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s 3 , 6 cDNA , 48.67 M Raw reads,
BGISEQ UpHT 43.25 M Clean reads 6.49 Gb,
48.51 M Raw reads, 43.12 M reads 88.86% ( 1) UpHT  UpCa
Clean reads, 6.47 Gb, Clean reads 50.53%
reads 88.88% ( 1) UpCa 45.64%
% 1 % UpHT #1 UpCa IR RARN FLE R
Tab.1 The result of transcriptome sequencing in U. prolifera under UpHT and UpCa treatments
Raw reads (M) Clean reads (M) (Gb) Clean reads Q20 (%) reads (%)
UpHTI1 47.94 42.69 6.40 96.56 89.04
UpHT2 49.08 43.56 6.53 96.4 88.75
UpHT3 48.50 43.10 6.49 96.15 88.85
UpCa_1 46.20 40.90 6.13 96.41 88.53
UpCa_2 49.08 43.92 6.59 96.37 89.49
UpCa_3 50.74 44.94 6.74 96.44 88.56
N reads 20 ( P<0.01) ,0=-101gP,M  million
2.2 (cellular component) (membrane,
UpHT 26545 , UpCa 1731) (membrane part, 1630) (cells,
35368 , 25288 1612) GO
36625 (D (molecular function) ,
(binding, 2218) (catalytic activity,
ldf)ﬁ?r 2511) (transporter activity, 286) ,
29 DEGs (antioxidant activity),
10080 25288 25 DEGs (signal transducer
activity)
DEGs GO , 4
(biological process) GO DEGs
I UpCa UpHT (organic cyclic

Fig.1 The venn diagram of gene expression between the
treatment group UpCa and the control group UpHT

2.3
, P<0.05 |logx(FC)|=1
, 7153  DEGs( 2) DEGs
6002 DEGs 1151 ( 2a)

24 DEGs GO
DEGs GO , 4335 DEGs
GO , 3
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119) (developmental process, 63)

compound metabolic process, GO: 1901360, 741)
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metabolic process, GO: 0006725, 714)
(heterocycle metabolic process, GO: 0046483, 714)
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biosynthetic process, GO: 1901362, 286) RNA
(metabolic process, GO: 0016070, 318) GO
(Cellular component) GO ,
nucleus (GO: 0005634, 601)
(Intracellular ribonucleoprotein
complex, GO: 0030529, 765)
function)
activity, GO: 0003824, 2511) ,
(ligase activity, forming carbon-nitrogen bonds, GO:
0016879,87) ( 4)

(molecular
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Fig.4 Results of top GO enrichment of differentially expressed genes
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Tab.2  Antioxidant, plant signal transduction and Ca®" related differentially expressed genes (portion)

ID

CL1545.Contigl_All
CL2017.Contigl_All
CL2243.Contigl All
CL2987.Contig2_All
CL3441.Contig3_All
CL3645.Contigl_All
CL5883.Contig2 All
CL6286.Contigl_All
CL7704.Contigl_All
CL7712.Contigl_All
CL776.Contig3_All
GW320988.1
GW321598.1
GW321766.1
GW321894.1
GW322475.1
GW323156.1
GW324240.1
Unigene7522_All
Unigene7890_All
Unigene7993_All
CL1491.Contigl_All
CL1996.Contig2 All
CL2513.Contigl_All
CL318.Contigl2_All
CL318.Contig7_All
CL444.Contig5_All
CL628.Contig4_All
CL6954.Contig2_All
CL7403.Contigl_All
GW321307.1
Unigenel8393_All
Unigene26733_All
Unigene3691_ All
Unigene5445_All
Unigene5496_All
Unigene7934_All
CL1996.Contig3_All
CL3860.Contig2 All
CL444.Contigl_All
CL3373.Contig2_All
CL3373.Contig3_All

next to BRCAL1 gene | protein
K00432//glutathione peroxidase
K13299//glutathione S-transferase kappa 1
KO03564//peroxiredoxin Q/BCP
K10878//meiotic recombination protein SPO11
K00434//L-ascorbate peroxidase
K13179//ATP-dependent RNA helicase DDX18/HAS1
K00432//glutathione peroxidase
K00799//glutathione S-transferase
K19511//peroxidase

K22020//mucin-19

K00799//glutathione S-transferase
K00434//L-ascorbate peroxidase
K04564//superoxide dismutase, Fe-Mn family
K00432//glutathione peroxidase
K00799//glutathione S-transferase
K09489//heat shock 70 kDa protein 4
K10878//meiotic recombination protein SPO11
K12598//ATP-dependent RNA helicase DOB1
thioredoxin [Raphidocelis subcapitata)
K00799//glutathione S-transferase [EC:2.5.1.18]
K14498//serine/threonine-protein kinase SRK2

K14491//two-component response regulator ARR-B family

K14510//serine/threonine-protein kinase CTR1
K14513//ethylene-insensitive protein 2
K14513//ethylene-insensitive protein 2
K14498//serine/threonine-protein kinase SRK2
K14498//serine/threonine-protein kinase SRK2

K04422//mitogen-activated protein kinase kinase kinase 13

K14509//ethylene receptor
K 14490//histidine-containing phosphotransfer protein

K14491//two-component response regulator ARR-B family

K 14498//serine/threonine-protein kinase SRK2
K14501//serine/threonine-protein phosphatase BSU1
K14510//serine/threonine-protein kinase CTR1

K14491//two-component response regulator ARR-B family

K14497//protein phosphatase 2C

K14491//two-component response regulator ARR-B family

K14515//EIN3-binding F-box protein
K14498//serine/threonine-protein kinase SRK2
K13412//calcium-dependent protein kinase

K13412//calcium-dependent protein kinase

3.8
0.44
0.19
0.43
3.52
231

287.36
2.02
0.45
3.29
2.15
0.44
430
2.16
4.78

75.06
0.26
2.21
7.06
0.48
2.17

180.04

25.12
2.01

399.55

72.51

25.26

180.04

25.11

24.84

399.55
0.05

23.38
2.44

72.51

55.83
3.23

25.26

23.38

72.50
0.24

120.13
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ID
CL359.Contig3_All K13448//calcium-binding protein CML 0.02
CL4671.Contigd All K16900//two pore calcium channel protein, plant 27.85
CL468.Contigd_All K13412//calcium-dependent protein kinase 5.37
CL4858.Contigl_All K13448//calcium-binding protein CML 12.07
CL4864.Contig2 All K05849//solute carrier family 8 (sodium/calcium exchanger) 49.85
CL528.Contigl_All K13412//calcium-dependent protein kinase 2.50
CL6080.Contig2 All K13448//calcium-binding protein CML 3.20
CL688.Contigl0_All K16900//two pore calcium channel protein, plant 4.07
GW322333.1 K21891//calcium load-activated calcium channel 59.42
GW324252.1 K13412//calcium-dependent protein kinase 13.24
CL172.Contig8_All K07359//calcium/calmodulin-dependent protein kinase 2 0.24
GW325511.1 K13412//calcium-dependent protein kinase 5.30
Unigenel14465_All K08794//calcium/calmodulin-dependent protein kinase I 2.03
CL173.Contig7_All K13755//calcium/calmodulin-dependent 3',5'-cyclic nucleotide phosphodiesterase 55.17
3.2 Ca** ,
Ca* 3 , Ca* ,
, Ca* , )
Ca* , (heat shock protein, Hsps) ,
(Kim et al, 2013) (ROS)
Ca*" Ca* , (H,0,) (0,)
(CaM) b(CBL) Ca®" (OH) ROS
(CDPKs) ROS,
/ Ca®' , (SOD)
(Shankar et al, 2014) 15 DEGs (Wang et al, 2011)
CDPK , 4  DEGs , 15
.11  DEGs , 9 DEGs ,6 DEGs
(calcium-binding protein CML)  /
(calcium/calmodulin-dependent (L-ascorbate peroxidase)
protein kinase) (calmodulin) / (glutathione peroxidase) (Fe
3.5 (calcium/ superoxide dismutase) S- (glutathione
calmodulin-dependent 3".5'-cyclic nucleotide S-transferase) ATP RNA
phosphodiesterase) (2 Ca” (ATP-dependent RNA helicase DOB1)(  2)
CDPKs R s
Ca™ CDPKs (heat shock 70 kDa protein) ( 2)
’ Ca' ’ Hsp70
s CaCl,
Ca™ , Ca* HSP70

>

(Gonzalez et Hsp70

al, 2012; Shankar et al, 2014; Goswami et al, 2015)

33

B

(glutathione disulfide, GSSG)
(sulfhydryl form glutathione, GSH), GSH

(Fan et al, 2018)
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COMPARATIVE TRANSCRIPTOME STUDY OF ULVA PROLIFERA TO CALCIUM
CHLORIDE TREATMENT UNDER HIGH TEMPERATURE STRESS

TANG Xiao-Wen', FAN Mei-Hua', WANG Chao-Feng', LIAO Zhi', LI Peng',
XU Nian-Jun®**°  WANG Jian-Xin'

(1. Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, China; 2. National Engineering Research
Laboratory of marine biotechnology and Engineering, Ningbo University, Ningbo 315832, China; 3. Key Laboratory of Applied Marine
Biotechnology (Ningbo University), Ministry of Education, Ningbo 315832, China; 4. Collaborative Innovation
Center for Zhejiang Marine High-efficiency and Healthy Aquaculture, Ningbo University, Ningbo 315832, China;

5. Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo University, Ningbo 315832, China)

Abstract As a necessary signal molecule, calcium (Ca®") plays an important role in plant growth and abiotic stress
regulation. The transcriptome variation of exogenous CaCl, addition in U. Prolifera at a high temperature (35 °C) was
analyzed in experiment using BGISEQ platform. The high temperature with CaCl, addition was the treatment group
(denoted UpCa), and high temperature was the control group (UpHT). Results show that 36625 genes were obtained, of
which 7513 differentially expressed genes were identified, including 6002 up-regulated genes and 1151 down-regulated
genes. The DEGs related to membrane transport, plant signal transduction and environmental adaptability were analyzed.
They were mainly enriched in endocytosis, plant pathogen interaction, plant hormone signal transduction, mitogen
activated protein kinase (MAPK signaling pathway plant), ABC transporters, and phosphatidylinositol signaling system. In
the metabolic pathway of plant signaling transduction system, cytokinin, abscisic acid, brassinolide, and ethylene signal
transduction pathways were enhanced. The expressions of FeSOD, GSHPx, glutathione-s-transferase, and ascorbic acid
peroxidase were up-regulated, and the down regulated genes were heat shock protein. The expressions of calcium binding
protein, calcium/calmodulin dependent protein kinase, calmodulin, and calcium/calmodulin dependent 3',5'-cyclic
nucleotide phosphodiesterase were up-regulated. The mitogen activated protein kinase kinase kinase (MAPKKK) and
phosphatidylinositol signal related genes were also up-regulated. In this study, the important roles of plant signal
transduction, antioxidant enzyme, MAPK signal system, and Ca>" signal component genes in exogenous CaCl, regulation
of high temperature pressure in U. prolifera were systematically reviewed. These results will provide a basis for further
elucidating the mechanism of Ca®" signal regulation and adaptation to high temperature.

Key words Ulva prolifera; exogenous CaCly; transcriptome; high temperature



