What’s killing
the honey bees?
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What products or jobs
do honey bees provide?






Bees are important to our food supply in other ways

75% of flowering plants and 35% of food crops rely on pollinators.

Your produce choices RO A (o Your produce choices
with bees S LPPLI R el T without bees




Beekeepers travel around the US
with their hives

Almond pollination brings 2,000,000
hives to California where 80% of the
world’s almonds are grown each year.
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What threatens
honey bee colon




There is a problem: annual colony loss
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Global honey bee (and pollinator) crisis
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Auvalinate (Apista n®) and | media reports that something was awry with their
honey bees. A significant proportion of American
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Sometimes sick colonies

have symptoms...
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..and sometimes not



Deformed Wing Virus  gms

* Found globally
e RNA virus

 One of the few that
produces symptoms

 High infections associated
with colony loss

 Transmitted by a mite
(Varroa destructor)



Deformed Wing Virus

Electron microscope image

Models

Genome (10,000 bps) positive-sense RNA genome (acts like mRNA)
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GCCTTCCATAGCGAAT TACLL TLLAACTAACAATT T TAGATAGTAGLCATGAACAAALAT TATAGTAGCTCACTALGTATTGATCATTITTTATAATGACTTGLGTAGCATGAAGCLGCATGLT TGTAGTTGTAACTATGT TACTT TRCAAGT TGLAGTT TACTATY TTGLATTATGLAS
TCTGTATTTATAGTCGT TTGTGOT TCAAGGT TT TGTGT TAGTAGTACACT TATGTATCGAATGTAYCT TTAGTATCGAATGT TATAGAAT CACAATATCCAARGAAAAATY T TTATAAAATACAAAAATAT TGTTT ITTATTAT TTCGATATGETETTT TATAGAGTAGAT TGCCATGTL
CCATTATOLTTTATCAATCLAALT TEAATGTAT TTATAAGRATAT TATACTTAAT TAGTAATATTAGTAGTCCOTAACTAT TATCATCCTT TTTCAGT TTGATGOTGATAATAGCACCACTGCAGTATCOAGTAGAGTT TCLAATGEGTAGTOCAATAGTATAATYACTOGTCACCLACK
ACATCTOTCLLAAACCATTATTTATOAAGTCACTAGCAATCATOOATTAAATTAGATLLTATTCTAGTT TAGAGGTOATTCLOCLCTLCLOTOCLACTLAAACTTCTAAATTAGCATCTCAGATTATAT TATCAATOCOTTAGTAGTAATT TCTLCOATAGAGCTOLOACCCCTCAL
AEGAaGEGAAAJTaTGAAAGTTTTGTATaTaTTTTTﬁTATaTACaACTGTﬁTEGaGAAIICEIIIAaCAAGAATECTTTTAATACAGTATAATTTJTJCTACaGTﬁEaTTﬁ£aTTEaCAaGaCAECEGTTAATaTCTEATAGCECAGAEGATaGCaGATGaAAAaACATEATATTTT
TTﬁTTGETaAIIIAIIIIaCTGIIIIIAIIIGETATTTTATATTTGCTAATTYTEATTATTaCGAAATATATTACATTaCTﬁIIIIIAIIATATAEGETAJATTEAAIIIIAIIIII?CTﬁTﬁIIIICAAIIIAAIIIIGAIIICaAAaGTAAATATATATAAIIHAIIAIIAAAAJ
|GAACTET?TETTAETCTGECJTCaCECAAGETECGTETGTEGE?T#TJCACCTEaTACATGaGAAGTTaATaAAGCTﬁaGEGGEGECGAGTEATTAAACGTTTGaCGETaGAaCAAaAﬂEGTﬁTTCaTAACaTTCTTGACaTTaCEGTETATaACEAaGCJAEATGGJAACAJGAG=
|AJTTECTﬁACGaAACAATTﬁAAYAATTTATATACTATTTATTEGATCaCTGAACaTTGTACJCGTEJGECTATEAAAGAGTAETETCCTﬁTﬁTEAaTTTCJAATAGGTTTGCT[EAETGJAHTCCCT?AAGaTCGAaGTEJGTEAAGAAGEAHGCJAATGTATHTTTAAJAAACCTJ
GCAAGAAAGCTGAAGCCTGT TGCAACTCCCTTCGTTCOTGAAAAAGT TGTTCGTCCTATGTGY TCWAGATCCCCTATGCTAT TAT TTAAGCT TAAGAAAATTAT TTATGAT TTGCATT TATATAGATTAAGAAAACAGAT TAGCATGTTGAGACGTCAAAAACAGCGCGAT TATGAG
ATCTOYTACAAT TATCCAATCCAGTOCAGLCAAAACCAGAGAT GOATAACCCTAATCCAGGACCTGATGLCGAGLGLGTLAAG T TGAAT TAGAAAMAGGATAGCAATGTTGTT TTAACAACTCAGCCAGATCCTAGTACATCTATTCCAGCGCCLGTOAGCLTAAAATGLAGTAGATGGS
TAGATGATTATGCCACAATCACATCTCLATOLTAYCAGATTGCTGAAT TTOGTT TGLTCLAAGGATGATCCAT TTCATAAGGAGT TAGCACGTT TAATT TTGCCTCGTGCT TTGTTATCTAGTATAGAGGCTAAT TCTGATGCTATATOGTCATCTLGCCTAATACTATCCCATT TAAGL
CAGGCCGATATOOAAGT TAGAGTTCAAATTAAT TCAAATAAAT TCCAAGT TGO TCAAT TACAAGCTACT TGO TAT TAT TCLGGATCATGAGAAT T TCGAATATATCOTCTAAGAGAAGCGT T TATGCGATT TTCACAAATGLATCATGCT TTGAT TAGTGCLGTCAGCAAGTAAT GAAGCAS
ATAAGCCATETTTATCCATT TT TACCGACAAGCAAT TG TGCCAGATTGLACTACTCGGCATTT TAGATATGGLGTGCT TTGAACATTCGTOTAAT TGCTCCCTTACGGATGAGTGCTACTGLTCCAACTACCTOTAATGTCOGTCGTOGT TTATTAAAT TAAATAACAGCGAGT TTACAGGGS
TT TATGCGAGCCAAATCAGLGCAAAACCTGAGATOCATCOTATAT TAAAT TTGLGCAGAGGGAT TG T T GAATAACACGAT TGLTOGLTAATAATATGGATAATCCTTCT TATCAACAATCTCCTCLGTCATT TTGTCCCGACTGLTATGCACAGCT TAGCT TTAGGTACTAAT TTAGTTE
TACGT TTRGATGCAGCCOGTACCGACACAACATCCTCTAGGT TGTGCTCCT AT GAAGATATGACTGTATCCTCCATTGCATCTCGATATCCACTAAT TAGACGLGGTACAATCCAAGAAAGCGATCATOGCTAAAGGATCACT TTTGT TACAAT TAGATGCTCGATCCAT TTGTGLAGCAM
ATCCAATATCYTTGTAT TGLT TCGCACCCOGTOGLTETAGTATCTAGTATGT T TATGCAATGLGCGCGGTTCAT TAGAATATAGGT TTCGATAT TATAGCATCCCAAT TTCATACTGGTAGGT TAAT TOGTAGGTTATGTGCCCGGTT TCACAGCATCTT TGCAACT TCAAATGLACTAT
COAGTTATOGTAGTATTTOATT TACAAGCAAAGCTAATAGCTTCACTT TTCAGGTOGCCATAY GTT TCATATAGACCATOOTGLETOCGTAAATATGLTGLYAAT TATT TACCCTC G TCAACTGACGCTCCTAGTACATTATT TATOGTATOGTKCAGGTWCCRTTOATACCTATGLAAGCTL
ATATCAATGTOTACGTACGLOGLGLTAGT TCAT TTOAAGTTTGTOTTCCAGTCCAACCTAGT TTAGGTT TCGAATTOGOAATACAGACTTTATTT TACGTAATCAY GAACAATACAGLGCTAAGACAGGTTATOCACCATATTATGCTOOAGTOTOLCATAGCTTCAATAATAGTAAT
GaGGATETaYTTCEGAYCAAATTaCTEAaTaGECGACAATTTEA;TAECAAGAGaTaAGETAGCTTTETTAEGAATTAAGaATaGAAAaCAAaCTaCTGTAGaAAC?EAACCTTaGEGTACaATaGTTaTTTGaCCTTETaGYEATGGTTATAATATTGGTﬁTﬁECTACJTATAAT=
AGCTTGCACAACACTTATATGCTGOTGLATCAT TAACT GATGAGAAGGCCAAACAAT TAT TTGTTCCTGCTAATCAACAAGCACCTGETAAGCTAAGTAATCGAAATCCOLTATGGGAAGTCATGCGTGCACCATTGGCAACACAGCGTGCGCATATTCAAGATT TTGAATTTAT T
GAGAGGAGTCTCOTAATACTACAGTCTTGGATACGACCACTACT T TACAGTCGAGTGGAT TTGGTCGCGCY T TCT T TGLAGAAGCT TTTAATGAYC T TAAAACGT TAATGCCACGATATCAATTATATGGTCAATTATTAT TGTCCGTTACTACGGATAAGGATATTGATCAT TG/
GTTTACCACAAGGGTTAGCGT TAGACATTGGETTCTGETGGCTCTCCACATGAAATCT TTAATAGATCTCOTGATGGTAT TATACCAT TAAT TGCATCTGGATATAGAT TT TATAGAGCAGAT TTGCGTTATAAGATTGT TT TTCCAAGTAATGTTAATAGCAACATTTGGG TACAAL
GACTGGAAGGATGGTCCGCGLCTAAGAT TG TAAAT TGTGATGCTGTGTCTACTGGTCAAGGGGTGTATAATCATGGT TATGCTAGTCACAT TCAAATCACGCGTGTAAATAATCT TATAGAATTGGAAGTTCCATTT TATAATGCTACT TGTTATAAT TAT TTACAGGCGTTTAATI
CTAGT TATGCAGTATCT TTAGGAGAAMATATCLGTTGLGT TTTCAAGCTACAAGTCATGATATTGCATCTATTGT TAACAAACCTGTTACTAT TTATTATAGTAT TGLAGATGLTATGCAAT TTTCTCAGTGLGTTGLATATCAACCGATOGATGATCCTAGATCAGCTYCCTLCACCAL
CTGAGGGCCCTATTGCGAAGATTAAAAACTTCT TCCATCAAACAGCCCAY GAAGT TAGAGAAGCTCAGGCAGCAAAGATGCLTOAAGATATGGLTATGLTTGTCCAAGATGTTAT THGLAGAACT TAGCCALGGCYATACCLGATCT TCAACAACCLGAGGTTCAAGCAAATLGTCTTC
TAGTCGCATOGCTATTATAGGTACTAGT TTOAAGACAGCT TGCT TGLGGCCATTGT T TCGATT T TTGTGACTT TAGGAT TAAT TECACGCCAAATCATLCAT TCAGT TATTACTGTAGTCAAGCOGGTTACT TCAGAAATATCACT TGLGCCACGCAACCCCAGCAATCCLCCAGT TCAAGT
TTCCAGAAGCCTCCCAAT G TCAAGCGLAGGAGGCAAGTGCT TOLGTATCCATTAT TTATAATGLGTGTGTOGTAATATGCT TAATGTRGCTGCTCAAAAACCCAAACAAT TTAAAGAT TGO TAAAAT TAGCTACTGTAGAT T TTAGTAATAATTGTAGAGGTAGTAACCAGGTATITTL
CATTTGAAGCTOT TEAAGAAAATOTGGGLT TATGTAT TT TGTCAGAGTAATCCTOGCAGCGCGT TTGTTGAAAGCTOGTOAATCACCAGCCTCAGATTT TGAAAGCATGLETOAAGGAATGTCTGTAT TTGEATGATCCCAAAT TCAGAATGCOTCOAGCGCATCATCAAGAGTATATCL
CACAT TCATATOCACAAAT TT TGCTACATGATT TAACTGCT CGAAATCAATCAATCACCAAAT TTCGAGTGTGT TTACACG TG TOTATGATCAAATTTCAAAAT TCAAGACCCATCT TATCGAAATGOGATCLAATCCATATATAAGGCGTCAATOGTT TTACGATATGCATGTGTGETE
AATCATATT TCGACCCATTCT T TATGCAGCGAGCTCT TACGTGCGAGTCLGTACTCC TG TCACAACAGGCATAAAATGTLT TG TTAATCCATTATCTGAT TAT TGLGATCAATGTGATT TTCAGCCTGT TT TGTGEGTTGACGATATGTOGOAGTOTTCAAACATCTACTACGCTYGAT
TT TTCCAGGTCCAT TCCCCTATCOGTGCTTTCTCCTCCTAAAGCTOATT TAGAAGGTAALAAAAT GCOATATAACCCHLAAATAT TCATATACAATACGAATAAACCTT TCCCLAGLGT TTOATCLTAT TECTATOLAAGCTATTTATCLGLCGTAGAMATGTT TTOGATTGAATLTAMAAL
AGCLAGGATOTAAGCAT TOTCAGAATCATAT TCCTAT TGCTGAATGTAGTCCTAAGATOLT THAAAGATT TTCATCATAT TAAAT TTAGGTATGCLCATOATLTATGTAAT TCCOAGACCACATLOTCTOAATGLATOACGTATAATOAATT TCTTGAATLLATAACTCCTLTGTATS
AGGCGAATGAATCGT T TAAGATGCOTGTGOATGAAMATGCAAATGT TACCTATGEATCAACCATTGLEAAGCTGATAATAT TCTCAATAACTATCTTGAAGTTAATCAGCGCTTAGTGGAGGAAATGAAGGCAT TTAAGGAGCGTACACTATGGTCAGAT TTACATCGCGTAGGTGCG!
TTAAGAAAGCT T TACCAACCATTTCCATAACCGAAMAAY TACCACATTGGACTGT TCAATGTGGTAT TGCTAAACCTGARATCGACCATGCTTATGAGGTTATGAGTTCOGTATGCAGCTGGAATGAATGCAGAGATTGAAGCGCATCAACAAGTTCGGCGT TCRTCAGTGGAATGT
AMCCTYCAAGAAAYCCTGATGATGAAGCACCAACCATAGAT GAAGAACTTATGLGCGACACTGAATTCACATCACAGGCTCTAGAACGTCT TETGGATGAAGGTTATATAACT CCAAAACACAAGCAAATATATAGCTATGTGGTGTAGTAAGCGTCGTGAACATACTGCTGACTT T
ATAAT TTGCGTGTG T TAAGTGCGTATGTGCATGAACGT TCATCTTCAACTCGGCT TTCTACGGATGACGTCAAGT TATATAAAACGAT TAGCATCT TACATCAAAAGTATCATACCACAGACTGTGCTAAATGTCAACATTGGTATGCTCCGT TGACTCATATCTATGTTGATGAC/
CTCAGAAAGAGAAAAAGACACTTATTGATGTCCGAAAAT TG TCCAAMGAAGATCTGACTGT TCAATCRAAAT TGRTTAAT T TATCTGTTCCTTGTGGTGAAGTK TG TATCT TACATTCAAAATAT TTYAATTATCTT TTCCATAAAGCATGLT TGT TTGAGAACCCAACT TGGCGEL

CCAAGCAALGLTATGCCCOAGTACT TTATGAA T TGTGTGEATCGAAAT T TCATTAGATTCCAAATT TGOTAAAGTGAAAGTLGTOLT TECAAGCCATCAT TOATAAGTATT TAACTCGTCCCOGTOAAAMATCGATTCGTGATTTTCTTT TCAAGTGLTLLECGCAAGT TGCLTATLGTGT TGS
TY G TATAACTGCGTATGAAA TCAGAAATCCLAAACCAACT TCTOAGGAAT TAGCTGATCAT TATGTGAATAGGCAT TGTAGCTCTGAT TT TTGLTCACCAGGACTLGCATCACCTCAAGGAT TCGAAATATALT AL ACTAACACTAAACCCACTTAGAATCCATAGATTGCCAL
AGGCATCAACACAACAAGTAGACGCTOGCTOTCAATAAAATT TTACAGAAYATCOT TTACATTGLGTGT TG T T T TCCCAAAAGCTLGCCT OGO TAGTAAGTGGCCAGATATTAAT TTTAGGTGTCTTATGCTTE: TATTGAGTCRACTGCTE

CCAACTACTATT TYAAGTATATTCATAATCAAGAGACTAGAATGTCTGLTEATAT TTCTGLTAT TGAAAT TCGAT TTGTTGAATT TACCTAGAT TGTAT TATGGTGLTCTCLGCGLEAGAGGAGTCATT TG (fu I I ge n o m e) TCGTATTCCTGAGTGTS
TTATAGCOGTCACATAATCAACATATACGTGCTCAGAATGATOCAGTET TAGTAACT GLCGACCATACTCAGT TATTGGCTT TCGAGAATAATAATAAGCACCCCAATAAGCTATCAACGCTGATGLTTTGT TCCATACCATLGLCGATL
TATTGCTGTCTCOGAAT TTACAACGGCCAAT TATAGGTATCCATGTTGCTGLTACT GAAGGATTGCATGLCT TTLGLAGTY GCTGAACCAY TGO TACATCAAATCT TCACCOGLGTAAAGCAATCCAGAGT G CCOLTTGCLTGAATTAL
GTTTAGATACCCAT TTATATCCOGATTOLTAGAGTOGOATGCAAAGT TAGCTCATGCTCAAAGCCCT TCTACTGLLATCAAAAAGACGCTTATCCATGLAACATT TGATGTAAGGACT CAACCAAATCCOATOTCOTCACGTOATCCAAGAATAGCLGCCOCATGATCCTT TEAAGT TAL
GTATGCCTTGTTCACCGTT TAATAGGAAACATCTLOAAT TAGCLACAAATCAT TTOAAAGAAAAATTAGTTTCAGTAGT TAAACCAATAAATGLTTOGCAAGAT TAGAAGT TTOGCAAGATGCTRTATOGTGLGTOTOGECTLGGTT TAGATLGLGTT TOATTCOATATCTTOGLAATACTAGTL
CTTCATTAAAGCCACCT GLAACATCAGLY AAGCOATLOTTGTT TOAY ATT GAGCTACAAGAY TCGLOATGTTATCTCY TLCLTOLAATOC G TCCCLAACT TLGAGATTCAAT TATCAACCACACAGTTAATLAGLAAAAAGGLAATAAAACCTCACACTATATICACLGATTGT TGS
CTCTTGAAAAATCTAGAATACCTGOETAAGACTAGAATATT TAGTATAAGTCCGGTACAGT TTACCATACCGT TTCGACAGTATTACT TAGACT TTATGGCATCCTATCGAGCTGCACCACTTAATGCTGAGCATGLOTAT TGGTATTGATGT TAACAGCT TAGAGTGGACAAAT T TG
AGTWTGGCACTCACATCGTGACAGGAGAT TATAAGAAT TTTGGTCCTGLGTTAGATTCCGATGT TGCAGCTTCAGCGTTCCAAAT TATTATCCGACTGEOTAT TACATTACACCCAAGAACATAATAAAGCAY GAAATCGAACCGAGTAATCTGCACCATGGCGCAAGAGATCTTAGCGL
GCCACYTGETGTACCGAGTACCT TG TGLAAT TCCATCAGGT TCTCCAATAACGGACATAT TGAAYACAATT TCAAAT TCTT TGT TAATTAGGT TAGCT TGGT TAGGTATTACTGACT TGCCT TTGTCCGAGT TCTCTCAAMATGTTGTTCT TG TCTGT TATGGCGACGATCTTATC!

;AEATGATTGATAAGIIIAATGCCGTGACGAT#GGAAAAIIEIIIICAEAATATAAGATGGAAIIIAEGGATEAGGATAAATEAGGAAAT#ETGTAAAGTGGCGGACGTTACAGAETGCTACIIICTTﬁAAAEATGGGTTCTTAAAACATCEAACTAGACCTGTGIIIETAGCTAAC{
TAGAAGGAACCACGAAT THLACTCATGCTCOAGEAT TGLGLTCLTCLTACAGCAACCATAGAAAAT GCTAAACAAGLGCGTTAGAGT TAGCATT TGLLTLGGLLTCCTOAATAT TTTAATTATGTCAGAAATACCATTAAAATCGCTT TTOGACAAGT TLLLTATT TATOGALGACCTTATC
AT CTTAGATGT TACGCTAGTGCLTAATAT TAAATTT TAAATACTCATTAATTT TAATTTTAT TTTAGGT TAT TGLAAT TGAGLGGAAGTACCACCCCCCAAGACCT TCGTT TTAAATCTACTAACGAGGAGTAAACCTATATATAAGAGTCTAAAGACAGAGTLOAT TAGACCATCATC
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We are a research, extension and outreach construct based at the OSU Wooster campus. Our program is




Activity 1: What virus is killing honey bee colonies?

A commercial beekeeping operation has lost 10% of their colonies after almond
pollination. Word has spread that a new variant of a virus has been discovered and
IS transmitted by the parasitic mite, Varroa destructor.

The beekeeper has asked the diagnostic lab to identify if the new variant (type B)
IS in their operation as well as create a new test that will distinguish this new variant
from the other variant (type A).

To help your efforts, a researcher has isolated and sequenced a portion of the
new variant found in the two dying colonies (Colony 299 and Colony 300) at the
university. They have sent you the raw sequences for analysis and test development.



Bioinformatics

* Brings together biology,
computer science, and statistics.

 Used to acquire, store, analyze
and share large quantities of
biological data — mostly DNA,
RNA, and amino acid sequences. Bioinformatics

Comp.
science



Aims of this activity

Use the web-based program to:

» Transform raw sequencing files (ABI) into fasta sequences for further analysis
 Use BLAST, a basic bioinformatics tool, to search DNA databases

* Align sequences from the database to your unknown sequence for identification

» From these alignments, develop new primers that will only detect (amplify) the
variant that matches your sequence



