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1-4. 7523 “CTFH59%30.40.50 F160 d B PS-M1 MR ;5-8. 7823 C T 1557 30.40.50 160 d fY CCT-2 MR A4 ;9-12. 7F 23 “CF 53730
dJ5 FI7E 30 “CH5 3% 0.10.20 130 d 1Y PS—M1 IR 5 13-16. 7 23 °C R 1757 30 dJ5 FiAE 30 'C R H7 % 0.10.20 F130 d [ CCT-2 MR A4

R EL B RN S em

1-4. The 30, 40, 50 and 60—day—old blades of PS-M1 cultured at 23 “C; 5-8. The 30, 40, 50 and 60-day—old blades of CCT-2 cultured at
23 °C; 9-12. The 30-day-old (at 23 °C) F, gametophytic blades of PS-MI after being cultured at 30 °C for another 0, 10, 20 and 30 days; 13-
16. The 30-day—old (at 23 °C) I, gametophytic blades of CCT-2 after being cultured at 30 °C for another 0, 10, 20 and 30 days. Scale bars=5 cm.
EAR T Bi#30 dBIRLEEHTRER(PS-MI1)FIER(CCT-2) B F, MORE B 7E 23 7130 °C T4k 5 30 d IS4 K
Plate I Morphology and growth of the 30—day-old (at 23 °C) F, gametophytic blades of the new strain (PS-M1) and

parental strain (CCT-2) in P. suborbiculata after being cultured at 23 and 30 °C for another 30 days

F1 BEEEHFBR(PS-MI)FFER(CCT-2)F,MHIRIEH FEHEK R KEL

Tab.1 Mean length and length—width ratio of the F, gametophytic blades of the new strain (PS—M1) and the
parental strain (CCT-2) in P. suborbiculata

S PN FHEIAK Mean length/cm K98 It Length—width ratio
Culture days/d PS-M1 CCT-2 PS-M1 CCT-2
30 4.6+0.2 2.5+0.2" 14.1x1.7 10.4+1.7"
35 12.4+0.7 5.9+0.3" 18.9+3.1 13.8+2.2"
40 20.1+1.1 10.540.5” 21.243.2 13.5+2.1""
45 31.4+1.7 14.4+0.7" 26.0+4.9 14.1+2.0"
50 43.9+1.9 19.10.7" 32.245.9 12.3+2.3"
55 55.9+1.2 23.0+1.2" 25.4+2.7 12.2+1.9"
60 68.11.9 25.5¢1.6” 26.3+4.2 10.9+1.5"

1 R RIR 25 SRR 35 (P<0.01) o

Notes: ** indicates highly significantly difference (P<0.01) between PS—M1I and CCT-2.
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1 BEEHAER(PS-M1)MER(CCT-2)F, MiRE
HTEHRRERE

Fig.1 Wet mass per F, gametophytic blade of the new
strain (PS—M1) and the parental strain (CCT-2) in P.

suborbiculata
40
—A— PS-M1
35 - -CCT-2

(O8]
(=]
T

5]
W
T

—
W
T

DR INENGRS OIS
Mean length of blades/cm
= =

30 35 40 45 50 55 60
K2 KHL Culture days/d

B2 Hik30 dHE KRR (PS-MI1) %R (CCT-
2)MF, IR EFE 30 CTHEIEFR 30 d W EK 4k

Fig.2 Growth curves of the 30—day—old (at 23 °C) F,
gametophytic blades of the new strain (PS—-M1) and

parental strain (CCT-2) in P. suborbiculata after being

cultured at 30 °C for another 30 days

24 ZHRFWERME

TE 23 .28 Fl130 °C T K535 7 #1 14 d I, AN
RS R R LA MHE S B R . R
B 1 7 T R BN, AT ) A 2 R
NG B ARTRAS LT (BRI ) o X LE AN &R
FHIFIELEE T, PS—M 1 5240 1 A4 %) 240 Jifd 4 4 35
JEHPT CCT-2, 1E32°CTFREFH3 d, &
(1) 7005 B 2 1A oy 2R BE A0S, — AR 1~2 1>
YA, 53R R 7 d, e BRI 5E R80T

10 ¢
123
= 30C

= 08}
2

o E =

o E

EBE o6}

s

ST

R g5

L 04t
SE2
=S 5 5
> o02f
0 1
PS-MI CCT-2

i & Strains

3 B30 d BRI R R (PS-MI)F5EAR(CCT-

2) B9 F, MR R 7E 23 7030 °C T4k £54E 55 30 d U B K3k
WERE(F,/F,)E

Fig. 3 Maximum photochemical efficiency (F,/F,) of
the 30—day—old (at 23 °C) F, gametophytic blades of the
new strain (PS—M1) and parental strain (CCT-2) in P.

suborbiculata after being cultured at 23 and 30 °C for

another 30 days

TP R AER RN EE N A 7S il i &
PRAF 6 %, 45 L Wow |, 78 23 .28 il 30 °C F K5 ##
3 d, PS-M1 5 ffl F W & 1K 09 £7 16 2 40 5 N
93.9% .88.4% Fl1 63.6% (£ 2) . Fifi %5 1% 37 B[] 1Y
BN, A [ B 20 A A7 T R B8 T B EUR
W BB/, 16 30 °CF 8555 14 d i, PS-M1 7278
TR RWIR B T 47.4%. MR B 71
BLF, PS-MI1 el T R IR AETE R S T
CCT-2 fHITC i 1k 2 5% (P>0.05) .

25 MREMEEXEBRESE

H iy 45 d i, PS-MT AR AR A28 28 a3
YL M R-FEE A 20 R 6.5.37.2 Al
15.7 mg/g, tb CCT-2 $2& /% T 20.4%. 19.6% #l
44.0%, 2% S 2 (P<0.01) . PS-M1 HHIR AR
F B B S N 12.0 mg/g, 5 CCT-2 M TG
WEME2ER (P>0.05)(£3),

2.6 MRENEE

H & 45 d I, 8 & PS-M1 FISEAR ceT-2
ARAA 25 A 1) JEE FE 18 kg BE 3 > o 8 > R (R
4), H PS-M1 £ FA0 i) J& B 34 i 2 3 T CCT-2
(P<0.01) ., AL, PS—-MI MR AK S 35 J5 B
33.6 wm, [t CCT-2F#% T 15.8%.
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13 - 14

1-3. 7£23.28 130 CFHi57 7 d ¥y PS-M1 7570 F i A ;4-6. 7E23.28 F130 'CF 4537 14 d ) PS-M1 5570 Filfi 1A ;8-10. 7£23.28 Fl
30 CRHEFRT Ay CCT-2 5570 Tl 1A 11-13. 7E23.28 130 'CF 4537 14 d i COT-2 5870 F 1 5 1K 7 01 14 431 M 7E 32 "C T iR 3 d
i PS=MI M CCT-2 7T Wi Rk . B BRI 50 .
1-3. Conchospores germlings of PS—M1 cultured at 23, 28 and 30 °C for 7 days; 4-6. Conchospores germlings of PS-M1 cultured at 23, 28
and 30 °C for 14 days; 8-10. Conchospores germlings of CCT-2 cultured at 23, 28 and 30 °C for 7 days; 11-13. Conchospores germlings of
CCT-2 cultured at 23, 28 and 30 °C for 14 days; 7, 14. Conchospores germlings of PS=M1 and CCT-2 cultured at 32 °C for 3 days. Scale
bars = 50 pm.
BRI #23.28F130 CTHEFR 7714 d, LURFE 32 CTHEF 3 dWBEERHR R (PS-M1) FFEA(CCT-2)MIRRTHEE
Plate I Conchospores germlings of the new strain (PS—M1) and parental strain (CCT-2) in P. suborbiculata after
being cultured at 23, 28 and 30 °C for 7 and 14 days, and at 32 °C for 3 days

K2 7E23.28.30F0132 CTEFHI T4 dWEEEFHFRER (PS-MI)FIER(CCT-2) IERFHEEEEFER

Tab. 2 Survival rates of conchospore germlings of the new strain (PS—M1) and parental strain (CCT-2) in P.

suborbiculata after being cultured at 23, 28, 30 and 32 °C for 3, 7 and 14 days, respectively %
S KA PS-M1 CCT-2
Culture days/d 23°C 28°C 30 °C 32°C 23°C 28 °C 30 °C 32°C
3 93.9+2.1 88.4+4.4 63.6+4.5 6.2+0.8 92.6x1.5 82.9+4.0 56.7+6.2 6.4+0.5
7 90.3+3.5 85.8+5.2 54.4+1.9 0 89.0+4.6 80.4+4.5 50.0+2.7 0
14 89.9+3.9 81.7+4.0 47.4+2.4 0 87.4+4.0 76.7+4.6 42.2+£3.0 0

£3 AW ANBELEFRR(PS-MI)MER(CCT-2)F,HRENETEREEASE
Tab.3 Contents of main pigment proteins in the 45-day—old F, gametophytic blades of the new strain (PS—M1) and

parental strain (CCT-2) in P. suborbiculata mg/g
5\ Strains Mt o LT R A S E?s‘ﬁﬂﬁ% H. »
Chla PE RPC APC Phycobiliprotein®
PS-M1 6.5+0.2 37.2+0.4 15.7£0.1 12.0£0.3 64.9
CCT-2 5.420.02 31.1:0.6 10.9+0.6 10.7+0.6 52.8
(+20.4™) (+19.6™) (+44.07) (+12.1) (+22.9™)

T a4 PE, RPC I APC; 55 PR RN il & (PS-M 1) 558 (CCT-2) M EL IS A HE 1 73 b 5 /R 22 540 835 (P<0.01) ¢
Notes: a. Phycobiliprotein concludes PE, RPC and APC; values in parentheses indicate the percentage of changes of the new strain PS-M1
compared with CCT-2; ** indicates highly significantly different (P<0.01).
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x4 BHIR4SdWEEEF MR (PS-MI1)FIFER(CCT-2)F, HREHNREBAERE
Tab.4 Thickness of different parts of the 45-day—-old F, gametophytic blades of the new strain (PS—-M1) and

parental strain (CCT-2) in P. suborbiculata wm
il 2 Strains R4 Apical s Middle FE3 Basal SEHJEE Mean thickness
PS-M1 30.4+0.3 34.6+0.6 35.6+0.2 33.6
CCT-2 33.60.3 41.6+1.7 44.7+1.8 39.9
(-9.5%%*) (-16.8%") (-20.4%"") (-15.8%)

TE A5 5 PECE IR i 3R (PS-M 1) 5364 (CCT-2) AR FU A Al b 43 LU 5 308 22 54 % (P<0.01) .

Notes: Values in parentheses indicate the percentage of changes of the new strain PS—=M1 compared with CCT-2; ** indicates highly significantly

different (P<0.01).

27 BBFHEE

TERE F7 R SR 25 1 %, BRIV a] 82 2 B A
RIBEEAR IR BOBCA T . ERE 8 dN,
PRIt 2R B8 TR IO, L o 52 44 K
(K 4), (B3 205 8 K, PS-MI [F #5441 5ffl 1
H 4 W2 5 T ccT-2(P<0.01) . 4iit8d
P[] 23 AR 7 B 96 - IR, B, PS-MT R 43.9 U7
AR CCT-219 8.3 1%

5 ~
—— PS-MI
- e-CCT22
o 4r
2~
R
BB X
Eag
XS 2
232t
82
E 5
Z 1F
0 1 1 J
1 2 3 4 5 6 7 8
B3 REX Culture days/d
El4 BEEEHFMBR(PS-MI)FER(CCT-2) BN EE
FEES A BB T E

Fig.4 Numbers of the released archeospores daily
from the new strain (PS—-M1) and parental strain
(CCT-2) in P. suborbiculata during 8 days

28 ERFHEHE
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Isolation and characterization of a new strain with fast growth in Pyropia
suborbiculata (Bangiales, Rhodophyta)

YING Jiaxuan', DING Hongchang'?, YAN Xinghong'*

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean
University, Shanghai 201306, China)

Abstract: Compared with Pyropia haitanensis cultivated in southern China, Pyropia suborbiculata has
stronger high-temperature resistance, but its round algae are not suitable for production. Therefore, several
long-type mutants were isolated from the wild-type strain of P. suborbiculata by artificial mutagenesis. In
this study, the blades of the long-type mutant (CCT-2) of P. suborbiculata were induced by “Co-v ray,
and a new strain (PS-M1) with fast growth was screened from its progeny with growth rate as the main
breeding index. The PS—-M1 blades cultured at 23 °C for 60 days had a mean length of 68.1 cm and a length-
width ratio of 26.3, which were 2.7 and 2.4 times of CCT-2, respectively. The blades of PS-M1 and CCT-
2 cultured at 23 °C for 30 days and then cultured at 30 °C for another 30 days, their mean length had
increased by 6.4 and 3.0 times, respectively. The survival rates of conchospores of PS-M/ and CCT-2
were 47.4 and 42.2%, respectively, after 14 days of culture at 30 °C , with no significant difference
between them. The blades cultured at 23 °C for 45 days had a mean chlorophyll a content of 6.5 mg/g and
phycobiliprotein content of 64.9 mg/g in PS-M1, which were 20.4% and 22.9% higher than those of CCT-
2, respectively. The thickness of PS—-M1 was 33.6 wm, which was 15.8% thinner than that of CCT-2. The
total numbers of conchospores released by PS—-M1 was up to 2.223 million per shell for 10 consecutive
days, which was 4.8 times that of CCT-2. In conclusion, compared with long-type mutant (CCT-2) , the
new strain (PS-M1) of P. suborbiculata has a higher growth rate, better resistance to high-temperature and
also shows obvious advantages in main pigments protein contents, and number of conchospores releasing,
which has potential to be applied in commercial cultivation.

Key words: Pyropia suborbiculata; *Co-y ray; new strain; growth; high-temperature resistance
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