forward

and reverse primer (Geneworks, South Australi@p 0. of Amplitaq Gold (Applied
Biosystems), 20 - 300 ng of template DNA (dependindragment), adjusted to a final volume
of 50l with ddH,0. The PCR cycling conditions were as follows:iatitlenaturation at 98

for 10 min, 40 cycles of 98 for 30 s, 5% for 1 min 30 s, and 7€ for 2 min. A final
extension cycle of PZ for 10 min was followed by an indefinitéGlcycle.

Table 2 mtDNA gene regions and primers used to screen variation in E. daemelii in the current
study

mtDNA gene fragment Primers and source Annealing Length of fragment
temperature  in E. daemeliibp)’
16S ribosomal DNA 16SarlL & 16SbrH 53°C 516
(Palumbiet al,, 1991)
cytochrome oxidase subunit 1 FishF1 & FishR1 (Ward 53C 609
et al, 2005)
cytochrome b GLUDG-L & CB3-H 53°C 736
(Palumbiet al,, 1991)
NADH dehydrogenase subunit 2 t-Met (Park et &193) 53°C 897
& Mt76
( Smithet al, 2001)
control region A&E 50 - 53C 434

(Leeet al, 1995)

*following trimming of sequences and removal of m@imegions

PCR products were run on 2.5% TBE (Tris, boric aEiIDTA) buffer agarose gels containing
ethidium bromide at 120V for 1 hour against a Higmder size standard (Bioline, USA).
Fragments were visualized under UV light and phi@phed with a digital camera. Products
from each gene fragment were purified using AMPuma@fnetic beads (Agencourt, USA)
according to the manufacturer’s instruction. Wentheed approximately 8 - 20 ng of purified
PCR product (depending on fragment size) as temfdatbi-directional sequencing using ABI
Big Dye® Terminator v. 3.1, Cycle Sequencing Kiépplied Biosystems). Products were
sequenced using the same primer sets that gendhnetedtial PCR products.

Sequenced products were purified with CleanSEQ etagheads (Agencourt) according to the
manufacturer’s instructions. Fragments were seqeeena an Applied Biosystems 3100 DNA
autoanalyser following ABI protocols. Referencelsstres for each mtDNA gene fragment
will be submitted to GenBank (http://www.ncbi.nlriimgov/Genbank/submit.html). FiveoxI
sequences have also been submitted to the BOLat&#bttp://www.barcodinglife.com/).



Forward and reverse sequences were analysed ic&ae82.1 (Applied Biosystems) (and
additionally checked by eye) with consensus segeagtracted. Each mtDNA fragment was
analysed separately. Removal of ambiguities irbginning and end of the sequences was
undertaken. Gaps were inserted to maintain alighinghe CR fragment. Subsets of sequences
from each fragment were then compared with the N&&Babases
(http://www.ncbi.nlm.nih.gov/all GenBank+EMBL+DDBJ+PDB sequences) using thedia
local alignment search tool (BLASTn) feature towersthat the correct gene fragment had been
amplified.

Aligned sequences for each gene fragment were sathip MEGA v3.1 (Kumaet al.,2004);
this program was used to undertake exploratory aladdysis and calculate molecular distances
among sequences using the Kimura two parameterochéK2P) (Kimura, 1980). Neighbour-
joining (NJ) trees of K2P distances were produceBlEGA which enabled visualisation of the
distances and patterns for black cod samples athbtseach mtDNA fragment. Estimates of
mean pair-wise sequence diversity were made u€)8§ Bootstraps. The NJ method does not
assume that all lineages have diverged equal amailthbugh it does sequentially identify
neighbour pairs that minimize the total lengthlaf tree (Swofforet al.,1996). Bootstrapping
(Felsenstein, 1985) was used to estimate thebililjaof the NJ treesTajima’s test of

neutrality which compares the number of segregatitas per site with nucleotide diversity,
was also calculated on a per fragment basis in MEGA

According to the geographic groupings in Tableghlbtype diversity estimates were
calculated based on the number of unique haplotgpddaplotype frequencies (unbiased
haplotype diversity, Nei, 1987) and nucleotide sequence diversziyi(e. average gene
diversity over the sequence, the probability thadomly chosen homologous nucleotides are
different, calculated from pair-wise sequence défees: Tajima, 1983; Nei, 1987) were
calculated using ARLEQUIN vers 3.1 (Excoffigral.,2006). Deviation from equilibrium
expectations were tested with the Tajima’s D diat{gajima, 1989) for each collection based
on an infinite-site model; significance was testeARLEQUIN based on 10000
randomisations. This test assesses the evidenpeporiation expansions.

For the informative gene fragments, we also usédwiae Fsttests and analysis of molecular
variance (AMOVA, based on Excoffiet al. (1992)), in ARLEQUIN to examine spatial
differentiation within and between collection grangs. This test was used to partition the
variance in genetic distances among sequencesdfingdo a pre-defined hierarchical structure
— within collections, among collections within gpsuand among groups. Standard variance
components for collection structure were calculdtedulting ind-statistics). Thed statistics
include the variance attributable to the molecdiatances (based on K2P estimates) between
each haplotype.

7.3  Microsatellite loci amplification and analyses

In the current study, the nine microsatellite Ideveloped by Riverat al. (2003) forE.
quernus(Table 3) were trialled in black cod. In the scrieg phase, individual microsatellite
loci were amplified separately in a sub-samplendfiiduals.
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Table 3 Microsatellite loci and amplification conditions in E. daemelii, GenBank accession
numbers for each locus are given. Loci were originally developed from E. quernus and
described by Rivera et al. (2003)

Locus and Repeat motif 5’ Forward primer 5’ Reverse primer Annealing
accession sequence sequence temp
number

CA-1 (CA).GA(CA), TCTAGGTGCTGACA CACAAAGATGTCAC 57°C
(AF539604) (GA);CA GCTACAAACA TATTCCAGAAC

CA-2 (CA), GACTTGATTCAGCA AGAGACGGTGCCAG 45°C
(AF539606) AAATAAAGATG TAAATGAA

CA-3 (CA), ATGTGACACGTTG GACCTTGATATTTTC 45°C
(AF539605) ACAGGCAAGT ATTGCTTG

CA-4 (CA).CG(CA), GTGTGTTTATATAC AAATTATGAAAACA NP*
(AF539607) ATATTAGTCA CAACAT

CA-6 (CA), GTGTTGCTGGGGTT TTAGACACATTGTCA 45°C
(AF539608) ACTAATGAAG CGATGGTCC

CA-7 (CA), CACAGTGAAATAC  CAAGATGCCTGGGT 35°C
(AF539609 TCATAAGTCATG ATTTTTGG

GA-1 (GA),GG(GA), GGCTGAGTTAGCA AAGAGCACAACCCC 55°C
(AF539610) AGATGCAT TGAAGA

CT-1 (CT).GT(CT),GT AGCAAGAGCACAA CCATATGACAAAAT 55°C
(AF539611) (CT)n TAGCCAGAA GAGACATAAG

GAA-1 (GAA), GGAGTGTTAAATA CAGAAATCGAGGAC 55°C
(AF539612) TGCCCACCA AAGAG

*no product produced across a range of temperaan#gCh concentrations

Each locus was amplified separately ini2Beactions in an ABI 9600 thermocycler (as above).
Amplifications consisted of 4l of 10mM dNTP’s (Promega), 1.25 — Z:Dof 25 mM MgCl
(Applied Biosystems) (depending on locus), /.6f 10 x Amplitaq Gold Buffer (Applied
Biosystems), 1.@l each of 1Q:M forward (labeled primer with fluorescent dye, Aipgd
Biosystems) and 10M reverse primer (Applied Biosystems), 0,2%f Amplitaq Gold

(Applied Biosystems), 10 - 20 ng of template DNAjusted to a final volume of 28 with

ddHO.

The PCR cycling conditions were as follows: initi@naturation at 98 for 10 min, 35 cycles
of 93°C for 30 s, 35 — 57°C for 1 min 30 s (depending on primer set, seedahland 72

for 2 min. A final extension cycle of 9@ for 10 min was followed by an indefinitéGicycle.
1.5 - 3.0ul of the amplified product was diluted in a mixHiDi Formamide (Applied
Biosystems) and water and denatured 4€34r 2 min. Samples were run on an ABIPrism®
3100 Genetic Analyser against an internal GeneSe880.1Z Size Standard (Applied
Biosystems). We used GeneMapper™ v.3.7 (Appliedygtems) software to set various
panels and bin ranges that enabled routine genmaypior each collection, samples were scored
as they were run; genotypes were checked againadifssamples had been run for all loci.

In the first instance it was noted if amplificatioproduced a product B. daemeliiand
secondly if the locus was variable. Subsequentlyech polymorphic locus, we then
examined several diversity statistics, includiriglalfrequencies, number of allelé&;(ges),
observed heterozygositiA{) and expected heterozygositye) for each collection (as
calculated in FSTAT v.2.9 (Goudet, 2001)). We uthedrarefaction approach in FSTAT to
calculate allelic richnesg\]; this enables comparisons across the collectbdgfering sample
sizes. Conformation to genotypic frequencies uhtbedy-Weinberg Equilibrium (HWE) was

assessed in ARLEQUIN, using a Markov chain apprdmatidue to the very small sample sizes
in some instances these results are not concluBnemost robust HWE results are seen in the
Middleton and Elizabeth collections.



Micro-checker v2.2.1 (van Oosterhaattal.,2003) assessed the potential for large allele
dropout, scoring errors due to stuttering and thtergtial of null alleles by comparing the
observed and expected homozygote genotype freqaseand associated bin sizes. Linkage
disequilibrium was tested by Fisher’s exact testgbodness of fit employed in GENEPOP
vers 3.3 (Raymond and Rousset, 1995); but againiadiiee small sample sizes, the results
should only be considered preliminary.

As in the mtDNA analysis, hierarchical AMOVA, gldliasts of genetic differentiation and
calculation of traditionaF statistics (Wright, 1951; Weir and Cockerham, J)9@&amined
across all loci and collections on a pair-wise $asiere undertaken in ARLEQUIN. The same
hierarchical divisions as outlined in the mtDNA t&@t were used to analyse collection
structure. Among collection differences (for nucledcrosatellite loci) were also examined in
GENEPORP using pairwise comparisons (based on Fisteact test) across all loci.

8. RESULTS

8.1  Nucleotide diversity in mtDNA gene fragments

The five mtDNA gene regions were assessed for sgtdeamplification, ease of sequencing,
informativeness and utility for intra collectionversity studies. Two of the mtDNA fragments
were more suited tB. daemeliispecies identification (16S awodxl) while the other three
fragments were variable amongst the cod sampleso Bh92 base pairs were sequenced from
the mtDNA genome dE. daemelii(i.e. the combined size of the five gene fragments
Representative sequences from each of the mtDNA gegions have been submitted to
GenBank under Accession numbers EF644422-EF644468) (EF644425-EF64443&yth),
EF644432-644437 (ND2) and EF653810-EF653820 (CiR¢ $amples from theoxl gene

have also been submitted to the BarCode of Lifaltide under Accession numbers BW-
A3708-BWA3712. All submitted sequences can be amwki due course.

Three of the five gene fragments were easy to dyntid sequencing of the fragments was
very repeatable and reliable from column preparBidDemplates. The ND2 fragment, the
longest of the five fragments, was harder to ampliin 16Scoxl andcytb but eventually 81
individuals were screened for variation in thigyfreent. The CR fragment was often very
difficult to amplify across a range of DNA templatén some instances, cycling conditions and
DNA template amounts had to be optimised for irdilinail samples. It would appear that at least
150 - 300 ng of DNA is needed for successful anualifon of the CR fragment in some
samples; in the Middleton and Elizabeth collectjim®veral samples were not concentrated
enough to enable amplification. Of those templ#tas were amplified, sequencing was reliable
and repeatable with the forward strand produciightl better base pair resolution.

In the following analyses, we also included addidiosequences from GenBank as outgroup
representatives for each of the mtDNA regions. dimgroup accession numbers are listed in
each section.
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Table 4 Sequence diversity information for five mtDNA gene fragments amplified in E. daemelii
samples from EMRMR and various eastern Australian coastal locations

mtDNA  Sample Average nucleotide Number Conserved Variable Nucl. Tajima’s
size composition % sited sites sited”  diversity 0
T C A G
16S 24 227 252 29.1 231 516 (504) 516 0 (0) 0®.0 0.000
cox | 16 28.7 28.6 244 183 609 (598) 608 1(1) 0.001 00D.
cytb 67 299 31.0 232 159 736(708) 731 5(3) 0.001 00D.
ND2 81 251 333 28.6 13.0 897 (701) 890 7 (6) .00 0.002
CR 52 32.7 16.1 39.2 12.0 434(273) 401 33 (25) .01 0.017

*number of base pairs sequenced across the gemeeinagnumber of sites used in pair-wise distantutztions (based on
complete deletion of gaps/missing data) shown renghesis
*number of parsimony informative sites given in panesis

8.1.1 16S

For the 16S fragment, 24 individuals were sequeaogdaligned across 516 sites. This
fragment was easily amplified across all DNA tergsawith the sequences requiring little
trimming other than that of the primer sequencestiér gaps nor insertions were needed to
achieve sequence alignment. All base pairs wersetgad across this fragment; there were no
transitions or transversions observed among thHaak cod individuals.

Nucleotide composition of this fragment is showTable 4. There was no segregating sites
amongst the 24 individuals and hence the mean KBnde was d = 0.000 + 0.000. No further
analysis on sample location groupings was undentake

Several of the 16S sequences were compared toGBe database; BLASTn search
results gave a highest match of 97%tanoara(Accession number DQ067303.8),
latifusciatus(Accession number DQ088044.1) aadoruneugAccession number
DQO067314.1)The 16S fragment therefore provides a robust ‘gsedalentification fragment
for E. daemeliibut is not useful for intra species differentiatid phylogenetic analysis based
on the 24 samples and includiBgmoara (GenBank Accession no. DQ067303) as an
outgroup demonstrated the single genetic groupng fdaemelii(see Figure 2).

3ED Middle06
60ED Eliza06
37ED Middleo6
64ED Saumarez
6ED MiddleO6
54ED Eliza0o6
65ED Saumarez
A48ED Eliza06
28ED MiddleO6
62ED Bundg
18ED Middle06
67ED Middleo7
11ED Middle06
75ED Eliza0o7

63ED Berma
53ED Eliza0o6
2ED RockyP
16ED Middle06
57ED Eliza06
19ED Middle06
66ED LordH
A47ED Eliza06
46ED Eliza06

1ED Ports
DQO67303 E. moara

0.002

Figure 2 NJ tree based on 16S rRNA sequence data from 24 E. daemelii individuals. The
distance scale bar represents 0.002 substitutions per site



8.1.2 Coxl

SixteenkE. daemeliindividuals were sequenced and aligned acrossakifragment. This
fragment was also easily sequenced in both dinestimm the DNA templates with no
insertions or deletions. The aligned sequenceoffioiig minimal trimming) consisted of part of
the cytochrome oxidase | 5’ region of the gene &imiig 609 base pairs. There were 608
identical pairs and one variable site which wasipaosny informative among the 16
individuals. This variable site was a transitioonfr G to A at base pair 353. The nucleotide
composition of this fragment is shown in TableWith only one variable base among the 16
sequences, the overall genetic distance amongatdaliduals was a very small 0.001 + 0.001.

Sequences from five (1.40856-005 (65ED), I. 40888-064ED), 18ED, 48ED, 1ED) of the 16
individuals were submitted for inclusion to the 8ade of Life Database (BOLD sample
numbers BW-A3708, BW-A3709, BW-A3710, BW-A3711, BMB712 respectively). These

five individuals were chosen based on the two hgipks observed in the gene fragment, two of
the individuals were voucher specimens from thetralian Museum (if possible voucher
specimens are required for inclusion in the BOladase) and the other specimens were
randomly chosen based on the number of sequernpeise for submission to BOLD (n = 5).
Figure 3 demonstrates the resulting NJ phenogram éomparisons of these five individuals
with the BOL database. The branches are well supgavith bootstrap values >75. The fize
daemeliiindividuals are clearly identified from other Epphelus species.
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BUEAZF T | Epire pleles daeame i
BEA 37 03| Epire ple s daeame i
100 | BNEASF | Epirephelns daemedi
BUEA 3712 | Epiree plheles daeame i
L BL-A 3709 Epire plelus daeqme i
B4 B39\ Epirepheles lameolatus
B4 GHB|Epine phe s ooy
B4 GBS Epine pheles oy
1001 gies G4F|Epire phelus omges
BLA B5|Epire phelus malabariows
— CUA B2 | Epire phelus colides
93 BULA B2 |Epivephelus coinides
99 || BtAE1 5| Spirephelus coiides
BICA B22 | Epire phelus coioides
B4 820\ Epire phelus coiides
100 — BUA BT O|Epine pheles moma
L BICAGO9|Epinepheles sombua
99 | BNLA 28| Epinephelis egashulanius
B4 B2 | Epire phelus emastulanius
93 BUEA BS6|Epivepheles sepbemrastiatus
BlA B55|Epdre plhelus septenfasciates
B4 B3 | Epimephelus emastulanius
B4 B32 | Epire phelus emastivlanies
BULA B2 F|Epire phelus emamiulanes
B4 62 3| Epire phelus emasivlanies
BULA B2 8| Epire phelus emamiulanes
B4 B26|Epire phelus emastlanies
BIEA B30|Epire phelus emasilanus
A B5d| Epire plheles quoyanus
99 | BWLA BS0|Epinephelus quo yanus
100 BltA B3| Epire pheles quoyanus
B4 G52 | Epire phelus guoyanus
BULA BT |Epire phelis quo yanus
BULA B49| Epire phelus fvulatues
100 | BLLA BI7 | Epire plelus fasciabes
100 4|_ BILA GG | Epire plelus fasciatus
BUEA B3| Epire plels fasoiatus
WL BlLA B33 Epireplelus fasciabus
| B4 61 | Epire phelus mera
| B4 612 |Epire phielus mera
B2 00| Epime phelus il suws
B2 07| Epire phelies wrdlo suws
B2 07 7| Epire pheles wrdelo sues
Bl-207 8| Epire phelus wrdilosus
B2 07 Bl Epime phelis il sues
BltA B4 | Epive phelus areolatus
B4 B39|Epirephelus areolates
35 BlA G40\ Epire phelus areolatus
o0 B4 B2 | Epdrephelus areolatus
B4 B38| Epire phelus amolatus
| BULA B S| Epime phelus mulinodates
|_ B4 6 F|Epirepheles sulimotadus
100 | Bes 695 Epirve pleles mettinotatus
B4 6 6| Epire pheles mutimotaidues
BUEA G | Epirephelus mulinodates

100

94

38

100‘

e
002

Figure 3 NJ tree based on cytochrome oxidase | sequence data from five E. daemelii individuals
and other Epinephelus samples from the BarCode of Life database. Bootstrap values based on
2000 replicates are shown. The scale bar represents 0.02 nucleotide substitutions per site



The twocoxI haplotypes are more clearly visible when justitBesequencel. daemelii
individuals are compared to a single outgroup (GenBAccession Number DQ1078H. (
coioideg) (see Figure 4). As with the 16S fragment, duthéodearth of variation in this
fragment, additional location testing was not uteden.

11ED Middle06
60ED Eliza06
62ED Eliza06
57ED Eliza06
64ED Saumarez
63ED Berma
28ED Middle06
75ED Eliza07
54ED Eliza06

65ED Saumarez

18ED Middle06

67ED Middle07

48ED Eliza06

2ED RockyP

16ED Middle06

1ED PortS

DQ107891 E. coioides

0.01

Figure 4 NJ tree based on cytochrome oxidase | sequence data from 16 E. daemelii samples. Bootstrap
values based on 2000 replicates are shown. The scale bar represents 0.01 nucleotide substitutions per site

8.1.3 Cytb

A greater number of individuals were sequencedtfecytb fragment as initial testing
demonstrated some variation in this fragment. Qye&da E. daemeliindividuals were
sequenced for 736 sites. This fragment was alsp teeamplify and sequence with no
insertions or deletions. The forward strand prodwsightly better base pair resolution than the
reverse.

Table 4 shows the average nucleotide composititmmihis fragment. Three of the variable
sites were parsimony informative and all were titeorss (T-C at base pair 397, G-A at base
pair 508, C-T at base pair 518). Average nucleatmaposition consisted of approximately

30% T, 31% C, 23% A and 16% G.

The overall K2P distance among the 67 individuads @ = 0.001 £+ 0.001. Figure 5
demonstrates the very close association of th&lalad individuals at this fragment. Three
main groups (1, 2 & 3) are shown in the phenognatitin several individual outliers, although
the distance between these individuals and thermgagoups (and indeed between the three
groups) is still very small. This is emphasisedeotiee outgroup sequence is used in the
analysis.
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19

83ED Eliza07
73ED Eliza07
72ED Eliza07
27ED MiddleO6

64 | LED Ports

27

51

19ED MiddleO6
22ED MiddleO6
2ED RockyP
20ED MiddleO6
63ED Berma
6ED MiddleO6
78ED Eliza0O7
50ED Eliza0O6
17ED MiddleO6
18ED MiddleO6
84ED Eliza07
85ED Eliza07
74ED ElizaO7
48ED ElizaO6
66ED LordH

— 28ED MiddleO6
75ED Eliza0O7
25ED MiddleO6
7ED MiddleO6
S5ED MiddleO6
24ED MiddleO6
16ED MiddleO6
71ED MiddleO7
69ED MiddleO7
45ED ElizaO6
67ED MiddleO7
82ED Eliza07
54ED Eliza0O6
4ED MiddleO6
68ED MiddleO7
77ED ElizaO7
80ED Eliza07
— 86ED Eliza0O7
55ED Eliza06
21ED MiddleO6
70ED MiddleO7
13ED MiddleO6
36ED MiddleO6
8ED MiddleO6
41ED MiddleO6
15ED MiddleO6
9ED MiddleO6
39ED MiddleO6
53ED Eliza0O6
65ED Saumarez
12ED MiddleO6
11ED MiddleO6
60ED Eliza06
31ED MiddleO6
3ED MiddleO6
14ED MiddleO6
40ED MiddleO6
61ED Eliza0O6
81ED Eliza07
57ED Eliza0O6
62ED Bundg
64ED Saumarez
23ED MiddleO6
10ED MiddleO6

32ED MiddleO6

76ED ElizaO7
79ED Eliza07
AY 786427 E. moara

0.01

group 1

group 2

J

> group 3

Figure 5 NJ tree based on cytochrome b sequence data from 67 E. daemelii samples. Bootstrap
values based on 2000 replicates and the scale bar representing 0.01 nucleotide substitutions

per site are shown



8.1.4 ND2

This fragment was generally easy to amplify andisage, although some DNA templates did
not amplify successfully (despite standardisatibgemomic quantity used in the PCR
reactions). Of those templates that did amplifguemcing was reliable and repeatable with the
forward strand producing slightly better base pasolution than the reverse primer.

Alignment of this fragment consisted of part of B2 region across 897 base pairs with no
insertions or deletions. However a number of bades in the beginning and end of this
fragment produced sequencing ambiguities and ds sue number of base pairs used (after
pair-wise deletion of missing data) for the dis&palculations was approximately 700 bp. As
Table 4 shows, 890 base pairs were conserved amnd thie seven variable sites were
parsimony informative. All informative sites weransitions (C-T at base pair 212; A-G at base
pair 266; G-A at base pair 296; C-T at base pdi, A¢G at base pair 734; T-C at base pair
867). Average nucleotide composition was 25.1%3[3% C, 28.6% A and 13.0% G (see
Table 4). The overall K2P genetic distance amoegthindividuals was 0.002. The resulting
phenogram using. tukulaas an outgroup shows four major groups, althogginathe distance
between the cod individuals is small but well supgad (Figure 6).
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13ED Middleo6
21ED Middleo6
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68ED MiddleO7
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18ED MiddleO6
4ED Middleos
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12ED Middleo6
74ED Elizao7
B80ED Elizao7
67ED MiddleO7
70ED MiddleO7
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6ED Middle06
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77ED Elizao7
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69ED MiddleO7
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3ED Middleos
25ED Middle0os
31ED Middleo6
38ED MiddleO6
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81ED Elizao7
33ED Middleo6
71ED MiddleOo7
53ED Elizao6
32ED Middle06
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30ED Middle06
64ED Saumarez group 2
23ED Middle06
1ED Ports
40ED MiddleO6
— 16ED Middieos
61ED Elizaos
57ED Elizaos
62 —I 60ED Elizaos
11ED Middleos
44ED Middleo6
10ED Middle0o6
14ED Middleo6
29ED MiddleO6
28ED MiddleO6
35ED Middleo6
52ED Elizao6
37ED Middle0o6
22ED Middle06
S6ED Elizaos
43ED MiddleO6
20ED Middle06 >_
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19ED MiddleO6
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Figure 6 NJ tree based on NADH dehydrogenase subunit 2 sequence data from 81 E. daemelii
samples. Bootstrap values based on 2000 replicates are shown. The scale bar represents 0.01
nucleotide substitutions



8.1.5 CR

Alignment of this fragment included part of thetlednd side of the D-loop or control region

from the tRNA-proline gene to the central consdrragyion across 434 base pairs. A number of
base pairs were trimmed from the beginning andoénide sequences due to sequencing
ambiguities. This fragment was often difficult tmlify and sequence on a routine basis; as
such only 52 individuals across all the samplirgptens are represented in the analysis. Of
these, not all sequences contained the full leregt, hence the reduced number of sites used in
the distance calculations (see Table 4, cf. sitesl dlor 16S andytb distance calculations).

In black cod, the CR fragment was highly variablth@3 variable sites (across the 434 base
pairs) and 75% of these are parsimony informatee (Table 4). While too numerous to list
here (see Appendix E for the aligned sequences)dhable sites were all transitional pairs.
Nucleotide composition across the 52 fish was;327%, C = 16.1%, A = 39.2% and G =
12.0%; due to a tandem TA repeat section in thligrfrent, the average composition of these
two bases was the highest of all five fragments.

The tandemly repeated TA sequence started at théd$e pair. Variation amongst the samples
was due both to the 33 variable sites and thetingéideletions (indels) events in the tandem
repeat area. The largest number of repeats wasdltha smallest was five. In the K2P distance
analysis, gaps were inserted to adjust for thenatdength changes when aligning the
sequences (see also Swoffetdal.,1996). Sequence positions with gaps were thent@anit

from the overall analyses according to the ‘corngtidletion’ method which deletes a site from
all pair-wise comparisons if any of the sequenndbe 52 individuals have a gap at that site.
As Swoffordet al. (1996) point out, this method discarded more imfation but is considered
more appropriate for the CR fragment as its regayesmore prone to indel events than other
MtDNA fragments. Due to the variable number of Iade black cod, each sequence was
manually aligned based on the number of TA repalag¢erved in the forward and reverse
sequences of the traces. The length of the corgabn has previously been reported to be
highly variable even among closely related spe@ead individuals) due to the presence of
tandem repeat sequences and large insertionse(lade 1995).

Additionally, due to the high variability observathong species with this region, BLASTn
comparisons with the database at NCBI demonstraggdiow level matches (across a very
limited number of base pairs) to the hypervarialetrol and D loop regions in tundhunnus
alalunga(Accession number AF390333) afdthynnus(Accession number DQ087592) (90 -
91% match across only 49 base pairs, with veryBow7e-06,) and a low match to the D loop
region inChromis atripectoraligAccession number DQ21228H € 1e-04), a coral reef fish
from the Great Barrier Reef. It was also difficitobtain an outgroup CR sequence from
GenBank. This fragment does not lend itself to pgghetic analyses due to its highly variable
internal and length sequence differences. HowaeFigure 7 shows, the NJ tree for the 52
black cod samples usiri§) quernusas the outgroup demonstrates at least three \@sglg
related groups withiik. daemelii
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Figure 7 NJ tree based on control region sequence data from 52 E. daemelii samples. Bootstrap
values based on 2000 replicates are shown. The scale bar represents 0.2 nucleotide
substitutions per site



8.2  Variation in mtDNA gene fragments — testing for genetic
homogeneity

As indicated above, only three of the five mtDNAdgments were variable enough to undertake
sample location analyses and due to the very saaiple sizes in six of the ten locations, the
more robust genetic homogeneity tests are basgdarthe four collections from the Elizabeth
and Middleton Reef marine reserve éyth, ND2 and CR (although some preliminary eastern
Australian coast v EMRMR & LordH area comparisores gresented). An inspection of the
phenograms produced from each of the fragmentsates that for all of the fragments, the
groupings of the individuals were not location specFurthermore, sequencing foytband

ND2 from the samples that arrived late in April(@8 - 91ED) demonstrated that these
haplotypes were the same as those observed frooitlteecod collections; there were no
apparent genetic differences or indeed locatiogifipaifferences with these samples.

Table 5 lists the within collection diversity skiics for each of the larger collections from the
EMRMR: the majority of genetic homogeneity testgevieased on this data. As highlighted
previously, the CR fragment was the most variabka® three mtDNA gene fragments with up
to 12 haplotypes (anal= 0.941) observed in the Middle06 collection.Hbald be remembered
that this estimate is calculated only on the bases in the distance calculations; this is a
conservative estimate as complete base pair dedetiere used amongst cod individuals in the
K2P analyses. The tandem repeat sequences thespebwéde a source of variation due to the
differing number of repeats among black cod.

The sequences revealed generally low nucleotidersity in each of the fragmentsy{b
averager = 0.0007; ND2 average= 0.0016; CR average= 0.0100) and moderate to high
haplotype diversity depending on fragment type (@&). Overall the CR fragment was the
most variable with gene diversity ranging from @.9@ 1.000 while theytb fragment
displayed the lowest amount of gene diversity acthbe collections (0.000 — 0.781). In five of
the eleven comparisons, Tajima’s D test was negdaithough none was significant.
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Table 5 Within collection diversity statistics (across the various sequences) in E. daemelii for the
three variable mtDNA fragments screened in the Elizabeth and Middleton Reef collections; N =
sample size, S, = number of polymorphic sites, h = gene diversity (mean + s.d) , m = nucleotide
diversity averaged over loci (mean * s.d), D = Tajima’s test of selective neutrality (P value
shown in parenthesis)

mtDNA region Middle06 Eliza06 Middle07 Eliza07
cytb
31 9 5 15
3 1 0 4
0.604 +0.076 0.500 +0.128 0.000 + 0.000 0.781162
0.0009 £ 0.0008  0.0007 £ 0.0007  0.0000 + 0.0000 0012 + 0.0010
-0.182 (0.439) 0.986 (0.901) 1.000 (1.000) -0.67.202)
D2
40 15 5 15
7 6 1 5

0.824 +0.036 0.695 +0.109 0.900 +0.161 1.000243
0.0019 £0.0010 0.0024 +0.0016  0.0005 + 0.0006 00D + 0.0012

aocw;mz a = zZ zZ a S w;mZz
W) 15/1%0 t{!gt W) 15/1

0.027 (0.583) 0.583 (0.736) -0.817 (0.297) -0.61356)
34 1 2
31 (- S — 0
0.941 + 0.023 0.927+£0.067 - 1.000 + 0.000
0.0177 £0.0094 0.0134 +0.0078 - 0.0000G00.
-0.189 (0.484) 0.053 (0.564) - 0.000 (1.000)

#all variable sites were transitions

Across all locations (see Table 1), the globaktesdifferentiation (based on haplotype
frequencies) at each of the three mtDNA fragmegutsoss all cod that were successfully
sequenced) were non-significant in all instan&es 0.999). There was no evidence of
differentiation amongst the overall sampling locas.

Furthermore, when all locations were considereéttugy (the actual number of locations
included in each AMOVA analysis is dependent onftagment type, see Table 6), a non-
hierarchical analysis of variance demonstratedively low and non-significant variance
estimatedor all fragment types. Between 91- 100% of thearece was attributed to ‘within’
collection differences (i.e. differences in indiva sequences from each location).

Table 6 E. daemelii non-hierarchical AMOVA based on mtDNA sequencing across the three
most variable gene fragments

mtDNA fragment n’ % of variation Dg P value

cytb 10 90.7 0.093 0.077
ND2 9 97.0 0.030 0.254
CR 8 100.0 -0.071 0.823

“n = number of sampling locations used in the AMOWnparison, see Table 1 for details

On a pair-wise basis, relatively large (but nom#igant) Fstvalues were obtained between
sampling locations that consisted of only one ar haplotypes and the locations with larger
sample sizes (i.eytb Fst Middle06 & Bunda = 0.40F = 0.999). This same trend was
observed in all three mtDNA fragments and this cg@rof a sample size issue than
demonstrating biological meaningful differencesnmstn the locations.

As Table 6 demonstrates, the largest value of timeherarchical fixation index was observed
for cyth. There did appear to be differences in the hgp®frequencies observed in the
samples from the eastern Australian coastal redidusda, Berma, PortS, RockyP and



Saumarez) in comparison to those from the ElizahethMiddleton Reef and Lord Howe
Island areas (Middle06, Middle07, Eliza06, ElizaD@rdH) (i.e.®crin hierarchical AMOVA

for cytb=0.117,P = 0.016;&s7t = 0.175,P = 0.072), however the actual source of the vadanc
is difficult to determine given that only six cocre analysed from these coastal regions. When
the four additional samples from the eastern Aliatva&coastal area were included in tyeb
analysis (the samples from E. Buckle April 07, 881ED), the genetic variance among the two
groups was reduced tbcr = 0.101 P = 0.011) and the overall variance among all saswizs
only slightly above that from the non-hierarchiédlOVA shown in Table 6 ¢sr = 0.140P =
0.103ca. &5t = 0.093,P = 0.077). Theytbfragment may provide a low level of genetic
diversity but importantly no significant differerecevere seen across the black cod individuals
in the marine reserve area. Furthermore, whilatta from theytb fragment suggests some
level of genetic differentiation among the arebs,differences are marginally significant.

In contrast to theyth, the corresponding hierarchical values from thepotwo mtDNA
fragments (based on the same eastern coastal segleMRMR and LHI as above) were lower
and not significant (ND2cr = -0.019,P = 0.504;@s7 = 0.015,P = 0.245; CR®Pcr = 0.108P
=0.083;®s7 = 0.014,P = 0.820). Many more samples from multiple ‘codstetas would need
to be analysed before tbgtbfinding could be corroborated.

Concentrating on just the EMRMR collections, noaraichical AMOVA analysis of
Middle06, Middle07, Eliza06 and Eliza07 also indedhno significant variance arising from
among collection differences for any of the threé®NA fragments (Table 7). ANvariance

was accounted for by within collection differengdsen these collections were compared in a
group. Likewise, the pair-widést comparisons among these four collections weralland
non-significant ¢ytb Fstranged from -0.037 to 0.151; NPZrranged from -0.0389 to 0.082;
CRFsrranged from -0.026 to -0.153). As there was naiaant differences between the two
temporal collections at each sampling location,dai were combined and used in a
hierarchical AMOVA analysis between Elizabeth anddfeton sampling locations.

Table 7 E. daemelii non-hierarchical AMOVA based on mtDNA sequencing in the Elizabeth and
Middleton Reef locations (across the three most variable gene fragments)

mtDNA fragment n % of variation Dt P value
cytb 4 97.6 0.024 0.218
ND2 4 97.2 0.028 0.174
CR 3 100.0 -0.044 0.807

“n = number of sampling locations used in the AMOWnparison, see Table 1 for details

Not unexpectedly, the AMOVA analysis on the comditemporal locations demonstrated that
there was no significant evidence to consider #mepdes from the two reef areas as belonging
to separate populations. While a sizeable compaofethe variance from the CR fragment was
attributed to differences among the two combindtéctions @cr = 0.143), this was not
significant P = 0.334) (Table 8).
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Table 8 E. daemelii hierarchical AMOVA from the EMRMR region based on mtDNA sequencing
across variable gene fragments — cytb, ND2 & CR

Source of variation Gene Total Fixation P value
fragment  variance indices

Among groups ¥c7) cytb -0.020 -0.060 1.000
ND2 0.005 0.006 0.663
CR 0.481 0.143 0.334

Among collections cytb 0.023 0.065 0.141

within group @sd ND2 0.020 0.023 0.229
CR -0.606 -0.210° 0.900

Within collections sy cytb 0.330 0.009 0.228
ND2 0.839 0.029 0.171
CR 3.493 -0.037" 0.801

“these groups consisted of Middle06 & Middle07 \z&(i6 & Eliza07
“these groups consisted of Middle06 v Eliza06 & &0iz

8.3  Microsatellite loci in E. daemelii — qualitativ = e results for
the Rivera et al. (2003) markers

A range of PCR annealing and cycling conditionsafeubset oE. daemeliindividuals were
trialled for all loci from Riveraet al. (2003). In attempts to produce single, discret& PC
banding patterns, tested annealing temperaturgedainom 38C to 60C and 1.25 mM — 2.5
mM MgCl, concentrations were used. Table 2 shows the angdamperatures at which a
product was produced for each of the primer contlzina.

In E. daemelij CA-2 was amplified at 4&. A large 323 base pair banding artefact was also
produced, but the scored allelic pattern was cter#isThis locus was amplified in all
individuals.CA-3was also amplified at 46 with the resultant banding pattern highly
repeatable and alleles easy to score (severahetsefiere produced up and down stream of the
alleles but these non-variable bands were not densil). Similarly CA-6was also amplified at
45°C with the banding pattern displaying the typiaaick’s comb’ appearance of a dinucleotide
repeat but the alleles were repeatable and easgote. Resultant genotypes at these three loci
depended on the quality and quantity of genomic DéfAafter the mtDNA gene fragment
amplifications. The resulting statistical infornmatifor these loci is shown in Table 9.

For the remaining lociCA-1was difficult to amplify and produced a very weakguct with
multiple bands. Analysis on the DNA autosequenben®d a very messy multiple peak profile
and hence this locus was not used furtéy-4 could not be amplified despite trialling across a
wide range of annealing temperatures and MJ&CR amplification aCA-7was only

observed at 3& and due to the very low annealing temperatuneuliple banding pattern was
observed. The locus however did appear non-variideas such was not screen@d.-1and
GAA-1were amplified at 5%. These loci were easy to score but both were monghic.

Finally, CT-1amplified successfully at 86 and while the banding pattern of ‘alleles’ was
repeatable and relatively easy to score, thredipeatalleles in each genotype were observed.
This locus was not used for any further screening.

8.4  Genetic diversity at microsatellite loci

Table 9 lists the various genetic and diversitynesties. However, given the relatively small
sample sizes in most of the collections, the mgjaf genetic homogeneity comparisons were
based on the Middle06, Middle07, Eliza06 and Elvzabllections. Furthermore, none of the
alleles in the samples from the coastal or neastdoaations were unique to these areas. Tests



for conformity to HWE and linkage disequilibrium meeonly undertaken in these four
collections - it is not possible to estimate thetsistics in ‘collections’ where the sample size i
very small.

For the three microsatellite loci, between 71 abdkck cod were genotyped, depending on
the locus (see Appendix F for allele frequenci@skts for linkage disequilibrium in the four
Middleton and Elizabeth Reef collections (followiBgnferroni correction) supported the
independent assortment of alleles at different loci

Generally, the three loci displayed moderate td héyels of polymorphism. The number of
alleles at each locus in the larger collectiongeahnfrom 4 (aCA-6, in MiddleQ7) to 22 (aCA-

3, in Middle06) and average numbers of alleles peus ranged from 1CA-2) to 13 CA-6
(Table 9). In the four reef collections and on ag#lection basis, averadé, ranged from

0.786 atCA-2in Eliza07 to 1.000 a&€A-3in Eliza07. LocusCA-3displayed the highest average
H, and locusCA-6the lowest (Table 9). Mean allelic richness wasststent amongst the
collections (and has been adjusted for a minimump$asize of 1, ranging from 1.644 to 1.944
in the four larger collections. There was low-legeidence of private alleles (i.e. alleles
observed in a single collection) but of the 16 atévalleles observed over the three loci, 69% of
these were observed in the largest collection, M@ and each was present at a frequency of
less than 0.06@ s estimates across the four EMRMR collections oerdgrus basis were all
small which indicated that mating can be considexeskntially random in these cod collections
(Fis CA-2=0.037;F ;s CA-3=0.052;Fs CA-6= 0.068)

AverageHcacross the three loci in the four larger colleddioras at least 89%. On a per locus
scale, in all instancesl, was very high ranging from 0.644@#-6in Middle07 to 0.944 at
CA-6in Eliza07; genotypic tests demonstrated thdballin these collections conformed to
HWE (following Bonferroni correction) (Table 9).r8ilarly, results from MICROCHECKER
indicated that none of the loci were charactertsedull alleles, problematic scoring due to
stutter effects or large allelic dropout.
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Table 9 Summary statistics for three microsatellite loci screened in E. daemelii collections from the
EMRMR and various eastern Australian regions; mean sample size per locus (N), number of alleles
(Naneles), allelic richness (A), heterozygosity observed (H,), and heterozygosity expected under equilibrium
conditions (Hg). All loci in the larger collections conformed to HWE

Collection CA-2 CA-3 CA-6
Bunda

N 1 1 1
Nalleles 2 1 2

A 2.000 1.000 2.000
Ho 1.000 NA 1.000
He 1.000 NA 1.000
Saumarez

N 1 1

Nalleles 2 2 3

A 2.000 2.000 1.833
Ho 1.000 1.000 0.500
He 1.000 1.000 0.833
PortS

N 1 1 1
Nalleles 2 2 2

A 2.000 2.000 2.000
Ho 1.000 1.000 1.000
He 1.000 1.000 1.000
Berma

N 1 1 1
Nalleles 2 2 1

A 2.000 2.000 1.000
Ho 1.000 1.000 NA
He 1.000 1.000 NA
RockyP

N 1 1 1
Naieles 1 2 2

A 1.000 2.000 2.000
Ho NA 1.000 1.000
He NA 1.000 1.000
Middle06

N 36 34 42
Naieles 15 22 17

*

A 1.903 1.933 1.910



Ho

He
Eliza06
N

Nalleles

Nalleles

*

A

Ho

He
Middle07
N

Nalleles

Eliza07
N

Nalleles

*

A

Ho

He
Average
N

Naleles

Ho

He

0.944
0.903

10
10
1.905
0.800
0.905

2.000
1.000
1.000

1.911
0.800
0.911

14
12
1.931
0.786
0.931

16.25
11
0.833
0.913

0.853
0.933

10
1.933
0.875
0.933

2.000
1.000
1.000

1.889
0.800
0.889

14
15
1.944
1.000
0.944

15.25
13

0.882

0.925

0.833
0.910

16

13
1.887
0.813
0.887

2.000
1.000
1.000

1.644
0.800
0.644

15

12
1.924
0.867
0.924

19.5
115
0.828
0.841

“based on a minimum sample size of 1 diploid indiaid

“based on samples from Middle06, Middle07, ElizaEl&a07
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8.5  Variation in microsatellite loci — testing for genetic
homogeneity

Significant allele frequency variation was not alvee in the three microsatellite loci across the
all sampling locationsR = 1.000). Exact tests of allelic frequencies shiwe significant
differences among the ten sampling locations wineyaed on a per locus basi3A-2P =

0.109; CA-3P = 0.277,CA-6P = 0.095). Likewise there were no significant (@eling

Bonferroni correction) pair-wise comparisons amtrgcollections across all loci (FishePs
value > 0.030). Indeed when Middle06 & Middle07 &flita06 & Eliza07 were analysed, no
significant differences in allelic frequencies wgenerally observedC@A2P = 0.209, 0.083;
CA3P =0.593, 0.222; CA® = 0.545, 0.042 respectively).

Pair-wiseFstcomparisons among the 10 sampling locations (u@itahown) demonstrated no
significant differences in heterogeneity; all paise estimates were not significant following
Bonferroni correction for multiple tests. In mamgiances, particularly between the larger
collections, thé-stvalues were essentially zero (e.g. Middle06 anzbBbEFst=-0.030). The
Fsrvalues between the ‘more’ coastal and reef sanfplgs Bunda and ElizaG&st= 0.200)
were often higher but it must be remembered thestmple size of these collections was at
most just two individuals; these samples did notte robust or meaningflsr pair-wise
comparisons. Turning to the four larger collecsiohable 10 shows the small and non-
significantFsrvalues among the EMRMR locations. These indidsdéthere is much greater
genetic diversity within the four collections thbetween collections.

Table 10 Pair-wise Fst comparisons among the four E. daemelii Middleton and Elizabeth
collections, based on three nuclear microsatellite loci (below the diagonal). P values of the Fst
estimates are given above the diagonal, significant values following Bonferroni correction are
shown in bold. Values are given to three decimal places; negative values are equal to zero

Collection Middle06 Eliza06 Middle07 Eliza07

MiddleO6 ~ ----- 0.972 0.026 0.181
Eliza06 -0.030 - 0.781 0.968
MiddleO7 0.036 -0.034 - 0.052
Eliza07 0.006 -0.044 0037 = -

As with the mtDNA gene fragment, AMOVA analysesifigsthe microsatellite genotypes) on
all ten sampling locations demonstrated very byyresults ¢st= 0.007,P = 0.266). There
was no evidence to suggest sub-structuring of ttiteavarious sampling locations.

A hierarchical AMOVA across each of two geograpdricups (i.e. between Lord Howe Island
and EMRMR collections (n = 5) and the east coasttralian collections (n = 5)) demonstrated
that the great majority of observed variation iae two groups was due to within collection
differences ¢st= 0.025,P = 0.260), but a low and significant amount of Yagiance (2.3%)
was due to among group differencés{= 0.023,P = 0.008). However, there were only six
individuals in this combined ‘east coast group’ &wedice this AMOVA finding should be
viewed with caution until a much greater numbecadstal samples are genotyped for these
three microsatellite loci and included in the congams.

A non-hierarchical AMOVA on Middle06, Middle07, EAO6 and Eliza07 demonstrated no
evidence of genetic sub structurinBsg = -0.008,P = 0.785). Following the non-significant
pair-wise allelic comparisons between the two Médaih and two Elizabeth reef collections, the
data were combined to form a single Middleton asihgle Elizabeth reef collection. AMOVA
analysis on these two combined collections againaestrated there was no significant genetic
structuring among the two groups4r = -0.006,P = 0.784). AMOVA analysis on a locus by



locus basis demonstrated very small and non-sagnifidifferences were attributable to among
collection variation at two of the three loci (Taldl1). The small but significant spatial
differentiation atCA-6 still only accounted for 2% of the variation amahg four collections.
The overall sample size of the four collectional# still considered minimal for a study of this

type.

Table 11 Locus by locus AMOVA results for E. daemelii from the EMRMR

Microsatellite ~ Sample Among collection
locus size

% variation Dgt P value
CA-2 65 0.82 0.008 0.215
CA-3 61 1.04 0.010 0.171
CA-6 78 2.01 0.020 0.030

8.6 Additional molecular trials undertaken in E. da emelii

In addition to the mtDNA sequencing from the blackl individuals which were generally
undertaken on either muscle or biopsy samples |seeused dried scales and alcohol stored fin
tissue for DNA extraction and subsequent molecsdagening. Both ‘tissue’ types provided
good DNA although the overall quantity of DNA wasedtly proportional to the sample
amount. Caudal, pectoral, anal, pelvic and dorsalgdlus several scales from one individual
(1ED) were used to amplify the five mtDNA fragmerAd sequences from the same fragment
showed concordance to each other and that obt&iodwhite muscle DNA.

During the current research and with an aim deveppther variable molecular markers,
several exon primed, intron crossing (EPIC) prinfeyen Jarmaret al. (2002) were trialled in
two black cod samples. Although PCR and sequengaggsuccessful, no sequence variation
was detected in the ATP Synthetase Subwainds (ATPSx and ATP$) loci. EPIC screening
in the Adenine Nucleotide Transporter/ADP-ATP Ttanase (ANT) and Signal Recognition
Particle 54-kDA subunit (SRP54) loci produced npiétibanding patterns which could not be
optimised (to produce a clean single product) atth we did not sequence these loci. The
EPIC loci screening to date has not provided usefilecular markers.

9. DISCUSSION

In the current study, we used genetic variatiothiee mtDNA gene fragmentsytb, ND2 and
CR) and three microsatellite locTA-2, CA-3 CA-6) to investigate the population structure of
black cod primarily from the Elizabeth and Middlet®larine Reef Reserve. As part of this
research, two temporal collections of cod from ¢haeas were examined but no temporal
heterogeneity was observed.

The use of PCR based markers enabled black coel sarhpled non-destructively from various
tissue types and molecular analyses undertakenetAzwin some instances, the very small
tissue samples obtained from the biopsy gun andékd to subsequently divide tissue or DNA
samples among collaborators resulted in a numbiedofiduals with limited amounts of DNA
available particularly for the mtDNA amplification®espite this, the use of fin clips and scales
not just white muscle tissue or biopsy samplesiigemely important for population assessment
of E. daemeliias it is a protected species and destructive sagnisl not permitted.

The mtDNA gene regions were generally easy to dynalid sequence except for difficulties
encountered with the control region. Difficultyamplifying this region has been observed in
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other fish species (either directly or by comparmgnbers of fish amplified for the control
region and other molecular markers in each stuggjubéet al, 1998; Ovendest al., 2002;
Ovenden and Street, 2003; Cledral, 2004; Ovendegt al.,2004; Salinet al.,2006).
Furthermore, scoring of genotypes at the microli&tédci was relatively routine despite the
use of cross species developed loci.

Unfortunately, CMAR did not undertake any tissumphling, and it was extremely difficult for
our collaborators to acquire a substantial numbétazk cod samples from the field. The study
also suffered significantly from a paucity of samgllocations. While the original objective
was to develop and deploy mtDNA markers that waitaksle for investigating stock structure
in black cod collections from the NSW coast and BWHRregion, we only received six cod
samples from the coast and near coast areas. $aegees were insufficient for rigorous
population analyses and subsequent tests of gesudtitivision between the EMRMR region
and eastern areas. Therefore we were not ablédfilbthis objective.

9.1  Genetic variability within collections

As will be discussed, the utility and applicatidrttee five mtDNA fragments varies among
species, sampling locations, regions and fragnyget tit is for this very reason that more than
one fragment was screened in the current studgomitrast, microsatellite loci are usually
implemented for population diversity and intra spestudies due to their high variation and
high allelic content.

As several previous studies have shown (Ceaigl.,2001; Maggicet al.,2005; Trotteet al.,
2005), the functional value of the 16Sr RNA fragtremd the cytochrome oxidase | fragment
was in excellent species identificationEginepheluspecies and other fin fish more widely.
The newk. daemeliispecific sequences obtained in this study will exdthe available tools and
sequences used fapinephelusnolecular taxonomy - this will further help to eidate the
inter-relationships within the genus (see also@eaial.,2001). It will also readily enable the
identification of this species in any confiscatesth for fillet samples (or indeed in egg and
larvae samples).

In contrast to the almost complete lack of irEtadaemeliivariation in the above two
fragments, we observed relatively low levels ofiatawn in thecytband ND2 fragment among
all cod individuals (d = 0.001, 0.002 based on &038 701 base pairs respectively) while the
CR fragment was more variable (d = 0.016, base2i/@base pairs).

Thecytbfragment has previously been used for both imichiater species differentiation
studies. A case in point is Maggeb al. (2005) investigation of phylogenetic relationghip
among eastern AtlantEEpinepheluspecies. However, while Maggab al. (2005) did not
detect anyytb differences among individuals of the saBmnepheluspecies, we observed
severakytb haplotypes irE. daemelii Maggioet al. (2005) only analysed 397 bases of this
fragment while we sequenced up to 736 basés daemelii

In comparison to our study, Carkxt al. (2003) also detected variation in a 593 bp fragroén
thecytbfragment inE. adscensionigcross a sample size of 109 individuals from nine
locations) which resulted in slight but significgapulation genetic differentiation across the
tropical Atlantic Oceandst = 0.056,P < 0.001). As with our study, Carlet al. (2003) also
reported low nucleotide diversity in this fragmént 0.008) yet moderate haplotype
differences (cf. with the current study= 0.001 and five variable sites). While we did detect



any strong source of collection differentiation d®n this fragment in black cod, there were
some low level differences between the EMRMR andencoastal Australian locations — a
definitive conclusion is not possible however dou¢hie inadequate sample sizes from the
coastal locations. Unlike our study, the samplefénCarlinet al., (2003) study were obtained
from a much wider geographic area across multgtations including Florida, Bahamas,
Barbodos and Brazil. Carliet al. (2003) reported a single major bifurcatiorBnadscensionis
with one branch restricted to Florida while theestivas widespread across the geographical
range of the fish. Gillest al. (2000) also detected intraspecific sequence vanid a 353 base
pair region of theytbfragment in 2%. marginatusndividuals from the western
Mediterranean Sea. Similarly, this study also detéa major bifurcation that separated the
Mediterranearytb sequences although the authors could not ruléheysresence of a cryptic
species. While we observed variation in this saragnent, we did not detect such a major
bifurcation; several small branches (or ‘twigs’ €mlinet al.,2003) were observed in the NJ
phenogram oE. daemeliibut no major division or inter locality divergence

With regards to the ND2 fragment, only one otipinephelustudy has utilised this fragment
for population differentiation and that was basad?#-LP analyses (Magget al.,2006). Our
direct sequencing of 897 base pairs across thgsnieat in black cod demonstrated a low level
of nucleotide diversity and haplotype diversity alhivas ten fold less than the variation
observed irE. marginatusMaggioet al. (2006) detected strong genetic differentiation agno
Atlantic and Mediterranean samplestofmarginatusvith ND2 RFLP haplotypes but not with
cytbsequencing, yet both marker types provided eviel@igenetic differentiation in the
Mediterranean regions. We did not detect strong MEferences in the black cod.

As in many recent marine fin fish studies (e.g.d&rdet al.,1999; Ovendeet al.,2004;
Correiaet al.,2006; van Herwerdeet al.,2006; Zhanget al.,2006; Klanteret al.,2007 and
other references within this report), we too obsdrthe CR to be best suited to analysis of
collection differentiation due to its variabilityd high haplotype diversity. In the current study,
we detected up to 12 haplotypes in 52 fish, antiérEMRMR cod, average haplotype diversity
was high = 0.956). The observed base transitions and theeraus insertion/deletion events
in the 5’ end of the control region Eh daemeliiappear to behave in a similar manner to that
observed for this region in vertebrates (Sacairad.,1987) and indeed for other fin fish. We
also observed a high AT bias (A =39.2% , T = 32.B%i this seems common in many marine
fish species (Dudgeast al.,2000; Ovendeet al.,2004; Correiat al.,2006; Saliniet al.,

2006; van Herwerdeet al.,2006; Klanteret al.,2007). The high gene diversity Eh daemelii
the CR fragment observed in the larger cod cobestwas similar to that observed for other
finfish species and comparableBEoquernusat 0.870 - 0.990 (Riveret al.,2004) although we
detected fewer variable sites (i.e. 33 across 434 pairs) than Rivest al. (2004) inE.
quernus(76 variable sites across 398 bases)

Mirroring the high levels of haplotype diversity ahleast the CR, good levels of microsatellite
variation were also detected in the cod collectiwitb up to 22 alleles &8 A-6. We have no
evidence of deviations from HWE and hence assumtetie fish at least in the EMRMR areas
are randomly mixing; we also did not detect thespnee of null alleles at any locus although
the sample sizes used for the microsatellite aralgse very much on the lower end of the
acceptable scale for population comparisons.

As is often the case, microsatellite loci screeindtlis study (and indeed in many other
Epinephelustudies) have been isolated from non-takmhepheluspecies and utilised for
cross species amplification. We udedjuernugnicrosatellites to obtaiE. daemeligenotypes.
Despite this, the observed and expected heteroitiggofaveragei,= 0.848; averagkle=
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0.893) observed in the black cod collections weragarable to those in othEpinephelus
species and marine fish more widely (although Ewélpolymorphism do vary considerably
depending on species and locus) ElrpolyphekadiomverageH, was 0.808 from three loci
(Rhode=et al.,2003); averageél, in E. coioidesdrom Thailand and Indonesia was 0.360 - 0.550
(Antoroet al.,2005);E. moriofrom southeastern Atlantic was slightly more vilesatH, =

0.681 (Zatcoffet al.,2004); averagél, from otherEpinepheluspecies ranged from 0.370 -
0.660 (Nugroheet al.,1998; Koedpranet al.,2007)), and level of heterozygotes for the
quernudoci screened in 2&. quernusndividuals ranged from 0 -92% (Rivesaal.,2003).

More generally, De Woody and Avise (2000) repodedrage expected heterozygosityl 2
marine fish species for microsatellites was 0.6 \(Voody and Avise, 2000).

9.2 Lack of differentiation and population structur e

Marine studies often report genetic heterogenetigrag fish species but usually differentiation
is more pronounced across wider geographic scalesestuarine or near shore habitats
(Shaklee and Bentzen, 1998; Ovendeal.,2004 and references within). With this in mind,
varying population conclusions Epinepheluspecies from both a mitochondrial and nuclear
perspective are present in the literature (i.eoorggene flow irE. morio- Richardson and
Gold, 1997; genetic heterogeneityinmarginatus- De Innocentiigt al.,2001; regional
homogeneity irkE. polyphekadion Rhodest al.,2003; genetic differentiation maintained by
oceanic currents i&. quernus Riveraet al.,2004; minimal genetic differenceski morio-
Zatcoffet al.,2004; conflicting mtDNA heterogeneity 2 marginatus- Maggioet al.,2006).
This suggests that observation of genetic strudtueatirely marker and species specific; there
are no generalisations that fit BElpinepheluspecies across their broader geographic range.
This observation was pivotal to our studyEndaemeliias we had no preconceived ideas about
suitable markers or probable outcomes in this ptetkspecies.

The mtDNA analyses in the current study indicatedignificant collection differentiation on a
local or broader scale in black cod. There is sordation that the more coastal samples may
be slightly differentiated from individuals at EMARat thecytb fragment, although given the
very small numbers of fish from the coastal reqaod the ambiguity around some sampling
locations, it is difficult to be conclusive. In dot comparison with our other mtDNA data, many
coral reef and marine fin fish studies based orCRehave also reported significant differences
in fish populations across wide geographic scalgsibt within Australian waterd.(tjanus
malabaricusandL. erythropterugrouped into broad stocks with boundaries betwagrang

and the Timor Sea - Salist al.,2006;Plectropomus maculatesdP. leopardugorm single
MtDNA lines in eastern Australia but display moegional differences elsewhere - van
Herwerderet al.,2006; Pristipomoides multidengisplay significant stock structure among the
Indonesian and Australian national boundaries gatdgeneity among Australian collections —
Ovenderet al.,2002;Scarus frenatuandChlorurus sordidushow high levels of gene
exchange along the Great Barrier Reef - Dudgeai., 2000).

In support of the mtDNA results, the three micre&e loci also displayed the same trend - a
lack of strong heterogeneity across the samplingtions. Locus by locus analyses indicated a
low level heterogeneity among the EMRMR collectitmis this was only the result of
differences at one locus and the sample size foidbus was considerably smaller than we
would consider useful for robust population comgamis. Overall, our findings are in contrast
to that inE. polyphekadiompopulations in five sites across the western eém@acific which
displayed significant allele frequency differenti@®ughout a 5 000 km study area (Rhoeles
al., 2003). However our study concentrated on sampdes &cross a much smaller area and



even considering the more eastern coastal santpigslistance is well less than 1 000km.
More directly comparable, Rhodesal. (2003) found thaE. polyphekadiosampled in the
Great Barrier Reef clustered with those from NeveGania.

We do however caution that this apparent lack okgie heterogeneity across the wider
geographic locations should be viewed in lightraf $ampling limitations. We were not able to
obtain samples from several knokndaemelilocations and indeed the samples we did screen
from the eastern Australian area were far too stodde considered robust. In contrast, across a
wider sampling area fdE. marginatugwhich is also listed as an endangered specitgsein
Mediterranean Sea), 227 individuals across 15 @jonis were not considered part of a larger
panmictic population (De Innocentis al.,2001).

So what factors could be working to maintain thpaent genetic homogeneity in black cod?
The two reef systems that the majority of our s@®mjgriginated from are separated by just 45
km of deep oceanic waters. While black cod mayepref inhabit caves and gutters on these
reefs (to depths of approximately 50 m (HeemstchRandall, 1993), if the larvae are pelagic,
it could be that the water currents across themSlistance are sufficient to provide mixing in
this region. Without tagging information, we cart know if cod make contemporary
movements across these areas.

Conceivably, adult movements could be occurring.adaemeliidisplays similar husbandry
habits to those dE. moriofrom US Atlantic and Mexico. Field observationstbis
Epinepheluspecies show that both juveniles and adult redggoare fairly sedentary and
prefer to hide in crevices and ledges (Richardsmh@old, 1997), but maturing adults do
migrate from shallow water to depths greater theum3at approximately five years of age (see
in Richardson and Gold, 1997). Indeed, reproduciivput may not occur in sonipinephelus
species until females are at least nine year adr@et al, 2006). Tagging studies & morio
and larval information from oth&tpinepheluspecies suggest adults can move up to 80 km
with a pelagic larval stage of up to 40 days (s&ferences in Richardson and Gold, 1997) so
perhaps similar events are taking plac& imlaemeliibut without tagging information or basic
larval studies, we can not be certain. Despiteiptesvevidence thd. daemeliis an aggressive
and territorial species that may live in one paitc cave for its entire life (Heemstra and
Randall, 1993), our genetic results from the EMR#8Iggest that the fish sampled from both
reef regions would be considered panmictic; iheréfore reasonable to assume that biological
or water based factors that help maintain good flemeamong locations must be operating.

It is more difficult to ascertain the factors tinady contribute to the lack of strong genetic
heterogeneity, if there truly is no such heteroggnbetween the EMRMR region and the more
eastern Australian coastal region given that themaaeserve is 600 km to the east of the NSW
coastline. We also have such a paucity of sampieghich to base a robust conclusion.

Despite this, the homogeneity in both the mtDNAlbggpes and nuclear microsatellites
coupled with a lack of strong geographic structyinmakes us unable to reject the null
hypothesis that black cod particularly from the EIMIR represent a single breeding stock.
However, there are several caveats around thisnséait. The failure to disprove the null
hypothesis does not mean that stock structuring dogexist; only that we did not detect it in
the current study. This might well reflect the sihsalmple sizes available to us rather than any
true lack of stock structure. In addition, the aliaéon of genetic homogeneity does not
necessarily reflect a single unit stock. While hgereity is consistent with the null hypothesis,
this does not give an indication of the level datiee mixing as only small amounts of gene
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flow via larval drift or adult migration are reqait to keep collections homogeneous. Molecular
theory states that essentially just one migrangpeeration can homogenise populations (Nei,
1987) (as detected by molecular markers). A lackenfetic heterogeneity could also reflect
historical gene flow rather than present levelstii@rmore, our inability to detect population
sub-structuring could also be a reflection of therker types. However, we surveyed both
slower and faster evolving mtDNA and fast evolvingclear markers — all with the same
outcome. It should also be considered that giverattailable evidence and small sample sizes,
it is difficult to determine whether the varioudleotions have been separated long enough for
significant genetic differences to occur.

9.3 Concordant results from mtDNA and microsatellit es

The majority of black cod were assayed with bottontiondrial and nuclear markers. These
marker types produced relatively concordant esesat population differentiation wittytb
sequences and one microsatellite locus revealiradk Wiferentiation among the collections;
although sample size limitations prevent us fronkim@conclusive statements about samples
from the more eastern Australian coastline regiditochondrial®stestimates (considered as
equivalentFsrestimates in this study) for the EMRMR collectioanged from -0.044 to 0.024
(depending on fragment type) and in microsatellitaged from 0.008 — 0.020 (again
depending on locus). Both marker types reflectedsdime lack of sub-structuring in the
EMRMR collections on both a spatial and temporaidb&etween year 2006 and 2007), albeit
the analyses were based on small sample sizes.

While mtDNA may provide greater power to detectylagon structure due to its reduced
effective population size, this was not observethercurrent study. It has been proposed that
differentiation observed in (maternally inheriteddDNA haplotypes but not in (biparentally
inherited) nuclear DNA markers such as microsatsllieflects females returning to their place
of origin for reproduction (e.g. whales and blaigkdharks - Bakeet al, 1999; Keenegt al.,
2005; Dalebouget al, 2006). However, we did not observe this incdesisy between the
molecular markers and have no information on regialvning areas or tag movements of
mature adults to suggest female philopatry in blamdk

9.4  Future developments

The primary focus of this research was moleculal development and preliminary
investigation into genetic differences of black @odhe EMRMR region. In this regard and due
to a paucity of samples, we have only looked byiaflthe possible structure of cod in the
marine reserve — the main purpose of this studylghue viewed as the initial step towards
progressing tools for stock assessment in blackad not the examination in detail of
population genetic structure of the western Pagpifipulation ofE. daemelii As there is little
scientific information on any other traits, furthresearch regarding life history, juvenile and
adult movements and larval distribution is requiredrder to understand on a wider level how
gene flow might occur throughout the broader ravfgis fish.

While we have highlighted three mtDNA gene regitired were useful for population
comparisons and trialled nine microsatellites depetl fromE. quernusthe search for
molecular markers in black cod is by no means cetepAdditional mtDNA regions including
the ATPase genes could be screened as could a nofriitber nuclear markers or SNPs
(single nucleotide polymorphisms) although ouripnglary screening of several EPIC markers
did not provide any variable fragments.



As we screened nda. daemeliimicrosatellites in the current study, perhapsx seep forward
is to develop species specific repeat loci. Norle#tsethis process is expensive and time
demanding and does not always result in usefuHdmit such an investigation might provide
additionalEpinepheluspecies markers to add to the relatively limitedyaof polymorphic
microsatellites already in the literature. Furtherey we were not able to completely optimise
the microsatellite genotyping due to the relativetyited number of samples that were screened
(n = 78). This only results from screening a greatember of fish across a wider geographic
range so that we can determine if we are typingtledes correctly (especially important when
non target species loci are used). As sample gieges limited, we were also not able to
sufficiently assess HWE, the presence of null @lleind linkage disequilibrium in black cod.
These attributes could be tested further if add#ieamples are obtained. Likewise, although
we did not progress this line of investigation du¢he lack of larger numbers of samples,
future research could be undertaken into the cifpdeor multiplexing of the microsatellite
loci. Co-plexing and or multiplexing of loci durirtge visualisation and PCR amplification
stages enables the loci to be analysed togettguicing costs and time needed for analysis.

Furthermore, whilst the molecular markers are qunst source of data, we firmly believe that
tagging studies (of juveniles and adults) wouldagyehelp to understand individual
movements, migration patterns and possible discenhof spawning areas (if they exist) tr
daemelii Tagging studies highlight adult movements ane gim indication of sex ratios in the
population. Skewed sex ratios, if present, can teaéductions in effective population sizes
and flow on effects for inbreeding levels and olleganetic health of the population. Moreover,
whilst molecular markers provide an historical engrational perspective on population
structure, tagging studies provide a more conteargastimate of the population on an
ecological relevant time scale (Slatkin, 1994).cwdside of tagging although is that it gives no
reliable identification of interbreeding or genevil - the presence of a migrant fish at a distant
location does not necessarily mean that that migvdhcontribute to the gene pool at that
location.

Originally, we wanted to target 50 - 100 individsigler population as this level of sampling
gives greater insight into population structureegithat, particularly for microsatellites, a larger
sample size (>100) may be needed to confirm ottifyesny small but significant levels of
genetic differentiation. Unfortunately we were abte to acquire this number of samples.
Supplementary samples from the EMRMR region woldd be beneficial, particularly if both
juvenile, sub-adult and adult fish could be sampled

Consequently, an important focus of any future blead studies should be the sampling of
many more individuals (and possibly eggs and Igrfraen across its known range. Nothing is
known of larval ecology and hence dispersal paa¢ofiE. daemelii Larval dispersal in most
marine species has long been assumed to be widespteéch results in little genetic
differentiation among populations (Waetal.,1994; Bayet al, 2006). Without larval studies
and egg dispersal information, and given the ldakenmetic heterogeneity among the EMRMR,
we have no way of identifying if this is the mectsam which is maintaining homogeneity.

It would of course be very interesting to examiteeck cod from the Kermandec Islands in New
Zealand and other marine reserves (Great Barrief Rarine Park in Queensland and the
Julian Rocks Aquatic Reserve off Byron Bay, NSWbider to determine if the observed lack
of genetic differentiation in the EMRMR sites is maavidespread. Leading on from this, it will
also be important for future management of blagk toodetermine the effect of marine reserves
and their implicit protection for the species ampared to other locations — further research is
required into the genetic structure of cod popafetiin the marine reserves and more widely,
particularly within Queensland waters whé&redaemeliis not a protected species. Managers
need to consider the importance of connectivitcpsses between coastal areas and other
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marine reserves (see Pérez-Ruadfal.,2006). Currently we do not have the data to prgre
this line of study but it clearly needs addressinfuture cod surveys.

9.5 Overall findings

The results of this work support the intuitivelasenable belief, given that only 45 km
separates the two sampling locations, that stotkeaat the Elizabeth and Middleton Reef in
the EMRMR region are genetically similar. The catréndings based on our limited dataset
suggest that there are no significant genetic iiffees indicating that we may be dealing with a
single genetic population in this region.

While we can not reject the null hypothesis of genleomogeneity in the EMRMR region, we
would strongly suggest gathering additional infotioafrom other sources and using this, not
just the genetic data, to refine management dedsMe have no data to suggest that the stock
at EMRMR are not a single unit and there appeabgtgood gene flow among black cod in this
region.

Given the lack of comprehensive sampling, we cdrcamment on the possible level of gene
flow (or lack thereof) in black cod between the ERMNd more coastal areas. It may be that
the 600 km that separates the two regions andkaofasuitable habitat between established
populations in the EMRMR and eastern Australiarstaaea prevents mixing of individuals.
However, we do not know anything of the larval diorain black cod nor if the eggs are

pelagic for some period of time. Interestingly,a@etisotope tagging data suggest that some reef
fish show substantial local replenishment (Almabyal, 2007), so a precautionary approach to
management is certainly advisable.

The observation of non-significant Tajima D statsin the EMRMR samples suggests that
these cod collections have not been fished dovaxperienced a population bottleneck —
perhaps the establishment of the marine reservéhanttal ban on cod fishing in these areas
has ensured the species has not been adversalylwffauman pressure. We can not know if
the historical decline in cod numbers in NSW wafdree to spearfishing in the 1970’s) have
affected the population characteristics of the nomastal regions as our sampling was not
extensive enough to enable any population data tabained. If indeed this fish is a relatively
long lived species (as documented in oBeinepheluspecies), it is foreseeable that historical
fishing pressure could have detrimentally impactedhe coastal populations by skewing the
sex ratio of the populations and removing matusnlg-adults and mature adults.

On a broader perspective, our successful mtDNAeasgjng demonstrated the utility of

different gene fragments for both inter or intredps differentiation studies. The deployment
of microsatellites for screening of nuclear vadativas also successful. These data can now be
used to refine conservation and management plaris fdlaemeliiand future sampling events

for this species. Uncertainty regarding black podulation structure has seriously restricted
the ability of conservation managers to make camicgtatements about ongoing protection
levels. While this current study provides only thiéial inputs into this process, we firmly
believe that the combining of genetic data wittgiag data and morphological measurements
should enhance the power of future stock strugtwrestigations for this protected species.
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APPENDICES

Appendix A 16S rRNA aligned sequence data for &nedi
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TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA
TAG TAG GAA

RRRRRPLRLILIRRLP

TAA GCC AGC CAG GGG CTC TAC TAG GIG ACG ACC AGA TCT

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#STED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

ATA ATG TAA TTG TTA CAG CAC ACG CTT TTG TAA TAA TCT

#65ED . ..
#T75ED . ..
#6TED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

TTT TTA TAG TAA TAC CAA TTA TGA TTG GIG GCT TTG GAA

#65ED . ..
#T75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . . .
#18ED . ..

[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]
[ 39]

[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]
[ 78]

[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]
[117]

[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
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#16ED . ..
#11ED . ..
#57ED . ..
#60ED . . .
#62ED . ..
#64ED . ..

#1ED

ACT GAC TCA TCC CAC TTA TAA TCG GIG CCC CTG ACA TAG

#65ED . ..
#T75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

CAT TCC CTC GAA TGA ATA ATA TGA GCT TCT GAC TTC TTC

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

CCC CAT CCT TCC TGC TTC TTC TTG CCT CIT CTG GGG TAG

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#S7ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

AAG CCG GIG CTG GTA CTG GCT GAA CGG TCT ACC CAC CcC

#65ED . .
#T75ED . ..
#6TED . ..
#63ED . ..

[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]

[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]

[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]
[ 234]

[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]

[312]
[ 312]
[ 312]
[312]
[312]



#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED ...
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

TAG CCG GAA ACC TAG CCC ATG CGG GCG CAT CCG TAG ACT

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

TAA CTA TCT TTT CAT TAC ACT TAG CAG GAG TTT CAT CCA

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . . .
#18ED . ..
#16ED .

#11ED .
#STED .
#60ED .
#62ED .
#64ED .

#1ED
#65ED

OOOOO!

TTC TAG GIG CAA TTA ACT TTA TCA CAA CCA TCA TTA ACA

#T75ED . ..
#6TED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

[312]
[312]
[312]
[312]
[312]
[312]
[312]
[312]
[312]
[312]
[312]

[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]
[ 351]

[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]
[ 390]

[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
[429]
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#1ED

TGA AAC CCC CCG CCA TTT CCC AAT ACC AAA CAC CTC TGT

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

TTG TGT GGG CAG TGI TAA TCA CAG CAG TGC TTC TAC TCC

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#STED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED
#65ED

TCT CCC TTC CAG TAC TTG CCG CCG GCA TTA CAA TAC TAC

#T75ED . ..
#6TED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

TTA CAG ATC GTA ACC TTA ATA CCA CCT TCT TTG ACC CAG

#65ED . ..
#T75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . ..

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..

[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]

[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]
[507]

[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]

[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]
[ 585]



#57ED . ..
#60ED . ..
#62ED . ..
#64ED . ..

#1ED

CCG GAG GGG GAG ACC CGA TTC TTT

#65ED . ..
#75ED . ..
#67ED . ..
#63ED . ..
#54ED . ..
#48ED . . .

#2ED

#28ED . ..
#18ED . ..
#16ED . ..
#11ED . ..
#S7TED . ..
#60ED . ..
#62ED . ..
#64ED . ..

[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]
[ 609]

[ 585]
[ 585]
[ 585]
[ 585]
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Appendix C Cytb aligned sequence data for E. daemel

#27ED. --- --- --- AAA CGA CCC ACT GGI CGA TCT CCC AGC CcC [ 39]
H#83ED, --- --- —-- eem ome me aoe oo oo [ 39]
#19ED. AAA AAT CCGC ... [ 39]
#1ED. AAA AAT CGC ... [ 39]
#20ED. AAA AAT CGC ... [ 39]
#22ED. AAA AAT CGC ... [ 39]
#2ED. AAA AAT CGC ... [ 39]
#63ED. AAA AAT CGC ... [ 39]
#72ED. AAA AAT CCC ... [ 39]
#73ED. AAA AAT CGC ... [ 39]
#41ED. AAA AAT CCGC ... [ 39]
#4ED. AAA AAT CGC ... [ 39]
#54ED. AAA AAT CCC ... [ 39]
#65ED. AAA AAT CGC ... [ 39]
#68ED. AAA AAT CGC ... [ 39]
#70ED. AAA AAT CGC ... [ 39]
#75ED. AAA AAT CCC ... [ 39]
#7ED. AAA AAT CGC ... [ 39]
#85ED. AAA AAT CGC ... [ 39]
#12ED. AAA AAT CGCC ... ... ... v v on. [ 39]
HBAED, --- --- —-- e m mme e eoe oo oo [ 39]
#13ED. AAA AAT CGC ... [ 39]
#15ED. AAA AAT CGC ... [ 39]
#16ED. AAA AAT CGC ... [ 39]
#17ED. AAA AAT CCC ... [ 39]
#18ED. AAA AAT CGC ... [ 39]
#21ED. AAA AAT CCC ... [ 39]
#24ED. AAA AAT CGC ... [ 39]
#25ED. AAA AAT CGC ... [ 39]
#36ED. AAA AAT CGC ... [ 39]
#A45ED. AAA AAT CCC ... [ 39]
#50ED. AAA AAT CGC ... [ 39]
#55ED. AAA AAT CGC ... [ 39]
#66ED. AAA AAT CGC ... [ 39]
#69ED. AAA AAT CCC ... [ 39]
#71ED. AAA AAT CGC ... [ 39]
#77ED. AAA AAT CCC ... [ 39]
#80ED. AAA AAT CGC ... [ 39]
#8ED. AAA AAT CCC ... [ 39]
#9ED. AAA AAT CGC ... [ 39]
#82ED. AAA AAT CGC ... [ 39]
#78ED. AAA AAT CGC ... [ 39]
#74ED. AAA AAT CCGC ... [ 39]
#6ED. AAA AAT CGC ... [ 39]
#67ED. AAA AAT CGC ... [ 39]
#5ED. AAA AAT CGC ... [ 39]
#53ED. AAA AAT CCGC ... [ 39]
#48ED. AAA AAT CGC ... [ 39]
#39ED. AAA AAT CGC ... [ 39]
#86ED. AAA AAT CGC ... [ 39]
#76ED. AAA AAT CGC ... [ 39]
#79ED. AAA AAT CGC ... [ 39]
#28ED. AAA AAT CGC ... [ 39]
#10ED. AAA AAT CGC ... [ 39]
#11ED. AAA AAT CCC ... [ 39]
#14ED. AAA AAT CGC ... [ 39]
#23ED. AAA AAT CGC ... [ 39]
#31ED. AAA AAT CGC ... [ 39]
#32ED. AAA AAT CCC ... [ 39]
#3ED. AAA AAT CGC ... [ 39]
#40ED. AAA AAT CGC ... [ 39]



#57ED. AAA AAT CGC . .. [ 39]
#60ED. AAA AAT CGC . .. [ 39]
#61ED. AAA AAT CGC ... ... oo e iee i i i e oo ] 39
#62ED. AAA AAT CGC ... ... o e i i e e e oo 39
[
[

#64ED. AAA AAT CCGC ... 39]

#81ED. AAA AAT CCC ... 39]
#27ED. ATC CAA CAT TTC AGT CTG ATG AAA TTT TGG CTC GCT ACT [ 78]
#83ED. [ 78]
#19ED. [ 78]
#1ED. [ 78]
#20ED. [ 78]
#22ED. [ 78]
#2ED. [ 78]
#63ED. [ 78]
#72ED. [ 78]
#73ED. [ 78]
#41ED. [ 78]
H#AED. [ 78]
#54ED. [ 78]
#65ED. [ 78]
#68ED. [ 78]
#70ED. [ 78]
#75ED. [ 78]
#TED. [ 78]
#85ED. [ 78]
#12ED. [ 78]
#84ED. [ 78]
#13ED. [ 78]
#15ED. [ 78]
#16ED. [ 78]
#17ED. [ 78]
#18ED. [ 78]
#21ED. [ 78]
H2AED. ... ... i e e el o 18]
H2BED. ... it e e e e e e o T8
H3BED. ... it e e e e e e e e s e T T8
#45ED. [ 78]
#50ED. [ 78]
#55ED. [ 78]
#66ED. [ 78]
#69ED. [ 78]
#71ED. [ 78]
#T7ED. [ 78]
#80ED. [ 78]
#8ED. [ 78]
#9ED. [ 78]
#82ED. [ 78]
#78ED. [ 78]
#74ED. [ 78]
#6ED. [ 78]
#67ED. [ 78]
#5ED. [ 78]
#53ED. [ 78]
#48ED. [ 78]
#39ED. [ 78]
#86ED. [ 78]
#76ED. [ 78]
#79ED. [ 78]
#28ED. [ 78]
#10ED. [ 78]
#11ED. [ 78]
#14ED. [ 78]



Genetic connectedness in E. daemelii

#23ED.
#31ED.
#32ED.
#3ED.

#40ED.
#STED.
#60ED.
#61ED.
#62ED.
#64ED.
#81ED.

78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]

— e —_ — — —

#27ED. CGG ACT CTG CCT TTT CGC CCA AAT TCT TAC AGG CCT ATT [117]
HB3ED. ... . e e e e e e oo o o117
=) = Y PR (X 4
BLIED. .t it e e e e e o oo o117
H20ED. ... o\t e e e e o oo o117
H22ED. ... e e e e e e e oo o o117
H2ED. . e e oo o117
HB3ED. ... it e e e e e e oo o117
HT2ED. ... ot i e e e e o oo o117
HT3ED. ... ooi i e e e e o oo o117
HALED. ... .. e oo o117
BAED. ... it e s o oo o117
HBAED. ... .t e e e e e e o oo o117
HB5ED. ... it e e e e e e e oo o117
BBBED. ... ... i e e e e e oo o117
HTOED. ... oot o e e e e o oo o117
=1 o Y PP I 4
HTED. o ot e e e e e e oo o117
HBEED. ... ... i e e e e oo o117
T = o N PR IR 4
HBAED. ... . i e e e e e oo oo oo 117
BL3ED. ... ot e e e e e e oo o117
BIBED. ... i i e e e e e oo o117
BLBED. ... ot e e e e oo o117
T = o Y PPN I 4
BLBED. ... o e i e e e oo o117
H21ED. ... it e oo o117
H2AED. ... it e e e oo oo o117
11 = o N PP I 4
H3BED. ... it e e e e e oo oo o117
BABED. ... ... i e e oo oo o117
HB0ED. ...\t e e e e e o oo o117
11 = o N PPN I 4
HBBED. ... o i e e e e e oo o117
HBOED. ... ... i e e e e oo o117
HTLED. ... oot o e e e e oo oo o117
HTTED. ..\ ot oo i e e e e o oo o117
HBOED. ... . e i e e e oo o117
HBED. ... i i e e e e oo o117
HOED. ... it e e e e e o oo o117
HB2ED. ... it e e e e e oo o117
HTBED. ... oot i e e e e e e oo oo o117
HTAED. ... 0t e oo o117
HBED. ... it e e e e e e o oo o117
HBTED. ... oot e e e e e e e o oo o117
1= 5 Y PPN I 4
3] = Y PR (X 4
BABED. ... ... i e e e oo oo o117
H39ED. ... it e e e e e e oo o o117
HBBED. ... .. e i e e e e o oo o117
BTBED. ... o i e e e e oo o117



HTOED. ... .. i e oo oo 1aT
H2BED. ... ... ... ... Coo il [17
BL0ED. ... o i e e e e oo o117
BLLED. ... oo i e e e oo 17
BLAED. ... ... i e e oo oo 1T
H23ED. ... ... i oo o7
1= Y PR (X 4
H32ED. ... .. i e e e oo oo 17
HIED. ... i e e oo oo 1T
HAOED. ... ... . e o7
4= Y PR (X 4
HBOED. ... ... i e e e e oo o117
HBLED. ... .. i e e oo oo o117
HB2ED. ... ... i e o[0T
BBAED. ... ... i e e e el oo o117
HBLED. ... ... it e e e e oo oo 117

#27ED. CCT AGC CAT GCA CTA CAC ATC AGA TAT CGC TAC AGC CTT [ 156]
HB3ED. ... ... i e e e e oo oo [156]
BLOED. ... ... i e e oo ... [156]
BLED. ... ... i e e oo ... [156]
H20ED. ... ... .. oo .. ... [156]
H22ED. ... ... i e e oo [156]
H2ED. ... i e e e oo ... [156]
HB3ED. ... ... i e e oo ... [156]
HT2ED. ... ... . oo .. ... [156]
BT3ED. ... i i e e oo ... [156]
BALED. ... ... . e e oo ... [156]
BAED. ... ... i e oo ... [156]
HBAED. ... ... ... oo .. ... [156]
BB5ED. ... ... i e e e e oo [156]
HBBED. ... ... i e e e oo ... [156]
HTOED. ... ... o\t e e oo ... [156]
HTBED. ... ... i e oo .. ... [156]
BTED. ..\ i e e o oo [156]
HBBED. ... ... i e e oo [156]
BI2ED. ... ... i e e oo ... [156]
HBAED. ... ... ... oo .. ... [156]
BIBED. ... ... i e e e oo [156]
BIBED. ... ... i e e e [156]
BIBED. ... ... i e e oo ... [156]
BATED. ... ... . ... .. ... [156]
BIBED. ... ... i e e oo [156]
H21ED. ... ... i e e oo ... [156]
H2AED. ... ... . e oo ... [156]
H25ED. ... ... i e oo .. ... [156]
H3BED. ... ... i e e e oo [156]
BABED. ... ... i e e oo ... [156]
HBOED. ... ... i e e oo ... [156]
HE5ED. ... ... i e oo . ... [156]
BBBED. ... ... i e e i oo [156]
HBOED. ... ... i e e e e oo ... [156]
HTIED. ... ... i e oo ... [156]
HTTED. ... ... . i ... .. ... [156]
HBOED. ... ... i e e e oo [156]
HBED. ... ... i e e oo ... [156]
HOED. ... ... i e e oo ... [156]
HB2ED. ... ... . e oo . ... [156]
BTBED. ... .. it e oo [156]
HTAED. ... ... . i e oo ... [156]
HBED. ... ... i e e oo ... [156]
HBTED. ... ... o e e oo .. ... [156]
HBED. ... e e e e e oo ... [156]
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HE3ED. ... ... i e oo . ... [156]
BABED. ... ... ... e oo .. ... [156]
H39ED. ... ... i e e oo ... [156]
HBBED. ... ... i e e oo [156]
HTBED. ... ... i e e oo ... [156]
HTOED. ... ... . oo .. ... [156]
B2BED. ... ... i e e oo [156]
BLOED. ... ... o e e oo ... [156]
BLLED. ... ... i e e oo ... [156]
BLAED. ... ... ... ... .. ... [156]
H23ED. ... ... i e e e oo ... [156]
H3LED. ... ... i e e ... [156]
H32ED. ... ... i e e oo ... [156]
H3ED. ... .. i e oo ... [156]
BAOED. ... ... i e e oo ... [156]
HETED. ... oo i e e oo ... [156]
HBOED. ... ... i e e oo ... [156]
HBLED. ... ... i e e oo ... [156]
BB2ED. ... ... i e e e e i [156]
HBAED. ... ... i e e oo ... [156]
HBLED. ... ... i e e oo ... [156]
#27ED. TTC ATC CGT TGC CCA TAT CTG CCG AGA TGT AAA CTA CGG [ 195]
HB3ED. ... ... i e e oo [195]
BLOED. ... ... i e e oo ... [195]
BLED. ... .. i e ... ... [195]
B20ED. ... ... i e e oo [195]
H22ED. ... ... i e e oo ... [195]
H2ED. ... .. i e e oo .. [195]
HB3ED. ... ... i e oo ... [195]
BT2ED. ... .. i e e e oo . [195]
HT3ED. ... .. i e e oo ... [195]
BALED. ... ... ... e oo ... [195]
BAED. ... ... .. e oo ... [195]
HBAED. ... ... i e e oo .. [195]
BBSED. ... ... i e e oo [195]
HBBED. ... ... i e e oo [195]
HTOED. ... ... o e oo ... [195]
BTSED. ... i i e e o oo .. [195]
BTED. ... it i e e .o oo [195]
HBBED. ... ... i e e oo [195]
BI2ED. ... ... . e oo ... [195]
HBAED. ... ... i e e oo ... [195]
BIBED. ... ... i e e oo [195]
BIBED. ... ... i e e oo .. [195]
BIBED. ... ... ... oo ... [195]
BITED. ... .o it e e oo ... [195]
BIBED. ... ... i e e oo .. [195]
H21ED. ... ... i e e oo ... [195]
H2AED. ... ... ... oo .. ... [195]
B25ED. ... ... i e e oo oo [195]
H3BED. ... ... i e e oo [195]
BABED. ... ... .. e e oo ... [195]
HBOED. ... ... i e oo ... [195]
HE5ED. ... .. i e e e oo [195]
HBBED. ... ... i e e e oo [195]
HBOED. ... ... i e e oo ... [195]
HTIED. ... ... . oo ... [195]
BTTED. ... oo ot i e oo .. [195]
HBOED. ... ... i e e oo ... [195]
HBED. ... ... i e e oo ... [195]
HOED. ... ... i e oo ... [195]
HB2ED. ... ... i e e e oo [195]



HTBED. ... oot i e o o0 T195]
HTAED. ... .\ i e e oo oo [195]
BBED. ... . i e e e oo [195]
HBTED. ... oot e e oo oo [195]
HBED. ... i e e e e oo [195]
H53ED. ... it e e e e e oo oo [195]
BABED. ... ... i e e oo [195]
H39ED. ... .t e e e e oo o0 [195]
HBBED. ... . i e e e e o o0 [195]
HTBED. ... oo i i e e oo oo [195]
BTOED. ... ... i e oo [195]
H28ED. ... it e oo o0 [195]
BL0ED. ... oot e e e e e o oo [195]
BLILED. ... oot e et e e e e e oo [195]
BLAED. ... ... i e e e o oo [195]
H23ED. ... it e e o oo [195]
H31ED. ... ot e e e e e o oo [195]
H32ED. ... it e e e oo [195]
H3ED. ... e e e e oo [195]
HAOED. ... .\ o e oo [195]
HSTED. ... oot e e e e e oo o0 [195]
HBOED. ... . e i e e e e oo oo [195]
HBLED. ... ... i e e oo [195]
HB2ED. ... it e e o oo [195]
HBAED. ... .t e e e e e o oo [195]
HBLED. ... .. e i e e oo [195]

#27ED. CTG ACT TAT CCG CAA TAT GCA CGC CAA CGG AGC CTC ATT [ 234]
HB3ED. ... ... i e ol [234]
BLOED. ... ... i e oo [234]
BLED. o\ it e e e e el oo [ 234]
H20ED. ... ... i e ool [ 234]
H22ED. ... .. i e oo [234]
H2ED. ... i oo [234]
HB3ED. ... . i e e e oo o [ 234]
HT2ED. ... .. i e ool [234]
HT3ED. ... oo i e oo [234]
BALED. ... ... . e oo [234]
BAED. ... i i e ool [ 234]
HBAED. ... ... i e e il [234]
HBBED. ... ... i e e e oo [234]
HBBED. ... ... i e oo [234]
HTOED. ...\ it e e el [234]
BTBED. ... oo i e e e il [234]
HTED. .. ot i e oo [234]
HBBED. ... ... i e oo [234]
BI2ED. ... i i e e e el oo [234]
HBAED. ... ... i e ool [234]
BIBED. ... .. i e e oo [234]
BIBED. ... ... i e ool oo [234]
BIBED. ... .. i e e oo [234]
BLTED. ... oo ot e e il oo [234]
BIBED. ... ... i e il [234]
H2LED. ... .. oo [234]
H2AED. ... .. i e ool [ 234]
B2BED. ... . i e e ool oo [234]
H3BED. ... ... i e e i [234]
BABED. ... ... . oo [234]
HBOED. ... o i e e el [ 234]
HEBED. ... .. i e e e el oo [234]
HBBED. ... ... i e e e oo [234]
HBOED. ... ... i e ool [234]
HTIED. ... oo it e e ol [234]
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HTTED. ... oo ot i ol [234]
HBOED. ... ... i e e oo [234]
HBED. ... i i e e e el [ 234]
HOED. ... it i e e ool [234]
HB2ED. ... ... i e el [234]
HTBED. ... ... i oo [234]
BTAED. ... .. i ool [234]
BBED. ... i i e e el [234]
HOTED. ... .\ ot e e e e o o [234]
HBED. ... i e e oo [234]
HE3ED. ... i i e e e e el o [ 234]
BABED. ... ... i e il [234]
HBOED. ... ... i e oo [234]
HBBED. ... ... i e ool [234]
BTBED. ... oo i e e el [ 234]
HTOED. ... oo i e ool [234]
B2BED. ... ... i e oo [234]
BL0ED. ... ... o oo [234]
BLLED. ... oo it e e e el oo [234]
BLAED. ... ... i e e ool [234]
H23ED. ... . i e i [234]
H3LED. ... ... i oo [234]
H32ED. ... i i e e e el [ 234]
H3ED. .. it e e il [ 234]
BAOED. ... ... o oo [234]
HETED. ... oo i e ool [234]
BBOED. ... .. it e e e e oo [ 234]
HBLED. ... o i e e e e e oo [ 234]
HB2ED. ... ... i e e e oo [234]
HBAED. ... ... . oo [234]
HBLIED. ... o i e e el oo [234]

#27ED. CTT CTT TAT TTG CCT CTA TTC TCA TAT TGG ACG AGG ACT [273]
HB3ED. ... ... i e oo [ 213]
BLOED. ... . i e e e el oo 213
BLED. .. i e e e e el oo [ 213]
H20ED. ... ... i e oo o [ 213]
H22ED. ... .. e oo [213]
H2ED. .. et e e e e il oo 213
HB3ED. ... ... i e e el oo [ 213]
HT2ED. ... . i e oo [ 213]
HT3ED. ... .. e oo [ 213]
BALED. ... ... i e e e el o 213
BAED. ... .. i e e ool [ 213]
HBAED. ... ... i e e oo [ 213]
HBBED. ... ... i e e el [ 213]
BBBED. ... ... i e e e e oo o 273
HTOED. ... .o it e e e ool [ 213]
BTBED. ... ot i e e oo [ 213]
HTED. ... ot oo [ 213]
HBEED. ... ... i e e e e oo 213
BI2ED. ... ... i e e e il o [ 213]
HBAED. ... ... i e oo oo [ 213]
BIBED. ... ... i e oo oo [ 213]
BIBED. ... o\t i e e e e e oo 273
BLBED. ... ... i e e e el o [ 213]
BLTED. ... oo ot i i oo [ 213]
BIBED. ... ... ool [ 213]
H21ED. ... i i e e e el oo 213
H2AED. ... ... i e ool [ 213]
H2BED. ... ... i e e e el oo [ 213]
H3BED. ... ... i e oo [ 213]
BABED. ... ... i e e el oo [ 213]



HBOED. ... o i e ol 213
HEBED. ... ... i e e il [ 213]
BBBED. ... ... i e e e e e oo 273
HBOED. ... ... i e e el oo [ 213]
HTIED. ... ..o it e i oo [ 213]
HTTED. ... .0 ot i oo o [ 213]
HBOED. ... .. i e e e el oo 273
HBED. ... i i e e e el oo 213
HOED. ... i e e i oo [ 213]
HB2ED. ... ... i e oo [ 213]
BTBED. ... oo it e e e el oo 213
HTAED. ... ... i i oo [213]
HBED. ... i e e e e e oo [ 213]
HOTED. ... .. o oo [ 213]
HEED. .. e e e e e el o 213
HE3ED. ... . i e e e el [ 213]
BABED. ... ... i e oo oo [ 213]
HBOED. ... ... i e oo [ 213]
HBBED. ... ... it e e i e e i il G 273
BTBED. ... .o i e el o [ 213]
HTOED. ... . i e oo [ 213]
H2BED. ... ... i ool [213]
BLOED. ... oo i e e e e el oo 273
BLLED. ... .\ it e e e e el oo [ 213]
BLAED. ... ... i e oo [ 213]
H23ED. ... .. e oo [ 213]
H31ED. ... o\ i e e e el oo 213
H32ED. ... .. i e e e ol oo [ 213]
HIED. .. i e e oo [ 213]
BAOED. ... ... i e oo [213]
HETED. ... oo et e e e e el e o 273
HBOED. ... ... i e e el el oo [ 273]
HBLED. ... .. i e e e el e oo [ 213]
HB2ED. ... ... i e oo [ 213]
BBAED. ... ... i e e e el oo [ 273]
HBLED. ... ... i e e e el o [ 213]

#27ED. TTA CTA CGG CTC TTA CCT TTA CAA AGA AAC CTG AAA TAT [312]
HB3ED. ... .. i e e e e oo [312]
BLOED. ... ... i e e oo [812]
BLED. ... i e e oo [312]
H20ED. ... ... i oo [312]
H22ED. ... i i e el [812]
H2ED. ... i e e e oo [812]
HB3ED. ... ... i e e e oo [312]
HT2ED. ... .. . oo [312]
BT3ED. ... it i e ool [312]
BALED. ... ... i e oo [812]
BAED. ... .. i e e oo [812]
HBAED. ... ... i oo [312]
BB5ED. ... ... i e e e oo [812]
HBBED. ... ... i e e e [312]
HTOED. ... .. ot oo [312]
HTBED. ... ..o o e oo [312]
BTED. oo\ it e e e ool [812]
HBBED. ... ... i e e oo [312]
BI2ED. ... ... i e e oo oo [312]
HBAED. ... ... .. oo [312]
BIBED. ... i i e e el [812]
BIBED. ... ... i e e e e [812]
BLBED. ... ... i e e oo oo [312]
BLTED. ... .. o e oo [312]
BIBED. ... ... i e e ool [312]
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H21ED. ... .. i e oo [812]
H2AED. ... ... . oo [312]
B25ED. ... i i e e e e [312]
H3BED. ... ... i e e el [312]
BABED. ... ... i e e oo [812]
HBOED. ... ... i e oo [312]
BE5ED. ... . i e e e oo [312]
BBBED. ... ... i e e e [312]
HBOED. ... ... i e e oo [312]
HTIED. ... ... o oo [312]
BTTED. ... i ot i e e oo oo [312]
HBOED. ... ... it e e ool [812]
HBED. ... .. i e oo [312]
HOED. ... .. e oo [312]
HB2ED. ... ... i e e e [312]
BTBED. ... oo it e oo [312]
HTAED. ... ... . i oo oo [812]
HBED. ... .. e oo [312]
HBTED. ... .\ i e e e oo [312]
HBED. .. i e e e el ool [812]
HB3ED. ... .. i e e e oo [312]
BABED. ... ... .. oo [312]
H3OED. ... .. i e e el [812]
HBBED. ... ... i e e el [312]
HTBED. ... .. i e oo [812]
HTOED. ... .. . oo [312]
B2BED. ... . i e e e el [812]
BLOED. ... .. ot e oo [812]
BLILED. ... ..o i e e oo oo [312]
BLAED. ... ... . oo [312]
B23ED. ... i e e e ool [812]
H3LED. ... o i e e oo [812]
H32ED. ... .. i e oo [312]
HIED. ... e e oo [312]
BAOED. ... ... i e oo [812]
HETED. ... oo i e e e e oo [312]
HBOED. ... ... i e o oo [312]
HBLED. ... ... i e oo [312]
HB2ED. ... .. i e e oo [312]
HBAED. ... ... i e oo [812]
HBLED. ... ... i e e oo [312]

#27ED. TGG AGT CAT CCT CCT TCT CCT AGT AAT AAT AAC AGC CTT [351]
HB3ED. ... ... i e e i e e oo [351]
BLOED. ... ... i e e oo ... [351]
BLED. ... ... i e oo .. ... [351]
H20ED. ... ... i e e oo [351]
H22ED. ... ... i e e oo ... [351]
H2ED. ... .. i e oo ... [351]
HB3ED. ... ... . e oo . ... [351]
BT2ED. ... .. i e e oo ... [351]
HT3ED. ... ... i e e oo ... [351]
BALED. ... ... ... e e oo ... [351]
BAED. ... ... .. e oo .. ... [351]
HBAED. ... ... i e e e oo [351]
BBBED. ... ... i e e oo [351]
HBBED. ... ... i e i oo ... [351]
HTOED. ... ... .. e ... .. ... [351]
BTSED. ... it i e e oo [351]
HTED. ... it i e e oo ... [351]
HBBED. ... ... i e e e oo ... [351]
BI2ED. ... ... .. e oo .. ... [351]
HBAED. ... ... i e e oo .. [351]



BI3ED. ... ot e e e oo I351]
BISED. ... o\t e i e e e oo I351]
BIBED. ... ... i e e e oo [351]
BLITED. ... oot oo e e oo I351]
BIBED. ... ot i e e e e o oo I351]
H21ED. ... ot e i e e oo o0 I351]
H2AED. ... ... i e e oo [351]
H25ED. ... it e e o oo I351]
H3BED. ... . e e e e e o oo I351]
BASED. ... ... i i e e oo I351]
HBOED. ... ... i e e e e oo [351]
HEBED. ... it e e e e e oo I351]
HBBED. ... . e e e e e e oo oo I351]
HBOED. ... .. e e e e e e oo . I351]
BTIED. ... ..o it e e e oo oo .. [351]
HTTED. ... it oo i oo I351]
HBOED. ... . i e e e e oo I351]
HBED. ... it e i e oo I351]
HOED. ... i i e e oo ... 351
HB2ED. ... it e o oo I351]
HTBED. ... oot i e e oo oo I351]
HTAED. ... ... i e e oo oo .. I351]
BBED. ... . i e e e oo oo [351]
HBTED. ... oot e e e o oo I351]
HSED. ... et e e e oo I351]
H53ED. ... .t e e e e oo I351]
BABED. ... ... i e e oo ... [351]
H39ED. ... .t e e e o oo I351]
HBBED. ... .. i e e e e oo I351]
HTBED. ... oo i i e e oo I351]
BTOED. ... ... i e e oo .. [351]
H28ED. ... it e o oo I351]
BL0ED. ... oot e e e e e oo oo I351]
BLLED. ... ooi e e e e e oo I351]
BLAED. ... ... i e e oo ... [351]
H23ED. ... it e e o oo I351]
H31ED. ... o\t e e e e e oo I351]
H32ED. ... it e e e e oo I351]
H3ED. ... e e e e oo oo [351]
BAOED. ... .\ o i e oo oo I351]
HSTED. ... oot e e e e e o oo I351]
HBOED. ... .. e i e e e e oo I351]
HBLED. ... ... i e e e e oo [351]
HB2ED. ... it e e oo oo I351]
HBAED. ... . i e e e e oo I351]
HBLED. ... .. e e e e e oo I351]

#27ED. CGT TGG CTA TGT CCT TCC CTG AGG ACA AAT ATC TTT CTG [390]
HB3ED. ... . e e e e e oo [390]
BLOED. ... oot e i e e oo [390]
BLED. ... i et e e oo ... [390]
H20ED. ... o\t e oo [390]
H22ED. ... et e e o oo [390]
H2ED. ... it e oo [390]
HB3ED. ... ... i e e e e oo [390]
HT2ED. ... it e o oo [390]
HT3ED. ... oot i e oo [390]
BALED. ... ... o e e oo [390]
BAED. ... .. et e e oo ... [390]
HBAED. ... it e e o oo [390]
HB5ED. ... it e e e e e oo [390]
HBBED. ... ... e i e oo [390]
HTOED. ... .. it e e e oo .. [390]
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BTBED. ... o i e oo ... [390]
HTED. ... o oo ... [390]
HBEED. ... ... i e e e oo [390]
BI2ED. ... ... i e e oo ... [390]
HBAED. ... ... . e e oo ... [390]
BIBED. ... ... i e oo ... [390]
BIBED. ... .. et e e e oo [390]
BLBED. ... ... i e e oo ... [390]
BLTED. ... ... o\t i e oo ... [390]
BIBED. ... ... i e oo ... [390]
H21ED. ... ... i e e e oo .. [390]
H2AED. ... ... i e oo ... [390]
B2BED. ... ... i e e oo .. [390]
H3BED. ... ... i e e oo ... [390]
BABED. ... ... i e e e oo [390]
HBOED. ... ... i e e e e ... [390]
HBBED. ... ... i e e ... [390]
HBBED. ... ... .. ... ... [390]
BBOED. ... ... i e e e oo [390]
HTIED. ... .. ot e e oo ... [390]
HTTED. ... ... oot i ... [390]
HBOED. ... ... . e oo ... [390]
HBED. ... . i e e oo [390]
HOED. ... .. i e e oo .. [390]
HB2ED. ... ... i e e oo .. [390]
HTBED. ... ... o oo ... [390]
BTAED. ... ... i oo [390]
HBED. ... ... i e e ... [390]
HETED. ... .. ot e e oo ... [390]
HBED. ... .. i e oo [390]
HE3ED. ... .. i e e e oo [390]
BABED. ... ... . e oo .. [390]
H39ED. ... ... i e e oo [390]
HBBED. ... ... .. oo ... [390]
BTBED. ... .. it e e oo [390]
HTOED. ... ... i e e oo ... [390]
B2BED. ... ... i e ... [390]
BL0ED. ... ... . e ... ... [390]
BLLED. ... ..o ot e e e oo .. [390]
BLAED. ... ... i e e ... [390]
H23ED. ... ... i e e oo .. [390]
H3LED. ... ... i e oo ... [390]
H32ED. ... .. i e e oo [390]
H3ED. ... i e e e oo ... [390]
BAOED. ... ... i\ i e oo ... [390]
HETED. ... ... i oo ... [390]
HBOED. ... ... it e e i e oo [390]
HBLED. ... ... i e e e oo ... [390]
HB2ED. ... ... i e e ... [390]
HBAED. ... ... ... e oo ... [390]
HBLIED. ... ... i e e e oo [390]

#27ED. AGG TGC TAC CGT CAT TAC TAA CCT CTT ATC TGC CGT CCC [ 429]
HB3ED. ... ... i e oo [429]
BLOED. ... .t i e e el oo [429]
BLED. .. i i e e ool [429]
H20ED. ... ... i oo [429]
H22ED. ... .. oo [429]
H2ED. oo it e e e ool oo [ 429]
HB3ED. ... .. i e e e el [429]
HT2ED. ... .. i e oo [429]
HT3ED. ... oo oo [429]
BALED. ... ... it e el [429]



BAED. ... .. i oo 429
HBAED. ... ... i e oo [429]
BB5ED. ... ... i e e e e e oo [ 429]
HBBED. ... ... i e e el [429]
HTOED. ... .. it oo [429]
HTBED. ... .o i e oo [429]
BTED. oo it et e e e el [ 429
HBBED. ... ... i e e il el [429]
BI2ED. ... ... i e oo [429]
HBAED. ... ... i oo [429]
BIBED. ... i i e e e el oo [429]
BIBED. ... o i e e e el [429]
BLBED. ... ... i e oo [429]
BLTED. ... ... o oo [429]
BIBED. ... o i e e e el oo [429]
H2LED. ... ot i e e ool [429]
H2AED. ... ... i e oo [429]
H2BED. ... .. e oo [429]
H3BED. ... .. i e e e el oo [429]
BABED. ... ... i e e ool [429]
HBOED. ... .. it e e e oo [429]
HEBED. ... ... i e ool [429]
BBBED. ... ... i e e e el oo [429]
HBOED. ... ... i e e el [429]
HTLED. ... o ot e oo [429]
HTTED. ... .0 ot oo [429]
HBOED. ... .. it e e el o [429]
HBED. ... i i e e e ol oo [429]
HOED. ... i e e oo [429]
HB2ED. ... ... i e oo [429]
BTBED. ... oo it e el oo [429]
HTAED. ... ... i i ool [429]
HBED. ... i e e e [429]
HETED. ... .. o e oo [429]
HEED. .. i e e e e e el o [ 429]
HE3ED. ... . i e e e el oo [429]
BABED. ... ... i oo [429]
HBOED. ... .. i e oo [429]
HBBED. ... ... i e e el oo [429]
HTBED. ... ... Coo vt e el o [429]
HTOED. ... ... Coo i i oo [429]
H2BED. ... ... i e oo [429]
BLOED. ... oo et e e e el oo [ 429]
BLLED. ... oo it e e e oo [429]
BLAED. ... ... i e oo [429]
H23ED. ... .. oo [429]
H3LED. ... i i e e e el oo [429]
H32ED. ... .. i e e ool [429]
HIED. ... i e e ool oo [429]
HAOED. ... ... i oo [429]
HETED. ... oo i e e e e oo [ 429]
HBOED. ... ... it e e oo [429]
HBLED. ... .. i e e e oo [429]
HB2ED. ... ... i oo [429]
HBAED. ... ... i e e e el oo [429]
HBLED. ... ... i e e el [429]
#27ED. CTA TGT CGG TAA CAC CTT GGT TCA ATG AAT CTG GGG AGG [ 468]
HB3ED. ... ... i e e e e oo . ... [468]
BLOED. ... ... i e e ... ... [468]
BLED. ... .. i e oo .. ... [468]
H20ED. ... ... .. e ... .. ... [468]
H22ED. ... .. et e e e oo ... [468]
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#2ED.

#63ED.
#72ED.
#73ED.
#41ED.
H#AED.

#54ED.
#65ED.
#68ED.
#70ED.
#75ED.
#TED.

#85ED.
#12ED.
#84ED.
#13ED.
#15ED.
#16ED.
#17ED.
#18ED.
#21ED.
#24ED.
#25ED.
#36ED.
#A5ED.
#50ED.
#55ED.
#66ED.
#69ED.
#T71ED.
#TTED.
#80ED.
#8ED.

#9ED.

#82ED.
#78ED.
H#T4ED.
#6ED.

#67ED.
#5ED.

#53ED.
#48ED.
#39ED.
#86ED.
#T6ED.
#79ED.
#28ED.
#10ED.
#11ED.
#14ED.
#23ED.
#31ED.
#32ED.
#3ED.

#40ED.
#5T7ED.
#60ED.
#61ED.
#62ED.
#64ED.
#81ED.

#27ED. ATT CTC GGI' AGA CAA TGC CAC TCT TAC CCG TTT CIT TGC

[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]
[ 468]

[507]



HB3ED. ... ... i e oo ... [507]
BL9ED. ... ... . e oo .. ... [507]
T = Y PR 10y 4
H20ED. ... ... i e e ... ... [507]
H22ED. ... ... i e e e oo .. ... [507]
H2ED. ... .. i e oo .. ... [507]
HB3ED. ... ... i e e e e oo ... [507]
HT2ED. ... ... i e e oo ... [507]
HT3ED. ... ... i e e oo .. ... [507]
BALED. ... ... ... ... .. ... [507]
BAED. ... .. i e e o oo ... [507]
HBAED. ... ... i e e e oo ... [507]
HBSED. ... ... i e e e oo ... [507]
HBBED. ... ... .. e o o..o.. ... [507]
HTOED. ... .. ot e e oo ... [507]
BTBED. ... ..t i e e e oo . ... [507]
=0 Y PR 10y 4
HBBED. ... ... . e e oo ... [507]
BI2ED. ... ... i e e e e oo ... [507]
HBAED. ... ... i e e i ... ... [507]
BIBED. ... ... i e e ... ... [507]
BIBED. ... ... . e ... ... [507]
BIBED. ... ... i e e e oo ... [507]
BLTED. ... .. ot e e ... ... [507]
BIBED. ... ... i e e i oo .. ... [507]
H21ED. ... ... . e ... .. ... [507]
H2AED. ... ... i e e i oo ... [507]
B2BED. ... ... i e e ... ... [507]
H3BED. ... ... i e e ... ... [507]
BABED. ... ... ... e .. .. ... [507]
HBOED. ... ... i e e e e oo ... [507]
HBBED. ... ... i e e e e oo ... [507]
HBBED. ... ... .. e e i oo ... [507]
HBOED. ... ... . e oo ... [507]
HTIED. ... .\ it e e oo ... [507]
BTTED. ... .. oot i e e ... ... [507]
HBOED. ... ... i\ e oo ... [507]
HBED. ... ... i e oo . ... [507]
HOED. ... i et e e e oo ... [507]
HB2ED. ... ... i e e e oo ... [507]
HTBED. ... ... i e e oo .. ... [507]
HTAED. ... ... ... i .. ... .. ... [507]
HBED. ... i i e e e oo ... [507]
HBTED. ... .. ot e e i oo ... [507]
HBED. ... .. i e e oo . ... [507]
H53ED. ... ... i e oo ... [507]
BABED. ... ... i e e i ... ... [507]
H39ED. ... ... i e e oo ... [507]
HBBED. ... ... i e i e oo ... [507]
HTBED. ... ... . e ... ... [507]
BTOED. ... ... i e e e oo ... [507]
B2BED. ... ... i e e ... ... [507]
BL0ED. ... ... ot e e oo ... [507]
BL1ED. ... ... ... e oo .. ... [507]
BLAED. ... ... i e e i oo ... [507]
B23ED. ... ... i e e oo ... [507]
H3LED. ... ... i e e oo . ... [507]
H32ED. ... ... i e ... ... [507]
H3ED. ... i e e e e oo ... [507]
BAOED. ... ... it e e i ... ... [507]
HETED. ... oo ot e e ... ... [507]
HBOED. ... ... . e e ... ... [507]
HBLIED. ... ... i e e i e e oo ... [507]
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HB2ED. ... it e e e e e e .o .o 1507
HBAED. ... ... i e e e e e .. ... .. 1507
HBLED. ... .t i e o ... ... 1507
#27ED. GTT CCA CTT TCT ATT CCC CTT CGT TAT TGC AGC CGC CAC [546]
HB3ED. ... .. e e e e e o .. [ 546]
HLOED. ... it e e oo [546]
BLED. ... it e e oo oo [546]
H20ED. ... o\t e e e o oL [ 546]
H22ED. ... it e i e oo oL [ 546]
H2ED. ... i e oo [546]
HB3ED. ... .t e e e e e oo [546]
HT2ED. ... oot i e e oo .. [ 546]
HT3ED. ... oot e e e e e oo oL [ 546]
#41ED. LT [ 546]
H#AED. LT [ 546]
#54ED. LT [ 546]
#65ED. LT [ 546]
#68ED. LT [ 546]
#70ED. LT [ 546]
#75ED. LT [ 546]
#TED. LT [ 546]
#85ED. LT [ 546]
#12ED. LT [ 546]
#84ED. LT [ 546]
#13ED. LT [ 546]
#15ED. LT [ 546]
#16ED. LT [ 546]
#17ED. LT [ 546]
#18ED. LT [ 546]
#21ED. LT [ 546]
#24ED. LT [ 546]
#25ED. LT [ 546]
#36ED. LT [ 546]
#45ED. LT [ 546]
#50ED. LT [ 546]
#55ED. LT [ 546]
#66ED. LT [ 546]
#69ED. LT [ 546]
#71ED. LT [ 546]
#T7ED. LT [ 546]
#80ED. LT [ 546]
#8ED. LT [ 546]
#9ED. LT [ 546]
#82ED. LT [ 546]
#78ED. LT [ 546]
#74ED. LT [546]
#6ED. LT [ 546]
#67ED. LT [ 546]
#5ED. LT [ 546]
#53ED. LT [ 546]
#48ED. LT [ 546]
#39ED. LT [ 546]
#86ED. LT [ 546]
#76ED. LT [ 546]
#79ED. LT [ 546]
#28ED. ... LT [ 546]
#10ED. A. . LT [ 546]
#11ED. A. . LT [ 546]
#14ED. A. . LT [ 546]
#23ED. A. . LT [ 546]
#31ED. A. . LT [ 546]
#32ED. A. . LT [ 546]



#3ED.

#40ED.
#5T7ED.
#60ED.
#61ED.
#62ED.
#64ED.
#81ED.

[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]
[ 546]

>>>>>>>P
A4 A4+

#27ED. TGT ACT CCA CCT CCT GTT CCT TCA CGA AAC AGG CTC AAA [585]
H83ED. ... ... i e e i e e i oo ... [585]
BL9ED. ... ... i e e i e ... .. ... [585]
BLED. ... ... i e e ... ... ... [585]
H20ED. ... ... ... e ... ... ... ... [585]
B22ED. ... ... i e e e ... .. ... [585]
H2ED. ... ... i e e ... .. ... [585]
HB3ED. ... ... i e e oo .. ... [585]
HT2ED. ... ... .. i ... ... ... ... [585]
BT3ED. ... ... i e e i oo .. ... [585]
BALED. ... ... ... e e i ... ... ... [585]
BAED. ... ... .. e e .o ... ... ... [585]
HBAED. ... ... ... e e .o ... ... ... [585]
BB5ED. ... ... i e e i e e i .. ... [585]
BBBED. ... ... i e e i e oo .. ... [585]
HTOED. ... ... i\ i e i .. . ... ... [585]
HTSED. ... ... . e e .. ... ... ... [585]
HTED. ... it i e e oo .. ... [585]
HBBED. ... ... i\ e e i e e ... .. ... [585]
BI2ED. ... ... . e e ... ... ... [585]
HBAED. ... ... ... e e .. ... ... ... [585]
BI3ED. ... ... et e e i oo .. ... [585]
BIBED. ... ... i e e i e ... .. ... [585]
BIBED. ... ... .. e e i ... ... ... [585]
BITED. ... ... ... i ... ... ... ... [585]
BIBED. ... ... i e e i e oo ... [585]
H21ED. ... ... i e e i ... ... ... [585]
H2AED. ... ... ... e i ... ... ... ... [585]
H25ED. ... ... i e . ... ... ... [585]
H3BED. ... ... i e e i e e i ... [585]
BABED. ... ... ... e e i e ... ... ... [585]
HBOED. ... ... i\ e e i ... .. ... [585]
HE5ED. ... ... . e e ... ... ... [585]
BBBED. ... ... i e e i e e i .. ... [585]
HBOED. ... ... i e e i e ... .. ... [585]
HTIED. ... ... ... e e i . ... ... ... [585]
HTTED. ... ... . i i ... ... ... ... [585]
HBOED. ... ... i e e i e e i .. ... [585]
HBED. ... ... i e e e ... .. ... [585]
HOED. ... ... i e e ... ... ... [585]
HB2ED. ... ... ... e e i . ... ... ... [585]
BTBED. ... ... i\t e e e ... .. ... [585]
HTAED. ... ... .. i i i .o ... ... ... [585]
HBED. ... ... i e e i oo .. ... [585]
HBTED. ... ... . e . ... ... ... [585]
HBED. ... i i e e e e ... ... [585]
H53ED. ... ... i e e i e ... .. ... [585]
BABED. ... ... ... e e i ... ... ... [585]
H39ED. ... ... . e . ... ... ... [585]
HBBED. ... ... i e e i e oo .. ... [585]
BTBED. ... ... i e e i ... .. ... [585]
HTOED. ... ... .. i e i .o ... ... ... [585]
H2BED. ... ... .. e .o ... ... ... [585]
BL0ED. ... ... ot e e i e e oo .. ... [585]
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BL1ED. ... o\t i e e e e . .. ... ... I585]
BLAED. ... ... i i e e e e . .. ... ... [585]
H23ED. ... ... et e e e ... .. ... [585]
H31ED. ... .t e e e e o .. ... ... [585]
H32ED. ... .t e e e oo . ... ... [585]
H3ED. ... it e e e ... ... ... [585]
BAOED. ... ... i\ e e e ... .. ... [585]
HSTED. ... it e e oo .. ... ... [585]
HBOED. ... .. i e e e e e o ... ... ... [585]
HBLED. ... ... e e e e e e o ... ... ... [585]
BB2ED. ... ... i e e i e e i .. ... [585]
HBAED. ... ... i e e e . .. ... ... [585]
HB1ED. ... ... i e e e e e ... ... ... [585]

#27ED. CAA CCC CCT CGG GCT TAA CTC TGA CGC GGA TAA AAT CTC [624]
HB3ED. ... ... i e e el [624]
BLOED. ... ... i e e oo [624]
BLED. ... .. i e oo [624]
H20ED. ... ... i e e e oo [624]
H22ED. ... .. i e e oo [624]
H2ED. ... i e e oo [624]
HB3ED. ... ... i e e oo [624]
BT2ED. ... i i e e oo [624]
BT3ED. ... oo i oo [624]
BALED. ... ... . e oo [624]
BAED. ... .. . e oo [624]
HBAED. ... ... i e e oo oo [624]
BBBED. ... ... i e e e [624]
HBBED. ... ... i e e oo [624]
HTOED. ... ... o oo .. [624]
BTSED. ... oot it e e el ool [624]
HTED. .o\ i i e e ool [624]
HBBED. ... ... i e e oo [624]
BI2ED. ... ... i e oo [624]
HBAED. ... ... i e e ool [624]
BIBED. ... .. i e e oo [624]
BIBED. ... ... i e e oo [624]
BIBED. ... ... . e oo [624]
BITED. ... o it e e ool [624]
BIBED. ... ... i e e ool [624]
H21ED. ... ... i e oo [624]
H2AED. ... ... . oo [624]
B25ED. ... i i e e e el [624]
H3BED. ... ... i e e ool oo [624]
BABED. ... ... i e e oo [624]
HBOED. ... ... i e oo [624]
HE5ED. ... .. i e e e e e [624]
HBBED. ... ... i e e oo [624]
HBOED. ... ... i e e oo [624]
HTIED. ... ... . e oo [624]
BTTED. ... oo ot i e e oo [624]
HBOED. ... ... it e e e oo [624]
HBED. ... .. i e e oo [624]
HOED. ... .. i e oo [624]
HB2ED. ... ... i e e oo .. [624]
HTBED. ... oo it e oo [624]
HTAED. ... ... . oo [624]
HBED. ... .. i e oo [624]
HBTED. ... .\ ot e e oo [624]
HBED. ... i e e e ool oo [624]
HE3ED. ... .. i e e oo [624]
BABED. ... ... ... oo [624]
H39ED. ... ... i e e oo oo [624]



HBBED. ... .\t i e e e o oo 1624)
HTBED. ... oot e e e e o oo [624]
BTOED. ... .o it e e ool [624]
H28ED. ... it e e e e oo [624]
BL0ED. ... oot e e e e o oo [624]
BLLED. ... oot e e e e e oo [624]
HLAED. ... i e e oo [624]
H23ED. ... et e e e oo [624]
H3LED. ... ot e e e e oo [624]
H32ED. ... i e e e oo [624]
H3ED. ... e e e e ool [624]
BAOED. ... .\t i e oo [624]
HETED. . oo ooi e e e e e o oo [624]
HBOED. ... oo e e e e oo [624]
HBLED. ... .. i e e e oo [624]
HB2ED. ... it e e e oo [624]
HBAED. ... ot e e e e e oo [624]
HBLED. ... oot e i e e e oo [624]

#27ED. CTT CCA CCC CTA CTT TTC TTA CAA AGA CTT GCT TGG ATT [663]
HB3ED. ... ... i e e oo ... [663]
BL9ED. ... ... . oo .. ... [663]
BIED. ... i et e e e oo ... [663]
H20ED. ... ... i e e oo ... [663]
H22ED. ... ... i e e oo ... [663]
H2ED. ... .. e oo ... [663]
HB3ED. ... ... i e e e e oo ... [663]
HT2ED. ... ... i e e oo ... [663]
HT3ED. ... ... i e e oo ... [663]
BALED. ... ... ... ... ... [663]
BAED. ... .. i e e oo . ... [663]
HBAED. ... ... i e e oo ... [663]
HBBED. ... ... i e e oo, [663]
HBBED. ... ... . e oo ... [663]
HTOED. ... .. ot e e e oo . ... [663]
BTBED. ... .. i e e ... ... [663]
HTED. ... ot i e oo ... [663]
HBBED. ... ... . e e oo ... [663]
BI2ED. ... ... et e e e oo ... [663]
HBAED. ... ... . e e oo ... [663]
BIBED. ... ... i e e oo ... [663]
BIBED. ... ... . e oo .. ... [663]
BIBED. ... ... i e e e e oo ... [663]
BLTED. ... .. ot e e ... ... [663]
BIBED. ... ... i e e ... ... [663]
H21ED. ... ... . e .. .. ... [663]
H2AED. ... ... i e e oo ... [663]
B2BED. ... ... i e e oo ... [663]
H3BED. ... ... i e e oo ... [663]
BABED. ... ... ... ... ... [663]
HBOED. ... ... it e e e e oo ... [663]
HB5ED. ... ... i e e e e oo ... [663]
HBBED. ... ... i e e oo ... [663]
HBOED. ... ... . e ... ... [663]
HTIED. ... .. it e e oo ... [663]
HTTED. ... ... oot i oo ... [663]
HBOED. ... ... i e e oo ... [663]
HBED. ... ... i e ... ... [663]
HOED. ... i i e e oo ... [663]
HB2ED. ... ... i e e e oo ... [663]
HTBED. ... ... o e e oo ... [663]
HTAED. ... ... ... i ... .. ... [663]
BBED. ... . i e e e e oo ... [663]
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HBTED. ... .. o e e L. ... [663]
HBED. ... .. i e ... ... [663]
HE3ED. ... .. et e e e e oo ... [663]
BABED. ... ... i e e i oo ... [663]
H39ED. ... ... i e e oo ... [663]
HBBED. ... ... .. e oo ... [663]
BTBED. ... ... it e e e e oo ... [663]
HTOED. ... ... i e oo ... [663]
B2BED. ... ... i e e oo ... [663]
BL0ED. ... ... i e ... ... [663]
BL1ED. ... .. ot e e e e oo ... [663]
BLAED. ... ... i e e ... ... [663]
H23ED. ... ... i e oo ... [663]
H3LED. ... ... i e ... ... [663]
H32ED. ... ... i e e oo ... [663]
H3ED. ... i e e e oo ... [663]
BAOED. ... ... i\ i e ... ... [663]
HETED. ... ... i e oo ... [663]
HBOED. ... ... i e e i e e oo ... [663]
HBLED. ... ... i e e e oo ... [663]
HB2ED. ... ... i e e oo ... [663]
HBAED. ... ... ... e ... ... [663]
HBLIED. ... ... et e e e oo ... [663]

#27ED. TGC AGC CCT ACT CAT CGC ACT TAC ATC CCT AGC ACT ATT [702]
HB3ED. ... ... i e e oo T702]
BLOED. ... .. i e e e el oo T702]
BLED. ... it e e e ool T702]
H20ED. ... ... i e oo [ T702]
H22ED. ... .. oo [T702]
H2ED. .. i e e e e e ool T702]
HB3ED. ... ... i e e e e[ T702]
HT2ED. ... .. i e oo [T702]
HT3ED. ... .. oo [T702]
BALED. ... ... i e e e el T702]
BAED. ... .. i e oo [ T702]
HBAED. ... ... i e e oo [ T702]
HBBED. ... ... i e e e T702]
BBBED. ... ... i e e e e el oo T702]
HTOED. ... .. it e e ool T702]
BTBED. ... it i e e oo T702]
HTED. ... it o oo [T702]
HBEED. ... ... i e e e el T702]
BI2ED. ... ... i e e e el T702]
HBAED. ... ... i e ool [T702]
BIBED. ... ... i e oo [T702]
BIBED. ... i i e e e el oo T702]
BIBED. ... ... i e e e[ T702]
BLTED. ... .. ot oo T702]
BIBED. ... ... i e oo [T702]
H21ED. ... it i e e e el oo T702]
H2AED. ... ... i e e ool [702]
H2BED. ... ... i e e oo T702]
H3BED. ... ... i e oo [T702]
BABED. ... ... i e e e el oo T702]
HBOED. ... .. i e e e el T702]
HBBED. ... ... i e e e T702]
HBBED. ... ... i e e oo [T702]
HBOED. ... ... i e e el T702]
HTIED. ... oo it e e ool [ T702]
HTTED. ... o0 ot i oo T702]
HBOED. ... ... i e ol [T702]
HBED. ... i i e e e el oo T02]



#9ED.

#82ED.
#78ED.
#T4ED.
#6ED.

#67ED.
#5ED.

#53ED.
#A48ED.
#39ED.
#86ED.
#T76ED.
#T9ED.
#28ED.
#10ED.
#11ED.
#14ED.
#23ED.
#31ED.
#32ED.
#3ED.

#40ED.
#5T7ED.
#60ED.
#61ED.
#62ED.
#64ED.
#81ED.

#27TED.
#83ED.
#19ED.
#1ED.

#20ED.
#22ED.
#2ED.

#63ED.
#72ED.
#73ED.
#41ED.
#A4ED.

#54ED.
#65ED.
#68ED.
#70ED.
#T75ED.
#TED.

#85ED.
#12ED.
#84ED.
#13ED.
#15ED.
#16ED.
#17ED.
#18ED.
#21ED.
#24ED.
#25ED.
#36ED.
#45ED.
#50ED.
#55ED.
#66ED.

CTC ACC TAA CCT GIT AGG AGA CCC GGA CAA CTT C [736]

[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]
[ 736]

[702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
[ 702]
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HBOED. ... ... i e e .. [736]
HTIED. ... ... . i .. [736]
BTTED. ... .o ot i e i oo o[ 736]
HBOED. ... ... o\ e e e e o[ 736]
HBED. ... ... i e e e oo [ 736]
HOED. ... ... i e oo [736]
HB2ED. ... ... i e e e e o o[ 736]
BTBED. ... ... it e e o[ 736]
HTAED. ... ... .. i oo .. [736]
HBED. ... .. e oo [736]
HBTED. ... .\ et e e i e e o[ 736]
HBED. ... i i e e e e e o o[ 736]
HE3ED. ... ... i e e e o[ 736]
BABED. ... ... ... i .. [736]
H39ED. ... ... i e e o[ 736]
HBBED. ... ... i e e e . [736]
BTBED. ... ... i i e i oo [736]
HTOED. ... ... .. i oo [736]
B2BED. ... ... i e e e e o o[ 736]
BL0ED. ... ... i e e e e e oo [736]
BLI1ED. ... ... i e e i e oo o[ 736]
BLAED. ... ... ... i ... [736]
H23ED. ... .. e e e e e oo o736
H31ED. ... ... i e e e e oo o[ 736]
H32ED. ... ... i e e o[ 736]
H3ED. ... i e e oo [ 736]
BAOED. ... ... it e e oo o[ 736]
HETED. ... .\ it e e e e e e oo [736]
HBOED. ... ... i e e oo [736]
HBLED. ... ... . e e oo [736]
HB2ED. ... ... et e e e e e[ 736]
HBAED. ... ... i e e i oo [736]
HBLED. ... ... i e e oo [736]



Appendix D ND2 aligned sequence data for E. daeémeli

#69ED. TAA CCA CCC TAC TAC TCA GIC TTG GGI' TAG GAA CCA CCA [ 39]
HITED. --- === =-- me mme e mee e eee eee aee e --- [ 39]
HTBED. --- === =-- mee mee e aee e eee e aee - --- [ 39]
HTOED. --- === =-o s mee e eee e eee e eee - oo [ 39]
HBBED. --- --- --- s-- mmm s mee e oo e oo - oo [ 39]
HB2ED. --- --- - mem mee e mee e eee e aee - --- [ 39]
HIGED. --- === =-- moe mee e mee e ee e aee - --- [ 39]
H#IOED.,  --- --- --- m-- aeeaeeoeeeeeooooooooo o-- oo [ 39]
HTBED. --- === --- oo —om e mee e oo e oo oo oo [ 39]
HBAED. --- --- === mem mee e eee e mee e aee - --- [ 39]
#HBBED. --- --- --- mme eme eee eee eee eee eee e - --- [ 39
H#BOED. --- == mmm mmm mem eee eem eem eee eee aao o [ 39]
#6ED. --- --- - --- a-- --- oo - [ 39]
#T70ED. --- --- —-n coe oee oo o [ 39]
#67ED. --- --- [ 39]
#41ED. --- --- [ 39]
#66ED. --- --- . [ 39]
#68ED. --- --- . [ 39]
H#AED. AL [ 39]
#54ED. AL [ 39]
#5ED. LA [ 39]
#48ED. AL [ 39]
#50ED. AL [ 39]
#55ED. AL [ 39]
#TED. AL [ 39]
#51ED. AL [ 39]
#49ED. AL [ 39]
#21ED. AL [ 39]
#17ED. AL [ 39]
#12ED. AL [ 39]
#13ED. AL [ 39]
#15ED. AL [ 39]
#26ED. AL [ 39]
#39ED. AL [ 39]
#58ED. AL [ 39]
#65ED. AL [ 39]
#46ED. AL [ 39]
#36ED. AL [ 39]
#24ED. AL [ 39]
#18ED. ... ..A. [ 39]
HE3ED. --- --- --- se- mme e mee e oo e oo - oo [ 39]
#2TED. AL [ 39]
#28ED. AL [ 39]
#30ED. ... ..A. [ 39]
HB3ED. --- --- --- s-- mmm e mee e oo e oo oo oo [ 39]
#56ED. AL [ 39]
#42ED. AL [ 39]
#63ED. AL [ 39]
#19ED. ... ..A. [ 39]
HT2ED. --- --- === --- --- - --- [ 39]
#20ED. AL [ 39]
#3TED. AL [ 39]
#43ED. AL [ 39]
#22ED. AL [ 39]
#52ED. ... .. A. [ 39]
HT3ED. --- === =- mme mee e eee e eee e eee oo oo [ 39]
#35ED. AL [ 39]
#A44ED. AL [ 39]
#8ED. AL [ 39]
#5TED. AL [ 39]



Genetic connectedness in E. daemelii

#60ED. AL [ 39]
#11ED. ... .. A ... .. . o e e e e e e e 39
HBIED. --- === - mee mee mee eee e eee e ee - --- [ 39]
HBLIED. --- === =cc cme mee mme emm e mme oo [ 39]
H#32ED., --- --- mem e e mme eee oo [ 39]
#10ED. A [ 39]
#23ED. A [ 39]
#29ED. A [ 39]
#31ED. A [ 39]
#33ED. A [ 39]
#38ED. A [ 39]
#3ED. ... ..A ... [ 39]
#40ED. ... ..A ... [ 39]
#62ED. A [ 39]
H#64ED. A [ 39]
#25ED. A [ 39]
#1ED. A . [ 39]
#71ED. A g.. [ 39]
#14ED. A . [ 39]
#16ED. ... ..A [ 39]
HTAED. --- === == mm mme e mee e ee e aee - --- [ 39]

78]
78]
78]
78]
78]
78]
78]
78]

#69ED. TTA CAC TCA CAA GCT CTC ACT GGC TCT TTG CCT GAA TAG
4= Y
251 = o Y
25T = Y
1= o N
1 = o Y
=) = o Y
< Y

#36ED.
#24ED.
#18ED. ... ... ... ... .. .. ..
#53ED. --- --- c-- e aae oo oo

78]
78]
78]
78]

[

[

[

[

[

[

i
=] = o Y [ 78]
HBAED, --- --- --- --- [ 78]
HBBED. --- --- --- --. [ 78]
#BOED. [ 78]
#6ED. [ 78]
#70ED. [ 78]
#67ED. [ 78]
#41ED. [ 78]
#66ED. [ 78]
#68ED. [ 78]
H#AED. [ 78]
HBAED. ... ... i e e 18]
HEED. .. it e e e e e e el o 18]
BABED. ... ... i e e el o 18]
#50ED. [ 78]
#55ED. [ 78]
#7ED. [ 78]
#51ED. [ 78]
#49ED. [ 78]
#21ED. [ 78]
#17ED. [ 78]
#12ED. [ 78]
#13ED. [ 78]
#15ED. [ 78]
#26ED. [ 78]
#39ED. [ 78]
#58ED. [ 78]
#65ED. [ 78]
#46ED. [ 78]

[

[

[

[



#2TED.

#28ED.

#30ED.

#83ED.

#56ED.

#42ED.

#63ED.

#19ED.

#72ED.

#20ED.

#37ED.

#43ED.

#22ED.

#52ED. ... ... o e e e e e e
H#T3ED. --- --- c-c c-e men mee men eee me een el eee e
#35ED.

H#A4ED.

#8ED.

#57ED.

#60ED.

#L1ED. ... ... . o o o e e e e e
#B1ED. --- --- --- --- o-- oom oom ooo oooooo aoo aoo oo
#61ED.

#32ED.

#10ED.

#23ED.

#29ED.

#31ED.

#33ED.

#38ED.

#3ED.

#40ED.

#62ED.

#64ED.

#25ED.

#1ED.

#T1ED.

#14ED.

#16ED. ... ... ... ...

#7T4ED. --- --- --- ---

78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]

— e e e e e e e A A A e e A e A e e e e e e e e A e e e e A e e — — — — —

#69ED. GCT TAG AAA TTA ATA CCC TCG CCA TCC TTC CAC TTA TAG [117]
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BIBED. ... ... ... e e oo .. ... [351]
HE3ED. ... .. i e e e oo [351]
H2TED. ... .. it e e oo ... [351]
B2BED. ... ... i e e oo ... [351]
H30ED. ... ... i e e oo ... [351]
HB3ED. ... ... i e e oo oo [351]
HBBED. ... ... i e e e oo ... [351]
BA2ED. ... ... ... e oo . ... [351]
HB3ED. ... ... . e oo .. ... [351]
BLOED. ... ... i e e e oo [351]
HT2ED. ... ... i e e oo ... [351]
H20ED. ... ... i e e oo ... [351]
H3TED. ... ... i .o .. ... [351]
BABED. ... ... i e e oo [351]
H22ED. ... ... i e e oo .. [351]
HB2ED. ... ... i e e oo ... [351]
HT3ED. ... ... o e oo .. ... [351]
H35ED. ... ... i e e e oo [351]
BAAED. ... ... ... i e oo ... [351]
HBED. ... ... i e e oo ... [351]
HSTED. ... ... i e oo .. ... [351]
HBOED. ... ... it e e i e e oo .. [351]
BLLED. ... ... ot e e e oo ... [351]
HBLED. ... ... i e e oo ... [351]
HBLED. ... ... .. e oo ... [351]
H32ED. ... ... i e e oo ... [351]
BL0ED. ... ... i e e oo ... [351]
H23ED. ... ... i e e oo ... [351]
H29ED. ... ... . e oo ... .. ... [351]
H31ED. ... ... et e e e oo ... [351]
H33ED. ... ... i e e oo ... [351]
H3BED. ... ... i e e oo ... [351]
H3ED. ... .. i e oo .. ... [351]
BAOED. ... ... it e e oo .. [351]
HB2ED. ... ... i e e i oo ... [351]
HBAED. ... ... .. e e oo ... [351]
H25ED. ... ... i e oo .. ... [351]
BIED. ... i e e e e e [351]
HTIED. ... ... it e e oo ... [351]
BLAED. ... ... .. e e oo ... [351]
BIBED. ... ... ... e oo .. ... [351]
HTAED. ... ... i e e oo ... [351]

#69ED. ACT TGA CTA CAG GTC TCA TTT TAT CAA CCT GGC AAA AAT [390]
HTTED. ... .. o\ i ... ... [390]
BTBED. ... .. it e e ... [390]
HTOED. ... ... i e oo ... [390]
HBBED. ... ... i e e oo .. [390]
HB2ED. ... ... i e oo ... [390]
BTBED. ... ... it e e e oo .. [390]
HOED. ... .. i e e ... [390]
BTBED. ... ... i e e ... [390]
HBAED. ... ... ... oo ... [390]
HBBED. ... ... i e e oo [390]
HBOED. ... ... i e e e oo ... [390]
HBED. ... ... i e e oo ... [390]
HTOED. ... ... o e ... [390]
HBTED. ... oo ot e e e e ... [390]



BALED. ... ... . e oo ... [390]
HBBED. ... ... .. e oo ... [390]
BBBED. ... ... i e e oo [390]
BAED. ... ... i e oo ... [390]
HBAED. ... ... i e e oo .. [390]
HBED. ... .. i e oo [390]
BABED. ... ... i e e oo .. [390]
HBOED. ... ... it e e e ... [390]
HB5ED. ... ... i e e oo ... [390]
HTED. ... o oo ... [390]
HEIED. ... .. i e e e e oo .. [390]
BAOED. ... ... . e oo ... [390]
H21ED. ... ... i e e oo ... [390]
BATED. ... ... . e oo ... [390]
BI2ED. ... ... et e e e oo [390]
BIBED. ... ... i e e oo .. [390]
BIBED. ... ... i e e oo ... [390]
H26ED. ... ... . e ... ... [390]
H39ED. ... ... i e e e oo ... [390]
HEBED. ... ... i e e ... [390]
HBBED. ... ... i e e ... [390]
BABED. ... ... ... oo ... [390]
H3BED. ... ... i e e e oo [390]
H2AED. ... ... . e oo ... [390]
BIBED. ... ... i e e oo [390]
HE3ED. ... ... i e oo ... [390]
H2TED. ... it it e e oo [390]
B2BED. ... ... i e e ... [390]
H30ED. ... ... i e e oo .. [390]
HB3ED. ... ... i e oo [390]
HBBED. ... ... i e e e e oo [390]
BA2ED. ... ... . e e e oo ... [390]
HB3ED. ... ... i e e oo [390]
BL9ED. ... ... . e oo ... [390]
BT2ED. ... .. i e e oo .. [390]
H20ED. ... ... i e e ... [390]
H3TED. ... .\ i e e oo ... [390]
BABED. ... ... .. oo ... [390]
H22ED. ... .. i e e oo . [390]
HE2ED. ... ... i e e oo [390]
HT3ED. ... ... i e oo ... [390]
H3BED. ... ... i e oo ... [390]
BAAED. ... ... . e e e oo ... [390]
HBED. ... ... i e e e oo [390]
HETED. ... .\ ot e e oo .. [390]
HBOED. ... ... . e ... ... [390]
BLLED. ... .. ot e e e oo .. [390]
HBLIED. ... ... it e e i oo ... [390]
HBLED. ... ... i e e ... [390]
H32ED. ... ... i e ... ... [390]
BL0ED. ... .. ot e e e oo ... [390]
H23ED. ... ... i e e oo .. [390]
H29ED. ... ... i e oo ... [390]
H3LED. ... ... i e oo ... [390]
H33ED. ... . i e e oo .. [390]
H3BED. ... ... i e e oo ... [390]
H3ED. ... e e e oo [390]
BAOED. ... ... ... e ... ... [390]
HB2ED. ... ... i e e i oo ... [390]
HBAED. ... ... i e e oo [390]
B2BED. ... ... i e e oo ... [390]
BLED. ... .. i e oo ... [390]
HTIED. ... oo it e e oo [390]



Genetic connectedness in E. daemelii

BLAED. ... oot i oo 1390]
BLBED. ... oot e i e e oo [390]
HTAED. ... 0t i oo 1390]

#69ED. TGG CAC CTT TCG CTT TAC TTC TTC AAA TTC AAC CCA CCA [429]
HTTED. ... .o ot oo [429]
BTBED. ... oo it e el [429]
HTOED. ... oo i e e oo [429]
HBBED. ... ... i e e oo [429]
HB2ED. ... ... i oo [429]
BTBED. ... oo i e el oo [429]
HOED. .. i e e e ool [429]
HTBED. ... ot i e e oo oo [429]
HBAED. ... ... . oo [429]
HBBED. ... ... i e e el oo [429]
HBOED. ... ... it e e el [429]
HOED. ... i e e el [429]
HTOED. ... ..o o e oo [429]
BBTED. ... oo ot e e e e e oo [ 429]
BALED. ... ... i e e ool [429]
HBBED. ... ... i e e oo [429]
HBBED. ... ... i oo [429]
BAED. ... it i e ool [429]
HBAED. ... ... i e e ool [429]
HBED. .. i e e ool [429]
BABED. ... ... .. oo [429]
HBOED. ... .\ it e e e el oo [ 429]
HBBED. ... .. i e e e el oo [429]
HTED. .. ot e e oo [429]
HELED. ... ... i e oo oo [429]
BAOED. ... ... i e e e el [429]
H2LED. ... ot i e e ool [429]
BLTED. ... oo ot e oo [429]
BI2ED. ... .. i e oo [429]
BIBED. ... i i e e e el oo [429]
BIBED. ... o i e e el oo [429]
H26ED. ... ... i e e oo oo [429]
HBOED. ... ... i e oo [429]
HEBED. ... .. i e e el oo [429]
BBBED. ... ... i e e e el [429]
BABED. ... ... i e oo oo [429]
H3BED. ... ... i e oo [429]
H2AED. ... .. i e ool oo [429]
BIBED. ... ... i e e el [429]
HB3ED. ... .. i e e el oo [429]
H2TED. ... . oo [429]
B2BED. ... .. i e e el oo [429]
H30ED. ... ... i e e el [429]
HB3ED. ... ... i e e el [429]
HEBED. ... ... i e e oo [429]
BA2ED. ... .. i e ool [429]
HB3ED. ... ... i e e el [429]
BLOED. ... ... i e e oo [429]
HT2ED. ... .. oo [429]
H20ED. ... ... i e e el [429]
H3TED. ... oo i e e ool [429]
BABED. ... ... i e ool [429]
H22ED. ... .. i oo [429]
HE2ED. ... i i e e e el oo [ 429]
HT3ED. ... oot i e ool [429]
H3BED. ... .. i e e oo [429]
BAAED. ... ... ... oo [429]
HBED. ... i i e e el oo [ 429]



HETED. .o\ oot e e o oo 1 429]
HBOED. ... oot e e e e e i ool o [429]
BLLED. ... oo it e e e el oo [ 429]
HBLED. ... o\t i e e e o oo [ 429]
HBLED. ... oot i e e e e o oo [ 429]
H32ED. ... it e e e e e o oo [429]
BLOED. ... oo i e e e el oo [429]
H23ED. ... it e e e o oo [ 429]
H20ED. ... it e e e e o oo [ 429]
H3LED. ... oot e e e e o oo [429]
H33ED. ... i i e e e e el oo [429]
H3BED. ... it e e e e o oo [ 429]
H3ED. ..t et e e e e o oo [ 429]
BAOED. ... .o o i e e e o oo [429]
HB2ED. ... .. i e e e e oo [429]
HBAED. ... .t e e e o oo [429]
H25ED. ... it e e e e o oo [ 429]
BLED. .\t ot e e e e o oo [429]
BTIED. ... oo it e e e el [ 429]
HLAED. ... it e e e e o oo [ 429]
BLBED. ... oot e e e e e o oo [ 429]
HTAED. ... oot i e e e e o oo [429]

#69ED. GOC CTC TAA TCT TAA TAA TAC TCG GTA TTA TTT CAA CCC [ 468]
HTTED. ... .. oot i .. .. ... [468]
HTBED. ... ... i oo .. ... [468]
BTOED. ... ... i e e e oo ... [468]
HBBED. ... ... i e e e i ... [468]
HB2ED. ... ... i e e i oo ... [468]
HTBED. ... ... . oo .. ... [468]
BOED. ... i i e e oo ... [468]
BTSED. ... .. i e e oo ... [468]
HBAED. ... ... ... e e oo ... [468]
HBBED. ... ... .. e oo ... [468]
HBOED. ... ... o\ e e e oo ... [468]
BBED. ... ... i e e oo ... [468]
HTOED. ... ... o\t e e oo ... [468]
HBTED. ... ... o e e ... ... [468]
BALED. ... ... i e e e oo ... [468]
BBBED. ... ... i e e i e oo ... [468]
HBBED. ... ... i e e oo ... [468]
BAED. ... ... . e ... ... [468]
HBAED. ... ... i e e e e oo ... ... [468]
HBED. ... i i e e oo .. [468]
BABED. ... ... ... e oo .. ... [468]
HBOED. ... ... i e e oo .. ... [468]
HE5ED. ... ... i e e e e e oo ... [468]
HTED. ... it i e e oo ... [468]
HB1ED. ... ... i e e oo ... [468]
HAOED. ... ... ... ... .. ... [468]
H21ED. ... .. i e e e oo ... [468]
BLTED. ... ... oot e e ... ... [468]
BI2ED. ... ... i e e oo ... [468]
BIBED. ... ... i e oo ... [468]
BIBED. ... ... ot e e e oo ... [468]
B2BED. ... ... i e e oo . ... [468]
H39ED. ... ... i e e ... ... [468]
HEBED. ... ... i e e oo ... [468]
BB5ED. ... ... it e e e e i [468]
BABED. ... ... . e e i oo ... [468]
H3BED. ... ... i e e oo ... [468]
H2AED. ... ... ... ... .. ... [468]
BIBED. ... ... et e e i e oo ... [468]



Genetic connectedness in E. daemelii

HB3ED. ... ... i e e . oo .. ... [468]
H2TED. ... ... . e oo .. ... [468]
B2BED. ... ... i e e oo ... [468]
H30ED. ... ... i e e oo ... [468]
HB3ED. ... ... i e e oo ... [468]
HEBED. ... ... . e e oo ... [468]
BA2ED. ... ... i e e oo ... [468]
HB3ED. ... ... i e e e oo ... [468]
BLOED. ... ... i e e ... ... [468]
HT2ED. ... ... . ... .. ... [468]
H20ED. ... ... i e e oo ... [468]
H3TED. ... oo i e e ... ... [468]
BABED. ... ... . e e oo .. ... [468]
H22ED. ... ... . oo ... [468]
HE2ED. ... ... i e e e i [468]
BT3ED. ... .. i e e oo ... [468]
H3BED. ... ... i e e oo ... [468]
BAAED. ... ... ... . ... .. ... [468]
HBED. ... .. i e e oo .. [468]
HETED. ... oo i e e e oo . ... [468]
HBOED. ... ... i e e oo ... [468]
BL1ED. ... ... ... .o .. ... [468]
HBLIED. ... ... i e e e e oo ... [468]
HBLED. ... ... i e e i ... [468]
H32ED. ... ... i e e oo ... [468]
BL0ED. ... ... . e oo .. ... [468]
H23ED. ... ... i e e e oo ... [468]
H29ED. ... ... i e e oo ... [468]
H31ED. ... ... i e e ... ... [468]
H33ED. ... ... i e oo .. ... [468]
H3BED. ... ... i e e e oo ... [468]
H3ED. ... i e e e oo ... [468]
BAOED. ... ... i\ i e oo .. ... [468]
HB2ED. ... ... .. e oo .. ... [468]
HBAED. ... ... i e e i oo ... [468]
B2BED. ... ... i e e oo ... [468]
BLED. ... ... i e e oo ... [468]
HTIED. ... ... . ... .. ... [468]
BLAED. ... ... i e e o oo ... [468]
BIBED. ... ... i e e i oo ... [468]
HTAED. ... ... .. i i oo .. ... [468]

#69ED. TCG TTG GTG GIT GAG GAG GGC TTA ATC AAA CAC AAC TCC [507]
HTTED. ... ... oot i e e .. . ... [507]
HTBED. ... ... o\ e e ... ... [507]
HTOED. ... ... . oo .. ... [507]
HBEED. ... ... i e e e oo ... [507]
HB2ED. ... ... i e e oo ... [507]
HTBED. ... ... i e e ... ... [507]
HOED. ... ... i e oo ... [507]
BTSED. ... oo i e e e e oo . ... [507]
HBAED. ... ... . e e i oo ... [507]
HBBED. ... ... i e i e oo ... [507]
HBOED. ... ... . e e ... ... [507]
1= 5 Y PR 10y 4
HTOED. ... ... o\t e e oo ... [507]
HBTED. ... ... o\ e e ... ... [507]
BALED. ... ... ... ... .. ... [507]
BBBED. ... ... i e e i e oo ... [507]
HBBED. ... ... i e e i e e .. ... [507]
BAED. ... ... . e e oo .. ... [507]
HBAED. ... ... ... e oo .. ... [507]
1= Y PR 10y 4



BABED. ... ... ... e ... .. ... [507]
HBO0ED. ... ... i e e oo .. ... [507]
HE5ED. ... .. et e e e e oo ... [507]
=0 Y PR 10 Y4
HB1ED. ... ... i e e oo ... [507]
BAOED. ... ... ... oo .. ... [507]
H21ED. ... ... et e e oo ... [507]
BLTED. ... .. it e e ... ... [507]
BI2ED. ... ... i e e oo ... [507]
BIBED. ... ... i e oo .. ... [507]
BISED. ... ... et e e e e oo .. ... [507]
B2BED. ... ... i e e e oo ... [507]
H39ED. ... ... i e e oo ... [507]
HEBED. ... ... i e e oo . ... [507]
BB5ED. ... ... i e e e e oo ... [507]
BABED. ... ... . e e i ... ... [507]
H3BED. ... ... i e e ... ... [507]
H2AED. ... ... ... oo .. ... [507]
BIBED. ... ... i e e e e oo ... [507]
HE3ED. ... ... i e e e ... ... [507]
H2TED. ... ... i e e oo .. ... [507]
H2BED. ... ... i e ... .. ... [507]
H30ED. ... ... i e e e oo ... [507]
#83ED. [507]
#56ED. [507]
#42ED. [507]
#63ED. [507]
#19ED. [507]
#72ED. [507]
#20ED. [507]
#37ED. [507]
#43ED. [507]
#22ED. [507]
#52ED. [507]
#73ED. ... ... 1507
H3BED. ... ... i e e oo ... [507]
BAAED. ... ... ... i i e ... .. ... [507]
HBED. ... ... i e oo ... [507]
HETED. ... oot i e e e e oo .. ... [507]
HBOED. ... ... i e e i e e oo ... [507]
BL1ED. ... ... ot e e oo ... [507]
HBLED. ... ... .. e e ... ... [507]
HBLED. ... ... it e e e e e oo ... [507]
H32ED. ... ... i e e ... ... [507]
BL0ED. ... ... i e e oo ... [507]
H23ED. ... ... i e ... .. ... [507]
H29ED. ... ... i e e i oo ... [507]
H31ED. ... ... i e e e oo ... [507]
H33ED. ... ... i e e oo ... [507]
H3BED. ... ... i e oo . ... [507]
H3ED. ... i e e e e e oo ... [507]
BAOED. ... ... i\ i e i ... ... [507]
HB2ED. ... ... i e e ... ... [507]
HBAED. ... ... ... e ... ... [507]
B25ED. ... .. i e e oo ... [507]
T = Y PR 10 Y4
HTIED. ... ... ot e e oo ... [507]
BLAED. ... ... ... i ... .. ... [507]
BIBED. ... ... i e e i e e oo ... [507]
HTAED. ... ... . i e e oo . ... [507]

AAdAdAAAAAAAA

#69ED. GAA AAA TTC TAG CAT ACT CCT CCA CAG CCC ACT TAG GCT [ 546]
BTTED. ... i ot i e i e e oo [546]



Genetic connectedness in E. daemelii

HTBED. ... ... o\ e e . ... .. ... [546]
HTOED. ... ... . .o ... .. ... [546]
HBBED. ... ... i e e e oo ... [546]
HB2ED. ... ... i e e oo ... [546]
HTBED. ... ... i e e oo .. ... [546]
HOED. ... ... i e .. .. ... [546]
BTSED. ... oot i e e e oo ... [546]
HBAED. ... ... i e e oo ... [546]
HBBED. ... ... .. e i i ... [546]
HBOED. ... ... . ... .. ... [546]
BBED. ... . i e e e oo ... [546]
HTOED. ... ... o\t i e ... ... [546]
HBTED. ... .. o\t e e oo ... [546]
BALED. ... ... ... e ... .. ... [546]
BBBED. ... ... i e e e e oo .. [546]
HBBED. ... ... i e e i oo ... [546]
BAED. ... ... . e e .o .. ... [546]
HBAED. ... ... ... .. .. ... [546]
HBED. .. it e e e e oo ... [ 546]
BABED. ... ... . e e i oo ... [546]
HBOED. ... ... i e e oo ... [546]
HE5ED. ... ... i e e oo .. ... [546]
BTED. .o\ i e e e oo ... [546]
HBIED. ... ... i e e e i [546]
BAOED. ... ... .. e e oo .. ... [546]
H21ED. ... ... . e ... .. ... [546]
BITED. ... o it e e e e oo ... [546]
BI2ED. ... ... i e e oo ... [546]
BIBED. ... ... i e e oo ... [546]
BIBED. ... ... .. e e oo .. ... [546]
B2BED. ... ... i e e oo .. .. [546]
H39ED. ... ... i e e ... ... [546]
HBBED. ... ... i e e i oo ... [546]
HBBED. ... ... . e e ... ... [546]
BABED. ... ... i\ e e i e oo ... [546]
H3BED. ... ... i e e e oo ... [546]
H2AED. ... ... .. e oo .. ... [546]
BIBED. ... ... . e ... ... [546]
HE3ED. ... .. i e e e e oo .. [ 546]
H2TED. ... ... i e e ... . ... [546]
H2BED. ... ... i e e oo ... [546]
H30ED. ... ... i e e oo .. ... [546]
HB3ED. ... ... i e e e oo ... [546]
HBBED. ... ... i e e e oo ... [546]
BA2ED. ... ... .. e oo .. ... [546]
HB3ED. ... ... i e e oo . ... [546]
BLOED. ... ... i e e e e oo .. [546]
HT2ED. ... ... i e e ... ... [546]
H20ED. ... ... i e e oo .. ... [546]
H3TED. ... ... o oo .. ... [546]
BABED. ... ... i e e e oo .. ... [546]
H22ED. ... ... i e e oo . ... [546]
HB2ED. ... ... i e e oo ... [546]
HT3ED. ... ... i e oo ... .. ... [546]
H35ED. ... ... i e e e oo ... [546]
BAAED. ... ... ... i e .. .. ... [546]
HBED. ... ... i e e oo .. ... [546]
HETED. ... ... o oo ... [546]
BBOED. ... ... o\t e e e e oo ... [546]
BLLED. ... ... ot e e e oo . ... [546]
HBLIED. ... ... i e e oo ... [546]
HBLED. ... ... . e e ... .. ... [546]
H32ED. ... ... i e e oo ... [546]



BL0ED. ... ... i e e . ... .. ... [546]
H23ED. ... ... i e oo .. ... [546]
H2OED. ... ... i e e oo ... [546]
H31ED. ... ... i e e oo ... [546]
H33ED. ... ... i e e oo .. ... [546]
H3BED. ... ... i e oo .. ... [546]
H3ED. ... i e e e e oo ... [ 546]
BAOED. ... ... it i e i oo . ... [546]
HB2ED. ... ... i e e oo .. ... [546]
HBAED. ... ... ... e ... .. ... [546]
B25ED. ... .. et e e e il .. ... [546]
BLED. ... .t e e e oo ... [546]
HTIED. ... ... ot e e oo oo ... [546]
BLAED. ... ... ... ... .. ... [546]
BIBED. ... ... i e e e e oo ... [546]
HTAED. ... ... . i e oo . ... [546]

#69ED. GAA TAA TTT TAA TCC TCC AAT TCT CAC CCT CCC TGA CCC [ 585]
BTTED. ... . ot i e e e ... ... ... [585]
BTBED. ... ... o\ e e e ... .. ... [585]
HTOED. ... ... . e e . ... ... ... [585]
HBBED. ... ... ... e e ... ... ... [585]
HB2ED. ... ... i e e e oo .. ... [585]
BTBED. ... ... i e e i e ... ... ... [585]
HOED. ... ... i e e ... ... ... [585]
HTSED. ... ... . e ... ... ... ... [585]
HBAED. ... ... i\ e e e oo .. ... [585]
HBBED. ... ... . e e i e oo .. ... [585]
HBOED. ... ... .. e i i oo ... ... [585]
HBED. ... ... o e .o ... ... ... [585]
HTOED. ... ... o\t i e i oo .. ... [585]
HBTED. ... ... o\ e e i e ... .. ... [585]
BALED. ... ... ... e e i ... ... ... [585]
HBBED. ... ... ... e e i ... ... ... [585]
HBBED. ... ... i e e e e i ... ... [585]
BAED. ... ... i e e ... .. ... [585]
HBAED. ... ... . e e oo ... ... [585]
HBED. ... ... i e e ... ... ... [585]
BABED. ... ... i e e i ... .. ... [585]
HBOED. ... ... i e e i e e oo ... [585]
HB5ED. ... ... i e e i oo ... ... [585]
HTED. ... .. i e ... ... ... ... [585]
HB1ED. ... .. et e e e e i ... [585]
BAOED. ... ... .. e i i oo ... ... [585]
H21ED. ... ... i e e .o ... ... [585]
BATED. ... ... ... i e . ... ... ... [585]
BI2ED. ... ... i e e e ... .. ... [585]
BI3ED. ... ... i e e i e oo .. ... [585]
BIBED. ... ... i e e i oo .. ... [585]
H26ED. ... ... ... e e .o ... ... ... [585]
H39ED. ... ... i e e e oo .. ... [585]
HEBED. ... ... i e e i e e ... .. ... [585]
BB5ED. ... ... . e e i e e i ... ... [585]
BABED. ... ... ... . i .o ... ... ... [585]
H3BED. ... ... i e e i e e i ... [585]
H2AED. ... ... .. e e i . o ... ... ... [585]
BIBED. ... ... . e e i oo ... ... [585]
H53ED. ... ... i e e ... ... ... [585]
H2TED. ... .. it e e e ... .. ... [585]
B2BED. ... ... i e e i ... .. ... [585]
H#30ED. ... ... i e e e i ... ... ... [585]
HB3ED. ... ... . e i ... ... ... [585]
HBBED. ... ... it e e i e e i ... [585]
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BA2ED. ... ... ... i i .. ... ... ... ... [585]
HB3ED. ... ... ... e e .. ... ... ... [585]
BL9ED. ... ... i e e e ... .. ... [585]
HT2ED. ... ... i e e ... ... ... [585]
H20ED. ... ... .. e e .o ... ... ... [585]
H3TED. ... ... . e ... ... ... ... [585]
BA3BED. ... ... i e e i e ... .. ... [585]
H22ED. ... ... i e e ... .. ... [585]
HB2ED. ... ... i e e i ... ... ... [585]
HT3ED. ... ... . e ... ... ... ... [585]
H35ED. ... ... et e e e e oo .. ... [585]
BAAED. ... ... ... i i i . ... ... ... [585]
HBED. ... ... i e e oo .. ... [585]
H5TED. ... ... i e e . ... ... ... [585]
HBOED. ... ... i e e i e e oo ... [585]
BL1ED. ... ... i e e i e oo ... ... [585]
HBLED. ... ... i\ i i i oo ... ... [585]
HBLED. ... ... .. e e ... ... ... [585]
H32ED. ... ... et e e e oo .. ... [585]
BL0ED. ... ... i e e i e ... ... ... [585]
H23ED. ... ... i e e i ... ... ... [585]
H29ED. ... ... .. e ... ... ... ... [585]
#31ED. ... ... i e e e oo ... [585]
#33ED. ... ... i e e e ... .. ... [585]
H3BED. ... ... i e e i oo ... ... [585]
H3ED. ... ... i e ... ... ... [585]
BAOED. ... ... i\ e e e ... .. ... [585]
HB2ED. ... ... i e e i e oo ... ... [585]
HBAED. ... ... ... e e i ... ... ... [585]
H25ED. ... ... o e ... ... ... [585]
BIED. ... i et e e e oo .. ... [585]
HTIED. ... ... o\ e e ... ... ... [585]
BLAED. ... ... ... e e . ... ... ... [585]
BIBED. ... ... ... e i .. ... ... ... [585]
HTAED. ... ... . e e i e o ... ... ... [585]

#69ED. TCC TAG CCT TAG TTA CAT ACC TGG TCA TAA CAT CAT CAA [624]
HTTED. ... ... o oL [624]
BTBED. ... .o it e e e oo [624]
HTOED. ... .. i oo [624]
HBBED. ... ... i e e oo [624]
HB2ED. ... ... i e oo [624]
BTBED. ... .o it e e il [624]
HOED. ... i i e e e oo [624]
HTBED. ... it i e e oo [624]
HBAED. ... ... .. oo .. [624]
HBBED. ... ... i e e e [624]
HBOED. ... ... it e e oo [624]
HBED. ... .. i e e oo [624]
HTOED. ... ... o e oo .. [624]
HBTED. ... .\ i e e e oo [624]
BALED. ... ... i e oo [624]
HBBED. ... ... i e e oo [624]
HBBED. ... ... i e oo [624]
BAED. ... .. i e e el oo [624]
HBAED. ... ... i e e ool [624]
HBED. ... i e e e oo [624]
BABED. ... ... ... oo .. [624]
HBOED. ... .\ it e e oo [624]
HEBED. ... ... i e e e oo [624]
HTED. ... it e e oo [624]
HELED. ... ... i e e oo [624]
BAOED. ... ... i e e oo .. [624]



H21ED. ... .. i e oo [624]
BLTED. ... ... o .. [624]
BI2ED. ... ..t i e e e e oo [624]
BIBED. ... .. i e e oo [624]
BIBED. ... ... i e e oo [624]
H26ED. ... ... i e oo [624]
H3OED. ... ... i e e e oo [624]
HEBED. ... ... i e e oo [624]
HBBED. ... ... i e e e oo [624]
BABED. ... ... ... e oo .. [624]
H3BED. ... ... i e e oo [624]
H2AED. ... ... i e oo [624]
BIBED. ... ... i e e oo [624]
HE3ED. ... ... i e oo [624]
H2TED. ... it i e e ool [624]
B2BED. ... ... i e e oo oo .. [624]
H30ED. ... ... i e e oo [624]
HB3ED. ... ... i e oo [624]
HBBED. ... ... i e e e oo [624]
BA2ED. ... ... i oo [624]
HB3ED. ... ... i e e oo [624]
BLOED. ... ... . e ... [624]
BT2ED. ... i i e e oo [624]
H20ED. ... ... i e e oo [624]
H3TED. ... oo i e oo [624]
BABED. ... ... . e oo [624]
H22ED. ... it i e e oo [624]
HE2ED. ... ... i e e el [624]
HT3ED. ... ... i e e oo [624]
H3BED. ... ... i e oo [624]
BAAED. ... ... . e e oo [624]
HBED. ... . i e e el [624]
HETED. ... oo i e e oo [624]
HBOED. ... ... i e oo [624]
BLLED. ... oo it e e oo [624]
HBLED. ... ... i e e ool [624]
HBLED. ... ... i e e oo [624]
H32ED. ... ... i e oo [624]
BLOED. ... .. ot e e e oo [624]
B23ED. ... .. i e e il [624]
H2OED. ... ... i e oo [624]
H3LED. ... ... i e oo .. [624]
H33ED. ... . e e e ool [624]
H3BED. ... ... i e e oo [624]
H3ED. ... e e e e oo [624]
HAOED. ... ... . e oo .. [624]
HB2ED. ... ... i e e oo [624]
HBAED. ... ... i e e ool [624]
H2BED. ... ... i e e oo [624]
BLED. ... .. i e oo [624]
BTIED. ... oo it e e oo [624]
BLAED. ... ... i oo [624]
BIBED. ... ... i e e oo [624]
HTAED. ... ... . oo .. [624]

#69ED. CAT TCC TCG TAT TCA AAC TAA ACA AAT CAA CAA GCA TTA [663]
HTTED. ... oot oo i e e e oo .. [663]
HTBED. ... oo i i e e e oo [663]
BTOED. ... ... i e e oo . ... [663]
HBEED. ... . e e e oL [663]
HB2ED. ... .t e e e e e oL [663]
HTBED. ... oot o i e e oo .. [663]
BOED. ... i i e e e oo ... [663]



Genetic connectedness in E. daemelii

BTBED. ... .. i e ... ... [663]
HBAED. ... ... ... oo ... [663]
HBBED. ... ... i e e e oo ... [663]
HBOED. ... ... i e e e oo ... [663]
HOED. ... ... i e e oo ... [663]
HTOED. ... ... o e oo .. ... [663]
HBTED. ... .. ot e e e e oo ... [663]
BALED. ... ... . e e ... ... [663]
HBBED. ... ... i e e oo ... [663]
HBBED. ... ... .. e oo ... [663]
BAED. ... .. i e e o oo ... [663]
HBAED. ... ... i e e oo ... [663]
HBED. ... . e e e oo ... [663]
BABED. ... ... ... ... ... [663]
HBOED. ... ... ot e e e e i oo ... [663]
BBBED. ... ... i e e e oo ... [663]
HTED. ... it i e oo ... [663]
HB1ED. ... ... i e ... ... [663]
BAOED. ... ... i e e i oo ... [663]
H21ED. ... ... i e e oo ... [663]
BITED. ... .. ot e oo . ... [663]
BI2ED. ... ... . e ... ... [663]
BI3ED. ... ... et e e e e oo ... [663]
BIBED. ... ... i e e oo ... [663]
H26ED. ... ... i e e ... ... [663]
H39ED. ... ... i e oo . ... [663]
HEBED. ... ... i e e e e oo ... [663]
BB5ED. ... ... i e e e e oo ... [663]
BABED. ... ... ... e oo ... [663]
H3BED. ... ... i e ... ... [663]
H2AED. ... ... i e e oo . ... [663]
BIBED. ... ... i e e oo ... [663]
HB3ED. ... ... i e e ... [663]
H2TED. ... .. o e oo .. ... [663]
B2BED. ... ... i e e oo ... [663]
H30ED. ... ... i e e oo ... [663]
HB3ED. ... ... i e e ... ... [663]
HEBED. ... ... i e e oo .. ... [663]
BA2ED. ... ... i e e ... ... [663]
HB3ED. ... ... i e e e oo ... [663]
BLOED. ... ... i e e oo ... [663]
HT2ED. ... ... . oo .. ... [663]
H20ED. ... ... i e e oo ... [663]
H3TED. ... .. i e e ... ... [663]
BABED. ... ... i e ... ... [663]
H22ED. ... ... o e oo .. ... [663]
HE2ED. ... ... i e e e e oo ... [663]
BT3ED. ... .. i e e oo ... [663]
H3BED. ... ... i e e oo ... [663]
BAAED. ... ... ... . ... .. ... [663]
HBED. ... .. i e e e oo ... [663]
HETED. ... oo i e e oo ... [663]
HBOED. ... ... i e e oo ... [663]
BL1ED. ... ... ... oo .. ... [663]
HBLIED. ... ... i e e e e oo ... [663]
HBLED. ... ... i e e e oo ... [663]
H32ED. ... ... i e e oo ... [663]
BL0ED. ... ... . e ... ... [663]
H23ED. ... ... i e e e oo ... [663]
H29ED. ... ... i e e oo ... [663]
H3LED. ... ... i e e oo ... [663]
H33ED. ... ... i e ... ... [663]
H3BED. ... ... i e e oo ... [663]



H3ED. ... et e o oL 1663]
BAOED. ... .. o i e e e oo .. [663]
HB2ED. ... ... i e e e oo ... [663]
HBAED. ... . e e e oo ... [663]
H25ED. ... it e e e e e oo .. [663]
BLIED. ... et e e e e oo [663]
HTLED. ... oot i e ... ... [663]
BLAED. ... it i e e e oo ... [663]
BLBED. ... oot i e e e e oL [663]
HTAED. ... ... i e oo ... [663]

#69ED. ACA TAC TCG CCA CCT CTT GAA CAA AAG CCC CTG CAC TAA [702]
HTTED. ... oo oot i e e o T702]
HTBED. ... ... i oo [T702]
BTOED. ... i it e e e i ool T702]
HBBED. ... ... i e e e i el T702]
HB2ED. ... ... i e e e[ T702]
HTBED. ... ... o oo [T702]
BOED. ... i e e e e el oo T702]
BTBED. ... oot i e e e il T702]
HBAED. ... ... i e e e[ T702]
HBBED. ... ... i el [T702]
HBOED. ... ... i e e e e el e o T702]
HBED. ... i i e e e el T702]
HTOED. ... .. ot e e oo [ T702]
HBTED. ... .. o e oo T702]
BALED. ... ... i e e el T702]
HBBED. ... ... i e e e el [ T702]
HBBED. ... ... i e e e[ T702]
BAED. ... .. i oo [702]
HBAED. ... .. i e e e el T702]
HBED. ... i i e e e e i el T702]
BABED. ... ... i e e el [T702]
HBOED. ... ... i e o[ T702]
HE5ED. ... i i e e e e e oo T702]
HTED. ... i e e e e e ool T702]
HBIED. ... o i e e e e [ T702]
BAOED. ... ... . oo [702]
H21ED. ... it i e e e el T702]
BLTED. ... oo ot e e e e el ol T702]
BI2ED. ... ... i e e oo T702]
BIBED. ... ... i e oo [702]
BIBED. ... o it e e e e el e T702]
B2BED. ... ... i e e el [ T702]
H39ED. ... ... i e e ool [ T702]
HEBED. ... ... i e e el T702]
BB5ED. ... ... i e e e e e i oo T702]
BABED. ... ... i e e el el T702]
H3BED. ... ... i e e e [ T702]
H2AED. ... ... . oo [702]
BIBED. ... ... i e e e el o T702]
HE3ED. ... .. i e e e il el oo T702]
H2TED. ... o i e oo [ T702]
H2BED. ... ... i e oo [T702]
H30ED. ... ... i e e el oo T702]
HB3ED. ... ... i e e el [ T702]
HBBED. ... ... i e e e oo T702]
BA2ED. ... ... . oo [702]
HB3ED. ... .. i e e e e e T702]
BLOED. ... ... i e e oo [ T702]
HT2ED. ... .. i e e ool [ T702]
H20ED. ... ... i e oo [702]
H3TED. ... oot it e e e e el oo T702]
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BABED. ... ... i e o702
H22ED. ... .. i oo [702]
HE2ED. ... i i e e e e oo T702]
HT3ED. ... oot i e e ool T702]
H3BED. ... ... i e e e[ T702]
BAAED. ... ... ... oo [702]
HBED. ... i i e e e el T702]
HETED. ... oo i e e e e el T702]
HBOED. ... ... ot e e [ T702]
BLLED. ... ... i e oo [702]
HBLIED. ... .. i e e e e T702]
HBLED. ... .. i e e e el T702]
H32ED. ... ... i e e oo [ T702]
BL0ED. ... ... i e oo [702]
H23ED. ... i i e e e el T702]
H2OED. ... ... i e e il T702]
H3LED. ... ... i e e oo [ T702]
H33ED. ... ... i e oo T702]
H3BED. ... .. i e e el oo T702]
H3ED. .. i e e e e ool T702]
BAOED. ... ... ot e e oo [ T702]
HB2ED. ... ... i e e oo [ T702]
HBAED. ... ... i e e el oo T702]
B2BED. ... ..t i e e il el T702]
BLED. ... it e e e oo [ T702]
HTIED. ... ... . e oo [702]
BLAED. ... ... it e e e el oo T702]
BLBED. ... ... i e e el T702]
HTAED. ... ... . i i oo [702]

#69ED. CAG CCC TTA CAC CCC TCA TTC TAC TAT CAC TAG GGG GCC [ 741]
HTTED. oo ot oo e e e e e e s o 181
HTBED. ... oot i e e e e e o oo o 181
HTOED. ... oot i e e e e o oo 181
HBEED. ... ... i e e e oo o 161
HB2ED. ... it e e e o oo 81
HTBED. ... oot o e e e o o o 181
<] = o Y PR 2/ K}
BTSED. ..\ it i e e e e e oo 141
HBAED. ... it e e e o oo 181
HBBED. ... o\t i e e e e e oo oo 781
HBOED. ... oo e e e e o oo oo 7181
1= 5 Y RPN 775§
HTOED. ... oot o e e e o o s 181
HBTED. ... oo e e e e e e e o o 181
BALED. ... .. o e e e e o oo 7181
BBBED. ... ... i e e e e e o 141
HBBED. ... .ttt e e e e o oo o181
BAED. ... it e e e oo 7181
HBAED. ... ot e e e e e oo o 181
1= YR PR 775§
BABED. ... .. e e e o oo o781
HBOED. ... oot e e e e e e oo o 181
HEB5ED. ... it e e e e e oo oo 181
HTED. o\ it e o 181
HE1ED. ... ot e e e e e o oo o 181
BAOED. ... .. i e e e e oo 781
H2LED. ... ot e e e e e o oo 181
BLTED. ... ot i e e o 181
BI2ED. ..o it e e e e o oo 181
BIBED. ... ot e e e e e e oo o 181
BIBED. ... oot e e e e e e oo o 181
B2BED. ... .. i e e e el oo o 141



HBOED. ... .. i e o741
HEBED. ... ... i oo 141
BB5ED. ... .. i e e e e oo o 161
BABED. ... ... i e e oo 141
H3BED. ... ... i e e o 141
H2AED. ... ... . oo 141
BIBED. ... . i e e e oo 741
HE3ED. ... . i e e e el o 141
H2TED. ... oo i e oo 141
H2BED. ... ... oo 141
H30ED. ... .. i e e e e oo o 761
HB3ED. ... ... i e e el oo 141
HBBED. ... ... i e e e oo oo 141
BA2ED. ... ... . oo 141
HB3ED. ... .. i e e e e oo 741
BLOED. ... .. i e e el 141
HT2ED. ... . oo 141
H20ED. ... ... oo 141
4= YT PR 75§
BABED. ... ... i e e e 141
H22ED. ... .. i e oo 141
HE2ED. ... ... i e oo 141
< = Y PR 775§
H3BED. ... .. i e e e el oo 141
BAAED. ... ... .. oo 141
HBED. ... ... i e oo 141
#57ED. [ 741]
#60ED. [ 741]
#11ED. [ 741]
#81ED. [ 741]
#61ED. [ 741]
#32ED. [ 741]
#10ED. [ 741]
#23ED. [ 741]
#29ED. [ 741]
#31ED. [ 741]
#33ED. [ 741]
#38ED. [ 741]
#3ED. [ 741]
#40ED. [ 741]
#62ED. [ 741]
HOAED. ... ... o [741]
B25ED. ... i e e e e el oo 141
BLED. .. i e e e ool 141
HTIED. ... o ot oo oo 141
BLAED. ... ... . o o [741]
BIBED. ... .. i e e e e e oo 141
HTAED. ... ... i i oo oo 141

oYo¥o¥oto¥otoYoYoto¥aYoto¥atoYe

o

#69ED. TTC CAC CAC TAA CAG GCT TCA TAC CAA AAT GAC TCA TCC [780]
BTTED. ... oo ot i e e i oo [ 780]
BTBED. ... .. it e e oo .. [780]
HTOED. ... ... i e e oo ... [780]
HBBED. ... ... i e e oo ... [780]
HB2ED. ... ... i e e oo [ 780]
HTBED. ... ... ot e e oo ... [780]
HOED. ... ... i e e oo ... [780]
HTSED. ... .. i e ... ... [780]
HBAED. ... ... i e e oo ... [780]
HBBED. ... ... i e e i oo ... [780]
HBOED. ... ... i e e oo ... [780]
HBED. ... ... o e oo ... [780]
HTOED. ...\ it e e e oo ... [ 780]
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HBTED. ... .. ot e e oo ... [T780]
BALED. ... ... ... i oo ... [780]
BBBED. ... ... i e e i e e oo [ 780]
HBBED. ... ... i e e e oo ... [780]
BAED. ... ... i e e oo ... [780]
HBAED. ... ... . e oo ... [780]
HEED. ... e e e e e oo .. [ 780]
BABED. ... ... i e e oo ... [780]
HBOED. ... ... o e e e oo ... [780]
HE5ED. ... ... i e e oo ... [780]
=5 Y O PD R f (0]
HBIED. ... .. i e e e oo [ 780]
BAOED. ... ... .. e e oo ... [780]
H21ED. ... ... o e ... ... [780]
BITED. ... oo ot e e i e e oo ... [ 780]
BI2ED. ... ... i e e oo ... [780]
BIBED. ... ... i e e ... ... [780]
BIBED. ... ... . e oo ... [780]
B26ED. ... ... i e e e oo ... [ 780]
H39ED. ... ... i e e oo .. [780]
HBBED. ... ... i e e oo ... [780]
HBBED. ... ... i e e oo ... [780]
BABED. ... ... i e e e oo ... [780]
H3BED. ... ... i e e oo ... [780]
H2AED. ... ... . e oo ... [780]
BIBED. ... ... . e oo ... [780]
HE3ED. ... .. i e e e oo [ 780]
H2TED. ... .. i e e ... ... [780]
H2BED. ... ... i e e oo ... [780]
H30ED. ... ... i e ... ... [780]
HB3ED. ... ... i e e e e oo [ 780]
HBBED. ... ... i e e e oo [780]
BA2ED. ... ... . e e oo ... [780]
HB3ED. ... ... i e oo ... [780]
BLOED. ... ... i e e e oo ... [ 780]
HT2ED. ... ... i e e oo ... [780]
H20ED. ... ... i e e oo ... [780]
H3TED. ... ... i e ... ... [780]
BABED. ... ... i e e e oo ... [ 780]
H22ED. ... ... i e e oo ... [780]
HB2ED. ... ... i e e oo ... [780]
HT3ED. ... ... i e oo ... [780]
H35ED. ... .. i e e e oo [ 780]
BAAED. ... ... ... i e oo ... [780]
HBED. ... ... i e e oo ... [780]
HETED. ... ... i e oo ... [780]
HBOED. ... ... it e e e e oo [ 780]
BLLED. ... ... it e e e il [780]
HBLED. ... ... i e e oo ... [780]
HBLED. ... ... o e e ... ... [780]
H32ED. ... . et e e e e oo ... [ 780]
BL0ED. ... ... o e e ... [780]
H23ED. ... ... i e e oo ... [780]
H29ED. ... ... i ... ... [780]
H31ED. ... .. i e e e oo ... [ 780]
H33ED. ... .. i e e oo .. [780]
H3BED. ... ... i e e oo ... [780]
H3ED. ... . i e ... [780]
BAOED. ... ... ot e e e e oo ... [780]
HB2ED. ... ... i e e el [780]
HBAED. ... ... i e e oo ... [780]
H2BED. ... ... i e ... ... [780]
BIED. .. i i e e e e oo o .. [ 780]



HTIED. ... ... o e e o ... ... [780]
BLAED. ... ... ... i oo ... [780]
BIBED. ... ... i e e e e oo .. [ 780]
HTAED. ... ... . i e oo ... [780]

#69ED. TTC AAG AGC TTA CTA AGC AAG AAC TAG CAC CCA TCG CCA [819]
BTTED. ... oo o e e o[ 819]
BTBED. ... oo it e oo [819]
HTOED. ... ... i e oo [819]
HBBED. ... ... i e oo [819]
HB2ED. ... ... i e e oo [819]
HTBED. ... .. i e e oo [819]
HOED. ... .. i e e oo [819]
HTSED. ... .. i e oo [819]
HBAED. ... ... i e oo [819]
HBBED. ... ... i e e oo [819]
HBOED. ... ... i e e oo [819]
HOED. ... .. i e oo [819]
HTOED. ... .\ ot e e oo [819]
HBTED. ... .\ i e e oo [819]
BALED. ... ... . e oo [819]
HBBED. ... ... . oo [819]
BBBED. ... ... i e e oo [819]
BAED. ... .. i e oo [819]
HBAED. ... ... i e e oo [819]
HBED. ... i i e oo [819]
BABED. ... ... i e e oo [819]
HBOED. ... ... it e e oo [819]
HBBED. ... ... i e e oo [819]
HTED. ... oo i oo [819]
HEIED. ... .\ i e e oo [819]
BAOED. ... ... . e e oo [819]
H21ED. ... ... i e oo [819]
BLTED. ... ... o oo [819]
BI2ED. ... ..t et e e oo [819]
BIBED. ... ... i e e oo [819]
BIBED. ... ... i e e oo [819]
H26ED. ... ... i oo [819]
H39ED. ... ... i e e oo [819]
HEBED. ... ... i e e oo [819]
HBBED. ... ... i e e oo [819]
BABED. ... ... ... oo [819]
H3BED. ... ... i e e e oo [819]
H2AED. ... ... i e oo [819]
BIBED. ... ... i e e oo [819]
HE3ED. ... ... i e oo [819]
H2TED. ... it it e e oo [819]
B2BED. ... ... i e e oo [819]
H30ED. ... ... i e e oo [819]
HB3ED. ... ... i oo [819]
HBBED. ... ... i e e oo [819]
BA2ED. ... ... i oo [819]
HB3ED. ... ... i e e oo [819]
BLOED. ... ... . e oo [819]
BT2ED. ... i i e e oo [819]
H20ED. ... ... i e e oo [819]
H3TED. ... o i e oo [819]
BABED. ... ... . oo [819]
H22ED. ... . i e oo [819]
HE2ED. ... ... i e e oo [819]
HT3ED. ... .o i e oo [819]
H3BED. ... ... i e oo [819]
BAAED. ... ... . e e oo [819]
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HBED. ... .. i e o819
HETED. ... ... o oo [819]
BBOED. ... ... it e e e oo [819]
BLLED. ... .. i e e oo [819]
HBLED. ... ... i e e oo [819]
HBLED. ... ... i oo [819]
H32ED. ... i i e e oo [819]
BLOED. ... .. it e e oo [819]
H23ED. ... ... i e oo [819]
H2OED. ... ... i oo [819]
H31ED. ... .o i e e oo [819]
H33ED. ... .. i e e oo [819]
H3BED. ... ... i e e oo [819]
HIED. ... e e e oo [819]
BAOED. ... ... it e e oo [819]
HB2ED. ... ... i e e oo [819]
HBAED. ... ... i e oo [819]
H2BED. ... ... i e oo [819]
BLED. ... i e e e oo [819]
HTIED. ... . it e oo [819]
BLAED. ... ... i e oo [819]
BLBED. ... ... . oo [819]
HTAED. ... ... i e oo e ee- [819]

#69ED. CAC TGG CCG CAC TAA CCG CCC TAC TAA GCC TCT ACT TTT [858]
HTTED. ... ... o\ i . . ... ... ... [858]
BTBED. ... ... i\ e e i i i e eee aee oo oo [858]
HTOED. ... ... i e e oo ... .. ... [858]
HBBED. ... ... i e e e oo .. ... [858]
HB2ED. ... ... .. e ... ... ... [858]
BTBED. ... ... o e e oo ... [858]
HOED. ... ... i e e e oo .. ... [858]
BTBED. ... ... o e e ... .. ... [858]
HBAED. ... ... ... i .o ... ... ... [858]
HBBED. ... ... i e e e oo ... [858]
HBOED. ... ... i e e e oo ... [858]
HBED. ... ... i e e oo .. ... [858]
HTOED. ... ... .. e .. ... ... ... [858]
HBTED. ... .. ot e e e e oo ... [858]
BALED. ... ... . e e ... .. ... [858]
HBBED. ... ... .. e i oo .. ... [858]
HBBED. ... ... ... e i ... .. ... [858]
BAED. ... ... i e e oo ... [858]
HBAED. ... ... i e e e oo .. ... [858]
HBED. ... ... i e e oo .. ... [858]
BABED. ... ... ... i i .o ... ... ... [858]
HBOED. ... ... i e e e e e i ... [858]
BB5ED. ... ... i e e i e e oo ... [858]
HTED. ... i i e oo .. ... [858]
H51ED. ... ... . e e oo ... ... [858]
BAOED. ... ... i e e oo .. ... [858]
H21ED. ... ... i e e ... ... [858]
BITED. ... ... ot i e ... .. ... [858]
BI2ED. ... ... .. e .o ... ... ... [858]
BI3ED. ... ... i e e e e oo .. ... [858]
BIBED. ... ... i e e i e oo ... [858]
B26ED. ... ... i e e oo .. ... [858]
H39ED. ... ... i e .o ... ... ... [858]
HEBED. ... ... i e e e e i ... [858]
BB5ED. ... ... i e e i ... [858]
BABED. ... ... ... i i ... .. ... [858]
H36ED. ... ... . e e ... .. ... [858]
H2AED. ... ... i e e e oo .. ... [858]



BIBED. ... ... i e . ... .. ... [858]
H53ED. ... ... i e ... .. ... [858]
H2TED. ... .. it e e oo .. ... [858]
B2BED. ... ... i e e oo ... [858]
H30ED. ... ... i e e ... ... [858]
HB3ED. ... ... . e oo ... ... [858]
BBBED. ... ... i e e e e e oo . ... [858]
BA2ED. ... ... . e e i oo .. ... [858]
HB3ED. ... ... i e e ... ... [858]
BL9ED. ... ... .. e ... ... ... [858]
BT2ED. ... .. i e e oo .. ... [858]
H20ED. ... ... i e e oo .. ... [858]
H3TED. ... ... ot e oo .. ... [858]
BABED. ... ... ... e .o ... ... ... [858]
H22ED. ... ... i e e oo . ... [858]
HE2ED. ... ... i e e oo ... [858]
HT3ED. ... ... o e ... .. ... [858]
H3BED. ... ... i e e ... .. ... [858]
BAAED. ... ... ... i i e oo .. ... [858]
HBED. ... ... i e e e oo ... [858]
HETED. ... .. ot e e e oo .. ... [858]
HBOED. ... ... .. e e i ... ... ... [858]
BL1ED. ... ... ot e e e oo . ... [858]
HBLIED. ... ... i\ e i i i i il mee mme oo oo [858]
HBLED. ... ... i e e e oo .. ... [858]
H32ED. ... ... i e ... ... ... [858]
BL0ED. ... ... ot e e e e oo ... [858]
H23ED. ... ... i e e ... ... [858]
H29ED. ... ... i e ... .. ... [858]
H31ED. ... ... i e ... .. ... [858]
#33ED. ... ... i e e e e oo . ... [858]
H3BED. ... ... i e e i oo ... [858]
H3ED. ... .. e e e oo .. ... [858]
BAOED. ... ... ... i .o ... ... ... [858]
BB2ED. ... ... i e e e oo ... [858]
HBAED. ... ... i e e oo ... [858]
B2BED. ... ... i e e oo .. ... [858]
BLED. ... ... . e .. ... ... ... [858]
HTIED. ... ..o it e e e oo ... [858]
BLAED. ... ... . e e i oo .. ... [858]
BIBED. ... ... ... e\ i i i i . mee mme - oo [858]
BTAED, --- -== o= ==- oo oo i o oo oo o o _.. [858]

#69ED. ACT TAC GAT TGA CCT ACG CTA TAA CAC TTA CCA TGT CCC [ 897]
HTTED. ... ... ... ... === === se= e e e —e oo oo [897]
BTBED, --- -== == ==- —-s oo sa oo oo oo oo oo .. [897]
BTOED. ... ... .- === e+ e eee ce e ee oo oo oo [897]
< 1] = Y R 1-Y4
HB2ED. ... ... i oo [897]
HTBED. ... ... o oo (897
HOED. ... i e e e e oo (897
BTBED. ... oo i e e (897
HBAED. ... ... i e oo (897
HBBED. ... ... . e oo (897
HBOED. ... ... it e e oo [897]
HBED. ... i i e e oo (897
HTOED. ... .. ot e oo [897]
HBTED. ... .. o oo (897
BALED. ... ... i e e oo [897]
HBBED. ... ... i e e oo (897
HBBED. ... ... i e e oo [897]
BAED. ... .. . oo (897
HBAED. ... ... i e e oo (897
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HBED. ... i e e 1897
BABED. ... ... ... e oo (897
HBOED. ... .\ i e e oo (897
HBBED. ... ... i e e oo [897]
HTED. ... ot e oo (897
HB1ED. ... ... i e oo (897
BAOED. ... ... i e e oo (897
H21ED. ... .. i e e oo (897
BLTED. ... .o ot e e oo (897
BI2ED. ... ... i e (897
BIBED. ... . i e e e [897]
BIBED. ... ... i e e oo (897
H26ED. ... ... i e e oo [897]
HB9ED. ... ... i e (897
HEBED. ... ... i e e oo [897]
BBBED. ... ... i e e oo (897
BABED. ... ... . e e oo (897
H3BED. ... ... i e oo (897
H2AED. ... ... i (897
BIBED. ... ... i e e oo [897]
HB3ED. ... ... i e e oo (897
H2TED. ... .. i e oo (897
B2BED. ... .. i e e oo [897]
H30ED. ... ... i e e (897
#83ED. [897]
#56ED. [897]
#42ED. [897]
#63ED. [897]
#19ED. PR & 1°Y 4
#72ED. N Y
#20ED. [897]
#37ED. [897]
#43ED. [ 897]
#22ED. [897]
H52ED. ... ... .. C o i i e e oo (897
<] = Y R 1-Y4
H3BED. ... ... i e oo (897
BAAED. ... ... ... oo [897]
HBED. ... i i e e e [897]
HETED. ... oot i e e oo (897
HBOED. ... ... i e e oo [897]
BLLED. ... ... . e oo [897]
1 = Y Y4
HBLED. ... .. i e e oo (897
H32ED. ... ... i e e oo (897
BLOED. ... ... o e oo (897
B23ED. ... i i e e oo [897]
H2OED. ... ... i e e oo (897
H3LED. ... ... i e e oo [897]
H33ED. ... ... i e (897
H3BED. ... ... i e e o897
H3ED. ... i e e e oo [897]
BAOED. ... ... ot e oo [897]
HB2ED. ... ... i e e oo [897]
HBAED. ... ... i e e o897
B2BED. ... ... i e e oo [897]
BLED. ... i e e oo (897
HTIED. ... .. . oo [897]
BL4ED, ... ... === ==c e+ s ee cee oo ee oo oo oo [897]
B1BED, --- === == s=c ee oo ee mee con ea oo oo -oo [897]
o Y K- X4

O0000

fOO0OOO0O!



Appendix E CR aligned sequence dataHodaemelii

#10ED.
#11ED.
#12ED.
#13ED.
#15ED.
#16ED.
#17ED.
#18ED.
#19ED.
#1ED.

#20ED.
#21ED.
#22ED.
#23ED.
#24ED.
#26ED.
#2TED.
#28ED.
#29ED.
#2ED.

#30ED.
#31ED.
#32ED.
#33ED.
#35ED.
#36ED.
#3TED.
#38ED.
#39ED.
#A41ED.
#43ED.
#46ED.
#A48ED.
#49ED.
#4ED.

#50ED.
#51ED.
#52ED.
#56ED.
#5T7ED.
#58ED.
#5ED.

#60ED.
#61ED.
#63ED.
#65ED.
#8ED.

#6ED.

#25ED.
#66ED.
#76ED.
#TTED.

#10ED.
#11ED.
#12ED.
#13ED.
#15ED.
#16ED.
#17ED.
#18ED.

ACC GCC TAT AAC GCA TAT TGA GTA ACC AAA TAT AGG ACC
t..

G L.t agg ...
t T

t..
c
. T.
. T.
c
t.
B . G i et
A . .C v e e e e oA e . LAl
GCT GTA

GCA ACC ATT CTC TTT AGI AAT GTA ATT GAT AAT
e e e e e e e e e t

>>>>> >

— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e — — e e — — —

—r—_r—_—_——_———

39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]
39]

78]
78]
78]
78]
78]
78]
78]
78]
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#19ED.
#1ED.
#20ED.
#21ED.
#22ED.
#23ED.
#24ED.
#26ED.
#27ED.
#28ED.
#29ED.
#2ED.
#30ED.
#31ED.
#32ED.
#33ED.
#35ED.
#36ED.
#37ED.
#38ED. ... ... ... ... ...
#39ED. ... ... ... ... ..t
#41ED. ... ... ... ...
#43ED. ... ... .CC ...
#46ED.
#48ED.
#49ED.
#AED.
#50ED. ...
#51ED. A..
#52ED.
#56ED.
#57ED.
#58ED.
#5ED.
#60ED.
#61ED. ... ... ... ... ...
#63ED. --- --- --- --- -.t

#65ED. ... ... ... ...

#8ED. I © O

#6ED. e e e

#25ED. ... ... .cc ...

#66ED. ... ... ... L. L
#76ED. ... a.. .t. ... ... ... .. oo ot L. R
#77ED. ... a.. ... ... ... &a. ... ... ..t ... aa. A. gta

78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]
78]

5. 888

>>. PP P>

38: 88

88

88
>> PPPPPPPPPPP. PP

— e e e e e e e A A e e e e e A e e e e e e e e e e e e e e e e e e e e e — — —

#10ED. CAT ATA GCC TAG TAA CCA ACT AAT TGA TTT ACA ATA ATT [117]
BLIED. .\ oo e e e e e e s e o117
T = o Y-V DR B & v 4
BIBED. ... i e oo oo 1T
BIBED. ... ... i oo oo 1T
BIBED. ... i i e e e e oo T oo [117
BLTED. ... oo i i e oo oo 1T
BIBED. ... . it e oo oo 1T
BLOED. ... ... oo
T = Y U SRR (% 4
0] = Y PR I % 4
31 = Y DR I % 4
H22ED. ... .. oo oo
H23ED. .t .. e e e e oottt [127
H2AED. ... ... i oo oo 17
H2BED. ... . i oo oo 1T
H2TED. ... .. i oo o7
B2BED. ... i e e e e e oo oo 17



7 | T I % 4|
#2ED. e g
#30ED. ... ... ... . e e e e e T o 127
#3L1ED. ... ... . e e e e e e e e e 1117
20 2 5 T I 4|
#33ED. ... .. . o e e e e e e e e e 117
#35ED. ... ... . e e e e e e T oo 127
#36ED. ... ... . e e e e e e e e 1117
0 5 T I 4|
#3BED. ... ... . e e e e e e e e e 117
#39ED. ... .. . e e e e e e e e e 11
HALED. ... ... .. e e e e e e e e e 117
8 | 5 T I 4|
H#AGED. ... ... .. . e e e e e e e e e 117
#ABED. ... ... . e e i e e e e e e 117
10 | P 5 4|
#AED. e % 4|
#50ED. ... ... . e e e e e e e e e 117
#51ED. ... ... . e e e e e e e e e e 117
H#52ED. ... .. e o e e e e e e e e e 11
H#56ED. ... ... . e e e e e e e e e 117
H#5TED. ... ... . o e e e e e e e e e 117
#58ED. ... .. . e e e e e e e e e 117
#5ED. P I 4|
H#B0ED. ... ... .. e e e e e e e e e 117
H#BLED. ... ... .. . e e e e e e e e e 117
#63ED. ... ... . e e e e e e e e e 117
H#B5ED. ... ... . e e e e e e e e e 117
#8ED. s e T |
#6ED. e % g
#25ED. ... L. e e e e e e e e e e 117
HB6ED. ... ... .. . e e e e e e e 117
#76ED. ... ... ..c ... ... ... ac. ..t .g. .t. ... ... ... [117]
#77ED. c.. ... ... ... ..a ... a.. ..t ... .t. ... ... at [117]

#10ED. ATT ACT CCT ACT ATT TAG ATA TTA CAT ATA ATA TTT CTT [ 156]
#L11ED. ... ... .. e e e e i i i e e . 158]
#12ED. a.. ac. ... ... ... ... ... ... ... @a@aa. ... ... |[156]
#13ED. ... ... .. . e e e e e i i . . T 158]
#15ED. ... ... .. e e e e e e i i e . 158]
#16ED. ... ... ... .. e e e e i e e e . 158]
#LITED. ... ... .. i e e e e e i e e . L 158]
#18ED. ... ... .. . e e e e e i e e . 158]
#19ED. ... ... .. . e e e e e i e e . L 158]
#1ED. N I R<1¢]
#20ED. ... ... ... . e e e e i e i e oo L 158]
#21ED. ... ... ... .. .. a0 e e e e e e . 158]
#22ED. ... .. . e e e i e i e e e . L 158]
#23ED. att ... ... ... ... .. .. e e e e . .. | 158]
H#24ED. ... ... .. e e e e i e e i o 158]
#26ED. ... ... ... .C. ... .a0 ... .t. ... ... ... ... ... [156]
#27ED. ... ... ... ... ... AL, ... T.. G. ... ... ... [156]
#28ED. ... ... ... ... .. AL L0 0 o0 oo o . [ 158]
#29ED. ... .C. ... ... e e e e i i i e . | 156
#2ED. e I RS14Y
#30ED. ... ..C ... ... ... .. i e i i i e . 156
#31ED. ... ... .. e e e e e e i e e . L 158]
#32ED. ... ... . e e e e i e i e e . L 158]
#33ED.  --. ... .. . . e e e e i e i . 156
#35ED. ... ..C ... ... .. .. . e i i e i . 156
#36ED. ... ... .. . e e e e e e e e . L 158]
#3TED. ... ... .. i e e e e e i e e . 158]
#3BED. --. ... .. . . e e e e e i e . 156
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#39ED.
#A1ED.
#43ED.
#46ED.
#A8ED.
#49ED.
#4ED.

#50ED.
#51ED.
#52ED.
#56ED.
#57ED.

HBBED. ... ... i i i oG ..

#5SED.
#60ED.
#61ED.

H63ED. ... ... o i il oG

#65ED. ... ... ...
#8ED. R O
#6ED.

#25ED. ..t at ..t a. ... .. A...

#66ED. ... ... ...
#76ED. ..t .c. .ct
#77ED. ... ... .cC.

#10ED. TAA TAT ATA TAT ATA TAT ATA ---

#11ED.
#12ED.
#13ED.
#15ED. ... ... ... ..o L
#16ED. ... ... ... ... .-- ---
#17ED.
#18ED. ... ... ... ... .. L.
#19ED. ... ... ... ... .-- ---
#1ED.
#20ED.
#21ED. ... ... ... oo L L
#22ED. ... ... ... .. L-- ---
#23ED.
#24ED.
#26ED. ... ... ... oo L L
#27ED. ... ... ... ... -- ---
#28ED.
#29ED.
#2ED. e e e e e
#30ED. ... ... ... ... .-- ---
#31ED.
#32ED.
#33ED. ... ... ... oo oL .
#35ED. ... ... ... ... L-- ---
#36ED. ... ... ... ... .. L.
#37ED. ... ... ... ... - ---
#38ED.
#39ED. ... ... ... ... L. L.
#41ED. ... ... ... ... ... ---
#43ED.
#46ED. ... ... ... .0 L L.
#48ED. ... ... ... ... ... ---
#49ED. ... ... ... ... ... .-
#4ED.
#50ED.
#51ED.
#52ED.

TA-

.t

TAT ATA TAT A .

[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]
[ 156]

[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]
[ 195]



H5BED. ... ... . o e e e eee oeee oo ... ... [195]
H5TED. ... o e e e e i mme e e ... [195]
H58ED. ... . e e e i i TA m-- - = .. [195]
HSED. .t e e e e e i mmeomee e .. [195]
HBOED. ... oo e e e e s mmeoeee e ... [195]
HBLED. ... .. e e e e i mme e e . ... [195]
H63ED. ... . e e e i mmeomeeeee e ... [195]
HB5ED. ... ... i o e e e eee eee oo . ... [195]
HBED. ... ... i e e e e eee eee e . ... [195]
HBED. ... i e e e e o mmeoeee e . ... [195]
B25ED.,  T@. ... i e e e i mme e eee o . ... [195]
HBBED. ... .. e e e e o mmeomee e ... [195]
HTBED. ... i i e e i i TA me- e ... [195]
HTTED. ... v i i i i i TA e e - ... [195]

#10ED. AAC CAA ATA TAG GAC CGC AAC CaT TCT CTT TAG TAA TGT [234]
BLLED. ... oo it i ool [ 234]
BI2ED. ... ... . O UA L [234]
BI3ED. ... e e e s A o e o [234]
BIBED. ... . e e e ool A o [234]
B1BED. ... ... ... . i . ... UACC. ... .. .. .. [234]
BLTED. ... o i oo [234]
BIBED. ... i e e e e oo [ 234]
#19ED. ... ... ... ... ... ... ... .AC o .. [234]
#1ED. ... ... ... ... ..T ... ... ..C ca ... [234]
#20ED. ... ... ... ... ... ... ... .AC . [ 234]
H21ED. ... e e e e [ 234]
#22ED. ... ... i i e e ... UACC. oo [234]
H23ED. ... i e ool [ 234]
#24ED. [ 234]
H26ED. ... ... e i e [ 234]
#27ED. ... ... ... ... ..T ... [ 234]
#28ED. ... ... ... ... ..T ... [ 234]
H29ED., ... ... ... o A [ 234]
1= Y Yo [ 234]
#30ED. ... ... ... i . ... ... .AC [ 234]
#31ED. [ 234]
#32ED. [ 234]
#33ED. [ 234]
#35ED. [ 234]
#36ED. [ 234]
#37ED. [ 234]
#38ED. [ 234]
#39ED. [ 234]
#41ED. e e o 1234
#43ED. Coo oo i i [234]
#46ED. e e e oo 1234
#48ED. [ 234]
#49ED. [ 234]
H#AED. [ 234]
HB0ED. ... ..o i e [ 234]
#51ED. ... ... ... .. ... A [ 234]
#52ED. [ 234]
#56ED. [ 234]
#57ED. [ 234]
#58ED. [ 234]
#5ED. [ 234]
#60ED. [ 234]
#61ED. e e oo 1234
#63ED. Coo oo e i o [234]
#65ED. e e 1234
#8ED. Coo oo i [234]
#6ED. e e e oo 1234

O 000 O

= > >

00 00!

> > >

>> >
O O
0. 0

PRPEPEPPPPBRIPPOPPREIPP
Y L .
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#25ED.
#66ED.
#76ED.
#TTED.

#10ED.
#11ED.
#12ED.
#13ED.
#15ED.
#16ED.
#17ED.
#18ED.
#19ED.
#1ED.

#20ED.
#21ED.
#22ED.
#23ED.
#24ED.
#26ED.
#27TED.
#28ED.
#29ED.
#2ED.

#30ED.
#31ED.
#32ED.
#33ED.
#35ED.
#36ED.
#37ED.
#38ED.
#39ED.
#41ED.
#43ED.
#46ED.
#48ED.
#49ED.
#4ED.

#50ED.
#51ED.
#52ED.
#56ED.
#5TED.
#58ED.
#5ED.

#60ED.
#61ED.
#63ED.
#65ED.
#8ED.

#6ED.

#25ED.
#66ED.
#T76ED.
H#TTED.

#10ED.
#11ED.
#12ED.
#13ED.
#15ED.

TTG ATT TAC AAT AAT TAG TTG GIT ATG GAG TGI ACA ATG

. a.

>> PP PP

S>> PP P>

S>>0 >

. g.
AAT TGA TAA TGC TGI ACA TAT AGC CTA GIA ACC AAC TAA

.Ac c..
LA
LA
LA

A .
A .
A .

LA
LA
LA

[ 234]
[ 234]
[ 234]
[ 234]

[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[ 273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[ 273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]
[273]

[312]
[ 312]
[ 312]
[312]
[312]



#16ED.
#17ED.
#18ED.
#19ED.
#1ED.
#20ED.
#21ED.
#22ED.
#23ED.
#24ED.
#26ED.
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Appendix F Microsatellite allele frequencies fordaemelii across the various
sampling locations (n = sample size, sampling lmcagbbreviations as per Table 1)

CA-2
Middle Eliza Middle Eliza
Allele Bunda Saumar. PortS Berma RockyP 06 06 LordH 07 07 Overall
255 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000.000 0.036 0.007
257 0.000 0.000 0.000 0.000 0.000 0.014 0.000 0.500.100 0.107 0.042
261 0.000 0.000 0.000 0.000 1.000 0.028 0.100 0.000.000 0.000 0.042
267 0.500 0.000 0.000 0.000 0.000 0.028 0.000 0.000.000 0.071 0.035
269 0.500 0.000 0.000 0.500 0.000 0.167 0.050 0.000.100 0.071 0.127
271 0.000 0.000 0.000 0.000 0.000 0.000 0.150 0.000.200 0.107 0.056
273 0.000 0.500 0.500 0.500 0.000 0.181 0.250 0.500.300 0.071 0.190
277 0.000 0.000 0.000 0.000 0.000 0.056 0.050 0.000.000 0.071 0.049
281 0.000 0.500 0.500 0.000 0.000 0.056 0.000 0.000.100 0.107 0.070
287 0.000 0.000 0.000 0.000 0.000 0.028 0.000 0.000.000 0.000 0.014
289 0.000 0.000 0.000 0.000 0.000 0.014 0.000 0.000.000 0.000 0.007
201 0.000 0.000 0.000 0.000 0.000 0.069 0.000 0.000.100 0.179 0.078
293 0.000 0.000 0.000 0.000 0.000 0.125 0.100 0.000.000 0.000 0.078
295 0.000 0.000 0.000 0.000 0.000 0.097 0.050 0.000.000 0.036 0.063
297 0.000 0.000 0.000 0.000 0.000 0.097 0.150 0.000.100 0.107 0.099
299 0.000 0.000 0.000 0.000 0.000 0.028 0.050 0.000.000 0.036 0.028
301 0.000 0.000 0.000 0.000 0.000 0.014 0.000 0.000.000 0.000 0.007
303 0.000 0.000 0.000 0.000 0.000 0.000 0.050 0.000.000 0.000 0.007
n 1 1 1 1 1 36 10 1 5 14 71
CA-3
Middle Eliza Middle Eliza
Allele Bunda Saumar. PortS Berma RockyP 06 06 LordH 07 07 Overall
329 0.000 0.000 0.500 0.000 0.000 0.059 0.188 0.000.000 0.071 0.075
333 1.000 0.000 0.000 0.500 0.000 0.132 0.000 0.000.200 0.179 0.142
335 0.000 0.000 0.000 0.000 0.000 0.103 0.063 0.500.000 0.107 0.090
337 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.000 0.008
339 0.000 0.000 0.000 0.000 0.000 0.059 0.125 0.0000.000 0.000 0.045
341 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000.000 0.036 0.008
345 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.000 0.008
347 0.000 0.000 0.000 0.000 0.000 0.000 0.063 0.000.000 0.036 0.015
349 0.000 0.000 0.000 0.000 0.000 0.074 0.000 0.0000.300 0.071 0.075
351 0.000 0.000 0.000 0.000 0.000 0.000 0.063 0.000.000 0.071 0.022
353 0.000 0.000 0.000 0.000 0.000 0.162 0.063 0.000.100 0.036 0.105
355 0.000 0.500 0.000 0.000 0.500 0.029 0.188 0.000.200 0.071 0.082
357 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.500.100 0.071 0.037
359 0.000 0.000 0.000 0.500 0.000 0.044 0.000 0.000.000 0.036 0.037
361 0.000 0.000 0.000 0.000 0.500 0.044 0.125 0.000.000 0.036 0.052
363 0.000 0.500 0.000 0.000 0.000 0.044 0.063 0.000.000 0.000 0.037
365 0.000 0.000 0.500 0.000 0.000 0.015 0.000 0.000.000 0.036 0.022
367 0.000 0.000 0.000 0.000 0.000 0.029 0.000 0.000.100 0.000 0.022
369 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.036 0.015
371 0.000 0.000 0.000 0.000 0.000 0.059 0.000 0.000.000 0.000 0.030
373 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.107 0.030
375 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.000 0.008
377 0.000 0.000 0.000 0.000 0.000 0.015 0.063 0.000.000 0.000 0.015
379 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000.000 0.000 0.008
399 0.000 0.000 0.000 0.000 0.000 0.029 0.000 0.000.000 0.000 0.015



CA-4
Middle Eliza Middle Eliza

Allele Bunda Saumar. PortS Berma RockyP 06 06 LordH 07 07 Overall
311 0.000 0.000 0.000 0.000 0.000 0.024 0.031 0.0000.000 0.000 0.018
313 0.000 0.250 0.000 0.000 0.000 0.024 0.063 0.0000.000 0.000 0.029
315 0.000 0.000 0.000 0.000 0.000 0.024 0.000 0.0000.000 0.033 0.018
317 0.000 0.000 0.500 0.000 0.000 0.000 0.031 0.0000.000 0.000 0.012
319 0.000 0.000 0.000 0.000 0.000 0.119 0.219 0.0000.000 0.033 0.106
321 0.500 0.000 0.000 0.000 0.500 0.179 0.250 0.500.600 0.133 0.212
323 0.000 0.000 0.000 0.000 0.000 0.083 0.063 0.0000.000 0.100 0.071
325 0.000 0.000 0.000 0.000 0.000 0.024 0.031 0.0000.000 0.000 0.018
327 0.000 0.000 0.500 0.000 0.000 0.000 0.000 0.0000.000 0.033 0.012
329 0.000 0.000 0.000 0.000 0.000 0.012 0.000 0.0000.000 0.000 0.006
331 0.000 0.000 0.000 0.000 0.000 0.012 0.000 0.0000.000 0.000 0.006
335 0.000 0.250 0.000 0.000 0.000 0.000 0.000 0.0000.000 0.000 0.006
339 0.000 0.000 0.000 0.000 0.000 0.024 0.000 0.0000.100 0.000 0.018
341 0.000 0.000 0.000 0.000 0.000 0.071 0.031 0.000.000 0.167 0.071
343 0.500 0.000 0.000 1.000 0.500 0.048 0.031 0.0000.000 0.133 0.077
345 0.000 0.000 0.000 0.000 0.000 0.119 0.063 0.0000.200 0.033 0.088
347 0.000 0.500 0.000 0.000 0.000 0.131 0.063 0.5000.000 0.100 0.112
349 0.000 0.000 0.000 0.000 0.000 0.024 0.094 0.0000.000 0.067 0.041
351 0.000 0.000 0.000 0.000 0.000 0.012 0.000 0.0000.000 0.067 0.018
353 0.000 0.000 0.000 0.000 0.000 0.071 0.000 0.0000.100 0.100 0.059
359 0.000 0.000 0.000 0.000 0.000 0.000 0.031 0.0000.000 0.000 0.006

n 1 2 1 1 1 42 16 1 5 15 85




