A Mechanistic study on Multi-Abiotic Stresses

Tolerance and Adaptation in Antarctic Invertebrates
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SUMMARY

|. Title

A Mechanistic study on Multi-Abiotic Stresses Tolerance and Adaptation in

Antarctic Invertebrates

Il. Purpose and Necessity of R&D

The major goal of the study is to provide the integrated understanding about the
defense and adaptation responses of Antarctic invertebrates exposed to multiple
environmental stresses (temperature, UV, toxicants, etc.) through analysis of the
physiological responses, genomic and epigenomic changes. By using key signatures
and mechanisms of action to maintain the health of Antarctic invertebrates
exposed to climate change and marine environmental pollution, we  propose
environmental control strategies and discover new molecules involved in stress

defense mechanisms.

IIl. Contents and Extent of R&D

1. Acquisition of Antarctic Invertebrates and analysis of transcriptomic Profiles for

Multiple Environmental Stresses

2. Study on interaction between multiple environmental stresses and stress

defense/adaptation mechanism related genes

3. Derivation of extinct stress defense mechanisms and key signatures through

comparative research with non-polar species

IV. R&D Results

1. Acquisition of Antarctic Invertebrates and analysis of transcriptomic Profiles for

Multiple Environmental Stresses

- 2 species of Antarctic rotifers and 2 species of Antarctic copepods

- Analysis of physiological responses under single environmental stress conditions
- Analysis of transcriptomic profile of rotifers and copepods under thermal stress

2. Study on interaction between multiple environmental stresses and stress



defense/adaptation mechanism related genes

- Analysis of Physiological Responses under multi-stressor (Temperature + 3

Toxicants) and Hazard rating
- List of genes related to epigenomics of Antarctic rotifers and copepods

3. Derivation of extinct stress defense mechanisms and key signatures through

comparative research with non-polar species

V. Application Plans of R&D Results

When climate change and other environmental stresses are exposed, the
possibility of protection and adaptation of Antarctic invertebrates can be inspected

in advance, suggesting management plan for Antarctic environmental protection.
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Tissues E groups Hazard Q (HQ) Class of Hazard Level

Digestive glands cd 89 Moderate ? T\

Digestive glands Ac 7.99 Slight /@ \

Digestive glands w 592 Slight O{‘\

Digestive glands ActCd 8.62 Moderate @"\
[ B

Digestive glands w+Cd 6.13 Moderate / § \
[

Digestive glands W+AC 19 Slight /Q - ‘\

Digestive glands W+ActCd 55 Moderate /@\
L

19 1. Weight of Evidence (WOE) classification of biomarkers data, in scallops
exposed to different laboratory conditions. The quantitative Hazard Quotients (HQ)
and the assigned classes of hazard are given.
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O st FHFFEEY ExFHZ haploid Genome size
www.genomesize.com)E R, AFH9] genome size’} 3

R =
Size7} ZARE AL AAA TLF AL ¢ & AL w3 4

L
FN
>
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—
m

Antarctic whelkSy 23 A Q1 Sterechinus neumayeri ©)92] = F3F5F
genome size 4 A7t BA deS & F U5 FH 2EHGE
A D FAAFAA F4L iA1= Genome size’}

A7E FAFLA F9L-

% 1. 3 3%FEE < haploid Genome size

Taxonomy (Z/%) Species Genome size (pg)
Mollusca/ Gastropoda Antarctic whelk 5.88
Echinodermata/ Echinoidea/sea urchin Sterechinus neumayeri 0.69
Rotifer/Bdelloidea Habrotrocha constricta 0.50
Arthropoda/ Copepoda Acanthocyclops robustus 0.75
Arthropoda/ Branchiopoda Daphniopsis ephemeralis 0.28
Arthropoda/ Branchiopoda Branchinecta paludosa 2.71
Tardigrada/ Heterotardigrada Pseudechiniscus juanitae 0.60

O Genome size7} #2 /WA E F4 22 whole genome sequencing®] ©]H A
SO} obF B AEo] HIAEHA FS AASolBHE FF olF AT &&
VS =ol7] e A EA4e] o5, o] A A A" AE
Z 9] whole genome ARl thal s EaA AFE I JRete] Al Fukol A
of &&=,

O AAZ FALIER 2EY 2 s G5 A FHFTEY AAMA F39
BA Atdle B2x 2oy 3 4 F PCB, PFOS, PFOA x=¢] w2 amphipod
°l Gondogeneia antarctical 9] ZAALAE EASIe] wpo]owpAR &8 715

St FAAE EEeAw (Kang et al (2015)).
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Stage placed  Level of pHBCO,, tested and level Temperatures twsted and lovel with Coamibined effects of warmitig +
Pliylum, spacies in treatments  with significnt effects on divelopmant significant eflects an development acdfication Reference
Arthopods
Amihbatnug Juvendey C B087388: E 724000-7 811120, C WCE T Incmaed el WD Pansch et ol (2013}
it enhanced growth & T8 wasker arength a1 4°C
shaleton 21 74
Elminbis madeshs Juviniles C 796413, B 770076, decrease in CIWCEIFCND KD Findiay 1 ol (2010a)
growthat 77
Hya araoust Tom CBAIR0 B 73000-7 8710 mermsed C TG E 9-15°C desrened B4 fow pH nasrows rangs of thama ‘Waither & al (2010,
develapmental time and amaller brvae developmental time and nemased igherance i)
it 73 cakeification at FC
Panclalug hoveally Larvas C B30 B TATIE nemaad C &7C E 95°C favier dovalapment, WD Ambarg ot al [2013)
daveiapmental ime &t 76 nermsed metabole rale, @nd m
duced mirvval at $5°C
Samibalnus Juviniles C BOSI0 E TTA00, decrease In CIFCEFTND 4 pud caicfication and survhal  Findiay o4 ol 20108,
belanaies growthar 77 W0y

A

:If and axpedmantal |E! tregtmit are indiatad Strediar vkl with 4 i beant defstedout dfoctd ars stated 5H wad datarmined ai QHNiST W s,al':..'r_n-l‘. i achon,

o wIMing & § 1ol dinessor on mvertebrate He hstones am reviewad by Byre (2011, 20104
"This tody alio included Fght (Rl spectrum, Uhblocked, dark) 1 o stressor in & thresway Bietorial design

b
Thid tudy contaned enly deseriptive stitstics wnd no aignificant efects could this be detemnined

O B Il “FARAA 101 ZRAE: FANE A A8 24 2 B8 7
%79 ATEBEE FALE GAAY 54 P4 FA 4§ fAANS 02
S Ao AYNE F A UE AR B A8 54 39 2ok
2% 942 98l ¥ AedAs AAstel AT FARLA A E

O FAHY FA AYS B AANA AT HE AR 100F F 9T AN 73
FERS YAOR 0F BALEALE HAA 2 FARAA FEoA B
sl B4HL 1% % B KA /)5S FHFL o] FRES B AA
A BEgstel 34 A4 MBS SEQ 37 A3 P Nm BARL, o
ol 44 A7 AT AS F2HE W FLF ARE ATY Y

_14_

ND defaerions affaet



=l
I\l

oK

040

=
1o

4

il

T

o

[

K0

H 3

‘A
i
v
N
X
H
<]

Jrm—

WA TR

=1
=

A

SERVES

A A5

soll Tl A

sk H 9l
ok A Fuo gold F2 A

Q)
=

mj

B

wK

A7 WY 2 47 2

1},

O Y= King Geroge Island®] King Sejong Station =l A

%

& = copepoda(

rotifera(& %)<+

Philodina

)

2

ERR

F71H 0w

1223

of tH

< o

gregariadt 8.7V w71 Boeckella popper

T
o
o
ang

AL
00

wK

A

al

=
[}

Q)
=

(7} Rotifer (&£57) &

ol

D Rotifer (

—~
fite)

pig

ol
il
Mo

)

¥ Rotifer2 F74 =

o]
PR

£ o]

tao 1 23, o#FEol

5

TP E FAL

o)
o

(149 3).
@ Rotifer (&

No

%l
3+ th(Alejandro

Universal genel =
™

95
= A

J)

—~
file)

w) R

v oA

Nae g

g

Aol A

=
T

71

o]0
=

A
Velasco-Castrillon et al., 2014)(& 3).

A} primer

_15_



(A) (B)

I9 3. @dFo= 294 2579 Rotifer $59 dv3 &2

oy

E 3. Rotifer (&% F) FEHA A& 3 Universal gene®] sequence A €

Primer name Primer Sequence
LCO1490 5'-ggtcaacaaatcataaagatattgg-3'
HC02198 5'-taaacttcagggtgaccaaaaaatca-3'

@ Rotifer (FZF) A 2H  FTEAS AY3t7] At Fd A=5(A)% (B)
wobolgl Gduoke A TE HEo M DNAS 333 5 EmeraldAmp
PCR Master Mix (TaKaRa)E ©]&3t] DNA % COI gene°l sl T3stes FE<
SEHeFA L™ 1% agarose geldl A719ES skl sl DNAS qualitys &<l
A Y. F ¥  LaboPass PCR kit (COSMO GENETECH Co, LTd,)& ©°]&3}
o PCR productol] ™ 3}ed purificationS 2133+ ¥ sequencing= %3 3} o}

_L4

@ Rotifer (&%) BLAST 74 Z3} : NCBI BLASTE o]&3lad 7zt F 79
sequenceXl €= ARt HLEAEAT dIHE AT MEE EF Bdelloid
rotifer2 gA=JOom, o AT FAHEE S F ok AZ9 o5 £
il S 8t plate?] well 91A19 wak Al, A2, B3, C1, C2, D2, D32 %4
dom, A @JJr 1'12 ¥ste] sequence M Ee FAMRAEE skt
BLAST Ax A3}, F 21709 vl FollA HCO2198¢ LCO1490 EFl A 94%
ole] & %/\}4473: H AL v & 4% Zth Al B3, Cle O1¥ 3
(Aol s FstH, D29 D3= 1™ 3 (B)dll slFates AEF ol
BLAST #4723, 19 3 (A9 B)7F & FUAAE FA3st7] faiA 72 1
FHEE 111 2 9xg AFds orde #F 52 JEATh wwer A
HCO2198¢F LCO1490 EFoA Ay oz vre 90-95% AL fAIEE B4
o ARE THHCE Es W, I¥ 3 (A% Bl dTFee T2 AE O
2 Fog oAEojTh
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¥ 4. Rotifer (% %) BLAST A4 A3} F sequence AEY FAZE =& AEF
Query Subject Query Subject
corel214bits(657) Scorel203bits(651)
Expect0.0 Expect0.0
A 12‘11;8CO B?’Z‘Sgo Identities671/677(99%) B?’Z‘llggo € 12'1138CO Identities661/665(99%)
Gaps4/677(0%) Gaps4/665(0%)
StrandPlus/Plus StrandPlus/Plus
Scorel136bits(615) Scorel158bits(627)
Expect0.0 Expect0.0
Allzlggo B31:1];)go Identities676/703(96%) B3;1L§gOI ¢ 1121380 Identities642/649(99%)
Gaps13/703(1%) Gaps2/649(0%)
StrandPlus/Plus StrandPlus/Minus
Scorel216bits(658) Scorel201bits(650)
Expect0.0 Expect0.0
Alz'lglgo € 12_113;30 Identities663/665(99%) Dzz'llggo D?é'llggo Identities655/657(99%)
Gaps2/665(0%) Gaps1/657(0%)
StrandPlus/Plus StrandPlus/Plus
Scorel136bits(615) Scorel090bits(590)
Expect0.0 Expect0.0
Allzlggo CII;BSO Identities671/695(97%) DZIZIB(SO D?;;lggo Identities690/732(94%)
Gaps15/695(2%) Gaps32/732(4%)
StrandPlus/Plus StrandPlus/Plus
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¥ 5. Rotifer (% %) BLAST 248 A3} F sequence AEY FAZEZ @& AEF
Query Subject Query Subject
Scorel062bits(575) Scorel048bits(567)
Expect0.0 Expect0.0
AlZ_II;)IBCO DZZ‘II;SCO Identities643/676(95%) A12'II;8CO D?é‘llggo Identities627/657(95%)
Gaps3/676(0%) Gaps0/657(0%)
StrandPlus/Plus StrandPlus/Plus
Score894bits(484) Score965bits(522)
Expect0.0 Expect0.0
Alzlggm Dziégm Identities648/722(90%) | 2! ;f;go ! D3;1]5801 Identities638,/694(92%)
Gaps32/722(4%) Gaps 7/694(1%)
StrandPlus/Plus Strand Plus/Plus
Score1040bits(563) Scorel044bits(565)
Expect0.0 Expect0.0
B?’Z‘llggo D22_IIS-)ISCO Identities649/690(94%) B?;_II;;IO D32_II;§O Identities632/665(95%)
Gaps8/690(1%) Gaps2/665(0%)
StrandPlus/Plus StrandPlus/Plus
Score881bits(477) Scorel024bits(554)
Expect0.0 Expect0.0
B3;1L9(030 L DZ;];)(O:O ! Identities604/661(91%) £ ;ngo L D3:1]5§O L Identities653/700(93%)
Gaps26/661(3%) Gaps10/700(1%)
StrandPlus/Plus StrandPlus/Plus
Score1038bits(562) Scorel040bits(563)
Expect0.0 Expect0.0
€ 12'1138CO DZZ_II;;IO Identities625/656(95%) € 12_113800 D32_II;§O Identities626/657(95%)
Gaps2/656(0%) Gaps1/657(0%)
StrandPlus/Plus StrandPlus/Plus
Score896bits(485) Scorel007bits(545)
Expect0.0 Expect0.0
CIZIBSOI DZ::;SOI Identities606,/660(92%) ¢l :12801 D3:1]5801 Identities645/692(93%)
Gaps26/660(3%) Gaps11/692(1%)
StrandPlus/Plus StrandPlus/Plus
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(W) Copepod(2.7t57) ddF A 2 wj¢f Wy g4

@ Copepod(8.7+7) ©AF AW @ A7 S ol &5t FH3 54 Hofgo=
A Copepod® FAH = TES AL, olEs @Y Bﬁooké}oq A= B
oF 9 AT EAS FriHoR AT I A 157 MAE R
A (OF 4), o] =& FEHOE Tigriopus kingsejonensist ™5 Ak
e gl =

(A) (B) (€)

19 4. g&4¥

ofN

o2 %% Copepod BEFTY EF (A, B)F ¢FHYEIARE)E A
mature femaled 2 %(C)

(ch 3 A2 ZEssh 2zbsel w

It

4

O ZE A 977 wjYgwy] g7 @ @ ZE 9 8 g
NaCl 100 mg, KCl 4 mg, CaCl, 6 mgS ¥o] AX3A

< AF SFYgE ol IS 35 psuR ‘;‘—Zr o]

o
-
o[N
=l
RN
=2

:Cl>l£
I

%
03

<
>
c
=1
o
o,
Q
<
(@)
il
f
o)
—
[\
—
@
=
il )
[S—y
al
S A
rfo

2=

A2 EHAES AYs wgd e ZA] BE o
0.22 um filter system(Corning, USA)E o] &3to] o
ko) sl4= 15Ud 19 pore size 200 pm, 40 um sieve
, Korea)¢} 100 gm nylon meshE& ©| &3t AES A#A AN
AFF 87T w ol AHEE ol EEE GotFotdla A FY

dgl2 Aleslgon, Fo we WA ZEda =2AL 100
= v o] 200 m¢ plant petri dish (SPL, Korea) 715 20 m%
Fol HEE Foadrh. 2HH % 27479 Mg 2 AASEAS

g

it @ off o fo
0,

ro
mw o

o ™o e oy
H—hrﬁl%ﬁ‘i_ﬂd

~

I
ol
M

Boro b o (M 2 £ kI oo

2
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E6 34 2HW L 2247 Y 2 ALZA

a4
zA
2E|H (S=) 2ZF (i)
Temperature 10+1C 10+1°C
Salinity - 35 psu
Photoperiod 16:8 h (Light:Dark) 16:8 h (Light:Dark)
Intensity of light 120 lux 120 lux
Culture chamber volume 200 ml 1000 ml
Culture solution volume 100 ml 800 ml
Renewal period 7 day 7 day
Feeding chlorella sp. chlorella sp.
2. 4% BH2EH2: =5 22 R A2d ¥
At E
O WF RHFYEZ A & JE UF BH2EA2 W FF L =F =
AL AAsA olE gt =& WHS dYelr] fste 1S9 A U &
AZALE 3te], AP AANA OAJT F e B 5 $FHEEHGE 24
AAedh =3 =& AFdA 7MY 83 2 2EHE 2ES 98 HH
ol Wi 22 & SHII =
. d7F 3 2 97 23
(1) ZEEHe 8775 Y2 /i 8 2EH X 5 27 &4

ro
b
[
[m
rs)
[
FN
L
Y
rlo
[
a
<
wm
N
Yy
-
(@)
@
<
wn
&
rfo
S
(@)
d

O A9 2E#HZX~ ZF#A:  Ph, perfluorooctane  sulfonate(PFOS) 4
perfluorooctanoic acid(PFOA) (A& Aol hexachlorobenzenes “=A|7]7|&
Ao} sl thet LIt Yol =2 4AF Aol ofH Y F= AEIA A

229 0990w 7852 PFOSE oy 54902 W3R
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(3) FA ZEse 22Fe 44 LE 24 &
b FA 2Ese A4 ex =4 49

O A ZEHE Aoz FH3ZF 29 10T 15ToA mSFA S 7fA4 He}
= S48 Ao

O 10TCel =3 7F, 208l A#3 AAFE A7 AFHo s F7hste= A
< #FFT F Ao, 15ToNAE 10€e] A3st ARFEH MAF 77 4
Wl AZERoH, 1Y o|F AT FI7HEE 15ToA 2ujold =3kt
Id" 39 B siFete 2 Fol (A)ES 10T 15TAA o = st
= As #FL F A (O™ b). olF T3 AT FH HHOE HHE
£ 15CE WA wgetdot F714¢ 2EH S 25 432 87l 7
St A G FHIL o] F A RA] kol AG=E ARG ZEH g 2EH A
Z AT & AFdA A Qs .
(@ (b)

Rotifer 10°C Rotifer 15°C

n
=]

-]

o

(A
- (B)

'S
=
L

Population (ind.)
Population (ind.)

[X]
[=]
i

T T 1
0 10 20 30 40

Culture time (day) Culture time (day)

I 5. 9dFer Y9 EHAHY 25 2 ©E 42 AF Fte
(a) 10TCAA wiFst 5 (b) 15THA wlF F 5

(W) FA 87479 HA 2= =24 &9
O 10T ¥ 15C F =M 277/ ey el fAS SUHE S
A %7, AS seeding S w2
7HZ T ’\—ff*o 1795 fA8 = AL #FS F JdT (A" 6). L4F+=
Aol i o1 2 seedingr AEE A= AAS FrHeor & A

=R

o= 2

N | ™
w
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@ (b)

Copepod 10°C
15+

Copepod 15°C

- 1 151 - 1
— - 2 - 2
E 104 vo—o—o—o—o—c\_. - 3 104 - 3
% v‘\\-H—O-H
a 6
: o
P
0 5 10 15 20 0 . T T 1
0 5 10 15 20
Culture time (day)
Culture time (day)
I8 6. 9¢dxo 2 Bad 27479 2% 244 g 4 AANF 718
(a) 10ColA w3 A (b) 15T A wlgF3 35
A 2 A E AP AEFGA 249 A W3} 2
1. FA 874F dA /8 84 2EF A 59 OE AFF Hs AF
i e R
O 2%, 544 (&, PFOS ¥ PFOA), UV 4ol ul& Fx 2779 F9A48&
1 AELS EAFoEN A 34 AEHA ZHAAY GFgS gopea A
3=
D 2 2EH A 24 2Cvs 10Cvs 20CE A A
@ =49 ~Efg 2~ ZA
- F(Pb)
- HEZ2ALEZEA (perfluorooctyl  sulfonate;  PFOS) Al &) A A}
hexachlorobenzenes “==A17]712 O‘/} ol ek L=t Yol =&
Ag Fgo] oy Y = AEHAAA T LEYeRE FI#HFT PFOSE
g SAAQ90 2 HASAS

- &3228 (Perfluorooctanoic aicd, PFOA) : &

ddel FE35EFE T PFOSS w72 Ui
PFOAE Y mA4Yez F718
@ UV-B 2E4
W/em?®

>~ Z7

— a-A!
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Y.

(2C vs 10T vs 20C)o] sk

EY X

<]

ol

=53

FA T

S

2T A22EH 2 20ToA
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o

| 2~

E¥

=z
-

dapel vstel B4

ATH &

o|J

3

K

7l

vl 27 10Tl A

=
T

]

7

JJJ

o
ﬁo

pu—

i
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o

il
b
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B
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oo
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0

of
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o)
oy

=3
1o

ch
oF

B

fite)

o

o

AEE

1=d}
=

G Al &

[e)
T

B

o
O
_Z__l
ol

o
Yo

ase)

oF

file)

v

() A+ 234

O 2T vs 10T vs 20T

=
=

4 43

o
T

20%<] 7H A ol A

A ST E 7).

ViR

- =
T .

2 A ALRE 7] A

3 A3

[e)
T

(b)

()

L] 22 ss

1 - N ® < W’

= ¢t ¢ ~
o
=]
S
=
El
=]
2
=2
[
+E &
a &
2§
(oS
o
L 2
-

8 8 8 8 & °

=

(%) Ayjeyroy

o] B ETBEE

1l - N® < W’

=1 ¢ ¢

High(20 T)

¥

Low (2 T Pptimal (10

T T T T
[=] =3 [~ =] [<]
S o © < «
1

(%) Aungqowwy

Temperature

I8 7. R4FANAY 25 2EFH 2 4

- A Abg

(b) A=A

(a) AA - FEAAE

Gl

s}

i

el

)

(PFOA)°

o Aew: 4

Rhl

A A
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v
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(7}) %” "L(Pb)(l 10 ppm)

(@)

N.I
o
"O
B
w
]
ol
%o
=
ol
=}
(]
=
—
=
"O
3

SRR
AN 1A= BE s BoE HetsS Holx fskoy 49 2d
AFH LFEQ 5 ppm, 10 ppme] A5 FIA &0l 40%= dZEH A 5d
A7t 729 10 ppme] A%, kEAZ0] ZAAFE FAAHNE Kol )
A7 F7rstA o dAFTHELS] S5AA = FFAME 100%= 2E 7HA A
FIANE BATH 443 s FH =S A HlEste] fFFANE Hol= i
A7y F7rete BA¥e B (2™ 8).
(@) (b)
100+ n=5 100+ n=5
~ 801 80
2 - 1st 9 - 1st
> 601 2nd . 601 2nd
= - 3rd £ -+ 3rd
g = 4th é 401 > 4t
E ] - 5th 20 - 5th
OC-J Nooa7 e o N °E, LN S o N
Concentration (ppm) Concentration (ppm)

I¥ 8. 274RAAY S4Y E(Pb) 2EHZ dd FIAHNE R AAE
B4 (a) AA - FIAHE (b) A - AAL

(1}) PFOS (1-10 ppm)

A B

SAA0 FEFESEELHPFOS)Y AMElsr AFES fstd dxzvs 2§t
o (NZ, 10 ppm, 20 ppm, 30 ppm, 40 ppm, 50 ppm) = 670¢ Ex oA A
d& sttt PFOS A5 1aF S/ 20008 stocks A Z3ste] A3 ol
AbEat AT AEHHS W (Ph) 549 2EH S A3 ¢ HHeE 119
stdov, FI7HH o R FAANAMEY SAHIIE FrHH R sty BlwiEA st
ATk
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@ A+ A

O A A BE FhodA AFFEL7HA A2 BolA &k 1av &
FAME] AF, AIAF 12830 = Fold Wsr iAoy 43 A% 3Y
AEE A=l 40 ppm & 50 ppm ol A ZHZE 40%, 20%E FF A7 A=

HAth 4AY92AFEHE 30 ppm FEAAE FGAMMA T ASHAT AFEE
ool 5Uat A+ 20 ppmel A 20%, 30 ppmol A 40%, 40 ppm3 50 ppmol A
100%9] FdAHE&ES A5aAT (A" 9). FA9 45, dFFTE LA 543
25 ppm 3 50 ppm FZolA 33.3%7F AASER O HIFEA 100 ppmol A
66.6% 7N 7F A AFSER . G A& LS 4D Zfo| A 25 ppm TRl A 66.6%
o]%Fel FFAME Hol7] Az, A7 5P A 25 ppm o] F oA
100%2] F9AsE&S EAT AFTHSZ FAAS ECyoy w2 Aoy, A
Aol Aol ECsi> 517 ug/ml 22, FA A ] ECxol FHHHLE 2 Zo=E
Hol AAHT FAol e g =44 F(Pb)el © ¥izts Ao 2 eyt
(149 9).

o o A
(@ AA - AL (b) A - AAE
100~ =5 1001 n=5
_ 80 80
2 - 1st 3 - 1st
2 601 2 nd . 601 2nd
3 -+ 3rd = -+ 3rd
2 40 = 4t 5 407 =+ 4th
£
= 204 < 5t 20- - 5th
0- —J— O ——F—F——
RS O R O S
Concentration (ppm) Concentration (ppm)
[e] (] >3] el ] = [o]
© 4 - F9AHNE @ 4 - A
100 100
n=3 n=3
— 801 804
X
- - 1st 2
60-] = _ 609
E 2nd S
S 0] - 3rd 27 40
£ ~+ 4th
= 20 - 5th 201
0.
0_
N WKt oV KT P S A
Concentration (ppm)

38 9. 847449 SA4Y PFOS 2E#2d dd FI9ANE 2 A& 24
a#H=
(a) A - FEAE (b)) A - AAE (0 A - FEAHE (A /A - AAE
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(th)  #E3HSE2HPFOA)(100-500 ppm)

O EAAd HFESFSEHAHPFOA)Y AHEls: AHS 9o xds X3y
(B =+, 100 ppm, 200 ppm, 300 ppm, 400 ppm, 500 ppm) = 6719 FZ oA
AYE APt A UV-B 2EH 29 593 oz AZedn
SAY 2EYEE A9 B 212 Mgz FdsiA et

@ A+ 23

O AZFAIZ 1A A= S WEtE Ho|A 2oy 437 2d

¥ off
Py
2,
>
g

& F Atk 32l 400 ppm, 500 ppme] BF AIEE
Al 5P A FFAME 60%E EATHILE 10).

(@ A - FIAANE () A - AL
100 100
B con @ con
- 80 B sc .80 Bl sc
it 3 100 ppm 2 3 100 ppm
E & 3 200 ppm z ® 3 200 ppm
.g . = 300 ppm © @@ 300 ppm
E @ 400 ppm E % =3 400 ppm
E 45 @8 500 ppm = @8 500 ppm
0 [
1 2 3 4 5 1 2 3 4 5
Day Day

29 10, 2474049 549 A2 RS VUPFON) 2EA 2 B AN L 2
Axg BY TAE @)

(3) UV-B 2Ed 2ol 3t FadAsE L A= 24

7h) a7 4y

O 2775 Aoz UV-Bol & HAS v 772 FIAMNE L XAE
2] = g gkell tisle] B4 o} 1tk UV-BE i % %% Z3ste] (61 pW/em? vs

m?) &
At AFe JE wtkzA 10C°ﬂ/‘1 z1 8y &f
UV-B 2E# 2ol tjst A2 3
2Ol E o] &3le] u Yy
Aol A
_9_

s A

O 4 NF 19AAMNE BE HZlA WHE WSE Helx ggou 294
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FE UV-B 136 uW/em® oA fFa AN &) 30%2 #HZHASH =F A 7o)
AoAdFE FIAMNE EO]E MA 7Y Z718kR o Ad FF U 5U o)A
= TRAME 9M%E LY MAANA FIANE ME} T FPAME
o] ZALH H =E A7k H] gatel Frtste A¥Fe EATHIE 11). ol 3
AIE vEgo®E 50% FIANES JYEl+= UV-B i/‘}‘%k ECs 108.00
uW/cm?S. &, ECy2 89.78 uW/ecm’S 2 24 A th.

(@ A - FrIAN&

100

Immobility(%)

80
60
40
20

0

1 2 3 4 5
Day

19 1L

2. 34 L74F 44 4F

(b) BA - A&

100

3 61pWien2 3 61p Wiem2
3 88p Wieni2 3 88p Wien2
B 100 p Wicm2 = 100 p Wicm2
B 121 pWicm2 B 136 p Wicm2

Mortality (%)

80
60
40
20

0

1 2 3 4 5
Day

27 FANA UV-B 2EH 20 i 4G40 2 AN4E B4 TdZ 05)

A7 ZEHE k3o E AP F ¥y #F

7h @7 WE

O FA 8775 LR &% + 549 FA kE& ZEUX ZHNA {IAH
&3 AAE S AFst TP fE g0l w2 vE AEAS 218 stebetad
ol

@ &% + Pb 2EH 2

@ &% + PFOS ~E# 2~

® &% + PFOA ~Ed 2~

AT gy

wa

a+ 23

(1) &% + F(Pb) 2EH 2] 3t FFANE 2

(b A+ 3y

O =% ZEH X2 54U F(Ph) ZEH 20 %’\]E}t‘e‘@ii EHASH 9
877X Y FAANE 2 AAES FEEAY 2 2EHE A 27
2C)¢F 22 ZARC)ZE AAEAoH, EHJ_—EEEL— optimal =72 (10TC)
2 sl AFEE AYPsAct 54920 H(Ph AHZ-eEe AS A A
AgS vgoe g d& EC20 (466 ug/mbh3 EC50 (517 ug/ml) =& ©] &3}
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EE FRoA A AAF B FEANE GERUA @tk A2 2E# A 27
(20C)l A= ECxl A= AAF B FdAN 7 #AFEA Ekov, ECs
ANA 4Lzt 33.3%7F AZHAT 5L 66.6%2] FAF A F
AbESl AS gd 2EY 2 Z2AG 53 A4S AAE @

73

7
PFOS ©d 2E# 2 ECyp FENA GT2EF 2o wEH
4

=S A 9= Aoz Bl (1Y 12).

M

9 S - _ .
(@) 2T — FIAANE (b) 2C — HAHE
100 100+
n=3 n=3

_ 801 804

8 =

> - 1st = - 1st
g ] 2 nd 2 601 2nd
S a0 - 3rd £ 40 - 3rd
E -+ 4th 2 - 4th
T 20 - 5th 20- “ 5t

0-—&!—!—!— 0__0‘\.—.—._
< & & & o o
Concentration Concentration
(C) 20C - %%Xﬂsﬁ% (d) 20T — i]/\]—%
1004 100+
n=3 n=3

. 801 804

IS

Z 601 o 1st £ o0 - 1st
= 2nd Es 2nd
3 40 -+ 3rd g™ 404 - 3rd
E = 4th = 4th
= 201 - 5th 20 - 5th

0- — o
< P P < & &
Concentration Concentration

9% 12, R2FAMNY £E + G(Ph) 2EHA 2] BT FIANE R AAE
g4 9=
(a) 2T - #9ANE (b) 2T - AAFE (0) 20T - #FANE (d) 20T~ AAE

(2) &%= + PFOS 2Ed# 2o g FdANE 2 AAbe 4

p
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Rov). 5499 PROSY AlsEe] 2 2A ANF 4FL vpgor AL
EC20 (22.26 ug/mD¥} EC50 (3357 ug/ml) & °l&3td AFS 35

=2

() A+ 234

O A 2EHE =A1@QT)ANAE PFOS @Y 2E#H A At 9 50%9 7hA)
7F Qe Bkoy AX2EYEE A FAS AF 666%E U w2 FA4

FYANES Btk =@, AAe =@ DY é,iﬂf: EXE I L R
AR AL 2EHE 27(200)d A= EC203% EC50%] =X Bt ©
A 2EH A o Hgte] fFIAME]l =A UHEESH, 5l A= 100%
of AN ES BT B @Y 2EHAZAAAAE XA AT gl
U G(Pb)3t Al Mg A$oles EC203 EC50 FolA 33.3%< A&
= Bt TFHCE GU2EY 2 REEHAS HET TF5 A REY 2o
EEHAS AT, 540 B VtFEHe A¥e Holve ALE FAHAUT (O¥
13).
(@ 2T - FIAANE (b) 2T — AAIE
100+ 1001
n=3 n=3
. 80 __ 804
2 -~ 1st = -~ 1st
g 2nd E 2nd
'é 40- -+ 3rd g 404 -+ 3rd
£ = 4th 2 = 4th
= 204 - 5th 20+ -~ 5th
o I\ 9 & @o@_ o I\ ) & &
Concentration Concentration
(c) 20T — A A& (d) 20C— AAME
1004 100+
n=3 n=3
= 80 _ 807
°\: o) - st °\; 6o - st
= 2nd £ 2nd
-é 404 -+ 3rd g 404 =+ 3rd
£ -+ 4th = - 4th
~ 204 - 5th 20 -~ 5th
ol -©- Legend
o <& % Q,(,,é é,@'_ ~ s &S oS
Concentration Concentration

9 13. 874 FA Y 25 + PFOS 2E#H X0 g FFANE € XAHE &4
alg=
(a) 2T - gAML (b) 2T - AAE (c) 20T - HFIAML (d) 20T- AALE

X
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3) 2% + PFOA 2Ed 2ol tig fFgAs& 2 2rE 4

(7h & 3

O SE2EH A9 ZAY PFOA 2EH 20 SA6 =& HAS we 2774
Aol FEANE 2 AAES FHIAY. 25 2EHAE AL 21 20)¢
T ZARIC)E AAEANSH, ﬂ]z%—E“ optimal Z7A9 (10C)Z2 3l
A S ATt 54920 PFOAS AHF A G AAg A8 vt
Bog A& EC20(230 pg/ml), EC50(435 ug/ml) FTEE ol &dtd AEE 9
=g

() 9+ A3

O AL 2EY X ZAQRTC)NA+= PFOA @ ~EdH 2 Ao} v
50% 7N A 7} wgr A S ko ECyollA= FFA8N7F #5H
ECy¥ ECss oA AARE 7RAI7F #5HA &skth 12 &
0C)oNM= ECxpot EC5odl F&=olM =3t dd 2EHA
FAMEC] =A JdERe™, 2dAHFH 100%] G A8 & ol
g oY 2EHE ARG AAEe] A #S5HUT FHA

i
rr 10

ZEH 2 E HIYS WEO AL 2EH S 2210270) deol o
74" Aoz BHPo I 2EH2 2AR0C)AME =2 FAANEH A
AbE S Hols ALS=E Hol 540 7t5d ACE AISATHIE 14).
(@ 2C - FIANE () 2C - AAE
o - = o
S O =
% 604 B ECs ‘-_.é a0 = EC;E
E 40 E ol
E =z 0
1 2 3 4 5 =T J 3 & 5
Day Day
(©) 20T - F¥AHE (d) 20C— AAHE&
100+ - - - 100 I
= con =3 con
- 804 B sc _. 80 sC
3t @ ECs = @ EC
g 60+ B ECsy 2 8 [ ECs
E 40 g 40
E 20 * 204
04 0 . ”
1 2 3 4 5 1 2 3 4 5
Day Day

I8 14 247NN 2E + FEFSEIPFOA) 2EH 2o g
FIANE R AAE 4 IHZ (0=H)
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(7} H(Pb) 2EH 2] A9

O A& 2EfZAdA H2 =SS #4 22100CT)ANA 50% FIANE
B A g § =2 fFYAMEC] #FHAeH ol AR 2EHIA =
Aol 8§ WzstA wrgste Ae dvd (L™ 15a, b). £F A2AMEs £
sl =40l AFHUL, ole A2AA Fo e R AAFTFE] #HL F
o A= FL AN AAAGG ol FHH F499 S5 % EExE&H
o Fa o 9 5 oAwWF 7Fo] dHHE AJA F<lshr] Asto] FHA
TAE 24T AY.

ZEH 29t A ECy $E° PFOSE &3 <
g ded A% ge o =S #9

4 240009 5% A A&
(100%)°] #2HYS (W 15c, d). 58 7& 2Ed2 2ANAE o 2e
FEOAE B4 ugo] ¥ BAH] olo] @ /122 HAY AT,

(th) 2= + PFOA Z~EH 29| 49
ZAA0T)AAM e FEANE B
T AEF LA =D o mzEiA b

T AZoAME F VAR
& E A 3 o

%
[
é
X
)U
B
@)
=
i
e
o
e
o
=)
B
DY
kX
o

3]

ol A o FI= B WA 5ol
108 38 ALd AAABe FaHe Fae] FrE U LESAY
i 5o 99 5 oM@ sze] AR AAX Ay st FHA B
2 $HY AR,
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o £ [Ke) = [e)
(a) £=+Pb — FIAHNE& (b) 2% + Pb — AAE
100 100
80
g” g
2 60 O Low (2'C)+Pb Z & O Low (2'C)+Pb
= 3 Otimal (10°C) +Pb 3 3 Otimal (10°C) + Pb
2 w @@ High (20'C) + Pb 2 @ @@ High (20'C) + Fb
3
E x |_| =
‘§‘ é,m? éf}‘ ‘25‘ é_,m“ éf}‘
Concentration Concentration
=] O > [e]
(c) £ +PFOS - #3943 & (d) £Z+PFOS — XAME
100 100
- 80 80
2 £
> &0 [ Low (2'C) + PFOS ) [ Low (2 'C) + PFOS
] =3 Opiimal (10'C) + PFOS - =1 Optimal (10'C) + PFOS
S 40 B High (20°C) + PFOS - BR Hich (20'C) + PFOS
£ 20 & 20-
o
(4 & (‘,§ @g & é‘é é"ﬂ‘

(e)

Concentration

L£EX+PFOA — F9A48& ®

100 100

Concentration

LT +PFOA — XA

— 80 _ e
§ 80 3 Low (2'C) + PFOA g 3 Low (2'C) + PFOA
% =3 Optimal (10'C) + PFOA % 3 Optimal (10'C) + PFOA
g 40 B High (20'C) + PFOA t 4 BB High (20°C) + PFOA
= = x
0 0
& & o é"’“ K3 & é‘* é"’“
Concentration Concentration
9 15 /A vdF 37 2EHE(RE+EAAH) dd FIANE 2 AHE
=4 IR =
B) vF &4 2EH A =Fd wE SA 27479 54 FF 29F
O % &7 2Ed: kadd e SA 2479 54 5 49 A8 5=
e ds (B 7). 2%, 549(Pb, PFOS, PFOA) ¥ UV-B 71 ZEd X
o e FIANE TEHES HWE2E ECsot ECy HIOHE =&3A 2
o, olg 2EHA 2UHES T tF &4 2Ed A 2o i 54 27
7ol 54 59 ¥sts £48 2 don, %5 2E2Ef 29 5449 tF
v ME 54 £F UL 2969
O tE #3 (Han et al, Fisheries Sciences, 2018)9l 4 YAl FA Q7t{Fo] 1
Z2EH A ZHAA AAMESY S7HF BEXE vk oA B AT Ao dA
ste Ae ST Ao Ty 2 A7 Zol 5 AE#H A oA
g 549e Al mEste Aev BAE bt glew, 53] 1@ ~E
g oot Z40] ¢ =EHE AF FIAME B ok XAERE AA
S7HE = ZAoR A, FF9 F2 Wstet I FH 29®E JA H
=5 AES A3 23 IS vAF deS AT F AA+E
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o F7HHC tUF A4 2EY S 2 2AE MR A4S IS A
o, TE ¥ AMAEL A A} FFHoE EAFgOoEN o] F2 A&
712s F2A 3R 3§
7 0% 873 2Ed2 3o B2 IALLFY B4 £ U
FA2EY 2 =227 ECsooll A 9] ¥k-& =4 57 H] 3L
AL 2EH 2 (2T) A8 gl
12 2EHA (200) 40% 4 A3l
ECa - 4.66 ug/ml
Pb 50%2 FAAHE B
o I ECsy - 5.17 ug/ml
=%} o = ECy - 22.26 ug/ml
o PFOS 50%2] GAANS 1Y
S A ECs - 33.57 ug/ml
ECy - 230.00 ug/ml
PFOA 50%° fAANE BY ? &
ECso - 435.00 ug/ml
ECzo - 89.78 UW/CI’I’IZ
UV-B 2E# 2 50%2] fAA NS HY
] bel A3 ECso - 108.00 uW/cm?
AL2T) + E(Pb) 0% FI9A30NE 2 43
2(20C) + E(Pb) 66.6%2] F+PAME B 1
A-&(@2T) + PFOS 66.6%2 F9AHE BY -
o5
I-e(20C) + PFOS 100%2] frEAs1S 2 11
A L(2C) + PFOA 50%2] FH9AME 2 4
100%2] FE9ANE 2 1Tt

a-2(20C) + PFOA
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L 2EY A kEY & 3= 2EY 2 27479 AAA Z29d FH

L Al I S s

(1) 2% 2EH 2o wg 45 ZE T (Philodina gregaria) % 8.7t (Boeckella
poppel) FE9 AALA ZE9Y gE 2 EX

g
20k T 2EHZ 2R 0T kEAANTL F FolA
st

@ RNA-Seq W& o] &3 AAA
O Total RNAZYE HiSeq #H = O]%f?} Next generation sequencing (NGS) 7]

HU
o
e,

fob
b

S o]83lod RNA sequencings 431313 <.

(W) A+ A3

O FF9 AAA ME AR 74

O 4= ZEY (Philodina gregaria) 2 8.7t (Boeckella poppei) T =9 AA}
A A S B3 o] ® 89 722 AHRE AESF AU olEA Frd

g AR o] gdte] 7 FolA ZEF 2ol mel Soldow o
AdE #4A4 DEQE A¥ax olg 58 2o gad 4 #4424 2 7%
o [e)

7+ 3l7] 98l Functional studyS 43§ 3312



8 34 2HW 2 2479 &5 2EH20 42 AAA NG BY A3

P. gregaria B. poppei

72

(REIT) f4F)
Number of total reads 32,069,603 40,846,103
Number of assembly contigs 61,505 66,892
Maximum contig length 25,655 15,172
Mean contig length 521 610
Contigs with BLAST matches 8,559 8,310
Contigs with Gene Ontology terms (cellular component) 23,581 28,860
Contigs with Gene Ontology terms (molecular function) 26,626 19,012
Contigs with Gene Ontology terms (biological porcess) 51,736 49,569

O Pgregariadl Xl SEE A ES o]&3te] BLAST 45 53 A8 FAS &
AAE AYE 255 B4 A3 olg) 18 169 7o) C lusitaniae, F catus
< FAME BYoH, oE

O 2% Z2EHA zAHASE =
contigE ¢l RPKM zkell o
oy e

5+ contigsE H=3A

G2 AAA 2x¢ 2T 20CAA 7z
5k Fold change #<
328 169 AAE wicelo] 2@ o] 3

2 M
off 1

ol gale] 7} ZANA

ZA20TC)elA &&o] 2uf o] F7HE = contigs F7F 62470 & o] 28 o

A4 SE contigs F7F L13R/NE A EH S SH, o]F contigseE< A Hd

rlo
Jo ox BN 1% i

=
AAE 98 M50l Be AIEEA F7149 242 £459

Dapiiris -H _ ROtIfEI'E t%%a]

Db poemipcid Mivaessy

Fle bl Fodilrids W

Efronrroreviiioius st e

PIRRIIERE (Rl s

Apdysia caivormiaca
Caghelmliir hedeld

i
"

"

Savcopioss kowaleists’ ®
=

u
Fradiciaainhma Foddsd =

Epedies

. Philodina gregaria
=

v Z°C (normal)

-

"4 20°C {Thermal stress)
¥

624 1,138
contigs *2Fold contigs

211714 Up-regulated Down-regulated
i DEG= DEGs

19 16. Philodina gregariadl Xl €& ZE# 20 W2 AXA ZE29Y 24 43
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7h AT g
O w5 FHFAZZA sl /M2 % ts FAZEALE =3I 4 =T
A SolstA LHHE FAAES Ao, o]5°] #Adts AW 715l
el 2AbStAL, oS F $7 ZEH 2 tid el S g 71l #efsts
fFAAES s A stk ATelAE, V1€ AFATAM FEY @S
S OB RE A REHE o] T2 HF 7]F

=
2EIH 2l Philodina gregaria

TS AE e

rlu

(1) Philodina gregaria®lA 312 Z~E3 X0 w

$13+ Functional study

A5 e A 2HDEGs) d¥ <

(7}) GO (Gene Ontology) 4
O I 2EHLE ZHdA GO terms=S 43 A3} biological process 1ol A
FE metabolic process®} response to stimulus, localization ¥# FZHAE
drado] WHatE At (Y 17A). Molecular function F-3#9l A+ catalytic
activity, binding, transporter activity ¥#d FH A9 #do] WslgdS AT
F JAJATHI™E 17B).

o rr K

_36_



(A)
Biological Process

biclogical adhesion | Hag
multFor ganism process. LBZ?E
immune system process hﬁ AS5T
growth Lf 405
muiticellular crganismal process H‘% EE
reproduction H-% b6

locomotion HEZB
developmental process m 1745

sgnating losiley 2263
biotogical regulation % I608

celluiar component organization of... % 2704
response to stimuius % 2435
localzation “ it

k

sngle-organiam process J
metabolc process

celiular process

(B
Molecular Function
protein binding transcription factor activity Hﬂg

erzyme regulgor attivity ‘12132

structural molecule activity hB,ﬁg

W DEGs
molecular transducer activity H 837

nucieic acid binding transcription factar... H 179

transporter activky m 1650
7

B DEGs

m Total Contigs

bindng
5942

catalytic activity

—

0 zmmwm"‘“

1% 17. Philodina gregariadl Xl &= 2~E# 2d m# S
24 A
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Seq. Description FC{Z0s2)
Ubigutination and proteasome

FRSesrr HeH PR E RS LTI PR H TP E RS - PR P :E:h:’im

Sfat paedEEradein Troeite siztassar G Al
216

< aye

Eraioaeiad aed e A4

metabolismn and stercl| 53.-'rti:h-E|5

ered dnsorares N

-2 33

-Z2B5

Electron transg:nrt—rﬁplra‘hury chaln

wgTeeviveansny onoonZenimwwns gy iy i

Hip=it@ . Ofpesta oy & 27

anticxidant de‘F\ensE

A R e st ] R.'!t:'_-:?"\-\:;?!--'
carbon metabolism
e SRR ARt e
Bt pru‘l:eu:ﬁhun

FETEN, -t L EEL g~ TN

LT PR L T

functional

FHAAE <
4170

19 18. Philodina gregariadlxl €% 2Ed 29 )3 functional category ¥ ##H

S AAE (Blue=down expressed, Red=up expressed)

_38_



(tV) Philodina gregarial ] LE2EH 20 s wo]/A 712 Ho] §42 7449
O 53] o5 4174 *ﬁ—;ﬂz}% o A heat shock response, T & &3, lipid 34,
akst 71zbel|l #AstE FHAAES AEete Zbzte] oue rFeRE XA
Eoso] weaiEA 19 100] UERATh LwHel 18 AR solN FE

W3 5= heat shock protein?l Hsp90 % Hspd0S 3ol =713
o) A F7tst
= AL B8 1 2EHZE ZHNA E4E dwiFE AAE 9

PMSD10¢] &S %= Ub-protein ligase2} Ubiquilin—12]

proteasome degradation pathway”} 2-83l= A2 EA T}

Cytochrome C related pathway 0

Hsp27 Hsp20 Cyt C oxidase subfamily

Heatshock Response

Unusual Heat shock response

HspT0 HspB0

ST
Proteasome degradation pathway

Ub-protein ligase Ubiguilin-1 265 proteasome non-atpase
DMNA protection regulatory subunits(PMSD10)

NAD-dependent deacetylase
Telemerase protein component 1,
DDR43

Redox protection

ROS —}o 0 GST, GST2, GST omega 1.2

Glutaredoxin, -2
TyrosylHRNA synthetase,
Uracil-DMA glycosylase

Sterol or lipoprotein synthesis

Thermal tolerance
Sterol C5 desaturase
Carbon metabolism
Trehalose accumulation 2 Thermal tolerance
Trehalase (neutral. vacuolar acid)
19 19. Philodina gregariadl Xl £ ZE# 24 thd wol/3 S 7NF Ao §AR

(Blue=down expressed, Red=up expressed)

O HE3 sterol C5 desaturase F+A#ke] S7t= AlXZW A ExXse &
S 2 Ao " AgGE SV, sAA 25 A B oA
Hu o594 AuUAdI AF BFIEEA TR s}
TrehaloseE #3d]dt= & 49 Trehalase2] Wdo] Eol&A 7

to 30
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S SIHIE A=
%5, Philodina

—_L
l
PP o R FU 58S

at

gregaria®l A2 2 o]& o]

=948 Aol

i
ot
44
ko
N
Hu
)
QS
g
3
~N
Xy
IS
S
g
1o
Y
N
>
—_&,
(&
il
“
me
M
1

(2) &% 2~EF X4 w}

O Boeckella poppeidl Xl &% 2Ed 2o w2 AALA AL 95 dAA] 28
profile X3 FoH, I 2 ZEI A 4 WHS o]&dted GO H
)

pathway &24& 7 8¢

d

O 1apdxo w3 G= MF Philodina gregaria®t Boeckella popperd o 3k &
A BA AFRZE BY FAARAA F2 7129 Histone @9 & Histone
acetylation 2 deacetylation, Histone methylation % demethylation®l] 3o &+
AoE HIHE A H5S Ao, 7+ FoAA ddE= FAAES F2le

9, ol5L HYNAR FT AGHE FEF vt

2

Yo 9 R A 2%

ARAA #E FAAES AL 712 et ER/ste 24
ol X3t Philodina gregaria®t Boeckella
g HAMA A4 AFHE ol&dte olF Fol AAE FHAAES T
& oK E sela A rotifer £¢ Philodina gregarias % 2459 A=A
o], Arthropoda+i®®] Boeckella poppei= % 64F°] FHAAE°] TIAHS

3} 2. Philodina gregaria®l 73%-, Boeckella popperdl Wls] Awtx o g ub

He RS At A=

ft
g o
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(W) Z+ Zo A ¢3a == DNA methylation #¢d FA2 52 =ZA]

O 71& EdA Hayw upel o] rotifer ¥¢ Philodina gregarias cytosine
(6mC) % adenine (6mA) methylation machinery #& #3425 (o]; DNMT],
2, DAMTI1, Alkb S)o] @dAHZ o= RS o9 (E 9). w
Arthropoda¥9] Boeckella poppei~ Homo sapiens®t 72 IS A EollA] @
He fFAAEC] QR FdEHE AL g w

il
]

rlo

9 Y43 FHFFEJNA ¥EEE DNA methylation®} demethylation 71% ##
+3x 55

Philodina gregaria | Boeckella poppei -

Type Family Lineage Nb Sequences Nb Sequences
DNMT1 5 DNMT1
5mC DNA
: DNMT DNMT2 1 DNMT2
methylation
DNMT2
MTA70 like BARET 2 N6AMT2
(methylation) 2 MTA70
6mA DNA
methylation NMAD1
AlkB(demethy
lation)
AlkBH 1 ALKBH5

(th) 7+ £ A EdE == Histone @8 2 2 Histone modifying enzyme &3 #3
2 55 24 (& 10)

O histone T & e -, Philodina gregaria~= H3% A $3+ H1, H2A, H2B, H4
A7YA F/7F Ed ﬂ N W Boeckella poppei= 5% EF wdAHAF, Zuith
theksl linker (H1)E AY+=d Boeckella poppei®l 735, delta form= A YL

U[o

0]
AA

O histone modifying 712S A3 HE ™ histone acetylation, methylation,
phosphorylation, ubiquitination #3 o] F2 dojup ole} AHHE FAXES

A e A=, o5 & dAFolA+= histone acetylation® methylation®l] #<d 3k
FAAEd 2HE wH 553 S (E 10). Histone TelF o]
hyperacetylation®] WAl G4 Fo] FZJXA Ho o] FAAES] HAE o

oJuA =™, ¥t 2 hypoacetylation®] WA Al gene silincing?] X H+= Ao
2 H37¥E. =3 Histone® methylatione acetylation®]t} phosphorylation® =
FEAE F97F A SEHH olF T3 AWWE T3 el 7hed. 53], H3KO,
H3K36, H4K20 A oA 2] methylation< gene inactivation® & =™ H3K4,
H3K79 A4 2] methylation< gene activationZ} #& ¥,
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FEHFEEA TAHE histone acetylations} methylation #& f A=}

REFERENCE SPECIES
Phitoding gregars | Boeckela poppei H, spiens € degans 5
] L R HleZEMs IS, e
Lnker W1 2 H1 2 Hideta [0 ol SR ] ® e 8 1M1
FZAT, H2A] HZAV
2 H2A H2AZ,
" 1 H2At HEATA/BDM ) _ HIS-3/35, HTAS-1 s s s s
HzA 1 HzAv ]  Srplaitin § [y aeiien 3 HZA HisZA HZAy 2 HEAV/Z HEAZ
1 H2A4 H24B1 H24FE1
Histone
Cor
H28 5 H2B T H2B 22 5 1 H2B 2 HZR12
= b ma s CPAR-1, HOP-3 HIS-
H3 121 :21 & :;3’;3 WERHETL ) 1 suanvesmotiTe 3 H3 K33 6d 2 H3 osEs
4 F200658
Ha 1 H4 7 H4 2 HA HAG 1 HE- 1 Hd 1 H4
ELR3 1 HP3 1 EP3 1 ELP3 1 ELPC-3 1 ELP3 1 ELPS
FogFad 2 Eescovz 1 FoeFad o- o -
HAT1 2 HATI 2 HAT1 1 HAT1 1 HATA 1 CG2051 1 HATY
NASAD 1 NAA%O 1 NAMD 1 Y3BATCAT 1 2 HPAZ/3 NATA
GNAT  NAASD 1 MAASO 1 MAAED 1 FAORAT 1 o -
NAKED 1 NAAGD 1 NAAGO 1 NABED 1 FaoFals 1 o=
MAT10 2 NATIO 1 NAT1O 1 NATIO 1 MATH-1D 1 1 NATID
::;:ansierase PCAR ; ﬂg‘: ﬁ :‘:E: 1 KATZAam 1 PRCAF1 1 GCMS 1 GCNS
% 7 TIPe0 - T =
Mys1 e 1 KaTs 1 MYS-1 1 TPED
MY MvsR 2 kaTe 1 kaTa 1 Mys2 2 MOF CGTa%4
MYS4/LSV12 {LSV1Z 3 KATEB 2 kaTeam 1 LS¥a2 1 ENOK
MYS/LSYIZ (MYSD) 2 KATY o - 1 Mys-4 o
TRME TE/NF TAF1 2 BTAFT 3 BTAF1 2 TARAL 1 TAR 1 TAR 1 TAR
Class1 (HDAT3) 12 ::E; 2 HDAL1Z 2 HDA-3 1 RPD3 1 RPD3
3 HDAC3 1 HDACE 1 HDAZ 1 HDACS 1 Hosz
1 HDACA 2 HDACAS7/3 1 HOA4 T T HDAT
Histone Classil o - 1 HDAE o- o -
deacetylase 2 HDACE 3 HDACE 2 HDACEH10 3 HDA-510, [3G617 |1 HDACE o -
2 SIRTY 4 SIRT1 1 SIRT1 1 SIR-21 1 SIRZ 1 SIR2
Claesil + NIl {S1R2.2/2.3) 2 SRT4 1 SRT4 2 SR-22/23 1 SRT4 0 -
s Il (3124 1 SRTE 1 SIRTE 1 sR-24 1 SIRTE o -
1 HDACT! 1 HDA-1 1 HDACTT 0 -
TOTT 1 DOTIM & DOT-11-15 D10522 | 1 GPP T DO
TARMT T CARMI T CARMI o - 1 PRTZ T -
PRMTY $1 Rl 2z PRMTVE 1 PRMT-1 2 ARTYZ 1 HMTI
PRMT L it
PRMT/T 1 PRMTT 1 PRMT-3 o- [
PRMTZ/T 1 PRMTS 1 PRMT-7 1 ART7 0 -
PRMTS 1 PRMTS 1 PRMT-S 1 osuL 1 HELT
SETE0 i 2 sMYDZ3 1 SET-30 0- 0 -
19 SMYD4
SETeul  SETR 1 SETD7 0 SETD7 1 sEnT 1 SET3 i b -
SETZT o - 1 SET-ZT o - o -
SET29 A 1 SET:28 B [
B3] - T SET - 0 -
MES4 2 NSD1 WHSCIL1 1 ME3-4 1 ME4 Q -
3ETE 2 KMT2C 4 KmMT2C 2 KMTZC/D 1 SET-16 1 TRR 0 -
SET2 1 SETD1B 3 SErD1E 2 SETDIAE 1 SET2 1 SET1 [
SETeu2  ¥73B3A1 1 KMT2E 1 KMTZE 1 wTIE3AT o- o -
Histone - 1 KmMT2B 0 KMTZB 1 SET-B o - o -
methyltransferase MET-1/LIN-55 1 sEeTD2 1 seTD2 1 sETDZ 1 MET-1 1 sET2 o -
2 ASH1 e - "
MET-1/LIN-59 = m 1 ASHIL 1 LIN-ES 1 ASHI 5=
DNMT1/EMT [DNMT1) IOSNEE 5 sivaske o: - 1 Supar3-9 o -
5 DNMT1
METZ 2 SETDB1 2 SETDB1/2 1 MET-2 1 EGG o -
SET23 o - 1 SET22 o- o=
MES2/SET12 1 EZH2 2 1 MES-Z 1 E@3 e -
SEThete o MESZ/SET12 3 wWHsO1 1 1 SET-12 0 - o -
SET4 1 T4 3 KMTSE/C, DmiHmid-2| 1 SET-4 1 Hmbs2 o -
SET-11 1 EHMT 2 EHMTYZ 1 SET-11 1 69 o -
i ~ SET-GAEs AR |
SET-6family A B o rmnias D- [
na 1 M2 a - 1 3ET-25 o- o -
no 1 DNNT2 G - 1 SET-9 0 - 0 -
£ §= o - 0 - o=
SET- PEN € o - o - o- o -
A 1 KOM1E T AN o - o -
15D g : ;
15D, 1 KDMIA 1 KDM1A 2 15D 1 o -
Y T NOGE T NOG T WO T IME T 5=
IMIDIHDMT (THDM T 2 KoM2a/R 1 IHDM-1 1 1 MDY
IMIDVHOMI UMD | 1 KDMT 2 PHE2 S KDMTA PHEZ PHEE | 2 IMID-11712 o 0 -
2 KDM4A
. MID2 1 KDM4B 2 Komag 5 KDMAAB/E/D/E 1 JMID-2 2 KOM4AaE 1 651
Histone T i
Gl M 1 KDMS = e = = -
RERZ 1 KDMse S e 4 KDMSABACID 1 RER-2 i LD 0=
IMIDHUTH (MIDE 0. 3 UMID-31/3233 o- o -
MDY (UTHT 1 KDMeR 2 KDMGA 3 KDMEA/B, UTY 1 U 1 Ut o=
IMID4/PSRY (IMIDS) o - 1 IMiD-a 1 cE700 o-
MIDS 1 KDMB 5 KDMB 1 KDME 1 JMID-5 1 GM210s5p o -
M ID4/PSRY (PSR1) 1 IMIDG 1 IMIDG 1 IMIDE 1 PER-1 1 PSR o -
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O histone acetylation®} methylation®]l ##H¥E FHAAELS & 10004 HEnpet 7
o] F F7tl FHA AE tEAT BEF IEHHY e AS B F U
histone acetylase % GNAT family®] A% Philodina gregaria®t Boeckella
popper| A B HAEHJoH & T AAE Holk o E & HE
HASS SFUAS. Philodina gregarial X 5°]3tAl lysine acetyltransferase
family2} Class I deacetylase family7} WaE A . =3 Histone

methyltransferase family &A1 Boeckella poppei®l ¥l&] A s+E =219 /4=

o] 1 EAL. o]F H3K4-methyltransferase?l SETeu?2 #+d# FHAAES C

elegansl X &9 AZE FAdol #HEEH e, olE {FAAELS

Philodina gregaria®l %= X E5 3 9+, H3K4-demethylase?l SPR5%] 7

Boeckella poppeidl A= 2& =Y Philodina gregariax loss¥ o] 2.

fertility ## MZF 3 Adro]l o] FHAAS losset #AHTIY HIL Y

3k SET30# MET2 fF32¢] lossv oldld A%S FH Tty B s

o, o] FAAI AR 22 Philodina gregaria® 735 87 ZEH X

71e13k fertility Agte] AlHE & 42 + A yehd.

2 o

22
o Mo o

2

3. AAA R FAAAA SHEA

o
e

59 AA ol & AL AF 7

ol

7h A€

O 1, 2xr@d =9 gxr3s F= NF Philodina gregaria®t Boeckella popperdl gt
AAA B4 A2 RE ZAGAA F2 7122 Histone ©¥ & Histone
acetylation ¥ deacetylation, Histone methylation ¥ demethylation®] ¥ sh=
AR BHIHE FAA 555 AAgste, 7 oA FdHE FAAES &Rl
A, AA FRA Q4FE Ao E I A~Ed A ZAoA Methylation %4

of 9P FEA FAsE AT FYs

32

KN
= .

ot

(1) F= ANA Philodina gregaria®t Boeckella popper®] 12 XZE# 2o wE A

AR B FARAR B BN

O ot 37 2Ed 2 o wet ddYge] ¥stets F5 FHFFTEY AAL
A 2 FAFAA AFAE BAFgoIN, 2EG 20 B ol 9 HS 7)Fe
st g olE 98l 2xtdZele 1Ad R SR I AN Philodina
gregaria®ty Boeckella poppei®l 2T vs 20C =& A7 31L& 2E# XA Z7A4
A A AR EdS ARE FYH SARAA Fo fFAAEY EdS F
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1% BHAGE

m
ol

(7V) Philodina gregaria =°| 3 71 Z~Ed XA ZHANA TAFHAA #H F%
24 U F st

3] < HE O R HAAMA wHAFS vty U
|2 LU=t a9 200 AANSFAS. L 2EF 2] 28l core Histone T &
o] dtgo] 7HA3sl Y, GNAT #¥ histone acetylase 5 ELP3, NAT102 15
Hjj o] A oy KAT2A+E 3=718t9lS. Philodina gregaria <ol 23 %
o 1:

23l histone deacetylase 6+ 12 Z2Ed 2o & FAAastEe. T
histone methylation %3] 4] = methyltransferase 3% °| 7433 demethylase

1

= Z7tsle] 22 2E#H 29 298] histone?] hypomethylation®] k7153 A
o2 FX-HE (OF 20).

Histone GNAT
acetyltransferases

SETeu1
Histone
methyltransferases SETeu2
Histone M

demethylases

A2 =0 -8 B -4 = 0 2 4 6 8
Sequences Expressed level (Fold changes of RPKM (2°C vs 20°C))

19 20. 3 A Philodina gregaria®) &%= 2E# 20 2 ZAFAR #Fd FAF
dEGF 4

(W4) Boeckella poppei %9 W3t 12 ~EG A ZANA TAHAFA
e oF W)

A A FAR

rd

O A FudE FARFAA FAd4 555 v A 2SS vlaste] o
el AFHE 1Y 219 AASIAS. L2 2EH 2 9F Hl-delta linker
Histone wHajz o] wglo] 748} 9] Az H2A1, H2A4, H4&= o] 158 o4
ZastH o, H2A9 H3.13 H3 @l a2 w8l A F7kstd . GNAT &
# histone acetylase 5 NAA40, NAABO% Z7t8l9 3, KAT2AE 7H438 9.
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lysine acetyltransferase & TIP603 KT6Bel & o] 7H4AsRS. Class I3 1T
Histone deacetylase€®] W& F= S 7138+, %3 histone methylation
# 35| A4l = methyltransferase 13%°] #4332 SETDB13# WHSC1 F%4%ho]
LAEY 2 i) =710 S. demethylase 9 A1 JMJD6S A 938l 7 0]
AolAS. 2 2EH 29 98 histone?] hypomethylation®] ©F71EH RS A
2 344 (¥ 21).

lo o R

(YV) Philodina gregaria® Boeckella poppeidl W3 12 ZE#H 2 ZH0A T4
FHA FE FAA FHG vy

O rotifers= %l Philodina gregaria’t @@ st SARFAA #d FAXF7F do] H]
w7F o H AW Arthropoda-2] Boeckella poppeit &% %2

AAEL TZsle] T2 2EF 2 93 48544 =+ <

. H2B, H4, ELP3, NATI10, SETD7, SETDI1B, SETD2, NO66% ¢]

AR AL, KAT2A, HDAC6= 28 o] A=A &5 F714

S 53 374 2Ed 2 93 FAFAA machinery &3 =t

S ] LD ST

2

> 1

o

oQ

oy
jﬁ: _L>L - UIO _1_4
4

tlo -
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Linker histone Hi-delta -

H2A1

H2A4 4

Histones Core histones HB -
H3.A §

H3

e ] = 1 7 ""'"'"'""'"'""'"""“"'"":"'""""""""'""""""'"""""""'"'

HAT1

NAA4O

NAASO

. GNAT NATI0 1
Histone KAT2A
acetyltransferases KAT28 4
TIPEO |

MYST KATS -

KATSB 1

KAT? -

s s BB i s g

HDAC2 ‘
Class | HDACT -

- . HDAC3 -

Histone deacetylases  Class | o]
e HDACS -

SIRT -

Class Il SIRT4

SIRTS |

........................................................................ B R S————

PRMT ART1
_ _PRNT1

; SMYD4 -
Histone SETe! SMYD3 -
methyltransferases SETDT -
KNT2C

SETDIB

SETew? iy

SETDZ 1

ASH2

ASH1

DNMT1

SUV39H?

SETDB -

SEThetero EZH? -

WHSC

SET4 |

EHNIT -

LSD M1A -
NO66 -

; PHF2 -
Histone KDM4A -
KDM4B -

demethylases m o
KDMSA -

KDMS6A -

KDWS -

Sequences Expressed level (Fold changes of RPKM (2°C vs 20°C))

19 21. 3 A Boeckella poppei ¢ &% 2EdH 2d 2 ZAFAA 24 #4
SHF Y
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(2) 2Ed 2 27 F442 3 (DNA methylation) W3k &l

PAHS 23 §dE 20 FA2EG 26 9 =EHAULS
H  DNA methylation WH3E sttt DNA

methylation &% sk7] 98l 7HE WA 274 R AR

Genomic DNA #2& 33 th ©] & DNA methylation pattern ¥4 93 =

A& AP IZA 5-mC DNA ELISA KitE °]£3l9 37 FAXAE 53519

DNA methylation®} ##Heo] & HFHA A¥H L 5

methylation pattern #41g 23ty ¢t}

b A7+ W49

DO FA &74F% MAZEEHY Genomic DNA #3g
O UV-B 2Ed 2~ 27 : 61 pW/em? vs 88 uW/ecm® vs 100 pW/em? vs 136 1

O UV-Bel & w22 fjzwe A5 712 Wz d 10T Agsdrt & =
MEsE

T =Eol

O DNA g w9 @ 71& AF T UWAFYA Daphnia pulexs ©)-& 3t
hydroxymethylatione #43 =& (Dovile Strepetkaite et al., 2015)S FF3L3}¢]
Genomic DNAZ @3ttt Thermo Scientific™ A2l GeneJET™ Plant
Genomic DNA Purifiacation Mini KitE ©]&33 3 Kit WH o d& 71&

protocol A HH S o] &3}t

N E

@ M8 87 ~E#g 2 g DNAC methylation &<l

O 71& A+ = 27+79 Gladioferens pectinatusE ©]-&3to] DNA methylaiton<
3t =% (Anais Guyon et al., 2018)= sl AdS a3, ZYMO

RESERARCH A}<] 5-mC DNA ELISA KitE ©o]&39 3 ulFeo U&=

protocol WS ©]&3}% T}

£

P

\=}
RUie |

%

(th a7 A3

O UV-B 2E# 2] W& DNA methylation &4

O UV-B 2E#H A (1 yW/em? vs 88 pW/em? vs 100 pW/em? vs 136 pW/cm?)
AF A3 UV-BE As 8779 /HAdA ZeE9 Genomic DNAE &+
2] & 5-mC DNA ELISA KitE ©o]€3le] % of DNA methylatione 2213}

_47_



oF. i =+ DNA methylation %< 1.69%, UV-B * 2+ 2] DNA methylation
e 61 yW/em® oAl 252%, 88 uW/cm? ol A1 2.96%, 100 uW/cm® ol A 2.3%,
136 uW/cm® A 2733%%2 UV-BE A&d 277 7HAe] DNAZ diziel
v]3] DAN methylation®] X7} o &2 AL F&s (A E 22).

4_
< 3
< T
A T
g 2 --
‘%" I
= 1

0 T T T

con 61 88 100 136

UV-B (uWicm?)

Jd9 22. 87174 A ¢ UV-B 2EH 2o o gk DNA methylation ¥4 28 =

(3) i BA2ENS 278 F34 578 AL B YEHRE o]4F 87
P2 et A
O Az 2 229 FAJERE flAH SHEHE AT AR B FE Ny 2
o) 5 2 5 o
SAEAE A% AW BT AFETIEES B A AR EE AEF
= [e) ) o = = S > =
So XAbg, AEF e qAA Id wEe T4 fd4 WEe 5 47 2
Al AxES AAZst, 7 AxFZES AFSE 98t Threshold #ts AA S
- o — - VA =
T, 594 Hrheth dAdHE AXSS I 230 AAFAS. AEHA 2
6 =1 = . - -
Aoy 3F A48 AR Bk 554 g w4E £ JA0ER 39U
[e) = = = =] =
of FA &4 Edg F3 HQ (F3ld AF)E =3t o] & vt o= {34
SH3s Fsan &
*iHd S oFH Y 2 1
HQ 1 2 3 4 5
AE A%t 5 4 3 p) 1
Heat shock response >9%0 90-80 80-70 70-50 50>
Proteasome degradation >80 80-60 60-40 40-20 20>
[UL L e DNA protection >80 80-60 60-40 40-20 20>
Redox protection > 90 90-80 80-70 70-50 50>
Metabolism >90 90-80 80-70 70-50 50>
— DNA methylation >90 90-80 80-70 70-50 50>
RS Histone modification > 90 90-80 80-70 70-50 50>
AME AAE >80 80-60 60-40 40-20 20>
ro— RYHHE >80 80-50 50-10 10-1 1>
- YNE >80 80-60 60-40 4020 20>

19 23 A TF3 BHe AT AR R AFE 44
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A 5 A vFAH BE}] vadSE T AEHE &

EFGA o] 7|12 ©F W key signature W

L W3AE AY $Y F(%) 48 2 84 2592 x3F AAA 24 2

v o

b, AFU &

=
e S e = : 4 T T(E)el AT
e AETS Ad¥ste U 37 2EHA 2d0R =EFAF A ws
HE B A 2 S A ols T AEH L Wl B A vz 3@
d fFARES FH}LA A7E JPFoldt

Yo A7 4 2 A7 23

M) MFAY A FL &) A8 2 8 2

ul

g2 =3

O Y= King Geroge Island®] King Sejong Station @A oA &AH FO =7 3§
copepoda(&7Zt7) & o= TEHES 28y st A 3, Tigriopus
KingsejongensisZ Q1= o], o|& FAISH v|FAH XNAFO=ZE  Tigriopus
Japonicuse et T Fol g thF WY AAvle FEHEFTAOE 24).

(4)
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(B) T. kingsejongensis T. japonicus T. kingsejongensis T. japonicus

500 pm

I3 24 M EFA FIFAMA 24759 AR Tigriopus Kingsejongensis <+ ¥ 3 A @
A A& Tigriopus japonicus A3 (B)
Z*: Han et al. Mar Ecol Prog Ser 561:99-107 (2016)

(2) #Fa4d TF°l =2 HF2Ed 2 o

ol

9= M2 23 Tigriopus japonicus

Ef XA 2743 PFOS =& 7H4 faldo] =4 #F o] o] AE#A

o FIFMAFF Tigriopus japonicus &2 AEH EAHES
RNAE gH3s2# 3. dA Tigriopus japonicus &< vigsle] & A9
o, AAMA &4 235 GRS A 4.

2. Functional studyE &3 95 A2 53 AEsIE ZEH X W 7% o=
2 Key signature .Pl_z 2z 2 AYEE &84 R

7h A€

O 12xrd %ol &R ¥ Philodina gregaria ¥ Boeckella poppei &2 ZAAMA A
ZHE Stress Defense (SD) ™ FAAES 2SS Rty ols=ZF
Key signature fAAE @324 319 5. T3 FX 2779 v = 2
FE WA E FYs 2EHE ASMA AAAE FHESS] ¥ 4%

24 93 Yz BoHe 2EAXA ol AS WIHTLA HAS

ERC L

)

i)

e

(1) 1223 %o &R A Philodina gregaria 2 Boeckella poppei <2 A 23}
Z2HE SD FH1# &3k gelS 53 key signature A W
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O 12xd%e gr¥E 2=2Ed X wWE Phlodina gregaria 2 Boeckella
poppel 52 AAA ARZHE SD FH42 THYG g

O JFA L7792 Boeckella poppei =2 HAAMA Az} E3 4
59 FYS 2E2EH A A A EdHo] XHEEHE FAA vo]Lnt

= =
T o =2 U il
AES g7 Tao) thal JS BT 2R Key signature 42 W
St AF B =

O A& 2E#H ZHAA 71&d Brad 8717 A3 A8 2345 Y=
FHAAEY AS 2EH 2 o] 71Zef 7St ALE AIREHY, SAL4F/
o /] Holxog Htgo] AANHE FHAES olLdtd d= AE 5/ W
71 &E gAst A &

o7& &

#
Aole 3 Bl B4 A% 44 A B

_
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E 1l &% AEdA 2o B2 o

A4 54 Bd §87

5ho] & v} o

stressors

Biomarker

Species

References

Increasing temperature
Increasing temperature
Increasing temperature

Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature

Increasing temperature

Temperature; salinity shock

Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
increasing temperature

increasing temperature
Increasing temperature
Increasing temperature
Temperature

Temperature

Increasing temperature
Heat-shock/increasing
temperature
Heat-shock/increasing
temperature

Heat-shock/increasing
temperature

Heat-shock/increasing
temperature

Heat-shock/increasing
temperature

Heat-shock/increasing
temperature

Increasing temperature

Heat shock/increasing
temperature

Heat shock/increasing
temperature

Heat shock/increasing
temperature

Increasing temperature
Increasing temperature
Increasing temperature

Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature

Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature
Increasing temperature

Increasing temperature

Aldehyde dehydrogenases (ALDHs)

Catalases (CATs)

Cellular apoptosis susceptibility

protein

Decreased expression
Decreased expression
Elevated expression

Cytochrome ¢ oxidase subunit | (COI) No significant change

Cytochromes P450 (CYPs)

DnaJ homolog

Ferritin

Glucose-regulated protein, 78 kDa
Glutamate dehydrogenase
Glutathione peroxidases (GPxs)

Glutathione reductase (GR)
Glutathione S-transferases (GSTs)

Glutathione synthetase

Decreased expression
No significant change
Elevated expression
No significant change
Elevated expression

Elevated expression

Elevated expression, time dependent

Elevated expression
Decreased expression

Elevated expression

Elevated expression for low and,
decreased expression for high

temperatures
Elevated expression

Isoform dependent
Elevated expression

Heat-shock protein 10, 20, 21, 22, 40, No significant change

60, 94 or 105 kDa

Heat-shock protein 70 kDa (HSP70)

Heat-shock protein 90 kDa (HSP90)

Inhibitor of apoptosis protein
Methylmalonate-semialdehyde

dehydrogenase

Nucleosome assembly protein 1

Peroxiredoxin-6

Ras-related C3 botulinum toxin

substrate 1
Retinoid X receptor

Ribosomal protein L13
Ribosomal protein S11

Superoxide dismutases (SODs)

Toll-like receptor

Tubulins-alpha
Tubulins-beta

Vitellogenin

Elevated expression for high and,
decreased expression for low

temperatures
Isoform dependent

Elevated expression (acclimatization
result in lower expression)

Elevated expression (acclimatization
result in lower expression)

No significance

Elevated expression (acclimatization
result in lower expression)

Elevated expression (acclimatization
result in lower expression)

Elevated expression (acclimatization
result in lower expression)

Elevated expression

Elevated expression
Elevated expression
No significant change

Elevated expression
Decreased expression
No significant change

Elevated expression, time dependent

No significant change
No significant change
Elevated expression

Decreased expression
Elevated expression
No significant change
No significant change
Elevated expression

Elevated expression
No significant change
Elevated expression
Elevated expression

Decreased expression

Boeckella popper
Boeckella poppei
Boeckella popper

Boeckella poppei
Boeckella popper
C. finmarchicus
Boeckella popper
Boeckella popper
E. affinis
Boeckella popper
C finmarchicus
Boeckella popper
Boeckella poppei
Boeckella popper
T. japonicus

T. kingsejongensis
Boeckella popper
Boeckella popper
T. japonicus

T. japonicus

Boeckella popper
A. tonsa

C. finmarchicus
C. finmarchicus
E. affinis

T. californicus
T. japonicus

Boeckella popper
A. tonsa

E. affinis
T. japonicus

Boeckella popper
Boeckella popper
Boeckella popper

C. finmarchicus

Boeckella popper
Boeckella popper
Boeckella popper

Boeckella popperi
Boeckella poppei
C. finmarchicus
Boeckella popper
Boeckella popper
T. californicus
Boeckella popper
Boeckella popper
Boeckella popper
Boeckella popper

In this study
In this study
In this study

In this study

In this study
(Smolina et al., 2015)
In this study

In this study

(Xuereb et al., 2012)
In this study
(Smolina et al., 2015)
In this study

In this study

In this study

(Han et al, 2018)

(Han et al, 2018)
In this study
In this study
(Rhee et al, 2009)

(Seo et al., 2006c¢)

In this study

(Petkeviciute et al.,
2015;Rahlff et al.,
2017)

(Voznesensky et al,
2004)

(Smolina et al., 2015)
(Rahlff et al., 2017)
(Chan et al., 2014)
(Rhee et al., 2009)

In this study

(Petkeviciute et al.,
2015)

(Xuereb et al., 2012)
(Rhee et al., 2009)

In this study
In this study
In this study

(Smolina et al., 2015)
In this study
In this study
In this study

In this study

In this study
(Smolina et al., 2015)
In this study

In this study

(Chan et al, 2014)
In this study

In this study

In this study

In this study
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