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WML A . Fierro ZEU'IX% 213 Pyropia orbicularis 1)
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2l (catalase, CAT)FHi % 4 5 H (thioredoxin, TRX)
TEAROHBR ROS Jrifl KAFEEZMVEN . Lok, i
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e 2 HAM-3-WEIR A UDP-EFLEE I Hi A% 5. UDP-
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UGPase). H il (glycerol kinase, GK) il 3-# iz H
7 B U (glycerol 3-phosphate dehydrogenase, GPDH)
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R 15 180 6] Hy ML AU 21 356 —6F B (Gloiopeltis furcata)
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FE R KGR AT o BLAL, Takei ZU'ONESE, 1
W HAT R R AR A (O™ )T BRAE T .

ARG PR B SRR, 7E 24 h NI
W 22 (1 2R K- KB PR A B, LU & i 3 H )
FRAOE, 382 e I o0 A it 2 B AR AR TS ) S e R A
B, WEI LI Km A OC R, S R TR A AL
BRI N T AL AR LIS 2%
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IK ISV B R, NI/ . M B
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JEAR S EEA — B B A A BB (LR K I 2 3~4 4>
A, K23 cem, 5625 1.5 mmfE N8R, 1E205E
SO, R SR S BTG IR R SR 4 (GZP-250N, i
ARG A RA R, hE)P SR 3 d, M5 BiAE
FAXS — 2 AR RS . VB IS SR A IR
11°C, JGHR 50 pmol photons/(m*s), YEJEM 12 L : 12 D,
R R B IR A VLIRS
1.2 XR-ERBEHHRLE

ARSI 10 o] T 5 SR O R 3 25 1) R K - B KA B Ak
PRI P USRI 11 B R SR T K o3 Je BG4y
fat R PR AR R LI X BB 2 (CG). i A HE [ 5 SR A,
5 HL A3 00 8 7 3 KOG BE RS F2 46 vh 2E4 700 Yk O 7K Ak
B (first dehydration, FD), BHI 6 ho 43 FI7E B K Ak
B 4.5 h(FD4.5) . 6 h(FD6.0)IF HUR:, HUREJ& 7 BIiCA
WA T, IAEEAE-80°C . ZJ5 HEAT 0 Uk 2 /K b 7
(first rehydration, FR). $4F 5= I B i &g 7K v, 47
WEIKEBH 6 h, 35I7ERE K 5.5 h(FR5.5)F1 6 h
(FR6.0)B HUAE . H245 HEAT IR R K-S K A6 A Ak 242,
R ZIK (second dehydration, SD)AbFE i SR IR R
FKACPR T A R], — ¥R K (second rehydration, SR)
A FE 5 ST K AL BRI AR TR, 7E Ik RK 4.5 h
(SD4.5)F1 6 h(SD6.0), —¥KE 7K 6 h(SR6.0)HFHUEE .
Szt AR, I 11°C, MXHREE N 77%. 78
PR R 7K -5 7K A8 B b o o TR I 8 A4 s [ 5 1 7 28
WAE RS FEAR, 465 A CG, FD4.5, FD6.0, FRS.5,
FR6.0, SD4.5, SD6.0, SR6.0. BEAFEARAL S 3 4L L
Y EE, BAEEAE 4~6 B,
1.3 RBABEEZE /) M

FLEHR £ B 0.1 g W iR, LW AW E
W ARG 2 2 mL B0, A 2 mL 2 PBS
2% pPWL(PBS 28 1R BHES A= 1) CAT B 1 I 17
& B RO, WEEIR IS, 8000 g B0 10 min,
EBRUTVE, Frfd LI WA RPN B, T 4CUKEE N
BAE, WA BT JJHEPRTE 1 d NI SE

ATV P AR R B e FR R 3 A W] BCA R H
I AN & B B AT e, RPL ARk
(T-AOC) . fi S id & ik S B (TrxR) . CAT R J7ill
FER & ARHRAE R ARG IRA A, A
157 £ i (SOD) ¥ J7 10 7 370 &5 W A B o el Al A= ) T
FERFGTIIT o 422 BE A5 a0 & 1 I A3 64 700 7 $51 «

FFH Excel X fiff 7% 70 e B8 3047 B R R 7 2557

2 TEERLF /2019 4F /5 43 45/ 45 5 3]



BRI -

Hr(ANOVA), Ff i 3L B =5 T-test K35 (http:/
www.omicshare.com/tools/Home/Soft/t_test)}s Ab FH 24
5 RRALEAT UL, P<0.05 S22 5 W3, P<0.01 K2
S
14 &% ¥ RNA R

B 0.05 g i85, WA TS 5 WHES ok, AR
¥ RNA $#2BGX 7] £ (Omega Plant RNA Kit, USA)#
P A AL RNA S, #R AR A 2 R & i W]
o It 1%BUIEHEBERS AL Uk AR B 2 O T
Nanodrop 2000 &l RNA Fis, HIWrHk B | s stk
PGA AR IR EE S RIS
1.5 EFHRANF

1) M R T B A W RN AT BRA 7T Je SO A 4%
TAE, ML SCF i llumina HiSeqTM #4710
J o EBRIEMECE b A Sk L R >
10% . K5 2 ) (O<20% A Bl 31 5 4% 4% read 19 40% 1A
')A reads, %] High quality clean reads, HF
Unigenes #f4%. F|FH BLAST %i# %47 Unigenes
VERE A BB, AR 45 KEGG. KOG
Nr. Swissport, FJF edgeR A7 FHFNHN 0, #5
P<0.05, H|log2FC[>1 A & 25 2% 7 R IKFEIA .

1.6 (X XZE PCR RE

DL 8 SiE e [ 7 2 B A (Elongation factor 2, EF2)
YERMNZ, TE GeneBank H 3R HARILFS1)(EF033553.1),
Fie B f g [yt R, @k BLAST 7E4k5 |4
% T.E A Primer Premier 5 #3475 9%t AF
mwf%l%f“ﬂﬂjm B i Jin TSR AE W B A R W

HATA I, BIHREES 10 pmol/L.

1% F] Takara PrimeScript™ RT regent Kit with gDNA
Eraser XJf§ 8 RNA JE17 4% #5928, & cDNA #X
Bro LA 10x cDNA Hi B MM, #4720 &
PCR(qRT-PCR)#" 34 . qRT-PCR & h ¥ /E i #2 = R
SYBR® Premix Ex Tag™ II(Tli RNaseH Plus, Takara)
VLI HEAT .20 pL W AR R ALHE: 2 pLFi B )G cDNA
ik, 1EM 514745 0.8 uL, 10 uL SYBR® Premix
Ex Tag™(2%), 6.4 uL ddH20. fi ] =¥k kA7 1,
P HARIT R 95°C30 s A8 PE; 95C5 s, 55C10 s, 72°C
20's, 3L 40 MEH . TEIHSSRIFHEE 957C15 s, 60°C
30's, 95°C15 s il Mt 4. qRT-PCR 474 5 Wi 7F
Takara TP800 Cycler Dice L'#fT. A4 W5 E 3
WHARESE, A 27 ELIH5E B A3 AR Rk
i, N Excel &MU HRIFLK . FrHBIMILE 1.

H@A RTICLE

#1 TREE PCRETAY
Tab.1 Primers for qRT-PCR
EIkVEAR s 519751

GfEF2F ACTCTGTTGAGGGTGTCTGCG
GfEF2R AAAGAGCGGTCCAGCTTGTTA
GfPRXF CCGTCATCGACAAGGTAGCA
GfPRXR GCTGTCGGTGCTAACGGTAA
GfGSTF CGATTCTTCGATACGCCGGA
GfGSTR CCGCTTGCAGCTTCTCCTTA
GfUGPaseF AAGCTGCGAGACATGAACGA
GfUGpaseR CCCACCATGTAACGCGAGTA
GfGPDHF CTGCATGACGACGAGCTTTG
GfGPDHR CGGCAGAGGGGGTTAAAGTT
GfGKF GCCTCCCACTTGGCTGTTT
GfGKR TGCTGTAGGTTTGTACCCGTCT
GfCAF ACGTGCCAATTACAGCGAGA
GfCAR ATCTTCACTTCCATGCCCCG
GfMYBF GCCATGCTTGCGAATAGGTG
GfMYBR ACAACCACCGCTCTTTCCAT
GfHSP70F GGTGTTAAGCGGGTTGGAAG
GfHSP70R TGGAGAATGGCGTTGTTGAG
GfMAPK3F TGCTCTCCCGTCAAACTGTC
GfMAPK3R CAAAGTTTCGTCGTGCTGGG
GfGPDHF CTGCATGACGACGAGCTTTG
GfGPDHR CGGCAGAGGGGGTTAAAGTT
GfMPK3F TGCTCTCCCGTCAAACTGTC
GfMPK3R CAAAGTTTCGTCGTGCTGGG

2 &R

2.1 RK-EKBEREMTEHES RLEAEEE
e EA
WSR-S KPEA A B R il 2 T-AOC |
SOD ,CAT ., TrxR (il 5 45 R W 1 frzs ¥ % T-AOC
TEPIR R At R 358 B 3 F R $(P<0.05), TEk
/K 4.5 h if(FD4.5. SD4.5), T-AOC AR/, 2
R FRZHAY 1.2 £%, FEJ</K 6 h IH(FD6.0. SD6.0)A] 7
X IR 1.5 45, ZoKid T T-AOC FIMEIEHR
KV % SOD WG J1%¢ 0w, B FR5.5, FR6.0 4b, %%
AbFEZH SOD % 113 KF 200 U/mg prot, FEASSLH:
T, SOD S J1AERT U A A b - T B L 3,
WK E IK(FRS.5 ., FR6.0)R}, SOD [iffi% J1 R, fiKFI1E
WK FE RS IK(SD4.5 . SD6.0)H} SOD fiih /1 H
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PR E FTHEFE(P<0.05), {H FETHERE /N, fE SD6.0 (FR5.5, FR6.0. SR6.0), CAT F§i% Ji 3 Fif, (H47

BFIAEIIER KR 1.2 5, SXHRAAL, W% CAT  WEE T B84 TrxR f#G Ji7F FD4.5 BV Bl 3%
HifgE JIAE IR R K #2Hh (FD.5 \FD6.0,SD4.5 .SD6.0)  1H(P<0.01), iEF|IE(E 3.7 U/mg prot, 24 RX}HRLL 2.5
YA 8.2 (P<0.01) 3%, FD4.5 ., FD6.0 I} 1) CAT [if 5, FD6.0 I igA T, (EAREFIEXT BRZE 1.9 554,
TGN IR 1.8 £, SD4.5S B CAT MG I A E FEWIRE KEF(FRS.5. FR6.0)TrxR ff i 1 T8 2 1E &
XA 2 A%, 7E SD6.0 B HEETE 1A B KE /KO, SD6.0 B TrxR A J7 FRk LA, ik 2I%5fEZH 1.9
91.17 U/mg prot, ZINXf M4 4.1 %, 7EE/KiLEH %, SR6.0 I FRICT i 2 IE K-
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R = 150.00 |
¥z 10.00 F R
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9F 8 50.00 |+
= OOO 1 1 1 1 1 1 1 J OOO 1 1 1 1 1 1 1 J
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M ] ]
120.00 5.00
—_ —_~ & ok
2 100.00 + 2
g g 4.00 |
on B on
EE) 80.00 § 300 L
E 60.00 - -E
524000 | w2 2007
2 2
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© =
000 1 1 1 1 1 1 1 J 000 1 1 1 1 1 1 1 J
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] ]

BT R SR K-S K SR 0 il B0 S A TS ) R A ol
Fig. 1 Changes in antioxidant enzymes activities during periodic dehydration-rehydration cycles
*P<0.05, **P<0.01

Tab. 2 Overview of the transcriptome data of Gloiope-

XA EU clean reads HEFT 38 5., lis furcata
B% T7-e 48, WIAHAAT HQ quality clean reads /4 Lt i 25 LI R Bt
YK TF 98%, ¥515-8) clean reads AT 2 T, 15 41 %] Unigenes B A H 32 681
F] 32 681 K4, N50 Ay 1238 bp, F1 GC &#H Unigenes -4 K< & /bp 799
55.32%, ZH%E74F1HY Unigenes 49K 799 bp(F GC & /% 55
2), s AL O PR OB PF 25 ) Unigenes #5717 NS0 (< S2/bp 1238
TIRETE RS & B, 364 12 813 % Unigenes 778118 AEREREH 12813
L 19868 4 KL IR HE A B (K 2). I LEREASA 19 868

BLASTX # Unigenes J¥515 Nr £88 % #17 LT G, . .

s SR SRR, St s s R 23 HRATIRRBERARE

) VR PP B i e R (TR 2), 9 5 0 Si 4 4 A 3 11 AR 4] PCA 34 R (8 3a), PC1 ATfi#
Unigenes L[] 4 H & 2 09 W) B 2 4 0 i 3k BT A AR i (U A7 R Tk ) B R 7 2219 38.1%,
(Chondrus crispus), FURIE I3 Hh—Fl o] 76 s 21 58 PC2 AJ @ B AR T 1 16.7% o AN o BT F S5 4
b A= £ Y21 (Galdieria sulphuraria). AEEERL, F—04#A PR =Y rER
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Fig. 2 Cartogram of unigene distribution in different species
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FEAR AT s R A AE—ike, L FRS.5 40N e 5 d AHKC
FRBOHXTELAN, 4317 AT BE A2 1 25 AR IR ] 22 S 3
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DEGs. IRRIK-ERTEFRH, 25 A3A 5305845 T
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KE, K KAEE DEGs U H Z THIR J Kb HE
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Fig. 4 Statistical analysis of differentially expressed genes
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WALE BN T AR R, e, S5
FHXH DEGs U H 2, £%] 1003 %%, 5f 302 4
DEGs 5itf& {5 B i TAHC, 65 % DEGs 5 41 fg #E 72
FHX, 23 45 DEGs 5HHLASAH K, 16 25 DEGs 53
B fE B TG .
2.5 ARk koKek BLAR A KB R AAEX T AL
T A Vg B A SR T R DL LA S R SRR L, 3R
IIERE T 5 2 IR Z T BEAI DG 9 4cFEH (R 3)
54T qQRT-PCR B3 HE . /0 Hr Hge A A X (& 5) & 3L
W h ) PG 70 LK (GHSP70) | kR I
LN (GfCA) . MYB & 1 (GMYB) LA K St 23 e
HHK S ¥ 4% [ (Glutathione S-transferase, GST)RY & A
(GfGST) 1) 55 32 IR BE T 35 0% /K - 52 7K Ab 38 3R 30 A1 5
W E s ARk . Hodh, GHSP70 78 FD4.5 Iif ik
NG, 29 XIEL 3.2 £%5, 16 FD6.0 BIWSA %,
JyXF R 2.3 %, w1 B KEF(FRS.5 . FR6.0)GfHSP70
SRR RN 0, 7E SD4.5 1 SD6.0 Af FEK I
W ZEIEH K. GFGST FEWIUR I KIS I 2 %t e 24
2.6 f%5(FD4.5)1 3.4 {%(FD6.0), E_IK4J/KIt(SD4.5 .
SD6.0) R IK A FEXT B4 1.5 f5 LA L, FEPIIRE
JKALBEF(FR5.5. FR6.0. SR6.0)GfGST HYFEikiEHy

®3 BERIERKIENERE

) H@ART/CLE

RTXT IR . GFCA FE — R Aok v i) b I B2 K T4
WK, HAE FD4.5 FD6.0 B 4355135 B %) FRZH 1 6.3
fEEA 8.3 £, MiTE KKK (SD4.5, SD6.0)F i &
XFRELL 16 £5 LA I BIKE) GFCA ¥ stk FA BT
V, B E XA, GIMYB FERI IR KSR |
PFRIK, 78 FD4.5 BFiRBNE(E, 29X IEdl 5.3 £,
16 FD6.0 W2 %t ML 3.2 %5, TEWIRE Kt
(FR5.5 . FR6.0)HA4% 533K JLT- F R 0, SD6.0 Hif
W Th Z W T AL Ko T Ak, i gAY
PRX [iff (1) 3 I (GfPRX) W9 7 53 /K ST LAE R UK 2R K B
(FD4.5. FD6.0)AH LK, Ik E /KT p H KA
AR EX A LT, 76 SD6.0 IFREAKE FIFEH#
Ko G155 5 T R A2 43 24 T AL B 1 IR
K (GfMAPK) R AE FD4.5 fil SD4.5 i} FiHZEk, 55
SKFENXT IR 1.8 f5H 1.5 £

T 35 T 2 521 BT A R AL GIUGPase
GfGK Ml GfGPDH WiZibti=XAHLL, ¥7E FD4.5 i
FD6.0 B} iR %A, 178 U 2k K Ak B v ) A8 fb A
B, Hh, GfUGPase 5 GfGK 1 FD4.5 Itk 5|
XTI 245 DL b, 78 FD6.0 Bf RS A T BB AT 443 1E %ot
WR4H 155254, i GIGPDH W7E FD6.0 I ik 3| % ik
I, 2% RRAL 2 f%.

Tab.3 Candidate water loss-responsive genes in Gloiopeltis furcata

2% 7K i g i 35 5 DA 7 SR Jii%E HhC A RR Z 5 R te
GfPRX Peroxiredoxin i E ALY AL A A
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Fig. 5 Transcription-level expression patterns of candidate dehydration-responsive genes
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Abstract: The intertidal red seaweed Gloiopeltis furcata exhibits strong resistant ability to dehydration stress. To
explore the responding mechanisms underlying periodic water loss processes in G. furcata, we designed two suc-
cessive desiccation-dehydration cycles within 24 h and measured the changes in antioxidant enzyme activities in G
furcata. Transcriptome sequencing and quantitative reverse transcription—polymerase chain reaction (qQRT-PCR)
were used to verify the transcriptional expression patterns of dehydration-responsive genes. A total of 32, 681 uni-
genes were assembled in transcripts. Compared with the control group, 7, 161 differentially expressed genes (DEGs)
were expressed in the treatment groups. Kyoto Encyclopedia of Genes and Genomes analysis indicated that the
DEGs were related to metabolism, environmental information processing, organismal system, genetic information
processing, and cell processes. The results of antioxidant enzyme activity assay showed that antioxidant capacity
was crucial for G. furcata response to dehydration stress. Catalase, thioredoxin reductase, and superoxide dismutase
participate in antioxidant processes, and the activity of CAT is particularly important for the resistance to water loss.
In addition, qRT-PCR results showed that genes involved only in floridoside synthesis (GfUGPase, GfGK, and
GfGPDH) positively responded to the first desiccation treatment. Furthermore, the transcription levels of genes
encoding heat shock protein 70 (GfHSP70), carbonic anhydrase (GfCA), MYB-domain containing protein (GfMYB),
and glutathione S-transferase (GfGST) were up-regulated during two dehydration periods, showing that these genes

also participate in the mechanisms of desiccation response of G. furcata.
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