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Background

e Aedes atlanticus and Ae. tormentor are almost
indistinguishable as adult females

* Novel morphological characters have been
discovered by Dr. B. Harrison

* |solated Viruses:
— West Nile
— Eastern Equine Encephalomyelitis
— Keystone
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Oc. atlanticus

Carpenter & LaCasse 1955 Jung Kim




Dr. Bruce Harrison’s Work

e Studied these two species for >40 years
* Found morphological characters to ID the adults

Ae. atlanticus

Photos: J. Kim



Research Goals

* To develop a useful molecular method to
distinguish the two species (at any life stage)

* Molecular confirmation of morphological
characteristics

* Strategy Considerations:
— Conserved Primers with PCR Size Polymorphism
— Sequencing

— Restriction Enzyme Digest or Species Specific Primers



Methods

Extracted gDNA

— Larval Specimens (Known ID) Reared to Adults

PCR amplification with conserved primers
— ITS2 Gene (CP1-1A and CP1-1B primers)

PCR products cloned into TOPO-TA Vector
Plasmids Sequenced

Sequence Analysis



What is the ITS2?

Ribosomal target located between 5.8s and
28s

ITS1 ﬁ ITS2 P
18s

High variability between species

Area of rapid mutation
Unique sequence for each species
Bordered by highly conserved regions



Ae. atlanticus ITS2 PCR
Lane | product

L 1 2e8d5. 617

L
-

100 bp Ladder
A-9 UNDL (no amplification)

A-9 (1:10)

A-15 UNDL
A-15 (1:10)
A-19 UNDL
A-19 (1:10)

N o o AW ONIEFE

Negative Control (H,O)



Ae. tormentor ITS2 PCR
Lane [Product

L 100 bp Ladder
1 T-9 (1.5)

L 1 2 3 4567 8 910 111213 2 T.9 (1)
3  T-17(1:5)

~400 bp 4  T-17 (1:5)

5 T-18(1:5)
6 T-18(1:5)
7  T-9(PCR 1:10)
8 T-9(PCR 1:10)
9 T-17 (PCR 1:10)
10 T-17 (PCR 1:10)
11  T-18 (PCR 1:10)
12  T-18 (PCR 1:10)
13  Negative Control (H,0)






TOPO-TA Cloning

LacZo initiation codon

M13 Reverse priming site | T3 priming site
[ | | [

201 CACACAGGAAR ACAGCTATGA CCATGATTAC GCCAAGCTCA GAATTAACCC TCACTARAGG
GTGETGTCCTT TGTCGATACT GGTACTAATSE CGGTTCGAGT CTTAATTGGESE AGTGATTTCC
——1Spel Psil Fme | EcoR | EcoR | Nof |

[ I I | | . e o .

261 GACTAGTCCT uLPuu”””A} ACGRAATTCGC CCTT PCR I\ GGGC GARTTCGCGG

CTGATCAGGA CGTCCRAATT TGCTTARAGCG GGAENMECLISSMTTCCCG CTTAAGCGCC
T7 priming site M13 Forward (-20) priming site

311

CCGCTAAATT CAPTTCJCCC TATAGTGAGT CG”AﬁhACAA T”Lﬁu GGCC GT LQTTTTPL
GGCGATTTAN GTTAAGCGGGE ATATCACTCA GCATAATGTT AAGTGACCGSE CAGCRARAATG

Topoisomerase

Topoisomerase



Cloning Results

Ae. atlanticus (A-15) Ae. tormentor (T-17)



Confirmation of ITS2 cloning

 EcoR1 Digest Confirms Insertion of PCR Products

* Visualized by Gel Electrophoresis

(
Sequenced ] dder

1 T-17 Plasmid 1-1
2 T-17 Plasmid 1-2
3 A-15 Plasmid 2-1
4 A-15 Plasmid 2-2

Plasmid

ITS2




Sequence Analysis

‘atlanticus CTEEATCC T ET AR T CACCACACATCAR A EACAR CT T EART CCATATTECACATC
tormentor CTEGATCC T ETGARC T CACCACACATCARCACCEACAR CTTEARC CCATATTECACATC

W A A W W W N AW N TR TN TN TN NN NN N WWN W WU W W W W

atlanticus CTACAACACTACCATCTACACATTTTTCACTCCC TATATTTATCCATTCARCTATACETE
tormentor CTACAACACTACCATCTACACATTTTTCACTCCC TATATTTATCTATTCARCTATACETE

T TN T A N T A A rF T A AT I F T AT AT T ANTTTNTTTATTENT T T T AATIFTAANTTEN

atlanticus TETECCCETACCATETTCEGETCEACACEDCCATCCOCCATARE

CTATECCECETEAT

tormentor TETECCECETACCACCETCCEGETEEACACEOECATEGEOT A”ALLALLTAT””'CCCTLAT

THTTTFTTETTFTTET T AT Ay T WS NT TN NN WWN NN N WU W W W W W W W W

atlanticus GTTTTCOCGACCOGT TCCGT AAAACATTCAAGATACTCAGECGOGTCOCACCEECOCCES
tormentor GTTTTCOCGAC ::L:I AARACATTCAACATAGTCAGGOGO! 'In: CACCBACCO-=03

W EE W T W W W W W W L b E TR TR W N W NI W AT TRTTT TN TN Lk -
atlanticus TETGECACGTEETTGATCAATACATOCCATATGOCAG [TCCGA |[TTGECTATCTTETGTTCCA

tormentor TETECACGTEETTEATCARTACATCCCATATCCCAG | TCCGA

WA WA TN T AT T T AT T T NI TN T T T T Ty TR FTR

TTCEECTATETTETETTCCA

TN W OCWOW W W W W W W W W W W W W W W

atlanticus TCAGCCCACAT T ETETACC TACC T ETGCECCCCCGATCCCCCCCCTTTATCTC A
tormentor T AC —-—-CACC T~ —-—-TETACCTAC T ETE - - —--CCCCATCTCCCCTTTATCTC -8
W oW oA W W W W W W W W W W W W W oW oW WA WO WA W W WA W ™ W Www ww
atlanticus O CARETAGG T AAAT AR T TETCACTACCCC O TARATTTARCCATETOEACAC
tormentor ARG TAGGCCTCAAAT AR T TETCACTACCCCC TARATTTARCCATETCEACAC

T WA W NN AW N W TR TN TN NN TN TN N WNN N W N W W W

Ae. atlanticus has 415 bps
Ae. tormentor has 403 bps



Blind Specimens INNESNTTE

L Ladder
1 V-1
2 V-3
3 V-5
E 1 2 374 5767 8 9 101t 4 V-6
5 V-10
6 M-3
7 M-4
8 OoT-1
Samples provided by Dr. Bruce Harrison 2 OT-2
10 OoT-3
11 A-15
12 T-17
13 Neg. Control

Ladder

—



seq 009 EO1
seq 004 BO2
seq 011 FO1
seq 002 A02

TORMENTOR-CBS-1-2 MI13F
TORMENTOR-CBS-1-1 MI13F
ATLANTICUS-CBS-2-1 MI13F
ATLANTICUS-CBS-2-2 MI13F

seq 015 HO1
seq 005 co1
seq 003 BO1l
seq 013 c01
seq 001 AO01

seq 009 EO1
seq 004 BO2
seq 011 FO1
seq 002 A0z

TORMENTOR-CBS-1-2 MI13F
TORMENTOR-CBS-1-1 MI13F
ATLANTICUS-CBS-2-1 MI13F
ATLANTICUS-CBS-2-2 MI13F

seq 015 HO1
seq 005 C01
seq 003 BO1
seq 013 GO01
seq 001 A0l

RS S S S S E S SRS R R RS EEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S TS

GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG
GGTGG

CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT
CGCGCCT

GGTGGGACGCGCCT

CGCGCCT

TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT
TCTT

aoaoaaoaoaoannoaoanNaoan

TGTTTTTCC
TGTTTTTCC
TGTTTTTCC
TGTTTTTCC
TGTTTTTCC
TGTTTTTCC
TGTTTTACC
TGTTTTACC
TGTTTTACC
TGTTTTACC
TGTTTTACC

cC

CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG
CGGGTCGG

HHHHHE A HHEH

CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG
CGCCG

CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT
CGTGCT

TGG
TGG
TGG
TGG
TGG
TGG
TGG
TGG
TGG
TGG
TGG

A S A S S SRR S S SRR EEEENEEMELEEEEEEEEREEEEEEREEESEREEREEEELEEEEEEEEEEEEEEEEEEEEEEE S

GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC
GCCGTGCGCCTGTC

CCCG
CCCG
CCCG
CCCG
CCCG
CCCG
CCC
cCccC
cccC
CCC
cCcC
CCC

CGTGG
CGTGG
CGTGG
CGTGG
CGTGG
CGTGG

TGG
TGG
TGG
TGG
TGG
TGG
TGG

CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG
CGCG

GTT
GTT
GTT
GTT
GTT
GTT
GTT
GTT
GTT
GTT
GTT
GTT

GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG

cT
CT
cT
CT
cT
cT
CcT
cT
CT)
CcT
CT

150 bp region of the rDNA ITS2

150
150
150
150
150
150
150
150
150
150
150
150
150



seq 015 HO1
seq 005 CO1

‘ ATLANTICUS-CBS-2-2 M13F
ATLANTICUS-CBS-2-1 M13F

0.005

seq 001 AO1
| seq 003 BO1
seq 013 GO1
TORMENTOR-CBS-1-1 M13F
TORMENTOR-CBS-1-2 M13F
seq 002 AO2
seq 011 FO1
seq 009 EO1
seq 004 BO2
Bruce’s ID SEQID Species ID Call
(BLINDED ID #)
V-14 seq_011_F01 Ae. tormentor
V-11 seq_002_A02 Ae. tormentor
V-12 seq_004_BO02 Ae. tormentor
V-13 seq_009 EO1 Ae. tormentor
M-1 seq_015 HO1 Ae. atlanticus
V-7 seq_005 _CO01 Ae. atlanticus
M-6 seq_013 GO1 Ae. atlanticus
V-4 seq_003 _BO1 Ae. atlanticus
V-2 seq_001 _A01 Ae. atlanticus




Aedes atlanticus ITS2 Hpy188I Restriction Digest

20 40 60
I I |

GTGGATCCTGTGAACTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCACATCGTACAAC
CACCTAGGACACTTGACGTCCTGTGTACTTGTGGCTGTTCAACTTGCGTATAACGTGTAGCATGTTG

80 100 120
I | |

AGTACGATGTACACATTTTTGAGTGCCTATATTTATCCATTCAACTATACGTGTGTGCGCGTACCAT
TCATGCTACATGTGTAAAAACTCACGGATATAAATAGGTAAGTTGATATGCACACACGCGCATGGTA

140 160 180 200
| | | |

GTTCGGGTGGACAGGCGCACGGCCCATAGCACGTATGCGGCGTGATGTTTTCCCGACCCGTTCGGTA
CAAGCCCACCTGTCCGCGTGCCGGGTATCGTGCATACGCCGCACTACAAAAGGGCTGGGCAAGCCAT

220 240 260
I | I

AAACATTGAAGATAGTCAGGCGCGTCCCACCCGCCCCGGTGTGGACGTGGTTGATGAATACATCCCA
TTTGTAACTTCTATCAGTCCGCGCAGGGTGGGCGGGGCCACACCTGCACCAACTACTTATGTAGGGT

[Hpy1881

380 300 320
I'I | I

TATGCCAGTCCIGATTGGCTATGTTGTGTTCCATCAGCGCGAGATCGGCGTGTGTACCTACCTGTGCG
ATACGGTCAGGCTAACCGATACAACACAAGGTAGTCGCGCTCTAGCCGCACACATGGATGGACACGC

340 360 380 400
I | | |

CCCCCGATCCCCCCCCTTTATCTCACCCAGTAGGCCTCAAATAATGTGTGACTACCCCCTAAATTTA
GGGGGCTAGGGGGGGGAAATAGAGTGGGTCATCCGGAGTTTATTACACACTGATGGGGGATTTAAAT

AGCATGTCGACAC
TCGTACAGCTGTG

1y

Sy

1000

a0

100

Product Sizes:
279
136




Aedes tormentor ITS2 Hpy188I Restriction Digest

20 40 60
I I |

GTGGATCCTGTGAACTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCACATCGTACAA
CACCTAGGACACTTGACGTCCTGTGTACTTGTGGCTGTTCAACTTGCGTATAACGTGTAGCATGTT

80 100 120 1
| | I

CAGTACGATGTACACATTTTTGAGTGCCTATATTTATCTATTCAACTATACGTGTGTGCGCGTACC
GTCATGCTACATGTGTAAAAACTCACGGATATAAATAGATAAGTTGATATGCACACACGCGCATGG 10000

Sy

Hpy1881

140 160 180
[ | |
ACGTCCGGGTGGACAGGCGCACGGCCCATAGCACGTATGCGGCGTGATGTTTTCCCGACCCGTTCG]

TGCAGGCCCACCTGTCCGCGTGCCGGGTATCGTGCATACGCCGCACTACAAAAGGGCTGGGCAAG

HEZT 88l

200 20 240 260
: | | | |

GAAAAACATTGAAGATAGTCAGGCGCGTCCCACCGACCCGTGTGGACGTGGTTGATGAATACATCC i
CTTTTTGTAACTTCTATCAGTCCGCGCAGGGTGGCTGGGCACACCTGCACCAACTACTTATGTAGG -
a0

Hézif 88‘!' i

280 300 320
| I |

b’
CATATGCCAGTCC#ATTGGCTATGTTGTGTTCCATCAGCGAGCTCGGTGTACCTACCTGTGCCCGA 100 —
GTATACGGTCA%CTAACCGATACAACACAAGGTAGTCGCTCGAGCCACATGGATGGACACGGGCT

1000

30 360 380
| I |

TCTCCCCTTTATCTCCACTCAGTAGGCCTCAAATAATGTGTGACTACCCCCTAAATTTAAGCATGT PI"OdUCt SIZGSI
AGAGGGGAAATAGAGGTGAGTCATCCGGAGTTTATTACACACTGATGGGGGATTTAAATTCGTACA 198

. 125
CGACAC 79

GCTGTG




Results (To Date)

e Sequence results confirm the morphological
characters (Harrison)

* Novel Sequences

— 94% Sequence Similarity (3% from Indels)
— Useful Heterogeneity (Hpy 188l RE)?
— Not Enough Difference for PCR Specific Primers



Next Steps

* Restriction Enzyme Digest

— Work in Progress

e Sequencing of Samples Across a Broader
Geographic Range

— |n progress
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