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Cross experiments and analysis of the position of meiosis
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Abstract: Cross experiments between the artificial pigmentation mutants and the wild type in Porphyra haitanensis Chang et Zheng,
were carried out to examine the occurrence of meiosis in its life history, according to the appearance of color segregation and color-

sectored blades in the F, gametophytic blades developed from the conchospors of the heterozygous conchocelis. Two red types of
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pigmentation mutants ( SPY-1 and R-10) were used as female parent, and their blades show red or red orange in color, thin and weak
elasticity and have no denticles on their marginal parts. The wild type (wt) was used as male parent, and its blades show wild-type
color, thick and good elasticity and have many marginal denticles. Among the F, gametophytic blades from the crosses of SPY- 1)
x wt(2 ) and R - 10( £ ) x wt (2 ), two parental colors (R and W) and two new colors (R’, lighter in color than R; W’ wild-
type-like color and redder than W) appeared. Linear segregation of colors occurred in the blades, and therefore, the color-sectored
blades with 2 - 4 sectors were formed. In the color-sectored blades, the sectors of R and R’ were thinner than sectors of W and W',
showing weak elasticity and without marginal denticles. Howéver, the sectors of W and W’ were thick, showing good elasticity with
many marginal denticles. 95.2% - 96.7% of the F, gametophytic blades were color-sectored blades, and only 3.3% - 4.8% of
them were single-colored blades. These results indicated that the meiosis of P. haitanensis occurs during the first two cell divisions of
the germinating conchospore, and thus it was considered that the initial four cells of the developing sporeling constitute a linear genetic
tetrad leading to the formation of the color-sectored blades. The new colors of R’ and W’ were recombinant colors because the
occurrence of chromosome recombination during the first cell division of the meiosis. It was certain that the color phenotypes of two
mutants used in this paper resulted from two or more mutations in different genes, and that they also have mutations relative to blade
thickness and formation of the marginal denticles, which is linked with color mutations. The recombinant colors of R" and W' were
better in contents of chlorophyll @ (Chl. a), phycoerythrin (PE) and phycocyanin (PC), and growth and maturation, indicating that
the improved varieties probably could be obtained through crosses between the pigmentation mutants or between the pigmentation
mutant and the wild type in P. haitanensis.

Key words: Porphyra haitanensis ; meiosis; pigmentation mutant; cross experiment; F, gametophytic blade; color-sectored blade
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Fig.1 In vivo absorption spectra of gametophytic blades of the red
range mutant and the wild type in P. haitanensis after 47 d in culture
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Fig.2 Contents of Chl. a, phycoerythrin and
phycocyanin in gametophytic blades developed
from the conchospores of red orange mutant ( SPY-1) and
the wild type (wt) in P. haitanensis after 47 d in culture
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Tab.1 Color phenotypes, blade types and color segregation in the F, gametophytic blades
from the cross of SPY-1( %) x wt(2 ) in Porphyra haitanensis

12 R 14 W 6 R’ 5 W

423 R+ W 234 W+R 7 R +R 4 W +R
10 R+R’ 27 W+FR 13 R'+W 12 W +W
2 R+W 5 W+W 2 R +W 2 W +R
107 R+W+R 8 W+R+W 5 R +R+W 5 W+R+W
26 R+W+R’ 2 W+R+R’ 6 R +W+R 2 W +W+R
5 R+W+W 3 W+R+W 5 R +W+R’ 3 W+W+W
4 R+R'+R 2 W+R'+R 2 R +W+W

11 R+R +W 7 W+R+W

14 R+W +W 2 W+W+W

3 R+W+R’

23 R+W+R+W 21 W+R+W+R 2 R +W+R' +W

2 R+W+R +R 2 W+R+W+R’

5 R+W+R' +W 1 W+R +W+R

2 R+W +W+R

2 R+W +R +W

651(16) 405(13) 48(9) 33(7)

B ORERNBOH R SR EMRIR, Sk AR L RATRT A WED AR 755 8 W E %R R
WK RIS, SRR = 1137 (45 HEEAERD) . BEIRAE =96.7% B EHKAE L 4 HEIE KB . 1177R : 1200W:

151R’:78W'(1R:1.03W:0. 12R":0.06W')

Notes: Groupings refer to the color of the basal sector. The number of blades in each type is indicated. The number of blade types is shown in
parentheses. Total number of blades = 1137 (45 types). Sectored blades = 96.7% . Segregation ratio of colors in the sectored blades: 1177 R:1209

W:151 R':78W' (approximately 1 R:1.03W:0.12R":0.06W’) .
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Fig.3 In vivo absorption spectra of gametophytic blades in four
color sectors in F; gametophytic color-sectored blades produced in
the cross of SPY-1( %) x wt(4 ) in P. haitanensis after 60 days
in culture
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Fig. 5 Growth curve of discs of four color sectors of F,
gametophytic color-sectored blades produced in the cross of SPY-1
($) xw (2 ) in P. haitanensis
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Fig.4 Contents of Chl. a, PE and PC in four color sectors of F
gametophytic color-sectored blades produced in the cross of SPY-1
($)xut(4 ) in P. haitanensis after 60 d in culture
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Tab.2 Color phenotype, blade type and color segregation in F; gametophytic blades
from the cross of R-10( %) x wt(£ ) in P. haitanensis

12 R 5 W 1 R 1 W

95 R+W 8 W+R 22 R'+R 2 W+R

20 R+R’ 5 W+R’ 4 R+W 2 Wa4+W

4 R +W 2 W+WwW 4 R +W 3 W+R

30 R+W+R 25 W+R+W 7 R +R+W 1 W+R+W
6 R+W+R’ 1 W+R+R 1 R +R+FR 2 W 4+R+R’
1 R+R'+R 1 W+R'+R 2 R +W+R 2 W 4+W+R
1 R+W+W 1 W+R+W 2 R +R+W 1 W+R+W
2 R+R+W 2 W+R'+W 3 R'+W+R' 3 W+W+R
1 R+R+W 2 W+R' +W 1 R+W+W

1 R+W +R 1 W+W4+R 1 R +W+R

2 R+W+W 2 W+W4+W 1 R+W+W

1 R+W4+R 1 W+W4+R 1 R+W4+R

3 R+W+R+W 1 W+R+W4+R 3 R +R+W+R 1 W+R+W+R
1 R+W+R+R 1 R+W+R'+W 1 R'+R+R'+R

1 R+R +R+W 1 W+R+R +W 1 R'+R+R'+W

1 R+R'+W+R 1 W+R +R+W 1 R'+R+R +W’

1 W+R+W+R 1 R+W+R+W

83 (18) 37 (17) 7 (18) 8 (10)

B A A B E TR NIRRT, BRI R R A UR AN AR, 55 B8 E R g R
RUSEARARIN, R MAM = 395 1~ (63 PR KAL), FIEMEE =95.2% B GRS b 4 T QH05 3 HH 38R 34IW: 122R":
52W'(1R:0.89: W:0.32R":0.14W'), R, £0fa; W, BpAE €S, R, HAMKRLE W, EHMLEER

Notes: groupings refer to the color of the basal sector. the number of blades in each type is indicated. the number of blade types is shown in
parentheses. Total number of blades = 395 (63 types) . Sectored blades =95.2% . Segregation ratio of colors in the sectored blades: 384R:341W: 122
R’:52 W’ (approximately 1R:0.89W:0.32R’:0.14W’). R, red; W, wild-type color; R’, recombinant light red; W’, recombinant wild-type-like

color
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Plate  Photographs of F; blades produced in the cross of ( SPY-1)x wt (2 ) in Porphyra haitanensis
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1 F blades produced in the cross of USPY- 105wt (2 ) in Parplhs o hadaniensis afier 40 diys in culture: s

Single-colored blades: a. A wild
type (W) blade: b A wild-like type (W') baldk — 4 scctons: . R' 4R ¢. R
+W R+W: g R'+W; b R+ W JoRTEW k. WaR; L RAWHW: m R+WH R n. REWHR; 0. R+ WR;
P WAREW g RAEW 4 War, W REW: s RAW A Wit RéWAW SR 1. R+ W+R+ W
R+W. 2. A F color-sectored blade (R + W) with n

A light red (R') blade: d = w: Color-scetorod blades with

R+ W

Vo R+ WA R+W: wo R Wt

inal denticles in the wild-type sector and without marginal deaticles in the fiad setor

4. Rsector in color-sectored blade. 4. R’ sector in color-sectored blade. 5. W sector in color-sectored blide. 6. W' sector in color-sectored blade.
Seale bur is 50 g i 2 -
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