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Centromere distances (CDs) of thallus-colour genes, light green (lg) and light red (Ir) types in Porphyra
yezoensis were calculated by the data of Ohme e al. (1986) and Ohme and Miura (1988) according to
the formula of Whitehouse (1949) and Perkins (1949). The CDs were 21.6 and 14.1 centimorgan for g
and [r, respectively. The present study discussed the CDs calculated from monohybrid or dihybrid
crosses and different viabilities of chimeric thallus for several colour mutant genes.
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Mapping of CD in ordered tetrad was es-
tablished in Ascomycete Neurospora crassa (Bea-
dle 1945). In Porphyra yezoensis, Ohme et al.
(1986) and Ohme and Miura (1988) showed
that the four-cell germlings from concho-
spores were equivalent to the ordered tetrads.
The latter revealed that the genes for green
type thallus colour (abbreviation: phenotype
is G, gene symbol is g) and red colour type
(R, r) were located in the different arms of the
same chromosome, i.e., linkage group I
The map distances of ¢ and r were demonstrat-
ed to be 15.9 (15.8 in Ohme and Miura 1988)
and 17.9 centimorgan apart from the cen-
tromere, respectively (Fig. 1). Ohme and
Miura (1988) showed that the other colour
mutant genes, light green type (LG, ) and
light red type (LR, Ir), belonged to two differ-
ent linkage groups. The chromosomes which
carry lg and Ir were coined as linkage
groups II and III, respectively (Fig. 1).
Ohme and Miura (1988), however, did not
show the data of the crosses between W X LG
and WX LR, nor CDs of /g and Ir.

In the present study, we could calculate
the CDs of [g and Ir from their data. We
applied a formula which deals with a relation

distance—genetics—mapping—Porphyra

yezoensis

between the proportion of tetratype tetrads
and that of the second division segregations
(SDS) in dihybrid crosses. However, precise
mapping of the genes in P. yezoensis is difficult,
because there may be different viabilities and
development among several colour mutants
in a chimeric thallus, and the resultant trouble
in the detection of SDS from first division
segregation (FDS) in some cases. In spite
of these difficulties at the present time, we
hope the study of P. yezoensis become more
popular since this alga is important for
Japanese people traditionally.

Materials and Methods

Genetical data of colour mutant genes in
Porphyra yezoensis Ueda were cited from Miura
(1985), Ohme ¢t al. (1986), Ohme and Miura
(1988), and Niwa et al. (1993).

CDs of colour mutant genes in P. yezoensis
were calculated according to the formula of
Whitehouse (1949) and Perkins (1949): In
case of dihybrid, when two allelomorphic
genes, A/a and B/b, are located in different
chromosomes each other, and A4 and aB, for
instance, are crossed as parents, parental
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Table 1. Proportion of parental ditype (PD), non-parental ditype (NPD) and tetratype (TT) tetrads in the
F, progenies of the cross between two allelomorphic genes, A/a and B/b, which are located in different chromosomes
each other.
Type of cross-over* PD NPD TT Proportion™**
No cross-over 1/2 1/2 0 (1—x) (1—vy)
Cross-over in 1 locus 0 1 x(1—y) + y(1—x)
Cross-over in 2 loci 1/4 1/4 1/2 Xy

* Cross-over between a gene(s) and the centrometer(s).
x and y are the proportion of SDS at the 4 and B loci, respectively.

*%

ditype (PD), non-parental ditype (NPD) and
tetratype (TT) tetrads are produced in the F,
progenies. As shown in Table 1, if x and y
were postulated to be the proportion of SDS
at the 4 and B loci, respectively, the propor-
tion of TT, p, in the F; progenies is as follows
(Whitehouse 1949, Perkins 1949):
p=x(1—y)+y(l—x)+xy/2
=x+y—3xy/2, - Form. 1

Results

If it was assumed that the proportion of
tetratype tetrads for the cross between G and
LR is q, and that of SDS for G and LR are g
and Ir, respectively, Form. 1 is replaced by
the equation as follows:

q=g+Ilr—3g-Ir/2 - Eq. 1

The left side is able to be calculated from the
cross, G X LR (Table 2), as below:

q=346/(210+ 187+ 346)=0.466

When the value of 0.318 (Table 3) is applied
to g, Eq. 1 becomes as follows:

0.466=0.318+1r—3-0.318-1r/2

1r=0.282
Therefore, CD of Ir is:
Table 2.

0.282/2xX100=14.1 (centimorgan)

Then, concerning the cross between LG
and R in Table 2, if we assume that the
proportion of the tetratype tetrads as s, and
that of SDS for R and LG as r and lg, respec-
tively, Form. 1 is replaced by the equation as
follows:

s=r+I1g—3r-1g/2 -~ Eq. 2
If the values in Table 2 were applied to Eq. 2,
left side
=1386/(557+539+1386)=0.558.

When r is replaced by 0.359 (Table 3), Eq. 2
becomes as follows:

0.558=0.359+1g—3-0.359-1g/2
1g=0.432

Therefore, CD of [g becomes as below:
0.432/2 X 100=21.6 (centimorgan)

Next, we could go over these calculations
by applying the data of LR X LG (Table 2) to
the following equation as below:

t=Ir+1g—3Ir-1g/2 ------ Eq. 3

where t is the proportion of tetratype tetrads
in the cross, LR X LG.

Frequencies of parental ditype (PD), non-parental ditype (NPD) and

tetratype (TT) tetrads, and the ratio of PD to NPD in the F, thalli of the crosses among light
red (LR), light green (LG), red (R) and green (G) (Ohme and Miura 1988).

Crosses PD NPD TT PD/NPD
G XLR 210 187 346 1.12
LGXR 557 539 1386 1.03
LR XLG 153 170 401 0.90
Eptd LR X LG* 169.778 169.778 384.444 1.00

* Expected values from the cross, LR X LG. See the text.
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Table 3. Types of coloured thalli and their frequencies in the F, progenies of the
crosses, green type (G) X wild type (W), and wild type (W) X red type (R) (Ohme et al. 1986).
G ()XW () W (2)XR (&)
Colour types (TOS)* Colour types (TOS)*
Single colour Single colour
w 1867 w 26—
G 114 R 24
Chimera 2884 (FDS) Chimera 1069 (FDS)
W+ G 2584 — W+R 1019—
W+ G+W 691 — W+ R +W 280—
G+W+G 637 | 1344** (SDS) R+W+R 316 598 (SDS)
W+G+W+G 16— W+R+W+R 2—
Proportion of SDS 0.318 0.359
CD (centimorgan) 15.9%* 17.9

* Types of segregations: first (FDS) or second (SDS) division segregation.
** In Ohme and Miura (1988), CD of ¢ was calculated as 15.8, because the number of SDS was

totalled as 1334.

left side
=401/(153+170+401)=0.554

right side=0.282
+0.432—3-0.282.0.432/2=0.531

Thus.
left side=right side.

Here, x* was calcuated to confirm if the left
side value fitted to the right. The expected
values were put on the basis that t be 0.531,
and the ratio of PD/NPD be 1.0.

X2=[(153—169.778)%/169.778]
+[(170—169.778)2/169.778]
+[(401 — 384.444)2/384 .444]
=2.371NS. (P>0.3)

Therefore, CDs of 14.1 and 21.6 for /r and
lg, respectively, were consistent with each
other. The linkage map of the four colour
mutants of P. yezoensis is shown in Fig. 1.

Discussion

In Porphyra yezoensis, meiosis starts when a
conchospore germinates and is completed at
the four-cell conchospore germling stage
(Ohme et al. 1986, Ohme and Miura 1988).
The tetrads after the meiosis arranged linear-
ly in the haploid leafy thallus, and CDs were

determined by the tetrad analysis (Ohme and
Miura 1988, Niwa et al. 1993).

In the present study, CDs of two thallus-
colour genes, /g and /r, were calculated accord-
ing to the formula of Whitehouse (1949) and
Perkins (1949). There was no contradiction
among these values, statistically. Therefore,
CDs of lg and /r thus obtained were estimated
to be reliable.

On the contrary, Miura (1985) reported
the results of reciprocal crosses between the
wild type and LG (Table 4). If the chimeric
thalli of W+LG+W, LG+W+LG, and
W+ LG+ W+ LG were supposed to be SDS,
the CD of lg is calculated to be 16.0 or 12.3 by
the crosses of W (?2)XLG (&) or LG
(2)XW (9), respectively. These values
differed statistically from the one obtained in
the present study (21.6 centimorgan; x?
=48.209** and 275.899** for W (2)xXLG
(&) and LG (?2)XW (&), respectively).
The discrepancy means that three of the other
colour type thalli (W, LG, and W+ LG) in
Table 4 should have SDS which could not be
detected under the conditions they observed.

A similar phenomenon was observed in the
reciprocal crosses between the wild type and
LR (Table 5, Miura 1985). If the chimeric
thalli of W+LR+W, LR+W+LR, and
W+LR+W+LR were supposed to be SDS,
CD of LR (Ir) is calculated as 12.5 and 12.0
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Linkage map of colour mutant genes in Porphyra yezoensis Ueda. The units are in centimorgan. r:

red type, g: green type, lg: light green type, Ir: light red type, and ¢: centromere.

centimorgan from the crosses of W (2 )X LR
() and LR (2)XW (&), respectively.
However the difference between these values
and that obtained in the present study (14.1
centimorgan) was small, the x* values were
significant (3.979* and 12.869** for W
(2)XLR (6)and LR (2 )XW (&), respec-
tively). The value obtained from the di-
hybrid was also bigger than that obtained
from the monohybrid. The other three
colour type thalli (W, LR, and W+LR) may
have undetectable thalli which have carried
out SDS.

The discrepancy between the data from the
monohybrid and those from dihybrid may be

originated from unequal growth of four tetrad
cells. To overcome this problem, dihybrid,
trihybrid, or multihybrid crosses as well as the
monohybrid crosses are desirable. Although
the discrimination of the colour order be-
tween from the top and from the base of a thal-
lus have not been recorded except in Miura
and Ohme-Takagi (1994), it is necessary
for the genetical and developmental studies
of P. yezoensis. According to their data, it is
presumable that there were some differences
in viability among various colours of tetrads.
If the order of from the top or from the base
were distinguished, the development of thalli,
vigour of each colour among the tetrads and

Table 4. Types of coloured thalli and their frequencies in the F, progenies of the
reciprocal crosses between the wild type (W) and light green type (LG) (Miura 1985).

Number of F, thalli

Colour types W(2)XLG(d) LG (2)XW(d)
Emnt*  Eptd* Emnt*  Eptd*
Single-coloured thallus
w 64—‘ 133—
LG 46 84
Chimeric thallus 529.944 (FDS)*** 1100.784 (FDS)***
W +LG 525— 1246—
W+LG+ W 146 — 234—
LG+ W +LG 136 | 403.056 (SDS)*** 241 | 837.216 (SDS)***
W +LG+ W +LG 16— 0—

* Experimental data.

** Expected values supposing that CD of g as 21.6.
*** FDS and SDS represent first and second division segregation, respectively.
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Table 5.

Types of coloured thalli and their frequencies in the F, progenies of the

reciprocal crosses between the wild type (W) and light red type (LR) (Miura 1985).

Number of F, thalli

Colour types

Bont  Epd Bnt pd

Single-coloured thallus

w . 77— 129—

LR 45 24
Chimeric thallus 598.094 (FDS)*** 1061.922 (FDS)***

W +LR 502 971—

W +LR+ W 107 — 212

LR+ W +LR 80 |234.906 (SDS)*** 139 417.078 (SDS)***

W +LR+ W +LR 22— 4—

* Experimental data.

** Expected values supposing that centromere distance of /r as 14.1.
*** For FDS and SDS,see the legend to Table 4.

genetics of the thalli will be disclosed more
precisely.

Recently, Niwa et al. (1993) studied the
thallus-colour of violet (V) and demonstrated
that the violet gene (v) was located in a differ-
ent chromosome from the linkage group I.
They located v in 7.78 or 9.84 centimorgan
apart from the centromere (Table 6). Their
genetical results, however, have some con-
tradictions. For instance, the difference in
recombination frequencies obtained from the
reciprocal crosses was not small (T'able 6) and
in the cross of V (2 )X G (&), the ratio of PD
to NPD is greatly apart from 1 (x2=9.511%,
Table 7). As the proportion of tetratype
tetrad in the cross of G (2 )XV (&) be 0.434
(Table 7) and that of the SDS of ¢ be 0.318
(Table 3), v, the proportion of the SDS of
the gene, v, becomes as follows:

0.434=0.3184+v—3-0.318-v/2
v=0.243

Therefore, CD of gene v becomes as below:
0.243/2X100=12.2 (centimorgan).

Here, the value obtained from the dihybrid
(12.2 centimorgan) was also bigger than those
obtained from the monohybrid. The differ-
ence might be due to the higher detectable
level in dihybrid than in monohybrid.

As to the detectability of thalli which car-
ried out SDS from those of FDS, there may

be differences among the colour mutants.
The differences might be due to the different
viability level among them. For instance, red
colour type which produces nealy the same
number of W and R in the cross W (2 )XR
(&) (Table 3), may have higher viability than
green colour type which produced less num-
ber of G than W in the cross, G (2 )XW (&)
(Table 3).

As P. yezoensis has only three haploid chro-
mosome (Yabu and Tokida 1963, Migita
1967, Yabu 1969, Kito 1978, Ohme and
Miura 1988, Tseng and Sun 1989), it is rela-
tively easy to map any genes to each chromo-
some and to have a bird’s eye view about the
gene configuration. Mapping of colour
mutant genes is interesting and important not
only from genetical view point, but also from
physiological one. The genetical studies of
other colour mutant genes are now in
progress in our laboratory.

Table 6. Frequencies of first division segrega-
tion (FDS), second division segregation (SDS) and
centromere distance (CD) of the gene, v, from the
reciprocal crosses between the violet type (V) and
the wild type (W) (Niwa et al. 1993).

Cross

(X ) FDS SDS CD
WXV 982 181 7.78
V XW 873 214 9.84
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Table 7.

Frequencies of parental ditype (PD), non-parental ditype (NPD) and tetratype (TT) tetrads, ratio

of TT to the total tetrads and the ratio of PD to NPD in the F, thalli of the reciprocal crosses between violet type (V)

and green type (G) thallus colour (Niwa et al. 1993).

Cross

(9 x @) PD NPD TT TT/total PD/NPD
VXxG 342 266 549 0.475 1.29
GXV 296 287 447% 0.434 1.03

* The number was corrected from original number, 477.
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pl. I-VL

EE {CF-m REY - B ADREXY €/ YU (Porphyra yezoensis) @ 2 {BD
BRETREBET, BEEE (light green type gene) &BAFREGHE
(light red type gene) DEIFE AR

AY €/ Y (Porphyra yezoensis) D LRI RAE D BB (light green type) & BIFREH! (light red type) iR 5 F DB
k0O DN, & 42164141V FEAF YV THBHZ L%, Ohmeetal (1986) & Ohme and Miura (1988)
DERNZE-SE, Whitehouse (1949) & Perkins (1949) D HBAEX BV TH LM L, i, A Y/ U O
EE, WD TFHEIE L TERGBEERT 5B, BRERBOBOE L VEENCENDS Z LH, &
D5 ERGBDOLEIC & » THRA* £ 7 RERGBOBE L TOMBBAE,» bHEE S i, #-T, AYESY
TEETFHREERT 28, BEEEL ) AEEEHZHEEL BV 1B LW EEX LR D,
(*930-01 ELHH£42630 BILEMEHMAEEEDRBESEHE, *030 BHRMEME-3-1 FHRAFTHERE
HIERD)
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