Tecniche molecolari in uso per la
caratterizzazione ed
identificazione di artropodi di
interesse
economico
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ldentificazione morfologica

e |dentificazione
morfologica:

- uso di chiavi
dicotomiche

- consultazione di
esperti




Problemi identificazione morfologica

e alcuni taxa sono privi di chiavi di
riconoscimento

e alcune chiavi escludono i gruppi piu difficil

e chiavi sulle larve si basano spesso sull’ ultimo
stadio larvale

e avolte troppo complesse o poco chiare



In alcuni casi (ad es. larve di insetti di nuova
introduzione) per un’ identificazione certa della
specie bisogna ricorrere all’allevamento fino al
raggiungimento dello stadio adulto.
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data, luogo
di raccolta,
substrato

elc.

|dEﬂTIfIGElEIF]HE di un
organismo

Morfoloaia Analisi DNA.
_g e Strumenti: PCR,
Strumenti: chiavi :
y : sequenziamento,
dicotomiche !
database on-line

‘ Check list specie \



Tecniche di analisi genetica piu utilizzate
per I'identificazione degli insetti

Marcatori codominanti:

- Allozimi

-  PCR-RFLP (Restriction Fragments Length Polymorphism)
- Microsatelliti

- PCR e sequenziamento diretto

Marcatori dominanti:
-  RAPD (Random Amplification of Polymorphic DNA)
- AFLP



PCR-RFLP

Amplificazione del gene da
analizzare mediante PCR

Analisi del frammento
amplificato mediante
restrizione con enzimi di
restrizione

Tecniche relativamente

semplice e rapida ———
marcatore codominante ) iy
screening di mutazionigia ¢
note




Microsatelliti (SSRZ Simple Sequence Repeat)

Alto tasso di mutazione A —8repeats

Forware primer

dOVUtO a Inser2|0n| O L ECT A TTAGACTTC T TCTTC T TC T TCTTC T T T T CECAC TTTAACGATACGG,. & .
. . L GAGGTCCGRAAT CTEAL G RGO L A LGARGALGADGLACCOGTSARATT GOTLAT (00,
delezioni .
Revarse primer
Polimorfismo molto
B — 7 repeats
e I evatO Forward primer
e
M S : L L GCTCCAGGCTTA G AC T T TTETTETTCT TETTC T TEGCACTTTAACGATACGS. L.
N u m e ro rl petlz I O n I L. CEAGET O GAAT C T GAAGRAGAAGAAGAAGARGARAGU GTEAAATTGCTAT LT . L .
visualizzato su gel ad Revarse primer
alta risoluzione N B i

0000

Ottima riproducibilita - Aj\
Marcatori codominanti T s G
Messa a punto lunga e  S2mexem e [ ERCRCRCNCE
difficile o

Non esportabile ad altre ..

specie °
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PCR e sequenziamento

e

bl rmwm

>ph_x_1co14907 ‘}

GTAGGAACCTCCTTAAGAATTTTAATTCGAATTGAACTAGGATCTCCTGGTCCTTTTATTG
GAGATGACCAAATCTATAATACTATTGTAACCGCACATGCTTTTATTATAATTTTCTTTAT
AGTTATACCAATTATAATTGGAGGATTTGGTAACTGACTAGTACCATTAATACTAGGAGCC
CCCGACATAGCTTTCCCCCGACTTAATAATATAAGATTCTGATTATTACCTCCCTCCTTAT
TACTACTCCTAATAAGAAGAATTATTGATAAAGGAGCAGGAACTGGATGAACTGTTTATCC
ACCTCTAGCCTCAAATTTAGCGCATGAAGGAGCTTCAGTAGACTTAGCAATTTTTAGATTA
CATATAGCAGGAGTAAGATCAATTCTTGGTGCAATTAATTTTATTTCAACTATTATAAATA
TACACCCAATAGGAATAAAGCCAGAAAGAATCCCATTATTTGTCTGAGCAGTAAAAATTAC
TGCAATATTGTTACTACTTTCTCTGCCAGTTCTTGCCAGAGCTATTACAATATTATTAACT
GACCGTAATGTAAACACATCCTTTTTTGATCCTGCAGGTGGGGGAGATCCTATTTTATATC
AACACTTATTTTGATTTTTTGGT



AFLP
(Amplified Fragment Length

Polymorphism)

- Digestione con enzimi di restrizione del
genoma

- Ligazione con adattori

- Amplificazione con primer disegnati su
adattatori con basi selettive al 3’

- Separazione su gel ad alta risoluzione

- Numero di marcatori molto elevato
- Buona riproducibilita

- Applicabile a molte specie diverse

- Marcatore dominante

|
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TTAA GAATTC —3
o —AATT CTTAAG |—0  _,
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Restriction
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1 . TTAAG
:I Preampificaion
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250bp
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300bp



Analisi classica mediante PCR in
laboratorio: tempi

Estrazione DNA 2-12 ore
Amplificazione (PCR) 7 ore
frammento DNA target

Visualizzazione risultati 1ora
PCR

Ulteriori analisi 4-48 ore

(restrizione/sequenziamen
to)

AARXNCAACT TCIH



Analisi classica mediante PCR in
laboratorio: strumentazione

Estrazione

PCR




Metodi molecolari di identificazione rapida

Estrazione DNA/RNA

|

Screening rapido preliminare

+ -

f

Test specifici in laboratorio



LAMP — Loop mediated Isothermal
Amplification (http://loopamp.eiken.co.jp/e/)

o HE sl
« Amplificazione a F3_ 3
[F3 Primer]) 5'mm 3’
temperatura costante F3c F2¢cFle Target DNA Bl B2 B3
R I e
. —— g%
F3 F2 FI1 Ble B2¢ B3¢
3’mm 5
- Elevata efficienza e 3 B3
stabilita della reazione: B2 1’

10°- 1019 copie del
target in 10- 40 minuti

 Elevata specificita (4-
6 primer invece di 2)




LAMP: ulteriori caratteristiche

= efficienza di amplificazione simile a PCR nested

" reazione meno soggetta ad inibizione da eventuali sostanze
contaminanti

" reagenti piu stabili (non e necessario frigo o freezer durante
trasporto)

" non richiede utilizzo di apparecchiature di laboratorio per la
visualizzazione dei risultati



Risultati rilevabili tramite fluorescenza, precipitazione
O viraggio

Fluorescenza Torbidita Metodo colorimetrico

& 4

Realizzabile direttamente in | s
campo grazie ad uno strumento '\‘
portatile (Genie II) ]




amplificazione e visualizzazione
possono essere combinati in un unico
strumento:

Genie |l

- 16 pozzetti

- touch screen e possibilita visualizzazione
risultati in tempo reale

- funziona senza bisogno di PC

- batteria ricaricabile con autonomia di
diverse ore



e Con un‘unica reazione di ~ 30min e possibile visualizzare la
presenza/assenza dell’'organismo target

Fluorescence

/

—

Risposta positiva = presenza organismo target

— Risposta negativa = assenza organismo target

 La specificita della reazione puo essere controllata
confrontando la curva di annealing del campione con quella di
un campione positivo di riferimento

DDDDDD

000000
UUUUUU

o
7500 -]
15000 —|
12500 —|
10000 —|
7500 -
S000 —|
2500 -
o]

T T T T T T

1 =4 83 =23 85

UUUUUU

eeeeeeeeeeeee

Curva di annealing




Progetto in corso:

messa a punto e validazione delle sonde LAMP per:

 identificazione specie del genere Anoplophora (A.
glabripennis, A. chinensis)

~30 minuti



Anoplophora glabripennis/chinensis

Adult male Asian longhorned beetle i longhorned beetle

()]
{n)
[=}
-]
@
™
P>
(4
DI

adulto : a) A. glabripennis

uovo larve . .
b) A. chinensis



Geni utilizzati come marcatori
molecolari

 Modalita di trasmissione DNA (in organismi
diploidi a riproduzione sessuale):

— biparentale (cromosomi autosomici)
— uniparentale (mtDNA, cloroplasti, cromosoma Y)



Geni utilizzati come marcatori:
MtDNA

- Geni mtDNA: 16S, citocromo
ossidasi 1 (cox1; regione

barcode) e 2 (cox2)
- Ereditarieta materna
- Assenza di ricombinazione
- Elevato numero di copie

inner circle: L strand

outer circle: H strand

B triple stranded DNA

] ribosomal RNA
- Problemi: pseudogeni mitocondriali _ W transfer RNAS
(numtS) [] proteins




Marcatori mtDNA

e disponibili diverse coppie di
primer universali per

artropodi (Simon et al. 2006)

T34 TM-J210
> >

N2-J586

>

TW-J1301

| e [Gin]met |

Nad2

| Trp[ Cys lTvr|

< <« < < <
TI-N18  TM-N200 N2-N993 TW-N1284 TY-N1433
TL2-J3043 C2-J3624
C1J1708  C1-J2195 C1-J2756 TL2J3033 C2-j3389 |  TK-J3790
> >
I Cox1 ILeu I Cox2 ]Lys IAsp I
< < < <€ <€ <«
C1-N1738  C1N2353 C1-N2776 C2-N3389 C2-N36E5 TI-N3786
AB-JA463  C3-J4792 C3-J5470 N3-J5747
> >
| Aws | Atps [ Cox3 loy | Naaz |
< < < <€ <
AB-N4061 AB-NAS52  C3-N4908 C3-N5460 N3-N5731

e Tasso mutazione variabile
tra diversi geni mtDNA
33 -
all CDs
@
cox3
i cox2
32 @ nadd
L I
% atp6 ;
S 31 [\3] cox1 Py
E alpha CDs
(&) ® cob
E nad1 2]
301 @ beta CDs
©
nad3 . @
. d2
naddL. @& 1964 nads
29 1 e
nad6
@
28 4 , . . r . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6
MILC values

Salvato et al. 2008



Marcatori mtDNA: regione ‘barcode’

ca 700 bp
(primer

LC0O1490-
HCO02198)

Folmer et al.

1994

LHON

(15,257)

O Complex|
O Complexlil
O Complex IV

Q@ ATP synthase
@ Transfer RNA
@ Ribosomal RNA

O Control region of DNA

LHON

5’ cox1 usato come
barcode



Caratteristiche delle regioni di DNA
‘barcode’

Regioni di DNA polimorfiche

devono essere tra regioni conservate di DNA per poter

progettare primer universali

Facilita di amplificazione/sequenziamento

bassa variabilita intraspecifica
buona variabilita interspecifica

Frequenza

barcoding
llgap“
~—p

overlap

distanza genetica



Geni utilizzati come marcatori:
geni nucleari

-Geni DNA nucleare:
-ITS (Internal Trascribed Spacer) 1 e 2

-EF (Elongation Factor)

LITSRE L5%& SR
— —
ITS1
55U RNA SRESENA
.‘_
158 5

ITs2




Come scegliere tecnica/marcatori
adatti?

Fondi disponibili
Condizioni di partenza del campione (DNA + o —
degradato)

Informazioni gia disponibili nei database on line

Grado di risoluzione:
- Scala geografica
- Scala temporale



Grado di risoluzione dei marcatori genetici

omoplasia

o - ———
—_—
—
—
-
-

MmtDNA

N° mutazioni

‘>

tempo

individui popolazioni specie



Database on-line

* NCBI (http://www.ncbi.nlm.nih.gov) GenBank

-
—NCBI

Mational Cantar for
Biotechnology Information

e EMBL-EBI (http://www.ebi.ac.uk)

EMBL-EBI " - European Bioinformatics Institute

BARCODE OF LIFE DATA SYSTEMS

Adva s identification and disc ¢ through the




Distribution of 100 Blast Hits on the Query Sequence
| Mouse over to ses the defiine, click to show aignmenis

Codor key for alignment 1sores

BLAST GenBank

(Basic Local
Alignment
Search Tool)

=i Dascriptions
Legend for inks to other resourcas; [ UniGens B GED B Gene B Structure [ Map Viewss B PubChem BioAssay

Sequences producing significant alignments:

Accession | Description [ Max T . Evalue | Maxident | Links
AYIF143H.1 Diabratica undecimpunctata COL gene, partial cds; mitochondrizl gene & 765 765 100% 0.0 Q7%
A¥533573.1 Oisbratica undecimpunctata howerdi cytochrome owidase subunit I (00T 760 760 100% 0.0 95%
AY¥533572.1 Diabrotica undecimpunctata duodecimnotata cytochrome oxidase subun 760 760 100%: 0.0 05%
AF27B555.1 Diabrotica undecimpunctata howardi cytochrome oxidase subunit I [(COI 760 760 100% 0.0 96%
AF27H556.1 Diabratica undecimpunctata undecimpunctata cytochrome oxidase subl 756 756 100% 0.0 95%
HOS5B2484.1 Coleoptera sp. BOLD:AAFB473 voucher 09BBOOL-1310 cytochrome oxid: T44 44 050 0.0 a7%
HG5B2721.1 Coleoptera sp. BOLD:AAFB473 voucher 09BBCOL-D442 cytochrome oxid Ta4 744 45% 0.0 07 %
AYZ242473.1 Dizbrotica undecimpunctata howardi isolate JMG370 cytochrome axidase 744 744 6% 0.0 07%
HOOB4188.1 Coleoptera sp. BOLD:AAFB4 73 woucher 10BEBCOL-0610 cytochrome oxid 740 740 05%% 0.0 95%
HG5B2726.1 Coleoptera sp. BOLD:AAFB473 voucher 09BBCOL-0448 cytochrome oxid. 740 740 G5% 0.0 96%
HGS5B2725.1 Coleoptera sp. BOLD:AAFB473 voucher 09BBCOL-0447 cytochrome oxid 740 740 05% 0.0 96%
H582722.1 Coleoptera sp. BOLD:AAFB473 voucher 09BECOL-0444 cytochrome coxid! F40 740 QoG 0.0 96%
HO582577.1 Coleoptera sp. BOLD:AAFB473 voucher 10BBCOL-0061 cytochrome ooid 740 740 Q5% 0.0 05%
HGS5B2727.1 Coleoptera sp. BOLD:AAFB47 3 voucher 09BBCOL-0440 cytochrome oxid: 735 735 050 0.0 6%
AY242451.1 Gynandrobrotica nigrofascista isolate 136152 cytochrome oxidase subun 733 733 93% 0.0 97 %



Diabrotica undecimpunctata COIl gene, partial cds; mitochondrial gene for
mitochondrial product
GenBank: AY171498.1

FASTA Geraphics PopSet
Go to: [+
Lacus AY171415 462 bp IHA linear IHY 29-JAH-2005

DEFIHITION Diabroties undzeimpunctats COI gene, partial ods; mitochondrizl
gene for mitochondrial product.
ACCESSION  AY171413

YER3 IOH AY171415.1 GI:25133439
KETWIEDS
SOURCE mitechondrion Dimbrotica undecimpunctats

ORGAHISM Disbrotiocn undecimpuncotats
Eukaryotn; Metnzon; Arthoropods; Hexnpods; Insects; Pterwgota;
Heoptera; Endopterygota; Coleoptera; Polyphaoga; Cucujiformia;
Cheyzomeloides; Chevsomelidne; Galerucinze; Dimbroticinmg
Dinbroticites; Dimbrotiom.
FETERENCE 1 (bages 1 to 46Z)
AUTHORS  Kim,J., Kjer ,K.M. and Duckett,C.H.
TITLE Comparison between molecular and morphologionl-based phylogenies of
gzulerucinedalticine lazf beetles [Coleoptern :Cheysomelidanz]
JOUFHAL  Ingect Syst. Eweol. (2003) In press
FEFERINCE 2 [bases 1 to 462)
AUTHORS  Kim,J., Kjer ,K.M. and Duckett,C.H.
TITLE Direot Jubmizsion
JOUFHAL  Submitted (31-00T-2002) Entomology, RPutgers, Cook College, 93
Liprmn Dr., Flake Hall, Hew Frunswick, HJ 05%01-5524, [I5A
TEATURES Location/ualifiers
Fouras 1. 462
forgunisne "linbroticn undecimpunatata”
forganelle="mitochondrion™
fmol_type="genomic DIHA™
fdb_xref="taxon:S0E3F"

qznz <1, .62
fgene="C0T1"

) <1, 62
fgene="0C0T1"

faedon_start=1
feransl_table=%
fproduct="oytockhrome o oxidoge subunit IV
fprotein_id="HANZE246 . 1"
fdb_xref="GI:25133440"
frans lation="GAFIMAT FRMHNMEPWLLEF P S LLLLLLS SMVEHG VE TG WTVIE R
L3SHIAHGEGS3WDLA IFSLHLAG T3S ILGA INE I TTVINMRE MGHTE DRMELE WA
ITAVLLLISLEVLAGA ITMLLTDRHIHTST F IFAG GG E ILYOHLE WEE GHE "
ORIGIH
1 ggdgewochy aymtangontt cooctoganta antanototna gattttgaot tttaocoacos
&1 tetttattat tottattatt aagangadtn gtaganantg gogttggtne oggatgnanoa
121 gtttatoocoo cotttatonto cnotattgot omoggoggtt cataamgttgo thtangotatt
151 tttagtttac acttggotgg antttotton attttoggag caottaattt tattactaca
241 gtmattamata tmcgtocaat aggaataamct tttgacogan taceattatt tgtatgagoa
301 gttgtezttn ongemgtttt notmotztin tonttaootg ttottgosgg ggonntinen
361 ntottattan ongontogtan totmantamoo totttttttg amtootgotgg aggtggtgat
421 cotattttat atonamonttt attttgottt ttoggooato ot
i

GenBank

Articolo scientifico in cui
guesta sequenza e stata
pubblicata

(localita in cui e stato
raccolto il campione)

Sequenza proteica

Sequenza DNA




Databases
e BOLD System http://www.boldsystems.org

BARCODE OF LIFE DATA SYSTEMS vas

Advancing species identification and discovery through the analysis of short, standardized gene regions

C W

Molecular Ecology Notes (2007) doi: 10.1111/}.1471-8286.2006.01678.x

BARCODING

BoLD: The Barcode of Life Data System
(www.barcodinglife.org)

SUJEEVAN RATNASINGHAM and PAUL D. N. HEBERT
Canadian Centre for DNA Barcoding, Biodiversity Institute of Ontario, University of Guelph, Guelph, ON, Canada N1G 2 W1



BOLD system (http://www.boldsvstems.org)

SYSTEMS Databases Taxonomy Identification Workbench Resources

b

<o
—_
®
@
o
o
Q
O
=

The Barcode of Life Database is designed to support the generation and application of DNA Barcode data. The platform consists
of three main modules, a data portal, a database of barcode clusters, and data collection workbench.

= G ——
po— Gl C—
Ol = T —
== =3l A

Public Data Portal BIN Database Workbench



BOLD system (http://www.boldsvstems.org)

SYSTEMS v:

Management & Analysis

Home | Taxonomy Browser | Request an Account | Identify Specimen |

FAQs |

Documentation

W Filter By: Project Code ~

Merge Projects

Search All Records
View All Primers
Bibliography Submission

Campaigns |
ACG Parasitoids
All Birds Barcoding Initiative
All Caddis DNA Barcoding
Anfibios Neotropicos
Ants Of The World
Arctic Life (PROBE)
Barcoding Canadian Animals
Barcoding Earthworms
Barcoding Fish (FishBOL)
Barcoding Mammals of the World
Bee Barcoding Initiative
Biocode (Moorea)
BioLep

IACG Parasitoids

(] AsBA ACG Braconidae
(Cheloninae)- in progress

(] ASBR ACG Braconidae III-
in progress

[ ] AsBAC ACG Braconidae I-
in progress

(] ASMET ACG Braconidae
(Meteorinae)- in progress

(] AsBC ACG Braconidae
(misc genera)- in progress

(] ASRO ACG Braconidae
(Rogadinae)- in progress

[ ] AscH ACG Chalcididae- in
progress

(] ASEN ACG Encyrtidae I- in

A,

Pub Specimens Species

27

548

430

92

114

604

81

12

211

52

27

13

32

COI-5P

11

206

37

24

12

32

Species with Sequences

28S-D2

ITs

ITS2

Lo}



SYSTEMSv:

Taxonomy Browser

Documentation

Home | Taxonomy Browser | Request an Account | Identify Specimen | FAQs |

Kingdoms of life being barcoded

Specimen Records : 2,040,756

Animals:

Acanthocephala [220]
Annelida [23053]
Arthropoda [1461594]
Brachiopoda [131]
Bryozoa [752]
Chaetognatha [179]
Chordata [263046]
Cnidaria [4032]
Cycliophora [295]
Echinodermata [24063]
Echiura [24]
Gnathostomulida [8]
Hemichordata [15]
Mollusca [S7803]
Nematoda [4762]
Onychophora [210]
Platyhelminthes [6343]
Porifera [1289]
Priapulida [12]
Rotifera [3853]
Sipuncula [153]
Tardigrada [785]
Xenoturbellida [2]

Specimens with Barcodes : 1,484 491

Fungi:

Species with Barcodes : 144 861

Ascomycota [3575]
Basidiomycota [S665]
Chytridiomycota [1]
Myxomycota [10]
Zygomycota [23]

Plants:

Bryophyta [1570]
Chlorophyta [7324]
Lycopodiophyta [391]
Magnoliophyta [114271]
Pinophyta [3390]
Pteridophyta [6255
Rhodophyta [22987]

Protists:

Chlorarachniophyta [65]
Ciliophora [499]
Heterokontophyta [10470]
Opalozoa [1]
Pyrrophycophyta [2145]



BOLDSYSTEMS Databases | Taxonomy Identification | Workbench | Resources

Insecta {class} - Arthropoda;

Sub-taxa Taxon Description (Wikipedia)

Orders (31) Insects (from Latin , a calque of Greek [ ], "cut into sections”) are a class of invertebrates within the
chitinous exoskeleton, a three-part body (head, thorax and abdomen), three pairs of jointed legs, co

1. antennae. They are among the most diverse groups of animals on the planet, including more than a
2. representing more than half of all known living organisms. The number of extant species is estimate:
3. In: and potentially represent over 90% of the differing metazoan life forms on Earth. Insects may be
4 environments, although only a small number... full article at Wikipedia
5. Diplura [16]
6. Diptera [329696] BOLD Stats
7. Embioptera [61]
8. Ephemeroptera [16620] Specimen Records: 1,838,389 Public Records:
= ‘ . ‘ Specimens with Sequences: 1,481,193 Public Species:
Specimens with Barcodes: 1,341,162 Public BINs:
Species: 170,110
Species With Barcodes: 130,780
13. Lepidoptera [828457]
14. Mantodea [858] Species List - Progress Access Published &

15. Mantophasmatodea [2]

16. Mecoptera [147]



SYSTEMS Management & Analysis

WW BOLD - ID

Fungal Identification Plant ldentification
[ITS] [rbcL & matK]

The BOLD Identification System (IDS) for COI accepts sequences from the 5' region of the mitochondrial Cytochrome ¢ oxidase subunit | gene and returns a
species-level identification when one is possible. Further validation with independent genetic markers will be desirable in some forensic applications.

Historical Databases: Jul-2011 Jul-2010 Jul-2009

Search Databases:

All Barcode Records on BOLD (1,311,082 Sequences)
Every COI barcode record on BOLD with a minimum sequence length of 500bp (warning: unvalidated library and includes records without species level identification). This includes
many species represented by only one or two specimens as well as all species with interim taxonomy. This search only returns a list of the nearest matches and does not provide a
probability of placement to a taxon.

@ Species Level Barcode Records (1,084,444 Sequences/103,794 Species/44,061 Interim Species)

~ Every COI barcode record with a species level identification and a minimum sequence length of 500bp. This includes many species represented by only one or two specimens as
well as all species with interim taxonomy.
Public Record Barcode Database (262,777 Sequences/35,845 Species/9,712 Interim Species)
All published COlI records from BOLD and GenBank with a minimum sequence length of 500bp. This library is a collection of records from the published projects section of BOLD.
Full Length Record Barcode Database (893,217 Sequences/94,098 Species/38,647 Interim Species)
Subset of the Species library with a minimum sequence length of 640bp and containing containing both public and private records. This library is intended for short sequence
identification as it provides maximum overlap with short reads from the barcode region of COl.

Enter sequence in fasta format:



_DSYSTEMS

Databases

Taxonomy

Specimen Identification Request

Query: Ph-x_LCO1490_copy

Search Request:

Identification

Type: COIl FULL DATABASE (includes records without species designation)

Search Result:

Distance Summary :

Workbench

Top Hit: Arthropoda -

Resources

& Print

Coleoptera - Phloeosinus thujae (98.71%)

Tree Based Identification 100
# 95
>
< 90
= 85
80
1 23 34 67 89 100
Similarity scores of the top 100 matches
Phylum Class Order Family Genus Species SI:::::'IT; '('!Q
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus thujae 98.71
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus thujae 98.28
Arthropoda Insecta Coleoptera Curculionidae 82.61
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus hoferi 82.61
Arthropoda Insecta Coleoptera Curculionidae Hylesinus laticollis 82.58
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus furnissi 82.58
Arthropoda Insecta Coleoptera Curculionidae Larinus planus 82.51
Arthropoda Insecta Coleoptera Curculionidae 82.45
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus hoferi 82.45
Arthropoda Insecta Coleoptera Curculionidae Phloeosinus 82.37
Arthropoda Insecta Coleoptera Curculionidae 82.29




*=Dryocoetes villosus![79]IFBCOD792-1 1iCurculionidael

Dryocoetes granicollisl[BOJICNCCA975-12ICurculionidael

Dryocoetes granicollisl[81ICNCCA976-12ICurculionidae!
Dryocoetes![B2]ICNCCG1418-12!Curculionidael

Dryocoetesl[83]ICNCCG1417-12iCurculionidae!

Dryocoetes pinil[84]ISCOL2%94-12ICurculionidael

Pityophthorus sp. 2I[85]ISCOL235-12/Curculionidael

Pseudopityophthorus traegardhil[86ICNCCA698-12iCurculionidae!

r Phloeosinus fumissil[87]ICNCCA1700-12ICurculionidael

{ Phloeosinus hoferil[88)ICNCCA1714-12ICurculionidael

Phloeosinus hoferil[89]ICNCCA1713-12ICurculionidael

—— Phloeosinus furnissil[90]ICNCCA1699-12ICurculionidael

Phloeosinus baumannil[91JICNCCA1671-12ICurculionidael

Phloeosinus rudisl[92]INLCOBS5 14-12/Curculionidael

Phloeosinus rudisl[93]INLCOB3513-12iCurculionidael

IPhloeosinus rudis![94]INLCOB512- 12/Curculionidae!

|—Phloeosinus pinil[95]ICNCCA1718-12ICurculionidael

Phloeosinus pinil[96]ICNCCA1717-12ICurculionidael
Phloeosinus pinil[97JICNCCA1716-12ICurculienidael

Phloeosinus pinil[98]ICNCCA1719-12iCurculionidael
Phloeosinus pinil[99)ICNCCA1715-12ICurculionidae!

{Phloeosinus thujael[ 100]INLCOAB69-12ICurculionidael

Phloeosinus thujael[ 101]ISCOLO08-12ICurculionidael

Unknown Specimen



Species (26)
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. Phloeosinus

Specimen Records:

Specimens with Sequences:
Specimens with Barcodes:

arizonicus [4]

. Phioeosinus aubei [3]

Phloeosinus

Species:
Species With Barcodes:

cyB&E

baumanni [5]

Phioeosinus

canadensis [5]

Philoeosinus

cdatatus [41 Species List - Progress

Phioeosinus

cupressi [5]

Phiososinus

. Philoeosinus deleoni [3]

Contributors {Specimens & Sequencing)

de

Matus (4]

. Phioeosinus furnissi [5]
. Philoeosinus
. Phlogosinus
. Phioeosinus noler [1 . ] !
. Philoeosinus :

. Phloeosinus

Specimen Depositories:
PR
naler A Canadian National Collection of
Insects, Arachnids and Nem... [83]
Naturalis, Biodiversity Centre 3]
4 Canadian Forest Service. Pacific
pini [5] d - Forestry Centre (1)

- ?;]vonan State Collection of Zoology

keeni [3]

oe ©O

]

punciatus [5]

. Phioeosinus

. Phloeosinus

rudks [3] University of Bergen, Bergen Museum

Natural Hi
scopulonimu scopulorium (3 of Natural History (2]

. Phlososinus

Mined from GenBank, NCBI [1]
Biodiversity Institute of Ontano [1)

EE @

seguoiae [3]

Phioeosinus

seguoiae (6]

. Phiososinus

serratus [5]

. Phioeosinus

. Phioeosinus

. Phioeosinus
. Phioeosinus
Phioeosinus thuia

. Philogosinus 1t

Imagery

. Philoeosinus v

images representing subtaxa of Phloeosinus

Public Records: 2
Publc Species: 2
Publc BINs: 1

Access Published & Released Data

Sequencing Labs:

Blodiversity Institute of

Ontario [36]

University of Bergen, Bergen
Museum of Natural History [4])
Naturalis, Biodiversity Centre [4]
Mined from GenBank, NCBI [1]

1,22 mm

Mhlaaarcinae usrialaroe)

¥oeqpas) g\




Strumenti informatici on-line

PCR-RFLP : webcutter (http://bio.lundberg.gu.se/cutter?)
PCR:

— Primer3 (http://frodo.wi.mit.edu/primer3)

— Primer BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast)

Sequenze: BLAST (http://blast.ncbi.nim.nih.gov/Blast.cgi)

AFLP: in silico AFLP
(http://bioinformatics.psb.ugent.be/webtools/aflpinsilico)




Check list of the Italian fauna on-line

CK2000 Home | Faunal(a.liJ
Checklist of the Italian fauna on-line Visitors since Ma
@ Ostracoda Orders Families Genera Species
@ Copepoda ollembola 18 106 419
Q Mystacocarida
: Branchiura Protura 6 8 31
Cirripedia : :
Q Pentastomida Microcoryphia 2 1 47
Malacostraca Zygentoma 3 10 19
@ Chilopoda
@ Diplopoda , Diplura 5 21 76
P
@ §::]nghglaa Ephemeroptera 10 25 94
J\El Hexapoda
@ Collembola Odonata 9 36 88
@ Prowue Blanaria 4 0 o
Q Microcoryphia
. Zvgentoma ! Mantodea 2 7 12
Diplura
:Eghl;mgrogtera Isoptera 2 2 2 e e e
Odonata
@ Blattaria Orthoptera 11 136 333
@ Mantodea Phasmatodea 1 2 8
Q Isoptera
@ Orthoptera Dermaptera 4 11 2 B3 (N)
@ Phasmatodea » ;
@ permaptera £ Embioptera 7. %) 5
- Chrysomelidae
g Brychidee Phloeophthorus cristatus Fauvel, 1889 (N2, S, Si?, Sa)
Urodontidae Phloeophthorus perfoliatus Wollaston, 1854 (S, Si, Sa)
e Anthribidae Phioeophthorus pubifrons Guillebeau, 1893 (N?, 8, 8i, 8a) (%)
g Nemonychidae Phloeophthorus rhododactylus (Marsham, 1802) (N, §, 8i, 5a?)
Attelabidae
g Brenthidae Phloeosinus Chapuis, 1869
Apionidae
® Brachyceridae Phlpeosinus armatus Reitter, 1887 (N)
@ corculionidae Phloeosinus aubei (Perris, 1855) (N, S, Si, Sa)
& Rhynchophoridae Phioeosinus thujae (Perris, 1855) (N, 8, 5i7, 8a?)
sy
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Principali applicazioni dei marcatori molecolari

|dentificazione specie
Caratterizzazione specie (biotipi/specie criptiche)
Stime su rotte di migrazione/colonizzazione

Interazioni con pianta ospite o rapporti
preda/predatore/parassitoidi



1.0 mm

ldentificazione mediante
barcode di specie di nuova
introduzione

Cyrtogenius luteus/C. brevior

C.luteus (Chioggia, 2009)
L C.luteus (S.Biagio di Callalta, 2011)
(

e C.luteus (Marghera, 2009)
63 LC.luteus (Chioggia, 2010)
Cyrtogenius brevior HM064152
Cyrtogenius chirindaensis AF187118
98 Cyrtogenius chrindaensis AF438511
Dryocoetes autographus AF444054
0.02

Faccoli et al. 2012



mtDNA/AFLP:
Leptinotarsa decemlineata

e mtDNA: frammento
di 577 bp (3’ COI -
5" COll)

B colorndo [ Minnesowa
ldﬂhﬂ .Nchnmsmck
Grapputo et al. 2005 [ Reorscky [ urope



mtDNA/AFLP:

Leptinotarsa decemlineata
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Microsatelliti:
Diabrotica virgifera

e analisi DNA

nucleare
& ) of A N T % (variabilita in 8 loci
£ , ) Paris 2004 /5 ¢ Europe microsatelliti)
ol *‘"" 7 ?’ Eastc_:m France *:}'
/ns(O. ?‘ok‘ o 2‘2] & ‘

NE Itaiy 2093

Miller et al. 2005



MtDNA:

Thaumetopoea pityocampa

mMtDNA
COl, COll, 604 bp

Kerdelhué et al. 2009
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Interazioni ospiti/parassitoidi

Rougerie et al 2010

OOoOEEEE = Fhplionorycher platam
oo EEEeEEEEEEEEE N | - - I . '.'f;m-
| . —
I ¥ 1 4 :

| — gL ™ B ] 1

E [ b Mw‘;:mﬂﬂa |

L, Host-leading prevenied, s o= s . |

* host-inlarnal pupation o -2 E‘ l* ‘g o & 98.2% Ph abrasalia
g 1o nost-fesding, | 5 - oy 100% match o reared host

haat-giermsl pupaticon = - s I : . -
= Female ! ] . %
O Maie Aoy ;

parassitoidi specie lepidotteri ospiti
Hymenoptera Hymenoptera Hymenoptera Hymenoptera Hymenoptara Diptera Lepidoptera
Braconidae: Microgastrinae other Braconidae Ichneumonidae Eulophidae unidentified Tachinidae all families

pit P38 P35 1oP19 ;P18 . P35 pb

12 p p21 1 p p P p5 PO o7 PB oG PPy gPE2 onPE5 0 PE0 P2 g
] ¥ Iebil k |// 117 1mal
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hig 15 h28 hag h17 h1 h23 h26 ho h2a h2?h12 ha0 hi h25 hid ha2 hi4 h24

Hrcek et al. 2011



