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wT 458% 171% 1 : 100% 100% 100% 95.9%,
DA 26 15 8 5 3 2 wT 1585 3
, 89.0% 87.0% 75.2% 38.6% 1 67.4% 45.7% 21.6%
29.0%,  WT , 0%, (26) (85.3%),
79.9% 64.9% 45.5% 16.3%  5.2%, YZ-7 YZ-7
wr 1.1 13 17 24 90.7% 74.1% 54.9%  44.9%,
56 8 5 3 , YZ-7 (90.9%), wT wT
WT(P<0.01) 2, : 3
wT , , WT :
72.6% 50.9% 32.8%;  YZ-7 YZ-7 44.9%
95.7% 91.6%  89.0%, la—e , 1 wT
(P<0.01); 26 15 ,YZ-7  WT , 26 .15

x1 FRBETIZEERFEREAWDMEERRAYZ-7)WERFHRIEEMSRHEA4D) UK FER FHEOBRREEE(7d)
Tab.1 Survival anddivision rates of conchospores (14d) and rhizoid germination rates of conchosporegermlings(7d) of the wild-type
strain (WT) and the improvedstrain (YZ-7) in P. haitanensiscultured at different salinities

(%) (%) (%)
wT YZ-7 wr YZ-7 wr YZ-7
26 79.9+1.5 89.0+1.9%(1.1) 100 100(1.0) 85.3x1.9 90.9+2.4(1.1)
15 64.9+2.5 87.0+1.5%(1.3) 95.9+1.8 100(1.0) 67.4+1.2 90.7+4.3%(1.3)
8 45.5+3.6 75.242.3%%(1.7) 72.642.7 95.7+1.1%%(1.3) 45.7+1.9 74.144.9%%(1.6)
5 16.3+£1.7 38.6£3.0**(2.4) 50.9+3.1 91.6+0.6**(1.8) 21.6£1.2 54.9+1.9%*(2.5)
3 52412 29.0£2.1%%(5.6) 32.842.8 89.0+1.0%%(2.7) 0 44.91.9%%
YZ-7 wT L * (P<0.05, r-test), ** (P<0.01, r-test)
c d e f 9 mm h i j
@\ (T, PN f@\ .
= o= A (=
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Fig.1 The conchospore germlings of the wild-type strain (WT) and the improved strain (YZ-7) in Pyropia haitanensis cultured at
different salinities
a—e 26 15 8 5 3 1 wT ;) 26 15 8 5 3 1 YZ-7
; k—o 26 15 8 5 3 2 wT ;p—t 26 15 8 5 3 2
ra—o  25um, p—t  S50pm
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, 8 , wr 1.7 1.9 15 1.6
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YZ-7 , cm/d 0.28 ecm/d  0.23 cm/d, YZ-7
, ( 1f— wr 34 41 1.8 2.0 1.6 ,
1k—o , 2 , 26 ,
wT wrT YZ-7 ( 2),
;15 YZ-7 wT YZ-7
; WT,
8 wr 29 34 16 1.7 14
15d , 15 YZ-7
;5 3 , 26 ; 30d ,
, 35d 15 26
, YZ-7 ; 26 wT 30d
WT, 5 15 1.2 5d wT
;3 ; 2b—c , 25d
26 15 wT ,
( 1p—1) , : : ;
23 wr Yz-7 85 3 , 2d—f
3sd  wr  YZ-7 ,
26 15 8 5 3 30d, 2g—k , , YZ-7
, YZ-7 ,85 3 25d,
wT ( 2 YzZ-7 , ,
30d 9.65%/d  9.65%/d 2.4
6.80%/d  5.80%/d 5.08%/d, wrT wr  YZ-7 26 35d
5.60%/d 4.98 %/d 4.59%/d 3.57%/d  3.23%/d, YZ-7 26 15 8 5 3 5d,

£2 TRBETIEEXRFERRWDIIEE RRYZ-7)HRIEHERE
Tab.2 The blades growth rates of the wild-type strain (W7) and the improved strain (YZ-7) in P. haitanensis cultured at different

salinities
wT YZ-7
(d) 26 15 8 5 3 26 15 8 5 3
35—40 13.51 12.56 11.73 8.52 827 16.06 14.26 13.34 11.04 10.59
41—45 7.26 6.59 6.17 539 523 9.21 8.93 6.67 6.43 5.91
46—50 3.77 3.19 3.11 3.02 298 10.98 9.73 8.57 6.27 4.46
(%/d) 51—55 3.86 2.91 2.84 2.11 1.22 7.51 10.06 5.26 5.12 3.93
56—60 3.04 2.58 2.49 1.58 1.01 8.63 9.60 3.55 2.82 2.90
61—65 2.14 2.02 1.21 077  0.69 5.51 5.31 3.38 3.12 2.70
35—40 0.82 0.74 0.68 046 043 0.91 0.73 0.66 0.52 0.50
41—45 0.73 0.62 0.56 041  0.38 0.97 0.81 0.54 0.47 0.42
46—50 0.50 0.38 0.35 028  0.26 1.92 1.41 1.02 0.62 0.41
(cm/d) 51—55 0.62 0.41 0.38 0.23 0.12 2.07 2.39 0.88 0.68 0.38
56—60 0.58 0.41 0.38 0.19  0.11 3.56 3.72 0.74 0.45 0.25

61—65 0.47 0.36 0.20 0.10 0.08 3.22 2.97 0.83 0.58 0.23
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2 (WT) (YZ-7)
Fig.2 Growth of blade discs from the 40d aged blades of the wild-type strain (WT) and the improved strain (YZ-7) in P. haitanensis and
the 35d aged F, gametophytic blades cultured at different salinities
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a. 26 40d 8 15d 12 Wr,3 4 YZ-7,b—k. 35d
26 15 8 5 3 25d tb-f  WT,g-k YZ-7
Yield 15 8 , 5 3
, YZ-7 96% 94% 84% R 89% 76% 83% 60%(
75% 60%, WT YZ-7, 4) Yield Fy/Fw, YZ-7
91% 67% 64% 59% 50%( 3); Yield WT, 5d , YZ-7
, YZ-7  WT  F,/F, 26 wT

®3 EERFERRWDAIEERRVZ-7)EERRE 26 THEF 35d WY BBERRRE THEFR
5d FRIKIRAE T8
Tab.3  Actual quantum yield of photosystem I of the blades of wild-type strain (WT) and improved strain (YZ-7) in P. haitanensis
cultured at different salinities for 5 days after cultured at the normal salinity of 26 for 35 days

Yield
wT YZ-7
26 0.316+0.008 0.286+0.012(91) 0.347+0.003 0.334+0.012(96)
15 0.315+0.008 0.212+0.011(67) 0.347+0.002 0.326+0.008(94)
8 0.312+0.010 0.200+0.007(64) 0.347+0.006 0.293+0.013(84)
5 0.313+0.006 0.185+0.007(59) 0.346+0.009 0.261£0.006(75)

3 0.314+0.012 0.156+0.013(50) 0.344+0.011 0.205+0.004(60)
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R4 BEERFERRWDINEERARYZ-7)EEFRE 26 THEF 35d WA EBELRRRE THEF

sd RHBAKETF R

Tab.4 Maximum quantum yield of photosystem Il of the blades of wild-type strain (WT) and improved strain (YZ-7) in P. haitanensis
cultured at different salinities for 5 days after cultured at the normal salinity of 26 for 35 days

Fy/Fu
wT
26 0.641£0.015 0.633+0.002(99) 0.657+0.004 0.657+0.003(100)
15 0.641£0.013 0.624+0.007(98) 0.660+0.003 0.654+0.004(100)
8 0.639£0.005 0.620+0.007(97) 0.665£0.008 0.664+0.009(100)
5 0.6390.009 0.531+0.007(83) 0.654+0.001 0.584+0.007(89)
3 0.641£0.008 0.382+0.006(60) 0.652+0.002 0.498+0.006(76)
2.5 wrT YZ-7 PE PC
, chl a ; YZ-7
wT YZ-7 (26) 35d chla PE PC WT,
26 15 8 5 3 15d, wT S wT
350—750nm , 15 YZ-7 26
, ; , (95
b b 3
s 3a 31 WT YZ-7
WT 26 15 , 8 .
,5 3 (
R ; 3b 1 YZ-7 26 1979; , 1979) s
15 .8
, . WT , 15 YZ-7
26 , 8 >
08 shro6
- —-£hE8
--------- EhES
08 Thes o
0.8
£ 04 o
= = 06
0.4
0.2
0.2
0 - - - - - 0 - - : - -
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Fig.3 In vivo absorption spectra of gametophytic blades of wild-type strain (W7, a) and improved strain (YZ-7, b) in P. haitanensis

cultured at 26 for 35 days and cultured at different salinities for another 15 days
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F5 BEFHTERRWNDMEERAYZ-7)VEEEEE 26 THEF AN BEBEARRETERSIREHEELGE
ERETI
Tab.5 Contents of major photosynthetic pigments of the blades of wild-type strain (W7) and improved strain (YZ-7) in P. haitanensis
cultured at different salinities for 5 days after cultured at the normal salinity of 26 for 35 days

(mg/g) (mg/g) a(mg/g) (mg/g)
wT YZ-7 wT YZ-7 wT YZ-7 wT YZ-7
26 17.5+€1.7 24.4+£5.3 9.2+1.4 22.4+2.9 6.7£0.3 6.8+0.2 334 53.6%*
15 19.9+0.5 23.943.1 12.9+0.7 19.2+1.6 6.4+0.5 6.5+0.2 39.2 49.6%*
8 23.4+1.3 28.9+5.3 15.7£1.0 26.3+4.7 6.2+0.2 6.3+0.3 45.4 61.5%
5 25.2+1.2 28.8+0.5 16.6+0.5 26.4+0.5 5.7£0.2 5.9+0.2 47.5 61.1%
3 27.241.7 31.5+1.3 16.7+0.5 28.0+2.1 4.8+0.1 4.9+0.1 48.7 64.4*
* YZ-7 WwT (P<0.05, t-test), ** (P<0.01, r-test)
(1993a) , PSII ,
19.6 ; Yield PSII
1—2 , , ( , 1999) ,
, YZ-7 F,/F, Yield wr ,
(2008a) YZ-7 ,
8 6d , WT F,/F, Yield
, , 3 ,
YzZ-7 8 75.2% 60%  50%, PSII s
, 95.7% , PSII
(2010)
, s ; (2003)
(Scytonema javanicum) ,
(20006) PS1I
5 wrT , YZ-7 8
, (2009) 5d ,FJ/Fy , YZ-7 8
; (1993b) ,
26.8 Chl ¢ PE PC
, 5 , wr ( ,2004) , YZ-7
25.3%, 3 chla PE PC WT,
YZ-7
, , WT PE PC
) ) , chl a ,
YzZ-7 5 chl a ( , 2010),
s /4 25 3 ,
44.9% , ( , 2006) wT ,
YZ-7 15 PE PC 26
3.2 wWr Yvz-7 , YZ-7 vy

F,JF, PSII , ,
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SELECTION AND CHARACTERIZATION OF A LOW-SALINITY TOLERANT STRAIN
IN PYROPIA HAITANENSIS (BANGIALES, RHODOPHYTA)

TAN Ying-Hua', HUANG Lin-Bin"?, YAN Xing-Hong"*
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Exploration and
Utilization of Aquatic Genetic Resources, Shanghai Ocean University, Ministry of Education, Shanghai 201306, China)

Abstract Alow-salinity tolerant strain (YZ-7) was selected by artificial mutagenesis in our laboratory. The tolerance of
YZ-7 conchospores and F; gametophytic blades to low-salinities was studied against the wild-type (WT) as the control in
salinities of 26, 15, 8, 5, and 3 for 2 weeks. The results show no significant difference in survival rate between YZ-7 and
WT at normal salinity 26. In the 15 salinity group, the survival rates and the rhizoid germination rates of YZ-7conchospore
germlings were 34% and 35% higher than those of control, respectively. In 8 and 5 salinity groups, the survival rates and
division rates of conchospores, and the rhizoid germination rates were 65% and137%, 32% and 80%, 62% and 154%
higher than those of the control, respectively. In the group of lowest salinity at 3, the survival rates and division rates of
YZ-7 conchospores were 458% and 171% higher than those of control, respectively, and 44.9% of YZ-7 but zero WT
conchospore germlings had rhizoid germinated. In addition, we took YZ-7 blades that cultured in normal salinity 26 for 35
d and then transferred them into different salinities for another 30 days in the same salinity spectra mentioned above. The
results show that the absolute growth rates of YZ-7 blades were 6.85, 8.24, 4.15, 5.80, and 2.88 times higher; specific
growth rates were 2.57, 2.63, 2.79, 4.05, and 3.90 higher than those of WT, respectively to the salinities. In chlorophyll
fluorescence activities (F,/F,, and Yield) and contents of three main photosynthetic pigments (chl a, PE, and PC), those of
YZ-7 blades were significantly higher than those of WT. Therefore, YZ-7 were proved as a low-salinity- tolerant
fast-growing strain whose traits could be passed onto the next generation, and be a potential new cultivar.

Key words Pyropia haitanensis; new strain; low-salinity tolerant; F; gametophytic blade; conchospore



