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Workflow Take home messages,

N
» Three Arctic Chloromonas sp. (KNF012, KNF030 and KNF032) and two Antarctic Chloromonas sp.
(KSFO57 and KSF063) are closely related to Chloromonas sp. CCCryo0273-66 strain isolated from

Antarctic region.
» Temperature dependent transcriptome analysis of KNF032 results in 39 cold acclimate-related genes.
— > —> Five among twelve annotated transcripts are Ice-Binding Protein (IBP). All of 17 IBP transcripts are

i i i i denoted as type 2 IBPs which has not a DUF3494 domain.
Chioromonas sp. KNF032 » Type 2 IBP genes are found in Arctic/Antarctic freshwater Chloromonas strains. It is remarkable that
culture at 8°C condition Various temperature conditions treated for a week) type 2 IBP has not shared any domains and genetic structures of type 1 IBPs.
g _ ' \ y \ » Most of motifs are highly conserved as TFT. First Thr(T) of some motifs Is often substituted to Lys(K),
analyseSVNer:)g;é:f(:;L?r:]ei.-Eﬁg.sgpggqrgg: 29,630) Most abundant & highly expressed gene is Asp(D) and Ser(S) less than second Phe(F) and third Thr(T).
Ice-Binding Protein (Type 2). > Predicted TF binding sites give a hint that these ibp genes are able to function as cold acclimation
l response like in plants.
4°C 12, 16, 20°C

up-regulated down-regulated

39

Where and Who does have IBP genes
under cold acclimation conditions?

PART Il. Transcriptome analyses

Table 1. Description of 12 annotated transcripts among 39 cold acclimate-related genes. Five ice-binding proteins
were remarkably expressed at low temperature condition.

Two Chlamydomonas (Arctic Freshwater)
Two Chloromonas (Arctic Freshwater)
& Two Chloromonas (Antarctic Freshwater)

. _ Contig ID RPKM score Description E-Value
Cold acclimate related genes strains were selected.
\ / \ / 4°C 8°C  12°C  16°C  20°C
PA RT | Ph I f KOPRI . ArF32Contig690 358.41 136.89 54.62 17.87 15.03 ice-binding protein-4 0)
" y Og eny O Stral ns ArF32Contig2971 269.44  88.97 45.55 13.52 457 ice-binding protein-3 0)
Isolation site 54 — Chloromonas sp. KNF030 B ArF32Contig24913 147.25 41.66 24 .42 32.45 31.50 predicted protein 1.08E-10
: - | “Y— Chloromonas sp. KSF063 : A hind L i
lGrSc;}tﬂu\cjzlinNorway 100 [ 1 chioromonas sp. KNF032 B |chioromonas ArF32Contig6739 138.63 50.19 40.04 23.75 24.78 ice-binding protein-3 2.04E-158
Bl USA/Mexico 98 Chloromonas sp. KNF012 B |clade | ArF32Contig14333  129.43 59.49 5295 356  0.43 hypothetical protein VOLCADRAFT 106879 1.45E-09
China 100 Chloromonas sp. KSF057 _ _ L _
Australia/New Zealand 100 HQ404890 Chloromonas sp. CCCryo273-06 J ArF32C0nt|g690l 89.86 38.28 18.18 0.38 8.99 ICe-blndlng prOteln-4 1.42E-81
Antarctic EF106784 Chlamydomonas sp. CCMP681 - ArF32Contig11683 40.66 19.42 1321 10.22 12.81 acetyl-coa synthetase 0
Unknown 95 GU117582 Pleurastrum sp. CCCryo006-99 _ _ _
80 ~DQO009767 Dunaliella sp. CCMP1923 ArF32Contig28905 30.54 1458 2.52 1.19 2.48 hypothetical protein VOLCADRAFT 121013 5.12E-48
ﬂFr— DQO009769 Dunaliella sp. CCMP367 B _ . .
KJ018735 Dunaliella tertiolecta CCMP364 I ArF32Contig21934 27.16 10.36 6.81 6.68 5.11 flagellar associated protein 1.02E-21
78 100 {DQ009743 Asteromonas gracilis CCMP 140 = - - : - i
| DQ009744 Asteromonas gracilis COMP813 = ArF32Contig26817 20.21 6.54 1.82 0.64 0.38 polysaccharide deacetylase family protein 1.86E-18
68_|1(P313859 Chlamydomonas sp. UWO241 ArF32Contig26619 15.41 2.44 0.94 0.99 1.58 ice-binding protein-4 6.89E-33
100 | '~ AF514399 Chlamydomonas sp. CCCryo125-00 _ _ _
89 Chlamydomonas sp. KNF010 I ArF32Contig28814 6.35 2.83 1.45 2.55 1.22 hypothetical protein VOLCADRAFT 92225 8.75E-23
100 100 [DQ009754 Chlamydomonas sp. CCMP235 N
DQO09755 Chlamydomonas sp. CCMP236 .
DQO009752 Chlamydomonas sp. CCMP222 [
91 DQO009753 Chlamydomonas sp. CCMP233 = -o~-ArF32Contig690 -e~ArF32Contig816
GU117578 Chlamydomonas klinobasis CCCryo050-99 _ ; ;
99 r AF514400 Chloromonas rostafinskii CCCryo010-99 B 400 | ~-ArF32Contig2971  -e-ArF32Contig6739
8 50 93 [MAF514402 Chloromonas rostafinskii CCCryo025-99 N —-ArF32Contig6901  -s-ArF32Contig5619
1 L—— AF514401Chloromonas platystigma CCCryo020-99 H _ .
82 N ;ﬁgiggsghcl)grlgggzgga; g}flgﬁgcgg Sg&r;/%IZSOMOQOOQ = Chloromonas - 250 -e-ArF32Contig26484 -e-ArF32Contig26619
o . .
99 EAF514409 Chloromonas nivalis CCCryo005-99 B Clade Il 7 =s-ArF32Contig7744 -e-ArF32Contigl7173
94 88 _[ GU117584 Chloromonas schussnigii CCCryo082-99 O g; -e-ArF32Contig29499 -e=ArF32Contig6800
i 100 ["LGU117585 Chloromonas insignis CCCryo090-99 B 5 200 , _
59 L GU117583 Chloromonas reticulata CCCryo154-01 - x -e~ArF32Contigl1448 =-e-ArF32Contig27952
100 rJQ790558 Chlamydomonas nivalis CCCryoRS0005-2004 ] . . : : :
[ 10700559 Chiamydomonas nivalis GOCryoRS0003-2004 - o ArF32Contig26250 =-e=ArF32Contig3175 Figure 2. Normalized expression level
S §|JN903978 Chlamydomonas reinhardtii SAG11-32¢ N 450 ArF32Contig14185 of all 17 ice-binding protein (IBP)
100 | 1UN903974 Chlamydomonas reinhardtii SAG18.79 ] @® ] ]
Chlamydomonas sp. KNF019 . = transcripts according to temperature
70 KF673387 Chlorella sorokiniana SAG211-31 O i ]
KMO020186Chlorella stigmatophora SAG9.86 Z 100 changes. All transcripts was highly
00 AJ416105 Chlorella sphaerica SAG11.88 expressed at 4°C condition and then
decreased according to temperature
Figure 1. Neighbor-Joining tree of six KOPRI culture collection strains (two Chlamydomonas sp. and four 50

Increasing. Most strongly expressed

Chloromonas sp.) inferred from 18S rRNA segeunces (1190 nt, 38 taxa). Numbers above branches indicated NJ contig690, 816 and 2971 were selected

bootstrap value (>50%). Genus Chlororella (Trebouxiophyceae) served as outgroup taxa. Color boxes indicates 0 to further study.
Isolation site of each strain.
Temperature (°C)
PART Ill. IBPs of Arctic/Antarctic Chlorophyceae
Domain architecture \ I 11 11 1V
Chloromonas sp. KNF032 contig816 .
AHE22079 ChiorolBP Nd KNFO32contig6739 TRET TET TET TET
Chloromonas sp. KNF030 contig816-like N.d. CCMP681 IBP3 TET TET TRET T[T
Chloromonas sp. KSF063 contig816-like N.d.
o | Chioromonas sp. KNFO12 contig8 16-like N.d. KNF032 contig2971 TLT TOET TET TQT
0 ggjomm”as sp. EQE? (7) CO”F‘QSJ 2‘.‘-”26 ':Ig KNFO10 contig2971-like TIHT TET TET THET
s K e o v orozcomgzike TRT  THT  TET 10T
Chloromonas sp. KNF032 contig2971 — ™ KNF030 contig2971-like TET TLET TET THET
00 Chioromonas sp. KNFO12 contig2971-like — ™ - T™ KSFO57 contig2971-ike TET TET THEHT TET
100 | Chloromonas sp. KSF057 contig2971-like — M - T™
o9 [ | Chloromonas sp. KNFO10 contig2971-like — T™M - T™ Chlorophyceae KNF032 contig6901 TEHT T[T
0 Chloromonas sp. KNFO30 contig2971-like — T™M - T™ (Type 2 IBPs)
__ Chloromonas sp. KNF032 contig6739 — T™ - T™ CCMP681 IBP2 TET V[T
EU190447 Chlamydomonas sp. CCMP681 IBP3 — 1M .
00 97 EU190446 Chlamydomonas sp. CCMP681 IBP2 — ™ KNF032 contig816 TET TQET
Chloromonas sp. KNF032 contig690 N.d. KNFO10 contig816-like T E T T E T
.Chloromonas sp. KSF063 cont|.g690-lllke N.d. KNFO12 contig816-like T E T T E T
Chloromonas sp. KNF030 contig690-like N.d. . _
100 | chioromonas sp. KSF057 contig690-like N.d. KNF030 contig816-like T E T T E T
100 | Chioromonas sp. KNF012 contige0-like N.d. KSFO57 contig816-like TAT TQT
%Ecijjiﬁfngzlzfyfﬁfggfifft.;32/'4%81 IBP4 o N.d. KSF063 contig816-like TEHT T[T
>0 Chloromonas sp. KNF032 contig6901 N.d. ) CCMP681 IBP1 T E T T E T
99 AFK64812 Pyramimonas gelidicola IBP2 ] Prasinonhvtes ChlorolBP TAT T@ET
81 AFK64811 P. gelidicola |BP1 PRy .
99 BAD02894 Typhula ishikariensis AFP — T™ Fungi KNF032 contig690 st TQET
98 ACU09498 Chaetoceros neogracile IBP — ™ o KNF012 contig690-like S E T T E T
20 AAZ76254 Navicula glaciei IBP Bacillariophyceae . anl:
| KNF030 contig690-like sT THET
- 99 AGC91915 Chlamydomonas raudensis IBP2 , ,
100 AGC91914 Chlamydomonas raudensis IBP1 KSF057 contig690-like sT  THT
93 AIC65762 Chloromonas brevispina IBP2 — T™ KSF063 contig690-like S E T T E T
100 AIC65761 Chloromonas brevispina 1BP1 — TM
AIC65763 Chloromonas brevispina |BP3 — ™ KNF032 contig7744 mﬁ T T E T S E T T E T
100 ACG63781 Lolium perenne CCMP681 IRIP — LRRNT -— ] CCMP681 IBP4 [T TET s@HT THET
98 ACN38296 Deschampsia antarctica IRIP1 Planta
02 AACG2932 Daucus carola AFP — Figure 4. Highly conserved TXT motifs discovered in all of type 2 IBP proteins. Multiple alignments

were performed by ClustalW program. According to previously studied IBP proteins of
Chlamydomonas sp. CCMP681 was used to select TXT motifs. Most motifs are expressed as TFT but
some motifs at I, 111, VI and VII positions were changeable. First Thr(T) is often substituted to Lys(K),
Asp(D) and Ser(S) than second Phe(F) and third Thr(T).

Figure 3. Neighbor-Joining tree of IBP amino acid sequences including 13 newly analyzed IBPs from six KOPRI strains. Numbers above
branches indicated NJ bootstrap value (>50%). Anti-freezing protein (AFP) and ice-recrystallization inhibiting protein (IRIP) from Planta served
as outgroup. Domain architecture was predicted using SMART homepage with PFAM database. Type 2 IBP was clearly distinguished from type
1 IBPs containing DUF3494 domain. Some proteins have not been detected any domains. Domain name was abbreviated as follow: RPT,
repeated domain in UCH-protine; TM, transmembrane; DUF3494, unknown domain; LRRNT, leucine rich repeat N-terminal domain; LRR,

. Table 2. Predicted transcription factor binding at N-terminus of IBP transcript. Number of transcription
leucine rich repeat.

factor binding site was reported in parenthesis

1 238 499 614 955 1143 1562 1653 1842 1929 2164 2212 c 3 h 5 hel
. ontig B ZIP HLH  ERF MYB Trihelix ~ WRKY
690  ABI3(1), DPBF(2), N.d CBF(2) GAMYB(1) N.d WRKY18(1)
1 128 461 576 794 979 1190 1278 1494 1582 1775 1822 2021 2080 2248 2282 2406 2482 2641 2767 3204 3227 VP]_(]_) OBF4(1), RSG(].)
contig3816 2 7 1 11
9 3 S 6 8 9 0 816  ABI3(1), OBF4(4) N.d CBF(2) N.d GT-1(1) WRKY1,2,3(3)
730 915 1213 1267 1596 1681 1885 1932 2132 2192 2403 2437 2576 2652 2893 3019 3281 3298 VPl(Z)
contig2971 ( 2 3 4 5 6 7 8 9 10 2971 ABI3(1) N.D PIF3(3) CBF(1) N.d GT-2(2) WRKY1,2,3(2),

Figure 5. Gene structures of contig690, 816 and 2971 CDS region. A total of 11 exons were found in contig816 and 2971. WRKY18(1)
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