FINAL REPORT
SHORT-TERM SCIENTIFIC MISSION (STSM)
COST ACTION FA1404

Applicant: Marianna Marangi, Department SAFE, University of Foggia, Italy
Host: Dr Lise Roy, Centre for Evolutionary and Functional Ecology (UMR CEFE 5175), France
Period of stay: 6 -10 July 2015

Purpose of the visit

This short STSM took place within the framework of an ongoing project in collaboration with
the Host Institution (Dr Lise Roy) on the genetics of Dermanyssus gallinae and the closely
related soil/litter mites resistant to pyrethroid and carbamate. It aimed to identify and
molecularly characterize the target genes of the main acaricides in order to be able to detect
mutations on a given target that confer the resistance to pyrethroid and carbamate previously

recorded in D. gallinae populations using some bioassays.

Description of the work carried out during the visit

Firstly, a review was made of the available information in literature, in order to have a picture
of current information about Acari and more distantly related arthropods (mainly insects) in
relation to the two target genes under scrutiny, their known mutations and associated
resistance phenotypes. The literature reports many mutations associated with acaricide
resistance to pyrethroid and carbamate in several species belonging to the Acarina Order,
specifically over a large part of the Voltage Gated Sodium Channel (VGSC), and on
Acetylcolinesterase (AChE) coding genes for pyrethoids and carbamate, respectively. In
particular, VGSC gene mutations are reported in some species in the Tetranychidae,
Varroidae, Sarcoptidae and Ixodidae families (mainly in domains II and III), whereas AChE
gene mutations are reported in some species of the Tetranychidae and Ixodidae families.
Based on this preliminary work, it was decided to focus the activity firstly on the VGSC gene.
Seventy-three sequences of the whole VGSC gene from the following species of Acarina were
downloaded from the Nucleotide-Gen Bank: Tetranychicus urticae, Tetranychicus cinnabaris,
Tetranychicus evansi and Panonichus citri (Tetranychidae), Varroa destructor (Varroidae),
Sarcoptes scabei, (Sarcoptidae), Rhipicephalus microplus, Rhipicephalus anulatus and Ixodes
scapularis (Ixodidae). Some confusing batches (i.e. shotguns from Illumina) were excluded,

and then the sequences were aligned using the MAFFT program (E-INS-i parameter).



Subsequently, each trans-membrane domain (from domain I to IV) was delineated using the
Seaview program (van Leewen et al.,, 2010), and the Varroa destructor (the most closely
related mite to Dermanyssus) longest VGSC sequence (about 9,000 bp) was selected as the
main reference.

In order to design primer pairs able to amplify the overlapping fragments, almost the entire
VGSC sequence (from domain II to IV) was divided into three different parts using Primer

BLAST  (http://www.ncbinlm.nih.gov/tools/primer-blast/) and  PriFi  (http://cgi-

www.cs.au.dk/cgi-chili/PriFi/main) programs. For primer BLAST, sequence no. AY259834

(Varroa destructor-VGSC) was used as the reference sequence and comparisons with
sequences from the RefSeq database were allowed. For PriFi, multi-sequence alignments as
established from the Genbank tick and mite sequences (either all included, or only
Parasistiformes - i.e. ticks and Varroa) were submitted as an input

The best obtained primers were then inserted into the whole alignment to check whether
they matched within a good conserved region (as estimated from the above-listed species

sequences) to allow expectation of the most likely successful PCR amplification.

Description of the main results obtained

A total of 26 primer pairs were retained. Primer BLAST allowed the design of 16 primer pairs
(10 for domains II and IV and 6 for domain III) (Figure 1) and PriFi allowed 10 primer pairs
(2 for domain I, 8 for domain IV, none in domain III). However, none of the primer pairs were

considered acceptable after alignment, due to very great variability in the targeted regions.

Future collaboration with host institution

Future collaboration will involve the design of new primer pairs using different criteria and
different methods, selection of the most appropriate primer pairs and performance of PCR
tests on wild type D. gallinae specimens in order to obtain the whole sequence of the VGSC
gene. Once the gene has been molecularly characterized, D. gallinae populations previously
identified as having low and high susceptibility to pyrethroid (Marangi et al. 2009) will be

tested in order to identify the mutations related to pyrethroid resistance.
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Figure 1: Primer pairs obtained by PRIMER BLAST for domains II to IV

http://www.ncbi.nlm.nih.gov/tools/primer-
blast/primertool.cgi?ctg time=1436463819&job key=anGFtzm9Kk]mrp6-pzoed19Wqr8bGtbLD

Primer Templat Lengt Star Self Self 3
. Sequence (5'->3") P gt Stop Tm GC% complementari complementari
pair 1 estrand h t
ty ty
Forwar
d GTGGAGGTGCTGGCAAAA Plus 20 840 859 59.9 55.0 4.00 0.00
. AG 7 0
primer
Revers
e TGTCTTCCGACATTGGGG Minus 20 135 133 59.9 55.0 4.00 0.00
. TG 2 3 6 0
primer
Product ok
length 513 Fp not good Rp
Self Self 3
Primer Y Templat Lengt Star o . .
pair 2 Sequence (5'->3") estrand h t Stop Tm GC% complementarit complementarit
y y
Forwar . AGTTTGTCTCTGCCTG 110 112 59.9 55.0
d Plus 20 3.00 1.00
. GT 7 6 7 0
primer
Re_verse CGACCATAGGATGCCGAG Minus 20 161 160 60.0 60.0 3.00 3.00
primer TC 9 0 4 0
Product 513 Fp and Rp:too mismacth with Ixodex
length p b
Primer pair 3
Self Self 3
Sequence (5'->3") Templat Lengt Star Stop Tm GC% complementari complementari
estrand h t
ty ty
Forwar \ cGAAGGAGTCGCAGTTG 146 148 60.0 55.0
d Plus 20 3.00 2.00
. AG 6 5 4 0
primer
Revers
e AGTTTCCTGAGCGGAGAA Minus 20 199 197 60.0 55.0 400 200
. CG 1 2 4 0
primer
:)err?;tllia 526 Fp no complementary with Ixodes and other mites Rp not found

Primer pair 4


http://www.ncbi.nlm.nih.gov/tools/primer-blast/primertool.cgi?ctg_time=1436463819&job_key=anGFtzm9kJmrp6-pzoed19Wqr8bGtbLD
http://www.ncbi.nlm.nih.gov/tools/primer-blast/primertool.cgi?ctg_time=1436463819&job_key=anGFtzm9kJmrp6-pzoed19Wqr8bGtbLD

Sequence (5'->3")

Forwar . -cGCTATCGTACCTGG
d TC Plus

primer
Reverse GCTCGTCCTTCCGAACTT
primer CA

Product
length

Minus

Primer pair 5

Y Templat
Sequence (5'->3") e strand
Forwar ;acceTeaeTaTCGTACC
d Plus
. TG
primer
Reverse TCGTCCTTCCGAACTTCA .
. Minus
primer CG
Product ok
length 690: Fp * Rp not complementary

Primer pair 6

. Templat
Sequence (5'->3") e strand
FOrWar . \ACGGAAAGGTTCGCAA
d Plus
_ GG
primer
Revers \GTCTTCAGAATCCAGCC .
. Minus
_ GC
primer
Product . *k
longth 6% FP** Rp not good
Primer pair 7
L Templat
Sequence (5'->3") e strand
Forwar . GGGTGTTGACCCAAA
d Plus
_ AA
primer

Reverse AGCTGCTTGCATCTCTCTG ,,.
. Minus
primer G

Product

k%
length 593 Fp **Rp not good

Primer pair 8

Sequence (5'->3")

Templat
e strand

689: Fp good Rp no complementary

Templat Lengt

Lengt Star
h t
20 103
20 791
Lengt Star
h t
20 100
20 789
Lengt Star
h t
108
20 -
155
20 0
Lengt Star
h t
20 234
20 826
Star

Sto Tm

122 60.0

779 60.0

Sto Tm

119 60.0

770 60.0

Stop Tm

110 60.0
6 4

153 60.1
1 1

Sto Tm

253 59.9

807 60.1

Stop Tm

Self Self 3
GC% complementarit complementarit
y y
60.0 5.00 3.00
0
550 5.00 3.00
0
Self Self 3
GC% complementarit complementarit
y y
60.0 5.00 1.00
0
550 5.00 2.00
0
Self Self 3
GC% complementari complementari
ty ty
550 3.00 0.00
0
550 5.00 3.00
0
Self Self 3
GC% complementarit complementarit
y y
500 4.00 1.00
0
550 6.00 0.00
0
GC% Self Self 3



estrand h t complementarit complementarit
y y
Forwar
d CTCAGGAACACCTCCCGT Plus 20 129 131 60.0 60.0 4.00 1.00
. 3 2 4 0
primer
Re.verse ACAGCCAGCGAGACACTT Minus 20 179 177 60.1 50.0 200 0.00
primer TT 2 3 8 0
Product o
length 500 Fp **Rp not good
Primer pair 9
Self Self 3
Sequence (5'->3") Templat Lengt Star Stop Tm GC% complementari complementari
estrand h t
ty ty
Forwar
d AAGACAACGGGGCCATCA Plus 20 134 136 59.9 50.0 400 200
. 7 6 6 0
primer
Re.verse AACAGCCAGCGAGACACT Minus 20 179 177 60.1 50.0 2.00 1.00
primer TT 3 4 8 0
Product %
length 447 Fp * Rp not good
Primer pair 10
Self Self 3
Sequence (5'->3") Templat Lengt Star Stop Tm GC% complementari complementari
estrand h t
ty ty
Forwar
d TCTCGCAGAAGCAGCTAC Plus 20 139 141 60.1 55.0 5.00 1.00
. 4 3 1 0
primer
Re.verse AAACAGCCAGCGAGACAC Minus 20 179 177 60.1 50.0 200 0.00
primer TT 4 5 8 0
Product "
length 401 Fp* Rp not good
http://www.ncbi.nlm.nih.gov/tools/primer-
blast/primertool.cgi?ctg_time=1436523110&job_key=2MM3Fysdgjm5B70]3CePd8cKvWbUFaBj
Primer pair 1
Sequence (5'->3") Templat Lengt Star Sto Tm GC i::fa lementarit isilfl lementarist
q estrand h t p % P p
y y
Forwar
d GTAAGCCTGGCCGCATCT Plus 20 111 130 20.1 (5)5.0 5.00 1.00
primer
Re_verse CAAAGTCGAGCCAACACC Minus 20 693 674 59.6 55.0 400 0.00
primer AC 9 0



Internal
oligo
Product
length

Plus

583 Fp not good Rp good

Primer pair 2

Sequence (5'->3")

estrand h

Forwar . GAACCTCCAAACCTCGA
d T Plus 20
primer
Reverse TGATCAGCCACTGACGTT .

. Minus 20
primer GT
ln_ternal Plus
oligo
Product
length 522 Fp not good Rp not so much

Primer pair 3

Sequence (5'->3")

estrand h

Forwar
d CTCATCATCCCTGAGCTGC Plus 20
primer
Reverse TTACCGGCTCCTAGCCAT ..

. Minus 20
primer GT
ln_ternal Plus
oligo
Product
length 416 Fp not good Rp not good

Primer pair 4

Sequence (5'->3")

estrand h

Forwar
d CGAACCTCCAAACCTCGAT Plus 21
primer
Reverse GCTTGCGACCGGTACAATT .

. Minus 20
primer T
lnt(_erna Plus
1 oligo
Product
length 405 Fp not good Rp not good

Primer pair 5

Sequence (5'->3") estrand h

Forwar GGCTTGACGTCTGTTCGTT Plus 21

Templat Lengt Star Sto

Templat Lengt Star Sto

Templat Lengt Star Sto

Templat Lengt Star Sto

t p Tm
60.3
52 71 9
573 554 59.6
1
t p Tm
333 352 60.2
5
748 729 60.6
9
t p Tm
60.0
53 73 7
457 438 59.4
8
t p Tm
27 47 60.0

GC
%

55.0

50.0

GC
%

60.0
0

55.0
0

GC
%

52.3

50.0

GC

52.3

Self Self 3
complementarit complementarit
y y

4.00 2.00

6.00 2.00

Self Self 3
complementarit complementarit
y y

4.00 1.00

5.00 3.00

Self Self 3
complementarit complementarit
y y

4.00 2.00

6.00 3.00

Self Self 3
complementarit complementarit
y y

6.00 0.00



d TC 7 8
primer
Reverse GGCAAAAAGTGGCTGGGAA 59.3 50.0

. Minus 20 431 412 2.00 2.00
primer T 1 0

Interna
1 oligo

Product
length

Plus

405 Fp not good Rp not good

Primer pair 6

Sequence (5'->3") Templat Lengt Star Sto Tm GC i(e):rfl lementarit g(e):rfl lementar?t
9 estrand h t p % P P
y y

Forwar
d GTTGATGGCAAACTGGAG Plus 20 162 181 59.1 55.0 3.00 0.00

. GG 1 0
primer
Re.verse CAGCCACTGACGTTGTTTC Minus 20 569 550 58.9 50.0 400 1.00
primer A 9 0
lnt(?rna Plus
1 oligo
Product
length 408 Fp not good Rp could be

http://www.ncbi.nlm.nih.gov/tools/primer-
blast/primertool.cgi?ctg_time=1436523809&job_key=eWKNqSOjioe1qrGk0IqD2sunscvYuKzO

Primer pair 1

Templat Lengt Star Sto Self Self 3
Sequence (5'->3") P g Tm GC% complementarit complementarit
estrand h t p
y y
Forwar
d CGTCTTTACGGCAGAATG Plus 20 220 239 59.9 55.0 3.00 200
. CG 7 0
primer
Re_verse TGTGGCCTGCGAGTAGTT Minus 20 847 828 59.8 50.0 400 0.00
primer TT 9 0
Product
length 628 Fp good Rp good
Primer pair 2
Self Self 3
Sequence (5'->3") Templat Lengt Star Sto Tm GC% complementarit complementarit
estrand h t p
y y
Forwar
d AACCCGCAAAGGCTATTC Plus 20 27 46 59.9 50.0 300 1.00
. CA 6 0
primer
Re.verse TTGACTAGGCGCAGAACT Minus 20 426 407 60.1 55.0 400 200
primer CG 1 0
Product

length 400 Fp good Rp good



Primer pair 3

Templat Lengt Star Sto Self Self 3
Sequence (5'->3") P g Tm GC% complementarit complementarit
estrand h t p
y y
Forwar
d AAAGGCTATTCCACGGCC Plus 20 34 53 59.9 50.0 400 0.00
. AA 6 0
primer
Re.verse TCGACGCCATACCGATGT Minus 20 579 560 59.8 50.0 400 0.00
primer TT 3 0
Product
length 546 Fp good Rp good
Primer pair 4
Self Self 3
o Templat Lengt Star o . .
Sequence (5'->3") estrand h t Stop Tm GC% complementarit complementarit
y y
Forwar
d CGAGTTCTGCGCCTAGTC Plus 20 407 426 60.1 55.0 4.00 1.00
. AA 1 0
primer
Re.verse AGCGCGATCAGCTTGTAC Minus 20 102 100 60.1 50.0 4.00 0.00
primer TT 3 4 1 0
Product
length 617 Fp not so many good Rp good
Primer pair 5
Self Self 3
Sequence (5'->3") Templat Lengt Star Sto Tm GC% complementarit complementarit
estrand h t p
y y
Forwar
d CGACCTGACGACGAACAG Plus 20 79 o8 60.0 55.0 3.00 0.00
. AA 4 0
primer
Re.verse CAAGATCATGGACTGGCC Minus 20 622 603 59.8 55.0 6.00 200
primer GA 2 0
Product
length 544 Fp not good Rp not good
Primer pair 6
Self Self 3
Sequence (5'->3") Templat Lengt Star Stop Tm GC% complementari complementari
estrand h t
ty ty
Forwar
d GCGAGACCGAAGGAAACT Plus 20 717 736 60.3 55.0 3.00 3.00
. GT 2 0
primer
Revers
e GTACTCGCCCTTTGACCTC Minus 20 126 124 60.1 60.0 400 0.00
. C 1 2 1 0
primer
Product
length 545Fp not found Rp not good

Primer pair 7



Sequence (5'->3")

estrand h
Forwar . .1c AAACATCGGTATGG
d Plus 20
) CG
primer
Revers \:GAGGGTGCTCGAGATA . .
Minus 20
primer
Product
length 639 Fp could be Rp not good

Primer pair 8

o Templat Lengt
Sequence (5'->3") estrand h
FOrWar ) GAAGAGCCGCTGCAGAT
p Plus 20
_ AC
primer
Revers . cATACTTGCGCGTCAGA .
. e Minus 20
primer
Product
length +30 [P Ok Rpnotgood
Primer pair 9
o Templat Lengt
Sequence (5'->3") estrand h
Forwar 6 CGTCTTTACGGCAG
! Plus 20
_ AA
primer
Reverse CTGTGGCCTGCGAGTAGT .
| Minus 20
primer TT
Product
length 033 [P ok Rp ok
Primer pair 10
. Templat Lengt
Sequence (5'->3") estrand h
Forwar cracTcaeaGGecacaGa
! Plus 20
_ AG
primer
Reverse ACGACAATGGCGGTATCC .
Minus 20

primer TG

Product 480 Fp ok Rp not good
length

Templat Lengt Star

t

556

119

Star

973

140

Star

216

848

Star

832

131
1

Stop Tm

575

59.7
0

117 60.1

5

992

138
3

Sto

8

Stop Tm

59.9
0

60.4
6

Tm

235 60.2

829 60.3

Stop Tm

851

129
2

60.4
6

60.1
8

Self Self 3
GC% complementari complementari
ty ty
550 3.00 2.00
0
60.0 6.00 0.00
0
Self Self 3
GC% complementari complementari
ty ty
550 6.00 2.00
0
550 5.00 3.00
0
Self Self 3
GC% complementarit complementarit
y y
500 8.00 2.00
0
550 4.00 0.00
0
Self Self 3
GC% complementarit complementarit
y y
60.0 4.00 2.00
0
(5)5'0 5.00 2.00



