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Fig.1 Growth curves of gametophytic blades of
the wild-type strain( W7 ) and the improved
strain( 7-17 ) of P. yezoensis cultured at

18 °C in the lab

718 CTHEFSOdWARMBEXRHFAR (W MM SEMRF(T-17)

AR B 7E 18.22.24 25 CTHERISAHERETH

Tab. 1

Changes of growth rates of the blades of the wild-type strain( W7 ) and the improved strain(7-17)in P. yezoensis

cultured at 18,22 ,24 and 25 °C for another 35 days,respectively,after being cultured at 18 °C for 50 days

‘& strains

KR B FE 0t |y /d
(s A - p_
growth rate culture time
18 C 22 C 24 C 25 C 18 C 22 C 24 C 25 C
51 ~55 0.72 0.64 0.37 0.12 1.33 1.08 1.20 0.81
56 ~60 0.88 0.69 0.27 0.02 1.35 2.44 1.98 0.48
61 ~65 1.01 0.33 0.31 -0.07° 3.16 2.69 1.56 0.30
2% <%/ /d
X5 KA/ (em/d) 66 ~70 1.20 0.48 0.26 4.02 2.23 1.26
absolute growth rate
71 ~75 0.70 0.25 0.20 4.73 1.71 1.10
76 ~ 80 0.35 0.17 0.04 5.20 1.20 0.74
80 ~85 0.23 0.07 0.02 4.13 1.16 0.66
51 ~55 10.52 9.30 5.58 2.14 13.37 11.66 13.08 9.46
56 ~60 8.11 6.74 3.21 0.34 8.04 13.90 11.66 4.01
" 61 ~65 6.48 2.60 3.21 -1.11° 11.45 8.77 5.98 2.15
F RE KK (% /d
%ii_k}i( 0/d) 66 ~70 5.69 3.24 2.32 8.82 5.17 3.79
specific growth rate
71 ~75 2.71 1.52 1.62 7.01 3.21 2.81
76 ~ 80 1.21 0.98 0.31 5.63 1.98 1.69
80 ~85 0.78 0.40 0.15 3.56 1.75 1.39

TE 2 FoR AR B2 5 25 1 3R R AR 58 A R 2 TG 32k T ek ol

Notes:a indicates blades began to decay ;blank indicates blades decayed totally
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Fig.2 Maximum photochemical efficiency of the blades of the wild-type strain( WT') and

the improved strain( 7-17) of P. yezoensis cultured at 18,22 ,24 and 25 °C for

another 35 days, respectively, after being cultured at 18 °C for 50 days

(a)WT strain; (b)T-17 strain
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Fig.3 In vivo absorption spectra of the gametophytic blades of the wild-type strain( WT) and
the improved strain( 7-17) of P. yezoensis cultured at 18,22 ,24 and 25 °C for

another 15 days, respectively, after being cultured at 18 °C for 50 days

(a) WT strain; (b)T-17 strain

x2 HEISCTEFSOIHWERERFLER (W) MTBERR(T-17) HRE
BEARBET#EESR15d /58 Chl.a PE.PC MIZEEEQ(PB)HEE
Tab.2 Contents of Chl.a,PE,PC and PB in the gametophytic blades of the wild-type strain( WT') and
the improved strain( 7-17 ) of P. yezoensis cultured at 18,22 ,24 and 25 °C for
another 15 days, respectively, after being cultured at 18 °C for 50 days

A% &/ (mg/g) content of photosynthetic pigments

Lﬁj% Bk C M2 E a BELLEA BEA SHHEA
strains temperature N = e
Chl. a PE PC PB
18 5.13 £0.20' 22.44 £2.17 7.04 £0.96 29.48
22 5.26 £0.23 23.21 £1.19 8.77 £1.43 31.98
wr 24 7.27 +0.53 41.10 £2.08 16.70 +1.18 57.80
25 11.35 £0.28 50.73 £2.39 16.60 +1.18 67.33
18 7.45 +0.27" 36.51 £2.17 % 8.87 +£1.04™ 45.38
17 22 8.35+0.09" 39.54 £2.47 7 17.28 £0.73 ™ 56.82
24 8.80+0.24" 70.80 £1.06 " 17.50 £1.01 88.30
25 8.40 +0.32 ™ 69.40 £3.11° 16.15 +0.64 85.54

TE R PR e brifi2e. = Rom 5 WI i R2EREF (P <0.05,r-test) , =+ FTng WT i R 2273 (P <0.01, r-test)

Notes:i indicates the values are means + SD. # significant difference with the WT strain( P <0. 05 ,z-test) ; ** highly significant difference with

the WT strain( P <0.01 , t-test)

®3 HRASOAWEMERFAER (W) AWMSERR(T-17) WHREZBEEE
Tab.3 Thickness of different parts of the 50-day-old gametophytic blades of the
wild-type strain( WT') and the improved strain( 7-17 ) of P. yezoensis

Lol IR AR 85350 5 1 SF- 4 )£ 5/ wm thickness of different parts of the blades S JELJE / wm
strains K4 apical 3 middle L basal mean thickness
wT 29.59 +9.59 29.81 £9.81 30.67 +0.67 30.02 £0.57
T-17 20.94 £0.94 " 22.58 £2.58 ™ 22.81 +2.81" 22.11 £1.02*

s FoRG WE i RZEREE (P <0.05, r-test) 5 #x KRG WT i R2ERWEE (P <0.01, r-test)
Notes: * significant difference with the WT strain( P <0.05,z-test) ; =# highly significant difference with the WT strain( P <0.01,-test)
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Fig.4 Daily numbers of conchospores released from
the wild-type strain( WT') and the improved
strain ( 7-17 ) of P. yezoensis at 18 °C

over 20 days of a releasing period
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Fig.5 Maximum photochemical efficiency of the

harvest blades of the wild-type strain( W¢) and
the improved strain( 7-17 ) of P. yezoensis
cultivated in mariculture farm and

harvested at different times

R4 BEHBENAHEXEERETFEM (W ARFRERER(T-17)
BT 4 REE B IR KR Chl. o \PE.PC 52 REZRQ(PB)&E
Tab.4 Contents of Chl. a,PE,PC and PB of the first four harvest blades of the wild-type strain( Wz) and
the improved strain( 7-17) of P. yezoensis cultivated in mariculture farm

e & &/ (mg/g) content of photosynthetic pigments

i kit M4kE a BEN HEEA BHEEA

strains harvest times - - ~ =
Chl. a PE PC PB

25 1 IR first time 4.82+£0.11 15.55+£0.35 7.41 £0.16 22.97

wr 2 2 ¥R second time 4.32+£0.14 13.59 £0.53 6.91 +0.38 20.50

%3 3 ¥X third time 3.55+0.40 12.77 £1.82 5.79 £0.17 18.56

%3 4 X fourth time 2.55+0.17 9.09 +1.18 4.80+0.28 13.88

251 YK first time 6.77 £0.17 ™ 29.14 £1.127 15.32 £0.92 ™ 44.46

5 2 K second time 6.45 £0.45™ 27.08 £0.85 " 14.74 +0.39 ** 41.82

r 25 3 IR third time 5.37+£0.47" 24.20 £0.62 7 13.45+£0.71 7 37.66

2 4 ¥R fourth time 4.87 £0.09 ™ 19.65 £0.37 ™ 12.79 £0.50 ™ 32.44

e = KRG W fh REFEFE (P <0.05,r-test) 5 xx KR 5 Wr iy RZERWEF (P <0.01, r-test)
Note: * significant difference with theWr strain( P <0.05,¢-test) ; s highly significant difference with the Wt strain( P <0.01 ,¢-test)
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R Bl SOKCE) 6w B R e Ao R AR AR 3 K TREmBHR(ER6),
BORELFE T-17 G RT 4 WU E R
TP KEN KT We iR (8 6),T-17 & T am
T 4 VST R A 2 K 3 (18,08 + 4. 36) ol mrn
cm, | Wt S 240 (10,75 £2.86) em, %8 T-17 5 )
RS om £, 655 4 YOMCHIE, Wi B0 % 5% 20t
SR B R EL R T T 7 AR IR 9%
(EIRT7.8) . 50
FEAS 1 I B AR P e A3 o 3 B 25
(RS, T-17 5 RN W iR (£ 5) , Wi i & =
9 24 JEL B 4 (30.75 £0.57) wm, 1] 7-17 & B i T
IR B J (23,82 £ 0.49) pm, b W G F o
FIR H2R I AR

23.54% , 225 B FE (P <0.01) , it XAk
Fely T-17 S A2 77w R, Wr il R AT 4 RCHE 1Y
fif 3% 7 4 S 11 200 kg/hm’ | §iif T-17 5 & K
13 025 kg/hm’; T-17 [b Wr (i 347245 16.29%
MW 5 T-17 i 8 8 WOCR WY 5 5k &, Hi W X
WS A R 7 e 2 S RN T R R S Y i S
RSB IR Z )G, T-17 B 7T R A
Fase , 4 H57E3 000 kg/hm® , 1 Wr ik 5 0 5 5% i

x5

first tine  second tine third tine fourth tine
WCERAE IR harvest tine

BRI FPE S RIS I £ (W) Fi &R
fR R (T-17) BT 4 RCEI - R KB K E
Fig.6 Mean length of the harvest blades of the

& 6

wild-type strain( Wz) and the improved strain
(T-17) of P. yezoensis cultivated and

harvested at different times in mariculture farm

BERBEHFRERCRBIET (W) T SRR R (T-17) 5 —RECE B IR & & 3B 6L R E

Tab.5 Thickness of different parts of the first harvest blades of the wild-type strain( Wz) and
the improved strain( 7-17 ) of P. yezoensis cultivated in the mariculture farm

A AR AR B 0L 1 - JEE B /wm  thickness of different parts of the blades - ¥ JELFEE/ um

strains K4 ¥ apical 13 middle LT basal mean thickness
Wt 30.11 £1.12 30.91 £1.47 31.22 +£1.69 30.75 £0.57
T-17 23.30 £1.16 ™" 23.88 £1.63 24.28 +1.43*" 23.82 £0.49

Hewx BRG W FREFREE(P<0.01,-test)

Note: ## highly significant difference with the Wr strain( P <0.01 ,¢-test)

%6

BREENEAHERERREN (W) M SERR(T-17) 5T 4 RKBI W REN =2

Tab.6 The yields of the harvest blades of the wild-type strain( W¢) and the improved strain( 7-17 ) of
P. yezoensis cultivated and harvested at different times in the mariculture farm

AU ) (i fif S 77 4/ (# T kg/hm?) yields per unit area of every harvest

T 4 W) i1 6 3% 4 7/ (6 T kg/hm?)

Silis 1w 2 W 30 4w total fresh weights of the first
first time second time third time fourth time four harvests per unit area
Wt 2 675 3 000 2 925 2 600 11 200
T-17 2 775 3200 3 400 3 650 13 025
‘s i 5% 85 d WA LR, e KOG AL 5 R AL AL
3 g

Ao Jb o it 5SS A SUE S ROt
BRI AR BRI R AR E RN T2
T 13t i ol P B 5 RO A ORI B AR
TEA SR o, 18 “C R 4555 70 d 1Y WT i R 38 Wi 1L
B BRI F RO W R H T-17 5 & B

N o TRLBE R 10 B/ G T BN, IR
02 PECESE PS T A A IE P b0 1) 60 A P
B4k, Forh PS T R H0 4 3, 1T LA 43 Shy 1T 506
WA TG B IR G T AR B L
I A it 2R RV 25 30 R A MR O B Y
B B T R B RO AL R A B T
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R B, HAT AR A J5U A L R S 3 T PSIT AL
{14 £, 22 R (0 25 2R 1 20 , R AR R T iR A7, X
AN W M A RS 78 R (E RN TR D TR IS 1Y
0 A PSIL I Ao P A 36 TR A B 5
T T W 15 e KOG AL AR T e H B (0 K
SR ETE, RS & PR R G Sl
BRI TG R T e, S AR
o4 R —50, 75 18 TR E R 50 d iy WT & R
WRARAE 22 °CF BRI 57 20 d, HoA K i R OR IR RO
b2 3R W T R, i AE24 TR B iR E T
B3 15 d, HE Ko 5 A B OB Ak 2 BOR B 4
MR W, I B A B A A
H B R K I I B B 3R AT RE A WT i & B AR
K PS I R B HA o0 8 B T 36 A9 2R 3 o R TR AT
aE20TA Sy 25 3 v TR A P R, G R TR A7 A
o 32w, T-17 & R R 40T 1w T R
AU AE 18 TTHE 50 d pymIR 1k, i e 22 C
F124 CF B 97 35 d, AT AE K AR KOG Ak
SRR Y BT R HF W Y R L WT
G RN 7E 25 T F R 5 15 d i MOR iR R AR
B S AR A B RS i T L, T-17
fh F EC WT b 2 B A oA (9 25 3 R T

B 2SR RO T 3 R R B S 0
% (Chl. a \PE 1 PC) & B &AL, T Hik 5 =%
Z IRV EL AR 6 21 A3 T 4% B4R ST v R S R
F19 A 90 2 P 2 B TR A ) 3 A R O 3
3R B A 6 R A R E R0 T
B ARl g BT RS, T
18 C T K57 50 d 1y T-17 ff Z MR A, 1 5 4k 25
TE 18 CTFREFH 15 d, %HEH (PE +PC) &>
45.4 mg/g fHANAAE 24 CFFEE R 15 d, LM
% (PE+PC) & E1 % 88.3 mg/g, JLEH N T
— Ao WT i R A LA B4 i B0, (5 76 5 1
Y TN C LB INIS SN A &
BT R R

JFTE 53 i B ROB A= ROR AL B A R & &
PR, “HF R EMEXRT, Ak
WA, 18 XA I W I T-17 5 20 R A,
e KA 3 R A A (0 2 BB R MR A 1Y
1% 8 0 17 28 97 e, A i 2R AR A W 2 0 R
o 45 4 Uil i bR i, We i 2R G B K e k2
2% Chl.a FlS WA A (PE + PC) &40 51 F
[T 17.48% 47% F1 40% , 1 T-17 & 243 5 2

THET 1.61% 28% 27% , € i MR A 2R K L H
BEE Wr i Z DR, B MO B W] R HE W g R
4 WG T-17 @b R B R R A 2 HE WT il &R
BIRZ
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Characterization of a high-temperature resistant strain of
Pyropia yezoensis and its pilot cultivation in mariculture farm

HUANG Wen', LU Feng’, YAN Xinghong'**
(1. College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China;
2. Bioengineering Department ,Nantong Agriculture College ,Nantong 226007 ,China;
3. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,

Shanghai Ocean University ,Ministry of Education ,Shanghai 201306, China)

Abstract; In this paper,the characteristics stability and the cultivation applicability of the improved strain( T-
17) of Pyropia yezonensis were evaluated according to the results of laboratory cultivation and pilot
cultivation in mariculture farm. The results showed that; in comparison with the wild-type strain ( WT') of
Pyropia yezonensis, the blades of the T-17 strain have obvious advantages in growth rates, maximum
photochemical efficiency, contents of main photosynthetic pigments, blade thicknesses and yields of pilot
cultivation. When the blades after being cultured at 18 C for 50 days were cultured at 18,22 and 24 C for
another 35 days,the absolute growth rates of the blades of T-17 strain were 17.71,15. 81 and 33 times higher
than those of the WT strain, respectively ; the specific growth rates of the 7-17 strain were 4.59,4. 38 and
9.15 times higher than those of the WT strain , respectively ; the maximum photochemical efficiency ( Fv/Fm)
of the T-17 strain were 1. 17,1.29 and 1. 58 times higher than those of the WT strain, respectively. The
gametophytic blades of the WT strain turned deeply dark,curly hardened and began to decay when the blades
of the WT were cultured at 22 C for 25 days,24 C for 15 days and 25 C for 10 days, respectively, while
the blades of the 7-17 did not harden,did not decay and grew well in the same culture conditions and were
cultured for the same period. When the blades were cultured at 18 C for 65 days, the contents of Chl. a,and
phycobiliprotein ( PE + PC) of the T-17 strain were 1.45 and 1.54 times higher than those of the WT strain.
The mean blade thickness of the 7-17 strain was less than the WT strain by 26.4% . The releasing number of
conchospores from 7-17 has no significant difference with the WT strain. The blades were collected and
studied from the first harvest to the fourth harvest in the pilot cultivation. It was found that the fresh yield of
the T-17 strain of the total amount of harvests in the first four times increased by 16.3% compared with
traditional cultivar( the wild-type, Wr) ,the maximum photochemical efficiency ( Fv/Fm) of the blades of the
T-17 strain were 1.06,1.12,1.17 and 1.27 times higher than that of the Wt strain, respectively ; the Chl. a
contents in the blades of 7-17 strain were 1.41,1.49,1.52 and 1.91 times higher than that of the Wt strain,
respectively ; the phycobiliprotein contents in the blades of the 7-17 strain were 1.94,2.04,2.03 and 2. 34
times higher than that of the Wt strain,respectively. Compared with the wild-type strain,the 7-17 strain had
higher yield, stronger resistance to high-temperature and higher quality, and good stability of the
characteristics. This strain has probably great potential to be applied in commercial cultivation.

Key words: Pyropia yezoensis; high-temperature resistance; maximum photochemical efficiency;
photosynthetic pigments; pilot cultivation
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Bt 718 CTEFSNIHEREFXFLER (W) AWMSEMRR(T-17)
MR B E 18.22.24 125 CTHEF IS d EHREXRNSHETL
1 ~4 5350 0 1E 18 .22 .24 F125 CFFERESR 1S d () WT i R AR 5 ~8 Z3 5 £E 18 .22 .24 125 C R HB SR 15 d 19 T-17 i R bk id,
R R KR S em
Plate I The size and color of the gametophytic blades of the wild-type strain( WT ) and
the improved strain( 7-17 ) of P. yezoensis cultured at 18,22 ,24 and 25 °C for

another 15 days, respectively, after being cultured at 18 °C for 50 days
1 — 4. the 65-days-old gametophytic blades of WT strain the wild-type strain ( WT') after being cultured at 18,22,24 and 25 C for another 15

days, respectively; 5 - 8. the 65-days-old gametophytic blades of the improved strains ( 7-17 ) after being cultured at 18,22,24 and 25 C for

another 15 days,respectively. Scale bars =5 cm
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BRI iEXRIENFREERERRIEITEM (W) F0
M & i dh % ( T-17 ) BT 4 < W 8 BT B9 R4 3t
1,357 ARW A 2% BE 5 SAL GE I IF A Fb (We) 265 1 ~ 4 YUCRI T A bR A4 5 20416 8. MUy A% BE S8 St ey it R (T-17) 35 1 ~ 4 Rlie )
T A IR A
Plate T Comparison of the growth of the first four harvest blades of the
wild-type strain( W¢) and the improved strain( 7-17 ) of

P. yezoensis cultivated in the mariculture farm
1,3,5,7. The first, second, third and fourth harvest of the blades of the wild-type strain( Wr) cultivated in mariculture farm,respectively; 2,4,6,

8. The first, second, third and fourth harvest of the blades of the improved strain( 7-17 ) cultivated in mariculture farm, respectively.
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