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Karl Kjer, UC Davis, 

Dept. of Entomology and Nematology

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?

http://r4dreview.org/wp-content/uploads/2010/04/beed-2-12-months-of-samples-received-by-iita-biodiversity-centre-georg-goergen.jpg
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We have 2000 times this, from over 4,500 Trichoptera species.
And the interesting one is…
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Here. Lype diversa
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Are these 2 different species?
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Are these 2 different species?

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

Maybe…what about these?

We need more information than barcodes can provide

We have BINs and MOTUs (which are great, and 

useful). Are they species?
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Lype diversa
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4%

12%

8%

2%

Are there 
1, 2, 3, 4, or 5
species?

Ross noticed this back in ’44
Banks must have noticed it in ‘14
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4%

12%

8%

2%

Are there 
1, 2, 3, 4, or 5
species?

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.

4%

12%

8%

2%

Are there 
1, 2, 3, 4, or 5
species?

Genetic clusters that 
correspond to fixed 

morphological differences, 
combined with geography

= New species
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Harvey, Geraci, Robinson, 
Morse, Kjer, Zhou, 2012 
Terr. Arth. Rev.

We see this all the time
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Opportunity:
If we can associate distinct BINs with fixed 
morphological characters, we can increase 
confidence in species delineation and 
accelerate formal species description.

It is hard to distinguish between
inter-species and intra-species variation

Challenge:
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The database
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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
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Xin and I talk about 
China

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

UMSP,
NMNH

✔
✔
✔
✔
✔

✔
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Here is how 
we did it...
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Make it easy for collaborators, 
and partner with them on 
projects

5M Guanidine 
thiocyanate (GIT)
Sigma G6639
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The database is huge, international, and 
past a critical tipping point. (it’s useful)

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

…more later
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• 3,310 COI barcodes (adults + larvae)
• 2/3 larval caddisflies from Churchill 

now identifiable

Ruiter, Boyle, Zhou*. 2013. BMC Ecology

Useful for Identification: 
Many applications for larval associations
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The database is useful for phylogeny: Add 
another gene for a species-level phylogeny

Kjer et al., 2014



COI 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.

COI, by itself, especially when analyzed with NJ
is at best, an interesting hypothesis.
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The Trichoptera tree of life
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45,000 barcodes from all 
families



We want to 
complete the 
Trichoptera “tree 
of life”

Strategy:
Fix nodes with 
other data, and 
then fill out the 
terminal taxa with 
COI

Can we do this?
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Example: Here is a well supported
Trichoptera tree
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So, how many of you were thinking to 
yourselves…
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WHERE ARE THE 
ECHINODERMS?!?!?
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No?    Why not?
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Because we are confident 
with these 2 nodes
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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
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This could work
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Look at yellow dots

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

22/49
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Trees with barcodes



23/49

Trees with barcodes
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Trees with barcodes

Xiphocentroni
dae

Psychomyiidae-
Psychomyiinae

Psychomyiidae-Tinodinae
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Genus Chimarra:

Largest in Trichoptera with ~750 species

BugGuide.net Photo by Ken

The “little black ones”
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Which one will dominate a combined analysis?
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Combined: Judged by morphology, this is a great tree!
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Barcode captures a lot!
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But favors the tips
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RNA gets almost everything
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...and provides a backbone
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How about Rhyacophila?

700 + species

Second only to Chimarra
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But there are lots of these!
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But there are lots of these!
Can we tell the difference?



28/49

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

If so, then this is useful
(…PLEASE start looking at support)
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Barcode identification of
Transcriptomes

On to transcriptomes
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Basal Hexapoda

“No” to Nonocculata
Tricholepidion with other Zygentoma
Palaeoptera, weakly supported
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www.renderosity
.com
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www.renderosity
.com

There 
were
insects 
flying 
around the 
first 
forests!
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Amphiesmenoptera

No surprises here

All Trichoptera were identified
with barcodes!
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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
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Probes are tiled across entire exons

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) 
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It took 20 years, and 200 person years
to collect this...

It is useless for transcriptome work 
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Perfect for exome capture and barcoding!
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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

Limnephiloidea
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We have 900 genes for all but 
one of the genera
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Step 3: look at one genus;  Agrypnia
for example
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Agrypnia colorata  

Agrypnia defla
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Agrypnia picta  

Agrypnia macdunnoughi 

Agrypnia sordida  

Agrypnia improba 

Agrypnia straminea  

Agrypnia straminea  

Agrypnia varia  

Agrypnia ulmeri  

Agrypnia ulmeri  

 
rRNA

Agrypnia czerskyi  

rRNA + COI

900 genes

2 genes
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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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Merhdad Hajibabael and the organizers
for inviting me!
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Explain BiodiversityThank 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

