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SUMMARY

By crossing a pair of albino strains each with a different adjacent
nutritional marker and then crossing the same pair of albino markers
with the nutritional markers transposed it was possible to order a series
of al mutants with a resolution approaching that available for nutritional
markers. A genetic map with approximated distances is provided demon-
strating a grouping of mutant sites for a range of discrete carotenoidless
phenotypes.

1. INTRODUCTION

With the exception of ascospore colour loci (e.g. Olive, 1956), high-resolution
genetics has been avoided for morphological or visible mutants because of the lack
of selective techniques by which the recombinant classes may be detected. The
original low-resolution study of the albino (al) region in Neurospora crassa was
performed by Hungate (1945), who divided the region into two complementary
loci about 1-2 crossover units apart. The first unit was occupied by al-2 (15300)
type strains and the second by aurescent (34508) and al-1 (4637T). Her results
were later confirmed by Huang (1964), who indicated the potential of the outside
marker transposition technique for ordering mutant sites, but he attempted only a
preliminary study as suitable sets of transposition strains and a full range of
phenotypes were unavailable.

Phenotypes ranging from a pure white 'albino' (Dodge, 1930a,b), through
'albinos' with a distinct rose or a yellow cast, to a bright lemon-yellow 'albino'
(Subden & Threlkeld, 1968) are associated with the al region. This paper reports
on a high-resolution study and the ordering of the mutant sites of 20 albino
strains, which include representatives of each phenotype known to be associated
with the al region.

2. MATERIALS AND METHODS

Crossing medium (Westergaard & Mitchell, 1947) was supplemented with
200 mg/1. arginine or 100 mg/1. lysine. The carbon source was sucrose for crosses
(20 g/l.)» glucose (20 g/1.) for ascospore isolates, and a combination of sorbose
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(20 g/L), glucose (0-5 g/1.) and fructose (0-5 g/1.) for the selective medium. Lysine
utilization was found to be inhibited by the presence of arginine (Doerman, 1944),
so for crosses, the lysineless strain was always the protoperithecial parent. Optimal
fertility was found with 10- to 12-day-old protoperithecial parents. The strains
used are described in Table 1.

Table 1. Strains used

Description

Pure white
' albinos'

Pale
rose-white
' albinos'

L^l fcJttlll

albinos

Lemon-
yellow

ctlDlIlUo

Very pale
yellow
' albinos'

Arginineless
(arg-6)

Lysineless
(lys-3)

Reference
number

i

•

f 1
2
3
4
5
6

( 7
3
8
9

I 10
\ U

12
\ 13

•

14
15
16

. 17

' 18
19
20

—

—

Allele or
isolate number

46-11-68
AR 25
Y254M165
al°
Y246M2
G2K30
15300 (al-2)
(Y254M165)
car-1
Y256M220
Y254M232
ALS-19-S79
34508 (aurescent)
ALS-22-S82
ALS-25-S72
ALS-23-S70
ALS-4-S48-64
RES-25-4y

80-96
Y234M471
JH216

2997

4545

Mutagen

—
UV
X-ray
UV
—

X-ray
UV
UV
UV
UV

UV
UV
UV

UV
UV
UV
Spon-
taneous

X-ray
UV
sulphur

Obtained
from

R. Chalmers
A. Radford
FGSC*
FGSC
FGSC
FGSC
FGSC
FGSC
FGSC
FGSC
FGSC
D. D. Perkinsf
FGSC
D. D. Perkinsf
D. D. Perkinst
D. D. Perkins}
D. D. Perkinsf
S. F. H. Threlkeld

3

FGSC
FGSC
FGSC

mustard
UV

X-ray

FGSC

FGSC

* Fungal Genetics Stock Center, Dartmouth College, New Hampshire,
t Isolated by Alice L. Schroeder.

The doubly marked strains used in the transposition sets (Fig. 1) were syn-
thesized by crossing the selected albino strains (Table 1) to arg-6 and lys-3 strains
respectively and recovering the double mutants by manual isolation.

The order of the al loci was determined by examining the numbers of prototrophs
with wild-type pigmentation from the transposition sets, as outlined in Fig. 1.
Ascospores from transposition set crosses were suspended in selective medium
and heat shocked for 40 min at 60 °C; the suspensions were then poured into
Petri plates. The plates were incubated for 14 days at 25 °C under intense fluor-
escent illumination before scoring. The optimal plating density was found to be
300-400 spores per plate, providing a prototroph frequency of 15-20 colonies per
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plate. Direct identification of the pigmentation of prototrophs on the plates
presented no difficulties, except with crosses involving a pair of lemon-yellow
strains; in these cases all suspected recombinants were subcultured in small
tubes and their pigmentation was compared with parental cultures for reliable
identification. Arbitrarily, the number of spores plated per cross was set at 3000
to give a resolution of 0-06 crossover units. In several instances when the trans-
position sets produced no protototrophs with wild-type pigmentation, an addi-
tional 3000 spores were plated.

Transposition set
description

Alternative or possible orders

Order I Order II

arg-6 a/'

x

a/" lys-3

arg-6

H—
—h-

a/' arg-6 +
H-

a/'

-4-
+

-h

(wild-type
prototroph
recombinant)

-h-1 h-
+ a/" lys-3

+ +
h

3.1" lys-3

Wild-type (pigmentation)
prototroph frequency
if Order I is correct

Wild-type (pigmentation)
prototroph frequency
if Order II is correct

a/' lys-3

x

arg-6 a/" arg-6 + a/"

a/' + lys-3

-I—I r—
x

4—I-

+ a/' lys-3

arg-6 a/"

(wild-type
prototroph

recombinant)

+
-4-

+
• 4 -

+
-4-

+

Wild-type (pigmentation)
prototroph frequency <
if Order I is correct

Wild-type (pigmentation)
prototroph frequency
if Order II is correct

Fig. 1. Ordering rationale from outside marker transposition set crosses.

An estimate of the total number of spores plated was obtained from counts of
prototrophs from crosses between arg-6 and lys-3 strains. The parameter so derived
is an approximation as it is well known that prototroph frequencies in Neuro-
spora are dependent on various background effects (Jessop & Catcheside, 1965).
Fluctuations due to background effects would also be reflected in the al' + al"
distances described in Fig. 2. However, calculations based on the arg-6 x lys-3
crosses using six different backgrounds used in this study resulted in a standard
deviation of no more than + 6-5% of the mean prototroph frequency.
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1 2 3 4 7 8 10 11 1
9 13 15 16 1
 7
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I 18 19 20

f 3 l
1
8
5 0

5
3
6 0

7
3
0

0 3
3
0 0 4
2 0

2
4
0

0
1
8
2 0

5
3
3 0 7
3 0 9
6
8
0

1
1
8
6

0
2
1
5

0
46
1

4 2
1
0
4 -t 0

1
3
8 8 48
8 8 18
8 2

5
6
2 0 1
4
6 0 4
2 0

2
8
1
4 5
9
9 2 1
7
9 - 1 84
8

5 0
2
5
8
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1
4
6

5
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1
9

- 0
5
2
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8
5 2 5
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8
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7 2

4
1
1 2

1
6
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7
4

- 1
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0

0 1
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Conidial isolates were made in order to detect and exclude from the recombinant
wild-type prototroph class any complementing heterokaryons formed either
from pseudowild types or from the anastomoses of hyphae from adjacent asco-
spores. Thus conidial suspensions from prototrophic colonies showing wild-type
pigmentation were plated on medium supplemented with arginine, and when the
subsequent colonies were 24 h old a further conidial suspension was made and
plated again on arginine-supplemented medium.

3. RESULTS

The recombination results are summarized in Table 2 and Fig. 2. They indicate
that the al markers span a region 1-5-2-0 map units in length, and that this region
appears to incorporate two major subunits. The first subunit consists of a cluster
of closely linked mutant sites approximately 0-2 map units long which express
a pure white or a pale rose-white 'albino' phenotype. The second subunit is
separated from the first by an interval of approximately 0-5 units. The pheno-
types cream, lemon yellow, pale yellow, and pure white were expressed by mutants
in the second subunit, which occupied approximately 0-5 map units. Further
evidence concerning the existence of two subunits within a single gene complex
is presented elsewhere (Subden & Threlkeld, 1969).

Because of background heterogeneity the primary purpose was only to order
the mutant sites. In some exceptional crosses, involving approximately equal map
distances, differences in recombination frequencies were markedly high; e.g. for
the cross Y254M165 x 34508 the prototroph frequency was 48-2 x 10~4, while for
the cross Y254M165 x ALS-23-S70 the prototroph frequency was 5-0 x 10~4.

Complementary heterokaryons accounted for 30-35% of prototrophic colonies
with wild-type pigmentation obtained from crosses with a parent from each
subunit. Furthermore, it was found that successive conidial isolates were necessary
to exclude from the complementing heterokaryon class, contamination by conidia
from adjacent albino prototrophic colonies on the original plate.

The existence of high negative interference was detected after examining the
overall ratio of single to triple crossovers from the transposition sets. From the
calculated map distance the expected ratio was 400:1 and the observed was 31:1
(X2 = 6-1, P < 0-05).

Of the crosses attempted, 22 % failed to produce a sufficient number of asco-
spores (< 1000) to provide sufficient prototrophs. Confidence limits (10%) that had
previously been calculated (Dorfman, 1964) for the significance of prototroph
frequencies were not attainable even for 3000 spores with the system described.
Accordingly a series of duplicate crosses was performed and their results compared
by means of Poisson and contingency tests which validated their significance
irrespective of the extended confidence limits (Subden, 1969).

The data presented in Fig. 2 cite only the results from the postulated single
crossover classes and data are omitted where the presence of prototrophs with wild-
type pigmentation shows the occurrence of multiple crossovers. In general, data for
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strains carrying the alc marker tended to be ambiguous, and it is probable that
these strains carry some chromosome rearrangement. The map position of alc was
derived by minimizing the number of inconsistencies among the transposition
set results. The strain 46-11-68 arg-6 was sterile in all but three crosses, which, in
contrast, were normal in all respects. It is possible that the successful production of
a cross, like that of a heterokaryon, requires a specific combination of genes in

Subunit no. 1—

_Pale rose white
Marker ' 'albinos'
reference|i* 2 3 8 7 9
number -\ 1 1 1 1 1 -

-Subunit no. 2-

Cream > i c Lemon yellow_
is' ' I ~~ 'albinos'

^ _ ^ Very pale yellow_
'albinos' " I 'albinos' ^'~" white 'albinos'

10 | 11 13 12 114 16 15 17 | 4 6 S 18 20 19 |
H 1 h H 1 1 1 1—h H h

,8-6, 00 | 0 5 | 0 0 | | 39-4 , , 00 , 00
• 37-4

, 13-3 , 00 00
5-4

6-41 00 2 5 0 00

4-5
5-4

I I
48-6

6-1

0 0
50

25-6
110-4

56
0 0 5-5

793 58

14-1

14-2
0 0

4-2

4 6

00
0 0

56
13-5

0 0
9-5

2-2

00

, 00
I 00

1

1

22-3

57-9

41-5

1 86

l

i 20-8
i 250

I

27-6
2

I

19-6
2-39

40-8

61

f

8
88-1

L_

I
1
t

41 0
2-4 ,

j

i

6-4 ,
26 ,

1

I

I

Fig. 2. Map distance approximations ( x 104) for all al regions. Distances cited for
more than one trial are expressed as averages. Site spaces are equidistant for
graphic purposes only.
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addition to the mating type loci. Strain ALS-22-S82 arg-6 produced no proto-
trophs with wild-type pigmentation with any cross attempted. The synthesis of
the doubly marked strain ALS-22-S82 arg-6 required the isolation of > 3000
spores before the double mutant was recovered. The ALS-22-S82 lys-3 strain was
synthesized but was sterile in all crosses. It is possible that ALS-22-S82 is a
deletion mutant for a region distal to ALS-19-S70, resulting in chromatid pairing
problems hindering successful crossovers.

4. DISCUSSION

Although the order of markers is in agreement with that published for the four
strains (15300. 34508. alc, JH216) previously studied by Huang (1964), the incon-
sistencies in the distances are too great to be explained by reference to the approxi-
mation limits. They probably reflect the omission by previous workers of the
analysis of conidial isolates. As a result complementing heterokaryons would be
counted as recombinants and so lead to false increases in map distances. Pseudo-
wild types have been reported for this region by Pittenger (1954) presumably with
a crossover between the centromere and the mating type locus to obtain homo-
zygosity for the mating type locus.

The existence of identical phenotypes (pure white 'albino') in both comple-
mentary subunits suggested that the gene functions are interrelated, and this is
consistent with the available biochemical data (Harding, 1968). Few conclusions
can be made about the mode of gene action of the loci as the results may be ex-
plained equally well by both current hypotheses: (1) There is a polyfunctional en-
zyme performing successive dehydrogenations on the same substrate molecule. This
would suggest that the various phenotypes are the result of impaired enzyme
efficiency. The various phenotypes would reflect a graduated decrease in the
quantity of carotenoids present from initial substrates to end-products (compared
with wild-type concentrations). (2) An enzyme aggregate exists in which each enzyme
is responsible for a specific substrate dehydrogenation and the phenotypes
represent the diminution of all pigments synthesized subsequent to the lesion. Map
distance approximations could accomodate this scheme.

Complementation studies with a large number of al strains (Subden & Thelkeld,
1969) although not completely conclusive, do suggest that the gene products of
the two loci are interrelated (there are several non-complementing pairs). Further-
more, it would also appear that the unit previously occupied by aur-type strains is
subdivided into complons or possibly cistrons equivalent to the phenotypic
divisions shown in Fig. 2. Preliminary accumulation studies (Subden, 1969;
Harding, 1968) with Neurospora carotenoid mutants support the contention that
the mutant phenotypes are related to specific blocks early in the carotenoid
synthetic pathway.
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