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Introduction

» The maternally inherited mitochondrial DNA has been the marker of choice for assessing Iberian honey bee variation, particularly the intergenic tRNA!eU-cox2
region. The data generated by massive sampling of this region confirmed early findings of coexistence of African (A) and western European (M) lineages, forming a
southwestern—northeastern cline, and revealed unparalleled levels of haplotype diversity and complexity. Accordingly, it has been suggested that Iberia served as
a glacial refuge, and as a place of secondary contact between European and African lineages.

» While we have learned a great deal with this region, due to its high levels of variation and repetitive structure, there are evolutionary questions that can only be
properly addressed using other mitochondrial regions. In this study, we used NGS technology to sequence the mitogenomes of 92 individuals and analyzed the

data using two phylogenetic methods .

Samples

» A total of 92 mitogenomes were
sequenced, as follows: 70 A.m. iberiensis,
7 A.m. intermissa, 8 A.m. mellifera, 3
A.m. carnica. 4 A. m. ligustica. The A.m.
iberiensis samples were collected along 3
transects: Atlantic (AT), Central (CT) and
Mediterranean (MT) (Figure 1).
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Figure 1 - Sampling locations.
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Sequencing

» Libraries were generated wusing Illumina’s
TruSegTM Sample Preparation kit.

» Sequencing was performed in lllumina HiSeq
2500 platform.

Quality filtering

» Adapters were removed using Trimmomatic
and/or fastx_clipper.

» Poor quality bases (less than Phred-20) were
removed from both the 5' and 3' ends of the
unaligned reads.

» Reads below a length of 30 bases were
discarded.

Mapping

The reads were aligned using Bowtie2 against the
reference genome A. m. ligustica.

Results

g0 [ 2032 A.m.iberiensis AT4 A43' Alll
2022 A.m.iberiensis AT3 Al16 AIll

2033 A.m.iberiensis AT4 A16 AIIl

2029 A.m.iberiensis AT3 A16 Alll

2652 A.m.iberiensis CT4 A3 Al
2607 A.m.iberiensis CT3 A2°Al a I . ( 2 OO 1 ) .

2074 A.m.iberiensis AT5 A3 Al

w

B
w
&

2430 A.m.iberiensis CT6 A51' Al
2341 A.m.iberiensis AT6 A14' AIll

A lineage

- 2284 A.m.iberiensis AT8 Al Al

_96: 2989 A.m.iberiensis ATS A1 Al
2063 A.m.iberiensis ATS A2 Al
2110 A.m.iberiensis MT6 A2 Al

2168 A-m.iberiensis MT4 A2 Al
2166 A-m.iberiensis MT4 A2 Al
2095 A-m.iberiensis MT6 A2 Al
2118 A.m.iberiensis MT6 A2 Al
2112 A.m.iberiensis MT6 A2 AI
o447 A-m.iberiensis CT6 A2 AI
451: 2452 A.m.iberiensis CT6 A2 AI
2376 A.m.iberiensis CT8 A2 AT
" 2434 A.m.iberiensis CT6 A2 AI
—: 2371 A.m.iberiensis CT8 A2 AI
2384 A.m.iberiensis CT8 A4'Al
CT6 A4 AI

67 - . -
—: 2442 A.m.iberiensis
71 CT8 A6 Al

2388 A.m.iberiensis
cco A9 All

0
0

2019 A.m.iberiensis AT3 A4°Al
2485 A.m.iberiensis AT1 A23 Al

(o2}

(4)]
~
m

2277 A.m.iberiensis AT8 A9 AIl

7 2358 A.m.iberiensis AT6 A59' Alll
2068 A.m.iberiensis ATS A33 Alll
2557 A.m.iberiensis CT1 A8 All
2656 A.m.iberiensis CT4 A8 AIl
2345 A.m.iberiensis AT6 Al Al

2043 A.m.iberiensis AT4 Al Al
2273 A.m.iberiensis AT8 A1 Al

2279 A.m.iberiensis AT8 Al Al
2284 A.m.iberiensis AT8 Al Al

%

%

A lineage

samples dispersed in the tree.

(o2}

N
©
m

2110 A.m.iberiensis MT6 A2 Al
2168 A.m.iberiensis MT4 A2 Al

samples of A8 and A9 ancestry.

2005 A.m.iberiensis MT6 A2 Al

w
w
w
m

2447 A-m.iberiensis CT6 A2 Al
2452 A.m.iberiensis CT6 A2 Al

2576 A.m.iberiensis CT8 A2 Al Sa m p I e S Of M 4 a n Cest ry.

2434 A.m.iberiensis CT6 A2 Al

2371 A.m.iberiensis CT8 A2 Al

~
N

~

N
[(e] [+2]
~ o

2384 A.m.iberiensis CT8 A4' Al
2442 A.m.iberiensis CT6 A4 Al

2 2388 A.m.iberiensis CT8 A6 Al
os [ 2787 A-m.intermissa Morocco A9 All

[+2)
(=]
\l

.intel
cco A9 AIl

rmissa Mor
.intermissa Mor
rmissa Mor
issa Mor:

N
~
&

e
=

§ ¥ 8 8

|

2674 A.m.intermissa Morocco A9 AIL

occo A9 AIl
100 2672 A.m.inter occo A9 ATL
_99|: 2676 A-m.intermissa Morocco A9 All

—— 2717 A.m.intermissa Algeria A8 AIl

2672 A.m.intermissa Morocco A9 All

©o

[+
[(e} |
m

2717 A.m.intermissa Algeria A8 AIl

95— 9719 A.m.intermissa Algeria A9 ATl
2680 A-m.ligustica Italy C1

100
{ 2685 A-m.ligustica Italy C1

2722 A.m.carnica Croatia C2

90— 9719 A.m.intermissa Algeria A9 All
o 26804.m.ligustica Italy C1

2685 A.m.ligustica Italy C1

2722 A.m.carnica Croatia C2

° 2737 A-m.carnica Serbia C2
460|: 2724 A.m.carnica Croatia C2
_100': 2489 A-m.iberiensis AT1 M7
98 2512 A.m.iberiensis AT1 M10
2502 A.m.iberiensis AT1 M7
—93: 2498 A.m.iberiensis AT1 M7

2250 A.m.iberiensis MT1 M13

C lineage

[ 2691 A.m.ligustica Ttaly M7
100—— 2600 A.m.ligustica Italy M7

_58‘: 2781 A.melh:fem Norway M4
. 2815 A.mellifera Netherlands M4

2830 A-mellifera France M4

2759 A.mellifera Denmark M4

2737 A.m.carnica Serbia C2

C lineage

-
o
o
- -
o o (o2} [=]
N [=] N

s AT References

2512 A.m.iberiensis AT1 M10

2602 A.m.iberiensis ATL M7 Franck P., Garnery L., Loiseau A., Oldroyd B., Hepburn
2498 A.m.iberiensis AT1 M7

w
B
@ [{s}
~ ©
w0 ©0
[e=] [e=]
-
[} o
o

2250 A.m.iberiensis MT1 M13 H., Solignac M., Cornuet J. M. (2001). Genetic diversity

2691 A.m.ligustica Italy M7

2690 A.m.ligusica Ttaly M7 of the honeybee in Africa: microsatellite and

3 2781 A.mellifera Norway M4

Gilip ———— mitochondrial data, Heredity 52, 1119-1134.

2830 A-mellifera France M4

2772 A.mellifera Netherlands M4
2780 A.mellifera Scotland M4'
2827 A.mellifera France V4

2006 A.m.iberiensis AT3 M4

2565 A.m.iberiensis CT1 M4
[ 2620 A.m.iberiensis CT3 S

o5 L—— 2624 A.m.iberiensis CT3 S

go[ 2248 A.m.iberiensis MT1 M8
I— 2259 A.m.iberiensis CT4 M8

2054 A.m.iberiensis MT1 MS'
2629 A-m.iberiensis CT3 M8

2659 A.m.iberiensis CT4 M4

2704 A.mellifera France M4
61 2160 A.m.iberiensis MT4 M4
R 2560 A.m.iberiensis CT1 M4
2605 A.m.iberiensis CT3 M4
2191 A.m.iberiensis MT3 M4'
2544 A.m.iberiensis CT1 M4
2549 A.m.iberiensis CT1 M4
2242 A.m.iberiensis MT1 M4
2183 A.m.iberiensis MT3 M4
2649 A.m.iberiensis CT4 M4
2199 A.m.iberiensis MT3 M4

2180 A.m.iberiensis MT3 M4

M lineage

2759 A.mellifera Denmark M4

2772 A.mellifera Netherlads M4

el Seotand M4 Garnery L., Solignac M., Celebrano G., Cornuet J. M.
2008 dmiberiensis A3 M4 (1992). A simple test using restricted PCR-amplified
mitochondrial DNA to study the genetic structure of

Apis mellifera L. Experientia 49, 1016-1021.

%

2620 A.m.iberiensis CT3 S
2624 A.m.iberiensis CT3 S
2659 A.m.iberiensis CT4 M8
2248 A.m.iberiensis MT1 M8
2259 A.m.iberiensis CT4 M8
2254 A.m.iberiensis MT1 M8'

%

%

2629 A.-m.iberiensis CT3 M8
2704 A.mellifera France M4
2160 A.m.iberiensis MT4 M4

2560 A.m.iberiensis CT1 M4
2605 A.m.iberiensis MT3 M4

2191 A.m.iberiensis MT3 M4'
2544 A.m.iberiensis CT1 M4
2549 A.m.iberiensis CT1 M4

M lineage

%

2242 A.m.iberiensis MT1 M4 A ' (- QUADRO _
—— 2183 A.m.iberiensis MT3 M4 PFT‘,; :g_trHH\‘((-l‘f\
- 2649 A.m.iberiensis CT4 M4 COMPETE NE’\;IQU‘;IZ"; L '
56 —— 2199 A.m.iberiensis MT3 M4 PROGRAMA OPFRACIONAL FACTORES DE COMPETITIVIDADE

—— 2180 A.m.iberiensis MT3 M4

western European A.m. mellifera.
» A great amount of variation was observed within haplotypes named according to the
Dral test. For example, while most A2 samples form a coherent cluster, there are also

Variant calling

» The variant calling was done using Freebase.
Samtools and VCFtools softwares were used to
convert formats.

Phylogenetic analysis

» The mitogenomes were aligned using MAFFT.

» The GTR+G+l substitution model was used , as
indicated by the jModelTest software.

» The phylogenetic trees were inferred using
Neighbor-Joining (NJ) and Maximum Likelihood
(ML) methods implemented in MEGA software.
The bootstrap consensus trees were inferred from
100 replicates. Branches corresponding to
partitions reproduced in less than 50% bootstrap
replicates were collapsed. All positions containing
gaps and missing data were eliminated. There
were a total of 16055 positions in the final
dataset.

s A TG At A » The mitogenome data (Figure 2 a,b) clearly separate the 3 lineages (A, M, and C)
o M A A identified by others using the tRNA'®U-cox2 intergenic region.
i o €T442 A » There is no support for the three African sublineages (Al, All, All) proposed by Franck et

0 i T3 1 » As expected, both A-derived and M-derived mitogenomes were found in Iberia, with
the former clustering with the northern African A.m. intermissa and the latter with the

s s TS 22 » |berian samples harboring haplotypes A8 and A9 do not cluster with A.m. intermissa

1 A 16 A2 A » |berian samples harboring M4 haplotype do not cluster with most A.m. mellifera

2766 Am.intermissa Moroceo A9 Al Figure 2 - Unrooted phylogenetic tree inferred by NJ (a) and ML (b) methods. Bootstrap values are shown on the branches. AT, CT
2676 Am.intermissa Moroceo A9 Al and MT refer to Iberian sampling transects (Figure 1). The 29 haplotype names (A1, A4’, M4, M7, C1, C2 etc.) are based on the Dral
test (Garnery et al. 1992). Al, All, and Alll refer to the African sublineages (sensu Franck et al. 2001).
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