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MEYE T BREKTE 3 d,

B 0O6 IR O A R O B
3500 Ix JGHE R 12 h: 12 h F1 21 €, Pk 20
PRAE A R U, b 10 Bk T8 77 A5 1 4k
ZEEEFR, 53 A0 10 R E T TR 00 KA B R L AT
T#2 a3 ho IEE IR BUR I R4 ARl
 COL, 38 4k BE A B 8 AL B4, B i N
DR2, it 4k B &5 A5, FH MK 4Bk % CO1 #0I
DR2 #AAK M K 4 J5 , 52 Bl # CO1 F1 DR2 A
R, I T -80 CRIRTER .

1.2 RNA-seq 53#7

% RNA 32 & 46 B R sk 2
0.1 g, T W& & P 3 OF BE UM K, 88 )5 #% M
Pearson %" BT 5% 5 3% AT . RNA 421,
PRAIE M 3 % /Y BT &, F AT AT Agilent 2100
Bioanalyzer( Agilent Technologies, 3¢ [# ) %f & 11
RNA FE 5 (9 B2 2 8 % 50 8% 3 dE AT R DU, A9 5
PAUR Br A (9 B RNA BEAS T S8 - e % >
200 ng/pL, 1. 8 < OD, 0 < 2. 2, RIN ( RNA
integrity number) =7.5,

X B #3% % RNA-seq FE a4 B S RNA
J& . B RNA AT IF 454 )5 4l A Oligo
(dT) i3k W 46 mRNA, finASd & T W8], &
TS R Wik, 75 DL W7 )5 9 mRNA
B, 5 i cDNA , 2 3d i 2R i A R i 48 52 37K v
P e A i e 8k S L 3547 PCR 9784, AT 58
JRCEAS SO ) & TAF o #2419 SC % T Agilent
2100 Bioanalyzer F1 ABI StepOnePlus Real-Time
PCR System 47 57 £ 1™ & 46 M, SCJ%E Jit 425 5 4%
J& {#i A Tllumina HiSeqTM 2000 #4771 % .

B RRITIEIR & AT AR A
FFENHI R clean reads, /10 J5 22 70 Bt 1 il
i F %5 reads [t X} 4% £ SOAPaligner/SOAP2
clean reads Bt X £ A 5256 42 Hiy {15 2 49 5% 47
B PN S0 B T ST 4 T RPKM 3%
(reads per kb per million reads), ¥ q-value <
0.005 HAFH2E 5 AR T 2 A5 (9 2 N AR O 22 57
KFEH (DEG) o 0 i B S48 i A5 22 e R ik g
] Gene Ontology %% #% J& ( http: / www.

geneontology. org/ ) Y £ 4~ term W 4, i+ & & 4>
term (13 & H , 28 5 2 ATE JLAT K 36, R iE S
BAFENHAT FMI, EERRBERN DR EE
£ GO £ H. 54h, il pathway & & P& 4
W 22 S RB S5 W0 i 2 AR 2 A

i F®it.
2 4

2.1 RNA-seq 7%

SORNA FES RN 45 R B, &5 KM
CO1 4 RNA ¥ &% 517 ng/pL, 0D, . = 1.97,
RIN = 7. 8; DR2 & RNA ¥ & J 527 ng/uL,
OD 050 = 1. 97 ,RIN =7. 8, W & #4515 2 & 11 43
e, I AE Solexa M 7 4% ( Illumina Hiseq
2000, J [ ) B AT o DA AR Y D 4 1A
BE i 24 base calling 5% b 2k )37 51 B 4, B raw
data, CO1 3k 715 raw reads k17 827 366 45, DR2
15 raw reads 514 658 69255 (F 1), FUJF 4
J¥ 945 A adaptor J¥ 41, 8 & A /b AR TR Y 51
153 clean reads, 3 {1 %) raw data JF47 T AL HE .
2B adaptor [ reads; 2k N [ L5l K F 10%
1) reads; 23 BRI it reads (B {H Q <5 A9 B JE
B # A reads 19 50% DL ). = BR AR TR R
reads Ji7, COl # clean reads 5y 17 532 085 4%,
DR2 tft clean reads i 14 479 820 55(# 1) .

2.2 ERFREEAMES

HF IO 5 T AR PR A C 3RS B B 0 e SR A
Bl AWEFE DL Trinity 3008 8215 21 19 B 3 7%
SEAE RS2 75" R Bl SOAPaligner/SOAP2
RAE KBRS FE ARG clean reads Xt 2 2% 3 514 L X6
MEN . COl B4 17 532 085 4% clean reads H1 5
12 050 546 4 )37 51 9 B2 & 2 3 = % 7 4 1, b
A B ) 68. 73% ; DR2 1 14 479 820 2 clean
reads H AT 12 133 399 2% J7 4 4 i 20 5 i 1) 2 2%
3 L R F A 83.80% . il it 5 5% ¥ 5
e Xt , COT rp A6 1) (1% 5 R %5 21 041 4> ; DR2
rhoRe I 3 ) KB 20 661 A, 4 K RPKM
ERTF 0. 1 AF Sy 0 by 25 PR 2 5 3% 35 1 I i, DU
CO1 KK BE P EL Ty 20 966, (i A6 i) ik P B 4K 1Y
99.6% ; DR2 3K I HE PR 20 588, 4 A6l K& (K]
BE 99.6% . JoiJE COl ik J& DR2, A [a) 5L [
)2 35 i AR AR R P2 O, Hoh RPKM 47 7 0. 30 ~
3.57 Z AR A HE N 7E CO1 Al DR2 H fir 5 1E
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P18 fre 5 , RPKM KT 15 1% & 3% ik 5 [ 1E CO1
A6 060 4%, o5 Rk B R 21. 68% 5 1

DR2 H1 RPKM KT 15 B R i5 2 A 6 130 7%,
i IR SR 21.93% (% 2) .

&1 CO1 71 DR2 RNA-seq # &R
Tab.1 The RNA-seq results of CO1 and DR2

5 o 1 2 it 2

items CO1 DR2
raw reads #{ & the number of raw reads 17 827 366 14 658 692
clean reads %{#% the number of clean reads 17 532 085 14 479 820
clean bases %{ 1%t (G) the number of clean bases 1.75 1.45
EIRF /% error rate 0.04 0.03
Q30 & /% the content of Q30 87.52 91.68
GC % 5:/% the content of GC 51.79 52.06
SE LAY reads ${ i the number of positioning reads 12 050 546 (68.73% ) 12 133 399(83.8% )
G ) 56 K %0 5 the number of detected genes 21 041 20 661

# 2 CO1 71 DR2 FNEEEF M RIEKFE
Tab.2 The gene expression level of CO1 and DR2

FE A Rk 1 X ]
RPKM interval

X IR 20
col

iy 381 28
DR2

0.1~0.3

0.3 ~3.57

3.57 ~15
15 ~60
> 60

JE A total

1150(4.11% )

7136(25.53% )

6 620(23.68% )

4319(15.45% )

1741(6.23% )
20 966

1150(4.11% )

6 874(24.59% )

6 434(23.02% )

4 482(16.03% )

1 648(5.90% )
20 588

A WF 9% ¥ g-value < 0. 005 H |log, ( fold
change) | >1 1 Jyfifi 1 2 5 % 3k 5 X ( DEG) 1) 5
e B AT DL E U A [6] 2 5 Y p-value 5
log, (fold change) Y5 &, 411l 1 Frzi , [A) i 3 2
q-value <0.005 H. llog2(fold change) | > 1 [yt
PR oy 22 S 3k B DY, T 200, R 7 5 AN BB ] I
FE RS ) Ry 22 S A GROR E RY HE R, TR
ok F R, 78 CO1 fil DR2 (1] 22 5 33k 1 3 [
BB 476 A~ AHXF T CO1,DR2 Hrgik bl
FEECH 135 4>, i 28.36% 5 320K 1 T A4 25k (A 4K
341 4,05 71.64% .

2.3 ERRTIEEEW GO 73

XJ 476 422 R A BN AT GO F A,
ZiRILEEGH 915 4~ GO term, Hp 135 4~ |
PR HE A AR 13 2 143 4> GO term, 341 4> i % A
XJ Iz 860 4~ GO term, #4E GO [ KK T BE 43 #r
KA 476 A 22 5 K B B N Y 915 4> GO term
W4y 3 K2ZE, B “biological process” | “ cellular
component” 1 “ molecular function” , {NE 2 A7~
“biological process” ZH 43N 15 A~ 4, H

“cellular macromolecule biosynthetic process” ff

Ry 22 R IR LN B £, 74 45 “ gene
expression” il “translation” ¥ 2 , 23 B ¥ S 73 Fil
66 ~225FF A KN, “cellular component” £ H1 4y
S 15 ANE 4, H g “intracellular” | “ cytoplasm” il
“cytoplasmic part” V.21 H 9 Kz 1) 25 S 3% 38 k] B
Z oy W B 147 A~ (124 ASF1 108 A2 57t Rk
o “molecular function” Zf #1143 & 15 W40 , H

“«

Hr “ structural molecule activity 7 | structural
constituent of ribosome” F1“ RNA binding” i} 24
WA R RIBEA R Z, 05l & 53 4~ 47 4~

27 A Z SR IRIEN

200 r

150

~log,((QfE)
—log,, (Q-value)
8

50 r

log,(ZALFEHD)
log, (fold change)

E 1 CO1 %1 DR2 £ 7R A E R K%

Fig.1 Screening of differently expressed genes
between CO1 and DR2
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Fig.2 GO histogram of genes expressed differently between CO1 and DR2
1. ribosome biogenesis; 2. translation; 3. cellular macromolecule biosynthetic process; 4. centrosome duplication; 5. anatomical structure
8. multicellular organismal process; 9. cell cycle checkpoint; 10.

development; 6. gene expression; 7. translational elongation;

multicellular organismal development; 11. viral reproduction; 12. regulation of cell cycle; 13. innate immune responsel4. organ

development; 15. mitotic spindle organization; 16. ribosome; 17. intracellular non-membrane-bounded organelle; 18. cytoplasm; 19.
ribonucleic protein complex; 20. small ribosomal subunit; 21. cytoplasmic part; 22. cytosolic small ribosomal subunit; 23. cytosol; 24.
macromolecular complex; 25. intracellular part; 26. intracellular; 27. cytosolic large ribosomal subunit; 28. cell cellular; 29. cell part
cellular; 30. membrane fraction; 31. structural molecule activity; 32. structural constituent of ribosome; 33. RNA binding; 34. chitin
binding; 35. N-acylmannosamine-6-phosphate 2-epimerase activity; 36. GTP binding; 37. mRNA binding; 38. ATPase activity; 39.

GTPase activity; 40. hydrogen ion transporting ATP synthase activity; 41. rRNA binding; 42. translation elongation factor activity; 43.

protein-arginine deiminase activity; 44. proton-transporting ATPase activity,rotational mechanism; 45. carboxypeptidase activity

2.4 ERFRIEEEMB pathway 5347

A [a) i PR A B P 9 A 4 G A 2 Th R
pathway 1 1 & £ RE W o€ 22 S RIBHE I Z 511
RELAARBERMGSH SRR, A5
i, pathway & 4R 70 B & B 104 AU & 42 90 e
£oHP K ERERNZ 5 R AE s 10
A FRBTIRERZS 5 ®EE N 101 4 K
1 “ribosome” ¥ & 64 4~ DEG, & M ix £ 2= F
Feak B Py A & AR
“biosynthesis of secondary metabolites” 43 5l ¥ &
36 19 DR RBHE, ZWRE - H =%
FREEFEMRB®RE, 25 3EKE KEGG § £
s & (18 3) o, KEGG & 4R T 73 A 31 A [ 1Y 52
BRepr, 5 AL AR rich factor J& 22 S 3R K Yk A iz
Fi% pathway 5% H 3L N5 H 5 or A7 i B 3k 1
i Fi% pathway 2% H 9 4E B EEAH
R, RN w1 R B R O Y\ AR AR - log,, (Q-

metabolic pathways” Fll

rich factor

value) ft Q-value JZfiif Z | AR IEZ 5
1) p-value,-log,, ( Q-value ) i K, 378 & 4 i ik
F o PhibE 4R R ) 20 Z& pathway 45 H7EE 3
h AT IR
2.5 MOERREZEEAINESHT

o0 T B S R OK R BB 476
A b BT B AR )2 DY RERY L HL T BE S Pk
AR SR 5 R Bk 3 R, OF 0 TR AT E A AT
3 A TR 22 S R AR o R 20 Ak
Do 3 6 PR 25 85 9 3 AT 0 O 4 R 26, RIERVER
ve 38 KR PR AL R G0 A R % R
AR 1o 3 A, A B 22 5 3 0k i D 5
14 3 b 45 0 OE 1 MR s AR AL
FOEEERMRER R 57 T 7, s 5
AR 2 R A 1A A S 2K, 4 3 2 A AT
KW, UL S BAT HoA A= W D RE R 22 1 o
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B3 ES£REZEH 20 & pathway K5 = E
LR 2. LA R SE; 3. B REME; 4. Hsp 215 5. M7 48
I AR B A 5 6. ST IR B s 7. WS 2 A5 T ik 18 5 8. %
W - A AR ER IR LA 5 9. LA MR T 10. PRI EE; L. T b
BRACTS s 12, YR B R A 13, f il 45 14, wifk & AR
W 15, E MR A 16, B M 17, DU am AR
18, BEREAH 5 19. 28 D2 A e U R Q5 20, Y 2 IR AR
Fig.3 Scatter diagram for the top 20 most significantly
enriched pathways

1. ribosome; 2. antioxidant system; 3. protein degradation;

4.Hsp protein; 5. limonene and pinene degradation;
6. chloroalkane degradation; 7. PPAR signaling pathway; 8.
pentose and glucuronate interconversions; 9. photosynthesis; 10.
respiratory chain; 11. glycerolipid metabolism; 12. pyruvate
metabolism; 13. gap junction; 14. selenocompound metabolism ;
15. histidine metabolism; 16. tryptophan metabolism; 17.
ascorbate metabolism; 18. glycolysis; 19. cysteine and

methionine metabolism; 20. beta-alanine metabolism

3 e

B B AR A T A R DR 8 AR AR Y S, 42
W52 B A AR AW I T T IE AN AR 2
S E T E I . O 58 R EE X LA N 1 S
L R AUAERLER], v] o R SR BT IR IR I K R
AR BRI R . SR, H AT A 5% 26 35 b aa
% B RS B B W 1Y F 9 S /b . Chu 25 F 5
TRE FRPE B E AT 8 W a o SR e A X AR
KR MAFIE AR A, BB W B A i 14 1y
A GTE 8 8 R LU B Y S B aE I o
A 5% BRUR B BRI T 38 3 L 4 3 5 LA B H
BT R DLAR T8

MEG SR b 8 3 A 5T B 85 1 38 X 2 A
IR 52 e ke AIF 5 AR W % BB 0 38 6 5 1 AL

FEHABBERE A M SRR E A
Fr B R T, Oy 8 218 DR FILASE ik PR 3 ik A 5028 A
BT AR AL T 5200, H Rk 2o Fg
Wb A B, A E gL R, Ccot ol 3R 1R
17 532 0854% clean reads, # Il 2] 21 041 3L,
DR2 M FF 3k 45 14 479 820 4% clean reads, £ ] 3|
20 661 A KL P B ™ A% 1 Ui 18 2% 1F (p-value <

®3 ETEDEBAERZINERAREREITUEE
Tab.3 The genes regulated by the dehydration
stress and their fold changes
K& DR i T 7 ) 7 A R o B
protein production coding by genes Log, (CO1/DR2)

PARTEEH 117.4 ku

2.5
17.4 ku class I heat shock protein
PARTEE H 20 -
heat shock protein 20 ’
AR 40 s
heat shock protein 40 like protein '
hsp70 B4 5374145 )1
hsp70-type chaperone ( chloroplast) ’
HARTEEH 70 5 s
heat shock protein 70 '
PARTE 1 90 s
heat shock protein 90 ’
T L R i A5 Ak 4 il L6
ascorbate peroxidase '
PO e s
catalase '
8 4 Wy B b it )0
superoxide dismutase ’
BHEH L S 75 i 9
glutathione S-transferase ’
BHEEA 5.3
glutaredoxin '
i A -
thioredoxin ’
ubiquitin
12 R TR E2 57
ubiquitin-conjugating enzyme E2 '
A A A B3 1.7
proteasome subunit beta type-3 ’
60 S oM 11 0
60S ribosomal protein '
A E A S10 L6
ribosomal protein S10 '
Sl A R E e
light harvesting complex protein ’
MEp R a 255 HEA L6

Chl. a binding protein
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b I R E o P SR N T R A 0
(cellular component) , {140 il & 28 55, b — 86 47
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Preliminary study on the response of gene expression to
desiccation in Sargassum thunbergii

LIU Fuli, WANG Feijiu* , SUN Xiutao, WANG Wenjun, LIANG Zhourui, MA Xingyu
(Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China)

Abstract; In order to elucidate the mechanism of desiccation-stress adaptability in Sargassum thunbergii,the
molecular responsive process under desiccation stress was studied on the level of gene expression using the
RNA-seq technology. A total of 17 532 085 and 14 479 820 clean reads were obtained in the control group
COl and in the treatment group DR2 (3 h desiccation stress ) respectively,and 20 966 and 20 588 genes were
detected in CO1 and DR2,respectively. A total of 476 genes were expressed differently between CO1 and
DR2,among which 135(28.36% )and 341(71.64% ) were respectively up-and down-regulated expressed in
DR2 compared to COl. Gene Ontology ( GO ) enrichment analysis assigned the 476 differently expressed
genes( DEG)to 915 GO terms,among which 143 GO terms containing the up-regulated genes while 860 GO
terms containing down-regulated genes. Pathway enrichment analysis showed 104 pathways were enriched.
The up-regulated genes were involved in 10 pathways, whereas the down-regulated gens were involved in
101 pathways. The DEGs code the Hsp family, antioxidant enzyme system, protein synthesis, process and
degradation related factors and so on. The above results indicated that the response process to desiccation
stress in S. thunbergii was complex ,involving many metabolic pathways and signal transduction pathways.
Key words: Sargassum thunbergii; desiccation stress; gene expression; RNA-Seq
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