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Abstract

Italy is universally recognised as one of the most important places for the rearing of queen bees because the Italian subspecies A. m. ligustica is known to provide economical advantages to commercial beekeeping for its productivity. For these reasons, over the years, ligustica queen bees have been reared intensively and largely exported throughout the world. Therefore, to avoid genetic erosion, it has now become very important to check the natural and managed Italian honeybee populations. For a picture of the Mediterranean populations, we sequenced two subunits of mitochondrial genes: the COI and the NDII. COI sequences have shown to be more informative and some probable ancient haplotypes have been found. To focus on the Italian population, we analysed eight microsatellite loci. Population dynamics was inferred and population genetic parameters were calculated. A quite high inbreeding level was found in the total population not due to fragmentation. Nevertheless, some unexpected population clusterings were underlined.

Introduction

Apis mellifera ligustica is known to be one of the most appreciated bees for docility, productivity and low tendency to swarm. Due to these characteristics, Italy is very important for queen rearing and exportation. To draw a picture of the A.m.ligustica genetic situation, Franck et al. (2000) conducted a genetic analysis on some subpopulations of the Italian peninsula and Sicilia. This study was performed using the DraI test on the COI-COII intergenic mitochondrial region (Garnery et al., 1992) and on eight microsatellite loci. Italian population was shown to be differentiated from the closer subspecies –A.m.carnica and A.m.mellifera- even if polyphyletic markers have been found. The authors hypothised a hybrid origin for both Italian subspecies –A.m.ligustica and A.m.sicula- due to the role of shelter the region played during the glacial periods.

Nevertheless, commercial importation has recently often occurred from the boundary countries. Moreover, in the last 50 years in some areas queen rearing (Emilia-Romagna and Toscana), has became a professional and specialised activity and thousands of queens have been sold throughout Italy. This is supposed to have generated a genetic impoverishment.

To better evaluate the bee populations biodiversity in Italy a large screening is being undertaken. Samples all come from managed hives but we classified them according to two different rearing styles: “rural”, which are supposed to be representative of the natural population, and “professional”.

6 populations were scored with eight microsatellite loci. The DraI test is being undertaken. Populations 1 and 2 represent two professional queen rearing areas –Emilia Romagna and T

scany-; populations 3 and 4 are mainly composed by rural beekeepers; both of these couples are separated by the Appennines; population 5 belongs to a boundary zone between Italy and France (Piemonte and Lombardia); population 6 is from Sardegna.

Materials and methods

Samples belonging to two different categories -rural and professional beekeeping- were collected directly from the hive and sent to the laboratory in an 80% ethanol solution. 156 samples were scored and 111 are shown in this analyses. They were grouped into 6 population according to the geographic distribution (fig.1). Populations with their geographic origin, sample size and main characteristic are summarised in tab.1.
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Fig. 1 Sampling sites and supposed populations.

Tab. 1 Sampling sites and supposed populations


Geographic region
Sample size
Main rearing style

Pop1
Emilia-Romagna
37
Professional

Pop2
Tuscany
15
Professional

Pop3
From Apennine to Est coast
30
Rural

Pop4
From Apennine to West coast
14
Rural

Pop5
Boundary between Italy and France
7
Rural

Pop6
Sardinia
8
Rural

DNA extraction was performed according to Estoup et al. (1996); 1 (l of the final solution was used in the PCR reaction. 8 microsatellite loci were analysed. Loci, sequence primers and PCR conditions are shown in tab.2. Fragments were scored with a Beckman CEQ8000 automatic sequencer. Statistical analysis were conducted with Fstat 2.9.3.2 and Arlequin 2.000.

Tab. 2 Name, PCR conditions, primer sequences and number of alleles found in the analysed loci.

Locus
PCR conditions
Primer sequences
n. of alleles

A7
T.a.: 58°C ;

MgCl2: 1,2mM ; 25 cycles
F: CCCTTCCTCTTTCATCTTCC

R: GTTAGTGCCCTCCTCTTGC
15

A14
T.a.: 58°C ;

MgCl2 : 1,7mM ; 30 cycles
F: GTGTCGCAATCGACGTAACC

R: GTCGATTACCGATCGTGACG
17

A(B)24
T.a.: 55°C ;

MgCl2: 1,2mM ; 30 cycles
F: CACAAGTTCCAACAATGC

R: CACATTGAGGATGAGCG
7

A28
T.a.: 54°C ;

MgCl2: 1,7mM; 30 cycles
F: GAAGAGCGTTGGTTGCAGG

R: GCCGTTCATGGTTACCACG
10

A88
T.a.: 55°C;

MgCl2: 1,2mM ; 30 cycles
F: CGAATTAACCGATTTGTCG

R: GATCGCAATTATTGAAGGAG
11

A113
T.a.: 60°C ;

MgCl2: 1mM ; 30 cycles
F: CTCGAATCGTGGCGTCC

R: CCTGTATTTTGCAACCTCGC
16

A107
T.a.: 58°C ;

MgCl2: 1,2mM ; 30 cycles
F: CCGTGGGAGGTTTATTGTCG

R: GGTTCGTAACGGATGACACC
27

Ap43
T.a.: 60°C ;

MgCl2: 1,2mM ; 35 cycles
F: GGCGTGCACAGCTTATTCC

R: CGAAGGTGGTTTCAGGCC
13

Results and discussion

Hardy-Weinberg equilibrium, tested with the Fis value on 960 randomisation per locus and population, is shown in tab.3. Significant values (5% level) are in bold, compared with the adjusted value after Bonferroni correction (indicated in table). Fst per pair of populations and significant values are summarised in tab.4. The Fis values (Weir and Cockerham, 1984) of populations from 1 to 6 are respectively 0.257, 0.162, 0.285, 0.377, 0.002 and 0.295. Global F statistic estimators are the following:

· Capf (Fit)=0.249

· Theta (Fst)=0.012

· Smallf (Fis)=0.240

Tab. 3 Proportion of 960 randomisations that gave a LARGER Fis than the observed. Indicative adjusted nominal level (5%) for one table is 0.00104

locus
p-value

A113
0.0010
0.0969
0.0010
0.1594
0.3281
0.4688

A28
0.0010
1.0000
0.0010
1.0000
1.0000
0.1063

AB24
0.0500
0.1052
0.1542
0.3010
1.0000
0.3385

A14
0.0031
1.0000
0.0063
0.0115
1.0000
0.1448

A107
0.0177
0.7375
0.3479
0.2646
1.0000
0.3323

A88
0.0042
0.4104
0.0010
0.0760
0.3323
0.0833

Ap43
0.0125
0.0052
0.0010
0.0510
1.0000
0.4115

A7
0.6938
0.3958
0.0688
0.0854
0.1948
0.3490

All 
0.0010
0.0021
0.0010
0.0010
0.4896
0.0010

Tab. 4 Fst value (under the diagonal) and p-value on 3024 permutations (above the diagonal)


1
2
3
4
5
6

1
*
0.09983(0.0058
0.03802(0.0031
0.99967(0.0000
0.34612(0.0097
0.01554(0.0023

2
0.02055
*
0.11603(0.0059
0.99769(0.0008
0.09554(0.0054
0.01587(0.0025

3
0.02408
0.02420
*
0.99967(0.0000
0.82909(0.0065
0.17322(0.0067

4
-0.16304
-0.13242
-0.16819
*
0.98347(0.0023
0.97686(0.0027

5
0.01291
0.02980
-0.01494
-0.16924
*
0.29256(0.0099

6
0.07889
0.07813
0.03211
-0.16045
0.02294
*

The analysis of this data set does not underline a structured population. Only three Fst significant values appear and two of them are between pop6 (Sardegna) and the populations with the main professional areas of queen breeding which are pop1 (Emilia-Romagna) and pop2 (Toscana). Within the peninsula the only Fst significant value is between pop1 and 3 (Est). Excluding pop5 (Piemonte, Lombardia) the local inbreeding seems to be quite high ranging from 0.162 to 0.377 and departure from Hardy-Weinberg equilibrium is shown. The picture here drawn underlines the effect of the commercial activities of queen rearing. Thousands of queens have been sold all over Italy during the last 50 years, and this could have represented a substitution of the natural population with commercial strains also due to the almost complete mortality of non managed bee-hives caused by the parasitic mite Varroa destructor. Sardegna’s population seems not have been subject to this effect - a low genetic structure is shown between the isle and the peninsula- . The only population that does not show a strong inbreeding is pop5 which belongs to a boundary zone. Gene flow in these areas were fully demonstrated (Franck et al., 2000) and this could contrast the high omozigosity level taking the population to the Hardy-Weinberg equilibrium.

It must be said that the sample size is not very big in some cases (pop5 and 6). Moreover, pop3 and 4 cover very large geographic areas. Maybe, by increasing the sample size and focusing on more restricted zones the situation can be better understood.

This study is not exhaustive and represents a primary screening in a view of large analysis of the Italian population.
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Pop2: Sardegna


(sample size 8)





Pop5: PiemLom (sample size 7)





Pop2: Toscana


(sample size 15)





Pop4: LazCamCal


(sample size 14)





Pop3: UmAbMolPug


(sample size 30)





Pop1: Emilia Romagna (sample size 37)
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