Wi U v,
55028 B 4 W Wl ¥ REZE 2R Vol.28, No.4
2019 4E 7 A JOURNAL OF SHANGHAI OCEAN UNIVERSITY July, 2019

MEHRS: 1674-5566(2019)04-0526-09 DOI;10. 12024/jsou. 20180502305

WEXBERTFENIBSHES

kOFE, THEY, FAE, AKE

(1. IR K= P BT IR A -5 A BB R S80S, Biig 2013065 2. EVRFIEIE A K Bh- [E R R
Heromsiiul, Bl 2013065 3. BRI B IRIE TREEORBE ST PG, Bl 2013065 4. UL/ EOR
M3 WL Zl 315700)

B ARG SN (UV) X853 (Pyropia crispata) BF AR5 i 38 (PC-WT) B 7 A5 K 4 HEA T4
HEL4 TR, R A 12 BT B Ak AT AL RS AE 1 ( FE SR A B, R SE TR, U 80 wW/em”
A RCR B o AR 20K 5 AT (0 38728 S5 A ML R ) I R AR 2 B 2 B R DR AT B 57, T2 IR A 23
B2 PC-JH(FE M () \PC-ZH(FATLLE) PC-HL( B 4% (0) \PC-QL( &k () AU AL, i Hpk A 58

IIRARAFAE A R AR o A SRR R F, MERIR QRS 8 — , LS JERER R AR AR ], 2 W45 5848 il 2R 1Y)
P RASEIRIT RER e 8 1 . SRR R AL, A ORI M RN Fy ARG AR YOLHE R EA
10 ek SRR LIV PO 2 T W AL, EARLZ A AR S 28 S o 2 B IO, SR AN R A S5 R A
HA R AIEARICR AR SR I AR A 10 (3R AL b 2R K N S 58 SRB AL T P79 B 2 o

KA T SO LRI ORI HRRIOLE

RESES: S 968.4 XHEFRERG: A

g e St R I [ T 7 0 S T A S
Z— BT TAR AR AR U R, U R ) R AR
8 AR WEPEER B A AN IR AL, A i 28 2R
SR K IR B 42, {8 2555 B R RS 1) 2 i
T, e T BRI piRS . At %
Uik SIS S K& S0l SN = S
KT, WEXAAEMMBIrE, H&EEK a
(Chl. a) FEHEEH (PC) FPLLEH (PE) & 53K
FEAR 3 R EEOLEORED, BN S EM
FHELZJB] 1 B A7 R 8 T 55 3 A9 Joi 2 AR R A4 1
RN BTN R (BB ol = e ol O B e
0o PRI, 5850 68 3 SR AR IR I B9, AU B
1) 353 A% 7 R AR 3 ELAR H 8 S, 6 SR A il Ak
RWHEHAEZEZ X,

HETA SR AR LRI, 2L
FEIR B MIRBE 28, IR R A FIH BN B R %
R I T — F 5 1 35t % 2 AV E R 2 b 5

s EHER: 2018-05-02 f&E HEA: 2018-08-08

OHME 57 | Fi €, 2% 58 738 P i 2 22 S 06 15 3 1
i B A R R S R R R
I A TR i 2R 0 2 58 SE B — 5 E ] T 5 4 30
BN B WANG 25110 R il 5 2 A8 TR W 4
Fh B3 1 L300 % B B RO 48 R AR A BF Y
T P €, 2% 9 A PR ) R P 24 38 1 A
KEHESEH R (R . BT, R R Bk E
T VAR AT, S v ) IZ B AR R A
{e2£ 7570 MNNG R BB H) v Bk . A
FFF5 35 ) P 48 S8 B T 2% B 48 S 132 48 3 1 JRR
PETOA A3 3R A T IR AR Sk R s 7
AU ESRRAE SRR E PEHEATIRAE . 48404k
5 IR ] B R e B R R AR i, A
T EE SR A HAb %7575 ) MNNG,
S0k LA TC 5 VR AT A] 16 255 265 6 k5
Yo BRI MRRAR S

RS YRR 52 S B R 4 28 S IR A, LA

EETE: ERATADIER TR (2012AA10A411) 5 [H5 1 AR 242 (31072208 ) 5 #TLA AR (K™ ) 7 b Fh & FoRRHE &

T (2016€02055-6)

EE®T: 3k 5 (1992—) L WA A, BFFE 7 6 i BEEE 7T . E-mail : 1439395569@ qq. com

BEEE . ™%k E-mail ; xhyan@ shou. edu. cn

http: //www. shhydxxb. com



4 1 i BRSO R RARI T S R A 527

O3 S I ARSI (R AL A, D SR Y AR
T PHIETE B8 E HE A, o

U BPRS ik

1.1 SEHHEER

SRR Ry A 2SR Y AR R ZR (PC-WT) R
B ZRAA S T R PR | 28 i e < i i A
ARAAME R 30 B B %, BSCSA s ) P R B A
IR A 22K 5 B BRI . BGE
T E B 2R, S AT G H S PR, J5
P15 s M0 1 IR 3o %) SOl ( Meretrixe meretrix ) 5¢
L RN 4 d 5 R CE TRE 23 °C ORI
J 10 wmol photons/(m2 +s) JGHEJEHY 101L: 14D
TSR, 10 d 5 TE T D 5T, RO R R T R Dy
50 pwmol photons/ (m* « s) , 2R L A~5E
TG, P HE B 2R 28 °C G IR B 20 wmol
photons/ (m” + s) JGHRJE I 8L: 16D R 535,45 7
KBS | REEFRW . 7 N Se 2 RIR S, B 1
MGEETE S RIe e 22 i SRR b, e 2
23 TR, WH AT e 228 T
e, TR B 23 C OO IR 50 wmol
- s) DGIUE B 10L: 14D | 5
I, 5 S KB H—P IR BT B IR W 45
MES {4 K gk >
1.2 EHMRERMBERTENSH

i PC-WT i R AR K BELY 1 em 1, Bl
PLI 30 Bk, 735 3 4, 2340 10 #R-FAli7eE 5 R U
R, IR BRI K 73, HEAT 52 AN R B BR AL B
TERE ) = 4 3 oA 40 .80 1120 p,W/CmZ,S min
S B R G3S A B5A B R W 78 A0 b gk
FrARREALEE 24 h J5 W RS RIR AL 23 °C JGRE%
J&# 50 wmol photons/(m® - s) A & H] 10L: 14D
TRAHESR 4 G, BAOE IR IC S MR F
PRI 0 3R 70 S A g B i b 2R B R, B4 ) e A
geit S pRIRIK ., SR A EPRpRiE R -7 E RAL
O X ORRAZRFOIEAT R W, RS TR—
BN E] e, 4 P AR A4 43 30 0 A T e Ak L, R AR B
ATTAY BB AN, I BB R A IR A 45
d J& , NFFAEIRAA A, Bt th i 6,48 S5 9 A 7 5
MEEFR B IR AR b 2 RARA 31— R/
IF, 1 P EAPE 2R 5, 23 AR BB AT 2 22 4R A4

photons/ (m*

(mE) "
1.3 BRRETHRMREE & R IE
BREARENNE

PC-WT i Z AR RS R F, R B
Figrz 45 d i, I EETE (UV-1750, H AR B
T T F 3 0 AT A 35 AR WSO A 3 20k
FORREO S E, HERBOLIE M 4K a
(chlorophyll a, Chl a) & & 0 & J5 i 2 I
ARUGA %'°) 3547 % [ ( phycoerythrin, PE) Fl17
Wi H (phycocyanin, PC) & & 1Y & 77 1% 2 IR
KATO"*" 4

2 4

2.1 FEHR

SRR Y S A R IR A B 3 d s, PC-
WT ity 2 R Lt AN (] 250 €0 114 28 S 240 i, 4 )
J& 728 S 20 LA AN [m] D/ Y AT i e, L B AR Y
£ L 128 S A4 L e 2z ) ) SR BIR Y AT, 0 P -1 ~ 9
W AR S R A AR RSk VE AL,
LT AZIE S ARG RS AR | e (5 S, 3L
H S 1R ) 21 e 4 3 S R AR, v
SRNRGRAYENE, FR 1 PR, X IR R
A AR 31 0, 24 S5 2 i B, A8 A R AL, 3
N 80 wW/em® BHA AR AN AR e £,
TECALAFRSE | o W £5 B d5 22, A 0 48 0 A
LRz, wa g, AR, %
B £ e L IR LR 25 AR R il 40 uW/
em® Bf, 5 A7 2040 B AY BL R B R R o 80
W/ em? B, € S5 B2 DR B (o R €204 32
FIHEN 120 WW/em® B WA €6, | 52 47 20 (5 A3 3
AR caa v B2 =
2.2 BERTESEB

W A (2R A8 S A M e ) R AA R A T A
PAF RN IRAM, 5 H 74 60 d )5,
AFFA PR A PR R 21 TR B R A 4L Ak
AR ER S 1 (0 5 A, 23 3l 44 Sy PC-JH
PC-ZH ,PC-HL 1 PC-QL, F| H 5.4 A= 5 43 5l 3k
BEORRBIRLEELZ2RIE (S R) |, G # B
Je B 58 48 4 AR A (TR RR-10 ~ 14) ,
B AT BRI R 6 — 3, KU Hi AR
FaE it o

http: //www. shhydxxb. com



528 Eo W W R E % 28 %
F1 PEXRFLEERR(PC-WT) WHREEFEFENEIINEERE
BEFBIHHANBRERAMROFEMYE
Tab.1 Types and numbers of color-mutated cell-clusters appeared in the blades
of the wild-type strain in Pyropia crispata( PC-WT ) after being irradiated
by ultraviolet ray in different doses and cultured for 28 days

R A AN P R ZE A (5 BRI
) Types and number of color-mutated cell-clusters( five blades)
Al , — ait
Dose/ ( pW/cm?) fEBHE Il R 2 % EvaTAn @@% B IPaN i g Total number
Orange C Light green Ruby red Traffic Coral red Yellow Brightgreen
brown il 1811t gred v re purple : orange ghitgred
40 3 7 3 11 3 1 5 0 33
80 32 33 9 1 2 21 2 1 101
120 7 11 4 10 8 11 0 0 51
al
42 51 16 22 13 33 7 1 185

Total number
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Fig.1 In vivo absorption spectra of F, gametophytic

blades of the wild-type strain (PC-WT) and
pigment-mutant strains ( PC-HL, PC-QL,
PC-JH, PC-ZH) of Pyropia crispata
after being cultured for 45 days
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Fig.2 Contents of chlorophyll a (Chl. a), phycoerythrin (PE), phycocyanin ( PC) in F, gametophytic blades
of the wild-type strain (PC-WT) and pigment-mutant strains ( PC-HL, PC-QL, PC-JH, PC-ZH)
of Pyropia crispata after being cultured for 45 days
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Fig.3 PE/Chl. a, PC/Chl. a and PE/PC ratio in F, gametophytic blades of the wild-type strain(PC-WT) and
pigment-mutant strains ( PC-HL, PC-QL, PC-JH, PC-ZH) of Pyropia crispata after being cultured for 45 days
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19, JpRhhisg Bk ik A0 EL ML S 5 S RS B4 R U (4 B (4 3R A8 S A B (AR R SO ) 5 10-14. 435102
PC-WT(¥fH:7) , PC-HL( #5k0) ,PC- QLOIRER ) , PC-JH(RE W () Fl PC-ZH( FATELAL) 9 Fy HRAA (AR 2 em)
1 —9. Bright green, yellow green, light green, ruby red, coral red, traffic purple, yellow orange, orange brown and curry color-mutated cell-

clusters, respectively( Bar =50 pm) ; 10 - 14. F, gametophytic blade of PC-HL,PC-JH,PC-QL and PC-ZH strain in Pyropia crispata after

being cultured for 45 days, respectively (Bar=2 cm)
Bt ZENMEBEREEREXFEEGR (PC-WT) HRELERNAEBEETSHABREYBHER,
WK PC-WT & MBaERETMEZ(PC-HL,PC-JH ,PC-QL ,PC-ZH) ) F, Mk
Plate Micrographs of color-mutated cell-clusters appeared in the gametophytic blade of the wild-type
strain ( PC-WT) in Pyropia crispata after being irradiated with ultraviolet ray, and F, gametophytic blade of
PC-WT and mutant strains (PC-HL, PC-JH, PC-QL, PC-ZH) in Pyropia crispata
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Isolation and characterization of pigmentation mutants of Pyropia crispata
( Bangiales, Rhodophyta)

ZHANG Qian'*? | DING Hongchang'?*, YAN Xinghong'*?, LIU Changjun®

(1. Key Laboratory of Exploration and Utilization of Aquatic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 2. National Demonstration Center for Experimenial Fisheries Science Education,Shanghai Ocean
University , Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University ,
Shanghai 201306, China; 4. Xiangshan Fisheries Technical Extension Center, Xiangshan 315700, Zhejiang, China)

Abstract ; The conchospore gametophytic blades of the wild-type strain of Pyropia crispata were irradiated with
different doses of ultraviolet ray. After being cultured for about 4 weeks, many color-mutated cell clusters
including yellow green, ruby red, yellow orange and so on,appeared on the irradiated blade. The statistical
analysis showed most of the color-mutated cell types are yellow and the dose of 80 wW/cm” attained the best
mutagenic effect. Single mutated cell was isolated enzymatically from the color-mutated blades and was
regenerated into blades, in which some single-color mutants were selected; PC-JH (orange brown) , PC-ZH
(ruby red), PC-HL (yellow green) and PC-QL (light green). Their homozygous strain were gotten by
parthenogenesis, respectively. The color and morphology of the F, gametophytic blades of each mutant strain
showed uniform color and were same with its mother blade. The results indicated mutant characters such as
color can be stably inherited in each mutant strain. Each mutant strain featured their own characteristics in in
vivo absorption spectra of the blade, contents of chlorophyll a( Chl. a), phycocyanin (PC) , phycoerythrin
(PE) and their ratio, different from wild-type strain’s. Compared with the wild-type strain ( PC-WT) , the
content of PC and the value of PC/Chl. a of the two green-type strains ( PC-HL, PC-QL) increased
significantly, while the value of PE/PC decreased significantly and was close to one. The content of three
pigment proteins in the orange-yellow mutant ( PC-JH) was reduced, and the PC/Chl. a value was also lower,
but the PE/Chl. a and PE/PC values were higher. The PE content of the date-red mutant ( PC-ZH) increased
significantly. Correspondingly, the values of PE/Chl. a and PE/PC also increased significantly. These results
indicated that UV had a good mutagenic effect on Pyropia crispata blade, and the obtained four mutant strains
were stable in color. They will become important materials for genetic breeding in Pyropia crispata.

Key words: Pyropia crispata; ultraviolet ray; color-mutated cell; pigmentation mutant; in vivo absorption

spectrum
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