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A preliminary study on cultivation of the crossbred Porphyra haitanensis
thallus and their economic characteristics
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WANG Yu-zhong, WANG Feng-xia, LIU Pei-juan
( Fisheries College, Jimei University, Xiamen 361021, China)

Abstract:In order to obtain fine crossbreeding strains of Porphyra haitanensis, the wild strain( @ ) was
crossbred with the red strain( & ) of P. haitanensis selected through induction of mutation , to get free-living
conchocelis. The free-living conchocelis was prematurely cultivated to obtain the filial generation (F, )
thallus. Of all the F,, five healthy strains ( A, B,C,D,E) have predominance of growth and other
economic characteristics were selected. Through somacloning and culturing, they generated mass F, and F,.
The growth characters of F, and F,, stress tolerance, chromoprotein and chlorophyll contents of F, were
measured. On the basis of the results, four strains(B,, C,, D,, E,) of F, were first selected, which

possessed great predominance of growth and abundant chromoprotein and chlorophyll. In addition, R-RPE,
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R-PC, APC and Chl. a of the four strains were also evidently higher than the control group. Among them,
R-RPE content of D, reached up to 61.71%o,while the lowest group E, reached up to 44. 64%o0, more than
twice than that of the control group; at 31 C, the central part of 5 d thallus appeared a few pinpoint-like
rotted points, whereas the base part of thallus appeared normal, indicating high temperature resistance.
Strain B, showed evident predominance of growth and high temperature resistance, while D, and E, showed
a certain low nitrogen and phosphorus resistance. Cultured in low nitrogen and phosphorus for 1 —3 days,
the instantaneous growth rate of E, was 25. 5% , average daily growth 1.20 cm - d ', while during 4 -6 d,
d™". Therefore, fine

crossbreeding P. haitanensis strains can be effectively obtained by conjoining the technology of crossbreeding

the instantaneous growth tate was about 30. 0% , average daily growth 2.0 cm -

of different strains, single cell cloning and free-living conchocelis breeding.

Key words: Porphyra haitanensis; crossbreeding; enzymolysis; free-living conchocelis; stress tolerance;

predominance

35 443K (Porphyra haitanensis ) 78 B il V£ 2 3¢
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HEHT,
RGN EEHE FREUA VR B
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Crps =0.123 A, —0.068 A,y +0.015 A,
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Cupc =0.171 Ay, —0.000 6 Ay, — 0. 004
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TREPETE , AR, A K R 140 ~ 220
cm, KAIATIA 300 cm, FEEH 1.8 ~3.0 cm, K5t
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Tab.1 The conformational character of F, and F,

E WIATEIR Bt KE(em) Ggf(em) KRR g gy SEBGECOD
strain shape colour length width rate of l_e ngth thickness quantity and size
and width of sawtooth
A A; K FPR long olivary 214514 henna 68~93 3.0~4.0 24:1 26 ~31 JG none
A, KBpA long olivary Z1 #%{5, henna 78~141 4.0~5.0 22:1 26 ~32 JG none
B B, %Y lanceolate #H&k{4, taupe 60~95 0.9~1.5 72:1 30 ~34 W% R/ many, wee
B, $#%f#Y lanceolate it fh teabrown 73~132 1.2~1.8 83:1 29 ~ 34 % ,8/)N many, wee
c C, K Up#! long olivary 214514 henna 53~65 3.0~4.0 15:1 28 ~35 JG none
C, KR! long olivary #5{6, brown 90~102 3.5~4.8 21:1 30 ~35 JG none
D D, %17 lanceolate £148 (% henna 90 ~116 0.7~1.2 90:1 45 ~57 3%, %K many, biggish
D, W44t A sublanceolate 41484 henna 82~110 1.6~2.0 40:1 46 ~55 L K many, biggish
E E, H¥4# lanceolate 0 dark puce 70~150 1.2~1.8 71:1 41 ~45  #Z %K many, biggish
E, Wk%FAY sublanceolate Z5#%5f4 tea brown 60~87 1.6~2.1 38:1 39 ~42 W% R/ many, wee
FeRH o R AERKBERG LI MFE2 07 FHREE, TENE. NR3 AT, SRR ERN

W,F, ME, FHHEKER ETHES 71 ~20
KIIEFRIE] A, 56 16 ~20 K H A K B
K, HEM AR B, P HEKERIE 5. 68 cm -

d', H
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BKEHR1.45 cm - d7' FEFERESR 10 d 5 B
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Tab.2 Average daily length-increased of two
generations’ thallus in optimal conditions

cm-d™!
o _ JEFERTE](d) cultivate time
mn AR strains
1~5 6~10 11 ~15 16 ~20
A Ay 1.92+0.43 4.06 £0.57 4.92 +0.74
A, 1.71+0.54 3.33+0.71 4.33 +0.77 4.50 +0.84
B B, 1.77+0.46 3.18 +0.85 3.70 £0.99
B, 2.15+0.59 4.35+0.72 5.08 £0.94 5.68 +0.96
c C, 1.33+0.44 2.71 £0.63 3.33 £0.67 3.71+£1.76
C, 2.10+0.32 2.97+0.52 3.74 £0.66 4.05 =1.52
b D; 2.03+0.22 3.70+0.33 5.06 +0.46 5.63 £1.07
D, 1.71+0.42 3.02+0.67 3.74 +0.85 3.84 +0.90
E E;, 1.99+0.43 3.27 +0.69 4.62 +0.72
E, 1.43+0.23 2.81+0.32 3.55+0.39 4.13 +0.55
X} B control 1.36 +£0.20 1.45 +0.35

T8 : 28 AL R Rt Bkl &, T
Notes ; The blanks means that the thallus have rotted and cann’t

be measured

*3 EBEEFGTAERRMMREHEYHREER
Tab.3 Average daily weight-increased rate of two
generations’ thallus in optimal conditions %
BEFRmfE] (d) cultivate time
1~5 6~10 11 ~15
A, 44.70+8.74 41.79 +4.62 35.65 +3.36

ymZR strains

16 ~20

A Ay, 49.59+5.35 44.21 +3.24 37.15+1.84 31.69£1.50
B B, 37.41 £12.29 37.05+4.90 31.76 +2.87
B, 41.14+3.93 40.03+2.17 33.32+2.01 32.65+1.82
c C;  36.43+6.30 37.35+3.89 32.32+2.93 30.03+1.46
C, 46.09+5.58 38.30+2.11 32.89+1.43 32.27+1.41
b D, 45.40+5.27 39.19+3.78 33.99 +2.62 29.16 +2.06
D, 39.11+4.89 37.20+4.06 31.49 +2.68 26.74+1.85
E E, 36.18+7.22 35.65+3.10 33.67 +1.88

E, 32.58+5.20 32.99%2.77 28.66+1.94 25.49 +1.72
XtHR control 23.95+5.76 20.58 +1.68

F4 AERRAERETHRFHHIE B E
Tab.4 Time of the different strains beginning
to rot in different high temperature

HEE(T) i1 7R strain
temperature A, B, C, D, E, X} H& control
26 - - - 10 - 4
27 12 13 9 11 3
28 8 6 8 3 5 2
29 5 3 9 2 2 1
30 5 4 6 2 4 1
31 3 3 5 2 2 1
I =" RRBH R
Notes: “ — ”means did not rot
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Fig.1 The average daily increased-length of A,
in different high temperature
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Fig.2 The average daily increased-length of B,
in different high temperature
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Tab.5 Time of the different strains beginning to turn
into Kelly in low nitrogen and phosphorus

o o BE4
R A B c D E Xt R
strain 2 2 2 2 2 control

R REvd

. . 9 9 12 12 6
cultivate time

7£0.85~1.80 cm - d ' 1 25.22% ~37.91%
] ; & 5 7 B (6] B 4K, R 3 B R B 22 TR
ﬁﬁwﬁ$VMF%imﬁAm%1%ﬁw%
F9RBEFIEERAR 9% , [P HIEK

H1~3dp1.20cm-d™", 359 KENO.54
em - d(E 7). BENKREE, 7£1 ~3 d Bt
WERHN25.2% , FHHEKEN1.20 cm -
d7',355R4 ~6 d BT BRET I E R M H KBS
FIEEIE 30.0% F12.0 cm - d7' UGAKAIEIE T
K, R TR AB RN, 2B R 500, 45 A

35 A2 B2
A§3 o @EZ
0525'
<So0
I 2
M7 1.5}

e
m-§ 1.0f
(o)
§§Q5
(o)

& 0

9~12 13~
BFEIA/d culture time

B7 AR&ERRETERERE
THOU T B
Fig. 7 The average daily increased-length of different
lines of thallus in low nitrogen and phosphorus condition



102 K=

¥ iR

31 %

2.3 ZXEMANMRRILE

HMAMEREAMH SN EENELSR
% 6 fin. F, 7£ R-RPE B F B E ML,
D, ] R-RPE HEBEik6l. 71%0,B, 7 44. 64%o, L,
Xf B4 E—f%LL E, A, ) R-RPC,APC #l Chl. a
H & BT R4,

3 3 #®

3.1 F, f0F, EKERSHT
%t F, flF, 7£8535 10 d B IR BERIE

BT

WA ¢ K% (R 7) , AT AR Hi#h R B.C.D.E [
F, MF, EREMER EWFEER, LHMR
BRREMERMREFBEE; AR 2 ME3
LB, HPFH ISR ER HIEER EEE S
F B, EARMERTHA LS. MR CHAZME
MAERZRAR, B TIER KRS, TEMEE
BREFHYHEREMAHRER(R2 ML),
BRI L IR BACRE L F, B F,
TEA KPR LA R IR it B R —E
MRS RE T o

®6 F, AT EEEAMHERINIE

Tab.6 Contents of phycobiliprotein and chlorophy of F, thallus Y00
Hh &R strain R-RPE +SD R-RPC +SD APC £SD Chl. a +SD Phyco. +SD
A, 38.17 +0.091* * 11.82 +0.020 * * 9.28 +0.067 5.30 £0.030 72.53 +0.153* *
B, 44.64 £0.025* * 22.75+0.031 " 13.59 +0.082 * 7.10 +0.043* 81.00 +0.036 * *
C, 52.01 £0.119** 15.47 £0. 606 11.21 £0.017 6.43 +0.065* 78.60 +0.672* *
D, 61.71 +£0.098 * * 24.51 +0.080 * 16.47 £0.047 * * 5.93 £0.022 102.69 £0.221 * *
E, 46.64 £0.009 * * 24.36 +0.022 * 14.24 +£0.041 " 6.44 +0.073 85.246 +0.030 * *
X} BEZH control 21.36 +0.465 18.02 +£0.872 10.67 £0.216 5.35+0.076 50.04 £1.543

=« RERBE; « « REFWEE

Notes: * The mean difference is significant at the 0. 05 level; # % The mean difference is significant at the 0. 01 level

3.2 ZEZmAHEESHT

C, F1 B, FEPUi P (B R AIR A RS A
B—EmLE 730 CH31 CTEEFHR3~6 d U
b AT R R UL BT ART 30 C UL R EIR
BHUR. MARATE26 C2T1 CTAKESHE
BEFEDREZS, TUXMT A,,28 CHEHA
K FRE , X — S 7EE 1 PEREIE, 5
RS, EE RS T — R KRN, SEHTE
BRI A, (A E K E H S A 45
), e e v ok, T g aR . RS R
T T A PO AR TR S R E B LR
Z—o —MESEEERBEE/R N 13 ~ 15 Bk F]
REEARKTY BB MR K S8, I RS, A
MR/, Bk MY BT R IE R
RSB 51M 200 ~300 pg - L' F137.5 ~
46.4 pg - L', ME 7T AT RASTH HAF
AR T A 5 AR AR T A K B 2 U
K, BIFF I S B (R , 7R R S S  AE
KA S, AL P AR F, ERARSE
FWHIEFRT 9 d, LIRSS F 5 R Z BIFEFE

EER. MR A B, C, B AR D, flE, K
fEIR N AR E RO R, S R A IHFE P, 2
BHHIRGalk®a., HitiimnR D, E,
FEARE B 5 00 B P9 TR R T 3 W %
18 & N ARA B B LH, % i 2638 R AR A
BAEEN S REE —ENIER. NES AL,
F—mREF N RIBENEFEENKERRE
=2, R HX KR B SR A BRI
AN, ULEH 5 # F, BEATEMRABE RO T %A 3t
[, mREZFHE,
3.3 ZXRMERENT W

ZEXFF 5 MR ARBEEATENBAM
bR EE,HP D, EXFBABM ] 2, W&
HEREODSELE, AR EERE LA
BH—ERLHE, H A R-RPE Fil R-RPC H #[2 LA
NREREERRE, R2RMNSERRZ, 5 EMK
40.0% £4 , APC H U RE RN FREAR S E
B R ENERMBEBRA & 45.0% 24,
WERR AR AR L EWE IR EREE
BEEEA.
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Tab.7 t-test of the length between F, and F, at the tenth day

B I AR AT IR TR t-test

Levene’ s test for d
t-test for equality of means

equality of variances
y - y FHRES FRERNER 95% W EEXE K2R
Fs A FHIE BEMEUR) mean std. error 95% confidence interval

F Sig. 4  Sig. (2-tiled) difference difference of the difference

o~

lower upper
5 ZEAA S
equal variances 2.819 0.099 0.669 58 0. 506 1.466 67 2.190 74 —-2.918 57 5.85190
assumed
T EARGE
equal variances 0.669 53.479 0.506 1.466 67 2.190 74 -2.926 48 5.859 81
not assumed
J5 ARG
equal variances 1.167 0.284 -5.588 58 0.000* * -12.650 00 2.26380 —17.18149 -8.118 51
assumed
I ARG
equal variances —-5.588 56.067 0.000 -12.65000 2.26380 -17.18482 -8.11518
not assumed
J5 ARG
equal variances 1.939 0.169 -2.072 58 0.043 * -2.776 67 1.339 84 -5.458 65 —.0946 8
assumed
I ARG
equal variances -2.072 55.860 0.043 -2.776 67 1.339 84 -5.460 84 —.0924 9
not assumed
J5 ARG
equal variances  13.781 0.000 3.277 58 0.002* 7.750 60 2.365 27 3.016 00 12.48519
assumed
T EARGE
equal variances 3.277 46.669 0.002 7.750 60 2.365 27 2.99140 12.509 79
not assumed
5 ZEAA S
equal variances 9.126 0.004 2.244 58 0.029* 3.080 00 1.372 84 0.33197 5.828 03
assumed
T EARGE
equal variances 2.244 40.020 0.030 3.080 00 1.372 84 0.305 43 5.854 57
not assumed
T+ RERBE; « » REFRBE

Notes: * The mean difference is significant at the 0.05 level; * % The mean difference is significant at the 0. 01 level

®8 REBHEATF, HENRFNUENBANERLFESH

Tab.8 Two way analysis of variance of strains and measure-time of F, in low nitrogen and phosphorus

R KB BT H i E FREE T F {5 M
source type Il sum of squares df mean square F sig.
B IEMER corrected model 6 342.459(® 14 453.033 20.191 0.000
FREE Intercept 283 392. 554 1 283 392. 554 12 630. 367 0.000
fh R strain 1202.318** 4 300. 580 13.39 0.000
] & i [B] meterage time 3476.296 * * 2 1 738.148 77.467 0. 000
MhER x WA A strain X time 2 696.007 * * 8 337.001 15.020 0.000
2 error 7 538.965 336 22.437
S total 310 310. 655 351
HEIE S corrected total 13 881.425 350

:a [EEF-J724 0. 457 (FFE S5 I H ) 254 0. 434 )
Notes: R squared =0. 457 (adjusted R squared =0.434)

SE 3k (2] #4020  BIRE, % ERFEEFIRNLER
(1] EREB, DR “Coy FRBERIELEF LRI B gr AR BN (] M R A RO BT ST 7).

WIRFZE[T]. e EERIEE 1999 14,43 - 46. 578 ,1990,21(3) :293 —296.
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