Molecular characterisation of indigenous Apis mellifera carnica Pollmann in Slovenia
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ABSTRACT

Carniolan bee (Apis mellifera carnica) and C phylogenetic lineage of honeybees as a whole, is genetically poorly studied, therefore, the genetic structure of Carniolan bee population from Slovenia has been assessed by mitochondrial and nuclear DNA analyses. Honeybees were collected from 269 localities in Slovenia; bee samples from Greece, Czech Republic, Croatia, Germany and France were included in the analysis as out-groups. Slovenian samples are characterized with a low level of genetic differentiation in COI and COII region of mtDNA. They were fixed for one newly found mtDNA haplotype, designated as C2C. The same haplotype was found in Croatian and Polish out-group and in some German and some Czech bee samples. Low level of variability of the Carniolan bee population in Slovenia was observed also for all six microsatellite loci studied, showing very homogenous structure of indigenous Slovenian bee population. Populations from Croatia and Czech Republic did not differ significantly from Slovenian one based on microsatellite analysis. On the other hand, high genetic differentiation was observed towards the A. m. macedonica population, also expressing specific mtDNA haplotype, designated as C2D. The already described C1 haplotype was found in Austrian and in some samples of Czech out-group. The only haplotype of non-C phylogenetic lineage origin was characteristic for French sample of bees (A8 haplotype). The results as such indicate that Carniolan bee from Slovenia still represents one of the major sources of the A. m. carnica indigenous gene pool.
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INTRODUCTION

Apis mellifera is a highly polytypic species. Based on morphometrics, 24 recognised subspecies from the Old World can be grouped in three evolutionary lineages (Ruttner et al., 1978): European Honey bees (M), African (A) and north Mediterranean (C lineage). The group of the central and north-eastern Mediterranean honeybees consists of five closely geographically related subspecies (A.m. sicula Montagano, A. m. ligustica Spinola, A. m. cecropia Kiessewetter, A. m. macedonica Ruttner and A. m. carnica Pollmann; Ruttner, 1988). The Carniolan honey bee, Apis mellifera carnica Pollmann, is native to Slovenia and to some regions of the former Yugoslavia, southern Austria, and parts of Hungary, Rumania, and Bulgaria (Ruttner, 1988). A. m. carnica has been spread from its native districts to the central and northern European countries, USA and Canada. The main causes for such a process were gentle behaviour of A. m. carnica towards beekeepers, good spring honey production and good production of summer honey originated from honeydew of coniferous trees. 

The analysis of mtDNA has become widely used approach in studying the biogeography of the A. mellifera subspecies. Three evolutionary lineages of honey bees have also been found studying highly variable COI-COII region (Cornuet et al., 1991). The variability in COI-COII region results from the superimposition of length variation (presence/absence of the P sequence, number of reiterated Q sequences, possible small deletions) and nucleotide substitutions. Only three haplotypes (C1 in A. m. ligustica, C2a in A. m. carnica, C2b in A. m. caucasica) were reported within the C phylogenetic lineage (Franck et al., 2000) and no variation was observed within the subspecies. Furthermore, also highly variable microsatellite loci are being increasingly used in population genetics studies of A. mellifera subspecies (Franck et al., 2000; de la Rúa et al., 2001). The final general structure of the species with its three main evolutionary branches has been revealed also analysing microsatellites (Estoup et al., 1995; Franck et al., 1998).

The aim of the present study is therefore, to characterise and to analyse the genetic variability of indigenous A. m. carnica in Slovenia, and to follow possible genetic pathways to more or less related honeybee sub-populations in Europe.

MATERIAL AND METHODS

A total of 323 honeybee workers were analysed. 269 honey-bee colonies were collected throughout Slovenia. Ten samples of the Carniolan bee from Croatia were included in the analysis. In addition, nine bee samples from the Czech Republic, 10 from Greece (A. m. macedonica) and 25 from selected bee lines from the Unije Island breeding program in Croatia, were used as outgroups (Table 1). Total DNA was extracted from the worker’s head, thoraces and legs according to Beye and Raeder’s (1993) protocol. Isolated DNA was used for mitochondrial DNA and microsatellite analysis. The mtDNA region, including the tRNALeu gene, the COI-COII intergenic region and the 5' end of the COII gene, was amplified using a protocol described by Garnery et al. (1993). Restriction with DraI on 119 samples and sequencing of 27 samples was performed. All honeybee samples were analysed for six microsatellite loci; Ap53 (Franck et al., 1999), A7, A24, A88, A43 (Estoup et al., 1995) and A8 (Franck et al., 1998). Population genetics statistics were computed using the GENETIX software (Belkhir et al. 1998).

RESULTS AND DISCUSSION

Mitochondrial DNA

With an exception of samples from selected line from France, all other samples were characterized with mtDNA sequences of the C phylogenetic lineage (Table 1). All haplotypes found in this study could not be defined according to already published ones. Two new haplotypes of the C phylogenetic lineage were detected, differing from already described haplotypes only in different transitions on already known polymorphic sites (Table 2). A. m. carnica populations were monomorphic, characterised with newly found haplotype, designated as C2C. Samples of the A. m. macedonica subspecies were also found to be monomorphic for new haplotype C2D.

Microsatellites

All six microsatellite loci were polymorphic in all samples analyzed. For detection of different genetic pools between all samples analysed, the multidimensional correspondence analysis was performed. According to the cluster analysis no differentiation among Slovene sub-populations was found. Clustering of all A. m. carnica samples from Slovenia and Croatia is evident (Figure 1). The samples of A. m. macedonica form completely separate and very homogenous cluster. Bees from the selected lines showed different relationship towards native Carniolan bee populations. Their genetic composition reflects the controlled admixture of Carniolan bees and bees of other origin in the past.

Conclusion

According to the results of molecular analysis, the Slovenian and Croatian honeybee population seems to be very uniform, almost undifferentiated. Accordingly, populations of A. m. carnica in Slovenia and Croatia could be considered as a very native with no introduction of other subspecies or phylogenetic lineages.
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Figures

Figure 1: Diagram of distribution of all A. mellifera samples analysed according to correspondence analysis.
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Tables

Table 1: Details of samples, sample size and COI-COII mtDNA haplotypes, found in each population.

Subspecies
Sample origin
N1
N2
COI-COII haplotype

A. mellifera carnica
Slovenia
269
65 (6)
C2C


Croatia
10
10 (2)
C2C


Czech republic
9
9 (4)
C1 and C2C

A. mellifera macedonica
Greece
10
10 (3)
C2D







Selected lines





Hohen Neuendorf
Germany
5
5 (2)
C2C

Buckfast J
Germany
5
5 (3)
C2D

Polen
Poland
5
5 (3)
C2C

K 111
Austria
5
5 (2)
C1

Toulouse
France
5
5 (2)
A8


Total
323



N1 … number of honeybee workers included in microsatellite analysis

N2 … number of honeybee workers included in mtDNA analysis; the number of sequenced samples is indicated in parenthesis

Table 2: Nucleotides at five already described variable positions of COI-COI mtDNA region, differentiating haplotypes of A. mellifera C phylogenetic lineage.



polymorphic site


Haplotype designation
1
2
3
4
5

Previously described haplotypes of the C phylogenetic lineage (Franck et al., 2001; J.-M. Cornuet, pers. com.)
C1
CCCC
C
T
T
C


C2A
CCC
A
T
C
T


C2B
CCC
C
A
C
T


Proposed haplotype designation






A. m. carnica (Slo, Cro), “Poland”, „Hohen Neuendorf“
C2C
CCC
C
T
T
C

A. m. macedonica; “Buckfast J”
C2D
CCC
C
T
C
T

“K 111”
C1
CCCC
C
T
T
C
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		D1		1		0.07206		-0.07191		-0.12347		-0.31061

		D2		1		-0.0774		0.00791		0.17309		-0.18971

		C1		1		-0.16097		0.11633		-0.32941		-0.14258

		C2		1		-0.37313		-0.22146		0.06256		0.2394

		R1		1		-0.25501		-0.14003		0.14934		-0.05446

		R2		1		-0.35728		-0.22499		0.07249		-0.08906

		Ra		1		-0.19829		-0.17202		-0.18256		-0.30549

		P		1		0.06561		-0.23626		-0.40302		-0.37584

		H		1		-0.0806		-0.49636		-0.3463		-0.27841

		Pr		1		-0.20135		-0.11039		0.23273		-0.47971

		Rp		1		-0.07413		-0.476		-0.0527		0.46473

		B		1		-0.01507		0.22969		0.23449		0.39177

		T		1		-0.04737		-0.24145		0.12546		-0.33585

		J		1		-0.08146		-0.20321		0.27392		-0.43387

		L		1		-0.1069		-0.1414		0.02144		0.18643

		Š		1		-0.21107		-0.30535		-0.11977		-0.0857

		KŠ1		1		-0.36426		-0.00376		-0.06576		-0.14534

		KŠ2		1		-0.02457		0.2624		0.02077		-0.2987

		KŠ3		1		0.0307		-0.20937		-0.33656		-0.0995

		KŠ4		1		-0.38157		0.05625		-0.33181		0.03336

		KŠ5		1		0.16128		0.12404		-0.01419		-0.26577

		KŠ6		1		-0.21965		-0.19879		-0.49734		-0.11362

		KŠ7		1		-0.38127		-0.42001		-0.23286		0.2154

		KŠ8		1		0.0256		0.22684		0.33664		-0.27954

		KŠ9		1		-0.27543		-0.45581		-0.05867		0.12633

		KŠ10		1		-0.32239		0.2634		0.07287		0.8055

		KŠ11		1		-0.05789		-0.55779		-1.02941		-0.13078

		KŠ12		1		-0.13086		0.08578		0.14845		-0.28578

		KŠ13		1		-0.35435		-0.16361		0.14194		-0.14114

		KŠ14		1		-0.30641		0.04989		-0.1067		0.20103

		KŠ15		1		-0.19126		0.07885		0.38703		-0.20564

		KŠ16		1		-0.2086		0.09442		0.65251		-0.26706

		KŠ17		1		0.09669		0.00668		-0.01459		-0.34599

		KŠ18		1		0.0644		0.0036		-0.18457		-0.01272

		KŠ19		1		0.16342		0.79827		-0.17972		-0.03316

		KŠ20		1		-0.00292		-0.02737		-0.04467		0.12137

		KŠ21		1		-0.35348		-0.17969		-0.05112		0.19576

		KŠ22		1		-0.0646		-0.02874		-0.22348		-0.19371

		KŠ23		1		-0.2849		-0.12856		0.74243		1.08049

		L?1		1		-0.21286		0.06836		-0.04758		-0.18506

		L?2		1		0.24626		0.35866		0.38753		-0.17627

		L?3		1		-0.30552		-0.31118		0.02896		0.10041

		L?4		1		0.14466		-0.02305		0.42444		0.7334

		L?5		1		0.14337		0.06882		0.4594		0.29704

		ZP1		1		0.13292		-0.02948		0.00817		-0.01759

		ZP2		1		-0.28863		-0.11692		0.30046		0.57772

		ZP3		1		-0.00961		-0.15014		0.15505		-0.24456

		ZP4		1		-0.03035		-0.02805		0.06317		-0.23242

		ZP5		1		-0.33239		0.07142		-0.17719		-0.00859

		Ss1		1		0.25426		0.30057		0.18171		-0.46511

		Ss2		1		0.60033		0.33332		0.59874		0.5701

		Ss3		1		0.15065		0.18357		0.0779		0.32887

		Ss4		1		0.22334		0.06584		0.18097		-0.23061

		Ss5		1		0.2835		-0.18838		0.31723		-0.03231

		Zk1		1		-0.29328		-0.0141		-0.11753		-0.15551

		Zk2		1		-0.51052		-0.15763		-0.19831		-0.07289

		Zk3		1		0.18489		0.13725		0.14714		-0.35537

		Zk4		1		0.0805		0.14618		-0.0236		-0.10739

		Zk5		1		0.08299		-0.19855		-0.34038		-0.05346

		NG1		1		-0.26522		-0.21116		0.93361		0.8816

		NG2		1		-0.10809		-0.22833		-0.04684		-0.29611

		NG3		1		0.40472		-0.30567		0.18918		1.18734

		NG4		1		0.19542		-0.13199		0.05487		0.00606

		NG5		1		0.01992		-0.27947		0.1964		0.20394

		NG6		1		-0.29254		0.01403		0.80448		-0.04791

		NG7		1		0.05227		0.1809		0.48432		-0.41337

		NG8		1		0.08109		-0.14628		-0.09124		-0.10619

		NG9		1		-0.29054		0.05494		-0.34901		0.066

		NG10		1		-0.0339		0.10396		0.19059		-0.04704

		NG11		1		0.2061		-0.11337		-0.13282		-0.32865

		NG12		1		-0.05024		-0.04906		-0.49757		-0.14231

		Rk1		1		-0.36166		-0.25349		-0.42072		0.17214

		Rk2		1		-0.20298		-0.14888		-0.24991		-0.13349

		Rk3		1		-0.44818		-0.052		0.08934		0.00812

		Rk4		1		0.49859		-0.27831		0.16509		0.79606

		Rk5		1		-0.16782		-0.09119		-0.02108		0.19296

		M1		1		-0.20714		-0.09061		-0.24803		-0.10356

		M2		1		-0.03439		-0.05791		0.12042		0.47915

		M3		1		-0.43835		-0.25149		0.29585		0.39763

		M4		1		-0.04214		-0.01315		0.03721		0.05365

		M5		1		-0.12331		-0.01799		-0.21691		0.03971

		Ds1		1		-0.14578		-0.43106		-0.53856		0.58541

		Ds2		1		-0.02176		0.11157		-0.06942		-0.00332

		Ds3		1		0.03963		0.72181		-0.20371		0.45531

		Ds4		1		0.13344		-0.24115		-0.26952		-0.18516

		Ds5		1		-0.21487		0.00561		0.00795		0.07469

		Do1		1		0.1687		-0.21316		-0.10405		-0.21047

		Do2		1		0.16738		0.1584		0.15429		-0.47015

		Do3		1		0.15521		0.28894		0.55436		-0.84221

		Do4		1		-0.03711		0.24432		0.35457		-0.43081

		Do5		1		0.76979		-1.07058		-1.24056		0.89009

		KP1		1		0.05665		-0.35903		-0.91057		-0.26221

		KP2		1		-0.04993		-0.03179		-0.0431		-0.04528

		KP3		1		-0.23272		-0.14131		0.26872		0.20149

		KP4		1		0.28824		0.00327		0.22032		-0.03822

		KP5		1		0.42052		0.43215		0.374		0.10256

		KP6		1		-0.35067		-0.11602		0.01077		-0.19814

		KP7		1		-0.08464		-0.0854		-0.69715		-0.09978

		KP8		1		-0.17393		0.24712		-0.33229		0.06871

		KP9		1		-0.25309		0.06999		-0.19395		-0.2477

		KP10		1		-0.20443		-0.03938		0.30958		-0.07689

		KP11		1		-0.34071		-0.20352		-0.1052		0.30373

		KP12		1		0.11044		-0.22216		0.16686		-0.24586

		KP13		1		-0.4557		-0.24418		0.33444		0.53211

		KP14		1		-0.16913		-0.30662		-0.42362		0.05778

		KP15		1		-0.14226		0.37376		0.15066		0.33082

		KP16		1		-0.20286		-0.08307		-0.23239		-0.36479

		KP17		1		0.23022		-0.13651		0.14564		-0.04489

		K1		1		-0.09672		0.0354		0.01067		0.58887

		K2		1		-0.45187		-0.43738		-0.37578		0.43599

		K3		1		-0.21603		-0.4041		0.34544		0.38626

		K4		1		-0.01134		-0.16329		-0.18935		-0.16748

		K5		1		-0.00011		0.30257		-0.01717		0.24506

		Se2		1		-0.35944		-0.06209		0.39718		0.12938

		Se3		1		-0.08369		-0.03317		0.00712		-0.32434

		Se4		1		-0.48302		-0.23352		-0.13781		0.46475

		Se5		1		-0.09097		-0.05943		0.29458		-0.48277

		MB1		1		-0.10339		-0.15983		0.67758		1.00881

		MB2		1		0.05995		0.1538		0.63857		0.35403

		MB3		1		-0.40997		-0.01111		-0.05673		0.18609

		MB4		1		0.26909		-0.13729		0.27497		0.5346

		MB5		1		0.15714		0.30525		0.33978		-0.18939

		MB6		1		-0.02612		-0.11182		0.22893		-0.09807

		MB7		1		-0.00786		0.15854		0.33284		-0.41206

		MB8		1		0.19637		0.03397		-0.0699		0.20902

		MB9		1		0.13222		-0.10489		0.51578		0.3594

		MB10		1		-0.15857		0.57536		-0.13653		-0.04615

		MB11		1		-0.26789		-0.10671		0.03178		-0.15165

		MB12		1		-0.2704		0.08122		-0.03974		0.21468

		MB13		1		-0.16118		-0.13294		0.92374		0.77774

		MB14		1		-0.02932		0.11793		0.52447		0.67921

		MB15		1		0.0854		-0.04691		0.03424		-0.20553

		MB17		1		-0.17946		-0.0213		-0.38201		-0.09837

		MB18		1		-0.215		0.09208		0.30588		-0.25362

		Lž1		1		-0.15117		0.01264		-0.09423		-0.01761

		Lž2		1		-0.29569		-0.02579		-0.10024		0.06232

		Lž3		1		-0.13901		-0.14938		-0.08166		-0.25929

		Lž4		1		-0.4418		-0.29927		-0.13732		0.20383

		Lž5		1		-0.34419		0.10196		-0.28496		-0.09768

		VL1		1		-0.18471		0.28577		-0.01857		0.18182

		VL2		1		-0.38202		-0.15027		0.31223		0.52923

		VL3		1		-0.1581		0.14087		0.01122		-0.06062

		VL4		1		-0.10292		0.20214		0.15653		-0.12066

		VL5		1		0.08356		0.11576		0.1719		-0.15264

		LJ1		1		0.15845		0.24351		-0.33405		-0.03435

		LJ2		1		0.12795		-0.33888		0.12237		-0.01889

		LJ3		1		0.14534		-0.02583		0.26719		-0.43205

		LJ4		1		0.09671		-0.41872		0.30059		0.62873

		LJ5		1		-0.38594		-0.08632		-0.21436		-0.22011

		LJ6		1		0.35628		-0.11061		-0.1485		-0.11521

		LJ7		1		-0.2849		0.07297		0.31147		0.12178

		LJ8		1		-0.20882		0.14694		0.21483		-0.24

		LJ9		1		-0.127		-0.18143		-0.39091		-0.31814

		LJ10		1		-0.1025		0.05483		0.25355		0.03254

		LJ11		1		-0.17566		-0.28574		-0.82221		-0.1076

		LJ12		1		0.27755		-0.16271		0.2565		-0.35051

		LJ13		1		-0.4219		-0.09699		0.25908		-0.06838

		LJ14		1		-0.21463		-0.3366		0.20277		-0.10669

		LJ15		1		0.06136		0.33194		0.2519		0.35635

		LJ16		1		0.03737		-0.15253		-0.04137		-0.20737

		LJ17		1		-0.35705		-0.02351		-0.10347		0.26338

		LJ18		1		-0.35728		-0.22499		0.07249		-0.08906

		LJ19		1		-0.00958		0.25817		0.02003		-0.34019

		LJ20		1		-0.48917		-0.46857		-0.16659		0.32548

		LJ21		1		-0.15536		0.29172		0.12348		-0.21396

		LJ22		1		-0.10415		-0.0442		-0.44124		-0.21681

		LJ23		1		-0.21648		-0.09344		-0.00663		-0.09677

		DO1		1		-0.35017		-0.04306		-0.04855		-0.47071

		DO2		1		-0.43533		0.077		0.1791		-0.34372

		DO3		1		0.02684		-0.07756		-0.17752		-0.12731

		DO4		1		0.15931		-0.14865		0.32524		-0.43904

		DO5		1		-0.33432		-0.26027		-0.14467		0.17247

		DO6		1		-0.05594		0.11158		-0.54174		-0.2975

		DO7		1		-0.05089		-0.18735		-0.01336		-0.48853

		DO8		1		0.12691		0.05621		0.18602		-0.51995

		DO9		1		-0.30148		-0.47489		-0.03008		-0.15635

		DO10		1		-0.15831		-0.07137		-0.20858		-0.2626

		DO11		1		-0.29521		0.55852		-0.33609		0.01928

		DO12		1		-0.17218		0.12741		-0.15533		-0.30118

		DO13		1		-0.28649		-0.11409		0.07697		-0.04592

		DO14		1		-0.19648		-0.20555		-0.16629		0.32748

		DO15		1		0.10017		-0.02135		0.01326		-0.05046

		DO16		1		-0.07245		-0.27314		-0.92198		-0.27934

		DO17		1		-0.1218		-0.50563		-0.80347		-0.16965

		DO18		1		-0.45748		-0.23726		-0.16312		0.23013

		DO19		1		-0.02643		0.07144		-0.47006		-0.25513

		DO20		1		-0.11111		-0.13701		-0.06518		-0.1078

		DO21		1		-0.35018		0.02056		0.05894		-0.05951

		DO23		1		-0.20006		-0.00855		0.60144		0.36212

		DO24		1		0.20473		0.14973		-0.05788		-0.01478

		DO25		1		0.20473		0.14973		-0.05788		-0.01478

		DO26		1		0.08121		-0.00258		-0.32335		-0.155

		DO27		1		0.04396		-0.38839		0.25899		0.42111

		DO28		1		0.08109		-0.8052		-0.59564		0.44398

		DO29		1		0.105		-0.37365		-0.87105		-0.21547

		BT1		1		-0.46703		-0.10694		-0.36441		-0.0612

		BT2		1		-0.46409		-0.44893		-0.28915		0.1727

		BT3		1		-0.02788		0.11748		-0.04672		-0.44946

		BT4		1		-0.16656		0.11857		0.55976		-0.09322

		BT5		1		0.08217		0.01214		0.05453		-0.20936

		BT6		1		-0.29478		-0.19201		0.25503		0.00958

		BT7		1		-0.09137		-0.0309		0.1135		-0.16214

		BT8		1		-0.13245		-0.18889		-0.01741		-0.19039

		BT9		1		-0.10905		0.10097		0.55296		-0.43026

		BT10		1		0.94367		-0.31705		0.11032		-0.63697

		BT11		1		0.27492		0.40099		0.02346		-0.2186

		BT12		1		-0.16655		0.14994		0.06493		-0.18189

		BT13		1		-0.20221		0.21002		0.50007		-0.51866

		BT14		1		0.44468		0.12065		-0.03534		-0.23753

		BT16		1		-0.46606		-0.19678		-0.40601		-0.08961

		PR1		1		0.07485		-0.03074		-0.17819		-0.05884

		PR2		1		-0.16956		-0.11982		-0.36254		-0.08175

		PR3		1		-0.2112		-0.01918		0.25666		0.19802

		PR4		1		-0.14465		0.23948		-0.00024		-0.18753

		PR5		1		-0.0482		0.30533		0.14834		-0.13084

		PR6		1		0.0407		-0.46775		-0.92371		-0.16106

		PR7		1		0.07127		0.00329		0.0596		-0.13312

		PR8		1		-0.07934		0.18992		0.03434		-0.23323

		PR10		1		-0.01602		0.1287		-0.08122		-0.13336

		PR11		1		0.11384		-0.11755		0.22518		-0.45538

		PR12		1		0.38226		0.19786		0.55871		-0.28001

		PR13		1		-0.39996		-0.43647		-0.51108		0.14797

		PR14		1		-0.26992		-0.25704		-0.19907		0.14149

		PR15		1		-0.04091		-0.13423		-0.02589		-0.02982

		PR16		1		-0.26483		-0.07997		0.11629		0.15006

		PR17		1		-0.19433		-0.24673		-0.46094		-0.16599

		PR18		1		0.124		0.06882		-0.0595		0.18532

		PR19		1		-0.22644		-0.31048		0.05406		-0.13847

		PR20		1		-0.13454		-0.17013		-0.07668		-0.04377

		PR21		1		-0.29507		-0.15962		-0.08221		-0.16707

		PR22		1		0.08091		-0.27482		-0.29977		-0.55494

		PR23		1		-0.26638		0.00338		0.25387		0.02102

		PR25		1		-0.04508		0.27008		0.59839		-0.17106

		PR26		1		0.20308		-0.11131		-0.46317		-0.12105

		PR27		1		-0.08846		0.17789		0.16241		-0.10854

		PR28		1		-0.57994		-0.16229		0.28992		-0.22166

		GO1		1		-0.07566		0.17232		-0.28891		-0.09593

		GO2		1		0.34028		-0.12034		-0.15175		-0.43714

		GO3		1		-0.04008		-0.2682		-0.10754		-0.45032

		GO4		1		-0.19713		-0.03275		-0.00334		0.05421

		GO5		1		-0.40208		-0.37918		-0.37896		-0.19183

		GO6		1		-0.34224		-0.45171		-0.40338		0.08629

		GO7		1		-0.47883		-0.17103		0.30239		0.09059

		GO8		1		0.11521		-0.09886		-0.92032		-0.19626

		GO9		1		0.02016		-0.08604		0.11339		-0.45837

		GO10		1		0.13466		-0.14337		0.38336		0.11722

		GO11		1		-0.3621		-0.07855		0.29141		-0.1718

		GO12		1		-0.05083		-0.13235		-0.07089		-0.14893

		GO13		1		-0.40594		0.02239		-0.2351		-0.08279

		GO14		1		-0.1688		-0.18374		0.14479		-0.13625

		GO15		1		-0.08924		-0.0307		-0.18353		-0.04511

		go16		1		0.31015		0.69074		-0.0657		0.50997

		ŠT1		1		-0.33356		-0.07701		0.09121		-0.09257

		ŠT2		1		-0.46004		-0.10395		-0.08649		0.42091

		ŠT3		1		0.40279		-0.11276		0.27525		0.03757

		ŠT4		1		0.98979		-0.13752		-0.318		0.26879

		ŠT5		1		0.25426		-0.25143		-0.44031		-0.298

		ŠT6		1		-0.20373		-0.0756		-0.01906		-0.11297

		ŠT7		1		-0.52037		-0.11593		0.18581		-0.22149

		ŠT8		1		-0.08557		0.0704		0.68355		0.47531

		ŠT9		1		-0.1565		0.04611		0.1085		-0.10798

		ŠT10		1		0.01536		-0.10701		-0.3399		-0.37225

		ŠT11		1		0.12028		-0.27872		-0.57993		0.08763

		ŠT12		1		-0.41779		-0.0254		-0.15247		0.19363

		ŠT13		1		0.23863		-0.3761		-0.16323		-0.07921

		ŠT14		1		-0.35386		-0.01911		-0.31346		-0.24379

		ŠT15		1		-0.11589		-0.20087		-0.06799		-0.20258

		Amm1		2		0.17015		2.33246		-0.53463		0.58264

		Amm2		2		0.26675		2.40657		-0.44929		0.43556

		Amm3		2		-0.09015		1.55704		-0.72738		0.28805

		Amm4		2		0.10592		1.86586		-0.49522		0.2704

		Amm5		2		0.17193		2.03		-0.46068		0.36186

		Amm6		2		-0.10344		1.44861		-0.44747		0.44505

		Amm7		2		0.12894		1.93528		-0.51013		0.35588

		Amm8		2		0.02148		2.54796		-0.86734		0.63477

		Amm9		2		-0.05721		1.39658		-0.1272		-0.18408

		Amm10		2		0.3417		1.75099		-0.21074		0.67829

		HR1		3		0.15214		0.23995		0.2529		-0.33479

		HR2		3		-0.08111		-0.04589		0.23923		0.53371

		HR3		3		0.01024		-0.11534		-0.28088		-0.68229

		HR4		3		-0.2138		0.15459		0.39313		0.51162

		HR5		3		0.15237		-0.14813		-0.85957		-0.54631

		HR6		3		0.06874		-0.02334		0.57981		0.34152

		HR7		3		-0.07968		0.13625		0.24047		-0.05531

		HR8		3		-0.08907		0.35924		-0.26073		-0.46947

		HR9		3		-0.2957		-0.13054		0.49611		0.26804

		HR10		3		0.11471		0.10329		-0.60895		-0.16638

		CS1		4		0.39752		0.14909		0.07122		-0.38025

		CS2		4		1.48502		-0.05556		0.77887		-0.54283

		CS4		4		1.55789		-0.27573		0.53791		-0.81964

		CS5		4		0.98769		-0.04416		0.46704		-0.70577

		CS6		4		0.01184		0.48524		0.18704		-0.96397

		CS7		4		0.12821		0.38963		0.42942		-0.32171

		CS8		4		0.03777		0.08832		0.18282		-0.71203

		CS9		4		-0.37463		-0.00233		0.18313		-0.58567

		CS10		4		-0.07123		0.05184		0.03628		-0.18441

		131		5		1.40366		-1.19511		-0.5532		1.18822

		132		5		-0.03092		-0.64925		-0.37692		0.62057

		133		5		-0.18389		-0.84605		-0.73154		0.46274

		134		5		-0.31582		-0.39992		-0.12463		0.20364

		135		5		0.30094		-1.47258		-1.30267		0.79885

		151		6		1.68685		0.04151		-0.00262		0.25312

		152		6		2.80638		0.07864		0.31098		0.11393

		153		6		2.20913		-0.36955		-1.21223		1.19559

		154		6		0.94575		-0.03481		0.19317		-0.06872

		155		6		2.69666		-0.65401		-1.15246		1.60898

		171		7		-0.57627		0.16414		-0.02676		0.92933

		172		7		0.32426		-0.19275		0.2891		-0.4429

		173		7		-0.62745		-0.53294		1.76898		1.892

		174		7		-0.48634		-0.36843		1.77645		1.897

		175		7		-0.33223		-0.14713		0.09244		0.12968

		191		8		0.10482		1.0069		0.04429		0.51727

		192		8		-0.03082		0.23714		1.49241		-0.6078

		193		8		-0.10043		0.00929		1.1134		-0.30599

		195		8		-0.16299		-0.5013		0.29288		-0.32892

		211		9		1.18185		-0.08573		0.93149		0.04968

		212		9		1.01525		-0.36381		0.39008		0.07461

		213		9		2.12294		0.05697		1.08726		-0.75805

		214		9		1.93013		-0.00853		0.74168		-0.52648

		215		9		1.74176		-0.4195		0.00848		-0.67866
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		-0.09557		0.17015		0.15214		0.39752		1.40366		1.68685		-0.57627		0.10482		1.18185

		-0.27352		0.26675		-0.08111		1.48502		-0.03092		2.80638		0.32426		-0.03082		1.01525

		0.07206		-0.09015		0.01024		1.55789		-0.18389		2.20913		-0.62745		-0.10043		2.12294

		-0.0774		0.10592		-0.2138		0.98769		-0.31582		0.94575		-0.48634		-0.16299		1.93013

		-0.16097		0.17193		0.15237		0.01184		0.30094		2.69666		-0.33223				1.74176

		-0.37313		-0.10344		0.06874		0.12821
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		Ap53153		1		-0.15552		0.83172		0.34281		-0.00131

		Ap53157		1		-0.10494		0.41122		-0.62847		-0.97836

		Ap53161		1		1.07804		-2.01696		-2.01648		1.89522

		Ap53163		1		-0.37065		0.29716		0.3058		-1.70771

		Ap53167		1		-0.13012		0.24841		1.4737		-0.24542

		Ap53169		1		-0.57467		-0.01791		-0.18825		-0.22121

		Ap53171		1		-0.80408		-0.0899		0.42009		-0.61195

		Ap53173		1		1.02354		-0.07336		0.48734		0.14399

		Ap53175		1		0.03836		-0.34393		-0.02495		-0.29681

		Ap53177		1		-0.44012		-0.01016		-0.07403		-0.15915

		Ap53179		1		0.55903		-0.3056		0.10145		-0.95258

		Ap53181		1		-0.667		-0.33087		0.09118		1.12545

		Ap53183		1		0.71687		-0.09475		0.36494		-0.78731

		Ap53185		1		-0.37559		-0.17303		0.45929		0.26847

		Ap53187		1		0.34229		-0.51593		-1.27151		-0.26059

		Ap53189		1		-0.0319		0.30808		1.03094		-0.79266

		Ap53191		1		-0.1312		0.0587		0.53209		0.98747

		Ap53193		1		0.15808		0.13353		-0.34742		-0.32391

		Ap53195		1		0.72814		-0.29888		-0.12637		0.27529

		Ap53197		1		-0.39934		0.34049		-0.6787		-0.33487

		Ap53199		1		-0.03859		1.21571		-0.50779		0.10416

		Ap53206		1		-1.22281		-1.01427		4.29868		4.73617

		Ap53207		1		-0.24876		-0.53439		0.22483		1.36473

		Ap53211		1		0.01912		1.70699		-0.08213		1.04351

		Ap53213		1		0.06751		3.40801		-1.14585		0.73511

		Ap53215		1		0.58571		5.41596		-1.08949		1.08889

		A43111		2		4.66145		0.12822		2.63652		-1.89508

		A43121		2		0.18298		0.69035		0.59669		-1.28494

		A43123		2		-0.3499		-0.62159		1.30061		-0.61798

		A43125		2		-0.31505		-0.40162		-0.40263		-0.04105

		A43126		2		3.60604		-0.45465		1.09362		-0.8199

		A43139		2		-0.05257		0.16157		-0.02846		-0.0322

		A43141		2		0.00818		-0.32841		1.35951		1.60323

		A43143		2		-0.06767		0.53367		3.61897		-1.51948

		A88129		3		-1.26534		0.36939		-0.0649		2.32329

		A88131		3		4.16227		-0.6299		-1.62791		2.07901

		A88135		3		0.23907		4.13907		-1.12985		1.13062

		A88139		3		0.87138		-0.13244		0.0841		0.10686

		A88143		3		2.80854		0.08941		0.59924		-0.30574

		A88145		3		0.1651		-0.44427		-0.75673		-0.20827

		A88147		3		-0.16036		-0.04997		0.12893		-0.05976

		A88149		3		0.23329		0.01167		0.74478		1.29424

		A24097		4		5.64466		-0.70884		-1.66002		2.43204

		A24099		4		-0.15782		-0.2769		-0.14912		-0.03456

		A24101		4		0.07708		0.22816		0.09558		-0.00585

		A8162		5		0.40588		0.24224		0.02966		-1.20036

		A8163		5		0.23771		-0.24922		-0.76995		-0.17558

		A8171		5		-0.66117		-0.45957		-0.86839		-0.06108

		A8173		5		0.62342		-0.11567		-0.09019		0.31251

		A8175		5		-0.09223		-0.03063		0.23475		-0.07631

		A8177		5		0.9275		0.82732		0.44716		0.04812

		A8179		5		-0.29413		-0.06665		-0.3065		0.16773

		A8181		5		-0.19841		-0.73623		-0.88622		0.28283

		A7098		6		2.74668		-1.36891		-0.81925		2.98783

		A7100		6		0.0625		0.10817		0.11291		-0.17395

		A7102		6		-0.29652		0.18097		0.14603		-0.51274

		A7106		6		0.07942		-0.09547		0.02881		-0.05151

		A7110		6		-0.02617		0.26768		-0.22067		-0.03444

		A7112		6		0.07775		-0.32908		0.1961		-0.08787

		A7114		6		-0.49597		-0.36585		0.65068		0.49548

		Ap53145		1		-0.80685		-0.30711		-0.38813		0.47184

		Ap53147		1		-0.05442		0.57696		-0.05564		1.52623

		Ap53149		1		-2.39748		-1.16895		-0.2277		-1.08324

		Ap53151		1		0.08951		-0.16533		-0.65146		-1.13746

		Ap53155		1		0.13165		0.00072		0.05411		0.12143

		Ap53158		1		-0.22095		-0.56452		0.44427		-0.48704

		Ap53159		1		2.15294		0.68209		-0.75506		0.77584

		Ap53165		1		-4.51419		-1.77592		-1.91805		-1.50539

		Ap53201		1		0.19989		0.03077		-0.27958		-0.09332

		Ap53203		1		-0.13568		0.03538		0.22018		0.09631

		Ap53205		1		2.63661		-10.53597		7.20239		2.05072

		Ap53209		1		-0.30267		0.5415		-0.04618		-0.34504

		Ap53217		1		3.00564		1.1761		-0.81999		1.5579

		Ap53219		1		0.13758		0.01376		0.09663		1.52922

		Ap53221		1		-0.62541		0.09989		0.07598		-2.47042

		Ap53223		1		-0.23789		0.16052		-0.4858		0.39146

		Ap53233		1		0.53312		1.2967		0.63907		-2.5523

		Ap53235		1		-1.49536		0.0529		-0.106		-1.576

		Ap53239		1		0.73307		0.22499		-0.25095		-1.08662

		Ap53313		1		-0.56622		0.6175		-1.48727		-5.28125

		Ap53315		1		-0.4353		-0.30709		-0.15585		-0.127

		A43127		2		0.09749		-0.11636		0.09344		0.10718

		A43145		2		-1.02376		0.0066		0.55335		-0.45509

		A88141		3		0.27148		0.22608		-0.12775		-0.07553

		A88151		3		0.07098		0.18047		-0.96211		1.1898

		A24103		4		-1.85479		-1.5569		-1.592		-0.88263

		A24125		4		-0.00053		-0.0281		-0.15917		0.72141

		A8151		5		-0.08568		0.09126		0.07553		-0.03162

		A8153		5		-0.81793		0.22055		0.7249		-3.5485

		A8165		5		0.01672		0.42201		0.11998		0.84941

		A8167		5		-0.0618		-0.01717		-0.28428		0.60576

		A8172		5		-0.03894		-0.20731		0.01581		0.13995

		A7099		6		-0.0177		0.33042		-0.05676		0.49659

		A7101		6		-0.08356		0.20853		0.15409		-0.11039

		A7104		6		-0.05903		-0.17486		-0.24146		0.25073

		A7108		6		0.8262		-0.35207		-0.03159		-0.54273

		A7116		6		0.0069		0.54823		-1.59359		0.28338

		A7118		6		1.27504		0.63443		0.35546		-0.52491

		A7120		6		-0.56251		0.534		0.21294		0.59806

		A7124		6		1.60201		0.70269		-0.97357		0.4427

		A7126		6		-0.72819		0.29751		0.62819		-0.12953

		A7128		6		5.28288		-0.09819		-4.12487		-7.3856
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