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(1. HEERYK % fmd JEIT 361021; 2. WEA /KA Y E R SR I TR O
fEg EHIT 3610215 3. fRORMNFAREEKERSFMELTRE g EI 361021)

BE & I A ] 2135 4 ¥ (Neoporphyra haitanensis) 7= Y & et £ B H & 2 —, 8 W3z 4 3 5 8
WHEENENRWSEGMETEXREE, AMIELB LN L LI A AEH, EH LR
EWRAFENS, XARBL D FAENFHENERFEALE TR LEERXEF NbZIPI #
Bl ZHEEFHAZAEK 825bp, 4 274 NAKR, N HABERESFHNERERFI A S MRA
2 XA 1 BRLZ &4, E#, BRLZ & bZIP Z ikt R T &M, ©H - a b B
(121~171 aa), SL# 7KK & & PCR (qQRT-PCR) M & 3, NhbZIPI % & BpE T EHS, Ht—F
15 H NhbZIPI th3h bk, ¥ H %% N\ 368 K #% (Chlamydomonas reinhardtii) ¥ . % % %7~ , & 5 8 T %
HESHRENERLGTHER, HMAEREmEzFHEREE. REAEERTARE A Rk
AN RFABKRERNNK A EREZ G THAEA, HFR KW, NZIPI #%E Tl £ H &%, #
EEENAHRBE P REELER ., HRERAHTEW bZIP #1535 % X0 b & IR ik i o F

Ml AWEEN s ETRET R E L,
KA

FESSERE S968.43+1  SCEEFRIDAZ A

Y5 88 5 (Neoporphyra haitanensis) J2&: 3% [E 15 15 1)
— R R AV PRI 3, AR o 7 A E RS R 75%
Ph b, B3 7RI 28 5% At 2330 g (RO AR A
oMb U FRJR A, 2021), O FLAR KR E D 16~24C
IO B RIR LY 21°C (B 255, 1985), 4R,
EERARE B EE | W VT A b 1 35 58 50 KT AR
WG, SR SRR A T E R pidy, M
SRR SESRHHG & Jre CR IR, 2009), I,
P ATT 32 25 SR IO 1 ek JOIR 300 ) - AL, 42 0 T v kA

RHRE; B, bZIP K H T HER; EERE
XEHE 2095-9869(2023)01-0201-09

PR, 38 IR SR S R AN, S MARAS F ik 2
AR e R L 2 2 B

WEFE R, MYTER G AR A Yy ba i, AT DL ik
It SR DR 9 ) I U0 R PRI DR S ) R B A R A 1) B
B A ] 3k, R RAEAG Y B B 00 30 5 38 1y 25 axk
T o Bl PE 2 Z R $7 4% (basic region-leucine zipper, bZIP)
KIS AR A P I JE R | S PR ST R s A 5
FEZ—, TEAEYI N &R . T 5 BiESFIEEY
30 R A% 25 T AR I (Golldack ef al, 2014), bZIP % 5%
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HF R EA 2 g R, BN A S5 A A e i X 3
AR G 3 F LRSI 52456 Uk C
AR i Y 2 24 R i X 4 (Zulfiqar et al, 2016; E et al,
2014), FHFATAE FOm il D 6E O & ik 4, 2019),
bZIP EHUESE AT LAIE i 45 45 D) 6 35 PR i o 1 32 A1 1)
Jet Bl X 5T 4 ke B 5 5 T Ui 3 A 1Y) 2 55 (Amorim
etal, 2017; FMEE S, 2021), Filan, Li %8 (2020)F58
K, EAK(Zea mays) ZmbZIP60 H3% 50340155
F ZmHSF6B SHUi LR (R ik, IR K A i
P Zong FF(2016)WF5T I, KFFE(Oryza sativa)f)
OsbZIP23 3£ TE ABA 413 BT T % i X 8 4
. &4 M1k, EFEIRG IF (Arabidopsis thaliana) . 7K
. EXRPOBIEIT 127, 89 Fl 216 4> bZIP 5t
T (#2754, 2019), {HHTATLET bZIP BAF5T £ 2
A5 rp R R W RN A K VR, KA e b v R
KT bZIP WA .

ARSI TTIAI R KB, fEmiRpEE T, IR
) NhbZIP1 FEH B35 R Fk (0 = Ry = i bae i
SFHURI AT . b, AP IR SRR N4
FIVL S0 B0 B, RHZE 23K bZIP 5t T4 T
e R L R, BT A AR, IR
LR T NhbZIPI LR 5E AP A 3 R A7 35
HINRERUE, AR bZIP 8355 e300 i 2 T HL
il 25 5 BRIS FEA

1 MEE5AE
1.1 SKIewr#t

SIS R [ B 56 K AR I SR R o B R
TR . IR IR N(21.0£0.5)C,
SRR EE A 50~60 pmoL/(m*s), YEIRFM A 12 L : 12D,
2 d EH— B Provasoli's enrichment solution
(PES)MIRIARE F5:k . PES FRHKEC I : NaNO; 100 g
Na,HPO, 12H,0 20 ¢ KME TE, HE KX
1000 mL, F5FRHARK B = (1542) cm, MEHUERKORSS
RAF . JOmAt . JGHLM | PTG 0 B A T R 22505

I A T [ A 2 6 25 B 3R 100 4 i B Bk 2k bk B

“CC-400 cw15 mt+” , F5FE 550 RE 4(25.0£0.5)C,
JGRRBE EE R 50 pmoL/(m?-s), G JE WIS 14 L 2 10D,
B 7 d EH TAP KR BTG 10, Ki gk 2% N
1~2x10° 4~/mL F T 545256 (Yamano et al, 2013).

1.2 2 RNA S EB4i4kF0 cDNA &

KM E.ZN.A Fi#¥) RNA #£ 6L £&(OMEGA,
2 ED R BUR SRS A AHE S RNA, il Cary50

LAY IEIEE T (Varian, 3 E)53 50 % ODago pm A1
OD 50 nm 1H , HEHE T 285 0 25 I W RNA H2H 4l 5 K
WRE, JE S 1 %3 R  F K R I RNA o,
FIHT RNA 2RI,

1.3 1523 NhbzZIP1 BTk R =i

R Al TR 2 T A AE 5 AR AR 1 d 58 SR R 4 K
SRATERBEEAL, FEMOCERAE Bl “bzIP” |
“basic region-leucine zipper” AR ITIE R, ¥
R PAF R EE T HIE B AE NCBI H (https:/www.
ncbi.nlm.nih.gov)#4T BLAST MR, B0k 1 40
BEeE M KRE(Oryza sativa japonica Group) OsbZIP23
L Gene000717 4 MK R SMABUN 25 uL:2xMix
(TaKaRa) 12.5 uL,dd H,O 9.5 pL, 513’5445 0.5 uL,
cDNA 4z 2 uL, PCR ¥ 427 . HiAEM: 94°C 30's;
5P 98°C 10s, IRk 58.6°C 30's, ZEfH 72°C 2 min,
35 MEER; HLIEMF 72°C 10 min, B8 =9y A
W gl A e HE AT I 0 E L AR R DU A5 R, 3k
NhbZIP1 R KT

1.4 NhbzZIP1 &= EFEHH

i FHHAEZE 8 {F ORFfinder (https://www.ncbi.nlm.
nih.gov/orffinder/) /¥t NhbZIP1 F&H KA R I & FE TR
FEHI, S50 434 IR0 S E A 8, AR G i A (1
U B - AR B o il AE L SMART
(http://smart.embl-heidelberg.de/) 7 M P 5 45 ke . il
FATELR M ExPASy (http://web.expasy.org/protparam/)
I3 Mt NhbZIP1 % Rt 2 5 2 1 o 69— 45 4 o (]
TE 2830 TMHMM (http://www.cbs.dtu.dk/services/
TMHMMY/)53 At NhbZIP1 F R T 4t 2 1 o2 15 A7 AE
5 P25 R 8 8 T3 2 A 7 7 e T 1) 3 (tep://
www.cbs.dtu.dk/services/NetPhos/)Fll O-3% 1 FeAb 7 5,
TELR TN Y 335 (http://www.cbs.dtu.dk/services/YinO Yang/)
O3HT NRbZIP1 JE PR B 4t 25 11 BT e O BERR L O-
EFEMIEACA 25 A FIELEK ST WOLF PSORT (http:/www.
wolfpsort.org/)%F NhbZIP1 F& PR A7 30 240 Jifd 7 A7 Tl
il MEGA6 %1 Neighbor-Joining ¥t NhbZIP1
ARG AR

1.5 NhbZIP1 EEKERIETFEHERFENL

FE H B 5 DA 46 %8 A R 2% 1| 25 05— R e o S
& Kpn 1F0 Pst 12 ATV 083751, [ Kpn 1
U Pse 1 N DIREG X H 0y 55 DR S 1) A 3 3% 38 2R
pChlamy_3 435l #EA 7 WUEGFY) . AUEGUIARR . HAY LR/
pChlamy 3 74K 2 pug, 10xmol/L ZZM 2 uL, Kpn I



CAR Y

VO MRS IR RS SR N T NRbZIPI i e M RE 56 IE 203

VI 1 pL, Pse 1 WYIEE 1 ul, JH dd H,O #MEIKZ
WEEYIFEF : 37°C 140 min, 65°C 10 min, M5
B H B R R BAIRTE 16°C 50 Fad g3, F
LT AL B IRAZ S ML E.coli DHSo Y, PRk
A2 R hiE B R V% , 61T PCR WE/EY-
B, AN RER IR P E RG] £ (TIANGEN)
PEBUTORL, A5 HIWFEEY pChlamy 3 3 B A< 3
FIREAR PR IL A (MR 5, 2021) K H
MY R A 2 3 i A, T A & R ek &R
M T AR T B TR, TR 2l
1.6 gRT-PCR %34 NhbZIP1 fy &£ 7K F
AWFFE R H qRT-PCR £ AKG M NhbZIP1 1 32°C
e R AL BR A AN E B A (0L 5. 10, 15, 30, 60,

180 F1 360 min) i AH X ik A, HRIE v RIS 1Y
NhbZIPI $:H 551 qRT-PCR 51¥1(F% 1), 43512

NhUBC F1 B-tubulin F&KAE R 35 5835 FISHE 14 A i 22
(PN 2R SOy A R AR 20 pL: 2xSYBR green
master mix (TaKaRa) 10 pL, dd H,O 6.8 uL, Rox Dye
0.4 pL, 5H1 3594 0.4 uL, cDNA Btz 2 pL., ¥~
WY . UAEME 95°C 30 s; AEME95C 5s, BAK
FEAH 58.6°C 30 5,4k 40 NI .qRT-PCR 4 H4 7E Step
One Plus %!7¢ %€ & PCR 1 (ABI, 3[) FitfT,

17 HERFHXERFEERN

WP A TR SR P A P8 TR 2 i R 3R T A B 8 R 4K
AR, i Cary50 840366 T (Varian, 3EH)
ME OD7sp nm TELZIR 0.3 5 B A= 70N 5L A 35 P A
FEFE T 32°CHHEEEFRAR T, s Hi A AR R S&
ANAZ o i EURE AR 38 2o 1 0L 2 B EE KA OD 750 i 1HL
SKFIBTAEA B )AL R (0, 24, 48 1 72 h)yHAY)

AR

&1 ZBRAMSIMFT

Tab.1 Primers used in this experiment

51¥) % # Primer name

JF7%1(5'~3") Sequence (5'~3")

HHi#& Purpose

NhbZIPIF CCCCTTTGCGTTGTCGA PCR ¥ PCR amplification

NhbZIPIR AAGGTACGGGCGCATGA

NhbZIP1QF TCCCATAGCGGTCCTGAT PG E 1 PCR 43T qRT-PCR analysis
NhbZIPIQR CACCCCATACCCAACGAA

NhUBCF TCACAACGAGGATTTACCACC 543K N2 Reference gene of N. haitanensis
NhUBCR GAGGAGCACCTTGGAAACG

TubulinQF CTCGCTTCGCTTTGACGGTG KA NZ Reference gene of C. reinhardtii
TubulinQR CGTGGTACGCCTTCTCGGC

MI3F CGCCAGGGTTTTCCCAGTCACGAC PR TERE T Positive clone screening

MI13F GAGCGGATAACAATTTCACACAGG

1.8 HERFFKEHDRFEHEXEER qRT-PCR %7

K qRT-PCR H ARG M3 p 4K CAT . SOD $it
AL i 5 3L K J2 HSP704 . HSP70B . HSP90A .
HSP9OC #\IHHR P15 1 3 N A5 M G B JE R - 32°C
AL AR T ORFIRF R0, 1. 2. 3 h)AHxT3%
LKA, qRT-PCR §#47E Step One Plus #%5¢ )6
JE & PCR{Y(ABI, FEE) 1T,

19 HIEAESSHF

FITA LU0 AL A B 4 AR eE A R R
SPSS 23.0 1 Excel X} 5295 84l 45 R it 4148 1t 4r
IF R B 2 2243 B (one-way  ANOVA) H#E AN [F]
BRI 25, P<0.05 FRIA7ERE 2SS, P<0.01
TR ERW B E . H GpaphPad Prism 8.0 XA E £
B 73 BT 25 4

2 REHSH
2.1 NhbZIP1 W= &K F 544

2 PCR ¥ 445 — 5K 290 1000 bp (9774
(&l 1a), 207 H BLAST 43#r XS, B i
IR bZIP JEH, 544 4 NhbZIPI . % KEH TR
FEHE RS 5 % S 1 (ATG) | 2 1 E %55+ (TAG) 2L 825 bp,
ity 274 DR, AT 1 DPEIX B R B (basic
region leucin zipper, BRLZ, 115~179 aa)Z5#43([& 1b). %
AN SIS, O A

2.2 IR¥IE NhbZIPL ZEHBMME TR RIZERX

ERNHE 3 NhbZIP] R FERKEA B2
M, EARZERNT . e AL 5 min B, NAbZIPI
FE R Rk 1B 3548 5 (P<0.05), FiR7K 2 %) R4
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2000 bp
1000 bp

Coiled coil

121 domain 171

A
( )

750 bp
500 bp

250 bp
100 bp

Y
115 BRLZ domain 179 274

Bl 1 NhbZIPIT N vife K 8 A 4544 38 o3
Fig.1 Cloning validation and protein domain analysis of NhbZIP1 gene

a: NhbZIP1 FEF FEREF“ YTk ; b: NhbZIP1 H PRSP E5H 5K
a: Agarose electrophoresis of PCR products of NibZIP1 gene; b: Protein conservative domain of NhbZIP1

1) 1.6 1%, TEWE S AL FE) 60 min PN, [ 35k BB W
FEAL, HEREFRBIRIGEAKTELLT, 1 7E & kA B Y
180~360 min, FEPHFih e B R, 7Em R~
360 min B F R K2 AP IRK -/ 3.4 15(E 2),

5_

X FRE R
Relative expression level
o

0 5 10 15 30 60
AEFRE 8]

Treament time/min

180 360

P2 SRS NhbZIPT FEPITE 32°C il Bpaa F i Ras s
Fig.2 Expression pattern of NhbZIP1 gene in N. haitanensis
under high temperature stress at 32°C

AN [ AR R 2 Bl R A7 35 R 25 5 (P<0.05), T 1AL
Different superscript letters indicate significant differences
between data (P<0.05), the same as below.

23 BEEFZEREMNIFIZELETE K NhbZIP1 RikK
SEoHT

SEILR SR 25 R W, BF AR RIS AR SR TG
AR H A3 R BE T i DR S iy A 9 1 A 81 B ek
PCR 77 (K 3a), W B 152828 NhbZIP 1 3R L)
HALRSE AR EE . RS 1 ANERERSRTHHTF
5SS T, PG E R PCR 450 R, HiRALER
30 min A, NhbZIPI FEF ik EAIXIFRE , MifEAb P
60 min f, 3 R F IR KF 35 41 5 (P<0.05), FikK

I 0 min AP 1.8 1%, 7EFE)E AU ERINA T, FEH
IR ERE R K, TR TRALEE 180 min B, ik
KL R ia KR 2.6 75 (1K 3b).

2.4 FEEFRZFEHAEMSIEE DTN

B e T Ak RT[]8R] 3 1 A A Y
A B A I BEAHR B L B (] 4), RWITE 32°C
e e UM R A TE T R A B, L R TR R A
PTG R IR L TP AR B8] 4b),  ELF6E Ab BRI (7)1
M, 2RO R SCERAT RN, BRI SR b A B
TR PR 2 i TP AR

25 HEFAFHEPAFEEXERNERRIESH

s R BR (B 5), PiAIEERS N CAT M
SOD 7E AL ER Y 1~3 h H, F5 3L R RR 2R 10 55 57K
o 4k 2 v TR A R T BRI AR 1 SR B R L 2 A
PG, ACBRRTI, BEPH I e L L A i h SR R
- EFHaH, HSP704, HSP70B., HSP90A H:HTEk:
FERALBRA P IA 1~2 h Kk A B KT, et
PRk 28 R 35 (R ek i R A i T A A

3 i

3.1 NhbzIP1 EFEIRLEXSRME THRIEKFE
AL 4RAE

AR T RERAR T e sk N+ NhbzZIP1 5N, 5T
NG & B, % FE A7 — )~ BRLZ 4544, 7£
121~171 aa Z[AJ2& o & MIRGELEH 5 [RIAT, %3 R e
A M, FF A S T — BRRAE (AP VK4S,
2021), KW NrbZIP1 £ N bZIP FGE sk H T A
o LB, 16N B %3 N B 3 R RGA, hirE
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2000 bp l_ﬂlgd
1000 bp K
750 bp 4*_3
500 bp 5;%

250 bp
100 bp

Relative expression level

0 5 10 15 30 60
A BRI jE]

Treament time/min

180 360

&3 L ALBERR B TR B0 M2 NRDZIP T HE PR 3R
Fig.3 Screening and validation of algal transformants and expression pattern of NAbZIP1 gene
a: WFAE AU DY ACHE R FE DR 3R p A e H Y SE K] PCR A U
M & DL2000 Marker, WT: BFARISERIACHE, 1~3: HIREFESRHARE, BNLRAL I EE.
b: il 32°CHMA T NabZIP 1 $ PR 783 14 A B o I A X 3 3 7K S
a: PCR detection of target gene of wild type C. reinhardtii and the algal transformants
M: DNA Maker DL2000, WT: Wild type C. reinhardtii, 1~3: Genetically modified C. reinhardtii.
There were three replicates in each group.
b: Relative expression level of NAbZIP1 gene in C. reinhardtii under 32°C high temperature stress

LSS

Optical density

——

0.4

b
- T1
03l * -+ WT
* *k
0.2
0.1
0 1 1 1 1
0 24 48 72
Pz gl
Treament time/h

B4 @i 32°C il 3G B (T 1) AR AR AL (W) 3 0 A 3 1 A ) i 8 Ak
Fig.4 Biomass of transgenic C. reinhardtii overexpressing NhbZIP1 (T1) and wild type (WT)
C.reinhardtii under 32°C high temperature stress

*HKREFBFE, P<0.05;

** LN E TN W E, P<0.01,

—FIE]O

* indicates significant difference at P<0.05 level; ** indicates highly significant difference at P<0.01 level. The same as below.

/NZ (Geng et al, 2018)FI/K A (Zong et al, 2020) [ 5E
b R BRI RIS, TabZIP60 K2 A1 OsbZIP23 H:
1) 2 35 Tt 7 o U A SR TR I e 2 T AR
NhbZIP1 W] LA 07 JE AR 9 W30 DL e
FEA X — 25 AR S R AT I IE 45 S — 2, Wang
FQOIRFFT I, 1458 SRBEARTE N 25 /50 W 36 477 1
A AR, TSR oK AT A, 2R
T AN 22 BT 303 AR 3 R A

3.2 NhbzIP1 E R A
9T, bZIP #41% HSP MY E AIh S

AEHARYOE B0 T EEEEEEM . Bk bZIP
SR FAE AT B AN S, v T
i HSFTF13 3L BT HSPs Ak, #E—2
0 3 T AT B B RO AR Y 2 F A
B R R BE(Li et al, 2020) , f2 1 T KT B i raa
M A TP HLE . [FEE, JKFEHAY bZIP §5 51T
Y OsHsfB2c FEH IS 5 F 19 SN JC 1 H 45 A ok R 45
HSF 565572k, dEmis SR HSPs 1 KR
ZUHRE AN AR AR A (ZER S, 2015), AR
IR ST K 3L, HSPs S HAEFFRMNEA SR . I
T RIERR, Jets B3 IE N 3% 5 a0 A G HE 3L [ (Wang
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Fig.5

Relative transcript levels of genes encoding antioxidant enzymes and heat shock proteins in transgenic C. reinhardtii

overexpressing NhbZIPI (T1) and wild type (WT) C. reinhardtii under 32°C high temperature stress

et al, 2018, 2019, 2021; Chang et al, 2021), #—H
SRS, bZIP 7] 5 i &4 AGCT #0237 1) HSP
FREER LS A, BT HIR . MIAEIR 55K HSPs JEH S
BT RIEE B A ABRE SRR 2 & 37 (K 1R 45,
2021), K, J5E3E NhbZIPI W] REE M5 HSPs
ARSI . O T HE— SIS UE NI, AR
PR EESE NhbZIPT HeH e Ab 2 3 g A e rh A T D e
USUE o ASFIE R I, e ok DRI SR 1 A 8 B 338 A DG S PR
(5% SRk i 25 T B AR RIS A . R, Wang
L2(2019)0F98 K PR, 354858 PhHSP22 JE A Al i 1k I 45
IO B 2 A A8 AR 08 e R DR A S 1 T o ik
J1o B, HEW NrbZIPI1 FEPH R REE i ¥E HSP Y
It ST T R 4 R AR IO 2 v TR R A R

BT dide e RS AT, i Ak iR R s ST
IRUER S S ) 2071 SENOP S SuN - E) v )
2011), REERAEHL IR B iR TIE S T —& &30
TEMEAERRILE, RIBTEIL RS (KROTAE, 2011; MREHE
4, 2018; TR™4E, 2018) . B A ALBEHAE S P E L R
gl 2R AT A PE T, 91 40 A Ak ) G Ak il
(SOD) Fl i 4 1k & filf (CAT) %5 (Wang et al, 2018),
Kranner 45(2002)# 58 K3, 31k ThbzIP1 S A]
$E1m SOD ZEHU A MM AT M, E I I pRE 1 S T
R, DAMGSRAERRAE B MhE T pyditE . RIAE, s
5 CAbZIP Fk IR RR AR VT 3 5 845 CAT S8 Bt AL S
BRAR PTG PR R, 7T 4 P R DR A AR P T S P R R

PECHLLRISE, 2012), MASWFSE 5 _EIRBFFE S5 AR A
TCIR R IE 7 S5 T 2 S i Mhan 254~ , NhbZIP1 %
FLHAERR R CAT A1 SOD 5% K44 i 38 v T AR
R, I, FEEE3E NRbZIP1 BT B S8 AL Bl 4 i 55 4
Al RN = T o — A A

4 #it

ARG IRTE AR 50 R e AR BT bZIP RjkH:
SEIRF NRbZIPI FEDR 2035 AT DR i 7 i 3
10 o % NhbZIP1 JE PR 3 v A 6 A T A (2 v T8 2
RISEDAR M, TEREME T, FERERNIEEA
FE NPT A AL B OC 3 ] 1) 238 /K 735 18 3 T B
AR DL S RE], NhbZIP1 TEI5 5850 v 28 o e i
8 R AEE BRI

L % X M
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cDNA Cloning and Functional Verification of Transcription Factor
NhbZIP1 from Neoporphyra haitanensis

ZENG Gaoxiong**, XU Kai'**, XU Yan'?*, JI Dehua'**, CHEN Changsheng'>*,
XIE Chaotian"**, WANG Wenlei'**"

(1. Fisheries College, Jimei University, Xiamen, Fujian 361021, China; 2. Fujian Engineering Research Center of Aquatic
Breeding and Healthy Aquaculture, Xiamen, Fujian 361021, China; 3. Key Laboratory of Healthy Mariculture for
the East China Sea, Ministry of Agriculture and Rural Affairs, Xiamen, Fujian 361021, China)

Abstract Neoporphyra haitanensis is a macroalgae available in the south coast of China, and it is
one of the most widely cultivated seaweeds in China. In recent years, due to global warming, the
continuously high temperatures following the White Dew solar term, has led to the decomposition of
seedlings of N. haitanensis in Fujian, Zhejiang and other provinces. This has had a huge impact on
the coastal N. haitanensis cultivation industry in terms of production and development. Therefore,
investigation of the molecular mechanism of high temperature stress response of N. haitanensis and
the high-temperature resistance related genes is essential, and the results can also lay a foundation for
the breeding of high-temperature resistant varieties of N. haitanensis. A previous study revealed that
the basic region Leucine Zipper (bZIP) family transcription factors are one of the largest and most
conserved transcription factor families in plants. The family plays an important role in plant response
to abiotic stresses, such as high temperature, drought, and osmosis. bZIP transcription factors regulate
plant response to abiotic stress by binding to functional genes or regulatory gene promoter
cis-elements to activate and induce downstream gene expression. So far, 127, 89, and 216 bZIP
transcription factors have been found in Arabidopsis, rice, and maize, respectively. However,
previous studies on bZIP have mainly focused on model plants and only some field crops, and the
functions of bZIP in macroalgae have not been reported. To this end, NhbZIP1 was screened based on
the whole genome and transcriptomic data of N. haitanensis, and the NhbZIPI gene was cloned and
functionally analyzed by molecular biology and bioinformatics techniques. Its structure and
expression pattern were also analyzed. Finally, the NAbZIPI gene was transformed into
Chlamydomonas reinhardtii by the “glass bead transformation” method for gene function verification.
In this study, a gene product with a length of approximately 1000 bp was obtained by PCR amplification.
After sequencing and BLAST analysis, the gene was identified as the bZIP gene of N. haitanensis and
named NhbZIPI. Studies have shown that the open reading frame of NAbZIPI gene is 825 bp in
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length and encodes 274 amino acids. There are five low-complexity domains and one BRLZ
(115~179 aa) structure. BRLZ is a conserved domain of bZIP family and contains a a-coiled helix
structure (121~171 aa). The molecular formula of NAbZIP1 is Cy193H1935N3390375S7, and the predicted
molecular weight of NhbZIP1 is 27 251.95 Da; its theoretical isoelectric point is 5.03, and it contains
32 negative charge residues and 26 positive charge residues in total. Ala (A) content of the protein
was 27%, and Arg (R) content was 4.7%. The total average hydrophilic coefficient was 0.089, which
indicates that the protein is hydrophilic, and the instability coefficient was 42.68, which indicates that
the protein is unstable. There were 15 potential phosphorylation sites and 12 potential O-linkage
glycosylation sites in this protein, which had no signal peptide or transmembrane structure. The
protein was located in the nucleus and its characteristics were consistent with those of the genes
encoding transcription factors, indicating that NhbZIP1 was a bZIP family transcription factor.
Phylogenetic analysis showed that NhbZIPI gene was isolated from Porphyra umbilicalis and was
different from that higher plants, indicating that NhbZIPI gene was relatively conserved in Porphyra and
was genetically distant from higher plants. It is speculated that the NhbZIP1 gene of N. haitanensis has a
different evolutionary mode from that of other species. Real-time fluorescence quantitative PCR
(qRT-PCR) showed that NhbZIPI gene was significantly induced by high temperature stress, and the
expression level of NibZIP1 gene was about 3.4 times that of the initial level after 6 h of stress.
Under long-term high temperature stress, the heat tolerance of N. haitanensis could be enhanced by
enhancing the expression of the resistance gene NhbZIP1. To further clarify the molecular function of
NhbZIPI gene, we transformed it into C. reinhardtii for functional verification. The results showed
that the expression level of NhbZIPI gene was relatively stable before 30 min of high temperature
treatment, while the gene expression level was significantly increased after 60 min of the treatment,
which was 1.8 times that of the initial level. Under subsequent high temperature stress, the gene
expression level remained high, which was about 2.6 times that of the initial level after 180 min of
high temperature treatment. The biomass of transgenic lines under heat stress was always higher than
that of the wild type, and the difference became more significant with the increase of treatment time.
The expression levels of heat shock protein family and genes related to antioxidant system in
transgenic lines were significantly higher than that of the wild type. The results showed that NabZIP1
gene plays an important role in activating the expression of downstream stress-resistant genes in the
response to heat stress in N. haitanensis, suggesting that NhbZIPI gene may enhance the heat
tolerance of algae by regulating the expression of HSPs and activating the expression of genes
encoding antioxidant enzymes. This study helps to clarify the molecular mechanism of bZIP
transcription factor in regulating the response of N. haitanensis to high temperature stress and
provides theoretical basis for guiding the breeding of new varieties with high temperature tolerance.
Key words  Neoporphyra haitanensis; Heat stress; bZIP transcription factor; Transgenic; Chlamydomonas
Reinhardtii



