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1.2
, EEEERNA S B
(211 0.1 g,
[22-23] EASYspin RNA (
a B , ; ) RNA
(241 , 1.5%
a B RNA
, R 0.5mL PCR
, 18S rRNA , :2png  RNA, 20 umol/L Random
PCR  (qPCR) Primer 2 pL, RNA 11 pL,
( 70 °C 2 min, 2 min
) , PCR :
5xRT buffer 4 pL, 10 mmol/L dNTP 4 uL, 200 U/uL
, (PrimeScript&Rtase, TaKaRa)l pL,
25°C 5 min, 37°C 2.5h
1 cDNA -20 C
714kt GenBank
11 (DQ449070)
( (DQ449071)
) (AY372218) 18S rRNA (AB015795)
’ a (AP006715)
PCR  ( 2)
HEZE i3 PCR

, : (21£1) C, 10xPCR Buffer 2 uL, 10 mmol/L dNTP 1.6 uL,
50~60 pmol/(m’s), 12h 12 5U/uL Taqase 0.1 pL, ddH,0 13.3 pL, cDNA 1 pL
h, 3 94 °C 5 min; 94 °C 1 min, 60 C 40 s,
35~45 cm ) 72 °C 1 min, 35 ; 72 °C 10 min
, , , BLAST

(5.0+0.5) cm] ( ) ( qPCR KRR %14 ABI-7300
3¢ ) PCR SYBR Green | gPCR

>

*1 BRERTETEEKAEEMIZERE
Tab. 1 Selected standard of different growth phases of each pigment mutant

( )/d ( )d ( )d
germplasm no. pigment mutant early phase bloom phase last phase
Y SXIII-1 wild 1~3 11~13 21~23
7-92 breen 1~3 16~18 28~30
Z-103 emerald 1~3 11~13 21~23
Z-71 red 1~3 16~18 26~28
Z-51 red-brown 1~3 11~13 21~23
Z-82 nacarat 1~3 11~13 21~23
YBIII purple 1~3 11~13 21~23
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T2 EHRNEEE PCR L5
Tab.2 Primer sequences for quantitative real-time PCR

514 primer S5 (5'-3")primer sequences T 88 F BeK fE/bp - predicted size
I F: TTTGCGTTTGCTCGTGATAGA
HALEH Cpea R: AGCATAGGGCGTTGATAAGGTAA 103
SREL C F: AACTCAAATGCCTGGTCCAACT 16
R, pea R: CCGTTGCACCTACCACTAAACA
I 1 Ape, F: CGTTATGCTGCATGTATTCGAGA 147
PR peh R: TGCACCAATAGGAACACCTAGAGA
432 a Chi F: GTTTGGGGTAGTGTATCTCCGTCT 102
“RAsataka R: AAGGAAATCTCTCAGCCATCCA
F: TGGAGGGCAAGTCTGGTGA
18S rRNA R: CCGACAATTTAGAAGTGTATGATGG 229
, qPCR Ratio =
R X Ci(target, calibrator)
:20 uL :SYBR  Green E(target, calibrator) 2)
Real time PCR Master Mix(ToYoBo)10 uL. cDNA 2 E(target, teSt)Ct(target’ - A, ref{calibrator—test)
HL 10 ].Ll’l’lOl/L 0.8 HL’ ddHZO 72 HL ) P Ct(target, calibrator) Cl 5 Ct(target, test)
PCR . ’ 95°C lmln’ 95T Ct 5 AC& ref(calibrator—test)
15 5 7 C1 mim, 40 Cl 5 E(larget, calibrator) E(larget,
95 C 15 s, 60 ‘C 1 min, E
test) ref
95 C 15 s, 60 C 15 s,
; 3 Excel  SPSSI13.0
T , (
AR 2R 6 2 4 qPCR ) (LSD)
, CT cDNA , , P<0.05 , P<0.01
10 100 200 400 800 1600 Excel
) 10 1,
1.000 00 0.1000 00 0.050 00 0.02500 0.012
50 0.006 25, 4 2
2
, 2.1
gPCR cDNA , PCR
BRREEZTREIAKREZTERALLY qPCR & , qPCR
H qPCR , PCR 1 ,
3 , 4
Pfaftl , GenBank ,
4 99% ,
(1), 96%
: 2) qPCR
AC,, target (calibrator—test) 2.2 qP CR s
. Etarget 1
Ratio = ACt,ref (calibrator—test) ( )
Eref qPCR «g”
5 Acts target(calibrator—test) 5
Ct 5 A Ct: ref(calibrator—test) 5 ]
Ct 5 Elarget Eref 5

http: //www.scxuebao.cn



6 , 887

, Cpea Cpca Apcf Chla 18S

rRNA  gPCR 83.2 81.9
79.7 82.2 88.9 C R
bp s
2 000
,3
1 000
750
b b
500
250 qPCR 3
100 , 3 gPCR
R 0.99,
ih = 23 K, K
1 qPCR 5| PCR 1 7=4) Fa ;k &
Fig.1 Agarose electrophoresis of PCR amplification E:2_1/k—l,
with qPCR primers 3 0.94-1.18
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Fig. 2 Relative standard curves of qPCR of each gene
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Fig. 3 The relative expressed levels of each pigment gene in different samples of P. haitanensis
Between the different growth phases in the same pigment mutant, bars with different small letters mean significant differences (P<0.05),
and the same small letters mean no significant differences (P>0.05); Between the each pigment mutant, bars with different capital letters
mean significant differences (P<0.05), and the same capital letters mean no significant differences (P>0.05).
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Tab.3 The amplification efficiency of each primer
primers liner regression equation  amplification efficiency (2)
Cpeo. y=-0.8917x+22.368 1.18 4
Cpca y=-1.0064x+13.363 0.99 (P>0.05) |
Apcp y=-1.0477x+13.369 0.94
Chl.a y=-0.9327x+21.269 1.10 3)
r}g\ISA y=-1.0215x+18.762 0.97
23 qPCR EERER A RRE EFARRLZKEE
Bl — &4 A B 3% 4 5 R B AR o 18] Rk kP 185 rRNA
4 £ 5 oAt 183 rRNA , (
, Cpea 1)
1, ,( ; ; Apcp
Cpca R
3) Apcp>
) , Cpea. Cpca>Chl.a>Cpea
R4 EERF-—EBRRTAAZERERREKTEERSH
Tab. 4 The relative expressed levels of each gene in the same pigment mutant of P. haitanensis
pigment mutant gene early phase bloom phase last phase
Cpea 1.00 1.00 1.00
wild Cpca 8833.82+1653.14 6453.71+1918.38 8561.24+1461.57
Apcp 8363.82+1000.16 11525.19+£3195.08 13575.95+4737.80
Chl.a 35.12+5.63 30.77+5.82 39.85+9.21
Cpea 1.00 1.00 1.00
breen Cpca 4495.87+801.67 6160.37+709.91 9775.67+2458.64
Apcf 4607.24+£676.65 6342.52+1681.68 16451.15+4781.33
Chl.a 19.11+4.57 29.31+2.64 71.98+19.25
Cpea 1.00 1.00 1.00
emerald Cpca 24163.31+4027.04 23302.68+12708.49 10438.31+£3115.25
Apcp 42242.76+9920.32 33174.5+19628.36 19142.36+7409.00
Chl.a 161.04£23.09 157.28+£50.06 69.49+31.22
Cpea 1.00 1.00 1.00
red Cpca 30109.93+10431.07 7889.32+3252.78 10781.72+1824.00
Apcf 80402.43+49979.73 11242.28+4423.09 19096.47+4907.82
Chl.a 283.26£132.63 53.844+26.97 75.46+10.03
Cpeo 1.00 1.00 1.00
red-brown Cpca 8023.834+926.32 4432.22+883.27 3053.91+876.40
Apcp 8807.69+2518.11 9270.06+944.39 3290.49+851.24
Chl.a 31.93+12.60 34.99+5.81 12.91+2.63
Cpea 1.00 1.00 1.00
nacarat Cpca 986.44+477.59 2174.34+456.03 5456.78+1217.84
Apcf 3781.94+1243.53 5789.2+524.24 10457.53+£3655.16
Chl.a 22.98+8.79 37.29+6.95 79.64+8.57
purple Cpea. 1.00 1.00 1.00
Cpca 9336.22+1214.34 15033.41+£3307.69 5503.48+464.82
Apcp 13647.56+£2947.87 23262.58+5536.69 10933.9+2423.27
Chl.a 49.80+7.48 101.96+32.93 70.08+1.92

http: //www.scxuebao.cn



890 36

3 Apcp>Cpca>
31 gPCR Chl.a>Cpea, Apcf Cpea.
, gPCR ’
) PCR ’
[25] a
[26] 5 5
s s s [2, 29] PCR
H-ALC, > 99%

B

Pfaffl P71 2740%

[29]
128 qPCR ,
RNA , 1, ’
i , PCR ’
[28]
; [30] 3
’ (7 b
3 , 21 ),
;AC , PE>PC>APC,
1( 3), , 27000 PE )
Pfaffl
’ ; PC ,
, PE; APC ,
(23] Pfaffl
3.2
Chl.a PE ,
PC3 21
6 1 3 ,
4

http: //www.scxuebao.cn



123.

6 R 891
[16] Miura A, Kunifuji Y. Genetic analysis of the pigmenta-
[1] i ) 0. i tion types in the seaweed Susabi-nori Porphyra yezoen-
1998, (4): 24-27. sis[J]. Iden (Heredity) , 1980, 34(9) : 14-20.
2] ’ . 0. [17] Miura A, Ohme T M. Mendelian inheritance of pigmen-
2007, 18(2): 353-356. tation mutant types in Porphyra yezoensis (Bangiaceae,
3] ' [M]. : 7 Rhodophyta) [J]. Janpanese Journal of phycology, 1994,
1994: 72. 42:83. o
. . . . [18] Mitman G G, van der Meer J P. Meiosis, blade devel-
[4] Miura A. Color variants and heredity of color in Por- L.
. opment, and sex determination in Porphyra purpurea
phyralJ]. 1den (Heredity), 1978, 32(8): 11-16. (Rhodophyta) [J]. Journal of Phycology, 1994, 30(1):
[5] Miura A. Genetic analysis of variant color types of light 147159,
red, light green and light yellow phenotypes of Porphyra [19] Yan X H, Li L, Aruga Y. Genetic analysis of the posi-
yezoensis (Rhodophyta, Bangiaceae) [M].// Hara H, (ed). tion of meiosis in Porphyra haitanensis Chang et Zheng
Origin and evolution of diversity in plant and plant (Bangiales, Rhodophyta) [J]. Journal of Applied Phy-
communities. Tokyo: Academia Scientific Book Inc., cology, 2005, 17(6): 467-473.
1985, 270-284. [20] Xie C T, Chen C S, Xu Y, et al. Construction of a ge-
[6] Migita S, Fugita Y. Studies on the color mutant types of netic linkage map for Porphyra haitanensis (Bangiales,
Porphyra yezoensis Ueda, and their experimental cul- Rhodophyta) Based on sequence-related amplified po-
ture[J]. Bulletin of the Faculty of Fisheries, 1983, 54: lymorphism and simple sequence repeat markers[J].
55-60. Journal of Phycology, 2010, 46(4): 780-787.
[71 Niwa K, Miura A, Shin J, et al. Characterization and [21] R R R a, B
genetic analysis of the violet type pigmentation mutant [J1. , 2005,
of Porphyra yezoensis Ueda (Bangiales, Rhodophyta)[J]. 27(2): 148-153.
Jounal of Korean Society Phycology, 1993, 8(2): [22] ) , s a, B
217-230. U] » 2007, 29(2):
[8] , , , 167-172.
—1. NG (23]
1. ,2002, 21(5): 19-25. (D].
[9] , ’ ’ " ,2007.
—1II. NG ’ ’ >
[J]. , 2003, 22(1): 24-29. o P L1]-
[10] , , ' , 2011, 27(1): 62—68.
[25] Whelan J A, Russell N B, Whelan M A A method for
L] » 2000, 2405): the absolute quantification of ¢cDNA using real-time
221-228. PCR[J]. Journal of Immunological Methods, 2003,
[11] : ; . 278(1-2): 261-269.
1 » 2005, 29(2): 166-170. [26] Nolan T, Hands R E, Bustin S A. Quantification of
[12] > > . “Coy mRNA using real-time RT-PCR[J]. Nature Protocols,
(Porphyra yezoensis) [J1. 2006, 1(3): 1559-1582.
, 2009, 40(1): 56-62. [27] Yuan J S, Reed A, Chen F, et al. Statistical analysis of
[13] , , , real-time PCR data[J] BMC Bioinformatics, 2006, 7:
[J]. , 85.
2007, 14(3): 466—472. [28] YuanJ S, Wang D, Stewart C, et al. Statistical methods for
[14] s , , . efficiency adjusted real-time PCR quantification[J]. Bio-
[J1. , 2008, 29(4): 78-83. technol Journal, 2008, 3(1): 112—123.
[15] LiY X, Wang G C, Xu P, ef al. Induction and charac- [29] > > > [J1.
terization of green pigmentation mutant in Porphyra » 2006, 42(1): 1-9.
yezoensis Ueda[J]. Aquaculture, 2008, 282(1-4): 117— [30] .

, 1993, 24(6): 645-648.

http: //www.scxuebao.cn



892 36

Quantitative analysis of pigment gene expression in pigment mutants of
Porphyra haitanensis

HUANG Hui-zhen, XIE Chao-tian, JI De-hua, XU Yan, CHEN Chang-sheng”
(College of Fisheries, Jimei University, Xiamen 361021, China)

Abstract: Phycoerythrin (PE), phycocyanin (PC), allophycocyanin (APC), and chlorophyll a(Ch/.a) are the
four major photosynthetic pigments of Porphyra haitanensis. Their contents and ratio determine the blade
color of Porphyra. In this study, the relative expressed levels of four pigment genes (Cpea, Cpca, Apcpf,
and Chl.a) in different growth phases (early phase, bloom phase, and final phase) were determined using
quantitative real-time PCR (qPCR) in one wild line and six pigment mutant lines of P. haitanensis. In all
the lines, the relative expression levels of the four pigment genes were in the sequence: Apcf>Cpco>
Chl.a>Cpea. The expressed level of Cpea varied significantly in the different phases in all the lines; how-
ever, the expressions of Cpca, Apcf, and Chl.a were stable in all phases in all lines. Furthermore, liner
correlation and regression analysis indicated that the expression levels of the pigment genes had no relation
to the pigment protein contents in any of the lines. In other words, the expression levels of the four pigment
genes had no relation to the differences in blade color among the Porphyra lines. Based on these results,
we speculate that the pigment mutation of P. haitanensis was induced by mutations in genes that affect the
synthesis of the pigment proteins.

Key words: Porphyra haitanensis; pigment mutant; pigment gene; quantitative real-time PCR
Corresponding author: CHEN Chang-sheng. E-mail: cschen@jmu.edu.cn
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