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A little background...
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COl tree used to sort, identify and inventory nocturnal

Lepidoptera in Stanley Park, Vancouver (Fig.1 (in part),
deWaard et al 2009).



Application of phylogenies
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A community phylogeny of ithomiine butterflies found
in the Anagu region of Napo, Ecuador (Elias et al 2008).

can construct community
phylogenies:

understanding the
composition/origin of
ecological communities
(e.g. Webb et al. 2006)

estimating
phylogenetic diversity
(PD)



The effect of harvest types on
multiple levels of moth diversity

Date Creek
Silvicutural System

Sicamous Creek
Silvicutural System

Sicamous Creek Silvicultural
System (Huggard & Vyse 2002)



The problem
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COl alone can be a good
proxy for PD (see Faith & A

{ lﬂllﬂl[&\
Baker 2006) 0 %
untested at higher o
taxonomic levels where ﬁﬂﬁ
COl has less signal (e.q. N B vl

Wilson 2010)

Example of PD calculated with COIl: spiny
crayfish in SE Australia (Baker et al. 2004)



The objective

multi-gene, tribe-level phylogeny of NA geometrids:
scaffold to constrain COl trees at BC collection sites
contribute a North American perspective to deep geometrid

systematics
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LepTree collaboration

build upon large LepTree dataset

but RT-PCR of nuclear protein-coding genes from
fresh/frozen specimens

Genus/  Subfamily/ Family/

68 [-] [-]- Campea
99 ’ i
2 100 99 98——57—1 Plagodis Ennominae
About @ Community Tools @ Knowledge Project @ Molecular Project @ Fossil Project @ Morphology Project @ A 98 90 - 1.0

Major clade assighment

Welcome

Biston
7o 100 100 100 - Chlorosea
:dvanc ng E'O;I:CQ‘S—S tow:

100 99 92 56 [-] [-’:[1 0 L Hypobapta
ward a phylogenetic tree for a
ccfvdmate their research efforts 1.0 1.0

collaboration dedicated to
p

Dinophalus  (SZIIIAININET GEOMETRIDAE
phylogeny. 547271 —Archiearis Archiearinae
epTr s based in rtl nd su ted by the U.S. Nati e F 1's A bl the T f Lif
program (read/download the full propesaly. LepTrae is closely coordinated ith the related LepSys infdative, and the 95 83 65 L Dichromodes [ NV IRECN]
of Ditrysian L i project (see Project Directory entry by L. Kaila), both based in Europe.

96 CiEL
53 [-] 63 Eupithecia
. 1.0 100 100 100 Orthonama  [ELCHTTHETS
Geometr01d5e3a 1 L] w& Trichopteryx
- - e 67

Cyclophora .
1.0 1.0 Scopula Stervhinae
o[- 94 93 52 - Acropteris
0 8386 - To  LLyssa [ FIIT N URANIIDAE
1.0

Syngria

I - copEiDAE

SEMATURIDAE

1.0
Drepanoidea 1 100 10091 ~ Epicopeia

67 - [- . L 1
T [ Geometroidea 2 ' gychostiophia

oo oo oo PP

LepTree website (www.leptree.net) and the geometroid section of the ML tree from Regier et al 2009.




Reconstructing the smaller

branches and tips

deep mid shallow

decrease in the availability of recently collected exemplar taxa




Reconstructing the smaller

branches and tips

deep mid shallow

decrease in the availability of fresh exemplar taxa

: barcoding projects are
analyzing heaps of
relatively fresh species

(particularly in geometrids!)

i

: many deep TOL projects
are now barcoding too

=




Sampling strategy

deep mid shallow

nuclear PCGs CO| LepTreetaxa

CO| new taxa



Sampling strategy

deep mid shallow

nuclear PCGs CO| LepTreetaxa
new

If we work with dataset

barcoded
specimens, COl can
‘glue’ deep LepTree
dataset with new
dataset, even if no
other genes overlap

CO| new taxa




‘Barcode approach’ for

combining molecular datasets

(a) (b)
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(@) Supertree and (b) supermatrix approaches, shown
combining binary data (de Queiroz and Gatesy 2007).



Breakdown of samples
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Laboratory methods

Canadian Centre of DNA
Barcoding in Guelph

15 primer sets (+ repeated COI-5p)

COI-3p-COIl

16S Wingless
18S CAD (4)
285-D2 DDC

EF-10 (4) IDH




Laboratory methods

Canadian Centre of DNA
Barcoding in Guelph

15 primer sets (+ repeated COI-5p)

COI-3p-COIl

16S Wingless
18S CAD (4)
285-D2 DDC
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Alignments

®086 example_project
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- - B Ads4.s Trace 693 397 0 3/11...3/11/03
a Ig n l I l‘ n S WI A/‘-SSs Trace 750 343 0 3/11...3/11/03,...

Contigl 3 samples 966 917 - 3/11..3/11/03
B azze.r Trace 628 375 0 3/11..3/11/03,...

CodonCode Aligner

B A333.0 Trace 646 370 320 3/11...3/11/03

) E’ Contig2 2 samples 755 720 - 3/11...3/11/03,...
b Trash 0 samples 0 - - 3/11...3/11/03
‘i‘ Assembly completed in 1.62 seconds; 1 successiul join, 1 island remaining. ‘E‘:‘

Gblocks for , : -

GBLOCKS 8.91b

| [
Se ectl n g FOR THEIR USE IN PHYLOGENETIC ANALYSIS

Open File

ambiguous sites H—

Saving Options

to remove from e

Quit

rD NA our Choice: o

[Please enter a DNA or protein alignment in NBRF/PIR or FASTA format or a paths f
[File Name: NAGEO_16S.fas




Confirmation of identifications

BOLDSYSTEMS | Management & Analysis

B O L D = | D tO C O n ﬁ rm Yoy !P',“:,: #ﬁ Specimen Identification Request

W W

Search Request:

identifications (asin /&

Search Result:
Identification Summary : Distance Summary :

- Taxonomic Level Taxon Assignment ':r‘o;:::ollrl‘t'y(;-l) {_(\)0 -0
eqgler et al. 200 e
" I Class Insecta 2
Order Lepidoptera '%9-0
Family Geometridae 58.5
Genus Campaea &
Wahlberqg et al 2010
A species level match has been made. This identification is solid unless : 12 = W 4 % 7 8 8 100
there is a very closely allied congeneric species that has not yet been Similarity scores of the top 100 matches
analyzed. Such cases are rare.
Tree Based Identification Species Page
TOP 20 Matches : Display option: v
Phylum Class Order Family Genus Species s;plm&"&)
- Arthropoda Insecta Lepidoptera Geometridae Campaea periata
S O m e m I S S r O m Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
t e e Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
. Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
C O | | e Ct I O n re I I I O V e d Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
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Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata
Arthropoda Insecta Lepidoptera Geometridae Campaea periata

A
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Final dataset

deep mid shallow

CAD, DDC, Period, COI-3p-COQll, 1685, P

Enolase, Wingless 18S, 28S, EF-1a 25 LepTree taxa
6633bp

COI-3p-COll, 168,

COl 151 new taxa
18S, 28S, EF-1a

3702bp 658bp



Final dataset

deep mid shallow
CAD, DDC, Period, COI-3p-COQll, 1685, P
Enolase, Wingless 18S, 28S, EF-1a 25 LepTree taxa
6633bp
176 genera
: CClr3p-COll; 165, COl 151 new taxa
10,335 bp matrix 18S, 28S, EF-1a
0
62.7% coverage 3702bp 658bp

X =3613 bp / taxon




Final taxonomic sample

176 taxa

Ingroup:
7 subfamilies (no Orthostixinae),
61 tribes, 152 genera
all 53 suprageneric taxa in NA
15 of the tribes not found in NA

Subfamily/family Tribe/subfamily Species BOLD-ID LTOL5 COI-3P 18S 28S 16S EF1-a COI-5P
Archiearinae* Archiearinae* Archiearis parthenias$ NAGEO020-09 6633 919 612 658
Archiearinae* Lachnocephala vellosata NAGEO189-09 919 612 249 340 658
Desmobathrinae Desmobathrini* Ametris nitocris NAGEO147-09 612 249 658
Eumeleini# Eumelea ludovicata NAGEO076-09 848 612 249 658
Ennominae Abraxini* Abraxas latifasciata NAGEO107-09 919 612 249 340 924 658
Abraxini* Ligdia wagneri (JKAO1) NAGEO096-09 916 612 249 340 658
Alsophilini* Alsophila pometaria NAGEO018-09 919 612 249 340 726 658




Final taxonomic sample

Uraniidae

Epicopeiidae

Sematuridae

Noctuidae

Drepanidae

Thyatiridae

Epipleminae
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outgroup (OG):

6 families - 12 subfamilies - 24 genera

based on Regier et al 2009 & other studies




Stored on BOLD

BARCODE OF LIFE DATA SYSTEMS v2s

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

— T

Published Projects | Taxonomy Browser | Request an Account | Identify Specimen | Introductory Tutorial |

The Barcode of Life Data Systems (BOLD) is an online workbench that

aids collection, management, analysis, and use of DNA barcodes. It Formally Described Species With Barcodes 73,314
consists of 3 components (MAS, IDS, and ECS) that each address the Total Barcode Records 894,666

needs of various groups in the barcoding community. Source Breakdown
GenBank 93,258

e . -

> MANAGEMENT & ANALYSIS Canadian Centre 735,203
I I Others 66,205

BOLD-MAS provides a repository
for barcode records coupled with
analytical tools. It serves as an
online workbench for the DNA
barcode community.

BOLDSYSTEMS soro25relesse

* Request a new user account
» Forgot your usemame or password?

Version 2.5, unveiled on Nov 1
of Life conference In Me;
support for multiple s
workflows. Features Incl
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upgrades. A few are highligh

rd International Barcoding
functionality including
per specimen and more complex

S, matk, and rbel
vices and a variety of convenlence

%> IDENTIFICATION ENGINE

rvices for

BOLD-IDS provides a species
identification tool that accepts ’ ’
DNA sequences from the barcode
region and returns a taxonomic
assignment to the species level
when possible.

Accumulation

Explor
or higher

rsity of species and sequences by site
taxonomy,

g

(o misne

All analytical tools have been upgraded to support

OLDSYSTEMSv2.5 ’ Management & Analysis

Home | Taxonomy Browser | Identify Specimen | Introductory Tutorial | Documentation

ﬂ?‘, 'F; : -y Phylogeny of the North American Geometridae [NAGEQ]
~S \‘)
Select ¥ 172 176 144 67 82 109 25 25 25 25 25 176
Length [Ambig]
Identification Specimen Page Sequence Page = COI-3P COI-5P 188 EF1-alpha 16S 288 CAD pbc ENO PER Wnt1 Record Flags Extra Info Set
[ Lyssa zampa 09-JDWGEO-060  NAGEO 919(0n]  658(0n] 612 (0n] 924 [On) 0 226 [0n] 2190 [3n] 1281 [15n] 1134 [8n]  888(0n] 402 [6n] @ * Uraniinae
[ Trichoplusia ni 09-JDWGEQ-043  NAGEQ043-09 865[0n]  658(0n] 612 (0n] 870 (0n) 340 [0n] 180 [1n] 2194 [24n] 1281 ([1n] 1134(On) 888(0n] 402 (On] i) % Plusiinae
) Syngria druidaria 09-JDOWGEQ NAGEO058-09 797 [0n]  658(0n] 612(0n] O 0 249 [0n] 2199 [8n] 1281(1n]  1134([0On] 888 [9n] 402 [2n] B * Epiplemidae
) Archiearis parthenias 919[0n] 658(0n] 812(0n] O 0 0 3 [368n] 1 ] 1134 (3n) 0 [On] 402 &% Archiearinae
(] Epicopeia hainesi NAGEO039 865 [0n] 658 [On] 612[0n] O 2928 [0n 1281 [On) 1134 [1n) 888 [On] 402 [On] 3% Epicopeiidae
) Spodoptera frugiperda NAGEOQO 919(0n]  658(0n] 612 (On] 888 [On] 2928 [0n] 1281(0n] 1134 ([On] 888 (0n] 402 [On] i * Amphipyrinae
[ Biston betularia NAGEQ031 866 [0n]  658(0n] 612(0n] 924 [On] 2028(0n]  456[6n] 1134 [1n] 831 [1n] 402 (3n) @ * Bistonini
() Lymantria dispar 919(0n] 658(0n] 612 [0n] 918 (0n] 2928 [1n] 1281(0n] 0 [On) 529 (On] 402 [1n)] PR ; Lymantriinae
() Psychostrophia melangaria 865(0n]  658(0n] 612 (0n] 924 [On] 2028 [12n]  1281(0On] 1134 [4n]  888(0n] 402 (3n] @ * copeiidae
) Cyclophora nr. dataria 919(0n]  658(0n] 612 (0n] 924 [On] 2928 [14n] 1281 [36n] 1134 (On]  888(0n] O (On] ) % Cosymbiini
() Orthonama obstipata 897 [0n]  658(0n] 612(0n] O 2028 [16n] 1281 [12n] 1134 (7n]  888(5n) 402 [2n) & * Xanthorhoini
;":T > g"_':;mm () Plagodis fervidaria NAGEOQO! 919(0n]  658(0n] 612 (0n] 924 [0n) 2028 (16n] 1281 [14n] 1134 (Sn] 888 (0n) 402 (2n] i3 Hypochrosini
e ) Chlorosea margaretaria 09-JDWGEO-005 NAGE0005-09 919(0n]  658(0n] 612(0n] O 2028(22n]  1281(9n] 1134 ([8n] 888 (0n] 402 (3n] BE] Nemoriin
Near () Dichromodes sp NAGEO 919(0n] 658 (0n] 612 (0n] 924 [On) 2028(23n] 1281 ([1n] 1134 [10n] 888[1n] 402 [5n] [ * Oenochrominae
Specimen Age (] Campaea perlata group NAGEO 919(0n]  658(0n] 612 (0n] 924 [On] 2028(28n]  1051(3n] 1134 (5n] 888[4n] 0 (On] @ * Campaeini
:‘,Z:J\FKE( ) Dinophalus lechriomita group NAGEO004 919(0n]  658(0n] 612 (0n] 924 [On] 2928 [34n] 1281(2n] 1134 (6n] 888[1n] 0(On] @ * Oenochrominae
o ) Sematura sp. 864 (0n]  658(0n] 612(0n] O 2928 [4n] 1281(3n] 1134(2n] 831[1n] 0(On] Bk Sematurinae
() Pseudothyatira cymatophoroides 919(0n] 658(0n] 612 (0n] 924 [On] 2928 [5n) 1281(0n] 1134 [4n]  831[1n] 402 (On] ) * Thyatirinae
(] Cyclidia substigmaria 919(0n]  658(0n] 612 (0n] 738 [On] 2028 [60n] 1281(2n] 1134 [2n] 888 (0n] 402 [1n] iz Cyclidiinae
gned Iden ) Acropteris sparsaria 917 (0n]  658(0n] 612 (0n] 870 [On] 0 0 2928 [833n] 1281 [19n] 1134 [On]  888(2n] 402 [1n] D * Microniinae
S (] Scopula limboundata 850 [0n]  658([0n] 612 [0n] 843 (0n) 340 [On] 249 [2n] 2928 [9n] 1281(2n] 1134 [14n] 888(0n] 402 (2n] iz Scopulin
) Hypobapta xenomorpha 919(0n]  658(0n] 612 (On] 894 [On] 340 [0n] © 2928 [9n] 1281(4n] 1134 [6n] 888 (5n] 402 [2n] o * Pseudoterpnini




Analyses completed

O MrBayes v3.1.2

Bayesian inference (Bl)

{Bayesian Analysis of Phylogeny)
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G a rl I Type "help" or "help <command>" for information

on the commands that are available.

RAXM L (O n | | n e) MrBayes > execute 11_68.nex

Executing file "11_68.nex"
DOS line termination
Longest line leng

GTR+a+l [ partition-specific @ GARLI &%

models when possible —
on reduced dataset (RD) of | ..
68 taxa as well e




ML tree —full dataset (RAXML)

83 Larentiinae (39 genera/16 tribes)
+ Archiearinae 1 (Lachnocephala)

74
ﬂ’—‘ _— Sterrhinae (13/6)

Geometrinae (19/12)

85 Ennominae (72/25)




ML tree —full dataset (RAXML)

Archiearinae 2 (Archiearis)

83

85

L+A1

Desmobathrinae 1 (Desmobathrini)
‘Oenochrominae’ 1 (Ergavia)

ol — S

80 _
. {M S ‘Oenochrominae’ 2

| 97 (Dinophalus & Sarcinodes)
| G

E

‘Oenochrominae’a
(Nearcha, Dichromodes)

+ Desmobathrinae 2
(Eumeleini)




Bl tree — full dataset
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ML tree —reduced dataset (Garli)

0.04

Larentiinae (16)
+ Archiearinae 1 (Lachnocephala)

Sterrhinae —in part (6)
+ Desmobathrinae 1 (Desmobathrini)
+‘Oenochrominae’ 1 (Ergavia)

Geometrinae (12)

Ennominae (25)



ML tree —reduced dataset (Garli)

w
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Cyllopoidini (Sterrhinae:Smicropus)

L+A1

‘Oenochrominae’ 2 (Dinophalus)

E

Archiearinae 2 (Archiearis)

‘Oenochrominae’ 2 (Dichromodes)

Desmobathrinae 2 (Eumeleini)

‘Oenochrominae’ 4 (Nearcha)



Bayesian analysis — reduced dataset

0.85

0.97

0.93

0.98

0.95

0.71

Larentiinae (16)
+ Archiearinae 1 (Lachnocephala)

Sterrhinae (6)
+ Desmobathrinae 1 (Desmobathrini)
+'‘Oenochrominae’ 1 (Ergavia)

Geometrinae (12)

Ennominae (25)



Bayesian analysis — reduced dataset

0.85

L+A1
1
0.97 +01+Da . ‘Oenochrominae’ 2 (Dichromodes)
& ‘Oenochrominae’ 3 (Dinophalus)
0.93 0.95 G
0.71 E
0.98
Archiearinae 2 (Archiearis)
Desmobathrinae 2 (Eumeleini)

‘Oenochrominae’ 4 (Nearcha)



Recovery of selected relationships

L arentiinae basal
| arentiinae + Sterrhinae

Ennominae monophyletic

Sterrhinae monophyletic (inc.
O1 + Da)

(Ennominae + Geometrinae) +
Archiearinae (s. str.)

SN S N xS

N X SN XX N

SN S N xS



Close-up of Sterrhinae (ML-FD)
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170_Pleuroprucha_Cosymbiini
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022_Rhodometra_Rhodometrini
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053_Haematopis_Timandrini
172_Timandra_Timandrini

147 _Ametris_Desmobathrini
023_Ergavia_Oenochrominae

80

113_Smicropus_Cyllopoidini

67

201_Semaeopus_Cosymbiini
034_Pseudasellodes_Scopulini
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168_Leptostales_Scopulini
169_Lophosis_Scopulini
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Close-up of Sterrhinae (ML-FD)
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——170_Pleuroprucha_Cosymbiini

007_Cyclophora_Cosymbiini
022_Rhodometra_Rhodometrini

053_Haematopis_Timandrini
172_Timandra_Timandrini

147 _Ametris_Desmobathrini

023_Ergavia_Oenochrominae
113_Smicropus_Cyllopoidini

034_Pseudasellodes_Scopulini
168_Leptostales_Scopulini

169_Lophosis_Scopulini
001_Scopula_Scopulini

085 _ldaea_Sterrhini

74
—182
— 96
80
67 .o .
201_Semaeopus_Cosymbiini
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71
167_Lobocleta_Sterrhini
E+ G+ misc
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Sihvonen & Kaila 2004:

ARCHIEARINAE
GEOMETRINAE
— LARENTIINAE
Cosymbiini
Rhodometrini
Timandrini
Rhodostrophiini

Cyllopodini

Sterrhini
Scopulini
Fig.3. A simplified cladogram of Fig.2 transformed to sh

tentative tribal relationships within Sterrhinae. Taxa of uncerti 1
tribal association are shown in grey.

Includes Semaeopus



Other interesting relationships...

Alsophilini + Colotoini + Campaeini asin
Yamamota & Sota 2007, Wahlberg et al. 2010

Lachnocephala (Neotropical Archiearinae) —
Young (2006) suggested affinities with
Tasmanian Archiearinae, which are ‘probably
misplaced’; perhaps they sit within
Larentiinae — BOLD-ID supports this as well

Ametris (Desmobathrini) and Eumelea
(Eumeleini) analyzed for the first time,
suggesting Desmobathrinae nonmonophyly




Next up for analysis

000000

oooooo

Continue long runs until -

nnnnnn

convergence |-

000000

Further partitioning of data
(e.g. codon position, nuclear,
mitochondrial)

Tests of significance for predicted
relationships

AU (Shimodaira 2002) tests




Next up for analysis

explore the outgroups

root of Geometridae and monophyly of
Geometroidea (recently questioned)

Analyze genes separately and
investigate congruence/conflict

Partition addition bootstrap alteration
(PABA) tests (Struck et al. 2008)

Urania (Uraniidae)

explore the the effect of missing
characters in the matrix

Epicopeia (Epicopeiidae)



Preliminary conclusions

relatively low branch support +
a few discrepancies between

methods and datasets = poor
resolution

poor choice in gene regions?

missing data obscuring benefits of
increased taxon sampling?

good support for some instances
of nonmonophyly

increased sampling of minor
subfamilies before tackling the majors

1




Preliminary conclusions

Jury is still out on ‘barcode
approach’ of combining molecular
datasets
could use to ‘glue’ this and previous
studies from Australia, Japan,

Northern Europe, etc. for global
perspective —and still date tree
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