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BE: IREFELE T REMEKEMEN 2 FAEAEENS, AHRXAEZ _REaEE
MEHA, 2R EET®REQR6, xtEA)REEEG, Bl d)T xR G,
6FI I R xR AR A BT 2RE T, WrHELdenovol ik, FHFET
33 8724 unigenes, F¥ K FE H612bp; Gt AL, 3N 4o A 4 T 1108, 1638
18814z Rk*HE. GOy EEAMEr, ~ B RSKEMEE AN EEL £
WRHBEFITEZESE, WELTAHNMRHTE, BEREHNERR G, HLIE, BRI
A, AN BRI ES. KEGGR#MERE oM AN, KEMEFEREESE
AW RBMBERGFERKNZR, KEME3hm ey £ 3 RALEE £ 2 3MKEGGR #
W, AN AERERMEX, INSHEEAMEX; MKHE MBI hM £ 7 X
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Br, KRBT o> AR TS R A
IEECRRIKME KM P REEEZMN; Xiedr"
5 AR P AR Xt b 5 5 A B A T Sk AL
fr 7 lfr, SR T R AR B E ik Ae . HR
TR LSRR #Y 737-AE BEAL] 3 R WLARGH .

A5 38 i 70 Ay FE B IE 3R (26, X R
)FRERBE (3, Wrig ) PR FRA R E (3. 67
9 h) IR SR MR A, S A B, B IRV IR &
S o7 AR R W30 60 73 1 AR B L], O IR SRR
TiEf AR b Bl 14 28 7 245 B Al

R E S RS RES

1.1 SCIe#t Rt

A S BT A YR 58 SO B AR R R (WT, PT-
001)!", HZ A 5 96 R BRI AR A4 8 37 O v TR
SCHR[10]o

¥ A Trizol(Invitrogen)iz 7] #& BUEE 5 RNA .
qRT-PCRAH SR 57 Prime Scrip™ RT reagent Kit with
gDNA Eraser (Perfect Real Time), SYBR® Premix
Ex Taq"(TliRNase H Plus)l#J H TaKaRa/\ A .

1.2 REMIBSEHE

HUFE IE % 1  (26) T R 7740 A K 25 &
S TR A AR S G R W 38 1 SC 56 A4 RE e R
VEFH3, DR R i Eh 3 0T 4 2R SR AR T 1 B BR £
JE, PRI R AT DUE I R Y R A A A
TA] () 5 S 200, 3B B[] 4315 3 h(LS 3 h) .
6 h(LS 6 h)F19 h(LS 9 h)34H, 7> 5l 47 5 8 2
¥ o PFAEIE R ER BT 85 IR R AARAE SRy X BRZ (LS
0h)o 5 Miid 25 % AL He e, 43 BibRic A
LS3hvsLSOh, LS6hvsLSOhFILS9hvsLS0h,

1.3 RNARE. XEME

ARG ER 301 2 00 R ZH B IHOIR (A RN A IS
RO Fe sk AL I TARLEAE 5tk R
BOR AW SR IR 758

14 HFRERFMAERLERINEER

B 00 7 AR AT 1 LR B R (raw reads) L BR AT A
Py ARBE AT A, 15 8] i T T
(clean reads)ifF 17 )5 2273 #7 . >k H Grabherr¥E "1y
PH4EJT 1 X clean reads#E AT PFEEARIRFE A,
U 2 DR B K 9 % S ASAE Aunigene, 3 i
5 NCBI [ Mo b B 5008 2 e 1 B, XA G 2

K ) e E AT B 5 4B
1.5 B#REEqRT-PCREE FHBIFEWIE

&8N 22 S M R ik M £ 17 qRT-PCR )
Mr, X vy i o 0 R AT BRI o 0 i) i O
A1 (LS 0 h) S5KEE Mt 4H(LS3h, LS6h, LS9h)
(37 2 IR IR RNA 28 SRS S J A 5651 4
(FDPEFTQRT-PCREZH, 188 rRNAFERVE NS,
fifi HPrimeScrip™ RT reagent Kit with gDNA Eraser
(TaKaRa, RRO47A)SH% 53850 &5 M cDNAB AR .
20 pLYqRT-PCRIZ N & &A% 10 pL 2xSYBR
Premix Ex Taq (TliRNase H Plus), 0.2 pmol/LHY5|
Py A2 nLA LM cDNA, PCRJZ B R A B 4
1:95°CTHIAEME30 55 95°C 55, 60°C 30s, 4041
o FrAMEMEEIR, ZRRBKFIHTRETT %
g2 -AACT 4]
F1 REPBFHTEFNIREFMRESNERMY
FIAEE qRT-PCRS| 4]
Tab.1 Primers of eight differentially expressed genes
used for quantitative real-time PCR in P. haitanensis

blades cultured at low salinity

FEH 55— 3")

gene ID primer sequences
C13696_g2 CTACGAGTCCATGGCCAAGTTCCTC
AGTTGTTGACGATGATGGCCTTGGT
C22571_gl GCTCATCAGCGGCAAGG
GCGGGTGAAGTTCCAGTCC
C22461_gl CTCGTTCATCCTCCAGCAGTTT
AAACACATCACAGTCAATGGCG
C16653_gl CAGTACGCCATTGCCTTCC
CATCGCCCACATACATCTCA
C7158_g2 ATGAGCTCCATCCAAGACGC
CTCCTTGCTCGTCTTGCCAT
C19547_gl TGGCATCAACTTCCTAGCCC
AAGTTCGAGCCCAGGAAGTC
C4736_gl GGGCTTTCTTCATCATCCTCT
GGGTCAACAAACGGCACA
C10461_gl CAAGGGTGAAGATGGTGGCT
TGGCGTCCGTGAAGATGTAG
18S rRNA GTCCAGAGCGCTTTGAGATG
AACCCTAATTCCCCGTCACC
2 4R

2.1 HERARFY

Ilumina Hiseq™2000{ )7 2L 3845 7163 591 952
Skraw reads, RBRAGT & ML F 51 )5 15 3 clean
reads 147 317 814%%, A S/ KT 16 G, Lde
novoBF 41 %6 5, 15 3 transcripts 36 34855, K&
T H201~15 015 bp, Hx 3K 1433 872k unigenes,
HK B S 201~15 015 bp (£2). 5 AR
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Tab. 2 The spliced and statistic results of the transcriptome sequencing data in

P. haitanensis blade cultured at low salinity

AR TN R S KT 0
SRR B/ fbp BRKEop — SFAIKIEDD 500 so0bp  500~1000bp  1000~2000 bp SR
sequence types minimum length maximum length mean length total numbers
#: 34T transcripts 201 15015 638 23 724 7202 3530 36348
unigenes 201 15015 612 22 626 6566 3103 33872

X £ 2R FBLASTR %, NR. GOFKEGG
3NERE A BIARAS21.87% . 32.79%F111.47%H) 1
22 ERMREERSH

43 WIMLS 3 hvs LSOh, LS 6hvsLS 0 hfil
LS9hvs LS 0 h 34t gl sh k431108, 1638F11881
N2 S PEFRFE A [T 2E 41 qvalue<0.005 &|log,
(foldchange)[>1]. HiHr, 34~ pyHLh 22 5%
FIRFEN 8534, fELS3hvsLSOh, LS6hvs
LSOhMILS 9 hvs LS 0 h&HHr, 4551k 2s H 3k
o135, 87FI4161(E1). WIS EERE
HRE M IE 2R EREEA T, AEZW
HSPEE 3L H . & AL Az ZE A .
23 GOIgeBREMEESN

2 LA 2 s A AR 1 GO H (corrected
P value<0.05)(#3), AZFLS3hvsLS0h & &
£ GOk H A A id B (metabolic process); LS 6
hvs LS 0 h4H & A i 3 5 AR I GO A% B Al A 145
4 (cofactor binding) 1 731 UIRE . H5FH UL
i 7 (single-organism metabolic process). AL IH
1 (catalytic activity)5¥; LSOhvs LSOhZ4l B FH F

£E 1 W) J2: 43 % 33 B2 (catabolic process). A L4 i
I3 A% ) i 7 (organic substance catabolic

process). il Al F 45 & (cofactor binding)%5 2% H
2 RINFE N R 2 & 4 TGOS H by A i #
(biology process), i 2l fifl 21 43 (cellular component)

LS3hvsLSOh LS6hvsLSO0h

103
135 87

853

17 595

416

LS9hvsLSOh

1 REIBFH TIEFIIEESARAF3N LA
HWERMREEERFR
Fig. 1 Venn chart for differently expressed genes of
three comparison groups in P. haitanensis blade cultured

at low salinity

R3 REMEBEHTEFNIZEKMRENEREREZERGOS
Tab.3 GO analysis of differentially expressed genes in P. haitanensis blade cultured at low salinity
=Rl GOJZ 4 DyResiik KIEP{E 7= e R AL
comparison groups GO accession description corrected P-value DEG items
LS3hvsLSOh G0:0008152 ARG 0.020 296
GO:0048037 WA T4t 0.003 81
LS6hvsLSOh GO:0044710 B AT MU 0.012 348
GO:0003824 AL TERE 0.035 634
G0:0009056 i 0.001 112
LS9hvsLSOh G0:1901575 G U R A 0.008 101
G0:0048037 TR 0.010 85
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53 F I 8E (molecular function) ] & 45/, JuH:
YA Sy, 3 HABLS 6 hvs LS 0 hdl & 4=

EEE,
2.4 KEGGHSHBEE o

34N HL AR AL 1Y 25 53 5 P AE KEGGAR 1 3 % v
AR EN S EHSE. LS3hvsLSOhdHE
LRFMAUHEE, A hEEREY SR, &
P -tRNAZED) 5 . Ihobk 5 it s = IR ; LS 6h
vs LS 0 hFILS 9 h vs LS 0 hZH (%) 25 53 4 A 0] 43 5]
WA MSKMIE R, 2R SR
BRI . RS TR . WA
FASVHIC, DS EAMA . RS A
K(FA4),

2.5 FESRABIBEIE

PEHUSAS B H E AR 22 7 I (c7158_ g2,
cl6653 gl c19547 gl. c22461 gl. c22571 gl),
3N IR RIA A 22 5 3L H (c4736_gl ., c10461 gl .
c13696 g2)ifi i3 qRT-PCR T L HEATIRAE . 45 %
W, 8P ERMERIBERNTES . 6819 h 3K R
TH I ] A Y 2R3k B A R AR —
H(E2), BPFBIMTE5 R BT,

R4 REMEEFHETEFNIZEXMRENERN
RIEEFEKEGGIIREBE T
Tab.4 KEGG enrichment analysis of
differentially expressed genes in P. haitanensis blade

cultured at low salinity

e AH KZIEPH unigenes#l H /4%
comparison ) corrected unigenes
terms
groups P-value numbers
LS3hvsLSOh S{ILB LM 4k 0.014 36
E-tRANZE YA 7 0.014 19
IR SRR TR i 0.044 15
LS6hvsLSOh 75 [ fik 0.000 21
RILRR LA K 0.000 51
S -tRNALE Y4 B 0.000 27
AR 0.001 51
B R i A 0.002 19
KA E E&E  0.012 21
TR 55 AR 0.012 15
B R 0.023 24
RIS RS 0.025 12
LSOhvsLSOh gftiff 0.000 59
B SIIGEIN 0.001 20
IR 0.003 50
HeA A E e &E  0.003 25
PR R 417 0.004 20
FbE 5 H s 0.016 16
FAME-tRNAZE W) A ik 0.016 23
VIR B 0.025 26

3 itie

FAT, TR M, 2895
TERL R . JROK AR a7 e WESE R BE, A
B E I N, 5 S RE NS I BURR IR 1 40 L

J

BV D A0 LK A0 T O e R A s R ar
LI (P. purpurea)f’) 21 IS N 21 386 4 (floridoside) it
S U R L I 2R TT BEAE B B IR
P RN, IR RS 1 A2 AN RS i TR
T, Rk A R O ) g 3 PR Gk & A AR 4,
IFi) Fof 200 i P B8R K i K AR &, i ELAS TR
TEIE A5 15 TR 030 5 | b 283 AN ) A A 3R e
R T i B SR NS U3 (4 4y LT, ARBIESE
FAR 1533 8725k unigenes, K& L S5 ALER A AH
SC AR 1T 3 s K LT RE I, R Z /N A
cDNAM 7 F1 5 BRI B 43 BT JIr 3R A5 19 70 1 7 sk 4
B L, SRR T S SR MR S B I

T T & B0, S M e R 3 IR
AETE S5 1R I 37 AL, AR 9 K Es 53R
HEAT AR 3 W 38w, [R] A e BB B B 38R ]S
), 458 32 i e g AL B =2 % AR s, S AR
& AR B (A LR ik i 22 5L . LS3h
vsLSOh, LS6hvs LSOhFILS 9 hvsLS0h 3%
P L AR 19 1 22 Sk AR SN M 1108
163811881, — 2l I i 22 S5 M R iR FL R E
8534, M 4 S Mk B 25 S Mk 3 ik 3 IR 8R4y S
135, 87H14161, X 3K WIBE & (R ER W0 10 5252 it
AR B AR, Dy Rede 5k 2 5 3L Y Rk
Bl 2 A Al . R4 AR Y 25 Sl e A 2
HHETGOMI g & &£ b, K34 H £ GOk
HE 0 10, 43131, XBGOLHZLH
tRNAFE AR 5 A . RIS L AR 3T & 5 )
REAHSE, W1 RW, tx g bRk 7E 2 2 K3
Ji 38 B, RT RESE A ek AR B T A R DA R i,
FE A LB R i — S R Al 2O R P AIRER BT
GOl 4 A FNKEGGAY i 3 1 40 #7 45 3 /R,
3B AL B AT 22 R R SR N B R B
B, X EmL gt ot RRAEETZ 5%
FIMCRG . HOMCE ((HSP)RNZ £ 8 1R G 1 5t
W, HEE3dHh Bk A m Rk

30 1% JHih 301 B 6% 5 e A A P T A 0 B 1 AR
WHE B, Jo R 5 R I R RURE S O R
AW, AR ZIERAY G . &
tRNAZE YA B B AR 15 0 B8 A 1 56 AR 12

S
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high-throughput sequencing results
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-
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Fig. 2 Quantitative real-time PCR validation of relative expression levels of eight differentially expressed genes at

three time points (3, 6 and 9 h) of low-salinity stress in P. haitanensis

1.LS3hvs LSOh;2.LS6hvsLS0h;3.LS9hvs LSO h

RN TE ACE SRRVAIES SR IN (RTINS
WEBE A, R SRR A A A T AR R,
AREHOL A2 R —E R, TN R
F AR B S A E B, AOtA R A LY Bk
W A A RO 1 A S A A3 3
Yy W IR SR A 52 B ER B aa v, SEA A
32 B T — 5 R A, I nT R I
AR, PR U AR TR ER PR,
R R R B 2 S A DR T R P A R S TR
AR R B W, X RIS R
R AT R e R I N SR B
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Transcriptomic profiling of Pyropia haitanensis blade in
responding to low-salinity stress

FENG Chang ', DING Hongchang ', YAN Xinghong "**

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University,
Ministry of Education, Shanghai 201306, China)

Abstract: In order to probe the physiological mechanisms of Pyropia haitanensis blade responding to low-salinity
stress, in this paper, the next-generation high-throughput sequencing technology was applied to compare
transcriptome data of P. haitanensis blades being cultured at normal salinity of 26 (control group) and at low-
salinity of 3 (stress group) for 3, 6, and 9 hours, respectively. Results revealed that the de novo assembly of
sequence data generated 33 872 unigenes, of which average length was 612 base pairs. Compared with control
group, 1 108, 1 638 and 1 881 differentially expressed genes were produced from three stress groups, respectively.
The analysis of gene ontology functional enrichment revealed that some important biological processes related to
low-salinity stress, such as single-organism metabolic process, monosaccharide biosynthetic process,
monosaccharide catabolic process, gluconeogenesis, organic substance catabolic process, efc., got significantly
enriched. The results of KEGG pathways enrichment showed that metabolic pathway varied mostly with different
treated time. Differentially expressed genes produced from LS 3 h vs LS 0 h group tended to cluster into three
KEGG metabolic pathways, one of which related to photosynthesis, and the other two were both interrelated with
amino acid biosynthesis. However, under low-salinity stress for 6 and 9 hours, most differentially expressed genes
were enriched in metabolic pathways carbohydrate involved. Quantitative real-time PCR validation results showed
that expression levels of eight selected differentially expressed genes were consistent with high-throughput
sequencing results. All the results above revealed that stress responses of P. haitanensis were time-specific when
exposed to low-salinity. In the early stage, P. haitanensis mainly synthesizsed or degraded protein to resist low-
salinity environment. With low-salinity stress carried on, cells changed the content of soluble substances and
slowed down energy metabolism to resist low-salinity adversity.
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