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Abstract

The utility of 15 new and 17 previously published microsatellite markers was evaluated for
species identification and stock delimitation in the deep-water hake Merluccius paradoxus and
the shallow-water hake Merluccius capensis. A total of 14 microsatellites was polymorphic in M.
paradoxus and 10 in M. capensis. Two markers could individually discriminate the species using
Bayesian clustering methods and a statistical power analysis showed that the set of markers for
each species is likely to detect subtle genetic differentiation (Fsr < 0.006), which will be valuable

to delimit and characterise genetic stocks.
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Both the shallow-water hake Merluccius capensis Castelnau, 1861 and the deep-water hake M.
paradoxus Franca, 1960 are targeted by a valuable demersal fishery along the west coasts of
Southern Africa (>100 million USD annually; Butterworth & Rademeyer, 2005), but the
intensification of exploitation over recent decades caused a resource decline (Payne & Punt,
1995). Due to their morphological similarity and overlapping distribution, the two species are
not distinguished in the commercial landings records (von der Heyden et al., 2007b) and they
are combined into geographic managements units, namely Namibia, west coast and south coast
of South Africa (Butterworth & Rademeyer, 2005). Previous genetic surveys successfully
distinguished the two species (Grant et al., 1987; von der Heyden et al., 2007b; Garcia-Vazquez
et al., 2012) and detected population differentiation (Grant et al., 1987; von der Heyden et al.,
2007a) using mtDNA markers and allozymes. Since these markers are inadequate to draw final
conclusions regarding stock delimitation, highly informative markers such as microsatellites are

necessary (Selkoe et al., 2006).

To provide reliable genetic markers for species identification and stock delimitation in the two
Cape hake species, the resolution power of newly developed and previously published
microsatellites is assessed. The development of de novo microsatellite markers is presented.
The discriminating power of each microsatellite for the correct identification of species was
evaluated. A simulation approach was used to assess the robustness of each set of markers in

detecting subtle genetic differentiation.



Total genomic DNA was isolated using the DNeasy tissue extraction kit (Qiagen,
www.giagen.com). A partial genomic library enriched using two sets of four tetranucleotide
repeat probes (TATC/AGCA/GCGA/CAGC and GATA/GTCT/GAAA/ACGT) was generated for M.
paradoxus following Zane et al. (2002). A total of 585 clones was selected and sequenced and
Msatcommander 0.8.2 (Faircloth, 2008) was used to identify 213 sequences containing repeats
and design 141 primers after exclusion of duplicates (Table SI, Supporting Information). A total
of 20 loci was chosen for further analyses based on quality/length of the repeats (e.g.
containing perfect repeats). Additional microsatellites were tested from: Moran et al. (1999,
five markers), Seibert & Ruzzante (2006, four), D’Amato et al. (1999, six) and Rico et al. (1997,

two).

A total of 15 markers with consistent PCR amplification on 2% agarose gels stained with
GelRedTM Acid stain (Biotium, www.biotium.com) were selected. PCRs were prepared with 25-
100 ng of genomic DNA, 1X PCR buffer, 0.4U Supertherm Taqg polymerase (Southern Cross
Biotechnologies, http://za.w393.com/27566370205), 1.5 mM MgCl,, 1 pmol forward and
reverse primers (Inqaba Biotec, www.inqababiotec.co.za) and 0.2 mM dNTPs (Promega,
www.promega.com) in a final volume of 10 pL. The PCR cycling conditions were: 5 min at 94°C,
followed by 35 cycles of 30 sec at 94°C, 30 sec at 55°C and 45 sec at 72°C and a final elongation
step of 20 min at 72°C. Polymorphism was assessed in 32 adults of each species collected within
the same location in 2005 (von der Heyden et al., 2007a). The genotyping was performed by
combining the Quantitect Multiplex PCR kit (Qiagen, www.giagen.com) and four markers

fluorescently labelled using the G5 dye set (NED, VIC, PET or FAM) from Applied Biosystems



Table I. Characterization of microsatellite markers for the deep-water hake Merluccius paradoxus. The “Fluo” column refers to the fluorescent labels; F and R
refer to the forward and reverse primers; A: number of alleles; H¢ and Hy: unbiased expected and observed heterozygosity; F;s: inbreeding coefficient assessing

“uxn

Hardy—Weinberg equilibrium (HWE) within samples; indicates markers showing a significant deficit of heterozygotes (departure from HWE) and potential

presence of null alleles according to Micro-Checker.

Locus Fluo Repeat motif (5'-3') Primer sequences (5'-3') Size (bp) A Hg Ho Fis

MP0051 NED (GGCT)g F GTT GGA CCA ACA CCG GGA TG 176-220 8 0590 0.531 0.101™
R ACG CTC CTG TGG ACC AGA TG

MP0318 FAM (ACAG)s F TTG TCC GGC CAT GGT GAC AG 129-165 9 0.641 0.531 0.174"
R AGG CCT AGC ATG CCA AGA AG

MP0374 PET  (CTGT)s F GCTTGG TGT GGC TAT GAC TC 89-105 4 0.441 0.406 0.081™
R CAA CCT CGT CTG TCC TTT GG

MP8450 VIC  (AGAT) F AGA GTT AGC GCA CAG TCC AC 194-274 16 0.917 0.812 0.115"
R TGT CCT GTC TAC CCG TTG TC

MP8477 VIC  (AG)s...(CTGT)g F TTG GGA CGG TCC CAG GAA AG 99-171 14 0.891 0.812 0.089™
R GAA GTG ACC GTT GGC CCATC

MP8478 VIC  (ACAG)s...(GT)s...(GT)e...(GT)s F AGA ACA ATG CAG CGG CTA AC 188-224 12 0.885 0.906 -0.024™

R AGC CACAGTCCACATTCATC



MP8494

MP9102

MP9117

MP9131

Mmerhk3b

Mmerhk20

Mmerhk29

Mmer110-8

NED

NED

PET

PET

FAM

PET

VIC

NED

(CTGT)s

(ACAG)s6

(AGAT)yy

(AGAT)s

(GT).

(GT)1s

(TG)12

(CA)1

TGATGATGATGC GGATGG AG

GTG GCT TGATGA TGT GAA CC

GTA CAT ACG CACGCAGACAG

TGT GTC TTG GGA CAG AGT TG

GTA AAC ACA GGT GGG AAA GG

GGT CTG CAACACAACACAAG

CGG GAG GGT TAACAG TTATG

GTG TCCACCCAAGAT GTATG

TAG ATT ACC CGCTACTGG

GGCTTC AGG AAC AGA ATG

CAG AGC CCT GCA AAG GAG AC

CTA CCG CACTGG ACT GTG AG

GTT GCCAGT GGTTACG

TCCAGCTAGACCTTG TG

CAT GGT CGG GGA AAT AGA GGG

CTA CCA ACG GAT GAG CCA AAC

290-326

242-334

273-321

293-317

182-202

214-282

134-162

113-141

10

25

14

20

10

14

0.690

0.967

0.916

0.569

0.441

0.931

0.880

0.918

0.687

1.000

0.875

0.406

0.437

0.937

0.594

0.656

0.004"™

-0.034™

0.046™

0.289*

0.009 ™

-0.007™

0.329*

0.288*




(www.appliedbiosystems.com). The PCR products were then electrophoresed along with the
GeneScan-500 LIZ size standard on an ABI 3100 (Applied Biosystems,
www.appliedbiosystems.com) and alleles scored using GeneMarker 1.80 (SoftGenetics,

www.softgenetics.com).

Genetic parameters and significance tests were performed using Genetix 4.05 (Belkhir et al.,
2004) and included unbiased expected heterozygosity (Hx; Nei, 1978), observed heterozygosity

(Ho), number of alleles per locus (A), Hardy-Weinberg (F;s) and linkage (LD) disequilibrium

Table Il. Characterization of the 10 polymorphic microsatellite markers for the shallow-water hake Merluccius
capensis. A: number of alleles; Hr and Hp: expected and observed heterozygosity; Fs: inbreeding coefficient

“uxn

assessing Hardy—Weinberg equilibrium within samples. indicate markers showing significant deficit of

heterozygotes (departure from HWE) and potential presence of null alleles according to Micro-Checker.

Locus Size (bp) A Hg Ho Fis
MP0051 192-212 5 0.306 0.344 -0.127"
MP0318 129-149 5 0.310 0.281 0.095™
MP0374 83-87 2 0.146 0.156 -0.069™
MP8450 215-275 12 0.870  0.812 0.067™
MP8478 192-228 10 0.824  0.969 -0.179™
MP8494 308-320 4 0305 0.125 0.593*
Mmerhk3b 321-325 3 0.588 0.562 0.044™
Mmerhk20 215-259 19 0.917 0.844 0.081™
Mmerhk29 151-183 14 0.877 0.344 0.612*
Mmerhk34b 118-166 18 0.924  0.750 0.190%



http://www.softgenetics.com/

(Table I). A total of 14 polymorphic microsatellites (10 de novo) were obtained for the deep-
water hake (A = 4-25; Hx = 0.441-0.967; Table I) and 10 (six de novo) for the shallow-water
hake (A = 2-19; Hc = 0.146—0.924; Table Il). No LD was observed among markers. Micro-Checker
2.2.3 (Van Oosterhout et al., 2004) detected null alleles in markers showing departure from
Hardy-Weinberg equilibrium in the deep-water hake (MP9131, Mmerhk29, Mmer110-8) and
the shallow-water hake (MP8494, Mmerhk29, Mmerhk34b). However, this departure could be
linked to genetic subdivision in the samples rather than to the presence of null alleles (e.g.

Hoareau et al., 2009).
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Figure 1. Power of each locus to distinguish between Merluccius paradoxus (N = 32) and M. capensis (N = 32), their
associated Fsrand Ggr values and cumulated frequency of private alleles observed between the two species. The
markers, ranked according to their Fg; values, are those giving consistent amplification in both species. The power
refers to the percentage of cluster analysis runs implemented in Structure v2.3.1 for which the locus can

discriminate the species. ¥ denotes previously published markers and * de novo markers.



The resolution power of each locus in distinguishing the two species was evaluated using F-
statistics and a clustering method. Fsr (in Genetix) and Gsr (in GenAlEx 6.5; Peakall & Smouse,
2012) were estimated for each locus giving consistent amplification in both species (Fig. 1). The
clustering method implemented in Structure 2.3.1 (Pritchard et al., 2000) was applied per locus
(no admixture, correlated allele frequency) using 10® MCMC replicates following a burn-in
period of 10°. The most likely number of clusters (K) was determined following Evanno et al.
(2005) over 20 runs for each K = 1-4. The markers MP0374 and Mmerhk3b showed high genetic
differentiation (Fsr 2 0.25; Gsr = 0.15) with 100% private alleles and could individually assign
each genotype to the correct species with high accuracy (Fig. 1; Fig. 2). All the other markers

cannot individually discriminate the species even though some show 100% private alleles.
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Figure 2. Bayesian cluster analyses illustrating the distinction between samples of Merluccius paradoxus (n=32)
and M. capensis (n=32) at the markers MP0374 and Mmerhk3b. These two markers have the highest Fs; values and

can identify the species.



The effect of directional/balancing selection on the discriminating power of the
microsatellites was investigated using LOSITAN (Antao et al., 2008). The program compares
observed Fsrvalues to 10° coalescent simulations obtained under mutation—drift equilibrium
and a stepwise mutation model. Variation at several loci deviated significantly from neutral
expectations but only Fsr values of MP0374 and Mmerhk3b were found above the 99%
confidence interval (Fig. 3), suggesting directional selection. Considering the long divergence of
the species (Grant & Leslie, 2001), the patterns of selection are likely ancient as already
observed in other taxa (Narum et al., 2008). Therefore, should divergent populations be

included, the two markers will still accurately distinguish the Cape hake species.
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Figure 3. Results of LOSITAN analysis of the two Cape hakes M. paradoxus and M. capensis for the detection of
microsatellites deviating from a model of neutral evolution. The average and 99% confidence limits (three
trendlines) of Fs; are obtained from simulations under a stepwise mutation model using the weighted mean Fs;
assumed to be neutral. The circles represent the Fg; calculated for each microsatellite marker; the dark grey circles

illustrate the markers under directional selection.
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Figure 4. Power analysis of the microsatellite dataset for Merluccius paradoxus (14 markers) and M. capensis (10
markers) for different Fsr values and sampling 50 individuals from each population. The minimum level of genetic
differentiation that can be detected with 95% statistical power (resolution of the markers) is Fs; = 0.0049 for M.

paradoxus, Fsr = 0.0057 for M. capensis.

To evaluate whether the microsatellites are suitable to delimit genetic stocks, the resolution
power of each set of markers was assessed using POWSIM 4 (Ryman & Palm, 2006). The test
relies on the detection of significant values of Fsr estimated at different time points since
population divergence under the Wright—Fisher model. For each run, the program randomly
assigns alleles among the simulated divergent populations and randomly samples genotypes to

estimate Fsr values and their significance (Chi-square tests). The parameter sets were 5x10°
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individuals and 50 samples for each population and 10% simulations. The results show that the
microsatellite sets are able to detect low genetic differentiation (Fsr < 0.006) in both deep-
water and shallow-water hake (Fig. 4). These Fsr values fall within the threshold over which
clustering methods can distinguish populations (Fsr = 0.005—0.007; Waples & Gaggiotti, 2006),

and should therefore detect subtle genetic differentiation and demographic independence.

The present study describes molecular tools and results that are relevant for the
management of the Cape hakes. First, the two markers with high discriminating power will be
important for species identification in several fields including management aspects (distribution
area, landings, unintentional harvest, etc.), legal actions (e.g. poaching, traceability) or
ecological surveys (especially ichthyoplankton). Secondly, the sets of microsatellite markers will
be used to further investigate the currently recognized management units of Cape hakes.
Finally, considering the high level of transferability of microsatellites within (Reid et al., 2012) or
across fish families (Carreras-Carbonell et al., 2008), the new markers provide a potential

resource for genetic studies of other species within the Gadiformes.
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Supplementary material

Table S1. Details of Merluccius paradoxus sequences containing at least four repeats and with sufficient flanking region for primer design generated from the microsatellite
library; TM refers to the annealing temperature of the primers.

CLONE REPEAT MOTIF PRIMER_LEFT ™ COEﬁEN PRIMER_RIGHT “T/I coiﬁEN AM(PBLL():ON START  ENDS
T T
M7958  (AGAT)12 CACCCAAATGGAGGTGCTG 59 58 éAGGTGTCAGCAAGGGAA 58 53 249 155 203
M8418  (ACAG)5...(AGGC)4 ZAGACATGCAGACAGACG 59 58 ACCGGACCATCTCAACAGC 60 58 185 114 134
M8424  (CTGT)4 AATAACCACCTCGCTCACG 58 53 GGTCTCACCTCGGTAGTGC 60 63 500 670 686
M8426  (CTTT)13 gGATGGGGAACTGACCAC 60 63 CATGTTTGCACACCGCCTC 61 58 204 162 214
V8428 §?§)21...(ACAG)ZO...(ACAG)4...(ACAG gigiéigGAGAGAGAGA 60 50 CTGTCEECCCGTCCATC 61 - 250 5 "
M8429  (AC)7 CCCGTTTACCCGGAGGTC 60 67 GTCCATCGGCCTGTCTCTC 60 63 231 42 56
M8432  (AGGC)4 ?é’éATGATAACCTCAAACC 58 41 AGAGCTGCTTGCCCTCTTG 61 58 237 70 86
M8438  (GT)13..(GT)17 (T;GTGTGTGTGTGTGTGTGT 60 50 AGCCTGGGACTGGGAGG 61 71 136 109 135
M8439  (ACAG)4 gAGGCAGACAGACAGGTG 60 58 CTAGTCTCGGATCGCTGGG 60 63 177 121 137
M8441  (ACAG)4 gAGGCAGACAGACAGGTG 60 58 CTAGTCTCGGATCGCTGGG 60 63 177 122 138
M8446  (ACAG)5 AAACCTTGCATCGACACCC 59 53 gGCCTAGCATGCCAAGAA 59 58 163 131 151
M8449  (AGAT)5...(AGAT)6...(AGAT)4 TGCACCTTTCACCTGGGAG 60 58 TTGGACCCTGAATGTCCCC 60 58 200 224 244
M8450  (AGAT)16 GTTAGCGCACAGTCCACAG 60 58 CTTCCTGTCCTGTCTACCCG 60 60 236 258 322
M8453  (ACAG)A..(ACAG)S gATGTCAGTCATGTGACCC 5 - 12TGTCTGTCTGTCTGTCTG 60 50 219 102 118
M8454  (CT)6...(AGG)4 GGATTTCAGCCGACTGTGC 60 58 ATGCTGAAGCTCCCTCCTC 60 58 187 256 268
M8457  (GT)S...(GT)6 gGGATACGACGGﬁAGGC 60 58 TGCACACACACACACACAC 60 53 246 488 504
M8458  (AGGC)4...(ACAG)4 TGTGTCTTGGGCATTCGAG 59 53 ECTGTCTGTCTGTCTGTCTG 60 52 152 151 167
M8460  (CT)10..(CTGT)11 TGTCGCTCTCTGTCTGTCTG 60 55 CCTGCCAGAGTGAAAATCT 60 48 129 90 110
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M8461

M8466

M8469

M8470

M8472

M8474

M8477

M8478

M8479

M8480

M8481

M8482

M8483

M8484

M8487

M8489

M8494

M8495

M8497

M8502
M8504

(AG)9

(ACAG)4...(ACAG)4
(AC)8...(AC)6...(CT)21

(CT)20...(CT)6

(ACAG)S5...(ACAG)5

(ACAG)4...(ACAG)5...(AGAT)6...(ACAG
)5...(AGAT)4...(ACAG)4

(ACAG)S...(CT)6

(GT)6...(GT)6...(GT)9...(ACAG)8
(ATT)4

(GT)7...(AAAG)10...(ACAG)22
(AG)6...(ACAG)15

(AG)6

(CT)8...(GT)7
(ACAG)5...(AGAT)17...(ACAG)8
(AG)11...(AG)6...(ACAG)18
(CTTT)4...(CTGT)16...(CTTT)10
(ACAG)5

(ACAG)5...(ACAG)5

(CTTT)13...(CTTT)13...(CTTT)10

(ACAG)5...(GT)8
(CTTT)5...(AAT)4

GACTCCGGGTACAGTCAGC

GACAGACCAATAGGACGA
CAATC

CTCTCTCGCTCTCGCTCTC

GCGCCAATGTACAGCCAC

ACAGACAGACAGCCAGAC
AG
GAGACAGCGAGAGCGAGA
G
CTTGGAGGAGTGTGGGGA
G
GGGTAGAACAATGCAGCG
G
ATGAGGTCACGCCCACTTC

AGTGTGTGTTTGTGTAAGG
GG
AGGGAGAGAGACAGAGAG
AGAG
AGGTCTGAGAGCCAGGAA
G

TATTGCAGACATCCACGGC

GATAGATAGAGACAGACA
GACAGAC
GAGAGAGAGAGAGAGAG
AGAGAG
TGTCTGTCTGTCTGTCTGTC
TG
ACACAGACAGACAGGCAG
G
ACAGGCAGACAGATAAAA
CGG

TATCCGAGCCCAAACTGGC

GGGTGTGTGTGTGTGTGTG
TCTCTTTCTTTCATTCTTCCC

60

60

60

60

60

60

60

60

59

60

59

59

58

58

60

60

59

61

60
57

63

48

63

61

55

63

63

58

58

48

55

58

53

44

52

50

58

48

58

58
38

17

AAGC

ACACACGGCAACACTGATA
AC

CGCATCTGCATCCATCTTCC

GCCATTTAGCTTGCGGGTC

AGAGAGAGAGAGAGAGA
GAGAGAG
ACTGTTAGCACCATTAGCA
CG
TCTGTCTACCTACCTACCTA
TCTG
GGGTTGCTGGATGTTGGA
C

CGAGCCACAGTCCACATTC

TTACCTGCCTGCCTGTCTG
TCTGTCTGTCTGTCTGTCTG
TC
GGAAAGTGGCGTGAAGAC
G
TGACCCTCAGGAAAGGTCA
AC
GCAACAGGAAGACAGCGA
G
ACGCACATGCACACATACA
C

CTTCCCACAAAGCCCAACG

AGGAAAGGAAAGCGTGAG
AG
GCGAGGGTAAATTCCGAG
G
GGCGGCACTCAAGTTCAA
G
ACCAAAGGGAATAAGAGG
GG

CGACACCTGCGTTAAGTGC
GTGCACACACAAAGTGGTC

60

60

60

60

59

58

59

59

60

60

60

60

60

60

60

58

59

60

57

60
58

48

55

58

50

48

46

58

58

58

50

58

52

58

50

58

50

58

58

50

58
53

211

249

164

154

150

266

201

191

227

153

211

165

224

241

179

175

243

220

243

185
179

537

56

164

163

32

147

75

328

156

273

63

262

100

276

211

54

239

83
72

555

72

180

203

52

163

107

340

168

287

21

75

278

120

25

292

231

74

291

103
92



M8505
M8508

M8511

M8727

M9100

M9101

M9102

M9117

M9119

M9121

M9122

M9129

M9130

M9131

M9133

M9347

M9349

M9350

M9351

M9352

(CT)14...(CT)7
(AAG)4

(AGAT)6...(ACAG)13...(AGAT) 16
(AGCC)6...(CAGT)4
(CT)15...(CTGT)4

(cme6

(ACAG)16

(AGAT)11

(AGCC)6
(AGAT)10...(ACAG)8...(AGAT)4
(CTGT)4...(AGCC)4...(AGCC)8

(ACAG)9...(AGAT)21...(AGAT)5

(ACAG)15...(AGAT)23...(AG)9...(AG)9

..(ACAG)4...(ACAG)7
(AGAT)5

(CT)10...(CT)6...(CT)11...(CT)6
(CT)18...(CTGT)5

(CTTT)23

(AGAT)4...(ACAG)11...(AGAT)S...(AGA

T)14...(ACAG)13...(AGAT)4

(ACAG)9...(ACAG)5...(ACAG)A4...(ACA

G)4
(CT)15...(CT)10...(CT)7...(GT)14

TTC

CACATTCCCGTACTGGCTC

GCACGGTTCACTTGGGTTC

GTGGACGTAACTGAAAGC
CTC

CAGTCAGTCAGCCACCCAG

TGTCTGTCTGTCTGTCTGTC
TC
AGATTTACTCATCCGCTCCC
C
TGATAAAGGAGCATTCCAC
GG

AGGTGGGAAAGGCTGCAC

TCCTGTGGTACGAGCAAGC

AGACAGACAGACAGACAG
ACAG

CTCAGAAAACCAGGCGTCC

AGACAGACAGACAGACAG
ACAG
AGACAGACAGACAGACAG
ACAG

TGGACAGATCAGCCTACCG

CTGTCTCTGTCTCTCTCTCT
CTC
TCCGAAGGTCGATTTCTCC
C

GCGGTGTTTACCCACAAGG

AGACAGACAGACAGACAG
ACAG
AGCGACACCCTATACGCTA
C
TCAAGAAGCGGCCTGGAA
G

59
60

60

61

60

60

59

61

60

60

59

60

60

59

59

60

60

60

60

61

58
58

52

63

50

52

48

61

58

50

58

50

50

58

52

55

58

50

55

58

18

AACGCACCAGCCAATGAAC

TTGCCTCATCTGGGCCTTG

ATCTGTCTGTCTGTCTGTCT
GTC
CCTGAGGCGAAGGGTTAG
G
CCACTCCCGTGTCACATTA
C
ACAGACAGACAGCCAGAC
AG
CAGCATAGCAAGAGATACT
GC
ATCAGCGGAAAGGCTGAG
G
TCTGGCTGTATGTCGGTCT
G
TCGATTTGTGTGGGATGGA
C
AGACATAGAGCTGGCTGG
C
GCCCAGGACATACGAATG
ATG
TGGGAACAGGTGGGAGTT
G
GAAGGAAAGATCAGCCCG
C

ATCAGCGGGTTCAGTGCTC

TGTATGTGTGTGTGCGTGC

GCAGCCATGAGGAAGGAA
G

AAGCGTCCACCAAATGACC

TCCTTCCTTCCTGTCTGTCT
G

AGAGAGTCGTCGCTCCAAC

60
61

60

60

59

60

57

61

60

59

60

60

60

59

61

60

59

59

60

60

53
58

48

63

55

55

48

58

55

50

58

52

58

58

58

53

58

53

52

58

375
152

150

246

166

193

238

195

244

188

224

250

385

233

156

208

203

277

247

250

392
223

65

334

137

50

241

75

168

135

495

37

202

126

104

161

259

36

72

307

420
235

89

358

167

62

305

119

192

175

511

73

262

146

124

197

351

52

108

337



M9354

M9355

M9356

M9358

M9359

M9363

M9364

M9366

M9367

M9370

M9373

M9375

M9378

M9379

M9380
M9381

M9383

M9386

M9388

M9389

M9391

(AGAT)13...(AGAT)4...(CT)8...(AGAT)6
(GT)8

(CT)8...(CT)6...(CT)6...(CT)6...(GT) 10

(CT)7...(CT)6...(CT)9...(CT)8...(CT)6...(C
T)9...(CT)6...(CT)6
(CTTT)5...(CTTT)13...(CTTT)7...(CTTT)
9..(CTTT)5
(ACAG)4...(AGGC)6...(ACAG)4...(AGG
C)4...(ACAG)5

(GT)25...(GT)8

(ACAG)5...(ACAG)22...(ACAG)5...(ACA
G)8
(ACAG)5...(ACAG)22...(ACAG)5...(ACA
G)8

(CTTT)4

(GT)7...(GT)8...(GT)11...(GT)6...(GT)6
-(GT)7

(AC)9...(ACAG)10

(GT)26
(ACAG)6...(ACAG)5...(AGAT)16...(ACA
G)4

(GT)10...(GT)8

(ACAG)8...(GT)9...(ACAG)20...(CTT)9

(ACAG)6
(ACAG)22
(ACAG)5
(AC)21...(CT)28

(GCCT)4...(GT)8

TGGACGGATGGACAGATG
G
AGCAGTTGGGAGACAGGT
G
GACGCCGGTAAAACCAGA
C
TGTCTCTCTCTCTCCCTCTCT
C
TCTTTCCTTCTTTCCCTCTTT
cC

CAGACGGACGGATGGACG

CTCAGAGTCAGGAGAGAG
cC
ACAGACAGACAGACAGGC
AG

TTGATCGTCTCTCCATCCTG

ACAACACTTTAGCAGCACG

TGTGTGTGTGTGTGTGCG

GGGGTGACCACATCCATCC

AAGCACGTTCACCGTACCC

ACAGACAGGCAGACAGAC
AG

AGACCTCTTAACGACCGGC

ATGCAAACATCAGCCCTCC

GGATAAGCCAGCAGTTTTA
GTTTC
CATTTACATGCTTCCTGACT
GC
CAGACAGACAGACATCAGC
AC
CCGCTGAGTGTCGAGAGA
G
AGCTTGGGGAAAGAATCC
G

60

59

61

59

60

57

57

60

61

61

60

60
59

59

59

59

58

58

58

58

55

43

67

60

55

50

47

56

63

58

55

58
53

42

45

52

63

53

19

TGTGAAACGTGTCCTGTGG

CAGATGGCTGAATGACGG
C
GACAGGGAGACAGAGAGA
GAC

ATTGTGTACGCCAACCTGC

CGATCGTTCGTTATGGTAG
TCG

TCTGTCTGCCTGCCTGTC

CACACACACACACACACGG

TGAAACACGCATTCAGCCG

TCCTGTCTGTCCGTCTGTC

GAATGAACGAAAGAAAGA
ACGAAAG

CACAAGTGCCATCCAGCTC
TCCACATTCGTCCATCTCTC
C
CACCCTCTCCCACACACAC

CGAGCGAGTGACGCAATA
C

ACCCACTCTCAGCTTGACC
ACGCACACACATACTTGGC

TTACCTGTCTGCCTGCCTG

CTGATTGGTGCAGATAATG
GC

CACCGGACAGCACAAAGTC

ACGCAAGTACGTTTTGGGT
C
AAAACGGCCCAATGTGGA
G

59

60

59

60

60

60

60

59

58

60

60

61

60

60
59

60

58

60

60

59

53

58

57

53

50

61

58

53

58

36

58

52

63

58

58
53

58

48

58

50

53

242

241

250

232

100

284

226

243

243

248

192

160

220

249

230
242

206

168

245

242

168

149

192

474

238

247

88

299

43

43

67

204

298

172

60

86
117

120

49

240

66

139

201

208

490

252

267

104

349

63

63

83

218

316

224

84

106
149

144

137

260

108

155



M9392

MP0OO5

MP021

MP024

MP031

MP032

MP038

MP039

MP042

MPO44

MP045

MP046

MPO51

MP052

MPO53

MPO55

MPO059

MP0O60

MP062

MPO65

MP0O66
MP0O67

(GT)15
(CT)6...(CT)6...(CT)6

(ACAG)18...(AGAT)13...(AGAT)4...(AG
AT)6

(AC)12
(GCT)4

(AGAT)16
(GCCT)4...(CAGT)6

(AGAT)10

(AGAT)8...(AGAT)15...(ACAG)S...(ACA
G)10...(ACAG)6...(ACAG)5

(AGC)4
(AGCC)5

(cT11
(AGCC)8
(cT)14

(CAGT)4...(CAGT)4...(CAGT)4...(CAGT)
4..(CAGT)4...(CAGT)4

(ACAG)4

(AGCC)5...(AGCC)6...(ACAG)4
(AGAT)27

(GT)8...(GT)10

(ACAG)4...(ACAG)5...(AGAT)7...(ACAG
)4
(AGCC)6...(ACAG)5

(AGCC)5

TACACCCCGACCTACCGTC
ATGATTGGTCGGTCTCTCT
C
AGACAGACAGACAGACAG
ACAG

GAGTAGCTCTGCCTTCCCC

GTAGGTCTAGCACGGCTCC

AGATAGATAGACAGACAG
ACCGAC

AGCCAGTCAGTCAGTCAGC

CCATTTTCCAGTCAAAGTCT
GC
AGACAGACAGACAGACAG
ACAG
TAGACCAGCAGACCAGCA
G

TCCTGTGGTACGAGCAAGC

TGCTGCACTACCCTGCTAC

GCCTATACGATCCCCACGG

GGAGCTGGCTGGGATGG

TGGGTGAATGAAGCAACA
GC

GAACCCAGAACCTTTCGGC

CAGCCAGCCAGTGAGTGA
'IG'G CAGACATATGGGGAGG
iACCTGTGGAGTGGAG CT
iCAGACAGACAGG CAGAC
AG

ACTCTCTGTGGTTGCCGTG
TGGAGGGGTCTCCAGTCTC

61

57

60

60

60

59

60

59

60

59

60

60

60

60

60

59

61

59

60

60

61
60

63

50

50

63

63

46

58

45

50

58

58

58

63

71

50

58

63

58

58

55

58
63

20

AATAAGACCCGCGCTCCTC

GACAGAAAGAGAGCTTAG
AGGC

ACATTCACCCCAGGCACTC

GTGTTTGTGAGTGTTTTGT
CTG
GCCAAAGCCGAGTGGAAA
G
GCATTTGTCAGTAGAACGT
AAAAC

TTCCATCGCTGCCAAAAGC

GTACCAACATTGCCCACGG

CCAACACAGGACCCCTCC

TAACCGGAGCTGATGACG
G
GACGCCAGAGACCAAAAC
G
CGGTGCAAATACTGGGCT
G

CCTCCAACCTCTCTGCCTG

TCCCATCATTAGAAACATA
GAGAGG
TGACTGACTGGATGTATAA
CTGAC

GGACGCCTAGGACTGTCTG

TGCCTGTCCGTCTGTCTTC

CCTCTATGACCAGCTCGGG

TCCCACATTTCCCAGGAGC

AGGCTAGACACACATGAG
GC

TCTCAGATCTTCGCGAGCC
GTCTGTTGGGCTTGCTGAC

60

59

60

57

60

58

60

60

60

60

60

60

60

58

59

60

60

60

60

60

60
60

58

50

58

41

58

38

53

58

67

58

58

58

63

40

42

63

58

63

58

55

58
58

160

178

221

167

184

215

150

246

292

200

224

171

178

120

489

207

233

238

248

284

200
156

59

134

33

224

778

102

118

155

193

296

171

223

163

1243

544

494

135

213

460

171

144
409

89

146

105

248

790

166

134

195

225

308

191

245

195

1271

560

510

155

321

476

187

168
429



MPO68

MP0O71

MP0O73

MP0O74

MPO75

MPO76

MP0O78

MP0O79

MP0O80

MP081

MP082

MP084

MPO85

MP0O88

MP091

MP092

MP097

MP100

MP105

MP106

MP117

(ATCC)4...(AC)6
(AGCC)8...(AGCC)5...(CAGT)5
(GCT)4

(AGAT)5...(AGAT)17

(GCT)4

(AGAT)12...(ACAG)12...(AGAT)6...(AC
AG)5...(ACAG)4...(AGAT)5...(ACAG)5
(AGAT)4

(AC)6
(ACAG)9...(ACAG)4...(ACAG)5...(AGAT
)6...(AGAT)12...(ACAG)15

(GT)48

(ACAG)4

(ATCC)7

(AG)7
(AG)23...(AG)9...(AG)9
(ccT)4
(CT)11...(CT)11...(AGCC)6
(GGT)4
(ACAG)S5...(ACAG)8...(ACAG)4
(CT)13..(CTGT)4
(CT)6...(CT)9...(CT)13

(GT)6...(CT)8

(CT)6...(CT)6...(CT)7

GACCAACGTAGCTGGAAA
GG
AAAGGCACAGGACCCAGA
G

CTAGGTCTAGCACGGCTCC

ACGCTAGAGAGAGGAGAG
GG

GTAGGTCTAGCACGGCTCC

GGCGCCACTAGATTAGGA
AG

AGTCTCAGTGGACAGCACC

AGATGGATAGACAGATTG
ATGGATAG
ACCATCATCGGTATATATG
GGC
CGGAGACGGAAGGGGAAA
C
GGTATGCTTTCCAACCCCT
G
CGTATGTTTCAGCGGCACC

GAGAGAGAGAGAGAGCGA
GAC
ATGCATTGGCAAGAGCAG
G

GCCTCCTCCAGCCTCTAAC

AGATAGCAGTAGGTGGTG
CG
AGGGACAGACAGACAGAC
AG
TGGGAAGCATGATCACAAA
TC

TCCAGGAGGCTGCATTGAC

GCCCCTCGCTCTCTGTATG

GCCCACTGTTGTCATAGCG

59

60

60

60

60

59

60

58

58

61

59

60

59

60

60

60

59

57

60

60

60

55

58

63

60

63

55

58

38

45

63

55

58

57

53

63

55

55

43

58

63

58

21

ATGATGCGACTCCTCCACC

TCCGAGTGAGTCAACAGC
G
GCCAAAGCCGAGTCGAAA
G

CCAGTTGGCATTCACACCG
GCCAAAGCCGAGTCGAAA
G

CTGCCTGTCTACCTTTCTGC

AACTAGCCAGCCACTAGCC

GACTTCCTTGGACCCCTGC

ATGGCTTTTAGTAGCCGAA
TG

CATTGTCTGTCTGGCTCGC

AGCGGTCCACTCACTTCAC

CTCTGCCTAAAACGCGCAC
GCAGATGATTGGGTAATA
ACAAAAGG

TTTGCCCATTTCAGCCACG

TTCAGTGCGCCGACAAAAG

ACCAGTCACACAGTCAGCC

GGCGACTGAATTTCCCCTC

TGCAGAGAGAGAGAGAGA
GAG
GCCGTCTCTCTCTTTCTGTG
TATGGAAAGCCAGTCGGG
G
ACAGGGAGGGAGAGACAG
G

60

60

60

60

60

59

60

61

57

60

60

61

60

60

60

60

59

58

59

60

60

58

58

58

58

58

55

58

63

43

58

58

58

38

53

53

58

58

52

55

58

63

197

231

186

245

186

390

212

335

250

235

250

207

358

212

177

201

177

286

237

221

240

167

127

172

166

377

118

257

131

433

286

148

245

305

243

222

273

25

294

176

185

581

183

159

184

186

389

166

269

167

529

302

176

259

351

255

244

285

45

320

188

197

593



MP119

MP127

MP128

MP129

MP136

MP137

MP142

MP144

MP145

MP151

MP168

MP175

MP179

MP180

MP183

MP184

MP188

MP191

(cT)10

(CT)14..(CT)6
(ACAG)14...(AGAT)17
(GT)12

(CTTT)20...(CT)7...(CT)7...(CT)7

(ACAG)6
(ACAG)5...(ACAG)4

(GT)8...(GT)9

(AG)7
(GT)8...(GT)9
(CT)9...(CT)6
(ACAG)5

(AGAT)4...(ACAG)4...(ACAG)6

(AC)6...(GT)12...(GT)7...(GT)6

(ACAG)5...(ACAG)5

(AG)7...(AG)6...(AG)6...(ACAG)5...(AG
)9...(AG)6...(ACAG)S5...(AG)6...(ACAG)
4..(AG)6

(AC)11...(GT)21...(GT)6

(AGGC)7

TGTCTCTCTCTCTGTCTTAT
GTCTC

TGTCTCTGTCTGCCTCTCAC

AGACAGACAGACAGACAG
ACAG

CTGTGTGAAGGGTTGTGGC

ACTTGGTACTCTCTCTCCCC

CATTGATTGCTCTGCCGCC

GGGTCACGTTGTGCATGTC

GCCCAATACAGCAACCGTC

CGACTCGCTTTTCAGACAG
AC

GGCTTTCTTATCGGCTGCG

CTCCCTCTCTCTGTGTGCC

ACCTTCTCCGTTCCTGTGTC

CACATCCATCTCATCCTGTG
C

AGCATCGCTCCATTACCCC
ACCTTCTCCGTTCCTGTGTC

GAGAGACAGAGAGAGAGA
GACAG
AAGCATCGCTCCATACCCC

GTCGGAGCTTGAGGAGGA
G

60

60

60

60

58

61

60

60

60

60

60

60

60

60

60

59

60

44

55

50

58

55

58

58

58

52

58

63

55

52

58

55

52

58

63

GTGGGTTTTATAGCCCTCA
CATC

ATAGCCCTCACTCGACCCC

ACAATTTGCATTTGTCAGT
AGAACG

CGAGCCTGCTTTTCGGATG
CGGCGTGTGTACTTTACTT
TTC
TGTCTGTCTGGTGGTCTGT
C
GCCTGTCTCTGCCTGTCTC
TCATAGACACACACACACA
CAC

AGCTGGATTCTGCTCCGTG

CCAACCCTCCCACAAACAC
CCGGATGTGAGTGGGTGA
G
CTCTCCGCTCTCTACCTCTC
TCTGTCTGTCTGTCTGTCTG
TC
ACACACACACACACACACA
C
CTCTCCGCTCTCTACCTCTC

CACCTCCAGCGGGTCAG

ACACACACACACACACACA
C
CTGGATGCAGGTGAGACC
C

60

61

60

60

59

60

61

59

61

59

61

59

60

60

59

60

60

48

63

36

58

45

55

63

45

58

58

63

60

50

50

60

71

50

63

193

230

190

151

247

177

249

224

185

234

223

229

222

226

228

398

220

194

350

337

43

370

78

132

194

372

200

347

1003

224

131

111

219

33

97

76

370

365

99

394

158

156

214

388

214

363

1021

244

147

123

239

47

119

104

22





