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Abstract; The photosynthetic parameters of the wild type and five pigment mutants in Pyropia haitanensis
were measured using DIVING-PAM, and the contents of 4 major photosynthetic pigments ( Chlorophyll a ( Chl.
a), Phycoerythrin (PE), Phycocyanin (PC) and Allophycocyanin (APC)) had been analyzed. The results in-
dicated that the maximum quantum yields (F /F, ) , effective quantum yields (Y (II)), photochemical quench-
ing coefficient (Q,) and non-photochemical quenching coefficient (Qy) varied among different pigment mutants,
but without clear trends. Overall, the F,/F _ values of different strains of P. haitanensis varied from 0. 65 to 0. 75,
and values of Y (II) rapidly decreased with the increasing light intensity. Correlation analysis between photosyn-
thetic parameters and pigment contents indicated that the F /F_ values were did not correlate with the pigment pro-
tein contents, but had a significantly positive correlation with w (Chl. a) /w (PC) and w (APC) /w (PC).
The Y (II) values were positively associated with w (Chl. a) /w (PC) and w (APC) /w (PC), but negatively
correlated with w (PC), w (APC) and w (Chl a).
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55K (Pyropia), 2—MEIARBILIE, HOULEEMRDCOR REAR T RGHEY), SHAMERER a
(Chlorophyll a, ChL a), SU/DIERZE L, JHEAEEMHCEOREA—EMEN (Phycobiliprotein,
PB), WIHEH M PELIHE N (Phycoerythrin, PE) | ¥ & ( Phycocyanin, PC) 15l #: ik &
1 (Allophycocyanin, APC) Z1i, H, PEERDLOR ARG P efiiotae, RGEHES PC, H
Gy APC, JafEsb B O @R Chl a P ARIRRM AR EASEMLAI2ER, JEF VD
et A N R CRE S S0 v a = i (N ERE S =i e N L N S D N R Y S = B/ @ e
ZLEORIRER OB R B EE SR O R R AR SS , ENANZ IR A 57 | S AR IR B e 2 55 7 kAR
BT — RN RO SBT3 (Pyropia yezoensis) FIIE483E ( Pyropia haitanensis) (0 & 2K 1
XU R GRR RS, AT RSO BN S ARER &7 (SId)) ZRp5CREM 7 HE R
SRR, BN AR T AN RPN R AR LI R P RIS AR SR SR
[IRATAROCHE , TR HESE D H A T 10 AN SR BRI OGRE R FH AR 5 60 38 3 i e el i ¢
R, AHESEEEADERE AR R 5 H F2O0E AR 0 U EEA M CE,

IR SR R B R R T —, BRI EREA B E A A, He R S e E RS
BRI 75% LA BN S ERER A ZE AR (A b (0 3 B 1 L S 6V T RCR I ST i A LA
B, MHEEFOCEVEBCRIIT N TR S SRR - i, 8 IR SRt e R B+
FEEWE L, HIHARNE T 6 MR ERNIEERARBBRIPEAE R GEACEGRCE, LK
FEIRESON G AR &= LI 5 E RERRAOCE, NIREHR S SOREE Rk F R it ts 5.

1 MEERE
1.1 SEIgsFsl

IERCSEARROFR AR (B, Rt a6, a6, $6) WAL EmTIEL s
LR E N, BPAERE R W R [ R LS R B SRk Al ik kR R LAl R
LRI AR T AR 15 SR R IR

IR RS L R 22 RS B 2 . R Fe Ml OO 4l i e s R, MR AE R ZRKE R 10 ~
20 emfif, MRPESCEGE O WAL KEWE, 454X RGN0, Phikad T rE A KW iR 217
SO PERAREE FE AR . RE (21 £1)C, JEMRIRE 50 ~ 60 wmol - m 7 - s, EROEE M
12 h: 12 h, %3 RE#—UH SR
1.2 BEMHFRRASHHNE

RAIREER S R PRIE 6 MRAER I — | (@ FEAEAA, FHZK T I8 il 2% 22 2% I 5 1L DIVING-PAM
(fB[E WALZ 25H]) AU R AF Wincontrol $EFFITERZEDENGIE T IIZRMIE , MR 21 C, A
ZERHE R 15 min J5, TIPS, TREANDE (0,15 wmol - m™2 « s™') BER/NIOEME F, , HiH
R 4000 wmol « m ™« 7' (0.8 s) MAFE KIS F,, SRR ERE N 100 pmol + m > + s~
JEHEST 10 s, PRI Ak G RGN G BB M 13 Wk, e A FLSE RS A2 A9 SERT 26 F AR A oe
JAH F, o 3 e B AR R B . AR s, O IE A TS R B, R A R .

et KR EFRCRF /F, = (F, - F))/F,,, AL EXKEEQ, = (F, -F)/(F,' -F,),

ARETTRY(L) = (F,-F)/F,’, A EER ROy = (F, - F,")/(F,-F,).
1.3 R S Nl 7 2% i 8

FH DIVING-PAM FUEHE R AL K14 wincontrol I i g fA () s S mi 7 i £, P AR L W58 I 10 s )=,
FIFFEIE, ARG (0. 15 wmol - m ™2 « s7') 188] F, FiIEAFKHYE (4000 pmol « m ™2 + s~
0.8 s) B2 F ; B, BWiIT OG5 28, 120, 191, 282, 477, 755, 107, 1627 pmol -
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m ™ - s TG, BB ROGILCIRES 10s S5, ARSI RE A B oA B E S RS
e AR Y() = (F, -F)/F, AHMNBEFEEHEFETR = (F,' - F,)/F, x PAR x4 x
0.5, Hrr. PAR IEARARGT AL ; A FRRMEMIBOLRE, —MiZEN0.84; 0.5 FRHEH 2
MRG0 HC ., 4300 B i 3 A R o, BOF B ST AL, DG IGER B R « il
Y () Kyl #FEY () B9tz (RLC); [FAE, DIOGHERSRE K « B, ETR Jy y fl,
f rETR #) RLC ik,
1.4 BEERZEANHEE  SENNE

IR SESEHEAR PR IR AR LA ChL a T EEAYINE T IS SR (18] Mk Tl .
1.5 HUESDH

A SR Excel F1 SPSS13. 0 FRAF AT 404 G it KB 22 S M43 A, AN [) A 8 T g 22 S MR
HARZE 225307 (one-way ANOVA) /N 25595 (LSD) ki, &AM o Eh
P<0.05 (%), M, SEREBEFOCEESERHN AR ED &7 X ER I Excel #0043
ATERAEAR I B 537

2 &R
2.1 IREXEBRRKEFIE (F/F,) HLLE
F/F BRYEBTERIOCERE M, & 1a ATLLE 1, IS8 K 0 REIAN F/F AT

0.8 r
=
bl
i By
A
H_,
I
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&
1 2 3 4 5 6 1 2 3 4 5 6
B2 AR Pigment mutant TG Pigment mutant
a I KA F 30K The maximum quantum yields b £ % F 4L FE The effective quantum yields
0.6 r
. a a
< 0.5
& b
WG 0.4 r b b b
K
0.3 |
gl
= 0.2t
R
RilN
™ 0.1
0
1 2 3 4 b] 6 1 2 3 4 5 6
{02 AR Pigment mutant {0, 2 588 /K Pigment mutant

¢ JeAb 2%V K R %L The photochemical quenching coefficient  d JE H 4k 2% ¥ K R %L The non-photochemical quenching coefficient
VO] 1P A A 20— 4 (0 3— SR AR 0 s 4— 20 (0 5—£0 AR 00 6— 55 0 R FLAT AR IR 52 B Db )l 3R ) 22 5% Wil 3% (P<0.05) .
Notes:1—Wild ; 2—Breen ; 3—Emerald ; 4—Red ; 5—Red—-Brown ; 6—Purple ; Bars with different letters indicate significant differences (P<0.05).
1 IREXTEmRAREHXLESH
Fig.1 Photosynthetic parameters in different strains of P.haitanensis
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0.65 ~0.75 Z[u], Hr, REEOEKN F/F s, BE & TIHAMAERAER (P <0.05) , H55
ORISR B EER (P >0.05) ; 40, 20, WaEMEaiEky F/F B, DUE R
BEEF (P >0.05) ,

2.2 IREFREXERASHHILE

HE 1b FTLAE 1, Fl—JEHGRE T, IERARGREAREEN Y (1) KKK, w\ae >a
Bt > B R0 > REE > 200 > &0, MmOkl y (1) BEETHMMR (P <
0.05) , MEGEMAENY (1) BFMINTHAMSER (P <0.05)

HE 1 ITRAFE Y, IRESEARF AR RARER QR R . L0FE 0 > ek > BFAE A > 2060 > 3R
e > 2, WMEREMLAREIERR QRN E m THALM R, SEEEKN Q, BEMTHMMR (P <
0.05) .

HE 1d WTRAEH, SRR R RAREIN QIRIKR . ER{ < 580 < ZFR 0 < RE0 < 21
o <P, TAGMAO AR Q BE S THMMER (P <0.05) , W4k, R Akiafis
IR QA B EES (P >0.05) ,

2.3 IEEXEGEEEASENNERESESHBEXES T

Chl.a, PE, PC, APC BRSPS AN EEOREA, HE 1 TLEH. BRRSOMES
TERAh, HoAM T R BRI w(PE) ¥IE T w(PC) Flw(APC) 5 MM w(PC) M w(APC) KE, &
RN w( APC) BT w(PC) 3 1 w(Chl a) , BRLLAZEEEARSN, HALS R w(Chl a) HET
w(PE) w(PC) Flw(APC) ,

*1 IEEXARRMRZETHEREARE
Tab.1 Pigment contents in different strains of P. haitanensis

(mg-g™")
{8, 2845 K Pigment mutant w(PE) w(PC) w( APC) w(Chl. a)
BF A 5 wild 40.73 +3.30 23.86 +1.38 11.98 +0.76 6.96+0.19
18 % 1L, Breen 16.46 +0.99 19.82 +0.66 9.88 +0.24 7.08 £0.24
FRALRA Emerald 9.47 +1.12 37.05 £1.06 19.21 +1.29 8.46 +0.16
21 Red 55.38 £2.52 16.75 +0.82 9.25 +0.52 7.10 £0.53
Z1 % Red-brown 45.31 +2.35 4.78 £0.29 1.60 +0.27 6.39 £0. 14
24 Purple 53.86 +1.50 27.58 +0.57 13.16 +0.95 5.88 +0.21

T2 WAL RFEW, F/F Y () ¥5 w (Chl.a) /w (PC) Flw (APC) /
w (PC)FIM MM B EEALE, by (1) 5 w(PC) . w(APC) Ml w(Chl a) WEMAMLE, HY
w(PE) AHX; F/F W5S5&OREA SRR,
®2 GEXEIBASEMRASHMIELENT

Tab.2 Correlation analysis between photosynthetic parameters and pigment contents

HESE w(Chl.a)/ w(Chl.a)/  w(APC)/

Photosynthetic parameters w(PE) w(PC) w(APC) w(Chl. a) w(PE) w(PC) w(PC)
F/F, -0.259° -0.082 0.053 -0.201 0.114 0.423"" 0.501""
Y(II) -0.183 -0.657"" -0.536"" -0.442°" -0.072 0.793"" 0.730" "

PEWT. o+ WEHSE (P < 0.05) 5 * * REBEMKL,

Notes: * Significant correlation; * * Extremely significant correlation.
2.4 FREESEEMCIRIE SN A #h 2 B b B

RLC 2 rETR MY (1) FEOEIER BRI MHZE, M 2a nTLIR B LI 68 B2 3 5
IRESRABEAR Y (11) (EIPUE TR, LR R 1000 wmol - m™2 - s 7', A BWARAMY (1)
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g#ar T, mE2b iTUEL, S0OFFEAR ETR £ RLC M —2, 20 MeRE 1 0 Bl 5|
200 pmol + m~* « s "B, rETR SR F S5 N FEAET; Ot RER T 200 pmol « m ™2 - s7'HY,
rETR RN Se o8N 5 218 T Ry

0.8 . >0 — B Wild
. — A4 Wild 45 - élﬁ@ Red brown
=07 % =+ £LF7 {4 Red brown E 40 — 1 %% % Breen
=06 1 | — g 5 {7 Breen M R {7, Emerald
ohe L% Emerald B 35 ~ 4T {4 Red
EEH 0.5 \‘\\ —- 214 Red 30 — 24 Purple
H:0.4 i —%@ Purple §25
[ S
203 | E;?g P _ ;
L 2 T =1
‘1@ 0.2 E 10 1 j I L I l
0.1 1 = 5
200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
5 A58 B Tllumination intensity/ (pmol - m=2-s™) F& B 58 & Tllumination intensity/ (pmol - m=2-s7)
a FE TR Y(II) The effective quantum yields of PSIT b A L5 3 30R cETR
B 2 RN am RS R BRI St M R i 2
Fig. 2 Rapid light response curves of different strains of P.haitanensis
3 itig

TEM SRR DN ITSE D, F/F, B EAEY) PS e (i e fb 7=, B PS T X
R AR AT REMIFI AR, MY () Fomie—a el sRE T PS TPt fb2#8eE, B PST R
o HC PR 3 S LT B SE PR IGRERI AR RO . XA S ECRAEY M 2 R 56 @ T i S5
LRI, ISR MR F/F AT 0.65 ~0.75 2], AR TRy, BES T4
BRI XL R S O X B SR NS R S R PO S B ST A R — B, Ui
I R EERTCRE MR R L5 TRl A i AR, (L TSR . X IR 880 A 1y i b ol i LR
TARPEEFRMNLIRA GO RAIRF , #F—2 Y (1) By RLC #ik (El2a) HATLIEH, 5%
ST R IERBEE O IR B (i W, Y (1D (APRGE TR, YOG A 1000 pmol + m ™ - 57
BF, &8RN Y (1) E¥EETE, SR EREMRN A K T35, ML e, 5t
S ORI, BN AROR ZUR T, X5 AR i i S 2 B R — 30

SHESEERAOLRER R MEEE AN ER, BB S A EIREA S’ SR MRZ A
WMRIKR , WEEMEE MO S A R A R S H R 2 A R ER A M, &
WHAEPY YN B AN G (U R Y E B RERS RS iR B AR ISCRCR, SO A R O, RIS
o, IRERM F/F, SEEEEANSTRAMIECR, H5w (Chla) /w (PC) Flw (APC) /
w (PC) M IEAHDC, 2R 4% (0 FN HF A 0 5 A8 (R A A T oA i R A = w (Chl a) /w (PC)
(0.22, 0.29) ME R w (APC) /w (PC) (0.51, 0.50) HEGAHLT, Wik, fEMAERERF—
FE MG R R A B RE S Y i Rk 7=, Y (1) BR5w (Chla) /w (PC) Fl
w (APC) /w (PC) #WLEIFAES, 5w (PC), w (APC) HMlw (Chl a) W& MAHE, HBLk
EFLIAR A RSB 2R | THARMS R, Hw (Chla) /w (PC) Fflw (APC) /w (PC)
i FEREFAE AL A A R . AR AR AN w (APC) /w (PC) IR FHA 5 R (LR
HAERCR A A G, B ILHEN R A — LA AR E R R, FE B N 38 3R
w (Chl.a)/w (PC) Flw (APC) /w (PC) BK, HOCEGH R E,; MIZE XM w (Chla) /
w (PC)Flw (APC) /w (PC) T BIERNSFAAHIEARE, XSRS B as R —5,
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