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Tab. 1 RT-qPCR primer sequence of the target genes

Elk7) Elk7 2] KA
Primer Sequence (5—3") Length (bp)
psy-2-QF CCACTGATGGCGGGTGTTGT

2-0R GGCGACTCGTAGGTACGCTTC 109
psy- T

Mn-sod A-QF GGCGATCCGCAACAATG

159
Mn-sod A-QR CCACCCGCTCCCAAACA
oL o4 geacaaeTTecacaTecA
132
or o4l GTCGTCGCCCACCTCAAT
apx-2-QF  ATGGCATCATGGTGCGGGTAG
apx2-QR  CAATCGAGGCAAGCTGGTAG 105
P AGGT
gprha-1-QF  CGGCACCAACGAGCAGA o
gprha-1-QR CAAAGTTCCACCCGCAGTC
hsp70-4-QF  TGGGCATCTGGCAGAATG 06
hsp70-4-QR CGACGGGTCCGAGAACTT
ald-QF GTGCAGGATATTGTGGAGGT -
ald-QR AGCCAGTAGCCAGTGGTAAA
P(H')-ATPase-
Q(F SATPase: (G GTTTCCGCAGAGCA
225
P(H')-ATPase-
Qg{ JATPaSe G GTCCGTCGAGATGGT
gapdh-QF  TGGCGTTGAGGTTGTTGC os
gapdh-QR  CTTGTACGGGCCGTGGGT
185-QF AGTTAGGGGATCGAAGACGA
185-QR CAGCCTTGCGACCATACTC
20 ¢
S
Z 15 2
X
o [ ab
# = 10 k l b T
Ko &
& E {1
=S 05 ¢ !
K&
Z &
e 0 — I_l_lT I
E c ¢
& 05 ¢

0 25 50 100 200 400 600
ABAREE
ABA concentration (umol/L)
K1 AFRIEZABAALBRIZ SR LRAR AR H AR
Fig. 1 Relative growth rate (RGR) of P. haitanensis conchocelis
at treatments of different ABA concentration
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a, b and other letters indicate significant difference
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K, F735 AW N B, B35 A7 35 R AN 17 %
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isE . XU ESTE G SRR DI, R&S
BT, £id4CAIERN FABAKEE 115K 2%
LZRRAEAE TG R AN OIR S SER I 3B BT
HWHFEAEA(P<0.01), 4 CAEMA X B HRT
ABAALFRA (P<<0.05), 4°C V438 N 6.d ) 22 1R 44 2 it
TEVRAT- 52 B 45 5 5/, I me (B 4).
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20°C KA 5 77 30 5 PS 11 ¢ K T RUCR(Fy/F s
Kl 5). BEER IR RIMEK, A HEARKIFE/Fy

05 ¢
04
& o T s
= --25 umol/L
€ 03 b _a50 umol/L ‘/;
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—-200 umol/L
0.2 400 umol/L

0 3 6 9 1224 36 48 72(0) (72)
fit il Time (h)
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Fig. 2 Effect of ABA on F,/F,, of P. haitanensis conchocelis
(0). £EFRABA; (72). 2FABAJG}E7%72h
(0). Remove ABA; (72). Remove ABA and culture for 72h
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Fig. 3 Survival rate of P. haitanensis conchocelis under different
treatments
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Fig. 4 Microscopic observation of P. haitanensis conchocelis under different treatments
CK. M IRALCETALHL); ABA. 100 pumol/LABAXLEE48h; 4°C. 4°C FAEM6d. AT SRIRMZ-80CAVR24h, AT, FHilAT)E
GiHigE. A0, 5dy 10ds 20dRI3SAEAT BAMMEE . £0.01% P OB PG, ARSI, EREIL 6

CK. Control group (without pre-treatment); ABA. Treated with 100 umol/L ABA for 48h; 4°C. Cooled at 4°C for 6d. After pre-treatment, all
experiment groups were frozen at —80°C for 24h, then thawed and recovered. Microscopic observation was conducted at 0d, 5d, 10d, 20d and
35d of the subsequent culture. After staining with 0.01% Evans blue, the dead conchocelis appeared blue and the live conchocelis appeared
red
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Fig. 6 Relative expression of cold-resistance genes of P. haitanensis conchocelis under different treatments



190 K& A& Y ¥ 46 &

R4 L A v AR B e . ZERL RS I (4rabidop-
sis thaliana)FH 5 (Nicotiana tabacum)™H, aldF£[H
iR e SR A I T ZE T -3 - B
It B (GAPDH) AN 7E WS B it AN 6 & /E H R A 2
BEH, 2 5 PG TR 1255 2 F0 T 40 i /K~
(s s R I gapdh B R S 5 40 A AL e
RS B ER R, AR R B ) IS
FAAIIE EE, T B HCIAS R RS A 3 B 4
EW EARRF I, G0 ABARIAIE AL BT, 148
SELARIEIIP(H )-ATPaseX: R« ald3: R Fgapdh s
RIS E % Eid; B SbEm, 78 1s 83 22 Rk, mT
e I I R 4 B i 1) VR R R B S - e A R R
TR IBIE M, TG R PT IR AE

RS MREEEPLA AR, EEYYIE R
R EEEH . B, AR AT K& S AR
R M EREETER AN, NAFHLR
B E(PSY) 2 KIS b &Hm—— /AL R A UK
gy —C OB R, PSY FIE T LR &
K MRS R, XIRPEISNEABA(100 pmol/
L)AL PRIR 255248, WHIZ R PRI R A
FRAEH « FEAHE T, ABAFIAIE N 5 7] DL 2
TR B SR 2 Rk psy- 22 R M 3R IE, BB T m 22
N UNERYNI

HEWAEEEIRE TR, B H3EA T33P .
i kA, YR A RLR K& TG A(ROS), F
SRS A AL, 3 AT R T R
BB R 4 i A AL P BB (SOD) . i AL AL
(CAT). LA MNABHPOD). 23t H ik E AL i
(GPX) & pidh i iR it S A A EF(APX) 5 2 Fh k7 2
b5 SRR R G R S AR T
T RIPIFE B8 71 5 HUALEE 2R 58000 Pk IE e
H#IHISOD NAFFRI T : Fe-SOD. Mn-SOD.
Cu/Zn-SODAINi-SOD. HH', Mn-SODF:ZE 5 &R
4 11 2R A B, Cu/Zn-SOD & B AF1E T - 43
e B SODFIAPX & AE 4 - 44k rh 32 B2
ROSIEFRE, AT R X WABAX RS I E&1EA
LRYVER, T HLAEUE 42 ESOD . APXZEH E AL
WEPERY, X G IRAT I S2u 45 R — B . A BEH K
T E AV BEAEIR Z S R B TS BRIER
IR R M gpx B RE S iR ia R BN i E T
WS, IR SRR KA B40% T, 1% FE R 1 B
SRR, BRI, 1EAHF A T gpxha- 119315 K K
R EMEAN . APXEZF PR MER N 7 A
IHLO, H75 B 7, 75 15 58S R AR R e Jolp e B 2
RiEEEERD, Sy b, APXA % F LU
R R« W TR R R 3l S B R

EIEART T A, apx-2FE RTEAE N G A, 7TRE 2
DR g ¥4 38 2 7E PRI 25 A T E A7 B S 38, AR R A
Bt — BRI

P F hsp 70052 5 WP A QL B, £
T N RIS TR AR, 35 Bh& RS 1 A %
ST RS RR, W e . ABAT
DU I = hsp 70 K & 3RIE, 5 B 2058 LA 5y
T e, T H AR R S8 hsp 702 R T- A8
s AR U EABE S, ABARE FIRT
IR R AR hsp70-4113R15 . (HAEAE N 4,
hsp70-43E R FIX WA BT . 1K Uk B IR 550 220k
PRI hsp 7032 R0 A & B FF AN U

hsp70-4 M apx-2FE K () R ISE R, 1758k 224K
PARST AB AR & 87 1) e AL 2 A A . HEZRS
M5, ABAKLFRAN4C YA IE R AT H mds R S 400K
PRI RAFIE 2 . HEN, &R 7T G, 15
8 22 AR AR T B e B v o I B T ds i Rl R K
P ARG I 1 R 32E 4 PR RS DT R 2 T A RN
IR 3R 1) A S 7 sCH B AR 3 B IRES, $2 01
T8 7 R N R IR A VR IR BT, JF 75 7 Je 1V
WA IE A BIRES, T3 S R A7 SRR A7 26

4 %

FIFHABA(100 wmol/L)Fl14°C ¥4 3 N i &b B 4%
SESEALIRAR, SR JE HEAT—80°C W VR AE, e B3R
SR LRI T ARAZ AR . 4°C A ERLVE A
f B, ORI E, 5 TH, BRI MR .

SEHL:

[1] Wade R, Augyte S, Harden M, et al. Macroalgal ger-
mplasm banking for conservation, food security, and in-
dustry [J]. PLoS Biology, 2020, 18(2): €3000641.

[2] Wernberg T, Smale D A, Fernando T, et al. An extreme
climatic event alters marine ecosystem structure in a glo-
bal biodiversity hotspot [J]. Nature Climate Change,
2012, 3(1): 78-82.

[3] Smale D A, Burrows M T, Moore P, et al. Threats and
knowledge gaps for ecosystem services provided by kelp
forests: a northeast Atlantic perspective [J]. Ecology and
Evolution, 2013, 3(11): 4016-4038.

[4] Grout B. Introduction to the in Vitro Preservation of Plant
Cells, Tissues and Organs [M]. Genetic Preservation of
Plant Cells in Vitro. Berlin: Springer Berlin Heidelberg,
1995: 1-20.

[5] Engelmann F. Plant cryopreservation: Progress and pro-
spects [J]. In Vitro Cellular Developmental Biology Plant,
2004, 40(5): 427-433.

[6] Vander Meer J P, Simpson F J. Cryopreservation of Gra-



2

Ly RS M B v B R i

S 1 5 S L AR AT B PR R A7 R 191

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

cilaria tikvahiae (Rhodophyta) and other macrophytic
marine algae [J]. Phycologia, 1984, 23(2): 195-202.
Zhuang Y, Gong X, Zhang W, et al. Cryopreservation of
filaments of Scytosiphon lomentaria by vitrification [J].
Journal of Applied Phycology, 2014, 27(3): 1-6.

Qu S C. Study on cryopreservation techniques of Lami-
naria germplasm [D]. Beijing: Chinese Academy of Agri-
culture Science, 2019: 2-3. [H13E A, 7 P05 R IR AR
AR [D]. AL 5L H ERE =R, 2009: 2-3.]
Yang L, Deng Y, Xu G, et al. Redefining Pyropia
(Bangiales, Rhodophyta): four new genera, resurrection
of Porphyrella and description of Calidia pseudolobata
sp. nov. from China [J]. Journal of Phycology, 2020,
56(4): 862-879.

Tian C C, Lu Q Q, Zhu J Y, et al. Effect of temperature
on conchospore germination and blades morphogenesis of
Pyropia crispata (Bangiales, Rhodophyta) [J]. Oceanolo-
gia et Limnologia Sinica, 2020, 51(5): 182-188. [FH 238,
Fiti h i, s —, 55 RN 9 S (Pyropia crispata)t
71 A S IR T A R O ST (0], ¥ 5 19,
2020, 51(5): 182-188.]

Tian Z H. Genetic diversity analysis of Pyropia yezoensis
[D]. Qingdao: Ocean University of China, 2013: 1-3. [H
Rt 25 PEECSRIB AL Z RV T (D). 7 5 op [
K2£,2013:1-3.]

Kuwano K, Aruga Y, Saga N. Cryopreservation of the
conchocelis of the marine alga Porphyra yezoensis Ueda
(Rhodophyta) in liquid nitrogen [J]. Plant Science, 1993,
94(1): 215-225.

Hunt C J. Cryopreservation: Vitrification and Controlled
Rate Cooling [M]. Stem Cell Banking, 2017: 1590.

Mazur P. Kinetics of water loss from cells at subzero tem-
peratures and the likelihood of intracellular freezing [J].
The Journal of General Physiology, 1963, 47(2): 347-
369.

Zhou W J, Li Y, Dai J X. Study on cryopreservation of
Porphyra yezoensis conchocelis [J]. Journal of Ocean
University of China, 2007, 6(3): 299-302.

Kumari N, Gupta M K, Singh R K. Open encapsulation-
vitrification for cryopreservation of algae [J]. Cryobio-
logy, 2016, 73(2): 232-239.

Day J G, Fleck R A, Benson E E. Cryopreservation-recal-
citrance in microalgae: novel approaches to identify and
avoid cryo-injury [J]. Journal of Applied Phycology,
2000, 12(3-5): 369-377.

Farrant J, Walter C A, Lee H, et al. Use of two-step cool-
ing procedures to examine factors influencing cell survi-
val following freezing and thawing [J]. Cryobiology,
1977, 14(3): 273-286.

Leibo S P, McGrath J J, Cravalho E G. Microscopic ob-
servation of intracellular ice formation in unfertilized
mouse ova as a function of cooling rate [J]. Cryobiology,
1978, 15(3): 257-271.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Ben-Amotz A, Gilboa A. Cryopreservation of marine uni-
cellular algae. II. induction of freezing tolerance [J]. Ma-
rine Ecology Progress, 1980, 2(3): 221-224.

Benson E E. Plant Conservation Biotechnology-Conser-
vation of Algae [M]. London: Taylor and Francis, 2002:
111-124.

Tsai S, Chong G, Meng P J, et al. Sugars as supplemental
cryoprotectants for marine organisms [J]. Reviews in
Aquaculture, 2018, 10(3): 703-715.

Taylor R, Fletcher R L. Cryopreservation of eukaryotic
algae a review of methodologies [J]. Journal of Applied
Phycology, 1998, 10(5): 481-501.

Hartung W. The evolution of abscisic acid (ABA) and
ABA function in lower plants, fungi and lichen [J]. Func-
tional Plant Biology, 2010, 37(9): 806-812.

Yoshida K, Igarashi E, Mukai M, et al. Induction of tole-
rance to oxidative stress in the green alga, Chlamydomo-
nas reinhardtii, by abscisic acid [J]. Plant Cell & Envi-
ronment, 2003, 26(3): 451-457.

Du L, Yang R, Luo Q J, et al. Response of free-living
conchocelis of Pyropia haitanensis to agaro-oligosaccha-
rides [J]. Journal of Fisheries of China, 2018, 42(7):
1077-1084. [FE41, #8¢, JHA, . IZEAC A h 2Rk
M) S35 S MR (R [3]. K72 2544, 2018, 42(7): 1077-
1084.]

Grime J P, Hunt R. Relative growth-rate: its range and ada-
ptive significance in a local flora [J]. Journal of Ecology,
1975, 63(2): 393-422.

Eilers P H C, Peecters J C H. A model for the relationship
between light intensity and the rate of photosynthesis in
phytoplankton [J]. Ecological Modelling, 1988, 42(3-4):
199-215.

Saga N, Sakanishi Y, Ogishima T. Method for quick eva-
luation of cell viability in marine macroalgae [J]. Japan-
ese Journal of Phycology, 1989, 37(2): 129-136.

Kuwano K, Saga N, Aruga Y. Cryopreservation of clonal
gametophytic thalli of Porphyra (Rhodophyta) [J]. Plant
Science, 1996, 116(1): 117-124.

Kuwano K, Saga N, Fingerman M, et al. Cryopreserva-
tion of marine algae: applications in biotechnology [J].
Recent Advances in Marine Biotechnology, 2000, 4(2):
23-40.

Youn H C, Taek J N, Kuwano K. Cryopreservation of
gametophytic thalli of Porphyra yezoensis (Rhodo-
phyceae) by one-step fast cooling [J]. Journal of Applied
Phycology, 2013, 25(2): 531-535.

Ma N N, Li M. The effect of culture conditions on the
cryopreservation of free living conchocelis of Porphyra
haitanensis [J]. Journal of Liaoning Normal University
(Natural Science Edition), 2005, 28(1): 100-102. [5 5T,
Mg, BRI IE R (Porphyra haitanensis)
(Rhodophyta) H H 22 IR 4468 (R I R AT (52 [J]. 17
IS R 23R (SRR, 2005, 28(1): 100-102.]



192

KR R

46 %

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Shen S D, Dai J X, Zhou L R. Ultrastrycture of vegeta-
tive and reproductive conchocelis of Porphyra yezoensis
[J]. Marine Science Bulletin, 2000, 3(3): 38-43. [JLAZR,
AR, F L. KPR S (Porphyra yezoensis) 2L IRAK
HIHE A F LR [J]. iR, 2000, 3(3): 38-43.]
Martin C, Kremer C, Gonzalez I, et al. Influence of the
cryopreservation technique, recovery medium and geno-
type on genetic stability of mint cryopreserved shoot tips
[J]. Plant Cell Tissue and Organ Culture, 2015, 122(1):
185-195.

Li B, Takahashi D, Kawamura Y, ef a/. Comparison of
plasma membrane proteomic changes of Arabidopsis sus-
pension-cultured cells (T87 Line) after cold and ABA
treatment in association with freezing tolerance develop-
ment [J]. Plant & Cell Physiology, 2012, 53(3): 543-553.
Wang G J, Miao W, Wang J Y, et al. Effects of exoge-
nous abscisic acid on antioxidant systemin weedy and
cultivated rice with different chilling sensitivity under
chilling stress [J]. Journal of Agronomy and Crop Sci-
ence, 2013, 199(3): 200-208.

Yoshida K, Igarashi E, Wakatsuki E, et al. Mitigation of
osmotic and salt stresses by abscisic acid through reduc-
tion of stress-derived oxidative damage in Chlamydomo-
nas reinhardtii [J]. Plant Science, 2004, 167(6): 1335-
1341.

Liu H, Zhang J T, Chen H Y, ef al. Fatty acid desatura-
tion and plant responses to biotic and abiotic stresses [J].
Journal of Northeast Agricultural University, 2013,
44(1): 154-160. [XI14E, sk ¥, BRiE#E, 5. TEITR 210
Mg Z 5 YT B I R [1]. RABRAL R 2274k,
2013, 44(1): 154-160.]

Casanueva A, Tuffin M, Cary C, et al. Molecular adapta-
tions to psychrophily: the impact of ‘omic’ technologies
[J]. Trends in Microbiology, 2010, 18(8): 374-381.

Blanc G, Agarkova I, Grimwood J, et al. The genome of
the polar eukaryotic microalga Coccomyxa subel-
lipsoidea reveals traits of cold adaptation [J]. Genome
Biology, 2012, 13(5): 39.

QiuL L, Zhao Q, Zhang Y H, et al. Research advances in
sress-responsive plant plasma membrane proteomic [J].
Chinese Bulletin of Botany, 2017, 52(2): 128-147. Gl
I, BATH, SR AT, 45, R0 AR 5 1R 0 R
FBERE [1]. HY244R, 2017, 52(2): 128-147.]

Cao M, Wang D M, Mao W X, et al. Integrating tran-
scriptomics and metabolomics to characterize the regula-
tion of EPA biosynthesis in response to cold stress in sea-
weed Bangia fuscopurpurea [J]. PLoS One, 2017, 12(12):
¢0186986.

Murata N, Wada H. Acyl-lipid desaturases and their im-
portance in the tolerance and acclimatization to cold of
cyanobacteria [J]. Biochemical Journal, 1995, 308(1): 1-
8.

Kodama H, Hamada T, Horiguchi G, et al. Genetic en-

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

hancement of cold tolerance by expression of a gene for
chloroplast [Omega]-3 fatty acid desaturase in transgenic
tobacco [J]. Plant Physiology, 1994, 105(2): 601-605.
Suzanne H, Chris S. A role for membrane lipid polyunsa-
turation in chloroplast biogenesis at low temperature [J].
Plant Physiology, 1992, 99(1): 194-202.

Fu G L, Huang X H. Progress on research of functions of
glyceraldehyde-3-phosphate dehydrogenase [J]. Acta Bio-
physica Sinica, 2013, 29(3): 181-191. [{H K, #EB4L.
Hruh -3 - A B T R I U R (D). AR B
%, 2013, 29(3): 181-191.]

Liang Y, Li Y H. Physiological functions of glyceralde-
hyde-3-phosphate dehydrogenase in plants under oxida-
tive stress condition [J]. Plant Physiology Communica-
tion, 2009, 45(10): 1027-1032. [, ZEA46. Y
W5 H i S -3- T R A S M (GAPDH) £ Ak it iy 2 2
ThEE [J]. FYAEBEEEIR, 2009, 45(10): 1027-1032.]
Dolhi J M, Maxwell D P, Morgan-Kiss R M. Review: the
antarctic Chlamydomonas raudensis: an emerging model
for cold adaptation of photosynthesis [J]. Extremophiles
Life Under Extreme Conditions, 2013, 17(5): 711-722.
MalJ, LiJ W, Xu Z S, et al. Transcriptome profiling of
genes involving in carotenoid biosynthesis and accumula-
tion between leaf and root of carrot (Daucus carota L.)
[J]. Acta Biochimica et Biophysica Sinica, 2018, 50(5):
481-490.

Kang B S, Gu Q S, Tian P, ef al. A chimeric transcript
containing Psyl and a potential mRNA is associated with
yellow flesh color in tomato accession PI 114490 [J].
Planta, 2014, 240(5): 1011-1021.

Liu X. Molecular cloning and expression analysis of two
key enzyme genes GGPS and PDS in the terpenoids meta-
bolic pathway from Pyropia haitanensis [D]. Su zhou:
Soochow University, 2018: 1-10. [XIfik. ¥z 4L3EmE2RE&
JIE A KA AL K| GGPS AIPDS 43 b i Je 3k 47 [D.
TR RPN KEE, 2018: 1-10.]

Nor'aini M F, Vera G, Robert P, ef al. Chilling, oxidative
stress and antioxidant responses in shoot cultures of rice
[J]. Planta, 1996, 199(4): 552-556.

Wang M Q. Analysis of the ESTs and anti-desiccation
genes of Porphyra yezoensis Ueda [D]. Qingdao: Ocean
University of China, 2007: 171-172. [ 58, 5BE43%
T REFE PRI AL 43 1 5 HUId A R R R Rk 0 #r [D]. 75 B
rp B K2, 2007: 171-172.]

Fridovich. The biology of oxgen redical [J]. Science,
1975, 201(4359): 875-880.

Saradhi P P, Suzuki I, Katoh A, et al. Protection against
the photoinduced inactivation of the photosystem II com-
plex by abscisic acid [J]. Plant, Cell and Environment,
2000, 23(7): 711-718.

Zhang H H, Xu Y, Ji D H, et al. Cloning and expression
analysis of the glutathione eroxidase gene from Pyropia

haitanensis [J]. Journal of Fishery Sciences of China,



2 3 L WG58 R AR A0 3 I8 7 v 2 S S 22 IR AT o PR R A7 R0 R 193

2016, 23(4): 791-799. [TRHEHS, 1R#E, LE4E, & IR 2019, 132(6): 857-866.
S W H sk S5 Ak A 32 R 1) o B B R IBHRAE [J]. R [60] ChenY T,XuY,JiD H, et al. Cloning and expression analy-
EKF=FHE, 2016, 23(4): 791-799.] sis of two small heat shock protein (sHsp) genes from
[58] Chen L D, Xu K, Xu'Y, et al. Analysis of physiological Pyropia haitanensis [J]. Journal of Fisheries of China,
indexes in blades of Pyropia haitanensis under high light 2015, 39(2): 182-192. [FR KL, 1R, L lE, & K%
stress [J]. Journal of Applied Oceanography, 2016, 35(3): SEPRN /NG 7 BRI [ (sHisp) 522 [ 1) 5 B S R IS REE
399-404. [FREEFT, VoL, 1R, 55, JR SRR mG H ) GrBT 0. K724, 2015, 39(2): 182-192.]
BRI AR AR AT [J]. N3], 2016, 35(3): [611 LvY, Wang F J, Lin L C, et al. Responses of rbc L and
399-404.] hsp70 to heat and phytohormone treatments in Graci-
[59] Chen Z, Lu H, Hua S, et al. Cloning and overexpression lariopsis lemaneiformis [J]. Journal of Fisheries of China,
of the ascorbate peroxidase gene from the yam (Dio- 2019, 43(4): 886-894. [ B3, VE R, M, 5. #
scorea alata) enhances chilling and flood tolerance in Serfrbe LAThsp 70X i il FUREL P08 25 i 2 [J]. /K7~
transgenic Arabidopsis [J]. Journal of Plant Research, 2EHR, 2019, 43(4): 886-894.]

THE ROLE OF ABSCISIC ACID AND COLD ADAPTATION IN IMPROVING
THE CRYOPRESERVATION EFFICIENCY OF PYROPIA
HAITANENSIS CONCHOCELIS

2

MA Ming-Jie"*, WEI Cai-Ling"’, ZHU Jun-Kai"’, LIU Qi-Qin"’, LUO Qi-Jun"?,
CHEN Hai-Min"” and YANG Rui"’

(1. Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo University, Ningbo 315823, China; 2. School of Marine
Sciences in Ningbo University, Ningbo 315823, China)

Abstract: To explore whether abscisic acid (ABA) and cold adaptation can improve the cryopreservation efficiency of
Porphyra sensu lato, the free living conchocelis of Pyropia haitanensis were treated with ABA (100 umol/L) for 48h at
20°C, light intensity of 40 umol'photons/(m2~s) with photoperiod 12L:12D or cultured in dark at 4°C for 6 days before
cryopreservation at —80°C. The effects of cryopreservation were evaluated by continuous measurement of algal survi-
val rate after frozen, the maximum light quantum efficiency (F,/F,,) of PSII and the expression of cold adaptative re-
lated genes, such as P(H+)—A TPase, ald, Mn-sod A, Cu/Zn-sod 1, apx-2, hsp70-4, psy-2, gapdh, and gpxha-1. The re-
sults showed that: (1) Both ABA treatment and cold adaptation at 4°C increased the survival rate of P. haitanensis con-
chocelis after cryopreservation, 59% in the ABA groups and 89% in the cold adapt groups; (2) The F,/F,, of the con-
chocelis after cold adaptation recovered significantly faster than those of the other groups (P<0.05), with the optimal
level after 35 day culture; (3) ABA treatment and 4°C cold adaptation significantly up-regulated genes like P(H+)-A T-
Pase, ald, Mn-sod A, Cu/Zn-sod 1, gapdh (P<0.01) and psy-2 (P<0.05) in the algae, but only ABA induced apx-2 and
hsp70-4 (P<0.01). In summary, ABA treatment and cold adaptation can improve the frost resistance of P. haitanensis
and improve the efficiency of cryopreservation. The cold adaptation method at 4°C is simple and effective, and has
greater application potential.

Key words: Pyropia haitanensis; Conchocelis; Cryopreservation; Cold adaptation; Abscisic acid
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