A Comparison of Mitochondrial Genomes of
Five Species of North Pacific Krill




Intellectual Merit

e Krill are a critical link between producers and
higher trophic levels

* The body of research is growing
— Phenology
— Comparative Physiology
— Reproduction
— Mortality
— Growth Rates

e However, little is known about krill genetics
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Obviously, not a lot of krill sequences in the database.
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Obviously, not a lot of krill sequences in the database.

BUT

This growth has been accompanied by technological improvements
that we can take advantage of.



New Sequencing Tools

DDBJ/EMBL/GenBank database growth

Year

bp entries
130,000,000,000 140,000,000
120,000,000,000 |—| = Nucleotides 130,000,000
110,000,000,000 |— : 120,000,000
100,000,000,000 |— Entries Hy 110,000,000
90,000,000,000 160,000,000
§0,000,000,000 50,000,000
50,000,000
70,000,000,000 26.000°000
£0,000,000,000 B0 000 000
50,000,000,000 =0 000 000
40,000,000,000 40 000 000
30,000,000,000 30,000,000
20,000,000,000 20,000,000
10,000,000,000 10,000,000
o hevesmenmesereeWWITILTTTEITEIRIEITIREIETILIEITACIALITLLD o
B i =R e e = = I S = N T T}
o=-oooc—-9c9oo029-29S3 5000~
Woud M~ o m o o— ooy o T w g g Single
Frr eSS 88EEEE8EE S <
SRR s R R R R MowCule
b I e T o T T Rt T B v Bl N oo T o OV B (R R T 1'[}DU'DDD'DDD-
R I T I T s A B = B =R R
Te T oD EmO O @D D@D WEE DD T D W
* Note : CON division is not counted in statistics of DOy = sequencing
= .
% 10,000,000 Short-read
E SECEUENCETs
5 1,000,000
o
2 100,0000- | : : Microwell
o ! ilia Iencin
L Capillary sequencing OMTOSeQUENcINg
T
E 10,0007
e Gel-based systems ]
s 1,000+ Second-generation
E Aikemtsd capillary sequencer
[s] .
A%, 1009  Manual siah gel First-generation
£ slab gel capillary
10 =
L) I I I ] I I L)
1980 1985 1990 1995 2000 2005 2010 Future




New Sequencing Tools

DDBJ/EMBL/GenBank database growth

bop

130,000,000,000
120,000,000,000
110,000,000,000
100,000,000,000
90,000,000,000
80,000,000,000
70,000,000,000
60,000,000,000
50,000,000,000
40,000,000,000
30,000,000,000
20,000,000,000
10,000,000,000
o

 INNNNRNRENEEE

Rel.24 (1996.01)
- Rel.27 {1996.10)

£
=
o
-+
m
=

Baseline information

Cost of genome sequencing compared with

Moore's law for computers

$ per million DNA bases

Cost of computing
(Moore's law)

L] | L] I ||
1999 2002 04
Source: Broad Institute

T ] i | a

06

Log scale
100,000

10,000
1,000
100

10

1.0

0.1

Single
molecula?

Massively parallel
sequencing

Short-read
SEqUencerns

Microwell

pillary sequencing pyrosequencing

Second-generation
capillary Saquencer

First-generation

capillary

) [V ——

1980

1985

1990

1995

2000 2005 2010 Future

Year




Target Species

Euphausia )
Thysanoessa longipes

Hopcroft/ UAF/CoML/NOAA

T. raschii

T. inermis

Thysanoessa raschii
Hopcroft/UAF/CoML

Hopcroft UAF/CoML/NOAA : £ . ©Phillip Colla/ Oceanlight



Euphausia pacifica

Euphausia pacifica

&% per 1000 m®
PRS- % O non-
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records
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FLinhsusis pecifics (updated by Peterson 2004)

Occupies a diverse set of habitats: In temperatures ranging from:
Cool, eutrophic upwelling regions Sub-Arctic (the Oyashio)

Downwelling region To

Oligotrophic oceanic regions Sub-Tropical (the Kuroshio, Japan Sea,

East China, and Yellow Seas)

Very few invertebrates occupy such a wide variety of ecosystems and habitats



Thysanoessa spp.

Occupies similar habitats as E. pacifica

But, divides the range among several
species

T. spinifera: California Current to Gulf of Alaska

T. inermis/T. raschii: Bering Sea/Arctic Ocean to
Russia

T. longipes: Bering Sea southward to 40°N
(Japan), to 50°N (mid-Pacific & North America)




Starting Point: Mitochondrial DNA

* Characteristics of mitochondrial DNA
— 100s-10,000s of copies per cell
— High mutation rate — \
— “No” recombination
— Haploid e
— Maternally inherited

yiechrome Cuidase
subunits

 Mitochondrial markers as a tool
— Phylogenetics
— Species identification
— Population genetics



Approach and Methodology
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1. Shen et al. E. superba mitogenome

Adapted from Shen et al. 2010. Mol. Biol. Rep.
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Approach and Methodology
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454 Sequencing

Adapted from Shen et al. 2010. Mol. Biol. Rep.



Project Status
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L1 Sequencher - [E superba plus primers]
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Lots of work still to do...



Where are we now?

Ultimately, we seek to answer the question:

What genetic or genomic characteristics distinguish the
cosmopolitan E. pacifica and allow it to populate such a wide
variety of ecosystems and become dominant among the
plankton?



Where are we now?

Ultimately, we seek to answer the question:

What genetic or genomic characteristics distinguish the
cosmopolitan E. pacifica and allow it to populate such a wide
variety of ecosystems and become dominant among the

plankton?

Current Projects: Tool Building
— Mitochondrial Genomes
— Microsatellite Development



Where do we go from here?

1. Population Genetics
—  Euphausia pacifica — North Pacific
— Thysanoessa raschii — North Pacific, Arctic, North Atlantic

2. Reference Transcriptomes
— Approaching the genome
— What genes are expressed?
— How do expressed gene sequences differ?

* E. pacifica
 Thysanoessa spp.

3. Changes in Gene Expression
— What happens with climate change?
— Temperature acclimation experiments

 E. pacifica
e T. spinifera
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