Integrating Trichoptera barcodes and big data:
today’s systematics
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1. Barcodes
2. Transcriptomes
3. Targeted Enrichment

Theme: How do we stitch these
very different data into
a coherent picture of phylogeny?
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We have 2000 times this, from over 4,500 Trichoptera species.
And the interesting one is...

Fseudoneureclipsis sp. |EECAD-0434

Lype phaecopa| 0THMCAD-0337|Italy.Fiedmont
Lype phaeopa| 0THMCAD-0336|Italy.FPiedmont
Lype phaeopa| 0THMCAD-0335|1taly.Piedmont
Lype phaecpa| 07THMCAD-0334|Italy.FPiedmont
Lype phascopa| 07THMCAD-0333|Italy.Fiedmeont

Lype reductal| 07THMCAD-0328|Austria
Lype reducta|07HMCAD-0327|Austria
Lype reducta|07HMCAD-032&|Austria

Lype reducta|07HMCAD-0325|Austria
Lype reducta|07HMCAD-0324|Austria

_:Lype diversa|08FLCAD-065 |United States.Florida
Lype diversa|KECAD-0103|United States.Minnescta

FLype diversa|EKECAD-0102|United States.New Jersey

Lype diversa|08DRCAD-050|United States.lNew York
Lype diversa|08DRCAD-04% |United States.New York
Tinodes diwves consiglioi |0THMCAD-0361|Ttaly.Liguria
Tinodes dives consiglici |0THMCAD-035%|Italy.Liguria
Tinodes dives consiglici |0THMCAD-0358|Italy.Liguria
Tinodes dives consiglioci |0THMCAD-0360|Italy.Liguria
Tinodes dives consiglioi |O0THMCAD-0357|Italy.Liguria
Tinodes rostocki |08HMCAD-034|Germany
r*Tinodes waeneri | 0BNWCAD-008 |Norway.Hordaland
Tinodes waeneri|08NWCAD-007T|Norway.Hordaland

qupe diversa| 08DRCAD-05]1 |United States.lew York

LTinodes waeneri | 08HMCAD-116|Spain.Albacete

Tinodes consuetus|BRBCAD-0712|United States.Oregon

Psychomyia pusilla|EECAD-0106 |United Eingdom.England

Psychomyia pusilla|08HMCAD-119%|S5Spain.Albacete

Psychomyiella cruciata|EKEECAD-0108 |Russia

Psychomyia f£lavida|BRBCAD-0706 |United States.Tennessee
Psychomyia flavida|RBCAD-070%9 |United States.Montana
Psychomyia f£lavida|RBCAD-0708 |United States.Arizona
FPsychomyia flavida|RBCAD-0707 |United States.Tennessees
Fsychomyia flavida|RBCAD-0704 |United States.Minnesota
Psychomyia £lavida|BRBCAD-0705|United States.South Dakota
Psychomyia flavida|EECAD-0107 |United States.Minnesota
Fsychomyia flavida|RBCAD-0711 |United States.Minnesota
FPsychomyia flavida|BRBCAD-1665|United States.Minnesota
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Here. Lype diversa

Fseudoneureclipsis sp. |EECAD-0434

Lype phaecopa| 0THMCAD-0337|Italy.Fiedmont
Lype phaeopa| 0THMCAD-0336|Italy.FPiedmont
Lype phaeopa| 0THMCAD-0335|1taly.Piedmont
Lype phaecpa| 07THMCAD-0334|Italy.FPiedmont
Lype phascopa| 07THMCAD-0333|Italy.Fiedmeont

L.}?pe
(:Lype diversa| 08FLCAD-065 |United States.F1lo

Lype reductal| 07THMCAD-0328|Austria
Lype reducta|07HMCAD-0327|Austria
Lype reducta|07HMCAD-0326|Austria

Lype reducha 0o lilellor |
reducta | 0 THMCAD-0324 | dustria

Lype diversa|EKECAD-0103|United States.Minnesct

FLype diversa|EKECAD-0102|United States.New Jersey

Lype diversa|08DRCAD-050|United States.New Yo
Lype diversa|08DRCAD-049 |United States.
consiglici |OTHMCAD-O3
Tinodes dives consigliocl —-0359|Italy.Liguria
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_:Lype diversa | 08FLCAD-065 |United States.Florida
Lype diversa|EECAD-0103|United States.Minnescota

Tk FLype diversa|EECAD-0102|United States.New Jersey
IﬁLype diversa|(08DRCAD-05]1 |United States.New York

Lype diversa|08DRCAD-050|United States.New York
Lype diversa|08DECAD-049 |United States.New York

Are these 2 different species?
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Maybe...what about these?

Lype diversa|08FLCAD-065 |United States.Florida
Lype diversa|EECAD-0103|United States.Minnescota
FLype diversa|EECAD-0102|United States.New Jersey

Lype diversa|08DRCAD-05]1 |United States.New York
//////, IﬁLype diversa | (08DRCAD-050 |United States.New York

Lype diversa|08DECAD-049 |United States.New York

Are these 2 different species?
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We have BINs and MOTUs (which are great, and
useful). Are they species?

Maybe...what about these?

Lype diversa|08FLCAD-065 |United States.Florida
Lype diversa|EECAD-0103|United States.Minnescota
FLype diversa|EECAD-0102|United States.New Jersey

Lype diversa|08DRCAD-05]1 |United States.New York
/ LlLype diversa | (08DRCAD-050 |United States.New York

Lype diversa|08DECAD-049 |United States.New York

Are these 2 different species?

We need more information than barcodes can provide
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Lype diversa

3%, 4%

12%

Are there
1,2,3,4,0r5
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12%

Are there
1,2,3,4,0r5
species?

2%

Ross noticed this back in ’44
Banks must have noticed it in ‘14




3%, 4%

12%

Are there
1,2,3,4,0or5

species?
2%

Barcodes alone may not define
species, but are perfectly
capable of describing diversity.
They can be a reciprocally
informative part of

species description
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This illustrates both the power, and the challenge of barcodes.

8%

12%

Are there

4%

1,2,3,4,0or5

species?

2%

Genetic clusters that
correspond to fixed
morphological differences,
combined with geography

= New species
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We see this all the time

Harvey, Geraci, Robinson,
Morse, Kjer, Zhou, 2012
Terr. Arth. Rev.
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Challenge:

Opportunity:

If we can associate distinct BINs with fixed
morphological characters, we can increase
confidence in species delineation and
accelerate formal species description.
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The database




Here is how it all started

Xin and I talk about
China in 2002

We conclude that China is stepping up

on the world stage, and will have resources

What do they want? Big science.

What impresses them? Big names, Science papers




Xin and | talk about
China

We saw that the barcode
initiative was big science, and
Paul Hebert is a name China
would know: Postdoc there.




Xin and | talk about
China

Big science.
Famous guy.
Xin postdoc

They built the institute we
predicted in 2002. Xin was ready
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That’s ALL of them
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Iraq, Bhutan, Cuba, the
Faeroe Islands... This is
not a quick and dirty
sample of

backyard insects!




O

Two big holes are a challenge

(and an opportunity)
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The database is huge, international, and
past a critical tipping point. (it’s useful)

Useful for
|dentification: We
used it in 1KITE to
identify species and
evaluate
contamination

...more later
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* 3,310 COI barcodes (adults + larvae)
« 2/3larval caddisflies from Churchill
now identifiable

Useful for Identification:
Many applications for larval associations

Ruiter, Boyle, Zhou*. 2013. BMC Ecology
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The database is useful for phylogeny: Add
another gene for a species-level phylogeny

Kjer et al., 2014 15/49



COl is ideal for barcoding because a large enough fragment
is not expected to be identical across species

But fast evolving genes are problematic for phylogenetics

A phylogram with long terminal branches, and short
internodes is the classic “hard” problem in phylogenetics.

COl, by itself, especially when analyzed with NJ
is at best, an interesting hypothesis.
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The Trichoptera tree of life

45,000 barcodes from all
families




MLl tuiea Al allal a | Ll U0 T | oLl L e L

— i Smicridea frequens{BERCAD—0004 Chitehos Lagos
|_|_:Smicridea anticura |RBCAD-0872|Chile.Biocbio
Smicridea mucronata |RBCAD-089%8|Chile.Bickio

Smicridea smilodon|RBCAD-0895|Chile.Los Lagos

Smicridea curvipenis|RBCAD-0877|Venezuela.Lara

Smicridea kiwittata |RBCAD-0874|Venezuela.Miranda
Smicridea bhiwvittata |RBCAD-0873|Costa Rica.Puntarenas
Smicridea gemina |RBCAD-0881|Ceclomipia.Valle del Cauca
Smicridea gemina |RBCAD-0880|Costa Rica.Guanacaste
Smicridea catherinae|RBCAD-0876|Costa Rica.Limon
Smicridea catherinae|RBCAD-0875|Costa Rica.Guanacaste
Smicridea hybrida|RBCAD-0883|Costa Rica.Puntarenas
Smicridea fasciatella |RBCAD-087%|Nicaragua.Granada
Smicridea fasciatella |RBCAD-087%2|Costa Rica.Guanacaste
Smicridea waria|RBCAD-0%05|Colombia.Valle del Cauca
Smicridea waria|RBCAD-0904|Costa Rica.Limon

Smicridea waria|BRBCAD-0903|Costa Rica.Heredia
Smicridea anaticula |RBCAD-0871|Venezusla.Sucre
Smicridea travertinera|RBCAD-089%9|Venezuela.Falcon
Smicridea meridensis|RBCAD-0890|Venezuela.Tachira

Smicridea meridensis|BBCAD-0889 |Venezuela.M=rida
Smicridea meridensis|RBCAD-0888 |Venezuela.Barinas
Smicridea palifera|RBCAD-0893|Venezuela. Sucre
Smicridea palifera|RBCAD-0892|Venezuela.Lara
Smicridea palifera|RBCAD-0891|Venezuela.Falcon
Smicridea polyfasciata|RBCAD-08%4|Costa Rica.Limon
[Smicridea matagalpa |RBCAD-0887|Costa Rica.Puntarenas
'Smicridea matagalpa |RBCAD-0885|Costa Rica.Cartago
Smicridea holzenthali |RBCAD-0882|Costa Rica.Guanacaste
ISmicridea nigripennis |RBCAD-08%7|Venezuela.Falcon
Smicridea nigripennis|RBCAD-089%96|Venezuela.Falcon
Smicridea turrialbana |[KKCAD-0005|Ceosta Rica.Alajuela
_F—Srﬂicridea turrialbana |EBCAD-09%01 |Costa Rica.Guanacaste
Smicridea turrialbana |RBCAD-0900|Costa Rica.Limon
Smicridea ulwa |RBCAD-0902|Nicaragua.Esteli
Smicridea ulwva |RBCAD-0907|Costa Rica.Guanacaste
Smicridea ulwa |RBCAD-1954|Nicaragua.Esteli
Wormaldia triangulifera|EECAD-0051 |France
Wormaldla occipitalis |07HMCAD-0355|Italy.Liguria
Wormaldia occipitalis|07VHMCAD-0354|Italy.Liguria
Wormaldla occipitalis |0THMCAD-0353 |Italy.Liguria

Wormaldia copiosal|07HMCAD-0344|Austria
A‘Worrﬂaldla copiosa| 0THMCAD-0347|Austria

Wormaldia copiosa| 07THMCAD-0346|RAustria
Wormaldia copiosa| 07THMCAD-0345|RAustria

Wormaldia copiosalD?HMCAD—DS43|Au5tria
Wormaldia copicsa botosaneanui|07EMCAD-0280|Italy.Piedmont

Wormaldia coploaa botosaneanui | 07TEMCAD-0282|Italy.Piedmont

Wormaldia copicsa botosaneanui|07EMCAD-0281|Italy.Piedmont
Wormaldia copicsa botosaneanui |[EKCAD-0429|Italy.Piedmont
Wormaldia copiocsa botosaneanui|07HMCAD-0279|Italy.Piedmont

Wormaldia gabriella |RBCAD-0798 |United States.Utah
4q'fi’ormald1a gabriella |RBCAD-079%|United States.Scuth Dakota

Wormaldia gabriella |KKCAD-004%|United States.Utah
Wormaldia gabriella |RBCAD-0797|United States.Utah

Wormaldia planae |RBCAD-0803|Venezuela.Lara
Wmaldia planae |RBECAD-0804|Venezuela.Falcon

Wormaldia planae|RBCAD-0802|Venezuela.Sucre
Wormaldia planae |RBCAD-0801|Costa Rica.Guanacaste
Chimarra tsudai |EKCAD-0018|Japan.0Okinawa
Chimarra joliveti|EKEKCAD-0427|Thailand.Lampang
Chimarra joliveti|O07VHMCAD-0275|Thailand.Lampang
Chimarra joliveti|O07VHMCAD-0274|Thailand.Lampang
Chimarra joliveti|O07VHMCAD-0277|Thailand.Lampang
Chlmarra joliveti |07HMCAD-0276] Thailand.Lampang
VChimarra Goliveti|D8HMCAD-0%6 |Thailand. Lampang

We want to
complete the
Trichoptera “tree
of life”

Strategy:

Fix nodes with
other data, and
then fill out the
terminal taxa with
CcOl

Can we do this?
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Example: Here is a well supported
Trichoptera tree




So, how many of you were thinking to

yourselves...




WHERE ARE THE




No? Why not?




y

Because we are confident
with these 2 nodes




Using the same logic, we can estimate a phylogeny of
Macronematinae, rooted with Arctopsychinae...all in Hydropsychidae

<>
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Here is a tree with 1,000 macronematines, and arctopsychines, one
rooting the other




This could work




Look at yellow dots

COI not only recovers
species and genera, it also
recovers families and even
the backbone!




Trees with barcodes




Trees with barcodes




Trees with barcodes

Psychomyiidae-
Psychomyiinae

Xiphocentroni
dae

Psychomyiidae-Tinodinae
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Genus Chimarra:

The “little black ones”

Largest in Trichoptera with ~750 species

BugGuide.net Photo by Ken
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Which one will dominate a combined analysis?

Chimarrhodella pilcopata

100

Chimarrhodella nigra
mChimarrhodella ulmeri
Chimarrhodella peruviana
Chimarrhodella peruviana
C rosalesi
C camella
S

kontilo:

Chimarrita

C chiangmaiensis
mardinata Q13
C ambulans

Chimarra

Otarrha

C sp 4 BR R 2428
teresae
scopuloides

C mycterophora

C piliferosa

piliferosa

COl

Same Scale

mmChimarrhodella pilcopata
V- | g Chimarrhodella peruviana
| | S l himarrhodella peruviana
40 . himarrhodella nigra
himarrhodella ulmeri
. fuscipe:
Chimarra neboissi
gumn C adamsae
®C desirae . .
angt nis
limon
g C ambulans
®C ambulans
monorum
100 o C akkaorum
WC akkaorum
augusta
protuberans
rhamphodes
gC socia
® C socia
C chi
uranka
C oreithyia
suadulla
[¥:} spinifera
megara
tsudai” CT1
Jjoliveti
lannaensis
duckworthi
sp 1BRR2513 .
- platyrhina
b1 aterrima
feria A6
linti
marginata Q13
. kpoole/
45 ipake
- C %in;bltgnad pip
tarrha) redonda
scopuloi
— }e\‘ Chimarrita) rosalesi W1
“ in? =2 eckeri
Curgia barinita
53 . cipoensis
conica i
L straminea
ia texana
fl aureopunctata
barrettae
20 oraceia
albomaculata Q21
22 distermina
(Otarrha) patosa
XY - -
Chimarrita) kontr
Galf Céhimam’{a) camella
maldonadoi
(Otarrha) puertoricensis
29
(Otarrha) rossi
(Otarrha) tachuela
8 peytoni.
100 peytoni
s IC immaculata
mycterophora
peruviana
peruviana
oC piliferosa
WC piliferosa
teresae
sp4 BR R 2428
T

C brasiliana
na
C parana

“Chimarrita”

“Otarrha”
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Combined: Judged by morphology, this is a great tree!

Species groups

100 Chimarrhodella pilcopata
c;himazrhgdﬁ)//a Inigr@
Imarrhoaella uimer| i
54 94 Chimarrhodella peruviana peruviana
Chimarrhodella peruviana
C megara
100 C oreithyia
—C suadulla tsudai
P sudai
Ch/marra C lannaensis
100 i
T C spinifera
ipake .
C bimbltona . | minuta
B C chiangmaiensis
ambulans Old world
ambulans
C uranka
C cf.limon
1 o} MQ
100 C monorum
akkaorum
2 akkaorum
100 I'a o
\) [} aterrima
g
b h 21 I“poolei”
Ot | “ortiziana”
@ Colonly Focer
Chimarrita | bidentata
100 100 c % r/clzsalesi
camelia implificforma
C kontilos | simpli
@ RNA only e

73(

C odonta

C tachuela

C rossi

C patosa

C puertoricensis
C redonda

98 7o) 35 C distermina
C beckeri
26 C boraceia

C barinita

C aureopunctata
barrettae
C immaculata

c

sae
sp 4 BR R 2428
C mycterophora

0.1

—C maldonadoi

“morio”

“morio”

“banksi”

immaculata

“banksi”
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Barcode captures a lot!

100

Chimarrhodell
Chimarrhode

ella pilcopata
Chimarrhode

Chimarrhod.
Chimarrhod.
54 o

ella nigra
a ulmeri
a peruviana
la peruviana

Species groups

peruviana

Chimarra
100

100

c

C megara
C oreithyia
C suadulla

C joliveti
C lannaensis
C tsudai
C pipake
Cgimbltona .
-C chiangmaiensis
neboissi

C spinifera

C marginata
J‘Il& ambulans
ambulans

4 — 020
C uranka

tsudai

| minuta

Old world

C cf.limon

C angustipennis

100

C monorum
akkaorum
akkaorum

]

Chimarrita

7
socia
C aterrima

ejelbIp

| aterrima

|“poolei”
“ortiziana”

| “poolei”

C rosalesi

%

C kontilos
c

C camella

C odonta

’ﬁ{
76 |
73 . 9

8

C tachuela

C rossi
C patosa
C puertoricensis
C redonda

C aureopunctata

C barrettae
C immaculata

| bidentata

| simplificforma

C maldonadoi

| “morio”

| “morio”

| “banksi”

immaculata

“banksi”




But favors the tips

’7Chimarrhode
98 Ch

lla pilcopata
imarrhodella nigra

54 Chimarrhodella ulmeri
94 Chimarrhodella peruviana
Chimarrhodella peruviana

Species groups

peruviana

Chimarra
100

C megara
100 C oreithyia
C suadulla
C joliveti
C lannaensis
C tsudai

C spinifera

C éﬁpake
C bimbltona .
-C chiangmaiensis
C neboissi

C marginata
100 [ ambulans
C ambulans

4 — 020
C uranka

tsudai

| minuta

Old world

C cf.limon

C angustipennis

100 C monorum
4‘ 100 ,C akkaorum
C akkaorum

]

Chimarrita

100 T socia

68| C socia
88 g C aterrima
— feri

eje)bip

| aterrima

|“poolei”
“ortiziana”

| “poolei”

100 100 Cc
C kontilos
c

C rosalesi
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'3{76\9

8

C tachuela
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C distermina
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C a/bgrgaculata
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4 BR R 2428
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peruviana
C peruviana
——C scopuloides
100 C piliferosa
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| bidentata

| simplificforma

C maldonadoi

| “morio”

| “morio”
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immaculata
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RNA gets almost everything

ella pilcopata

Chimarrhod.
Chimarrhodella nigra
54 Chimarrhodella ulmeri
94 Chimarrhodella peruviana
Chimarrhodella peruviana
C megara

Species groups

peruviana

100 C oreithyia
C suadulla
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100

C éﬁpake
C bimbltona .
C chiangmaiensis

C neboissi

C spinifera

tsudai

| minuta

Old world
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...and provides a backbone

lla pilcopata

’7Chimarrhode
98 Chimarrhodella nigra

a ulmeri

54 Chimarrhode i
94 Chimarrhodella peruviana
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Species groups

peruviana

100

Chimarra
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C puertoricensis
C redonda
C distermina
C b

C aureopunctata
barrettae
C immaculata
C immaculata
34| C peytoni.
68 C peytoni
C a/bgrgaculata

100 C teresae

4 BR R 2428
mycterophora
peruviana
C peruviana
C scopuloides

100 C piliferosa

C piliferosa

| bidentata

| simplificforma

C maldonadoi

| “morio”

| “morio”

| “banksi”

immaculata

“banksi”




How about Rhyacophila?

700 + species
Second only to Chimarra
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Rhyacophilidae

 curvispinum 1C2
. N
turbidum_Et4
_thomasoni_ETS
callistum_CC6
c _capillatum_CC8
_mimicum_PM§
_bifurcatum_XC3
_lobiferum_NL1 R .
_nama_AN1
: ydrobiosidae
2 E RT2
Iguazu | IF6
HC
Pss
! o Aopsyche_callosa_J6
22 _griseum_MG1
44 = _bifidum_PB8
z w— _sC2

Cailloma_pumida_CP3

100

61

Rhyacophila

, —Fansipangana
L e o Rickeri group pang

_acharai_Ha?
= Himalopsyche_todina_65_2
¥ Himalopsyche_malenanda_Hm6
[ Himalopsyche_lava_AH0161

E Himalopsyche
Himalopsyche_larva_AH0045
Himalopsyche_larva_AH0184
°, Himalopsyche_larva_AH0171
Himalopsyche_larva_AH0006
R_eatoni_59_ie_St
Imu R_glaberrima_07GSM_0112_VUL
lenticulifera_HMO9Rh42_is_St
_denticulifera_63_2_ie_St
R_stigmatica_Rh19_is_St
R

| _0102_is_St
R_bonaparti_08HMCAD_026_is_St
R_carolina_RH052_PHI_CC
ledra_07_17PKS_0377_PHI_CC
R_fenestra_RBCAD_0727_PHI_CC
R_formosa_07_17PKS_0682_VUL_F

'he good news
h,ﬁ‘lscu\a,OBDRCAD,OEO,VUL,F
R_ngorpa_66_NAV_N

R_cruciata_RHO018_NAV_N

R_pubescens_Rh16_PHI_IT
R_producta_0301_PHI_IT

R_perplana_48_PHI_IA
p—_bacanica_438_ VUL V

o= R_vulgaris_0101_VUL_V

100 St R_simulatrix_20_VUL_V
R_fasciata_denticulata_67_VUL_
R_relicta_17_2 VUL

i B galmeni_15_VUL_v
H0Baimeni_RHO15_VUL_V
R_polonica_0301_VUL_V
R_munda_0101_VUL_V
6

R 69

aqve\pomene,SQ,Q,\IUL,V

{lusitanica_RH003_VUL_V
p—F_arfini_08JPCAD_171_PHI_IS
R_atrata_Rh28_PHI_IS
R_valuma_RBCAD_0747_PHI_IS
0 & pelissa_RH057_PHI_IS

'8 pellisa_RBCAD_0745_PHI_IS
R_depressa_ID_09401_PHI_IS
R_manistee_08DRCAD_070_PHI_IS
R_sibirica_ID_10103_PHI_IS
R_laevis_0BHMCAD_018_PHI_IS
R_curvata_RHO11_DIV_CC
Mongkyapajﬂozw vuL

longkyapa_Rh3_VUL

B greata_RH032
H0%reta OFCAD_1481_VUL
R_ebria_90_VUL

g oyisor-OFCAD_1488

Y EVisor_ OFCAD_1487
r R_scissa_0BHMCAD_237_PHI_CS

— R_scissoides_RHO008_PHI_CS

R_pemba_RH006_PHI_CCs
R_lata_RH058 DIV

R_kawamurae_JPCAD_149_DIV
R_coreana_RH029_PHI_CB
R_hirticornis_25_PHI_PP

R_glareosa_RHO05_PHI_IG
¥ R_bidens_24_PHI_CO
e 3 philopotamoides RHO01_PHI_PP

I
%85

R_brunnea_S_RHYA_Y6_DIV_BB
R_sequoia_RH013_DIV_BG
R_grandis_RBCAD_0733_DIV_BG
R_hyalinata_ RBCAD_0738_PHI_IH
R_perda_PKCAD703_PHI_IB
R_vaccua_RBCAD_0751_PHI_IB
R_lobifera_07_17PKS_0747_PHI_I
R_neavadensis_ RBCAD_0741_is_Ne
R_vaefes RBCAD_0752_is_Ne
R_retracta_51_NAV_N
R_coloradensis_idahoensis_0726
BObifida_0BOFCAD_1415_NAV_B
R_bifila_RBCAD_0716_PHI_IC
R_tucula_RBCAD_0748_PHI_CA

R_carpenteri_07_17PKS_0631_PHI
R_parantra_07_17PKS_0618_PHI_I|
R_vibox_RH035_PHI_IA

_sociatus_AS4
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turbidum_Et4
_thomasoni_ET5

c callistum_CC6
cl _capillatum_CC8
_mimicum_PM5
_bifurcatum_XC3
_lobiferum_NL1
_nama_AN1
I Koetonga_clivicola_KC1
182 E RT2
53 Iguazu_| _IF6
HC
Pss
! o Atopsyche_callosa_J6
22 _griseum_MG1
44 r _bifidum_PB8
L — X _sC2
Cailloma_pumida_CP3
300 R_rickeri_37_PHI_IV

R_verrula RBCAD_0758_PHI_IV

_acharai_Ha7
g Himalopsyche_todina_65_2

T {2 falopsyche_malenanda_Hme
s Himalopsyche_larva_AH0181
95

1 £ larva_AH0131

Himalopsyche_larva_AH0045

Himalopsyche_larva_AH0184

» Himalopsyche_larva_AHO171
Himalopsyche_larva_AH0006

R_eatoni_59_ie_St

184

R_glaberrima_07GSM_0112_VUL

_HMO9Rh42_is_St
_denticulifera_63_2_ie_St

stigmatica_Rh19_is_St

R_ i_0102_is_St

R_bonaparti_08HMCAD_026_is_St

R_carolina_RH052_PHI_CC

. lodra_07_17PKS_0377_PHI_CC
R_fenestra_RBCAD_0727_PHI_CC

R_formosa_07_17PKS_0682_VUL_F

R fuscula_RHO31_VUL_F

}quscu\a,OBDRCADJZO,vUL,F

R_ngorpa_66_NAV_N
R_cruciata_RHO18_NAV_N
R_trashipa_0BHMCAD_238_NAV_B
R_extensa_RH004_NAV_N
'— R_tristis_Rh22a_PHI_IT
52

The bad

R_orghidani_64_PHI_IT
|_| 60 = R_pubescens_Rh16_PHI_IT

R_producta_0301_PHI_IT

R_perplana_48_PHI_IA
[r—F_balcanica_438_VUL_V
R_vuigaris_0101_VUL_V
R_simulatrix_20_VUL_V
R_fasciata_denticulata_67_VUL_
R_relicta_17_2 VUL

4 R gaimeni_15_ VUL v
H0Baimeni_RHO15_VUL_V
R_polonica_0301_VUL_V
R_munda_0101_VUL_V
76

R 69
gg\e\pomene,SZ,Q,VUL,V

{lusitanica_RH003_VUL_V
9 8 [r—F_arefini_08JPCAD_171_PHI_IS
[ R_atrata_Rh28_PHI_IS
89

R_valuma_RBCAD_0747_PHI_IS
l—kﬁi,pehssa,wuslwus
'8 pellisa_RBCAD_0745_PHI_IS
R_depressa_ID_09401_PHI_IS
R_manistee_08DRCAD_070_PHI_IS
R_sibirica_ID_10103_PHI_IS
R_laevis_0BHMCAD_018_PHI_IS

R_curvata_RHO11_DIV_CGC

MangkyapajHoszuL
longkyapa_Rh3_VUL

B greata_RH032

H08reta_OFCAD_1481 VUL

R_ebria_90_VUL

3 B yisor_OFCAD_1488
e

R_scissa_0BHMCAD_237_PHI_CS
57

= R_scissoides_RH008_PHI_CS
R_pemba_RH006_PHI_CCs
R_lata_RH058_DIV

R_kawamurae_JPCAD_149_DIV

R_coreana_RH029_PHI_CB
R_hirticornis_25_PHI_PP

R_glareosa_RH005_PHI_IG
— R_bidens_24_PHI_CO
e R_philopotamoides_RH001_PHI_PP

R_brunnea_S_RHYA_Y6_DIV_BB

R_grandis_RBCAD_0733_DIV_BG

[r—— _yalinata_RBCAD_0738_PHI_IH
44

— R_perda_PKCAD703_PHI_IB
R_vaccua_RBCAD_0751_PHI_IB

R_lobifera_07_17PKS_0747_PHI_|

oo R _RBCAD_0741_is_|
Vs R_vagfes_RBCAD_0752_is_Ne

R_retracta_51_NAV_N
R_coloradensis_idahoensis_0726
BObifida_0BOFCAD_1415_NAV_B
R_bifila_RBCAD_0716_PHI_IC
R_tucula_RBCAD_0748_PHI_CA

Ne

R_oreia_91
R_carpenteri_07_17PKS_0631_PHI
R_parantra_07_17PKS_0618_PHI_|
R_vibox_RH035_PHI_IA

)

_sociatus_AS4



Courspnan T

_sociatus_AS4
turbidum_Et4
_thomasoni_ET5

c callistum_CC6
c _capillatum_CC8
_mimicum_PM§
_bifurcatum_XC3
_lobiferum_NL1
_nama_AN1
Koetonga_clivicola_KC1
{e2 RT2
L
Iguazu | _IF6
HC
Pss
! o Aopsyche_callosa_J6
22 _griseum_MG1
44 _bifidum_PB8
177
L vy X _sc2
Cailloma_pumida_CP3
300 R_rickeri_37_PHI_IV
R_verrula_RBCAD_0759_PHI_IV
_acharai_Ha7?
5 '1 oo Himalopsyche_todina_65_2
¥ Himalopsyche_malenanda_Hm6
100 [ Himalopsyche_larva_AH0181
K larva_AH0131
Himalopsyche_larva_AH0045
Himalopsyche_larva_AH0184
6 1 » Himalopsyche_larva_AHO171

Himalopsyche_larva_AH0006
R_eatoni_59_ie_St
w0 R_glaberrima_07GSM_0112_VUL
g _HMO9RN42_is_St
denticulifera_63_2_ie_St
R_stigmatica_Rh19_is_St
R _0102_is_St
R_bonaparti_08HMCAD_026 _is_St
R_carolina_RH052_PHI_CC
3 ledra_07_17PKS_0377_PHI CC
R_fenestra_RBCAD_0727_PHI_CC
1 8 R_formosa_07_17PKS_0682_VUL_F
R fuscula_RHO031_VUL_F
hc,'q‘;scma,oaDRCAD,uzo,vuLf
R_ngorpa_66_NAV_N
R_cruciata_RH018_NAV_N
R_trashipa_08HMCAD_238 NAV_B
R_extensa_RH004_NAV_N
[ R_ristis_Rh22a_PHIIT
52

R_orghidani_64_PHI_IT
|_| 60 = R_pubescens_Rh16_PHI_IT

R_producta_0301_PHI_IT
R_perplana_48_PHI_IA
[r—F_balcanica_438_VUL_V
R_vuigaris_0101_VUL_V
R_simulatrix_20_VUL_V
R_fasciata_denticulata_67_VUL_
R_relicta_17_2 VUL

4 R gaimeni_15_ VUL v
H0Baimeni_RHO15_VUL_V
R_polonica_0301_VUL_V
R_munda_0101_VUL_V

The bad

76 R 69
We\pomene,sz,z,vugv
{lusitanica_RH003_VUL_V
R_arefini_08JPCAD_171_PHIIS

R_atrata_Rh28_PHI_IS
R_valuma_RBCAD_0747_PHI_IS

R_depressa_ID_09401_}

R_manistee_08DRCAD_070_PHI_IS
R_sibirica_ID_10103_PHI_IS

R_laevis_0BHMCAD_018_PHI_IS

But there are lots of these!
T

longkyapa_Rh3_VUL

Flvgveala,RHDSZ
H08reta_OFCAD_1481 VUL
R_ebria_90_VUL
Dol Crero ey
O I R_scissa_0BHMCAD_237_PHI_CS
4 K1 - R_scissoides_RHO08_PHI_CS
R_pemba_RH006_PHI_CCs
R_lata_RH058_DIV

R_kawamurae_JPCAD_149_DIV
R_coreana_RH029_PHI_CB
R_hirticornis_25_PHI_PP

R_glareosa_RH005_PHI_IG
— R_bidens_24_PHI_CO
e R_philopotamoides_RH001_PHI_PP

R_brunnea_S_RHYA_Y6_DIV_BB

00, R_sequoia_RH013_DIV_BG
R_grandis_RBCAD_0733_DIV_BG
O e —— R_hyalinata RBCAD_0738_PHI_IH
L — R_perda_PKCAD703_PHI_IB

R_vaccua_RBCAD_0751_PHI_IB

R_lobifera_07_17PKS_0747_PHI_I
W R _RBCAD_0741_is_Ne
Vs R_vagfes_RBCAD_0752_is_Ne
R_retracta_51_NAV_N
R_coloradensis_idahoensis_0726
BObifida_0BOFCAD_1415_NAV_B
R_bifila_RBCAD_0716_PHI_IC
R_tucula_RBCAD_0748_PHI_CA

R_oreia_91

R_carpenteri_07_17PKS_0631_PHI
R_parantra_07_17PKS_0618_PHI_|
R_vibox_RH035_PHI_IA
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_sociatus_AS4
turbidum_Et4
_thomasoni_ET5

c callistum_CC6
c _capillatum_CC8
_mimicum_PM§
_bifurcatum_XC3
_lobiferum_NL1
_nama_AN1
r Koetonga_clivicola_KC1
L RT2
Iguazu | _IF6
HC
Pss
! o Aopsyche_callosa_J6
22 _griseum_MG1
44 _bifidum_PB8
177
L vy X _sc2
Cailloma_pumida_CP3
300 R_rickeri_37_PHI_IV

R_verrula RBCAD_0758_PHI_IV

_acharai_Ha7
5 ml g Himalopsyche_todina_65_2

100
T {2 falopsyche_malenanda_Hme

[ Himalopsyche_larva_AHO181
K larva_AH0131

Himalopsyche_larva_AH0045
Himalopsyche_larva AH0184
%, Himalopsyche_larva_AH0171

Himalopsyche_larva_AH0006

R_eatoni_59_ie_St
I R_glaberrima_07GSM_0112_VUL
_HMO9Rh42_is_St
_denticulifera_63_2_ie_St
R_stigmatica_Rh19_is_St
R_ i_0102_is_St
R_bonaparti_08HMCAD_026_is_St
R_carolina_RH052_PHI_CC
. lodra_07_17PKS_0377_PHI_CC

R_fenestra_RBCAD_0727_PHI_CC

R_formosa_07_17PKS_0682_VUL_F
R fuscula_RHO31_VUL_F
}Lﬂ:scu\a,OBDRCADJEO,vUL,F
R_ngorpa_66_NAV_N
R_cruciata_RHO18_NAV_N
R_trashipa_0BHMCAD_238_NAV_B
R_extensa_RH004_NAV_N
'— R_tristis_Rh22a_PHI_IT
52

R_orghidani_64_PHI_IT
|_| 60 = R_pubescens_Rh16_PHI_IT

R_producta_0301_PHI_IT
R_perplana_48_PHI_IA
[r—F_balcanica_438_VUL_V
R_vuigaris_0101_VUL_V
R_simulatrix_20_VUL_V
R_fasciata_denticulata_67_VUL_
R_relicta_17_2 VUL

4 R gaimeni_15_ VUL v
H0Baimeni_RHO15_VUL_V
R_polonica_0301_VUL_V
R_munda_0101_VUL_V
6

The bad

R 69
ag\e\pomene,SZ,Q,VUL,V
(lusitanica_RH003_VUL_V/

R_arefini_0BJPCAD_171_PHI_IS
R_atrata_Rh28_PHI_IS
R_valuma_RBCAD_0747_PHI_IS

R_depressa_ID_09401_}
R_manistee_08DRCAD_070_PHI_IS
R_sibirica_ID_10103_PHI_IS
R_laevis_0BHMCAD_018_PHI_IS
R_curvata_RHO11_DIV_CC

But there are lots of these!
e~ Can we tell the difference?

R_ebria_90_VUL
yjsor_OFCAD_1488

15
L] h?v\suv,OFCAD,1437
O I R_scissa_0BHMCAD_237_PHI_CS
4 KX — R_scissoides_RH008_PHI_CS
R_pemba_RH006_PHI_CCs
R_lata_RH058_DIV

R_kawamurae_JPCAD_149_DIV
R_coreana_RH029_PHI_CB
R_hirticomnis_25_PHI_PP

R_glareosa_RH005_PHI_IG
— R_bidens_24_PHI_CO
e R_philopotamoides_RH001_PHI_PP

R_brunnea_S_RHYA_Y6_DIV_BB

e R_grandis_RBCAD_0733_DIV_BG
[, F_hyalinata_RBCAD_0738_PHI_IH
144 — R_perda_PKCAD703_PHI_IB

R_vaccua_RBCAD_0751_PHI_IB
R_lobifera_07_17PKS_0747_PHI_|

oo R . RBCAD_0741_is_Ne
Ve R_vaefes_RBCAD_0752_is_Ne

R_retracta_51_NAV_N
R_coloradensis_idahoensis_0726
BObifida_0BOFCAD_1415_NAV_B
R_bifila_RBCAD_0716_PHI_IC
R_tucula_RBCAD_0748_PHI_CA

R_carpenteri_07_17PKS_0631_PHI

R_parantra_07_17PKS_0618_PHI_I| 2 8/5 O
R_vibox_RH035_PHI_IA

)
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_sociatus_AS4

turbidum_Et4

_thomasoni_ET5
callistum_CC6

c _capillatum_CC8
_mimicum_PM§
_bifurcatum_XC3

_lobiferum_NL1

_nama_AN1

Koetonga_clivicola_KC1
{e2 RT2
L
Iguazu | _IF6
HC
Pss
! o Aopsyche_callosa_J6
22 _griseum_MG1
44 _bifidum_PB8
177
1 — X _SC2
Cailloma_pumida_CP3
300 R_rickeri_37_PHI_IV
R_verrula_RBCAD_0759_PHI_IV
_acharai_Ha7?
5 '1 oo Himalopsyche_todina_65_2
¥ Himalopsyche_malenanda_Hm6
100 [ Himalopsyche_larva_AH0181
K larva_AH0131
Himalopsyche_larva_AH0045

Himalopsyche_larva_AH0184
%, Himalopsyche_larva_AH0171
Himalopsyche_larva_AH0006
R_eatoni_59_ie_St
I R_glaberrima_07GSM_0112_VUL
_HMO9Rh42_is_St
_denticulifera_63_2_ie_St
R_stigmatica_Rh19_is_St
R_I i_0102_is_St
R_bonaparti_08HMCAD_026 _is_St
R_carolina_RH052_PHI_CC
3 ledra_07_17PKS_0377_PHI CC
R_fenestra_RBCAD_0727_PHI_CC
R_formosa_07_17PKS_0682_VUL_F
R fuscula_RHO31_VUL_F
h,ﬂ:scu\a,OBDRCAD,OEO,VUL,F
R_ngorpa_66_NAV_N
R_cruciata_RHO18_NAV_N

[ [
R_extensa_RH004_NAV_N
[ R_ristis_Rh22a_PHIIT
52 R_orghidani_64_PHI_IT
|_| 60 = R_pubescens_Rh16_PHI_IT ’

R_producta_0301_PHI_IT
R_perplana_48_PHI_IA
pr——R_balcanica_438_VUL_V

0 = (...PLEASE start looking at support)

R_relicta_17_2 VUL
4 R gaimeni_15_ VUL v
H0Baimeni_RHO15_VUL_V
R_polonica_0301_VUL_V
R_munda_0101_VUL_V
6

The bad

R 69
ﬂe\pomene,sz,z,vugv
lusitanica_RH003_VUL_V

R_arefini_08JPCAD_171_PHI_IS -
R_atrata_Rh28_PHI_IS
R_valuma_RBCAD_0747_PHI_IS

R_depressa_ID_09401_}
R_manistee_08DRCAD_070_PHI_IS
R_sibirica_ID_10103_PHI_IS
R_laevis_0BHMCAD_018_PHI_IS
R_curvata_RHO11_DIV_CC

But there are lots of these!
Can we tell the difference?

Bveala,RHOSZ

Greta OFCAD_1481 VUL

R_ebria_90_VUL

3 B yisor_OFCAD_1488

L] h?é\SDv,OFCAD,1437

O I R_scissa_0BHMCAD_237_PHI_CS
4 KX — R_scissoides_RH008_PHI_CS

R_pemba_RH006_PHI_CCs
R_lata_RH058_DIV

Ev

R_kawamurae_JPCAD_149_DIV
R_coreana_RH029_PHI_CB
R_hirticomnis_25_PHI_PP

R_glareosa_RH005_PHI_IG
— R_bidens_24_PHI_CO
e R_philopotamoides_RH001_PHI_PP

R_brunnea_S_RHYA_Y6_DIV_BB
22 R_grandis_RBCAD_0733_DIV_BG
[ ———— R_hyalinata RBCAD_0738_PHI_IH
144 — R_perda_PKCAD703_PHI_IB
R_vaccua_RBCAD_0751_PHI_IB
R_lobifera_07_17PKS_0747_PHI_I
W R _RBCAD_0741_is_Ne
Vs R_vagfes_RBCAD_0752_is_Ne
R_retracta_51_NAV_N
R_coloradensis_idahoensis_0726
BObifida_0BOFCAD_1415_NAV_B
R_bifila_RBCAD_0716_PHI_IC
R_tucula_RBCAD_0748_PHI_CA

R_carpenteri_07_17PKS_0631_PHI
R_parantra_07_17PKS_0618_PHI_I| 2 8/49

R_vibox_RH035_PHI_IA
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On to transcriptomes

Isolate this
and sequence it

Barcode identification of

Transcriptomes




AllaTwitteroveran | The extragalactic background’s | A cellular target for human
Internet study p. xox uneven glow pp. 00X & X0 NOFOVrUS  pp, XXX & X0

Insect

phylogeny
resolved

Molecular insights into
insect origins and evolution
XXX




“No” to Nonocculata
Tricholepidion with other Zygentoma
Palaeoptera, weakly supported




www.renderosity
com




www.renderosity

There
were
Insects
flying
around the
first
forests!
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www.renderosity
com




www.renderosity
com




All Trichoptera were identified
with barcodes!

No surprises here

=

5

35749




Science

Insect

phylogeny
resolved

Molecular insights into
insect origins and evolution
p. XXX

$10
7 NOVEMBER 2014

ccccccccccccc

AVAAA

Our first publication
used less than 1% of
our data.

There is much

more to come,

with “big data”
setting the backbone
for barcode
phylogenies.
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Hybrid Capture Techniques




Probes are tiled across entire exons

Hybrid Exon Capture

Targeted Exon

i i Intron

Intron

Magnetized Tiled Probes: —
Hybridize to the target exon

Imagine you target 900 exons this way.
Sequence them all in one run...
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My beloved freezer
(good ol’ #5; we’ve been through
a lot together)




It took 20 years, and 200 person years
to collect this...
It is useless for transcriptome work




Perfect for exome capture and barcoding!
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Integripalpia
(Tube case makers)

Step 1: Generate a
phylogeny among families
from transcriptomes
(3500 genes)
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Step 2: Use transcriptomes to design
probes to add compatible targeted
enrichment techniques (900 genes).
You now have a genus level phylogeny
with big data.

..............
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Take one family as an example: Phryganeidae

Yphria californica

Trichostegia minor
Phryganea bipunctata
Beothukus complicatus
© Banksiola crotchi

L Oligotricha striata

—— Agrypnia straminea

10 Agrypnia obsoleta
100 . .
—QAgrypn/a czerskyi

Agrypnia czerskyi

Hagenella apicalis

Oligostomis ocelligera
Eubasilissa machlachlani
Semblis phalaenoides
Semblis melaleuca

cccccccccccc
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100

1004

100

Yphria californica

Trichostegia minor

.|1oo

Phryganea bipunctata

100

100

100

100

0.1

Beothukus complicatus

0 Banksiola crotchi
_:Oligotricha striata

Agrypnia straminea
Agrypnia obsoleta
Agrypnia czerskyi
Agrypnia czerskyi
Hagenella apicalis
Oligostomis ocelligera
Eubasilissa machlachlani

Semblis phalaenoides

Semblis melaleuca

We have 900 genes for all but

one of the genera
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Yphria californica

Trichostegia minor
100

Phryganea bipunctata Step 3: look at one genus; Agrypnia
100
1 Beothukus complicatus for example

- Banksiola crotchi

ol _|: gatricha striata
Agrypnia straminea
Agrypnia obsoleta
Agrypnia czerskyi

Agrypnia czers
Hagenella apicalis

100

|10 Oligostomis ocelligera

100

Eubasilissa machlachlani

100 Semblis phalaenoides

0.1 Semblis melaleuca
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900 genes

100

100

100

0.1

Yphria californica
Trichostegia minor

Phryganea bipunctata

100

Beothukus complicatus

Banksiola crotchi

— Agrypnia straminé

Agrypnia obsoleta
100 . .
—Q’ Agrypnia czerskyi

Agrypnia czerskiy

agenella apicalis

10 Oligostomis ocelligera

100 I-
100
100

Eubasilissa machlachlani

Semblis phalaenoides

Semblis melaleuca

rRNA
—— Agrypnia color#a

Agrypnia picta

& VTS TS
\—WW

- Agrypnia improba
Agrypnia straminea
|Agrypnia straminea

Agrypnia varia

rRNA + COI

Agrypnia macdunnoughi

—— Agrypnia sordida

Agrypnia ulmeri

2 genes

_|Agrypnia ulmeri
Agrypnia czerskyi



Step 4: fill out

Species phylogeny
with barcode data,
anchored by rRNA

Note: Only 5 taxa

are “barcode only”
and these need only
stick where they go in
an otherwise
constrained tree
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Now apply this same
technique to the
other 549

genera
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Thank you! ...please check out www.1kite.org, www.boldsystems.org/, www.tolweb.org/Trichoptera



http://www.1kite.org
http://www.boldsystems.org/
http://www.tolweb.org/Trichoptera

