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IRz EiE RS PhCULL EF
SESIEEISIE

HEE IXE B K O Y LEE KELE HHF"
CR AR B T AR M KA 5 97 S0 WA K™= BB R 5 (R SR T AR5 rhol
LXK 2R EIT 361021)

WE  HEP iz %3k (Pyropiahaitanensis) iy = E A& T, EHIAERE VR RN EEE R, A
BHELIN, GEMET, XX EFUBREA R LR EZE Pl Kk, 8555 R HmEE
AFHEL AR, KARBLDFANF . BEFERARAFEAIZEHE cullin B3 HEHELR
(PhCULL)#y 3 e #EAT#F 2. A A PCR 77 3 5. & 7 PhCULL £ F By 4K, PhCUL1 4k % 2500 bp,
FF 7 A3 HE(ORF) K £ 7 2481 bp, #Z & EH 7% 1 4 Cullin (407~618 aa)% 443 77 1 4> Cullin Nedd8
(754~821 aa)Z 73, H &, Cullin Nedd8 £ #3884 & & @i &1L 5 . # AR 94T £, PhCULL ££ 3
.+ 5 B 7 4 % (Porphyra umbilicalis)# 4 21 89 3 % % % . qRT-PCR £ £ & 77, PhCUL1 % F # & &
BEE T, ¥ —F EH PhCULL By 4 F3h b, 4 H 4 N\ 3 & % (Chlamydomonas reinhardtii)i# 17
kI iE, iTkik PhCULL kAL T A A E M X &R ME ., R, £FHIE3BCTAE3IhFM6N
W, %A EHEARE PhCULL 2 B Fif Kk, X403t ¥ PhCULL 2 F 78 3x % 3 vl b & IR fh il 13 72
PREEEEER, AERAEIFHAEFS P AR AHA XA TEN LR XZZRABERA
MBI R I By o F AL, AR ST E R S A F R AR,

KB HE; RE¥E; ZREEE,; EWARE; HEAR

FESZES S968.43+1  EAFRIZED A XEHRS  2095-9869(2021)01-0193-08

SRR —FREARERELFNE  EFRMEMES
W B KR s, AT LB B 832 FAE AR
25 AL 224 5 5% U5 (Blouin et al, 2011), T HAE N
“HE BRI RN A P RRRL , BT E KB U1 (Nellemann
et al, 2009; Xu et al, 2016)., ZAHE, KA A4 AT
BIE2 173 Tg Wk, FEVERIRALEAKE 90% [ & itk

ik B0, AR NGRS TR, %A RE
AR I VIR A B P A B R R A 1 (K rause-Jensen
et al, 2016, 2018), FHI KA FEAEE KT A EE
KW T1. BEAh, BT 35 R AN 3 & A B s 45 1
ZRERIRAR TR 2 L A 5 R A R, R AR okt
4 5 JFORE(Ghadiryanfar et al, 2016; Sudhakar et al,
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2018). Duarte % (2017)#5 i, FRFEMEG 2 T49
PRBHA =, BT 5 TR SR FE TG B B4R W 980 1500 t
CO, HFTt, 2018 4F, FRIE Fds 538 ™ i 201779 t
(TE), HFEMBHETREN 8.6%, Hf, DIn%¥
(Pyropia haitanensis) A == 5 4 55 X 52 (1) 4 1 4 5557
Fei EE L 74628 ¢ (T E)(H E Ok gt i AR A,
2019), o T R G TRk 5 AR 5808 o

SR, UTAER, RGBSR, 1R B R
RS b & TR Y 2 R R (RN SE, 2015; Wang
etal, 2018), 45 —Lu1L 8830 Rl R (Z-26. Z-61
M ZS-1)B ) iZ # % (Chen et al, 2008; Yan et al,
2010), {HA IR ZE M =R HLTA R I Z b
W, A B 5 5 S 1R T v TR AL )Xo 5 VL R A e L
AEEE Y., HET, X583 mALH f s s =
SRR LA 2= 4T, A, Wang GF(2018) HA
T Z-61 R AR SR SR A, R Z-61 W] LLiE
I B A RO A 2 S U T IO S IR A EE . Shi 45(2017)
ffi 1 iTRAQ BEARTEIR 8P 4 T 151 Bl 1
A, i, Z25BRATSEASEEEAMNZE
BB R G AE I 58 50 0285 v Tk Jolh 30 o 7 o B 3 |
R, HILEARYGEA frif— P 5k

12 F R AR R G0 02 f 2 a8 e N RS2
—, R Z I AR A TR AR A
R 2 Bk R d 3 MBS E1GZ RIS
fii, UBA); E2(Zz R&54 M, UBC); E3(1Z & & 1)
(Zhang et al, 2015), H:H, E3 # 2 HER B AR 2 (T
HeoE R R R e, R, Rz F b R
ERHER . VP2 R, E3 ZAEYm 3R A )
Jop3E PR TR, B A B3 nT LR A A b 2
AR Y038 (Moin et al, 2019), Cullin-RING 3% 42 i
EEZAY P IZR Z 3 B3 R, 1A
YA 3 Fi2sAY. CULL., CUL3a/b fil CUL4 (Stone,
2014), CUL3 A LI{E3F DREB2A AYR& KA =
It (Arabidopsis) ¥ it #44: (Morimoto et al, 2017). It
Ah, JKFE Cullin FEHE PR 78 1 % A1 2 9 3t e 52 B0 1
WREA B (Moin et al, 2019), L 45 H B,
Cullin E3 3§ 0T BE7E R4 Wi 1z E A= 9 ol v o 44
EEAEM . AL EERIAT R P LI, 8K W
CUL1 & Pt FRAK e 17 /=7 38 90 38 (Wang et al, 2018),
A EARY)ReA it — 20 SC 0 Bk

15 50 0 R ik 45 48 K Bk = s 8 R Ak
RN, H AR TR S RS @ — B R E L
BRVEIR R, XX S 6 5L R IR 19 D) RE I8 AN BH A o
3K B A ¥ (Chlamydomonas reinhardtii)fF o — i B 4%
PN SR B, W R T I UESE R A D e R AR 1 A

Yiseidb s W, pEE R TREARN AR, CHE
S R] N FH T3 P A B AR SR A E RO, AR AR
b . SRR LR 5% Ak R St (Dejtisakdi et al, 2016).
FIHAT ML, 172 500 2 P C 78 3 g AR i b s 2 &
ik, ALHETEH Chlorella zofingiensis (Cordero et al,
2011)F1 K3 Porphyra seriata (Kim et al, 2011).
Jin Z5(2017) 2 H 432 (Pyropia tenera)HSP19.3 #%
AZEACHEE, JFUESE T HAEm AT mER . DL 25
R, DA AT REJE RIB IR SR A 1Y R 42K
o P, ABFTOR IR 2852 1) PhCULL J& K e AR 1
KB AT E AT, IR IR R
(PhCULL)TESL = i th BRI, A4 283 T v i i 3R
ML F PR E B

1 #MH5TE
L1 EBRFRE R

ARSI T 6 I I S i R R Z-61 RS
KT S0 SRR Tk BRI, S 00 28 vk 5 Analifb . 1597
Z0F: IREQ1£) T, JEHEERE 50~60 umol/(m*s), &
JAI12 L 212 D, £ 2 d B 1 B Provasoli's
enrichment solution (PES)}: 55K, JE AL TR, Hife il
A EE R 15 em 245 B, BEBGRIEDEN . Jomkdit . o
b8 R AR A T IR S5

i TR A 3 A B Bl 2K R R “CC-400 cw 15 mt+"Bk
FHT PhCULL %% 5 K T B 55 iE o 35 p4 A< i 4 M FE Tris-
acetate-phosphate (TAP)I;FR H 1555 #RE 25T,
JEHRSRIE 50 umol/(m*s), YGJAW] 14 L 1 10 D, 4k
2h BRHE L RIGFRW, Bk A A RE AR K

1.2 X RNA B9 4L cDNA BIA B

K BE.ZN.A Hi% RNA $#H0AF] & (OMEGA, 7&
EDFEEBUR S R A TER S RNA, T 1%58ER
FELUKR I AT B IBUEL. RNA RS2, FRAEE Mt
FETT B 43 B 5E ODoso o A1 ODogo i 1H , T HI RNA
MR EE , FIWT L 2E R

TSRO E 5t PCR 43879 ¢cDNA H PrimeScript
RT reagent kit (TaKaRa)#F17 5 4% 5% , A5 A cDNA Fi
B0 5.

1.3 ImZSE PhCUL1 EFEMEKEE

HRE IR 58 S0 S A ) T R A S | O ) — SRR R
gk Wy % 4 3% (Porphyra umbilicalisy CUL1 #Y
Unigene0010232, #4EFF&IT 1 X9 2K 51¥(E
w51 Kpn I BEUIA S50, 5149000 Xoa 1 i
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VIS RiF 9, (8T /5455 4%) PhCULIF Al PhCULIR
(# 1), PCR ¥ PhCULL 2 R -7 511, Wb
FEh 2481 bp; P HEK RN 25 pl: 2xMix 12.5 pl,

ddH,0 9.5 pl, 255497 0.5 ul, cDNA #i# 2 ul, PCR

PIFEF . 95°CASE 5 ming 95°C 40s; 62°C 30 s;
72°C 2min30s, 35 PMEFR; 72°C, FEH 10 min, $F
Y=y E e A, FEAL AT, B8R 1K SR IE
ke

*1 ZWAZNSIMARIES

Tab.1 Primers and sequences used in this experiment

3% Purpose 5|4 Primer Y)Fh Species J¥%1 Sequence
PCR P38 PhCULIF P. haitanensis CCGGTACCATGGAGAGCGGGTTCAAGC
PhCULIR GGTCTAGATCACGCGAGGTACTCG
SCAHE G PCR PhCULIQF P. haitanensis/ TTGGTCACTTCTTGCTTTGGGG
GRT-PCR PhCULIQR C. reinhardtii GCTCAGCGGTAGAAGACTTTCC
UBCF P. haitanensis TCACAACGAGGATTTACCACC
UBCR GAGGAGCACCTTGGAAACG
N TubulinQF C. reinhardtii CTCGCTTCGCTTTGACGGTG
Internal control TubulinQR CGTGGTACGCCTTCTCGGC

1.4 PhCUL1EFEHEMEEZENT

i FH7EL 8 {4+ NCBI(http://www.ncbi.nlm.nih.gov)
Mt PhCULL ZENAXAF IR Y 51, HE 2 2Ry 51 M T
J 15 32 HE (ORF) . i if SMART (http://smart.embl-
heidelberg.de/)>R IR AR T 25 #58, , ] MEGAG6 #{f
) Neighbor-Joining ¥ 44 # PhCUL1 RGEHILRT

1.5 PhCUL1F&KERIEFHEHE

i Kpn T 1 Xba 1 Py U1 E A U] B 1) 55 P FAK
BIGRAAR V3, BIREEWLE 1. BEYIRR HE
HH 2 ng, 10xM ZZobi 3 pl, Kpn T NUIREE 1 pl,
Xba I NYIESF 1 pl, J ddH,0 #MEIK R V3 24K 1 pg,
10xM ZZ i 2 ul, Kpn I PYIHEE 1 ul, Xba I PyIHEE
1 ul, H ddH,0 #MEE R, BEVIRRIT: 37°C, 140 min,
65°C, 10 min. FEFVI S ROFER AT V3 2k 16°C Rl s
e, FALRIRAR . PRHCBH R P52 T PCR KE, 3K
BEA HRFERA V3 KRR,

1.6 FEEREREN

JE TR A BRI B B BRI AL 1, SR P
“CC-400 cw15 mt+7E TAP 535 3578 B x5 K
W (MR L M 2x10°4Y), % 3 6000 r/min Z5.0> 5 min,
FEFWEW, FI'E 1 min, FH 300 pl TAP 1535 & 40
M, IAENE 300 mg KA IFMET BB IS BRAY 2 ml 2
O F, EATA 0.1 ml 20% PEG 6000, 2 pg £k
MR, 5 ul Bk DNA, B TloRiRy e LB
30 s, fFEK30 s, HE 2K, IRAWMAZ 40 ml
B TAP S5 359, 7E 100 r/min 2RI, FilR
6000 r/min WCAEAHMI, £ WM, H 400 pl TAP 3553

PChlamy 3
4517 bp

Features of pChlamy_3 Vector
4517 nucleotides

Hsp70A-Rbc S2 promoter: 70-565
Intron-1 Rbc S2: 574-718
Multiple cloning site: 728-770
3"-UTR: 774-1007
B2-tubulin promoter: 1014-1326
Hygromycin resistance [aph7]:  1327-2637

Ampicillin resistance gene [bla]: 2836—3696 [c]’
Bla promoter [P,]: 3697-3748 [c]
PUC origin: 3794-4467

*[c]: complementary strand
Bl AR Hk V3 EE
Fig.1 V3 expression vector of C. reinhardtii
WA, A EIE TAP AL (F 10 ng/ml 15
% B), 24 CHLIREESR 7~10d, PR LKA repei,
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1.7 PhCUL1 EEFKiEKFH qPCR 717

fR4E PhCULL BY¥ 51, #it qPCR IE W 514,
JELL B-tubulin FEFEAE RN SR 1), #fTERT
PhCULL 7E 3¢ 4 A< 35 H i 3R IR 7K 43 A1 .20 pl R &
10 pl 2xSYBR green Master Mix(TaKaRa, H7%), 0.4 ul
1EJZ 1851420 mmol/L), 2 ul FiBetEM, 0.4 pl ROX
Dye 1 6.8 ul ddH,O, ¥ ##2/F: 95°C 30s, 95C 5,
60C 31 s, 40 MER. TEALHG, Ky 10k
firith4e, #ORY B R k. 9OtE i PCR 734 7E
ABI7300 %1% & PCR {¥(Applied Biosystems, 3[H)
AT
1.8 HIESITHHH

A g e 3 A8 . FIH] Excel #1 SPSS

17.0 XF SLI B AT G AT, FER R R 07 25
B (One-way ANOVA)FIHR /N 2% 25 715 (LSD) L EA
[ K080 4 1) ) 22 57, P<0.05 /R AEAE i #5225, P<0.01
FREFWBE

2 R

2.1 PhCUL1EREWZERFIISHT

PAIZ453% cDNA J#itk, PhCULIF/PhCULIR Ky
SIYIEATY S, ARAT 1 SR A K292 2500 bp
(F 2a), #id BLAST Xt %8, H5 Porphyra
umbilicalis (GenBank No.: OSX79849.1)f# cullin-1 %
KA IR 5 R R PE IR 3] 85.14%, HEmiHEWTiZ H B N
PhCUL1 #y3& N | Bz

Cullin Nedd8

1 407

! 618 754

Cullin domain 821 827

Pl 2 PhCULL HE [H [ 7= ) 5 A L oK A D < 25 g
Fig.2 Agarose electrophoresis of PCR products of PhCUL1 gene and protein domain analysis of PhCUL1

i1 ORF Finder #{F43#H1 & ¥, PhCULL 3 A (1
ORF >} 2481 bp, RIAHILT R ATG, L ILEHTH
TGA, #ifith 827 N2 FEME , Uil 4>+ H 91.34 kDa,
I 2R 6.43 330 SMART 4047 HAR SF45 5,
& B PhCULL f77E 1/~ Cullin (407~618 aa) %% F43s I
1 /> Cullin Nedd8 (754~821 aa)%% #4935 (&] 2b).

2.2 PhCUL1ERFEREG#HLM O

i THfiE PhCULL B R G C R , >R H Neighbor-
Joining ¥ # T PhCULL & JL 12 5 51 & Gt AL .
PEAL R 45 B R (B 3), PhCULL S0 30 X3¢
(Chondrus crispus). J#2ii=¢(Gracilariopsis chorda)fil
I 432 (Porphyra umbilicalis)® R —Ml, 15 &4
FEI A B X A1k, iX UBH PhCULL JERIZE 2135 T vh
BONARSE . MAELLEE T, PhCULL SFIE S8 N
—37, X UL PhCULL HE R 7E L 3 A RS -

23 PhCUL1EFESEMETHERRIEZTHL
BT WFIEIE 238 PhCULL X i 1 ke mmi oy, A

100 Coffea arabica (XP 027098276.1)

36 Durio zibethinus (XP 022727591.1)

Cuscuta australis (RAL39099.1)

98 L Capsicum annuum (XP 016565716.1)
Camelina sativa (XP 019088954.1)
100 Ananas comosus (XP 020113911.1)
Chondrus crispus (XP 005716783.1)

Gracilariopsis chorda (PXF44708.1)

59 Porphyra umbilicalis (OSX79849.1)

100l 4 prcuL1

—
0.5

K3 RN IEM 95T PhCULL & A
JIT 4 B 2 HE TR I 57) 1) 2 e A A
Fig.3 Phylogenetic tree based on PhCUL1 amino acid
sequences by NJ method
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W5k 9 i PCR FARKZM PhCULL BE K78 =
i 31 CANFEN R B[ K- (0, 3. 6. 12 F124 h) Ny
AR ek K AR o 4550 BoR (K 4), EiEXT PhCULL
LR R IR A A B Em, SiEA 3 h, PhCULL
MFIETEE 0 h ) 11 ff%; b3 6 h il 12 h, Kk
K2 TR B 3 h AT %, HEES T 0h,
HRGE R A& 0 h 19 5.1 50 8.0 £i% . =il AL HE 24 h
J& , PhCULL 3Rk E ik B mifE, & 0 h 1Y 16.9 1,

° 25

5

5

g 20

o

g 15

o

2

=

& 10

i)

A5

i

= 0

% 0 3 6 12 24

Bf 18] Time/h
Bl 4 1743 PhCULL EFTE IR 31°Clibg
S AR TP AR X R IR AR AL

Fig.4 The relative expression of PhCUL1 gene in
P. haitanensisunder 31°C treatment

ANEA MR B FAR R 22 5 B2 (P <0.05), T
Bar of each column with different small letters mean
significant difference (P < 0.05). The same as below

2.4 ¥ PhCUL1 & 4K % PAME 52 [Z2 F 1O 7F it

REMLPkE 8 MR B bk RAUKEE, $LHL
DNA, f#i/f] PhCULL %57 5191(F% 1)iE1T PCR HiE
TR AR e P UK 5 SR R, T Pk gk S A 3 ARG
FIFHME PCR =4, (HFEHF AR R p R & BB PE 5
B, 2] PhCULL 2K B Tk AR B3 4L(E 5),
TEPEER 4 DL BED R (T4 TS SL Y RE 43T -

<

—
p—
e

K5 PhCULL fY#% 3k X 5 ik
Fig.5 Transgenic verification of PhCUL1

2.5 ¥ PhCUL1 7K3E X 5 iR AvE BT 32 1% 53 17
T RS R DA vl 3 A i 52 R A

33°C R 5 IR A BRI L LA 3 36 h, B R ER HA
Y (1 6), JFIEHAE 750 nm BYROERE (R 2), 45
RER, Wi 33CHA 12 h 5, FIERAHE (T4
AW TR AR R (W) o B i 33°C kA 36 h i,
I e DR A 388 (T4) Y A5 0 1 A g 2 1 B A R 38 (W T) o
FHRE ) OD750 nm A5 ILES R WG (55 2)0

£
—
=

o
=

4, | -
. N
N R

12h

24h

36h
K6 il 33°ClHA T ACHE R W) B2
Fig.6 Biomass of C.reinhardtii under 33°C treatment

2 BRBCHETRERENTL
Tab.2 Concentration of C. reinhardtii under 33°C heat stress

fif 1] Time(h) WT(OD750 nm) T4(OD750 nm)
0 0.381 0.388
12 0.144 0.204°
24 0.072 0.180°
36 0.060 0.165°

2.6 PhCUL1EREREREFTHERRAEN

R 33°CIA 1~6 h J5, PhCULL 3k
K2 2 TR (P<0.05) (K 7), HZEWMA 3 h i, 3

I

b

w

[\S)

—

XI5 R Relative expression level

(=]

3 6 9
A E] Time/h
Kl 7 Wil 33°CHME T PhCULL JE 7R
FE P A TP AR X R IB K
Fig.7 The relative expression level of PhCUL1 gene
in C. reinhardtii under 33°C treatment

0
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R 2k K Vi, AR BRAE 3 %, W8 9 h
Ji, PhCULL Fik/KFETFRE, SXHATEFELER,
3 i

TR SRR RS R SR — A E BN & L 4F
e, AR BRI Bk o v IR R R R AR R T IR
B TAERA FPIF R, KR 5 280 &30 4 1 sl
SRR, U™ E T (MR E A, 2015), iF—
A5 7 B S 00 T v T L B X TR S TR o T
RAAEEMEISE L iR OIS, 2 XRS5
FEN R (5 I | R R AT R SR AR Y e v e A B
{6, (Zhang et al, 2015), Hr, E3 3% 45 H e #
B PRS2 W58 o Cullin-RING E3 % #:if
REAEY P — A TR LN Z %, Cullin &
H—MSA 1~3 N5 (Moin et al, 2019), ABFZE
PRI 23R PhCULL & H 2 MESEEEH
B, 407~618 i 2 cullin Z5H98E, 754~821 fof i &
Cullin Nedd8 Z5#938 . Hr, Nedd8 45430 & A
EEE, B REMR T cullin E3 72 2 7% 32 BT 7 (Hori et al,
1999), FRH] PhCULL 0] GEH A ¥ 2 B M 14
Nedd8 /& PhCULL 4592 F % H2 R Pk AR B

ELA K SCHk R E FHIESE R, cullin KGEHEH
Al DURUR e o A A= i3 o AN, Moin 48 (2019)7E
FE KR 306 1% 38 R I B, KRS cullin % 3
RIFEZ PP B lhae F B R Rk . AR 0T T 1548
3% PhCULL J:H7E i bhae ki =, #Fox 45
KW, fEEE 31°CHA T, PhCULL I H1E A
AfE) S 4 20 E R Rk SiEMEE 3 h B,
PhCUL1 JEPH 92582 0 h 19 11 4%, 18] PhCUL1
e PR X e L o sz I A g TR et st ) P AT AR R AR
RER; MEE WA AEER , PhCULL JE [ Y Rk
HAMFE, E58R8&F 0 h, miEMba 6 h fil12 h
1) PhCULL LN 35 55370l & 0 h 19 5.1 £ A0 8.0 £%;
2 3 I AR LE 3] 24 h 1, PhCULL {348 Ab T i 3k
RA, HFEXERZOMW 16975, I EgEREN,
PhCULL & & i e s fe vp 3 Bk, il RE R In %6
S0 O] 15 YR I ) — A SRS R, (H ELR T RE T itk —
HHE

Bifi 5 3 D TR AR 1 & J 1 20098 A B R 3
RERAVETF-BEXT B3 MR DIREIEAT T 1RAIE . Peng 45
(R019) & B, kUG I+ E3 4l AtPUB4S 1] LU
B SR ARG ITFP T A ZE ALl T AR K B B T I .
A, 1 Rk KRG B3 % 4%HF OsHIRPL i /K AG7E =il T
FLAT X R ZH W = A 8 % R (Kim et al, 2019), K1,

A K E3 3% 42 il 3 R A I g ot o A vp R HE ) L
PRI RE M A K LR IE o AS T 5% 78 38 B A< 8 R A
PhCUL1 F& PR R AJF 57 it 4 T) BE . qRT-PCR &5 2L iR
F i 33°CiE TR FLRIAHERY PhCULL FE[H 3% I
RIS, FRIIZIL A e s R A 5 S ARSI 2
RN, FERFEE R IR T, e 3L PR A 8 L AE A
A B S AETE 38, IEB] PhCULL 35t A A AT i 24
FEARSHE TR Hu ., M5k, —HLik
XTAEAE Y i R EALE R R R R, 2T
PhCUL1 J& A2 Wi 7E X AN 4 6 o AR, 38
B REiE— 25T

4 it

ABEFE I FERE T 3 SR {2 3 18 H 1 PhCULL
BEDA, 7 ELIZAE D B il 55 o A PhCULL &
PR S 1 A 3 A, L B 2 PR A B LA T i A T AP i
W7 PhCULL PN it $ I BE o 33X O 12 S5 v it ML
il BB S AT A R RS B o i v i it R
B 2OE T HIe A
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The cDNA Cloning and Functional Verification of the
PhCUL1 Gene from Pyropia haitanensis

LIN Jianzhang, WANG Wenlei, XU Yan, XU Kai, JI Dehua, CHEN Changsheng, XIE Chaotian”

(Fisheries College, Jimei University; Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and
Rural Affairs; Fujian Engineering Research Center of Aquatic Breeding and Healthy Aquaculture, Xiamen 361021)

Abstract Heat stress affects Pyropia haitanensis yield and quality, and is the main factor restricting
the development of the Pyropia industry. Previous studies found that the genes related to the ubiquitin
proteasome system (UPS) of P. haitanensis were significantly up-regulated under heat stress; however, its
molecular function in response to high temperatures is unknown. Therefore, in this study, the function of
the cullin E3 ligase gene (PhCUL1) was studied using molecular biology and genetics. The results showed
that the full-length cDNA of PhCUL1 was 2,500 bp, including an open reading frame (ORF) of 2,481 bp.
This gene has a Cullin domain (407~618 aa) and a Cullin Nedd8 domain (754~821 aa). The Cullin NeddS8
domain is a protein fusion site that confers PhCUL1 with E3 ligase activity. Phylogenetic analysis showed
that PhCUL1 was clustered with P. umbilicalis. gqRT-PCR results showed that the PhCUL1 gene was
significantly induced by high temperature. In addition, a transgenic expression system of Chlamydomonas
reinhardtii was constructed to verify the function of the PhCUL1 gene. Transgenic C. reinhardtii plants
overexpressing PhCUL1 exhibited obvious tolerance to heat stress. The relative PhCUL1 expression in C.
reinhardtii exhibited upregulation within 6 hours. These results indicated that PhnCUL1 plays a crucial role
in response to heat stress in P. haitanensis and its specific regulatory mechanism needs further study. This
study provided a better understanding of the mechanisms of UPS in P. haitanensis in response to high
temperature and a theoretical basis for the selection of new varieties with high temperature resistance.
Key words High temperature; Pyropia haitanensis; Ubiquitin-protein ligase; Chlamydomonas
reinhardtii; Transgenic
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