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Establishing a model organism for polar research
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SUMMARY

I. Subject

Establishing a model organism for polar research

II. Objectives and Necessities of the Study

The aim of this proposal is to establish candidate species as a representative polar
model organism. Because most biological research has long relied on a small number of
well-established model organisms, we are aware of limitations to expand our interest,
basic biological knowledge and evolutionary mechanisms of the polar-adapted species

which 1s urgently needed to be studied for the polar research.

ITI. Contents and Scope of the Study

- We collected the Antarctic intertidal copepod near the King Sejong Island durying
summer activity of 2013/2014, moved in to the lab and identified as a potential new
species closely related to Tigriopus kerguelenensis s.l based on the morphological and
molecular characters. Later it was found to be Antarctic new species Tigriopus
kingsejongensis Park and Lee in Park et al (2014) (hereafter referred as to Tigriopus
kingsejongensis).

- Tigriopus kingsejongensis is extremely cold-tolerant and is capable of surviving in
frozen sea-water for several hours, providing a potential for a specialized model on
cold adaptation. The copepod genus Tigriopus is found worldwide in almost every
habitat and well known to be tolerant to various range of environmental fluctuations
such as temperature, salinity, and desiccation as well as UV radiation

- We focused on establishment of solid and reliable culture system in the lab so as
to maintain the healthy living individuals without decreasing of population size. We
carefully selected the prey kind, the optimal culture temperature and light condition
etc.

- With enough samples cultivated through generation to generation, the analysis of
the whole genome and de novo transcriptome will be performed.

- We expect to discover the genes from the genome information that have evolved
rapidly to render the survival ability to copepods in the harsh habitats in Antarctic

tide pool.



IV. Results

- In the culture condition we set up, T. kingsejongensis is reproductively active,
bears multiple broods of eggs and produces much enough of progenies for
experiemntal work.

- we sequenced the genome of a Tigriopus kingsejongenesis using a whole-genome
shotgun strategy and the Illumina Miseq platform. De novo assembly of 203 million
reads from paired-endlibraries and mate paired libraries (Supplementary TableS1)
vieldeda draft assembly (65 foldcoverage) with a total length of 295Mb, and contig
ands caffold N0 sizes of 175 kb and 159.2 kb, respectively. Non-gap sequences
occupy 284.8 Mb (96.4%), and simple sequence repeats (SSR) total 1.2 Mb (0.4%).
Transposable elements (TEs) add up to 6.5 Mb, roughly 2.3% of the assembled
genome

~ Comparison among the four arthropod species (copepod, mosquito, fruit fly and
water flea) identified that 2,063 gene families were shared by the four species.

- The gene ontology (GO) categories showing accelerated evolution in 7.
kingsejongensis were ‘regulation of cellular response to stress’, carbohydrate
metabolism, including ‘glutamate metabolic process, ‘glutamine family amino acid
metabolic pathway and’ cellular amino acid biosynthetic process’ and energy
metabolism such as ‘ATPbinding’ and ‘mitochondrial transport’.

- Among over-representative GO terms, transmembrane transport (GO:0055085) term

are included 4 facilitated trehalose transporter genes.

V. Future Application of the Study

— Taking all the known advantages as an experimental species and ecological and
physiological knowledge accumulated so far in Tigriopus group, 1. kingsejongensis is
valuable subject for comparative genome analysis. There are two sequenced Tigriopus
(T. japonicas and 7T. californicus) and the availability of sequencing data for more
Tigriopus species will lead comparison between inter specific, habitual or
phylogeological differences and will greatly increase our understanding on evolutionary

adaptation of intertidal organisms.
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The Antarctic Chlamydomonas raudensis: an emerging model for cold adaptation of

photosynthesis (Dolhi et al., 2013)
o 454 GS FLXZE o|&83 5= 7% Calanus sinicus®l AAFA] 4 (Ning et al,

2013)

2} 5+ Calanus finmarchicus EST 4] (Lenz et al., 2012)

Hn-z O
O‘-‘T—lT@-‘g-

o Anatarcic krill, Euphausia superba, a model organism to understand the impact
of global warming on the marine Antarctic ecosystem (Meyer. 2010)

o The Antarctic Nematode Plectus murrayi: An Emerging Model to Study Multiple

Stress Survival (Adhikari et al., 2010)
o Biology’'s next top model (From Antarctic icefish to Galapagos finches) (Maher.

2009)
o Cell biology in the Antarctic: studying life in the freezer (Romisch and Matheson,

2003)
o Tale of a sleeping beauty: a new and easily cultured model organism for

experimental studies on bdelloid rotifers (Segers and Shiel., 2005)

o Frog is a new prince of model organism (Vogel. 1999)

o CAREX Conference on life in extreme environments: CAREX Model organisms
07

workshop 2009.
http://www.carex—eu.org/activities/carex—conference—on-life-in—extreme-environme
nts.html

o 10th International congress on Extremophiles 2014.09

http://www.extremophiles2014.ru/
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gt A7 23

o Tigriopus kingsejongensis ¢t ALALE Felstal /A9 714 §lo] Tw3 Hua7]
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- 2014. 2. 249458 2014. 06. 284 7kA] whoF w#LX] 24 A2
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MFEAL Agetgon eEAe /7S A7 Bt UNTIOE Rglth
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2. 3 AAsHA 14

o HlMroZM A WAl T g 93 20149 569, L, At 20 24}
Z AAS A3 722 Genusol FdlT solAol AAF Tigriopus japonicuss A3lQ
Sobe]l AUnke] FRolA APt 5T AeH Aol Tofet= o] &3ttt
o Egg/Nauplius/Copepodit/adult A TA F7]2} Fejabo] vlal 4%t

o At AAFL 0%, F5FE 102 A5 HH AFEE Ao At &
105 ol sfell A Aol =Xy 4% o]gtol A= Fsh&o] "olxu Ri= d5F2 20

E ol M= TS WA B T H= Ao wEEsdth

ro

¥ 1. A8t AN&AF  Tigriopus japonicus® Y= 3% Tigriopus

kingsejongensis wAE9 YAGAY FH (FES5 W)

Nauplii of Tigriopus japonicus (from Dahms et al, 2007) *A: aesthetasc

Nauplii Csaeliggl Anstg?éleule Basi?ntenl;jopod EXOpOdMDEndopod Meslgti{algle
setae setae setae setae
I 1 1-3-4 2 1-1-1-3 1-3° | 3+claw 0
I 1 1-3-4A 8 2-1-1-3 1-3 | 4+claw 1
III 3 1-3-6A 4 2-1-1-3 1-3 | 5+claw ?
v 4 1-3-7A 4 2-1-1-4 1-3 | 5+claw 2
\ 4 1-3-9A 5 3-1-1-3 1-3° | 5+claw 2
VI 4 1-3-13A 0 3-1-1-5| 2-3 | 6+claw 3

Nauplii of Antarctic Tigriopus kingsejongensis Park and Lee in Park et al (2014)
(observed by I1-Hoi Lee)

Nauplii Csegg;lgl Anstggeule BasisAntenI;jopod Exollj\g?lndgjrizopod Mgé{&lgle
setae setae setae setae

I 1 0-3-2A 3 1-2-3 1-3 | 4+claw 0
I

i 3 0-3-6A 4 3-1-1-3 | 2-3 | 6+claw 1
v 4 0-3-7A 4 3-1-1-3| 2-3 | 6+calw 2
Vv 4 0-3-9A 4 3-1-1-3| 2-3 | 6+claw 2
VI 4+1 0-3-12A 4 3-1-1-3 | 2-3 |6+claw 3

_16_



Observed samples

_— _ .
53} Nauplii Copepodids A oA |
A =} I I m [ 1v | v VI |1 I ar (1v | v | VI
>1
5.7 1
0
5.3 10 X
4.30 3 1 3 ZyZy 170 A
4.26 3 5 X
4.18 4
4.10 2 4
4.5 1 3 2z} 170 A
3.31 2
oe 27t NVI 6
3.27 5 1 ' m
A A9
>1
3.21 1
0

C = 1 1 5 1
Al
— Angennule®] AR FATAE, $EE de T Fash 3 ]‘ﬂtﬂ Aok A

yuklel A 2 T japonicus®t F=r & T. kingsejongensisv ©] 73R4 =}o]

7F st
- Nauplius IolA] HAA-AHA viv)e ZFR$E FIF9 49 0, 3, 2+aesthetascel d],

A&t T japonicusl A= 1, 3, 402 7|55
- g F AAY antennule THA wit]7l Sold HEjolw, FW W5 T Tigriopus

P1¢] basis
o7 #EHQo P22 endopod 2WH A

kerguelenensis ©l| W34 %

ARt kg 2 A= 3JEx).

3. A4 4

o = A&t 2% s Gentra Puregene Blood kit(Qiagen)= ©]-83l total gDNAES
F%3% 5 paired end library-£ 2 & 300, 350, 400, 450, 500 bp, mate pair library-£ 2
2 3, 8kb 5 F 7EFY gelB g E ALs A

o WAGAY 7} 87, 259 7} 4] AEolH RNAZE FE3e 7 dAkA] gleolBE g s
A 2kl Atk
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- total gDNAE 2F 500 - 600bp Zol& A& thg dHE9 4 &9 AdaptorgE €9
ZolBElglE THE ¥ 300 x 300 & MiSeqs Tl g714ES BAgn ojAE
(jﬂ“:

22 ¢l A fastg_quality_trimmerS AF-g3to] AlF

L
i
flo
>,
fil

il

=
tlo
2
u)
_OL
e
v

— Celera assebler (v.8) (Myers et a., 2000), fastqToCA#Z}l+= ScriptE® A3
annotation < MAKER, SNAP software, RepeatMasker, BLASTn, tBLASTYX,
TopHat52, Cufflinksb3 &< ©]-&38}53th

3E 2. Statistics of genome assembly of 1. kingsejongensis

Celera assembler (Version :8.0)

Scaftfold Total scaffold length (bases) 295,233,602
Gap size (bases) 10,474,460
Scaffolds (n) 11,558
NS50 scaffold length (bases) 159,218
Max scaffold length (bases) 3,401,446
Contig Total contig length (bases) 305,712,242
Contigs (n) 18,368
NS0 contig length (bases) 17.566
Max contig length (bases) 349,507
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Sa mple preparation 1) Developmental stages

eEES nauplius copepodite adult

Target species: T. kingsejongensis
Reference species: T. japonicus

2) Temperatures conditions: -2C, 0C, 4C, 15C

v

DNA Sequencing RNA
350bp X 2 c — 350bp X 2
R 400bp X 1 g, lllumina Miseq — 400bp X 1
aired en 450bp X 2 120.7X aired en 450bp X 2
soobpx1 | (64-7X) 500bp X 1
3kb X 4 Ntds.
i 9
Mate-pair 8kbX3 37X10
A 4
Quality trimming v
Fastqtrimmier De novo assembly
De novo assembly Oases

!

RNAseq analysis

Cuffdiff
T

Celera assembler 8.0

» Gene prediction [+

Maker pipeline

!

Annotation

Blast
Blast2GO

19 5. Genome sequencing, assembly and annotation pipeline
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Our data

Ensemble DB

Orthologs T. kingsejongensis 1 7 arthropods species
3 S 5 2 vertebrates species
Search T. japonicus Ide ntnf\.y orthologous 1 netuktodaspecies
coding genes coding sequences
OrthoMCL removed splice variants
A
Multiple codon alignment
Prank
Remove unaligned regions
Gblock
5
Selection Analysis
PAML Codeml
Positive
Selaction Model 1 Model 2 — Model 3
Basic Model Branch Model Branch-site Model
)
Statistical Filtering

Likelihood Ratio Test
False Discovery Rates
Bayes Empirical Bayes

Le

!

Enrichment test

DAVID database
GO terms/KEGG pathway

(Drosophila gene ID

1% 6. Gene families and Positive selection analysis workflow

_20_




3% 3. Statistics for each DNA library of T. kingsejongensis

Library

Paired-end

Mate-Paired

Total
Coverage (folds)*

Reads(n)
Ave length

Sum 99,710,266
350 6,661,302
35052 4,933,058
400 65,668,598
450 3,418,988
45052 8,009,162
500 11,019,068
Sum 103,373,998
3K51 8,374,238
3Ks2 9,250,994
3Ks53 51,348,594
3Ks4 3,063,232
BKS1 9,847,636
BKS2 16,322,038
BKS3 5,166,266

203,084,264

300
265
300

245
289

75
75
75
75
75
75
75

Sequencesbp) (n)

29,271,916,613
2,005,078,992
1,311,700,122
18,766,247,098
1,029,115,388
1,958,652,020
3,191,122,003
7,753,049,850
628,067,850
£03,824,550
3,851,219,550
229,742,400
738,572,700
1,224,152,850
387,469,950
37,024,966,463
1207

Reads
{trimmedj) (n) Ave.length
65,644,374
4,446,394 233
4,618,711 211
36,863,154 228
2,812,455 230
7,660,814 199
9,242,846 226
73,515,391
6,745,546 73
5,281,513 65
39,147,167 72
1,740,986 65
7,887,612 73
9,653,293 65
3,059,274 65
139,159,765

Sequences (trim
med) (n)

14,668,956,871
1,034,231,244
975,471,763
8,397,426,481
646,302,159
1,527,566,312
2,087,958,911
5,169,006,268
493,099,413
344 618,723
2,816,638,666
112,554,745
572,246,251
530,842,698
199,005,774
19,837,963,139
64.7

3f 4. Sequencing statistics of transcriptome analysis of each organ of 7.

kingsejongensis
Adult
IlluminaMiSeq Total reads (n) 13937 140
Total bases (n) 1,044,535,500
Trimmed reads
{n) 13,917,242
Trimmed bases
(n) 1,029,875,908
Mam-4
IluminaMiSeq Total reads (n) 8100012
(RNAseq) Total bases (n) 1.830.502,712
Trimmed reads
(n) 7,597,004

Trimmed bases

(n} 1,413,042 744

1,294 837 908

- 21

1348146414

Ezp Naupluis Copepodite
11474334 11,117,114 9,324,280
860,575,050 833,783,550 699,321,000
11,389,352 11,077,234 9,124,763
820,033,344 808,638,082 675,232,462

Mom-15 Tot-4 Tot-15

7,577,612 7,686,106 8,839,460
1,712,540,312 1,737,059,955 2,050,754,720
7,114,494 7,248,099 8,274,019

1538967534
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3 5. Sequencing statistics of transcriptome analysis of each organ of Tigriopus

japonicus
Mom-4 Mom-15 Tot-4 Tot-15
lluminaMiSeq  Totalreads (n] 5,968,132 12,934,070 9,447,282 9,606,676
(RNAseq) Total bases (n] 1,372,670,360 2,522,143,650 1,936,692,810 1,882,908,496
Trimmed reads
(n) 5,565,031 12,166,279 8,862,566 8,983,760
Irimmed bases
{n) 1,035,095,766 1,983,103,477 1,506,636,220 1,464,352,880

32 6. Assembly results of transcriptome

analysis of each organ of 7Tigrious

japonicus

contigs (n) 40,172
Total contiglength (bases) 28,850,726
M50 contig length [bases) 1,093
Max scaffold length (bases) 23,942
With Blast Results 20392
Without Blast Hits 7090
With Mapping Results 8172
Annotated Sequences 4518
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Acyrthosiphon pisum
Saccoglossus kowalevskii

Masonia vitripannis

Microplitis demolitor

Branchiostoma floridae

trongylocentratus purpuratus

Aplysia californica

Megachile rotundata
Tigriopus japonicus

Campaonotus floridanus

htheirus salmonis
olium castaneum

Lottia gigantea

Capitella teleta

Diaphorina citri

Crassostrea gigas

Inodes scapularis

Caligus clemensi
Bombyx mori

Aedes aegypti

Cerapachys biroi

Escherichia coli
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Orhers |

19 11. Tigriopus japonicus GOEA(12)3} Blast top-hits F+42F 5
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Egg Nauplius

Adult "\ Copepodite

19 12. Tigriopus kingsejongensis WA TA Eo] FAXE w3
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Daphnia

Drosophila

1% 13. Venn diagram of the shared gene families. Comparison among the four
arthropod species (copepod, mosquito, fruit fly and water flea) identified that
2,063 gene families were shared by the four species. T. kingsejongenesis shares
4562 (73.5%) gene families with Daphnia pulex the most which belong to the
same Crustacean lineage. The 7. kingsejongensis specific gene families were
1,028 and significantly enriched in ATPase activity (8 genes; P < 0.01) and

active transmembrane transporter activity (12 genes; P < 0.01).
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Cellular process G0:0005811 lipid particle 7 9.9
Biological Process GO:0006091 generation of precursor metabolites and energy 6 8.5
Biological Process GO:0006091 generation of precursor metabolites and energy 6 8.5
Molecular Function G0:0022890 inorganic cation transmembrane transporter activity 5 7.0
Cellular process G0:0044455 mitochondrial membrane part 5 7.0
Biological Process G0:0032268 regulation of cellular protein metabolic process 5 7.0
Biological Process GO:0006119 oxidative phosphorylation 5 7.0
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Molecular Function GO:0015077 monovalent inorganic cation transmembrane transporter activity 4 5.6
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Molecular Function G0:0004386 helicase activity 4 5.6
Biological Process GO0:0010608 posttranscriptional regulation of gene expression 4 5.6
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Glycogen Trehalose

N

Glucose

<—<7—D Pentose and glucuronate interconversions
Purine/pyrimidine metabolism

uidA - beta-glucuronidase

RPB11 - DNA-directed RNA polymerase II subunit Pyruvate
ndk - nucleoside-diphosphate kinase

Glycerolphospholipid metabolism | * Acetyl-Coh

CHK- choline/ethanolamine kinase

Citrate
Malate
Oxidative phosphorylation
Fumarate -
aketoglutarate ATPSA1 - F-type H+-transporting ATPase subunit alpha
= UQCRC1 - ubiquinol-cytochrome ¢ reductase core protein [
ETFA - electron transfer flavoprotein alpha subunit
s _ Succinate . ATPase
— i e m v
wQ'?
Succinate

Cytochrome ¢ Cytochrome ¢

dehydrogenase reductase oxidase

% 15, A total of six enzyme coding genes were PSG involved in
metabolic pathways.
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