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Quality indicators

Quality value of Phred Error ratio of base pair recognition

Correct ratio of base pair recognition/%  Value of quality

10 1/10

20 1/100
30 1/1000
40 1/10000

90 Q10
99 Q20
99.9 Q30
99.99 Q40
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JEAE i PCR R HIIXEF A ABI 7500 Fast real-time
PCR system (Applied Biosystems). S WK ZR 15 .
1x Super Real PreMix (Tiangen), 100 ng cDNA
B2, 0.3 mol/L 5I#F1 1x ROX LYk, NS R

Actin, SUVFERFE N : 95 °C 5 min, 35 PMEF(95 °C
20s, 58°C35s, 72°C40s, 65°C20s), WG
fiff i 2R IR BE BOE PRIUERE S 1 Y F— 1) PCR 7).
PCR 51 W5 2.
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Table 2.  Primers required for real-time PCR

ID Annotation Sequence (5'—3") Product length/bp

AF163669.2 actin Forward primer ATGTGGGTTCTGTCTCTGCG 243
Reverse primer TGTCATCCCAGTTGGACACG

EU352601.1 ChmdH Forward primer CATCCGCTCCCTCATCAC 218
Reverse primer CACGCTCCTGAATCAACTCC

AY820754.1 psaB Forward primer TAGCCGTGTTCTGGGTGT 211
Reverse primer CAAGCCCAAACTGAAAGA

EF030488.2 Lhcll-3 Forward primer AAGCCCACCCTGAAGACC 195
Reverse primer GGTATCCCAGCCGTAGTCG

DQ074450.1 psbD Forward primer CTACCCTTTAGGACAATC 142
Reverse primer ACCTAATACACCAGCAAC

M23531.1 MchB Forward primer GGATGGCATCAAGTTCGGTG 166
Reverse primer GTAACCCTCAACCAGACCCA

DQ414847.1 Lhch a\b Forward primer CGCTGCCGTGGAGTTCTA 280
Reverse primer AGCACCAGCCTTGAACCA
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Figure 1. Growth curve of Dunaliella salina.



SRIELEE | UEDZAR, 2019, 59(7)

1345

2 2 %;u\«nm

AR T LA [ R ok B 35 % R AL IR
HiMIE A, HIE 2-A. B A[HI, E9%HME§%£¥Z€E
T, HIREREANMCAZUE , AR, AR
i, PEWsE, AREN S, A AR
B, TOTER, ARKRESEL; £ 24%19@%"i%
JEF(E 2-C. D), FIREREEANMAERTIE, 1A
AN, REMEE, AUMEEIEIE S, A0RE P T AR A

Wi

23 ThEEER
B O%IRH LN 24% R Me KRG F7 T Ay AL FRER
%é}jﬂh}f TRERADIY R T ERAT IR 2 R A

AL B )S 3R 15 40682 > unigene, Bf3R15 Y
unigene SEHEFEXT L, MIIXT unigene #E17LIRE

TERE, HhiERER] NR BRFER 10905 4>, R
B NT fiEm 2768 4>, 1HREE] SWISS-PROT
Bl 7261 4, R COG/KOG HfiE Y
6499 1~
24 YIFparR

R ARAT (0 5% SR AL B AT R R X /n%
WK 3 . [FREARY unigenes ke . A
PIACHE . FRAT AR DR Uy, A PR LA
5 33 (Gonium pectorale)[F)JEVEf = 22.77%,
55 #E (Volvox carteri f. nagariensis)i [B] 514
RZ M 21.15%, iX2E unigenes i FE XT3 T EhBa 1y
HoAh 5 I B BEF B (Monoraphidium
neglectum) . W& EK ¥ J& (Coccomyxa subellipsoidea

C-169) I,

B2 MEREREEFREREFHETHMEBRESEL
Cell morphology variation under different salt concentrations. A, C: Dunaliella salina cells after 48 h of
low salt stress(x40 times mirror observation). The length of the legend in picture A, C is 20 pum. B, D: Dunaliella
salina cells after 48 h of high salt stress(Olympus inverted microscope). The length of the legend inpicture B, D is
20 um).

Figure 2.
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Species classification.
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Figure 4.

Differential genes expression (DEGs). A: all DEGs; B: up-regulation expression; C: down-regulation

expression. The ordinate is the GO term of the enrichment, and the x-coordinate is the number of genes expressed in
the term. Different colors are used to distinguish different functions, and the “*” is a significantly enriched GO term.
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e 5% 5 B M
(Posttranslational modification), & [1f}18 (protein
5 5 %% 5 #L il (Signal
transduction mechanisms), ¥4 35% . #ZMHAZE R FIA:
Y # {k (Translation ,
biogenesis), RNA E"JﬁﬂT%ﬂ{%’f’rﬁ(RNA processing
and Modification),

2.8 ERENRKHE

(General function prediction only),
turnover ,

chaperones) ,

ribosomal structure and

(FPKM+1){H , DAAAR A XTI log10 (FPKM+1)F) A
X o £I AU 9%ER W T Ak FRER 3 [N
TR, WA 24%Eh MR T BEI R kK-,
UL 5-A BT, IRER S5 T Ak IR R e 2 S 0
PRI %) 85 B A S R T dh 45

53 AT AT R W TG 3 e e R TE AN [R] A KR
THRBEN, TR ST REMIE, DR
S HECR AR IR . B—17FR—AFEH,

FPKM B A1 B LI loglo & 9ldem AV, BIEMIEFIZT, F05 logl0
*3. KOG EEETRMERINGES %
Table 3. Gene function classification of the KOG GenBank note
Classification Function Number of unigene Percent/%
A RNA processing and Modification 395 5.44
B Chromatin structure and dynamics 178 2.45
C Energy production and conversion 292 4.02
D Cell cycle control, cell division, chromosome partitioning 197 2.71
E Amino acid transport and metabolism 259 3.57
F Nucleotide transport and metabolism 109 1.50
G Carbohydrate transport and metabolism 258 3.55
H Coenzyme transport and metabolism 123 1.69
I Lipid transport and metabolism 255 3.51
J Translation, ribosomal structure and biogenesis 425 5.85
K Transcription 342 4.71
L Replication, recombination and repair 329 4.53
M Cell wall/membrane/envelope biogenesis 104 1.43
N Cell motility 10 0.14
(0] Posttranslational modification, protein turnover, chaperones 788 10.85
P Inorganic ion transport and metabolism 191 2.63
Q Secondary metabolites biosynthesis, transport and catabolism 133 1.83
R General function prediction only 1101 15.16
S Function unknown 476 6.55
T Signal transduction mechanisms 617 8.49
U Intracellular trafficking, secretion, and vesicular transport 362 4.98
\Y% Defense mechanisms 44 0.61
W Extracellular structures 23 0.32
X Unamed protein 0 0.00
Y Nuclear structure 41 0.56
V4 Cytoskeleton 212 2.92
Number of gene 7264 100.00
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Figure 5.

Differential gene expression pattern analysis. A: FPKM density profile; B: Cluster analysis of

differential expressed genes. FPKM is the number of fragments per kilobase length of a certain gene per million

fragments. It also takes into account the effect of sequencing depth and gene length on the number of fragments. It

is currently the most commonly used gene expression level estimation method.
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Figure 6. Gene co-expression Venn diagram.
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dehydrogenase (ChmdH)FE Wik & %A &4 T ik, W Lhch a/b. MchB. psaB. Lhcll-3. psbD F&
FAAE 7). W ChmdH FERRIAHE AR FZ 2R FE AT RE.

x5 SHEASERAEEMNYERBEXER

Figure 5. Function and related information of the genes involved in photosynthesis

Gene name Accession No. Function description
Lhch a/b DQ414847.1 Light-harvesting chlorophyll a/b protein
MchB M23531.1 Major chlorophyll binding protein
ChmdH EU352601.1 Chloroplast malate dehydrogenase, nuclear gene for chloroplast product
psaB AY820754.1 A2photosystem I P700 chlorophyll A apoprotein A2
LheclI-3 EF030488.2 Major light-harvesting chlorophyll a/b protein 3
psbD DQ074450.1 Dunaliella salina photosystem II D2 protein
(A) g 6 i * * . (B)g 207 wx  09%
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= 05} i
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7. ABERBREERERE
Figure 7. Expression pattern of genes involved in photosynthesis process under hyper-and hyposaline conditions.
A: Relative expression of Lhcha/b gene quantification by qRT-PCR; B: Relative expression of MchB gene
quantification by qRT-PCR; C: Relative expression of ChmdH gene quantification by qRT-PCR; D: Relative
expression of psaB gene quantification by qRT-PCR; E: Relative expression of Lhicll-3 gene quantification by
gRT-PCR; F: Relative expression of psbD gene quantification by qRT-PCR. The asterisk in the columns indicates
significant difference according to Duncan’s Multiple Range Test (P<0.01).
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Gene expression profiling of Dunaliella salina under different
salinity stress

Xiaochai Zhang, Liang Li , Ningfang He, Xueqing Gong, Pengyue Zhu, Xiaoyang Wang
School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300130, China

Abstract: [Objective] Through sequencing and genetic function analysis of the transcripts of Dunaliella salina, we
studied its response to salt stress. [Methods] The transcriptome of Dunaliella salina under 9% and 24% NaCl
concentration was obtained and sequenced by Illumina platform. All the unigenes were finally obtained by
sequence splicing, redundancy removing based on the sequence clustering software. Functional notation and cluster
analysis of unigenes were performed by comparing the unigenes to the database. [Results] A total of 40682
unigenes were obtained, including 10905 in the NR database, 2768 in the NT database, 7261 in the Swiss-prot
database, and 6499 in the COG/KOG database. By comparing cells grown under hyper- and hyposaline conditions,
717 genes (41.46%) increased expression and 1012 genes (58.5%) decreased expression. Through the data
integration analysis, 60 different expression genes of Dunaliella salina under salt stress were excavated.
[Conclusion] Salinity stress up-regulated key genes in photosynthesis. Our findings provide reference for
dissecting molecular mechanisms of salinity tolerance in algae and higher plants.

Keywords: salt stress, Dunaliella salina, transcriptome, unigene, salt-tolerance
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