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BEml a8 P20, D ) 25 57 A JE 1A (differentially
expressed gene, DEG)/ HTH B 5 T BEAG B . B
R Wl MR IR Eh L i B o Geitd e LX)
B E— LA FAY Reads 20, FHHE AL AW
FPKM f{H (fragments per kilobase million)”), % 1]
DESeq X kKRB AT 2 570007, Tk Rik 2
f5%1|log,FoldChange[>1, .31 P<0.05 i DEG.,

2 HREHSH

21 HERHERATRESH

211 MFEHEBHITSHEER X4 co. 4
PEZH H5, H10, L5 A1 L10 7£ Ilumina Hi—Seq™
2000 platform ¥ = AL AR BEIY, £ 5200 2 % 5%
BRLE R 1 s TR T AR S T Q20

) Reads ZH M E 7 LLIEFEIN 97.37%~97.95%,
BRI IREE(N) BT 5 & 40 ELFEME R 0.0013%. K5
B NG 4% Reads HEAT R BR 5 FrAs i ot i 327
TRz,

2 de novo BHESS, HAk45 156495 > Transcripts,
B 231642201 bp, T8 EE R 31642 bp,
SER K EE N 1480.19 bp, GC &N 59.19%, K JF
KT NSO BIFFIAE0R 32932, K KT N9O 1)
FFHNANBCR 106432(3K 2) 3145 80955 ™ Unigenes,
MK JE N 115800513 bp, FEAER KK E N 31642
bp, FHIKJE N 1430.43 bp, GC F &N 59.62%,
KERKT NSO MFHIAECH 17777, KERT
NOO I FEFANEUH 55127(F 2), 25 58 B 80
Al TGS R o
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Tab.1 Satistical analysis of transcriptome sequencing results of Symbiodinium sp.

9 category Co H5 H10 L5 L10
JF AR raw data 49231824 53771332 46732416 51552452 46302881
F R IETH clean data 46670413 50731401 44120353 48595610 43877001
Q20 H11/% Q20 ratio 97.37 97.88 97.95 97.85 97.90
N [ 61/% N ratio 0.001022 0.001441 0.001237 0.001461 0.001332

F 2 HEREREANXEHERFIHLT
Tab. 2 Characteristics of de novo assembled sequences
from transcriptome library of Symbiodinium sp.

25 category AR transcripts 3EH unigenes

J7 51 1K /bp total length 231642201 115800513
75408 sequence number 156495 80955
K JF 5K & /bp max length 31642 31642
S-H{E/bp mean length 1480.19 1430.43
N50 2056 1964
L50 32932 17777
N90 686 679
L90 106432 55127
GC /% GC ratio 59.19 59.62

TE: N50 F1 N9O 433 4 5 4 4 B MR AT HE) Y, B3 i
KEEAR/NT B 50%H1 90%IH) )75 1 . L50 F1 L90 43514
KR T8 25T NS0 I N9O fFE 815t

Note: N50 and N90 are respectively the length of sequence at 50%
and 90% of the total length, when we arrange all sequences from
long to short. L50 and L90 are respectively the number of se-

quence that are longer than, or equal to the N50 length and the
N90 length.

2.1.2 Unigene IhEEEER T 14 Unigene Lt
TR N KIEEEHE A, 45 R RAEREE] NR £ds
JERA 27236 (33.64%), TERE GO BlEFEMA
23998(29.64%), 1 F:%| KEGG BUEEMNH 17867
(22.07%), 7EREE] Pfam B8 ENIA 32614 (40.29%),
TR E] eggNOG A 45387 (56.06%), 11 )
SwissProt 1 26767 (33.06%) (% 3).

s MR S 4] Unigene BYINHESNE,
L GO Hd PR AT 5L A= ) 2 R D g 325 o
GO W& B, siERNERNS 5T Mt
HAREERRE, WA FIihe . s e
Yk 3 A, b2 501068 13 25, 4l
Hor 1625, AWt e 19258 1) FHIREH 1H, W
R B R e 2 AR PE (2308, 9.62%), HR4E
B (571, 2.38%), PRI FIETE@427, 1.78%),
BT 3ARIE (53, 0.22%)553 550, 414l 5
DT, WK B 2 0 & 4 (2322, 9.68%), H

s I
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# 3 Unigene B ERERICA KRNI 532315, 9.65%), FFKEANMES (1676,
Tab.3 Summary of Unigene functional annotation results 6.98%), Tl*;(s 002%)Hi"\ W3 *Ejfﬁ W

. HFHH L A81/%
M item number of Unigenes percentage ﬁ.ﬂ‘% E/J%QEHH@L$$Q362 9. 84%)’ /‘ﬁ(%,ftﬁf
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KEGG 1B annotated in KEGG 17867 22.07 FyiE— 434 Unigene YZIHEE, 17T eggNOG
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annotated in eggNOG :ﬂi?iljjﬁbq:ﬁ‘ @ﬁiﬂ\& 25 (rg] 2), BT{XFH:‘F ﬁiIﬂ
SwissPort 1R 26767 33.06 RE TN AN D) BE R RN L I Ah, e K —28 2 RS

annotated in SwissPort

SR Y £ 1M . B  J A E1R(3704, 8.16%), HURE
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Fig. 1 GO function classification of Unigene
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Tab. 4 Numbers of differentially expressed genes among samples of Symbiodinium sp.

Xof AR Jb PR B AR DEG #{ oAl /%
control group treated group up—regulated gene number down—regulated gene number DEG numbers percentage
Cco H5 1770 2992 4762 6.98
Co H10 2726 4239 6965 9.87
Co L5 2001 4238 6239 9.38
Cco L10 1058 4553 5611 8.04
HS5 HI10 960 530 1490 2.12
L5 L10 269 812 1081 1.56
L5 H5 253 55 308 0.46
L10 H10 120 24 144 0.20
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Fig. 3 Transcriptional profile of the differentially expressed genes encoding phospholipase
a: phospholipase A2; b: phospholipase B; c: phospholipase C; d: phospholipase D.
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Fig. 4 Transcriptional profile of the differentially expressed genes encoding phosphatase
a: alkaline phosphatase; b: acid phosphatase.
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Comparative analyses on the transcriptome among free-living
zooxanthellae under different phosphate concentrations
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Abstract: Free-living zooxanthellae, much like symbiotic zooxanthellae, contribute to maintaining the health of
the coral community. Previous studies have shown that Symbiodinium sp., a free-living zooxanthellae, exhibits
different responses to various phosphate concentrations in terms of growth and alkaline phosphatase activity. To
understand how Symbiodinium sp. responds to dynamic changes in dissolved inorganic phosphorus (DIP), we car-
ried out comparative analyses on the transcriptome of this dinoflagellate under two different initial phosphate
concentrations in 0, 5, and 10 d. Initial phosphate concentrations of 0.15 and 35 pmol/L were designed based on
the phosphate concentration of an F/2 medium typically used in laboratory culture and a low average phosphate
concentration of the East China Sea in recent years, respectively. The de novo assembly results showed that 231
642201 Transcripts and 80955 Unigenes were obtained; a total of 4407 (5.44%) Unigenes were co-annotated in the
NR, gene ontology (GO), Kyoto encyclopedia of genes and genomes (KEGG), evolutionary genealogy of genes:
non-supervised orthologous groups (eggNOG), SwissProt, and protein families (Pfam) databases. In addition, 27
236 (33.64%) Unigenes had significant matches in the NR database. All Unigenes annotated in the NR database
were selected for annotation in the GO database. As such, a total of 23998 (29.64%) Unigenes were mapped into
three categories: molecular function, cellular population, and biological process. Among the annotations in the GO
database, there were 13 sub-categories of molecular functions, 16 sub-categories of cellular components, and 19
sub-categories of biological processes. The eggNOG functional analysis results showed that 45387 (56.06%) Uni-
genes were divided into 25 categories according to their functional characteristics. The largest category was
post-translational modification, protein turnover and chaperone (3704, 8.16%), followed by signal transduction
mechanism (3272, 7.21%), translation, ribosomal structure and biological development (2091, 4.61%), extracellu-
lar structure (168, 0.37%), nuclear structure (78, 0.17%), and cell movement (24, 0.05%). To obtain the differen-
tially expressed genes related to phosphorus utilization, transcriptome data from five experimental groups were
compared and analyzed. The results suggest that there were three phospholipase A2 genes, two phospholipase B
genes, one phospholipase C gene, three phospholipase D genes, two alkaline phosphatase, genes, four acid phos-
phatase genes, three inorganic phosphate transporter genes, two sodium-dependent phosphate transporter genes,
and three mitochondrial phosphate transporter genes that were differentially expressed. According to the genetic
expression profile of the differentially expressed genes, it was hypothesized that the free-living Symbiodinium sp.
may continue growing under low phosphorus stress by enhancing its ability to transport inorganic phosphate into
cells and utilizing organic phosphorus via phosphatase. This study improves the current understanding on the sur-
vival mechanism of zooxanthellae in oligotrophic seas. The findings pave an avenue to uncover the molecular
regulation mechanism of Symbiodinium sp. in response to different phosphate concentrations.
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