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PROBLEMATIC AND PROPOSED SOLUTIONS

Balsam fir sawfly (BFS) is an important forest insect pest in the province of Newfoundland and
Labrador. BES infestations occur cyclically and usually collapse after 3 ot 4 years. However, the
current infestation has continually grown since 1991. Moreover, much of the infested area
encompasses valuable balsam fir stands that have been pre-commercially thinned to promote growth,
a work and investment whose beneficial effects are threatened by the sawfly damages.

Like other wasp species, the reproductive mode of the BFS is atrhenotoky, in which male
offspring arise from unfertilized, haploid eggs and female offspring from fertilized, diploid eggs.
Females may control the sex of their offspring at oviposition (primaty sex ratio) by regulating the
sperm access to the egg and thus, control the sex structure of populations. The observed proportion
of females in stands varies from 8 to 83% (unpublished data). Because the expected vatiability in sex
ratios, sex pheromone traps or the current egg sampling, both assuming 50:50 sex ratios, will have a
low predictive value for assessing BFS population trends. An improved method consideting this
characteristic would be to determine the sex of overwinteting BFS eggs collected duting the fall.
Since there is a direct relationship between the number of females and the number of eggs counted
the following year during the fall, the identification and development of specific molecular markers
to estimate BES sex at the egg stage would permit managets to predict the trend of BFS population
densities. This would allow potential forecasting for 2 years compared with the current egg counts
now employed, which only forecasts for the next season. Moreovert, the use of this new tool may also
result in the reduction of the sampling effort required for monitoring this pest. This method should
be easy to implement under operational conditions, since foresters alteady sample overwintering BFS

€ges.

The deliverables for 2005-2006 were: (1) to update the literature review on the known potential
sequences of the genome of insect and Hymenoptera that are of some interest for our tool
development; (2) to screen some coding genes markers; (3) to optimize PCR programs for DNA
amplification of potential markers; (4) to develop the protocol to isolate and clean each individual
DNA bands from the gel and to putify the DNA in order to prepare the samples for the sequencing
step, and (3) to sequence interesting DNA fragments.

MATERIAL AND METHODS

(1) DNA ANALYSIS

The BES adults used during the screening process have been collected in 1999 and 2000 in
balsam fir stands located within the defined WINMF boundaries and kept at —80°C. The nuclear
DNA of BFS adults of both sexes was individually extracted using a modified version of the classical
extraction method (Sambrook and Russell, 2001) and stored at ~20°C.

A review of the DNA sequences of insect genome published on the site of the National Center
for Biotechnology Information (NCBI) has been done to update information on DNA regions of
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interest in insects.

The list of screened markers appears in Table 13. For each pair of markers the following steps
were done: (1) PCR reactions using initially the PCR programs (duration: 2-5.5 h) provided into the
corresponding reference (the positive control being the insect species for which the marker pairs
were developed when available); (2) a verification of PCR amplification on agarose gel (85 Volts,
electrophorests duration: 1-2 h); and (3) a verification of the degree of polymorphism (identification
of possible allelic types) using the single-strand conformational polymorphism (SSCP) technique
(2W, electrophoresis duration: 4-17 h, temperature = 22-25°C).

Since the tested markers have not been developed for BFS, they may not bind well to the DNA
of BFS or may bind to several locations. This will result in very faint bands or in several bands on the
agarose gel while only one is expected. In order to force the binding process and improve the
amplification, the annealing temperature program for DNA amplification of potential DNA
fragments (showing variation between BFS females and males), as well as the number of PCR cycles,
wete progressively decreased and/or increased until a minimum number of bands appeared and /or
bands became darker (temperature and cycle optimization).

Individual bands of 4 BEFS adults of each sex, as well as 2 honeybee adults of each sex, on the
agarose gels obtained using the marker pairs, CSDFa-Q16Ra (42°C and 37 cycles) wete cut and
treated in order to recuperate the DNA. DNA fragments were extracted from the agarose gel using
the Quiaquick Gel Extraction Kit. Twenty microlitres of individual band DNA were purified and
sent for sequencing at CFL, Quebec.

RESULTS AND DISCUSSION

LITERATURE REVIEW

The NCBI was created in 1988 with the mandate of developing systems for storing and analyzing
knowledge about DNA. sequences. In 2005, NCBI databases contained about 100 billion bases.
Figure 1a shows the exponential increase over time of the number of insect sequences stored in the
NCBI databases. The curve of Drosophila melanogaster sequences follows closely the growth of the
Insecta curve at first since a genomic project was created to sequence the whole genome of this
insect model (Fig. 1a). After 2000, the insect studies started to diversify, although the group of
Hymenoptera is cleatly under-represented (Fig. 1a). The honeybee is the most studied Hymenoptera
and the Diprionidae (family in which BFS is included) in the sub-order Symphyta is still pootly
studied (Fig. 1b).

The most commonly sequenced regions of insect genome are in decreasing order: the

microsatellites, mitochondrial DNA (mtDNA), the elongation factor-1a gene, the cytochrome b, and
the ribosomal DNA (tDNA) (Table 1).
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Fignre 1: Cumulative numbers of DNA sequences stored in NCBI databases.

Table 1: Known sequences of insect genome in February of each year.

DNA type # OF HITS 2003 # OF HITS 2004 # OF HITS 2005 # OF HITS 2006
Microsatellites 2333 4951 6679 10633
Mitochondrial DNA 4038 5392 6745 9932
Elongation factor-1¢ gene 3929 4700 5820 8145
Cytochrome b 1510 2206 3191 5625
Ribosomal DNA 1942 2685 3304 4280

Microsatellites are short repeating sequences (e.g., (AT)a). They may be composed of perfect (or
pute) repeats or imperfect (or interrupted) repeats, in which the repetitive unit is interrupted by no
repeat sequences. Microsatellites vary substantially in numbers and length between individuals, and
they are generally highly variable, with an average heterozygosity reaching 90% in some species
(Pellissier and Williams, 1998). Hymenoptera represents about 20% of the sequenced microsatellites.
Only two species in the suborder Symphyta were explored for microsatellites (Table 2).

Table 2: Known sequences of microsatellites in the suborder of Symphyta of the Hymenoptera Order.

FAMILY SPECIES NCBI ACCESSION REFERENCE
Cephidae Cephus cinctys_(wheat stem sawfly) | AY145886; AY 145800 Hartel ct af (2003)
Diprionidace Diprion pini (pine sawfly) X92R15; X92837 Rouleux-Bonnin ¢7 a/ (1996)

The elongation factor-1a. gene (EF) becomes widely used in systematic, being informative across
a broad range of divergences in insects (Caterino ez a/, 2000), and thus it is more studied than it was
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when we started this project (Table 1). Although the complete sequence of EF was determined only
in one species of Hymenoptera, the honey bee, Apis mellifera (Danforth and Ji, 1998) when we started
this project, Hymenoptera species represents now 13% of the hits. We obtained 243 hits in our
search with the suborder Symphyta of the Hymenoptera order. All of them came from one paper on
the systematic of Tenthredinidae, which included external controls from families Argidae (Sterictiphora
sp.), Cimbicidae (Abia candens) and Diprionidae (Diprion similis) and explored the EF sequences for
various genus of the subfamily Nematinae [Amanronematus (3 species), Angplonyx, Ardis, Athalia,
Bacconematus, Brachycoluma (2 species), Caliroa, Cladins, Craesus, Craterocercus, Calocamprs (2 species),
Dineura, Eitelins, Endelomyia, Endophytus, Epicenematus, Eriocampa, Euura (3 species), Fagineura,
Fallocampus, Hemichroa (2 species), Heterarthrus, Hoplocampa (2 species), Larinematus, Melastola (2
species), Mesoneura, Micronematus, Nematinus, Nematnus (4 species), Negparegphora, Pachynematns,
Paranematus, Phyllocojpa (2 species), Phymatocera, Pikonema (2 species), Platycampuns, Polynematus, Pontania
(5 species), Pontopristia, Priophorus, Pristicampus, Pristiphora (7 species), Pristola, Psendodinenra (2 species),
Scolionenra, Sharliphora, Stanronematns, Strongylogaster, Susana, Tenthreds, and Trichiocampus] Nyman e al.,
2006).

The cytochrome b is a coding gene which received a great attention these last few years (Table
1). Only 3% of the hits for the cytochrome b referred to Hymenoptera, and the sequence is complete

in only 7 species (Table 3).

Table 3: Known complete sequences of cytochrome b DNA in the Order of Hymenoptera.

GENBANK
SUB-ORDER FAMILY SPECIES ACCESSION REFERENCE
Apocrita Apidae Apis mellifera lgnstica NC 001566 Crozier and Crozier (1993)
Apocrita Apidae Melipona bicolor NC. 004529 Silvestre and Anas (2004)
Apocrita Formicidae Formiva candida AYT786144-57 Goropashnaya (2003)

Goropashnaya e af, (20042) ;

Apocrita Formicidae Formica lngubris AY573856-96 Goropashnaya ef ol (2004b)
AY584196-233 Goropashnaya e/ al. (2004a) ;
Apocrita Formicidac Formica pratensis AYS517517 Goropashnaya e/ «/. (2004b);
AY604524-5 Scifert and Goropashnaya (2004)
Apocrita Formicidac Polyrbuchix turneri AY437886 Beckenbach ez o/ (2005)
Apocrita Formicidace Tetruponera mfonigrs LI02458 jermiin and Crozier (1994)

The nuclear ribosomal DNA gene cluster generally consists of the 18S, 5.8S, 2S and 28S
subunits, separated by two internal transcribed spacer regions (ITS1 and ITS2), one extetnal
transcribed spacer region (ETS) and one intergenic spacer (IGS) separating clusters (Fig. 2). This
cluster is repeated several time (multiple copies). Among the non-coding region of the tDNA, the
ITS1 and ITS2 regions were the most studied in insect (Table 4) and Hymenoptera (Table 5). The
complete sequences of the ITS1 (Table 6) and ITS2 (Table 7) were respectively identified in 14 and
22 species of Hymenoptera of suborder Apocrita. The IGS and ETS are pootly studied (Table 4 and
5). The IGS has been sequenced in only 9 insect species from 3 different orders (Table 8) and the
ETS is known only in 4 species of 3 different orders of insect (Table 9).
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Figure 2: Schematic representation of a nuclear ribosomal DNA cluster (Modified from McKee et al. 1992, and
Polanco et al. 1998).

Table 4: Known sequences of ribosomal DNA in iusects in Febrnary of each year.

GENOME SECTION | SEQUENCE 2003 SEQUENCE 2004 | SEQUENCE 2005 SEQUENCE 2006

IGS 3 9 10 12
ETS 4 4 4 4
188 611 706 864 1045
1TS1 772 1040 1215 14015
5.85 1142 1576 2054 2868
28 99 135 137 204
ITS2 927 1364 1821 2507
285 735 1038 1440 2143

Table 5: Known sequences of ribosomal DNA in Hymenopiera in February of each year.

GENOME SECTION | SEQUENCE 2003 SEQUENCE 2004 | SEQUENCE 2005 SEQUENCE 2006

IGS 0 0 0 0
ETS 0 0 0 0
18S 32 32 59 62
ITS1 4 57 92 95
5.88 54 70 115 130
25 4] 0 0 0
ITS2 39 55 87 102
288 4 44 66 81

Table 6: Known sequences of ITS-1 gene on ribosomal DNA én the Order of Hymenoptera.

SUB- GENBANK
ORDER FAMILY SPECIES ACCESSION REFERENCE
Apocnita Aphelinidac Eretmocerus sp. AF273639 De Barro e/ af (2000)
Apocrita Aphelinidae Lretmacerns hayati AF273637-38 De Barro e/ uf (2000)
Apocrita Aphelinidace Eretmocerns mundns AF273631-35 De Barro ¢/ /. (2000)
Apocrita Aphelinidae Erctmocerns queenslandensic AF273640-48 De Barro ¢/ @/ (2000)
Apocrita Aphelinidae Eretnocerus warrae AF273621-30 De Barro ef af (2000)
Apocrita Apidae Apis cerana Al176019-21 Sittipraneed ¢f ¢/, (1999)
Apocrita Braconidae Peristentits pallipes AY608602 Gariepy o af, (2005)
Apocrita Ichneumonidac Mesachors sp. AY588968 Ashfaq e/ al._(2005)
Apocrita Mymaridac Gonatocerus ushmeardi AY542705-18 Vickerman ef a/. (2004)
Apocrita Mymaridac Gonatocerns fascatus AYD542723-25 Vickerman ef af (2004)
Apocrita Mymaridac Gonatoeerus norrifli AY542719-20 Vickerman ef af (2004)
Apocrita Mymaridae Gonalocerus norsfusciatns AY542720-22 Vickerman ef af (2004)
Apocrita Mymaridae Ganatocerns frigutlatus AY542726-27 Vickerman ¢f /. {2004)
Apocrita | Trichogrammatidac Trichogramma minutun AY374440-45 Jeng ez al (2003)
‘ & U36235-36 N
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Table 7: Known sequences of ITS-2 gene on ribosomal DNA in the Order of Hymenoptera.

U36233- 36

SUB- GENBANK

ORDER FAMILY SPECIES ACCESSION REFERENCE
Apocrita Aphelinidae Eretoceras mandus AI273053 -50 De Barro ¢f af (2000
Apocrita Aphelinidae Ereiniocerns queenslandensis AL273654- 57 De Barro ¢f o/ (2000)
Apocrita Aphelinidae Eretmocerus warre A273638 -62 De Barro e af (2000)
Apocrita Apidac Apis ceranu AM769 -21 Sittipraneed ef af. (1999)
Apocrita Braconudac Lipolexcis orcgmae AYHO8553 Persad ef al. (2004)
Apocrita Braconidae Peristenns pallipes "\\‘\\‘%‘1%%'5:—?,’ Gﬂﬂcp);/‘”ﬂ;‘(z(gggf )5 Zhu
Apocrita Braconidae Peristenus prendapallipes AY51966(0) Zhu et al {2004)
Apocrita Tncyrtidae Ageniaspis fuscteollis AF291456 -58 Alvarez and Hoy (2000)
Apocrita Encyrtidae Ageniaspis citricoly Ab291439 .35 Alvarez and Hoy (2000)
Apocrita FEurytomidae Eurytoma setfoera AB200278 Yara (2006)
Apocrita [Figtidac Leptopilina heterotfoma DO218154 Schienke e/ o/ (2005)
Apocrita Ichneumonidae Mesochorus sp, AY588967- 68 Ashfaq ef af (2005)
Apocrita Mymaridae Gonatocerus Jrigutlalns AY 542746 Vickerman ¢f af. (2004)
Apocrita Mymaridae Gonalocerus fascialus AY542744 -45 Vickerman ¢f a/. (2004)
Apocrita Mymandac Gonatocerus novifuscialus AY542743 Vickerman ¢/ af (2004)
Apocrita Mymaridae Gonatgeerus moreilli AY542741- 42 Vickerman ef al. (2004)
Apocrita Mymaddace Gonalowerus ashmeadi AY542728 40 Vickerman ef af, (2004)
Apocrita Torymidac Torymus benefrens AB200270 -72 Yara (2006)
Apocrita Tosymidac Megastizpus nipponicns AR200279 Yara (2000)
Apocrita T'orymidac Torymuns sinensis AB200273- 78 Yara (2006)
Apocrita Trichogrammatidac Trichogramma dendrolimi AlS17570 Li (2002)
Apocrita T'richogrammatidae Trichagramma Aol S Jeng et al (2003) ; Wang ef

al. (2003q)

Table 8: Known complete sequences of the intergenic spacer

(1GS) of ribosomal DNA in insect.

GENBANK
ORDER FAMILY SPECIES ACCESSION REFERENCE
Dictyoptera Blattellidae Blatella germanica AL05243 Mukha ¢ /. (2000)
{German Cockroach) ) B
Diptera Culicidace Aedes agipli— ATF004986 Wu and Fallon (1998}
{vellow fever mosquito)
Diptera Drosophilidae Dresophil fnebris 17048 Mian ¢ a/. (1993)
Diptera Drosophilidae Drosophila hydei Tautz e al {1987)
- T Drosophila nielanggaster 1019 Tautz e/ al. (1987); Briscoc
Diptera Drosophilidae (fruit fly) AF191295 and Tomkic! (2000)
Diptera Drosophilidae Drosophita orena Tautz ¢/ al (1987)
Diptera Drosophilidae Drosopbila tirills Tavtz ef af. (1987)
Dintera Simuliidae Simuliunt sanctipauti Al403821- Morales-Hojas e/ o,
prers - (black fly) AFF403825 (2002)
. . Attacus ricini :
Lepidoptera Saturniidae (si!i; vonfn) AP463459 Wang ef al. (2003b)

Table 9: Known complete sequences of external transcribed sequence (ETS) of ribosomal DNA in insect,

{domestic silkworm)

GENBANK
ORDER FAMILY SPECIES ACCESSION REFERENCE
Briscoe and Tombkiel
. URETIN Drosophila melanogasier AlT191293.5; (2000) ; Di Nocera ef ul.
Diptera Drosophilidac (Feuic fly) NO2211: X03501 (1986) ; Simcone ¢f al.
(1985)
. o Glossina morsitans NS .~ Yy
Diptera Glossinidae (tsctse fly) X03007 Cross and Dover (1987)
}Hemptera Delphacidae Lagdeiphax striatelins AY346092 Liao ef af. (2003)
Lepidoptera Bombycidac Bambyx: mori D586 Fujiwara and Ishikawa

(1987
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Table 10: Known sequences of 185 gene on ribosomal DNA in the Order of Hymenoptera.

SUB-ORDER | EamILLy | COMMONSPECIES | nepr accesstoN REFERENCE
Apocrita Aphelinidac AAphelinus gossypic AY 216700 chdz;.asl'];f)c o al
Apocrita Bracomdae Lipolexis scutelluris AY 216699 ch(lzgas&gc et dl.
Apocrita Braconidae Lysiphlebns festaveipes AY216698 Wcﬂt}zgggi;c et al

Table 11: Known sequences of 285 gene on ribosomal DNA in the Order of Hymenoptera.

No additional sequence of the 18S (Table 10) and 28S (Table 11) genes was submitted to NCBI
last year. Sequences of the 5.8S gene on ribosomal DNA are known for species in 6 Hymenopteran

NCBI
SUB-ORDER FAMILY SPECIES ACCESSION REFERENCE
™, te /] .

Apocnta Chrysididae Chrysts sp. AF142520) (’ﬂrpl'm?; ;;;j) Wheeler
Apocrita Gasteruptiidac Gusteruption sp. AF142521 Carpen tr“(rl ; ;3) Whecler
Apocrita Mutillidae Dagymtilla sp. AF]42518 Carpcntna ;;;l)\‘(/hcclcr
Apocrita Pompilidae Henmipepsis sp. AE142319 Carpcntna ;g;i) Whecler
\pocr . . S - Carpenter and Wheeler
Apocuta Rhopalosomatidac Rhepatosama sp. AF142524 (1999)

. ol - . 1 498 Carpenter and Wheeler
Apocnta Scoliidac Cunpromerts sp. AL42517 (1999)

. . Vg ; Carpenter and Wheeler
Apocrita Scoliidae Scolia sp. AF142523 P (1999)

. R . 45 Carpenter and Wheeler
; ; e Ayinunt sp. Ali14252
Apocrita Tiphiidae Myzinunt sp 11142525 (1999)
Apaocrita Trigonalidae Labidggondados sp. AL142522 Cntpcntr?; (:)x(n)l;l)\Vhee]er
\ . et Belonagaster juncea 114759t Carpenter and Wheeler
Apocrita Vespidae codomialis AL:42529 (1999)
Apocrita Vespidae Enmenes tripunchatus Al142526 Carpent(.a ;;;j) Wheeler
Apocrita Vespidae Poliites tencbricosns AI'142530 Cﬂrpcntt;; ;gg) Whecler
Apocrita Vespidae Polybia affinis Al142508 Cm‘pcntr.a ;;;‘) Whecles
Apocrita Vespidae Vespitla maculifrons AlF142527 Cnrpcmc(a ;gg) Wheeler

families (Table 12), all in the suborder Apocrita.
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Table 12: Known sequences of 5.85 gene on ribosomal DNA in the Order of Hymenoptera.

SUB- GENBANK
ORDER FAMILLY SPECIES ACCESSION REFERENCE
Apocrita Apidace Apis cerana AF176019-21 Sittipraneed ¢f o/ (1999)
Apocrita Braconidae Peristenus digonentis AF473537 Lrlandson ef al (2004)
Apocrita Braconidae Peristenns pallpes %[\"{)7[:;(:)({;2 b?;:r?;;):] tjf:/[((ZZO%%‘;) ’
Apocrita Braconidac Peristenns styoicus A1473539 Erlandson ef o/, (2004)
Apocrita Cynipidac Andricus currator AF395161 Rokas e al_(2002)
Apocrita Cynipidae Aadricns kollari AF395160 Rokas ez a/. (2002)
Apaocrita Cynipidac Burbotinia oraniensis AF395163 Rokas e/ o/, (2002)
Apocrita Cynipidac Diplolepis rosue AI'395158 Rokas e af. (2002)
Apocrita Cynipidac Punteliella bicolor AI39516: Rokas ef af._(2002)
Apocrita Cynipidac Perielistus brandti AIF395165 Rokas ¢f af. (2002)
Apocrita Cynipidac Plagiotrochns guercusilicis AFE395162 Rokas ef . (2002)
Apocrita Cynipidac Synergns gallacpomiiformis AlF395159 Rokas ef @l {2002)
Apocrita Ichneumonidae Mesochorny sp. AY588968 Ashfaq e al (2005)
Apocrita Torymidae Toryms peranit AB200280 Yara (2006)
Apocnita Trichogrammatidae Trichogramma brasiliensis AY167416 Archna ef af. {20052)
Apocrita ‘Trichogrammatidae Trichagramma chilonis AY167418 Archna ¢f af. (20052)
Apocrita Trichogrammatidac Trichogramma exignunt AY167419 Archna ef o/ (20052)
Apocrita Trichogrammatidac Trichagramma japontcum DO177151 Archna ef 4/ (2005b)
AY359470;
Apocrita Trichogrammatidae Trichagrumma niinutum AY374438-40; Jengeet al (::’003); Wang
U36235-36 el al. (2003a)
Apocrita Trichogrammatidac Trichogranma ostriniue AY167417 Archna ¢f af, (20053)

MARKER SCREENING AND OPTIMIZATION

0.3 e

2&;& e
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z Q 335-33

T8 o3
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Figure 3: Schematic representation of genes in the sex locus neighborbood of the honeybee (Beye et al. 1999).

Beye ¢f a/. (1999) proposed markers flanking genes Z and Q. He realized that the complementary
sex determination locus (CSD), the gene responsible for the sex determination in Hymenoptera, was
located between the Z and Q (Fig. 3). Hymenopteran females will akways be heterozygote at the
CSD, while males will appear like homozygote since they are hemizygote. The identification and the
development of specific markers targeting the CSD of BFS might provide the molecular tool
required to sex BFS eggs. In 2003, Beye ez 4l published specific markers for the CSD of honeybee
and found a high polymorphism at this locus, with 19 different sex-determining alleles. We thus
concentrated our effort this year to amplify the CSD region of the BFS, trying different combinations
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with the CSD matkers developed for the honeybee (Table 13). The potential of the marker paits for
the development of our tool, the conditions tested, the optimal conditions (when determined) and
the marker status are indicated in Table 13.

Table 13: List of marker combinations targeting the sex locus tesited, their potential and status.

CONDITIONS OPTIMAL POTENTIAL
MARKERS REFERENCE TESTED CONDITIONS (SSCP) STATUS
CSDFi-CSDR1i Beye e . (2003) 48, 50°C; None None Rejected
. ) ST 29, 35 cycles !
¢
CSDFi-CSDR2i Beye ef al, (2003) 2‘;"83’552)& . Nonc None Rejected
o,
CSDI7a-CSDR1a Modified from Beye ¢f al (2003) 35, 48, 50°G; Nonc None Rejected
29, 35 cycles
Tak
CSDFa-CSDR2a Modified from Bege ef al. (2003) 25’ 48, 50°C; Nonc Nonc Rejected
29, 35 cycles
e . I': Beye et al. 2003; From 38 to 43°C; . .
CSDE-Q16Fa R: Modified from Beye ef af (1999) 35 cycles On-hold Nonc Rejected
N [%: Beye et al. 2003; From 3510 43 G . R
CSDF-QIR | . \fodified from Beye ef ol (1999) 35 cycles On-hold None Rejected
S, . I*: Modified from Beye et al. 2003; TFrom 33 to 43°C; T. = 40°C; s
CSDF-QI6Fa | R: Modified from Beye eral (1999) | Tirom 32 to 41 eycles 37 eycles Poor On-hold
N 7 Modified from Beye et al. 2003; From 37 to 44°C; T. = 42°C; Sent for
CSDFa-Ql6Ra R: Modified from Beye ef /. (1999) From 35 to 46 cycles 37 cycles Good sequencing

We obtained no bands for BFS or Newfoundland honeybees when we used the initial marker
paits (CSDFi-CSDR1i; CSDFi-CSDR2i) proposed by Beye e @/ (2003), suggesting that the CSD of
American strains of honeybees would differ significantly from their European kin. We thus
shortened the initial markers in order to slightly decrease their specificity. The modified marker pairs
did not give better results (CSDFa-CSDR1a; CSDFa-CSDR2a). We assumed that the absence of
band was caused by a binding failure of the reverse marker. Beye ¢/ a/ (2003) also ran into a similar
problem due to the high vatiability at the end of the CSD locus of honeybee.

We tried to amplify DNA fragment with the initial and modified CSD fowatd and either the
fowatd or the reverse of the Q16a gene that were screened earlier. The trials with the initial CSD
foward confirmed the poor binding of the long markers. We obtained several bands even for the
honeybee (Fig. 4A, 4B), suggesting that the reverse matkers was acting as a random amplification of
polymorphic DNA (RAPD), amplifying arbitrary sequence fragments of genomic DNA.

While the CSDFa-Q16Fa also produced several bands for both BFS and honeybee (Fig. 5A),
we obtained only one band for the honeybee when we used CSDFa-Q16Ra (Fig. 5B). This marker
pairs produced 4 bands for BFS males and females, indicating that they bind at several locations on
the DNA. However, one of the bands coincided with the honeybee band, suggesting that we might
have been successful in amplifying the CSD and Q16 genes in BFS. This hypothesis will be
confirmed when we will know the sequence of the DNA fragments.
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Figure 4: DNA fragments produced with (A) CSDFi-Q16Fa (38°C and 35 ¢ycles) and (B) CSDFi-Q16Ra (36°C
and 35 cyeles) markers on agarose gels. Lane 1 is the ladder. Lanes 2 to 4 represented females. Lanes from
5 to G represented males. Lane 8 is the positive control, which is honeybee DNLA. Lane 9 is the negative
control containing ne DINA, only the reagents.

Figure 5: DNA fragments produced with (A) CSDFa-Q16Fa (40°C and 37 ¢ycles) and (B) CSDFa-Q16Ra
(42°C and 37 cycles) markers on agarose gels. Lane 1 is the ladder. Lanes 2 to 4 represented females. Lanes
from 5 1o 6 represented males. Lane 8 is the positive control, which is honeybee DNA. Lane 9 is the
negative control containing no DINA, only the reqgents.

The technique to extract and purify individual DNA fragments from agarose gels has been
developed. Purified samples of PCR products obtained using the marker pairs, CSDFa-Q16Ra, were
prepared and sent for sequencing at CFL, Quebec.

Despite the fact that several of our key pieces of equipment (distilled watet system, ice machine,
heat stetilizer, computer ...) broke and/or malfunctioned during the year, the project has made
significant progress towards the development of our molecular tool to determine the sex of BFS.
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