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INTRODUCTIONINTRODUCTION
Mitochondrial DNA has been the marker of choice for assessing Iberian honey bee (Apis mellifera iberiensis) variation, particularly the PCR‐RFLP of the intergenic tRNAleu‐cox2 region, also known as the
DraI test ((GarneryGarnery etet alal.. 19931993)).. Over 2500 colonies (Garnery et al. 1998, Franck et al. 2001, Miguel et al. 2007, Cánovas et al. 2008), mostly sampled in the eastern half of the Iberian Peninsula, have been
screened with the DraI test. The data generated by this massive sampling revealed the co‐existence of African (A) and western European lineages (M), forming a south‐north cline, and unparalleled levels of
haplotype diversity and complexity.

In comparison with the populations inhabiting the eastern side of the Iberian Peninsula, Atlantic honey bees have been largely undersampled. Yet, the few surveys suggest that Ibero‐Atlantic populations
harbor a crucial component of the Iberian honey bee diversity. Therefore, a fuller understanding of the Iberian honey bee history has demanded for further surveys of Ibero‐Atlantic populations.
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METHODSMETHODS
SamplesSamples
TheThe maternalmaternal ancestryancestry ofof overover 10001000 coloniescolonies collectedcollected acrossacross continentalcontinental PortugalPortugal andand thethe archipelagosarchipelagos ofof AzoresAzores andand MadeiraMadeira (Fig(Fig.. 11)) hashas beenbeen assessedassessed usingusing thethe
DraDraII testtest ((GarneryGarnery etet alal.. 19931993)).. AmongAmong thethe 10001000 individualsindividuals surveyed,surveyed, 4343 exhibitedexhibited 1616 novelnovel PCRPCR‐‐RFLPRFLP patternspatterns..

SequencingSequencing andand sequencesequence analysisanalysis
TheThe tRNAleutRNAleu‐‐coxcox22 intergenicintergenic regionregion waswas sequencedsequenced andand analyzedanalyzed forfor aa totaltotal ofof 2020 individualsindividuals carryingcarrying thethe 1616 novelnovel haplotypeshaplotypes.. ThisThis regionregion containscontains aa nonnon‐‐codingcoding
sequencesequence whichwhich sizesize dependsdepends onon thethe formsforms ofof thethe PP elementelement andand numbernumber ofof repeatsrepeats ofof thethe QQ elementelement (Fig(Fig.. 22)).. InIn thethe AfricanAfrican lineagelineage thethe PP elementelement cancan displaydisplay twotwo
differentdifferent formsforms:: PP00 (sub(sub lineagelineage AA andand AA asas defineddefined byby FranckFranck etet alal 20012001)) andand PP11 (sub(sub lineagelineage AA asas defineddefined byby FranckFranck etet alal 20012001)) TheThe PP00 differsdiffers fromfrom PP11 byby aa 1515

As part of an ongoing study of the Portuguese honey bee populations, we have detected 16 novel haplotypes with the DraI test. Herein, these haplotypes are fully described by the RFLP approach and by
sequence data. Our findings suggest that the Atlantic side of the Iberian Peninsula harbor important genetic resources, especially in face of the escalating threats the honey bee diversity.
As part of an ongoing study of the Portuguese honey bee populations, we have detected 16 novel haplotypes with the DraI test. Herein, these haplotypes are fully described by the RFLP approach and by
sequence data. Our findings suggest that the Atlantic side of the Iberian Peninsula harbor important genetic resources, especially in face of the escalating threats the honey bee diversity.
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differentdifferent formsforms:: PP00 (sub(sub‐‐lineagelineage AAII andand AAII,, asas defineddefined byby FranckFranck etet alal.. 20012001)) andand PP11 (sub(sub‐‐lineagelineage AAIIIIII ,, asas defineddefined byby FranckFranck etet alal.. 20012001)).. TheThe PP00 differsdiffers fromfrom PP11 byby aa 1515‐‐
bpbp indelindel.. TheThe QQ elementelement cancan bebe repeatedrepeated inin tandemtandem oneone toto fourfour timestimes (Fig(Fig..22))..

FollowingFollowing amplification,amplification, usingusing thethe primersprimers EE22 andand HH22 andand thethe standardstandard PCRPCR reactionreaction andand temperaturetemperature profileprofile describeddescribed elsewhereelsewhere ((GarneryGarnery etet alal.. 19931993),), PCRPCR
productsproducts werewere purifiedpurified andand sequencedsequenced inin bothboth directionsdirections.. TheThe sequencessequences werewere checkedchecked forfor basebase callingcalling usingusing SeqManSeqMan®® versionversion 77..00..00..

TheThe sequencessequences werewere alignedaligned usingusing MegaMega versionversion 55..0303 (Tamura(Tamura etet alal.. 20072007)).. PhylogeneticPhylogenetic topologytopology waswas constructedconstructed usingusing thethe maximummaximum likelihoodlikelihood methodmethod
implementedimplemented inin PHYMLPHYML 33..00 ((GuindonGuindon etet alal.. 20102010),), andand thethe nodesnodes werewere supportedsupported byby 10001000 boostrapsboostraps.. TNTN9393 ++ GG waswas usedused asas bestbest‐‐fitfit modelmodel ofof nucleotidenucleotide
substitution,substitution, whichwhich waswas obtainedobtained byby thethe programprogram jModeltestjModeltest 00..11..11 (Posada(Posada etet alal.. 20082008)).. TheThe medianmedian‐‐joiningjoining networknetwork algorithmalgorithm ((BandeltBandelt etet alal.. 19991999)) waswas
implementedimplemented inin thethe programprogram NetworkNetwork versionversion 44..66..00..00 ((FluxusFluxus Engineering,Engineering, Clare,Clare, UK)UK)..

RESULTSRESULTS

Figure 1. Location of the 43 colonies harboring the 16 novel
haplotypes. Most haplotypes were detected in the centre of
continental Portugal. A34 and A40 were private to San
Miguel and Madeira, respectively. A42 was the only
haplotype detected in both mainland and island populations.
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RESULTSRESULTS
TheThe RFLPRFLP patternspatterns (Fig(Fig.. 22)) andand sequencesequence datadata (Fig(Fig.. 33)) revealedrevealed thethe noveltynovelty ofof thethe 1616 haplotypeshaplotypes..

TheThe distributiondistribution ofof thethe 1616 haplotypes,haplotypes, whichwhich werewere namednamed sequentiallysequentially fromfrom AA3131 toto AA4646 followingfollowing thethe standardstandard nomenclature,nomenclature, isis shownshown inin FigFig..11 .. HaplotypeHaplotype AA4242 waswas thethe mostmost commoncommon ((1616 colonies)colonies)
whereaswhereas haplotypeshaplotypes AA3131,, AA3232,, AA3535,, AA3737,, AA3838,, AA4141,, AA4444,, andand AA4646 werewere singletonssingletons..

TheThe 1616 haplotypeshaplotypes areare allall ofof AfricanAfrican maternalmaternal ancestryancestry (Figs(Figs.. 22,, 33,, 44)).. FifteenFifteen haplotypeshaplotypes containedcontained thethe PP11 elementelement whereaswhereas onlyonly oneone (A(A4646)) exhibitedexhibited thethe PP00 elementelement (Figs(Figs.. 22 andand 33)).. Accordingly,Accordingly, 1515
haplotypeshaplotypes fitfit thethe AfricanAfrican subsub‐‐lineagelineage AAIIIIII (as(as defineddefined byby FranckFranck etet alal.. 20012001)) whereaswhereas onlyonly oneone belongsbelongs toto thethe mostmost commoncommon subsub‐‐lineagelineage AAII.. FifteenFifteen haplotypeshaplotypes containedcontained eithereither twotwo (A(A3131,, AA3232,, AA3333,, AA3434,, AA3535,,
AA3636,, AA3737)) oror threethree QQ elementselements (A(A3838,, AA3939,, AA4040,, AA4141,, AA4242,, AA4343,, AA4444,, AA4646)).. OnlyOnly haplotypehaplotype AA4545 displayeddisplayed aa sequencesequence withwith fourfour QQ elementselements (Fig(Fig.. 22,, 33))..

TheThe medianmedian‐‐joiningjoining networknetwork (Fig(Fig.. 55),), basedbased onon 3636 variablevariable sitessites ((1818 indelsindels andand 1818 substitutions),substitutions), illustratesillustrates thethe relationshipsrelationships amongamong thethe novelnovel andand previouslypreviously describeddescribed haplotypeshaplotypes ofof subsub‐‐lineageslineages AAII (A(A33)) andand
AAIIIIII (A(A1414,, AA1616,, AA2929,, AA3030)).. TwoTwo distinctdistinct clusters,clusters, separatedseparated byby thethe numbernumber ofof QQ elements,elements, areare representedrepresented inin thethe networknetwork..
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Figure 5. Median‐joining network of the novel and previously
described haplotypes. Sequences of A14 (FJ477991.1), A29a
(FJ890930.1), and A30 (EF033654.1) were downloaded from GenBank.
A3 and A16 sequences were obtained from individuals collected in
Portugal. The cross lines along branches represent mutational steps
between nodes.
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DISCUSSIONDISCUSSION
TheseThese resultsresults highlighthighlight thethe AtlanticAtlantic sideside ofof thethe IberianIberian PeninsulaPeninsula asas anan importantimportant repositoryrepository ofof IberianIberian honeyhoney beebee maternalmaternal diversitydiversity.. TheThe 1616 novelnovel haplotypeshaplotypes joinjoin thethe 2727 previouslypreviously describeddescribed AfricanAfrican
haplotypeshaplotypes ofof whichwhich 1717 havehave beenbeen foundfound inin thethe IberianIberian PeninsulaPeninsula ((CánovasCánovas etet alal.. 20082008),), representingrepresenting anan increaseincrease ofof 5959%% andand 9494%%,, respectivelyrespectively.. TheThe 1515 haplotypeshaplotypes ofof subsub‐‐lineagelineage AAIIIIII ancestryancestrywerewere addedadded toto
thethe 88 previouslypreviously reportedreported ((GarneryGarnery etet alal.. 19981998,, FranckFranck etet alal.. 20012001,, ColletCollet etet alal.. 20062006),), representingrepresenting anan increaseincrease ofof 188188%% forfor subsub‐‐lineagelineage AAIIIIII variationvariation.. TheThe IberianIberian honeyhoney beebee hashas beenbeen byby farfar thethe mostmost intensivelyintensively
surveyedsurveyed honeyhoney beebee subspeciessubspecies withwith thethe DraDraII testtest (Franck(Franck etet alal.. 19981998,, MiguelMiguel etet alal.. 20072007,, CánovasCánovas etet alal.. 20082008)).. Therefore,Therefore, detectiondetection ofof suchsuch aa remarkableremarkable numbernumber ofof novelnovel haplotypeshaplotypes waswas unexpectedunexpected andand
suggestssuggests thatthat priorprior studiesstudies missedmissed anan importantimportant componentcomponent ofof IberianIberian honeyhoney beebee diversitydiversity..

Figure 2. Restriction maps (left) and length of restriction fragments (right), deduced from DraI restriction
patterns and sequences of the tRNAleu‐cox2 intergenic region, of the 16 novel haplotypes. The DraI site is
denoted with an arrow while deletions and insertions by the letters d and i, respectively. Deletion d1 is
specific of the P1 element which defines sub‐lineage AIII, as in Franck et al. (2001).

Figure 3. Alignment of the tRNAleu‐cox2 region of the 16 novel 
haplotypes. DraI site is marked in bold. Indels are denoted by 
letters a‐n while substitution sites by numbers 1‐16.

Figure 4. Phylogenetic relationship among the haplotypes
representing the three lineages that have been reported for
the Iberian Peninsula: A, M, and C (recent human‐mediated
introductions).
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ThisThis studystudy furtherfurther expandsexpands onon thethe complexitycomplexity ofof AA.. mm.. iberiensisiberiensis patternspatterns andand reinforcesreinforces thethe importanceimportance ofof thisthis southernmostsouthernmost EuropeanEuropean territoryterritory asas aa reservoirreservoir ofof AA.. melliferamellifera geneticgenetic diversitydiversity.. ThereThere isis aa
growinggrowing alertalert forfor protectingprotecting honeyhoney beebee geneticgenetic resourcesresources acrossacross itsits naturalnatural rangerange andand anan increasingincreasing numbernumber ofof conservationconservation programs,programs, speciallyspecially acrossacross Europe,Europe, toto protectprotect AA.. mm.. melliferamellifera (reviewed(reviewed byby DeDe lala
RúaRúa etet alal.. 20092009)).. PreservationPreservation ofof honeyhoney beebee geneticgenetic variationvariation isis aa prepre‐‐requisiterequisite forfor longlong termterm adaptiveadaptive changechange andand avoidanceavoidance ofof fitnessfitness decline,decline, throughthrough inbreedinginbreeding depression,depression, andand therebythereby aa guaranteeguarantee ofof aa
sustainablesustainable apicultureapiculture.. TheThe IberianIberian PeninsulaPeninsula hashas beenbeen aa stagestage forfor evolutionaryevolutionary eventsevents thatthat havehave shapedshaped thethe evolutionaryevolutionary historyhistory ofof westernwestern EuropeanEuropean honeyhoney beebee lineagelineage.. Therefore,Therefore, thisthis territoryterritory certainlycertainly
deservesdeserves specialspecial attentionattention inin aa largelarge scalescale conservationconservation programprogram..
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