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2" Conference of the European Consortium for the Barcode of Life

Welcome to Braga and University of Minho
Dear colleagues,

The European Consortium for the Barcode of Life (ECBOL) and the Centre for
Molecular and Environmental Biology (CBMA) welcome you to the 2" ECBOL
conference, under the focal theme of the 2010 United NationsO International Year
of Biodiversity (IYB). As a fortunate coincidence, the IYB will also see the formal
start up of a major DNA barcoding programme (International Barcode of Life —iBOL),
which will create a library of DNA barcodes for 500K eukaryotic species and 5 million
specimens by 2015.

ECBOL2 will hopefully provide the opportunity for strengthening the implementation
of DNA barcoding in Europe and to further explore interactions between European
partners and the barcoding community across the world.

Concurrently, it will be also a timely occasion to contribute to further raise awareness
to the crisis of biodiversity loss, and to discuss the role of the Barcode of Life to help
countering this global problem.

On behalf of all the people involved in the organization of this meeting, | wish you a
pleasant and productive stay in our beautiful city and country.

Filipe Costa
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Welcome reception
Museu Nogueira da Silva (Braga Center) - Registration desk will be available

Sponsors

Wednesday, 2 June

8.00 - 9.00
9.00 - 12.30
9.00 - 9.15
9.15-10.00
10.00 - 10.20
10.20 - 10.45

10.45-11.15
11.15-11.45
11.45-12.15

12.30 - 14.00
14.00 - 16.15
14.00 - 14.30
14.30 - 14.45

14.45 - 15.00
15.00 - 15.15
15.15-15.30

15.30 - 15.45

15.45-16.00

16.15 - 16.45

Registration and postersO affixation

S1. Opening session / Chair Peter Hollingsworth

Welcome note Filipe Costa

S101. Stuart Pimm - How many more species are there? And where do they live?
S102 - David Schindel - Consortium for the Barcode of Life (CBOL).

S103 - Pedro Crous - What is happening in the European Consortium for the Barcode of Life
(ECBOL).

Coffee break
S104. Bob Hanner - The international Barcode of Life (iBOL) project.

S105. Peter Bonants - QBOL. Development of a new diagnostic tool using DNA barcoding to
identify quarantine organisms in support of plant health.

Lunch
Chair Sarah Samadi
S201. Mehrdad Hajibabaei - Next generation biodiversity analysis.

S202. Nicolas Puillandre - The MarBOL project in the MNHN, Paris. The crustacean and
mollusc collections sequenced.

S203. Alessia Cariani - DNA barcoding of the Mediterranean chondrichthyans (ELASMOMED).
S204. Agnés Dettai - CEAMARC: Barcoding East Antarctic Deuterostomia.

S2. Barcoding campaigns and biotas session /

S205. Rodolphe Rougerie - The iBOL Lepidoptera campaign: towards barcode records for 80K
species by 2015.

S206. David Lees - Barcoding the base of Lepidoptera. Exploring global diversity and evolution
of the Micropterigidae.

S207. Erik Van Nieukerken - DNA barcoding of the leaf - mining moth subgenus Ectoedemia s.
str. (Lepidoptera: Nepticulidae). Are cryptic species recognised?

Coffee break
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16.15 - 16.45

Coffee break

16.45 B 17.45 S3. Plant barcoding session / Chair Peter Hollingsworth

16.45-17.15 S301. Peter Hollingsworth - Choosing and using a plant barcode.

17.15-17.30 S302. Sofia Caetano - Do plants’ life cycles influence assignment success in DNA barcoding?
An answer based on seven genera of trees, shrubs and herbs.

17.30-17.45 HS303. Harald Meimberg - Multiple origins as potencial error source for barcoding in polyploids.

Patterns of chloroplast haplotypes shared between polyploid and diploid representatives of the
genus Aegilops (Poaceae).

Thursday, 3 June

9.00©10.30 S4. Fungi barcoding session / Chair Ursula Eberhardt

9.00-9.15 S401. Johannes Groenewald - Barcoding fungi of quarantine importance to Europe — WP2 of
QBOL.

9.15-9.30 S402. Pedro Crous - DNA barcoding the genus Calonectria.

9.30 -9.45 S403. Seena Sahadevan - DNA barcoding of fungi: a case study using ITS sequences for
identifying aquatic hyphomycete species.

9.45-10.00 S404. Jozsef Geml - The use of DNA-barcodes in biodiversity assessments of ectomycorrhizal
fungi in arctic and boreal ecosystems.

10.00 - 10.15 S405. Nelson Lima — Portuguese isolates of Aspergillus section flavi unravelled by the
calmodulin gene

10.30 - 11.00 Coffee Break

11.00 - 12.30 S5. Protist barcoding / Chair Jan Pawlowski

11.00 - 11.15 S501. Ménica Moniz - Barcoding Diatoms with ITS — evaluation and case study.

11.15-11.30 S502. ElI Mahdi Bendif - A morphogenetic assessment of micro-evolution in extant
Noelaerhabdacean coccolithophorids.

11.30-11.45 S503. Edward Mitchell - COI phylogenies reveal unsuspected, pseudo-cyptic diversity in testate
amoebae (Rhizaria: Euglyphida & Amoebozoa: Arcellinida).

11.45-12.00 S504. Jan Rueness - DNA barcoding of selected freshwater and marine red algae
(Rhodophyta).

12.00-12.15 S505. Jonas Zimmermann - Diatom barcoding: Water monitoring using molecular tools.

12.30 - 14.00 Lunch

14.00 - 16.00 S6. Data management and analyses session / Chair Mehrdad Hajibabaei

14.00 - 14.15 S601. Robert Vaughan - Services for the BARCODE community at the European Nucleotide
Archive.

14.15-14.30 S602. Vincent Robert - QBOL and ECBOL data management and analyses system.

14.30 - 14.45 S603. Karl Larsson - The UNITE database for molecular identification of fungi.

14.45-15.15 S604. Discussion Panel with session speakers open to audience. Methods for data analyses
and management for DNA barcoding data.

15.30 - 17.00 Poster sessions with coffee break

17.15 - 20.00 Visit to the city of Guimar<es - bus leaves at 17.30h.

20.00 Dinner at the HOTEL DE GUIMARIES
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Friday, 4 June

9.00 - 10.30
9.00 - 9.30

9.30 - 9.45
9.45-10.00
10.00 - 10.15

10.30 - 11.00
11.00 - 12.30
11.00 - 11.15

11.15-11.30

11.30-11.45

11.45-12.00

12.00 - 12.15

12.30 - 14.00
14.00 - 17.30

14.00 - 14.30
14.30 - 14.45

14.45 - 15.00

15.00 - 15.15
15.15-15.30

15.45-16.15

16.15-16.30

16.30 - 16.45

16.45-17.00

17.00-17.15
17.30 - 18.00

18.00

S7. Applied barcoding Part | / Chair Mehrdad Hajibabaei

S701. Simon Creer - Environmental barcoding and second-generation sequencing. A
meiofaunal perspective.

S702. Martin Meijer - DNA Barcoding of the mycobiota in indoor environments.
S703. Jan Pawlowski - DNA barcoding and deep sequencing of eukaryotes diversity.

S704. Donald Baird - Biomonitoring 2.0: fusing next-generation sequencing and phenomics to
illuminate ecological assessment.

Coffee break
S7. Applied barcoding session Part Il / Chair Peter Bonants

S705. Joanna Zaluga - Phylogenetic study and identification of plant pathogenic clavibacters.

S706. Bart van de Vossenberg - QBOL: DNA barcoding from the perspective of diagnostic
laboratories.

S707. Eva Rolo - Database of insect species with forensic interest in Portugal: molecular
perspective.

S708. Neela Enke - Manual on field recording techniques and protocols: organizing specimen
and tissue preservation in the field for subsequent molecular analyses.

S709. Tadeusz Malewski - Identification of forensically important blowfly species (Diptera:
Calliphoridae) by high-resolution melting PCR analysis.

Lunch

S8. Progress in animal barcoding; barcoding poorly known animal taxa / Chair

Gary Carvalho
S801. Bob Ward — Fish barcoding and its contributions to fisheries science.

S802. Frederic Sinniger - DNA barcoding in deep-sea zoanthids, unexpected diversity in Gold
Coral-related zoanthids.

S803. Adriana Radulovici - DNA barcoding and phylogeographic patterns in marine amphipods
from North Atlantic and Arctic waters.

S804. Julien April - DNA barcoding of North American freshwater fishes.

S805. Michael Raupach - DNA barcoding and supplementary nuclear marker for species
identification. Two arthropod case studies (Coleoptera: Carabidae; Isopoda: Asellota).

Coffee break

S806. Charlotte Schoelinck - Parasite biodiversity in coral reef fishes: delimitation and
description of new species of Pseudorhabdosynochus (Monogenea: Diplectanidae) from the gills
of groupers (Serranidae: Epinephelinae) off New Caledonia.

S807. Andrea Galimberti - A DNA barcoding approach to discriminate Italian bats.

S808. Astrid Cruaud - Barcoding-based inferences of speciation mode. The case study of
figwasps (Chalcidoidea, Sycophaginae).

S809. Thibaud Decaens - DNA barcodes for soil animal taxonomy.
Discussion panel
Moderator David Schindel
- international research networks and related aspects
- wrap up of ECBOL2

Conference closure DFilipe Costa
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S101.

How many more species are there? And where do they live?

Pimm S.

Nicholas School of the Environment, Duke University, Durham, USA.
Presenting author's email: stuartpimm@me.com
|
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S102.!
Consortium for the Barcode of Life (CBOL)

Schindel D.E., CBOL Executive Secretary

Smithsonian Institution, Washington, DC.
Presenting author's email: schindeld@si.edu
|
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S103.

What is happening in the European Consortium for the
Barcode of Life (ECBOL)?

Crous P.W.

CBS-KNAW Fungal Biodiversity Centre, P.O. Box 85167, 3508 AD Utrecht, The Netherlands.
Presenting author's email: p.crous@cbs.knaw.nl
|
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S104.
The International Barc ode of Life Project

Robert Hanner

Canadian Barcode of Life Network, Biodiversity Institute of Ontario & Department of Integrative Biology,
University of Guelph, Canada.
Presenting author's email: rhanner@uoguelph.ca
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S1065.

QBOL: Development of a new diagnostic tool using DNA
Barcoding to identify quarantine organisms in support of plant
health.

Bonants P.

BU Biointeractions & Plant Health, Plant Research International, Wageningen, Netherlands.
Presenting author's email: peter.bonants@wur.nl
|
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%+2#)%/$,'&<$! 5()%+1$! &,<3$,.+)>! +3! /&'l 3(2&4>! ;&./+0.! $-#(,'&+,! +3! /&' Yo (2#(&*,!
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!
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5()%+1&,*!">' $21 /(1 5$$,! 2+)$! %/(44$,%&,*71 1,1 /&' (469! :1:8&441)$<&S;! /B! #)+%$"! +3!
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D(SSI0'S1I&,L/SIH)$'S,.1.01>130)./5)2+)$! (44+1 154&, B(.8,*! '+2$!'(2H#4&, *1)04$'

+I5$! (HHA&S1! &, #4(,.| ORSIK()%+15! 1(.(5('&,*1$33+).1&,1+)1$)! .+ (%%-+0,.1 3+)! (1 20%/!
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&&* .1 &, +1)SA(.&+,1&H' (2+,*1'#$%&S' +3! Calonectria9! (,(4>'$'" +3! &,1&<&10(4! %+1&,*!
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Aspergillus &1(140*$1*$,0'91:8./1(1%+2#4$-1(, 11$<$) 1 $<+4<&, . (-+,+2571"$%.&+Flavi &'
+,$!1+3L/$12+".1'&* &3&%0(,.I'$%.&+,"1&,1./1$!*$,0'7!B(-+,+2>1(,1'#$% &P &1$,.&3&%(.&+,! &'
'05X$%.! +3!*)$(.! &,.9)F".! 3+)! '%&S$,.&"." (&2&,*! .+ %4()&3>! ./$! '#B%E&S %o+,%$#.! (1! 4&2&.
&.1&,1 B! '$%.&+,7! FO)./$)2+)$9! /&' '$%.&+,! %o+2#)&'S! 5+ +-&*$,&%! (1! +C
A-8&%$,&%! '#$%&S$'D')(&,'9! ;&N )$(! &,.$)$.! 4! 5&+.$%/,+4+*>] (1! 3++1! &,10".)>7!
X()&+0'*$,$'9! ,(2$4>! ./$! )eRS! Y:B"! )$*&+,Z9! %(42+104&,! (,1!Q0504&,! *$,$'9! /(<$!
5%$%,!;&1$4>!1 )$#+).$1! ("1 *++112()63)' 3+)! Aspergillus '#$%&$'! &13,.&3&%(.&+,9! 5$%(0'$!
S$>108) (#&1!(,11%+'. $33$5%.&<$7!:,1./$1#)$'$,.I".01>9!;$!$<(40(.$1!./$!1&'%)&2&,(.+)>!
#+,$)! +31 /8! :B"1)$*&+,! (1! ./$! %(42+104&,! *$,$! .+! 1&".&,*0&'/! %4+'$4>1)$4(.$1! .(-(!
:&.1&,! Aspergillus '$%.&+ Flavi7'F+)!./&'#0)#+'$9!In! &'+4(.$' +Bkpergillus '$%.&+ Flavi
+5.(&,$1!3)+2!]+).0*0$'$! (42+,1';$)$! %/ () (%.$)&ASL! (! <()&+0'1 4$<$4\ &ZI #/$,+.>#& %09
)$*()1&,¥1<()&+0" (‘#$%. 1 +31 2+)#/+4+*>1 (11 #/>'&+4+*> 1&&Z!'#$%.)(49!0'&,* LSEBEDF
NL"L+1+5.(&,1#)+.9&,13&,*$)#)&,.&,*_(,1! &&&Z!*$,+.>#&%9!5>!'$D0$,%$! (,(4>'&'I +3! ('kdH!
5#!'$*28$,.1 +3! ./$! 9%(42+104&,! *$,$! (,1! (! cHg! 5#!'$*2$,.!1 +3! ./$! :B" )$*&+,7! F+)! ./$!
<()&+0'T 2$./+1'9! 1$,1)+*)(2'1 ;$)$! %)$(.$1! (1! )$'04." ;$)$! %+2#()$17! K+./!

*$,+ SHEY, 11 '#$%.)(4) (,(4>'$ 1&<&I$L! /B! &+A($! &, d! *)+0#! %o+))$#+,18,* +]
%4+'$4>N3$4(.$1!.(-("BYlavusA. parasiticus (,1! A. tamarii7![-%$#.13+)./$!:B")$*&+,9!(44!
'$.1+31(,(4>' & #+'&.&+, 31U +3! /$! IN! &'+4(.$" &,! .;+10,&195,.&3&F1! %4(1$'! %4+'S] .+!
parasiticus, (,1! 1&<&1$1! ./$U. flavus *)+0#! &, .;+! 1&'.&,%.! %4(1$'7! B/$! #/>4+*$,$.&%)!
(,(4>'&'1+3!./$!%(42+104&,!'$D0$,%$')$'04.$1! &,!<$)>!'&2&4()! 1$,1)+*)(2";/$,!0'&,*!

<()&+0'! 2%./+1'" +3! (,(4>'&" YR$&*/5+)@+&,&,*9! L(-&202! P&6$4&/++19! K(>$'&(,!
5,3$)$,96529! (,1! (4.9)&,*1 ./$! (,(4>.&%(4!#()(2$.$)"1 1&1! ,+.1)$'04.1 &,!'&*,&3&%(,.! %/(,*$'7!
FO0)./$)2+)$9!./$!*$,$.&%!1$,1)+*)(2';$)$!".)+,*4>1'O##+). $115>1 /S #/$,+.>#&%! (, 1!

#$%.)(4! (,(4>'$7!B/$'$!)$04." %+,3&)2! ./$! %(42+104&,! *$,$! (' (1)+50".! (,1!)$4&(54%!

*$,+2 &%! 2()6%)! 3+)! /& *)+0#! +3! 30,*&7! B/$! 0,'+4<$1! &'+4(.$! &1$,.&3&%(.&+," ()$!
%0))$,.4>10,1%$)!30)./$)!(,(4>'&'7

!
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QRSB()%+18&,* &1 5('$1! +,! /B! #)$2&'S! /(.1 /B! 1&<$)*$,%$! +3! (1'2(44! QRS! 3)(*2$,.!
%+&,%&1%$'! ;& /! 5&+4+*&%0 (4! '$#() (.&+,! +3!'#$%&$'7! :3!.)0$9! &.! +33%)" (,! (11&.&+,(4! .++4!3-
+)41:8151%+,'8".$, ' #$%8ES1&1$,. &3&%6(.&+,T& o+, $-.91:$1$<(40(.$1InGg!'$D0S$, %$'!
)$H)$'S,.8,41 GGT! 1&(+2! 'H$%E&S' 5S4+,*&,*1 +1 B! .+ 2+'1 H$%E&ST&Y%/! %4("$'! +3!
1&(+21YLSL&+H>%S($! (, 1! K(%6&AA()&+H>%$($Z7! 85! #)+#+'$1! ({CPB+1$!3)(*28, !
YdHH!+ITHHIS#Z9!".().&* (1 /SIUW!S$, 11 +31U7gH AR, *1&,1./$1%+,'$)<$112+.83! +31/$4&-!

1 +31:B"1'$%+,1()>1.)0%.0)$9! ;/&%/! &' '0%%$"304! &,! &1$,.&3>&,*! 5&+4+*&%(4! (,1! ;$44!
1$38,$111&(+212+)H+CH$%&S'(,11$33$%.8<$1&, '$#()(.&,*1ggJ +3I'#$%&$1$- (28, $ 1 YGZ7!
8%! %o+2#()$1! /&1 2()6$)! ;&./1 .+ +./$)' ( 1 1&(. 42! 5()%+1$\! /$! '2(44! )&5++2(4!
'050,&.1Y""MZ!(,11{UW!$,113)(*23, .1+319%> . +9%/)+2$1%! +-&1('$'050,&.1G1Y %o+-:2718$!3+0, 1!
"IMI/(L&*1'0%%$")(.$! &, (2#48&38%(.&+,!(,1'$DO0$,%&,*1(,11;()$(1&4>1 (4&*,$1!50.!
)$DO&)$L! (14+,*13)(*28,.1.+1'/+;1$,+0%118<$) *$,%$! 3+)I'H$Y%&S' '$#()(.&+,7N+-:1+,4>]
SSISL! (1'2(44! 3)(*28,.! .+ 'SHO (B! HS%ES'! (1! ;(' (4'+!)$(1&4>! (4&*,(54$9! 50.! &.!
[+;$1! <$)>! 4+;! (2#48&3&%(.&+,! (,1! '$D0$,%&,*! '0%%$"! )(.$'7! U7g"{:B"I! ;("! $('&4>!
(2#4&3&(5431(,1'SDO$,%$11(,11:('1./$12+ 1<()&(54$! 2()6$)!+31./$!./)$$718$1%+,%401$1!
J(LISI3)(*2$,.1U7g ;B 11 (1./$!155'.1%(, 1&1(.$! (1 (1 1&(.+2! QRS!I5()%+1$! YIZ7IM'&, *!

IS #)+H#+$115()%+1$9! ;31 /(<$! 3+%0'$11 +,1/$!)+4$!+315()%+1&,* (,11%604.0)$'1 &,! (1 3&)".!
2+)#[+4+*8%(41 (, 11 2+4$%04()! ("$"2$,.1 +3! Pseudo-nitzschia!'#$%&$' 3)+2! P&'5+,!5(>7!
B$,!".)(&," +3! Pseudo-nitzschia! ;$)$! &+4(.$1! 3)+2! $.1'(2#4%$'! YIH|2Z! %+44$%.$1! &,!
P&'5+,! K(>7! F&<$! '#$%8&$"! ;$)$! &1$,.&3&$1! 5('$1! +,!1 "[L! (,1! B[LW. australis9!P.
fraudulenta9'P. multiseries9'P. multistriata! (,1! P. subpacifica7! B/$! &1$,.&3&%(.&+,! ;(!
%+,38)2$1! 2+4$%04()4>9! %+2#()&,*! ./$! QRS! )$*&+,! UTg"{:B"Il +3! /$'$! ')(&," ;&./!
)$3$)$,%%! 1(.(15('$'7! F+)! (44! .$.$1! #$%&S$'" (! GHHI!'$D0$,%$! &1$,.&.>! :("1)$%+)1$17!
S4./+0*/12+'1".)(&,'$D0$,%$1 &, /1SS L(.(15('$:$)$! 3)+21/$IR[!(,1!R8!S.4(,.8%9!
J&(T(A+ +5'S)<$L! /S, )(&,13)+2! +./$)! O%$(,1+)!'S(15('&,"1:$)$! Yo+ 2#()$1!

J0'1 %+,38)2&,*1 /&' QRS! )$*&+,! &1 (,! $335%.&<$! 2()6$)! 3+)! ./$!'.01&$1! '#$%E&S'! $<$,!
78,1 ./$!1)$3$)$,%9$! '$D0$,%$'! ;$)$! +5.(&,$1! 3)+2! *$+*)(#/&%(44>! 1&'.(,.! '&.$'7! B/&"!

L0151 #$)2&..81! ! %+2#0)&'+,! (1! <(4&1(.&+,! +3! 5()%+1&,*9! 2+)#+4+*&%(4!
&1%,.838&%(.&+,! .$%/,&D0$'! (,1! (! 3&)".! %/()(%.$)&A(.&+,! +3! 2+)H/+4+*&%(49! 2+4$%04()!
1&<$)'&.>!4Beudo-nitzschia'#$%&%$"1&,|P&'5+,IK(>1YHZ7

|
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B/$! %+%%+4&./+#/+)Emiliania huxleyi' (1! Gephyrocapsa oceanica! ()$! ;&1$4>!
1&')&50.$1! (1! ;$441 6,+:,1 #/> +#4(,6.+,1 )$H)$'$,.(.&<$'7! QO$! .+ /$&)! $%+4+*8%(4!
&2#+).(,%3$! &, 20& 3! %()5+, 340-$9! :$! %+ 10%.$1! (| 20€H&,! #/>4+*$,$.8%!
)$%-+,)0%.&+,! &3$))$1! 3)+2! /$! 2&.+%/+,1)&(4! NO:! *$,$! &1 +)1$)! .+ ("$"1/$!
1$4&,$(.&+,1+31*$,5.&%!'#3$%&$'; &./1&,!.1&'1*)+0# 7" M) QRS!"$D 03, %ol H@tleyi! (,1! G.

oceanica ()$!&1$,.8%(4!(,1!P"M!)QRS!'$D0$,%$'1 1&33$)15>1+,4>1GI5('$1#(&) 7!R+!'&* &389%(,.!
04.)(")0%.0)(4!1&33%)$,%%'1/(<$!5$85,1)$#+).$1155.:55, | /B! :+'45%8$'1 (,1 1./$>17()$!

SV (2$1%-+%9%6+4&.119%)>".(41".)0%.0)$9! 1&33$)&, *1+,4>1&, | I$1 1$%)$$! +31%6(4%&38&%6(.&+,!(, 11/t
#)$'$,%09!+3!(,1 (11&.&+,(4!%(4%&.$!5)& 1 bdanica7! Q&33$) & huxleyi! 2+)#/+.>#$']

/(<$! 5$$,! 1$'96)&5$1! 5('$L! +,! %(4%&3&Ye(.&+,! A$<$AT! BI$! I JB=EASL! %)>#.8&%!
HP%E&(.&+,!;&./&,15+./12+)#[+'#E% &S ;/&AS! &*[A&*].&,*!./$!%4+'$!) B4 (.&+, [&#!5$.;$$,!

1$271 Q&<$)'&. > +3! [(#A+>HS'| (HHS()'! .+ 53! /&*/$)! & L. oceanica! 2(>5$! 10$! .+ &."1
$0)4&S)! (HHS()(,%$! 10)&,*! /$! J4$&' +%$,$! ()+0,1! GTU! L(! (*+B huxleyi9! ;/&%/ &' (!

>+0,%1 #$%&S$'! Y38)'.! (#H#S()(,%S$! HTIU! L(! (*+Z9! /("1 43" *$,$.8%! <()&(.&+,! :&./1 ;+!
1&'.&,%.!%4(1$"1%+))$'#+,1&,*! . +!.;+1$%+4+*&%0 (4! 8BSy '$$2" .+!1/(<$! 15)&<$1!
3)+2!(1'05 A&, $(*$!;&./&,!G. oceanica9!;&.N'#().! +3!./$! E. huxleyi! 1&<3$)'&.>!"/()&,*! ./$!

(29 (#4+>#$!('!  G. oceanicaT

!
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NO:V/(15$$, 1) +#+'$11(1(10,8<$)'(415()%+18&,*1*$, $13+)!(,&2(41#$%&S' (, 1!'+2$!+./$)!
“+0#'1 +31 $06()>+.$7! a+;$<$)! /&4AS! /&' *$,$! (44+;"1 +] &1%$,.&3>! '#$%&S'! &, '+2!
(-+,+28%! *)+0#'1'0%/! (1 (,&2(4'9! &. ! 3(&A'! .+ 1+ +1 3+)! +./$)' '0%/! (' #4(,.'7! F$;!
5()%+1&,*!".01&$"1$-&".1.+11(.$!3+)!./$!0,&%$4404()! *)+0#'1 +3![06()>+.$' /(.| %+,".&.0.$!
2+ 1+31/$11&8<$)'&.>! (1/&*/$)!14$<$4'71a$)$!;$!1#)$'S,.)$'04."13)+21/BL;+12(&,1*)+0# !
+31'/$44$11 Y+)!.$'.(.$Z! (2+$5(3&,! ./$! [0*4>#/&1(! (,1! S)%$44&,&1(T' M'&,*! ./)$$! 2+1$4!
*$,$)(9! Cyphoderia! (,1! Assulina'&,!./$![0*4>#/&1(1(,1! Nebela!Y'7T47Z!&,!./$! S2+$5+A+(9!
SU/+LICINO: (44+1 +1&1$,.8&3>16,+; 1'#$%&$'9! (,11./(.1&.1&'1 (4'+10'$3041&, ) $<$(4&., *!
1&./8).+10,'0'#%$%.$19!%)#.8%! (,11#'$01+%)>#.8%!18&<$)'&.>7!B/$'$N$S'04. 1'0**$".1./(.1./$!
1&<$)'&.>1+31.$".(.$! (2+$5($! &'19%60))$,.4>!")+,*4>10,1$)$".&2(.$17! B/&' /(' &2#+).(,.!
#+.9$,.8(4182#48%(.&+,"13+)./$!".01>!+3I5&+*$+*) (#/>1+31ASB$&, *1#)+.&' 17

!
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B/$!)$1! (4*($! Ye/+1+#/>.(Z! ()$! +,$! +3! ./$! +41F'.] *)+0#'] +3! $06()>+.$'9! %+2#)&'&,*!
0+0,LInHHH!"#$%&%$";+)4C&1$9!,$()4>! (44! ()$!2()&,$!;&./'+,4>1 (5+0.!GUH!3)$'/;(.$)!
"H#5%ES' 7! "#$%&$'1 &13,.8&3&%(.&+,"1 0'&,*1 2+)#/+4+*&% (4! 3$(.0)$"! (4+,$! %(,! 53! <$)N 1&33&%0
108! .+! #/$,+ >#H&%! #4('.&%&.>9! 2(,>! $-(2#4%" +3! /$.$)+2+)#/&%! 4&3$! /&'.+)&$'9! 4(%6! +3!
'$-0(41)$#)+10%.&+,! &, 2(,>! #+#04(.&+," $.%7! X()&+0"! 2+4$%04()! 2()6$)"! /(<$! 5$3,!
$2H4+>$11+<$)LISIH( I 1% (1S /(N/(<S'$, (5ASLO*SI(1<(,%$'1 &, SL (4*(4!.(-+,+2>!

(1! #/>4+*3$,>7! B/$! 0'$! +3! QRS! 5()%+1&,*! &,! )$1! (4*(4! '#$%&3$"! &13$,.&3&%(.&+,! 3)+2!
'$D0$,%$! +3! /B! 2&.+%/+,1)&(4! 2()6%)! %>.+%/)& +-&1('$! '050,&.! ;! YY+-GZ! ;("
'0%%$"3044>1&,.)+10%$1!15>1"(0,1$)' 1 YIHHUZO!;/+1 1$<$4+#$1! +<$41#)&23) 7'R025%$) ' +3!
)$1! (4*%(4! %+-G! B03$,%3$'! (3! )(#&14>! (%%0204(.&,*9! 50.! 3()! 2+)$! '#$%&$"! (,1!
*$+%) (#/1&%(41 &'+4(.$'1 ()$!)$D0&)SL7!:1#)$'S,.1./$!3&) "1 [O)+#S(,! 1(.(13+)!./$!3)$/;(.$)!

"#$%&S$' Batrachospermum helminthosum9! (! '#$%&$" /(! /(! 5%$%,! &,<$'.&*(.$1!
NH0*+0.1 &N (*$ &, R+)./1S2$  )&%(7!B/$!2()&,$! (4*($!'.01&$1! &,%4019$! ./$! &,<('&<$!
Gracilaria vermiculophylla! ./(.! &,!)$%$,.! >$()"! /('! '#)$(1! +,! 5+./1'&1$' +3! S.4(,.&%!
(.9)'1Ye0$,$" IHHUZ! ('1;$44! (" +,1./$!;$" . 1%+(.1+3IM"S! (,1IN(,(1(7'QRS!5()%+1&,*!

+3! '#$%&28$,"! 3)+2! [0)+#S! (1! [(.! S'&(! (%D0&)$L! &,! /&' (1! +./$)! ".01&$"! '/+;!
)$2()6(54>14&..4%!<()&(.&+Ptllota serrata!(,1! Ptilota gunneri!/(<$!5%$$,!(,(4>A$1!3)+2!

S8 RA);$*&(,! %+(.! (1! 3)+2! "#&.AS$)*$,! (,1! %+2#()$1! ;&./1 '$D0$,%$! 1(.(! 3)+2!
N((L(7!'B/$1)$'04.1'/+1./(1  P. gunneril J(1(),+.158$,1%+, '&1$)$11#().1+3!./$! 34+)(
+,1./$1;$'.9),! S.4(,.&%! %+(".'91 &,! 3(%.!&'1)$#)$'$,.$1! &,! ./$!KOPQ! 1(.(5('$! ('! Ptilota
serratus! '#7G7! B/$! +,4Ptilota serrata! (%%$"! &,! V,K(,6!)$#)$'$,."! (! /&) 1! '#$%&S'7!
O./$)'#$%&S' (,(4>A$1! &,%401$! .;+! +./$)! &,.)+10%P1L! '#$%&S$' +,! /B! R+);$*&(,! %o+(".\!
Dasysiphonia japonica! (,1! Antithamnion nipponicum7Pantoneura fabricii! (,1! Euthora
cristata!;$)$! &'4+(.$1! (,1! (,(4>A$1! 3)+2! "#& A5$)*$,9! &, (11&.&+,! (13%;! +./$)''#$%&S'!

3)+2! /P! R+);$*&(,! ;$"! %+(".7! F+)! 2+'.1 +3! /$! .(-(! 2$,.&+,$19! +./$)! 2+4$%04()!
2()6%)"1'0%/1 (" ./$!%+-1  @I'#(%$)9!e05&Bb#(%$)! (,1!)5%P!;$)$! (%D0&)$1!&,! (11&.&+),!
+1%+-GI'$D0S$,%3$'7

|
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8&./&,!.I! 2&%6)+ Yo+ #&Y6! (4*($! /B! 1&(.+2'1)$#)$'S, .| IS +4$!1*)+0#1 5$&, #)$'$, .1 &,! (44!
SHE'+315(.$)! 5+1&$T (1! %(,! /$)$3+)$! 5! $-%$443,.4>! 0'$1! 3+)!;(.$)! 2+,&.4)&,*7!
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'$D0S$,%3$'9! (441 0'&,*! /$!'(2$! &,.$)3(%$7! B/)+0*/! /$! :R"QN!'Y:,.$),(.&+,(4 R0%A$+.&1$!
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$-#(,11+0)!'$)<&%$'1 &,1 /&1 )$(1&,! /$! 30.0)$7! B/$! [RS! &'1%6+228&..$1! .+!;+)6&,*! ;&./!
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a+:$<$)! 48..45! 1(.(1 0! (<(&4(54%! +3! /! &, 1++)! 25%+58+.(1+%6%0))8,* &,! /$!'05.)+#&%'
(,1! )+#&Y%'T! "0)<$>1 +31 /B! &,1++)! 2+041" ()$! +3.$,! 1+$! 5>! %04.0)&,*9! 50.! ./$!
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%+,'$D0$,%9$! 3+)! #)$<$,.&,*! ./$! 1&'.)&50.&+,! +3! /P 1&'S('$"! &, #(.[+*$B)$S! OB(7!:,!
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%+#>1 *$,$' /)+0*/! ;/+4$! *$,+2$! %+2#()&'+,! 50.! )$'04.$1! &,! (! /&*/! ,025%)! +3!
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(I'0)<$>! (2+,11#+"&5491$,1 @'$)1+31" B(,6710,31)&,*.$'.1&T+)*(,&'$1! .+ <(4&1(.$!./$!
0'(5&48&.>1+3! /$! QRS!5()%+1&,*I #)+.+%+4' 1$<$4+#$11 &1 ./$! +./3) "KOP! ;+)6! #(%6(*$'7!
B/$! QRS! 5()%+1&,*! #)+%+4'l & %401$! &,'.)0%.&+," 3+)! QRS! $-.)(%.&+,9! (2#48&38%%6(.&+,9!
'$D0S$,%8&,*1(,111(.(5('S CBO%/&,*TIB/$!+./$))&,*1.$'1&1+)*(,&'SL! . +1<(48&1(.$! B(,67!
B/$!'0)<$>!&'1+)*(,&'$1! . +1 &,<$,.+)>! /B! $$1'1 (11 $-#$%.(.&+,' (2+,*1#+"&54$1$,1 C
0'$)1+31./$I"KOPIQRS!H)%+1& *I#)+.+%+4'1(, 1B (,6 7IL+)$1&, 3+)2(.&+,!%(,15$!3+0, 1!
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BI$! 96)$(.&+,! +31 (1 2+4$%040)! 1(.(S($! /(1 #)+<$,! +1 5! (|| &2#+).(,.! . $# 3+)! /$!

813, &38%( &+, +31'#3%&$' 7! QRS 5()%+1&,%9! &7$79! /3! (5848.>! .+ (#H4>1 2+45%04()! (,(4>"
18/%)&2&.,(.$! /B! *)+0#! :/&Y%/! $(%/! HSY&2S,| 5S4+, *1 +1Y2(&,4>1 (.1 IS H$%&S' 4$<$4Z!
N)+0%/! 5()%+1$! '$D0$,%$9! '$$2'! +! 5! 0'$3047! S! ".(,1()1! )$*&+,! '0%/! (‘! /$!
28.+%/+,1)&(41 *$,$! %6>.+%6/)+28! +-&1('$! YNO:Z! /(1 53, %+, '&1$)$1! 2(,1(.+)>! (,1!

D+ 1$335%.8<$! YGZ7!:,| F+)$, &%! [, +2+4+>01 (1 2+4$%04()! 1(.(5('S! %(,! /$4#! &1$, &3>&,*!
IS $96)+I(*+0 18,'$%."1 /(1 %+4+ &ASH02(, 1%+ S TIBI&&, 3+)2(.&+,1%(,!5$!%6)+"$1!

& 1 ISIH)&+)16, +:4S1+ENS* ()18, * IS LE<SA+#2$, (41, (*$1+31$(%/ H#E%&S'1(, 11 (44+: "

IS 1$.5)28, (&+,! +31)$A$<(,.! (#5%." :&./1 2$18%6+4$*(4) HOW+'$'O! &,%401&,*! fst
mortem! &,.$)<(4! Y]L:Z7! N+,$D0S$, 4>9! /&' :+)6! %+ ,'&"1&,! ./$ 508418, +31 (| R(.&+,(4!
L+4$%04()! Q(.(5(5! &,.$*)(.8,*1)$3$)$,%%! 5()%+1$! '$D0S,%$'1 +31 &, $%. | '#$%8$'1 3+0,1! &,
34)$,'&%!%+,.$-. Y&,1]+).05(4Z7!:,1 I&;(>9!;$!'$D0S, %$ 1! (2#4$' +3!'$<$) (41 34> #$%&$'!
Y:,'$%.(\! Q&#.$)(Z8ulliphora vicina! Ye+5&,$(M$'<+&1>9! GgdHZMiphora vomitoria!
YP&,,($0'9! GkUQZ9! (,JlMusca domestica! YP&,,($0'9! GkUgZ7! B/$! (2#4&38&%(.&+,! ;('!
#$)3+)2%1! &, NO:1 )$*&+,1 0'&,* 0,&<$)' (4! #)&2%$)'! YIZ7! B/$!)$'04.1'0%$'.1 /(.1 J$'S!

NSS! '#3%&SP"! %(1 58! 1&33%)%,.&(.$1! ;& (P 1&".(,%$! +3! ~1 TI! &,! ./$!'(2$! *$,0' (,1!
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rpoK!(,1! mat'1%$,$'1&,1&<&10(44>1;(1nn7nnJ7!F0)./$)! :+)6! &1 &1 #)+)$"1 +1 (%/&S<$!
GHHII'#$%&%$")$'+40.&+,!(,111$<$4+#!(1'0%%$"304!5()%+1$!0'&,*1 +./$)! &2#+).(,.1*$,$'!
$&./$)1&,18<810(44>14)1&,1%+258&,(.&+,7
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Eucalyptus!.)$$! #$%&$'9!%+22+,4>1)$3$))$1! .+ (1$0%(4>#.'91 03!, (.&<$! . +!S0") (4&(! (1!
H113$:1(1X(%S,.18'4(, 1'7ISAJ+0*19)$(.1<()&$.>1%(, 155! 3+0, 19! $0% (4>4.1%6+ '8 1&, 143 *
48<$19! $<$)*)$$, | HSU&S'! 3)+2! /! (,*&+HS$)2! 3(284BirtaceaeT! BIS! $0%(4>#.! *)+0#!
Y5)+(1!'$,'$! ‘#$(68,*Z! &,%401$" '$<3,! *$,$)(9! /)$S! +3! /&%) (B! Yod+'$4>! )$4(.1\!
Eucalyptus9€orymbia'(,1! Angophora7!:,l./$!4(.$".!$0%(4>#.).(-+,+2&%")$<&'&+,9!+<$) ' kHH!
HURP' 5S4+ *&, %+ Gl 2(8,! $<+40.&+,()>! 48, $(*$1 :$)B! 1$'%)8BEGZ7! "+23! +31 /$'S!
HE%&S'! $-/858.! )$2()6(545! %/()(%.$)8".8%'9! %+258&,8,* 3(.! *)+:8,* (5&4&.>9! <(40(54%!
11 H)+#$).85'91 :&1S! (L(#.(5&4&.>! .+ '+&4' (,11%482(.$'9! (1545,1&,*! /(1 2(6$'1 ./$'S!
)$$1$5-%544$,.1%(,1&1(.$'13+)1#4(,.(.&+,13+)$".)>!YIZ7!eS:r &]%).0*0$'$! #)&<(.$! ,+, C
#)+3&.1)$'$()%/1&,".8.0.$130,1$115>! /S| 04HIN(#$)1]+).0%S49!"+#+)%$4IV)+0#71eS:r1 (&2
H18,960)$('S1I$1#)+10%.&<&. >+ 3 Hbalyptus! 3+)$'.1&,1]+).05(491 &2#4$2$,.1'0". (&, (549!

3981 2(,(*$2%,.1 #)(%.&%$'! (,11)$10%S$! ++11 %+ 7121 [B1 %o+, $-.1 +31 &' #+#04(. &+,
2(,(*$2%,.1(%.8<&.&$'9'eS:11&1&,.$)$".$11&,1$".(54& /& *1(15()%+1$1&1$, &3&Ye(.&+,1">" $2!
34)1 B! 241 &, $)$. &, $O%(4>H. HEWE&S! (1! & <$.&*(.$! /! #+.$,.&(4! +3! '$DOS,%$!
&,3+)2(.&+,! +1 18'%)&2& (5! 8,18<810(4' +3! /3! '(285%&$'7! B/&'1 :+0411)$'04.1 &,! /3!
$.(54&'12%,.1 +31 <$)>! $338&%8&$,.! 38, *$)H)&, & * #)+.+%6+4" /(1 %+0411 5$10'$1! .+ &1$,.83>!
HSY&S' 3)+21++11"(2#4 (|11 .+ %$).&3>1 &, 1&<&10(41 &, 3&$41! . $'.'9I'$$1! +)%/()1' (1!
Uod+,(A1%()1$,1(, 11(4'+15$1<(40(54$13+) 1#)+ $98. *1./$I&, $A4$%.0(41H)+#$). >1+31$4& $1%64+ (4!
2(.$)&(47! 8&.! I$! +5X$%.&<$! +31 .$.&*! /! #+:$)! +31 QRS! 5)%+1$! .$%/, +4+*>! +!
18'%)&28,(.$! $0%(4>#.'9! GI! $0%(4>#.! H$%ES'! :$)$! '$4$%.$17! PS(<$'! 3)+2! O#! .+! dH!
&,1&<&10(4" #3)! '#$%&3$"! ;$)$! %+44$%.$1! ./)+0*/48.%+0,.)>9! .+! $,'0)$! (1$DO(.$!
'(2#48.,*1+31(<(84(54$!5&+4+*8%6(412(.$) (AT F+44+:8,* I$))$%+22%,1(.8+,13)+21 /SINKOP!
14(,.18+)6&,*1V)+0#1 3+) (I'.(, L) 11 #4(,.| 5()%-+1$!">".$21 YAZO! /$!  2-locus! 5()%+1$!'$.\
matK'{! rbcL!(,1!3+0)! +./$))$*&+,' ;$)$!'$D0$,%3$1! Y rpoC19trnH-psbA9psbK- psbl!(,1!
ITS1-ITS4Z7\Locus! (2#48&38%(.&+,9! '$D0$,%$! DO(4&.>! (1! +.(4! 3)(*2$,.! '&A$! ;$)$!
$<(40(.$17! B/$! 2&,8&202! ,025$)! +3! '$D0S$,%$! <()&(.&+, /(1 5$$,! )$<$(4$1! 3+)! $(%/!
#$%&$'9(&2&,*1(.1./$!1$3&,&.&+,!1+31)$3$)$,%$!'$D0$, %S 7! B/SBER! (,(4>AP1!.+1%/$%06!
IS+ $, &(A1+31I$$12()63) 1.+ 1&'06)& 28, (. SH(&) 1+31#$% &S TIF&, (44>91./$)$'04.":84415$!
O'$1!+1%6/$%6!./$12(.%6/15$.:$$,12+4$%604()! 1&'%6)&2&, (.&+,1(, 11, (~+,+2&89%61&,3+)2(.&+, 7

|

I.References:

(1) Brooker MIH (2000) Syst Bot 13:79-148.

(2) Potts BM (2004) Encyclopedia of Forest Science. Elsevier Science:1480-1490.
(3) CBOL Plant Working Group (2009) Proc Nat Acad Sci 106 (31):12794-12797.

ECBOL2: Book of Abstracts | Page 61



2010 International Year of Biodiversity
ECBOL 2 27 Conference of the European Consortium for the Barcode of Life'

S3P3.
DNA Barcode of Quercus species (Fagaceae) in Portuguese
Forests

Costa J.S.", Romeiras M.M.?, Duarte M.C.?, Batista D.® and Paulo O.S.?

“Centro de Biologia Ambiental (CBA), Computational Biology and Population Genomics Group
(http://cobig2.fc.ul.pt/), Faculdade de Ciéncias da Universidade de Lisboa (FCUL), Lisboa, Portugal, ®Instituto de
Investigagdo Cientifica Tropical (IICT), Jardim Botanico Tropical, Lisboa, Portugal, ®Instituto de Investigagao
Cientifica Tropical (IICT), Centro de Investigagdo das Ferrugens do Cafeeiro (CIFC), Quinta do Marqués, Oeiras,
Portugal

Presenting author's email: mail@jscosta.com

QRS! K()%+1&,*! +3! 4&3%! 0'&,*! ".(,1()1&ABALP! (,1! mat! '$D0$,%3$"! ;('! )$%3,.4>!
#)+#+SLIC1(1#4(,. ) #3%&S'1 &1$,.&38%(.&+,!">".$27!:,1./1&'".01>!;$!.$".$1!./$! $33&%(%>! +3!
J$'S 4+%&! (1 QRS! 5()%+1$" &,! +,$! +3! /B! 2+'.1 $%+4+*&%(4! (,1! $%+,+2&%(44>! &2#+).(,.!
(L#)$1+2&,(,.1.) PP '#$%&S' 1 %0+2#4$-1&,1./$!]+).0*0$'$!3 +)$".'915>1%+2#() &, *IrbcP! (, 1!

mat’! '$D0$,%$'"! +3! '+2$! Quercus! ‘#$%&S$'! +%%0))&,*! &,! ]+).0%(49! ,(2%4tercus
coccifera! Y%())('%+ZQuercus ilex! Y(A&,/$&)(ZQuercus faginea' Y% ()<(4/€6$)D0&,/+Z !
Quercus canariensis! Y%()<(4/€.(' Cb(,,)&('Z_! Quercus pyrenaica! Y%()<(4/€%$*)(4Z_!
Quercus lusitanica' Y%()<(4/&...(@uércus robur! Y%()<(4/+! %+202Z9! (,Quercus suber!
Y'+5)$&)+Z27! "$D0$,%$! (,(4>'&' +3! 3&<P! &,1&<&10(4" #$)! .(-(1;(1O'SL! .+ ("$"1 3+)! /P!
%(#(%&.>!.+11&'%)&2&,(.$! /& T'#$%&P (,1!11&'S,.(,*4$! ./$! &,.) (1 (, &,.$) #$%0&3&%! *$,$.&%0!
<O&(-&+, 7! K('$1! +,! /$'S! #)$48&2&,()>! )$'04." /P! (#HA&%0(.&+,! +3! 5()%+1&,*! .+! ./$'$!
H#3%&S'! &' 1&'%0"$17! B/&' .01>! &' /! 3&)".! (..$2#.! +] ‘#$%&3&I0(44>! 3+%0'! +,! ./$!
0,&<%$)'(4&.>!1(,1!(.)&50.$'1+319%(,1&1(.$!5()%+1$' (%) +QuercusT
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LISUA(L 35S (19)$(.!,0258)! +31 %6, +28%61 )$* &+, : 8./ #I>4+%5,$.8%! #+.$, & (4]

/(<$! 5$$,! 018511 1)8<$,! 55! 14(,.! QRS! 5()%+1$! )$'$()%/7! QRS! 5)%+1$! & <+4<$'!
'SDO$, %8, 1 +31 (1.(,1()11)$*&+,1 +31 QRS! (' ++41 3+) #$%&$' &1$, &38%6(.&+,7! NKOP!4(, .
8+)6&,* V)+0#! (&2' .+ &1$,.83>! (I'.(,1()1! QRS! 5()%-+1$! 3+)! 4(,1! #4(,. 7! S! @+%0'!
0o+25&, (.&+,! (#4#)+(%/1:(1)$%S$,.4>1)$%+225, 15191 /+:$<$)! #$6&$' 1&'%6)&2&, (.&+,!3+)!
J&A+%&1%+25&, (.&+,!: (1+,4>'0%%$"3041&, IKIJ1+31%('S1Y GZ71S130.0)$!%/(44$,*$13+) QRS
5()%+18&,* &,1 #4(,1 &' +1 &,%)B('S! /! #)+#+) &+, +31 %('S1 &,! /&%/! 0,&DO$! H#$%&S'
&1%,.838%(.&+,1 ()$! (%/8S<$17! B +31 %64+$4>1)$4(. $1! #$%&S' (, 1! $<(40( &+, +3! /$!
#3)3+)2(,%6$! +31#) +#+'$11#4(,.| QRS!5()%+1$' &, 1#/>4+*$,$.8%61)$%+,) 0%. &+, /(19)$(.!

'8* &3&Y6(, %57 B+ &2H)+<$I HU&S1 Yo+ V6$H. 'O (1 2+)$! +#1&" &Y6(.$L! (##)+(%/) .+ 5()%+1&,*!
&',$$1$19!;/&%/!;+041!&1$(445%4013!'$D0$,%$'1 3)+2!1204.&#4%'&,1$#$,19$,.12()6$)'9! (!
204.828+%0'1 5()%+1$9! (, 11'#$%&3&%! &,38)$,%6$! ++4' /(.| %+0411 531 O'S1! .+ $-#4+)$! H$%&S
48281 (,11 &1%,.83>1 *$,$.89%6! *(#1 YIZ7! BI&' '$%+, 1! >#$! +31 5()%+1$! ;+041! &2#)+<$! ./$!
&,3+4)2(.&+,! 5('$! O#+,1 /&% . I$! %)01$)! #4(.&1! (,1! 2&.+%/+,1)&(4! QRS! 5()%+18'!
1$#3,17' B/0" &.! & (1<(,.(*$+0'"! .+! &1%,.&3>! '0%/! #4(,.! *)+0#'! ;$)$! 0,&D0$! '#$%&S$'!
&1%,.838%(.&+,1 &' +.! (%/&S<$1!5>!".(,1()M4+%8&! 5()%+1$7! a$)$! :$! (##4>! /$!)$%S, 4>!
#)+#+'$11 QRS 5()%+1$! 3+)! 4, 11 #4(,.'mat’ ! (1! rbcP! #40'! /$! '0##4$2$,.0>! *$,$!

trna @sbS! .+!Silene! '$%.7iphonomorpha! '#$%&%$'7! B/&'! *)+0#! +3! %7! dU! '#$%&$'! /(" (,!
0,)$'+4<$1!#/>4+*$,>13+)1:B"I(,1! trnPE9!'05'$D0$,.! &2#)+<$23,."1&,1)$'+40.&+,!;$)$!
(%/&$<$1! 551 ,$0.)(4! 2+4$%04()! 2()6$)"! SFP]' YAT! 8&./1 /&' :+)6! :$! (&2! +!'$45%.!
#I>4+*$,8%! &,3+)2(.&<3$! )$*&+,"! 3§)lene! '$%. Wiphonomorpha! (,1! %+,.)&50.$! 3+)! ./$!
$.(54&125, .1 +31 (| #$%8SBS<SA! %($!".01>1 &,! /$! 3)(2$:+)6! +31#)$'S,.)$'5()%/1 +31 (
QRS!5()%+1$13+)14(, 11#4(,.17

!

(ﬁ?fg':?g(lz_e;.lant Working Group (2009) Acad Sci USA 106:12794-12797.
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BI$! /02(,! 185.! &,%401$'1 (1 4+.1 +31 1425 &Y6(.$1! #4(,.! #$%&S'! Y3+)! &,".(Habtleum

vulgare! P78éa mays'P70kyza sativa'P79!$.9%7Z!1$)&<$1!3)+2!(,!$<+40.&+,()>!%+,.&,002! +3!
H+HHASHA(,1 &,.5)(%.8+, T a+:$<$)0! '$<$) (4! '#+,.(,$+0THA(,.1 O$! #+.$,. &(44>) +-8%!
3+)1/02(,! 558, * 71 BI$! (%6%&1S, . (41 & *S .8+, +31 +-86I #A(, 1 #+).&+, 1 Y&TST!'$$1913)0&.9!)++.9!
$.96721 %(,! %(0'S! '$<$)$! #+&'+ &, *! +)! $<$,1 15(./7! BI$S! %4&,&%(4) 1&(* + &' +3! &, +-&%(.$1!
#(.85,1 &' SHEYWA>! 5(SL! +,1 [S! 2+)H+A+*8%(4! (,(4>'&' +3 #4(,.! 3)(*2$,.1 &, /$!

2(%)) %+,.$,. 7! BI&' 28./+11 &'1 <$)>! .$18+0"1 .+! #$)3+)29! )$D0&)S'! (! %o+,'&1$)(54$!
(2+0,.1 +31 )(&&* (1! 0'0(44>! (! <()&(54$! #)+#+).&+,1 +31 #4(,.1 3)(*2$,.1 )$2(&,"
0,&1%,.&3&(54%7! :,! (11&.8H/$! #4(,.! '#$%&S$"! &13,.&38&%(.&+,"! %(,! 5! 1&33&%04.! ;&./+0.!
)$'&LO(4'/+;8, 1 18" .&,%.&<$! . (-+ +28%! $4$23,. 71 e$%$,.4>0! (|, $;! .$%/,&DOS! 3+)1 #4(, .
&1%,.838%(.&+,15(SLI+,1/BI(,(4>&1+31(1'/+).91".(, 1) 1&ASLIQRS)$*&+,16,+:,|(1=QRS!
50%+1&,*?1Y:::750%+1&,*7'&7$10Z1/(15$$, 1#)+#+$171B/$I+5X$%.&<$!+31 /&) $'$()%/1 &1

41 3.1 QRS! 5()%+1&,*! (##)+(%/! (1 (1 ,$;! 0,&<$)'(4! ++41 +1 &1%$, &3> .+-&%! #4(,."
0,&<+%(44>! (,1! )(#&14>7! F&<$! QRS! 5()%+1$! )$*&+,1 :$)$! $<(40(.$1\! ./)$$! %H#QRS!
'$D03,%$' ¥rna GsbSOpoK! (1! mat'Z!(,1!.:+!,0%4$())$*&+,1YS.GHd! (,1I'D1GZ7!B/$!
4#5)3+)2(,%$1+31./$'$12(065)' 1 (1$<(40(. $11&, L/)SSIHA(,.1*)+0#\IY GZ! (14()*$!%o+445%. &+,!

+31 (*&HHS)2' %o+, .(&,&,* 1&33$)$,.! . +-&%! '05'.(,%$! YIZ! %o+ *$,$)&%6! H$U6&S' /+:&,
1&33$)$,.1 1$%)$$'1 +3! +-8%6& > (HZ! %+, *$,$)8%! $1&54$! (, 11 #+&'+ +0'1#4(,. TIK($1! +,!
("$"2%,."1+3!|Ne9!'$D0$,%3$! DO(4&.>! (,11)$'+40.&+, #+;9)! &,! '#$%&P'! 1&'%)&2&,(.&+,9!

J$! %6+258,(.&+,! +3! #A(.&L&(A! (1! ,0%4$()! 2(06$)! .+ &1%,.8&3>! +-&%! #4(,.1 ;$)$!
0%+225,1517! N+,9%8$),8,* #4('.&18(4! 208)'9!mat’! (,11 trna@shS! +:$1! %+,'&"S,.!
*$,$.8%!<()&(584&.>71a+;$<$)91&,1(*)$$2$,.1:&./INKOPI]4(,.18+)6&, *IV)+049!:$!'$4$%.$1!
mat’!("./$!5%'.12()6$)9!5$%(0'$! trna @sbS!'/+;$1!'+23!#)+54%$2'1&,!'$D0$,%$''&AS'!

(11(48*, 28, 71S1(13&, (41(, 11)$4$<(,.1+5'S)  <(.&+,91:$! (4 +1H)+#+'S! /$1%+258, (.&+,1+3!

mat’ ;&1 (1,0%4%()! 2()6$)!'0%/! (' S.GHd! .+! 1&'.&,*0&/! .+-&%! />5)&1" 3)+2! #()$,.(4!
HSY8S'T!: 1%+, 9640'&+,01+0) 1(.(1O##+).1./$19%64(&2! /(. JQRS!I5()%-+1& M&' (1#+:$)304! ++4!
3+) &+ +0'1H#A(, 18 1S, &38I6(.&+, TIBES.! $#1+31./&1)$'$(%/1 &1 IS (54&'/2$,.1+3!

(1 1$1&%(.$1! #+&+,+0' #4(,.1 1(.(5(S! J/$)$! (44! '#$%ES'! ()$! 1$'%)85$1! $&./$)! 5>!

D+ )HH+4+*8%(4! (11 2+45%04()! YQRS! 5()%-+18&,*Z! (##)+(%/$' 3+)! (1) (#&1 &1$, &3&Y%6(.&+,1+3!
A-&%HA(,.I5>1#+&'+,+0'1%3,.) $'7!
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14(,.1 50%+1&,* &1 (1 <$)>! ,$:1 (##)+(%/9! /&%/! &,.$*)(.$! %4("& %! .(-+,+2>! (/1!
2+4$%04()1*$,$.8%'710,4>1<$)>11$%$,.4>91&,1SO*0". IHHC! ./$12$25%)'1+3! /$INKOPW']4(,.!
8+)6&,*! V)+0#! #054&'1$1! (,! +#$,! (%%$"! #(#$)! &, |RS"! )$%+22%$,1&,*! (I".(,1()1!
#4(,.15()%+1$I5('$1!+,1%/4+)+#4( IQRSI'SD0S$,%$'1+31./$1#(). &(4!)$* &+, 1+38HbcP!(, 1!

mat’1 *$,$" YNKOP! J4(,.] 84+)6&,* V)+0#9! IHHCZ7! B+! (,:$)! ./$! DOS'.&+,! /+:1 2(,>!

H$%&S$' 1 +3IP&IO(&(,IFA+)((<$IQRS!I5() %+ 15 :$/(<SI#$)3+) 2811 ('S () %/! +31 (1'(2#4$!
'$.L+31 IHH! #4(,.'#$%8&S'! (*(&,!/$! 1(.(1 (! /$! K()%+1$! +3! P&3$! Q(.(I">".$2! YKOPQZ
)$H+&.4)>T! BI&T'$()%/! (1) $<S(4$1! /(! HS%&S' 3)+2! P&IO(&(,! FA+)(1)$H)$'S,.&*!
NS,.)(4![0)+#$(,IFA+)(10)$!<$)>I#++)4>1#)$'$,.$11&, KOPQI!gkHI!+3!'#$%&$'1;$)$!3+0,1!
+15$128"8&,*71:,10%.+5$) IHHCOL/$IK+.(,8%(41V()1$,1+31x&4,&0'!M,&<$)'&.> YKV YBALZ ! X +&
J$! N+,'+).8021 34)! /$! K()%+1$! +3! P&3$! YNKOPZ7! B/$! KVXM! %+,10%." )$'$()%!!
#)+%)(22$'1 %+<$)&,*! (I 5)+(L! )(*$! +3! +#&%' +,! #4(,.! .(-+,+2>9! *$,$.8%' (,1!
#>'&+4+*>T1 KUXM! '&.$! &,! “(&)$,(&! %+<$)'! (,! 0$(! +3! GCG7U! /$%.0$! &,! (I .$))(&,!
%/()(%.$)&ASL 5> (1/&UA(, 1'%(#$! 3+) 2311551 ./$1 4(.1*4(%&(.&+, (,1130)./$)!/(#$1! 5!
$)+'&+ 7IP(*$1#().1+31./&1'&.$I&1#H)$'S,.1 (1, (.0) (4! )'$2& C(.0)(4!34+)(1/(5&.(.'9!'0%/!
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B/$!12+1$41+)*(,&'2! Saccharomyces cerevisiae!'.(,1'l.+1(>!(.1./$!3+)$3)+,.!+312+4$%04()!
B5&-+4+*>1(,1130,%.8+,(41(,(4>'818,1*$,$.8%'1(,11*$, +28%'7Ia+:$<$)910,1$)'.(,1&,*1+3! /$!
$Yo+4+*896(491 $<+40.8+,()>1 (, L1 #+#04(. &+, BHES(.0)$'1 /(1 /(H#S1! /B! 5&+4+*>1+31 /&]
#5985 &1 0,18)'%+)$1! 5> (1:$(4./1 +31 6,+:431*$! +,! 2+4$%04()! (,1! %$4404()! 5&+4+*>1
+5.(&$1! 3)+2! (I <§)>! 4&28.$1! ,0253)! +3! 4(5+)(.+)>! ")(&,7! 5! /&' )$(+,&,*9! :$!
%o+,".8.0.511 +,3! +31 /3! 4)*$ .1 5&E(.(5(,6" +3! S. cerevisiae! J(.! :$)$! +5.(&,$1! 3)+2!
:8,52(6&,*1%,<&)+,25, 18, 1]+).0%(41(, 1IF)(,%$7 !

QO)&,*! /$! /()<$'.! .&2$! +3! IHHG! .+ IHHCO! nHT! *)#S$! '(2#4$" :$)$! %+44$%.$1! &,!
(HHSAL(.&+1 +31 +)&*&,! &1 ]+).0%(4! YX&,/+! x$)1$9! QT+9! Q+0)+9! K(&))(L(9! ['.)$2(10)(9!
1(4254(91e85(.$X+9!S...+)$'Z1 (,1IF)(,%S$! YP(,*0$1+%6Z7! BI$!*) (45! (2#4$'1 554+ *$11 +1./$!
<()&$.&51 S4<()&,/+9! S)(*+,$A9! S)&,. +9! S<$"+9! K(*(9! K&Y6(49! N(.$4T+9IN()&*,(,9! P+0)$&)+9!
LO&(IV+2$'91B$))(, SA9IB+0)&*(IR(%&+, (4!(, 1Ix$) LS4+ 71ES (. 1#+#04( &+,'918, 1#().8%604()!
S. cerevisiae9!;$)$! &'+4(.$1!(3.9)!'#+,.(,$+0'13%)23,.(.&+,!+3! ./$! $-.) (%.$1!*) (#$' X0&%$7!
F)+21./$13&, (4. (*$!+311Ug!3$)2$,.(.&+, 'O KKTHI>S(".1&'+4(.$1:$)$!+5.(& $195$4+ %8, *
2(&,4>1YUTcn! &+4(.$Z! .+ I$!'#$%8S LerevisiaeT! S,! &,&.&(4!*$,$.&%! '%6)$EHL5+)!
28.+%/+,1)&(4 QRS! )$.)&%.8+,! 3)(*2$,.! 4$*/1 #+4>2+)#/&'2! Y2.QRS! eFP]zZ9!
$4$%6.)+#/+)$.8%! 6()>+>H&* +)! &,.$)1$4.(1 '$D0$,%$! (,(4>'&'9! (! 3+44+;$1! 5>!
28%)+ (. $448.$!(,(4>'&1+31")(&,1;&./10,&DOS!*$,$.8961#)+38A4$ 71 +4(.$1:$)$! ("&* $1! . +!
KUI 1&3$)$,.1 .)(&,'9! 5('$1! +,! /$&)! 28%)+(.$448.$! (44$48%! 18')&50.&+,7! BI$! )$'04.8,*!
$5 G('SL! (0.+%L./+,+0" ") (&,! %o+44$%.8+,1 &1 +$! +3! /$! 40*$'5. cerevisiae! 5&€
1(.(5(,6'(,11&"1(1)$'+0)%3$!3+)'0".(&, (543! 58+18<$)'&. > #)$'$)<(.&+,91$D0&. (54$!"/()&, *!
+31$,$.&9%11(.(1(,11:8,$2(6&,*I".) (&, '$4$%.&+,7!

!

BI& 1+)61 :('1 3&,(,%6&(44>1 'O##+). $1! 551 /$! #)+%)(2'1 JON:! IHGH! YF[Q[ebFNB! JONB:bSVebUnGHIbIHHTZ! JBON!
YSVaESP:bGHddcIbIHHGZ! (,11./$![0)+#$(,!N+220,&.>™1"$<$, /I F)(2$;+)6!])+*)(22%$! YF]KbIHHK QHGAdZ!0,1$)!
(I M$$28,.1,%dITUTT !
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Articulospora tetracladia! Y.$4$+2+)#/\! Ombrophila tetracladiaZ! &' (,! (DO(.&%!
[>#[+2>%3$.$!'#$5%8&$"1 1&'%+<$)$1!5>!: *+411 &, GCTH7! B/&''#$% &S #4(>! (16$>!)+4$! &,! ./$!
1$%+2#+'&.&+,! +31 #4(,.! 4&..$)! (& /(' 5$%,! 1+9%602$,.$1! (1 1+2&,(,.! '#+)04(.&*!

'#3%&$'! &,!)B(2" +3! R+)./;$'.1 ]+).0*¥(4! YUn &cJ9!"+0.+!')$(2_!'n QHI9! S<$!)&<$) !
dG7G7TION . $!)&<$)Z7!B)(1&.&+,(44>9!&19$,.&3&%(.&+,! +3! (DO(.&%! /[>#/+2>%$.$'1 /("1 5$$,!
5('$1!+,1 /I 2+ #/+4+%>1 (11 15<$4+#2$,.  1+31%+,&1&(7!B/$! 2+)#/+4+*>1+31%+,&1&(!;("!
YHSLI 551 ,(.0)(4!'$A$%.8+,! YYor , <$)*S,.| $<+40.8+,71 2(&,4>! +! 3(%&4&.(.$! (..(%/23,. +!
'05")(.('&,10,,&,*1;(.$)'7! Articulospora tetracladia'/(<$! ! %+,&1&(4!3+)2\| @/(#$1!
%+,&1&(! 6,+;,! (" 3+)2(" (,;*04(.(9! (,! .$. )O(L&(.$' %+,&1&(9! 1$'%)&5$1! (! 3+)2(!
$.)(%4(L&(7'B/$I'#+)$';&.13+)2(1(,*04(.(1)$1*$,9)(44>1'2(449) /(1. /+'$&./13+) 2(!
$.)(%4(1&(7" €$%$,.4>9! (DO(.&%! />#/+2>%$.$! '#$%&S'! /(<$! 5$%,! 1&33%)$,.&(.$1! 5>!
5()%+1$'71a+;$<$)9!+0)!6,+:4$1*$! (5+0.1./$!1&<$)' &>!:& /&, /B #$% &S &'1482&.$17B/$!

A. tetracladia' &' +4(.$"10'$1!;$)$! %+44$5%.$1!3)+2!1<()&+0"1 . >#P'1+31#4(,.14&..$)! +)!13+(2! &,!
')$(2'13)+2IR+)./1.+INS, ) (41]+).0%(415%.;$$, IHHH! (, LIHGH7!F&)".9! /$118<%$)'&.>1+31A.
tetracladia! &'+4(.$';('! (,(4>A$1! 551 18, (.0)&,* C)(1&$,.! *$4! $4$%.)+#/+)$'&' YQVV[Z!
(3.9)!|Ne!(2#4&3&%(.&+,!+31./$!:,.9),(4!B)(,'%)&531!"#(%3)!Y:B"Z!I")$*&+,7!B/$!#+"&5&4&.>!
+310'&,*1:B"GLI7gCB"1'5()%+1$" .+ 1&'%)&2&, (.$!./$!".)(&,1:(130)./$)! $-#4+)$17! B/$!

:B" 50)%+13" ;$)$! (4'+! %+2#()$1! ;& /! ./+'$! #054&'/$1! (.! /P! R(.&+,(4! NS$,.)$! 3+)!
K&+.$%/,+4+*>1 YRNK:Z! +)! (! /$! R(.&+,(4! :,".&.0.$! +3! B$%/,+4+*>! (,1! [<(40(.&+,!
K&+4+*&%(4!e$'+0)%$INS,.)$! YRKeNZ7!B/S QVV[IS( 1T (#H#P() & X (1./1P)'(2$!#+'&.&+,1+,]
(1*$4!;$)$!%+,'&1$)BL!("./$!'(2$! +#F)(.&+,(4!. (-+,+2&%!0,&.!'YOBMZ7!"$<$,!OBM';$)$!
)$%+*,&A$1!(3.9)!QVV[II'0**$'.&,*1./$!1+%%0))$,%$! +3!1&333$)$,. 1#+#04(.&+,'Ib!".) (&1 +3!
tetracladia7! B/$! OBM'! %+,'&'.$1! +3!)(,1+2! &'+4(.$" +3\. tetracladia! (,1! ;$)$! ,+.!
%40".$)$1! 5('$1! +,' 1(.$9! '+0)%3$! YAS(<$'9! .;&¥)! 3+(2Z! +)! 4+%(.&+,! +3! %+44$%.&+,7! B/$!
R$&*/5+)! z+&,&,*1 .)$S! Y &20)(! G£()(2$.9)! 1&'.(,%%$2Z! %+,".)0%.$1! ;&./! :B"GA7gCB"I!
'$D0$,%3$'! 3)+2!]+).0%(49! RNK:! (,1! RKeN! (4'+! >&$41351! k! 2(X+)! %4(1$" %+))+5+)(.&,*!
)$'04."1 3)+2! QVV[7! O0.! +3! ./$! k! &13$,.&3&3$1! %4(23P!+3! ./$!".)(&," 3)+2! ]+).0*(4!

(##S()P1! .+! 5$! %+ 2+#+4&.(,! 50.! +./$)1 .$,1! .+ /(<$! (! 4+%(4&AS$1! 1&'.)&50.&+,7! B/$!
2(-&202!$<+40.&+,()>11&<$)*$,%3$!+5'$)<$1!5%.;$$,!./$!&'+4(.$"; ("G 7gI7 !
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Q&'%)&28,(.&+,! +3! LS1&.$))(,$(,! K+4$.(45" )$A(>8,*! +,1 2+)H/+A+*&Y%o(4) 1&(*,+'&" &1 (!
183389604.1 (61 10$! +! J$&) #$, +.>HEI6! #A( . 8%6&. > &,! IS %/()(%.$)' $2#4+>F11 3+)'H$%ES'!
)$Y%o+*, 8. &+ 01:/8%6/1%(,1AB(L!.+1&, %o+))$%.1964("&38I6(. &+, TIL+)H+A+*&Yo(41 1 &(A+1&1%(
+<$)4++6196)>#.&%6! '#3%&S'O! :/8I6/1 (VB! Yo+22+,1&,12(,>1 30,*(41 ¥)+O# T : 1 (11&.&+,9!'&, %!
D+ )1 +A+*&Y6(41%/()(%.5)"1 ()31 $335%. &<+ 4>13+)130,*(41'#+)+9%()#'9!30,*(412>%$48(1%(, +.!
5! &1$,.&38$19! 3+)! $-(2#4$! &, 25%+))/&A(4! ')0%.0)$7! B/$! 4828.(.&+F, BAH)
2+)#[+4+*> G('$11&1$,.&3&%(.&+,!">".$2'91)$D0&)$'./$10'$!+3!+./$)! (##) +(%0/$'! . +1.(-+,!
)$Yo+* &.&+,7! "$<$)(4 018" 1+:$1! /(! 30,%(4! ‘H$%&S! 18'%)828&,(.&+,! /)+O*/1 I$!
(,(4>'&"1+31%$,+28%! <()&(5&48.>1 &, /$1 &,.$),(4! )(,'%)&5$1! #(%$)! Y:B"Z! #309645()!
)&E+2(A1%S, $SH)S'S, " (1#+:$)304! (1) +(%/1 .+ /S 1&(* +&'1+3130,(41 18<$)'&.> 7!,

I #)$'S,.1 01591 B! $<(40(.SL! /B! Ol +31 B )$*&+,1 (1 (I .(+,+28%! ++4] 3+)!
18'%6)828&, (.8, * #$%8S$ +3! L$1&.9))(,$(,! K+4%$.(45'9! (254> 2$25$)"1 +3!*$,$)Boletus!

(,1! Suillus7'Boletus impolitus! ;("! (4'+! &,%401%$1! &,! ./$! (,(4>'&"! 1$'#&.$! &." )$%$,.!
&,%A40'&+,1;&.1&,1 1$1*$,0'! Xerocomus! YP(10),$)! 1! "&2+,&,&9! IHHAZ 7! "(2#4$" (,(4>'$1!
$)$1%6+44$%.$113)+21 <()&+0'1*$+%) (#/8%61)$*&+, 1, 11/(5&. (.1 &,1]+).0%(41 (, 11 "#(&, (, 1!
2(&,.(8&,$1! &, /$)5()&02! %+44$%.&+,'7! :B"1'$D0S, %S 3)+21 #+)+06()# 5S4+ *&,*| +1T!
1833$)$,.I"43%&$ | Baletus! (, 11! #$%&8S$ +Huillus!:$)$! 1$.$)28,$11(, 11+2$!+31 /2!

)1 1$#+'8.$11&,1 ISV, K(,6!3+)! /$!38).1.&257! Bi+! (118.&+, (4 #$%&S' 3)+2!'$%.&+)!
Luridi! ()$! 5$&,* (,(4>'$1! (1! #)+5(54>1)$#)$'$,.1 ;! .(-(7) O.I$)! [0)+#S(,! #$%ES'!
$)$1)$.)8&$<$1! 3)+2! MR:B[! (,1! V$,K(,67! [/>4+*$,$.8%! )3 :$)$! *$,$)(.$1! 0'&,*!

$&F/5+) OX+&,&, 1 (, 11 2(-82021#() &2+,>1 2%+ 1T "#$%68S' +3!'$%. &+, Luridil #4&.1 &, +!
NSS! A+0 #1 (11 S +./$)! '$%.&+,'1 (! 2+, +#/>45.8%! (,1! %+ 3&)2! I$! (%6%0)(%>! +3!
9%0))$,.! .(-+,+28%! %4("83&Y%(.&+,! YLOS+AQ! IHHUZ7! [#$%&(44>! 30,*&! 3)+ 1iBHbil8.+,"
(,1! Appendiculatil #)+<&1$' %/(44%$,*&,* %('$' 3+)1 2+)#/+4+'S($1! HS%ES'! 1&(* +&'T!
a+:$<$)91 )$'04.1 1+:$11 (1 B! B )$*&+,! &' (,! $335%.&<P! *$,+2&%! (##)+(%/! 3+)!
HSY8S 118 V0)&2&, (. &+, 1(, LI#H>4+*$,$.8961(,(4>'&'1&, .IS!". 01&$ 1130, *(4.{-(7

!
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B/$!,)QRS!:B")$*&+,1/("15$%+2$!./$!'$4$%.$112()6$)!13+)130,*(4!QRS!I5()%+1&, *T1/&!
L01>!$I$-#4+)$11 /B! (2#4&38Y6(.&+,15&('$' /(1 <()&+0'1%+22+,4>10.&4&AS1! B 1#)&2$)'!
2&*/.1 &,.)+10%3! 10)&,*! (2#4&38&%(.&+,! +31 $,<&)+,2$,.(4!'(2#4$ Y (2#48&38%6(.&+,! 4$,*./9!
2&'2(.%/$" 5$.:$$,! #)&2$)'! (1! .$2#4(.S! (1! .(-+,+2>Z7! F+)! &' #O)#+'$! ;$!
#$)3+)2$1lin silico'[Ne'9!3)+2130,*&! (,11#4(,.! 1(.(5('$'9! :&./' %+22+,4>1 0'$1! #)&2%)!
%+25&,(.&+," 0'&,*! /B! '+3.;()$! [%+]Ne7! 8%! )$<$(4$1! ./(.! #)&2$)' :B"GF9! :B"G! +)!
‘B"T5!:$)$!/(2#$)$1!5>! (1/&*/1 1$*)$$!+3128'2(.%/$'9!&7$7! (.1 &,%)$('$1!30,*(4! 1&<$)'&.>!
&'N$<SUSL/$,1)$L0%&, ¥ ./$!".)&,*$,%>14$<$41+3! /$1]Ne7!])&23)'1:B"19!:B"d9!:B"T!(, 1!

B UI(<$!12+)$1%+,'&".$,.| (2#4&38Y6(.&+,1)$'04. 71 B(-+,+2&%! 5&('$';$)$! (4'+! (##()$,.7!
0<$)(449!0'&,*1#)&23)' (2#4&3>& 1 .I$! :B"I)$*&+,1#)$3$)$,.&(44>! (2#483&$1! (%+2>%$.$'!
%+24()$1! .+! 5('&1+2>%3.$' +)! +./$)! 30,*&7! ;! (11&.&+,9! ('%+2>%3$.$! (2#48&%+," ;$)$!
'&* 83890 (,.4>!'[+).$)!./(,15('&1+2>%$.$!3)(*2$,.'15+./13+)1/$1:/+4S1:B ") $*&+,1(, 11./$!
‘B"1)$*&+,91:/8%/12&*1.18,%)$('$!./$! .(-+,+28%6!5&(1'&, %$!'/+).$)!3) (*2$,. 103! 2+)$!

)$(1 &4>!(2#HA&3&S17B/$)$'04.1:$1+5. (& SLI (<P &, ' &*.1&, . +1.I$)BA(.&<SI#$)3+)2(,%$! +3!
‘B" #)&23)! #(&)'9! 1/&%/! ;&441 53! +3! ))$(.1 &,.$)$".! .+! /$! 30,*(4! %+220,&.>7! 8$! (4'+!
1$2+,")(.$! /$10'$304,$"1+3! 0'&, *! (1 5&+8&,3+)2(.&Y6! (H#)+(%/! 3+)'$4$%.&,*1 /S #)&23)!
#(&)Y'Z!(%Y%o+) L&, +1/$I*+(41+31./$!.01>7
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B/$! &,.5),(4!)(,'%)&5$1! '#(%$)! Y:B"Z1)$*8&+,! &1+ $! +31 /B! #)+#+$1! QRS! )$*&+,' 3+)!
5()%+18&,*1 30, *(4!'#$%&S$ 7! B/&)$*&+,1 &'1$-.$, &<$4>1 0'$1! 3+)! 2+4$%04()! ">'.$2(.&%! (, 1!
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,025$)! +31 &1$,.83&$1! '$D0S$,%$'" &'! (<(&4(54%! 3+)! %+2#()&+,! &, ./$! V$,K(,6! 1(.(5('$7!
a+;$<$)9! '+28! 4&28&.(.&+," %(,! 5! #+&,.$1! +0.91 :/$,! 0'&,*! /&' )$*&+,! +! #$)3+)2!
#$%8$'1&1%,.&38%6(.&+,7100);+)61&,.$,1' . +I$-$2#483>1 /$| (HH#A&Yo( &+ BIONE:H |
I$I&1S,.&3&96(.&+,1+31./$130,* (4 H$%&S' ("+U6&(.$L!.+1+ $1+31 /S 2(X+)1#$'.1(33$%.&,*! /$!
+48<$! *)+<$'9! /Prays oleae! K$),79! &, /$! ]+).0*0$'$! )$*&+,! +3! B), G C.+,.$'
YR+)./$(.] +31 [+).05(4Z7! F+)! /&1 #0)#+'$9! 4()<($! (,1! #O#(S! +3! /$! ./)$$! (,,0(4!

*$ $) (&t YHISAA+#I(*+0'Q (. +H(*0' (1! %()#+#/(*0'Z1 +3!  P. oleae! :$)$! %+44$%.$1!
3)+21'$<$)(41+4&<PI¥)+<$13)+21B) 3 T+, $1)$*&+,718/$,1(130,40"; (1 ("+%&(.$1! . +!
I$19%(0'$!+31 1$(./1+31./$! 2+./91#0)$! %04.0)$' +31./$! 30,%0'1;/$) S #)$H()$L7! F+44+;&, *!
QRS!I&+4(.&+,91 I$1%+))$#+,18,41:B")$*&+,'1:$)$! (2#4838&$1! (,1I'$D0$,%$19! 0'&.,*1 /$!
0,&<$)'(41#)&2$)1:B"GFO!(,1!:B"Te[7!B/$!+5.(& $1!QRS!'$SD0$,%$1:$)$! (, (4>'$1!(, 1!

30,(4! &1$,.838%(.&+,!;(1#$)3+)2$1! 53106+ 24#()&'+,1: &/ 1$#+'&.$1'$SD0S$, %' +,] RNK
1(.(5('$7! e$'04."1 %-+,%$),8,*1 30,%(4! '#$%&S'! &19,.&38&%(.&+,! +,! 1&33$)$,.! *$,$)(.&+,! +3!
+48<$! 2+./1 :&44) 53! #)$'$,.$17! O<$)(44! )$'04."1 [+;$11 /() 3)+2! /$! +.(4! +5.(&,$1!
'$D0$,%$'9! dT7UJN1&1,W.! (44+:18&1%, &38%6(.&+,! .+ "HFY&S 1 AS<$A0! + 4> +1*$ BIUS<$49!:/
'052&..$1! .+! /$! RNK:! 1(.(5($9! (,1! ,+! 30)./$)! '$DOS,%$! /(,14&,* ;('! #$)3+)2$17!

a+:$<$)9! (1)$3%))$1! 5$3+)$9! (4&*,2$,.! %o+2#()&'+,! %(,! #)+<&1$! 0'$304! &,3+)2(.&+,9!
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considered for DNA barcoding in microalgae.
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S3.9);()1'9!;+)6'+,I'#$%&3&%! ()$('9!'0%/! (x$,&%$! P(*++,9!1S1) & (.&%9!"&%&4>! (, 11 ./$!K(>!
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#$%8&$'9! (,(4>'$! +31 2&.+%/+,1)&(4! Y%>.+%/)+2$! %! +-&1('$! GZ! (,1! ,0%4%()! Y&,.$),(4!
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'#3%8&$'.$".$11&,1./&".01>7!:,%+,'&".$,%8&3";$)$!+5'$)<$1!&,./$!*$,0' Euproctis9';/&%/!

AH&Y! $$1130)./$)!.01&$'7!"$<$)(4!1%('$'1:&4415$1#)$'$,.$1!:/$)$! QRS! 5()%+1&,*12(>!

("&') &, +A<&*] (—+,+2&%! DOS'.&+,TYST*7! (I'0H$%.$11 %6('$! +3!'> +,>2>1&,1 /$!*$,0']
StracenaZ7'00)!:+)612(6$'1(1%+,.)&50.&+,!. +1./I$IQRS!5()%+1&,*1$33+).I5>I'0##4>&, *IQRS!
5()%+1$'.+(1#)$<&+0'4>10,1$))$#)$'$,.$11%)+0#7
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#$%82%,1 :$)$! '(#4A$1! (1! (3.9);01'1 &1S$,.83&$1! 0'&*! 2+)H/+4+*8&Y%(4] A++4'T!
NO))$,.4>9!:$! $<(40(.$! ./$! 0'S! +31 QRS! 5()%+1&,* (1 (1#+.$,.8(4) &1$,.838%6(.&+, ++41 3+)!
I$'$).(-(7'QRSI5()%+1&,*10°$'1(1'/+).IQRS!'SD0S, %$!1+31./$12&.+%/+,1) &(4INO:1*$,$1(, 1!
%, 1#)+<&1$! (1<(40(54$! &1$,.&3&Y6(.&+,! ++A1&,1%('S/)B! (1*++11 . (—+,+2&%! (2HER*
(<(&4(54$7! S! QRS! 50)%+1$! 4&5)()>! ;&./1 24)$! J(,! cHH! '$D0$,%$'9! %+2#)& &, *!
(##)+-82(.$4>1 gH! 3)$7:(.$)! 3&/1 *$,$)(9! /(1 5$3,! %+2#84$17! B/$! $<(40(.&+,! +3! /&'
1(.('$.1&1+,*+& *I150.1#)$4&2&,()>1)$'04.1'/+;1 /(JQRS!5()%+1$'1%(, 1#)+<&1$! (| DO&Y66!
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L$"8,&(," (48, & >196)&'&'QUILS) (+71B+1.$'.LI&V>H+ /S8 'O (1#/>4+*$ $.&%!".01>1+31/$!
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28.+%#, 1)&(41*$, $1Y%>.5Z71B/$I(,(4>'81&, %401 LIjIHI#$%&28$, ) $H)$'S, &, * I '$<$,!
+2&,(4! '#$3%E&S$'! 1$'%)&5$1! 3)+2! /B! )$*&+,7! 1/>4+%$,$.&%! [>#+./$'$" ;$)$! &,3%))$1!
0'&,*1/$12(-82021#()%&2+,>1(, 11./$12(-82021486$4&/++119%6)&.$)&(!:&./1.;+1+0.%)+0#
(2#4$11:&.1 &1 IS (,.$1+,&11'05 B(284>! a$48+25.)&, (57! €S04, "[+:1 J(.! J$1*$,0'
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YS45+)(,! "$(Z! ;/&4$! Antedon mediterranea! &' 1&')&50.$1! &,! ./$! )$'.! +3! /$!
L$1&.9))(,$(,7! B/$'$)$04. T'0%$ 1 /(. /$! 1&<$)*$,%3$!5$.:$8,!  Antedon bifida! (,1!
Antedon mediterranea!2(>!/(<$! +%%0))$1!5>! <&%()&(,%%$! (3.9)! ./$! V&5)(4.()!".)(&.! 1)&$1!
OI(.LIB1+,'$.1+31 ISILE &, &(,1'(48,8.>1%)8' &1, 11/(1'8, %6$!555,12(&, . (8, $1!551*>)$'1&, !
IBISA5+)(,I"$(91(%.&, *I(1(,1$%+A+*8%(415())&S)!. +14()<(4118'H4)' (47
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$%0+'>' $2! '$)<&U$! $HS%E&(44>! 3+))HHH+220,&.&$'7! 1, [0)+#S! (1! /B! &1S)
L$1&.9))($(,9! cUT! '#$%&$"! )$! (%.0(44> )$%+* &AS17! 8/&4$! UgU! '#$%&$'! ()$! (%.0(44>!
6,+:,13)+2![0)+#$9! (11& &+, (4 IUH!'#$%&$1+%6%0)!&,!S, (.+4&(9'dc! &, !R+)./1S3)&%(!(,1!nk!
&I L&L1AS![(.7!8&./&,1%(.%6/2$,. HE%&S' 165)'&. > &' I&*/$' 1 &,1./B! +)./$),! KA(%6!
(,11K(4.8%!"$(15('&,'9!:/$)$I0#! +INUI'H$%ES 1 2811963 %%0) 7! [, 1$2&%! H$%E&S 1&<$)'&.>!
&'1/& %1 &, ) (LIS [(.$),! L$1&.$))(,$(,9! $#$%&(44>! &, Q(42(.&(9! V)$$%$! (,1!

S, (H4&(LIS)BI2(, > H%ES ;& N1<P)>"2(4  AN)(,*$1$-&' . TIF)$:(.$)!13&/$1+31./&1()$(!

0!, +.1;$4411+9%6028, $11;8./&,1./$15()%+1&,*1)$%+) 11 (12(,>'#$%&S'/(<$!) ) $4>15$$,!
%+44$%.$11(, 1'#$%8&$'1()$118338%04.1.+181$, SBHSBE(481'7
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"H#$%&$181$,.&38%(.&+,1./)+0*IQRS!I5()%+1&, 1 & )$(44>!;$4%+2$113+)#()('&.$'9!&,:/&%/!
2+)#/+2%$.)8%' ()$!+3.$,1 1&33&%04.!4)! &2#+"854$! 10$! .+!./$!#++)! DO(4&.>!+3!'(2#4$'9! (, 1!
3+)1,/18&%/12+)#/+4+* &4 $-#$)."1()$!) )$7!B/$!#)$'S,.!;+)61#)+<&1$'1 3+) /S (##4 &% (.&+,!
+31(,1&,.$%)(S1I(##)+(%/915('$1!+, 15+ /IQRSI5()%6+18, *1(, 112+ )#/+A4+*&%(41(,(4>'&'9!+,!

NS +1(15$4+,*&,* . +!./$!*$,0" Taenia9'3+)!;/&%/!5&+1&<$)'&.>1&''.&4410,1$)$".&2(.$1!(.!
5+./1 2+4%%04()(,1! 2+)#/+4+*&%(4! 4$<$47! ;' #().&%04()9! ;! %/()(%.$)&AS$1! ./$! %$'.+1$'
'#$%.)02! +3! :.(4&(,! ;&41%(.F¥lis silvestris silvestrisZ9! )&k, *&,*! 1+2%'.&%! %(.! . s.
catusZ!(,1!./$&)!/>5)&1'7'B/$!'&-.>C;+!'(2#4$1+31(104.1%$".+1$';$)$!%+44$%.$1!5> 1# €.

2+4). $21 $-(28,(.&+,"1 +31 IS! [+.'91 (11 I$>1 ;1 $)B! (44! 2+)H/+4+*&Yo(44>) &1%, &3&$1! ('
Taenia taeniaeformis7! S2#4&3&%(.&+,! (,1! '$D0$,%&,*! +3! (I TUH! 5#! 3)(*2%,.! +3!
2&.+%/+,1)&(4! *$,$! %+-:! (! #3$)3+)2%1! 3)+2! 33;! #)+*4+..&1" +3! $(%/! #()('&.$7!
"$D0$,%9$"! +5.(&,$1! ;$)$! (4&*,$1! ;&./! [+'$! +3! &,1&<&10(4" 5$4+,*&,*! .+! ./$! *$,0']
Taenia 1$.$%.$1! &,! VS, K(,6! (,19! &,! +)13)! .+! $<(40(.$! ./$! #3)3+)2(,%%! +3! (! QRS!
5()%+1&* (##)+(%/! +! ($,&&1'Q! /$! )$,* /1 +31 %+))$4(.&+,! 5$.;$$,! #$%ES'!
&1%,.&38&%(.&+,! 5('$1! +,! 2+)#/+4+*&%(4! %/() (Yo B) 2+4$%04()! 1&<$)*$,%3$! +3! %+-:!
'$D03$,%3$";("12$('0)$17!S.1 /& 1 #0)#+'$9! (,! +#.&202! ./)$'/+41! YOBZ! < (403! +3!*$,$.&%!
18&<$)*$,%9%! ;("! %(4%04(.$17! B/$! QRS! 5()%+1&,*! (,(4>'$" #3$)3+)2$1! '/+;$1! (! /&*/!

)8, *./1431%+))54(.&+,1&,1./$'1&1$,.&3&%(.&+,!+3!.($,8&82984,&,*1 2+4$%04()!(,1!%4 (" &% (4!
2+)#[+4+*&% (@ ('$L! (##)+(%/$' 7! a+;$<$)9!;$! 1$.$%.! ./)$$! 1&'.&,%.! 2+4$%04()! *)+0#']

(& /& IS [+ASIH(, 54!+ 3I'HS%E&2$, 1 2+) #+4+*&%0(44>1&19,.&38$ T (theniaeformisT!B;+!
+3L/$'$12+4%5%04()!4&,5(*$'9'$,%+2#("&,*!(44!./$\&(,6!"$D0$, %% +3! T. taeniaeformis!
(,1!1+,4>14,$!'(2#4$!+31./$!1#)$'$,.1;,+)69!;$)$! (4)$(1>! &1$,.&3&$1!5>1+./$)!(0./+)'1(, 1!
%+,'&18)$1! (! #+.%,.&(44>! %)>#.&%! '#$%&S$'7! B/$! ./1&)1! 2+4$%04()! *)+0#! &' %+,'.&.0.$1! 5>!
L(A&() '(2#4%" (,(4>AB1! &, /S #)$'S,.1.01>9! (1! &.! %+041! )$H)$'S,.! ./&)1! %)>#.&%!
'#3%&$7
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SUASLACI>$() 2+4$%04()! .$%/,&D0%'9! 4&6$! QRS! 5()%+1&,*9! 5$%+23$! 2+)$! (,1! 2+)$!
#+#04()7! 1.1 &'1)$2()6(549%! /(! &' +0.".(,1&,*! <(40$! &' 2(&,4>! )$(%/$1! ;/$,! QRS!
50%+1&,*1&"&,.$*)(.$1;&./!.)(1&.&+,(412+)#/+4+*&% (4! (##)+(%/$'7!:,!./$'1#)$'S,.1".01>!

51 3+%0'$1! +0)! (..$5,.&+,! +,! /$!.$))$".)&(4! &'+#+1"1 Y'05+)1$)! O,&'%&1$(Z! %+44$%.$1! &,
L (4&(,1 %/$".,0.1 ) +<$! Y"&%&4>O! [.,(1 L+0,.Z7! SA4!'(2#4$" :$)$! #)$<&+0'4>1 &1$, &3&$1! . +!
'HP%ES 1 4AS<PAI O] 2+)#/+4+*&Yo(4! (##)+(%/! (,1!'05'$D0S,.4>!(13)(*23,.!+3!InHH! 5#! +3!
2&.+7%/+,1)&(4! *$,$! 3+)! /$! %+-:1 (" (2#4&3&$L! (1! 1&)$%.4>! '$D0$,%P1! 3+44+;&,*!
(101! #)+.+%+4'7! S3.$)! %/$%6$1! 3+)! /$! H)$'$,%S$! +3! #'$01+*$,$'9! /B! +5.(&,$1!
50)%+1%" ;$)$! 0,(25&*0+0'4>! ( 4&*,$1! 0'&,*! V$,K(,6! '$D0$,%$'! (! )$3$)$,%%$'7! B+!
#3$)3+)2!(,!&,.$%) (.1 (##)+(%/!.+).(-+,+2>9!QRS!5()%+1&,*!'$D0$,%$'!; $) $!%6+25&,$1!

&N 2+H)#[+4+*&%(4) L(.(1 (1! (! +#.&202! ./)$'/+41! <(40$! +3! *$,$.&%! 1&<$)*$,%$! ;("!
%(4%04(.$17!B/&'1#()(2%$.9))$#)$'$,.'| /$!<(40$! +31*$,$.&%(4! 1&<$)*$,%$! /(.1 2(-&2&AS'!
13! %+/$)$,%$! 5$.;53,! 2+)#/+4+*&%0 (4! (,1! 2+4$%04()! &1$,.&*%(.&+,! (,1! 2&,&2&A$'9! (.!
J31'(29!.&2%9!./$!19%0204(.&<$! $))+)! &, .(-+,+2&%! ("&*,2%5,.7! F+).> B+0)!"$D0$, %% +3!

Gl 2+)#/+'#$%&$' 91554+ ,*&,* +1'&-1*$,$) (1 +3! (R '%&1$(9!;$)$!#) +10%$1! (,1! &,! (44! %('$"!
J$>1)$#)$'$,.! 3&)'! $,.)&3$! &,! VS K(,67! B/$! +#.&202! ./)$'/+41! <(40%$! '/+;$1! (!
)$4(.&<B4>! [&*N )$xN +31 %+/$)$,%$! 53.;8P,! 2+)#/+4+*&%(4! (1! 2+4$%04()!
&1$,.&%(.&+,1+31./$!'#$%E&$'(,(4>A$19!$<$,!&3!'+2$!&, %+ %8H 1, $)$! 1$.$%.$17!:,!./$!
%('$! +3! . (4&(,! '(2#4%'9! &,! #().&%04()! 3+)! ./$! '#$%&sHcellio imbutus! ;$! 3+0,1! (!
#$%04&()! '&.0(.&+,! ;&1 (1)(/B)! 1&*/! *$,$.&%! 1&<$)*$,%$! (2+,*! ./$! '#$%&2$,'7! B/&'!
3%$(.0)$!%(,! 53! $-#4(&,$1!;&./1./$!$-&'.$,%$! +3! (1%)>#.&%! '8$%&2#4$-9! ("1 (12(..$)! +3!

3(%.! 3+Forcellio imbutus! &,! ./[$! #('.1 &.1/("1 5$$,! (4)$(1>! &19,.&3&$1! (! %+,".&.0.$1! 5>!
(42+".1.1)$$1%)>#.&%!'"#$%&FYiculoccidentalisOP. hyblaeus!(,1! P. baidensisZ7
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B&%6'YS%()&\!:-+1&1(Z\Gillicoides! 5&.&,*1 2&1*$" Y Q&#.8) (\| N$) (. +#+*+,&1($Z! )$! .;+!

2(X+) ) +0#'1 +3! ().))+#+1" 1 &,<+4<$1!;+)41;&1%! &,! /P! )(,'2&"&+,! +31 #(.[+*$,'] .+]

1+2%'.&%! (,1!;&41! (,&2(4'9! )$'#$%.&<$4>! %+;1)&+'&'9! <&)0'! +3! S3)&%(,! ';&,$! 3$<$)9! (,1!
540%.+,*0$!'<&)0'7'a+;$<$)9!+0)!%(#(%&.>! .+1%43$()4>10,1%)".(,1!./$! $#&1$2&+4+*>1+31'0%)/!
1&'$('$" *)$(.4>1'0339%)"! 3)+2! .(-+,+2&%! (,1! >".$2(.&%! 1&33&%04.&%'7! Q&33&%04.&%"! %+2$
3)+2IYGZ!./$!,028)+0"">,+,>2&$' +))$2(&, &, * ! [>#+./1$'$1+3!1 %+, #$%&3&%&.&$'9! YIZ! ./$!
(-+,+28%! &2#3$1&28%,.! ;&./! 4&2&.$1! &,.9),(.&+,(4! $-#$).'9! YdZ! ./$! (*$! +3! <+0%/$)!
%+44%%.&+,"1 +)! ./$! 4&2&.$1 58P +3! '#$%E&SP! &,! %0+44$%.&+,9' YTZ! ./$! (5'$,%$! +3! (%%60)(.$!
#I>4+*3 >14$(1&,*! .+ (1 %+2#4%-1'>'. $2(.&%! &25)+*4&+7! B/$! +##+).0,&.&$" *&<S$,! B>! +,

*+&,%1 5(0)%+1$! (##4&%(.&+," (,1! 2("&<$! '$D0$,%&,*! 3(%&4&.&$" ()$! <(40(54%! .+! )$*(&,!
&,.$)$' &, +.(-+,+2>1(, 1>, $2(.&%!+3!./$'$1*)+0#'7!1B+1(>9!./$)$' &, H 1(.(B('P;&./!
(%%0)(.$!'2+435%04()! 1(.('3+)!.&%6' Gilicoides7!F+)!./$!3&)".).&2$9!./$! 1$<$4+#23,.1+3!(!
50%+1$)$3$)$,%$!1(.(5('$!13+)!().))+#+11<$%.+)'1&,<+4<$1!&,!(,&2(4'/8(1&"#)$'S$,.$1!
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