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T HE histidine-3 ( hist-3) mutants of Neurospora crassa were chosen for detailed

biochemical studies, complementation mapping, and intercrosses because
they were shown to exhibit deficiencies in one or the other or both of two dis-
tinguishable, though apparently closely related types of biochemical functions.
Preliminary heterokaryon complementation studies (VWEBBER 1959, 1960;
CarcHesIDE 1960) showed that, although some pairs of hisz-3 mutants form
histidine-independent heterckaryons, such Aist-3 mutants all share an inability
to complement with a type of Aist-3 mutant which is recovered frequently from
forward-mutation experiments. Preliminary crosses (WEBBER 1960) also demon-
strated that the Aist-3 mutant sites are closely linked in the right arm of linkage
group 1.

On the basis of biochemical and physiological tests (WEBBER 1959, 1960, 1965;
Carcuesipe 1960), the Aisz-3 mutants may be divided into three subgroups,
namely, subgroup 1 mutants, deficient for histidinol dehydrogenase activity; sub-
group 2 mutants, deficient for one or two reactions early in the histidine bio-
synthetic scheme (A. AuMED, unpublished) ; and subgroup 3 mutants, deficient
for both histidinol dehydrogenase and one or two early reactions. Furthermore,
it was shown (WesBER 1965) that the biochemical differences detected in Aist-3
mutants are reflected rather precisely in the placement of these mutants on a
detailed heterokaryon complementation map of Aisz-3 mutants. Subgroup 1
mutants are restricted to one portion of the map; subgroup 2 mutants are re-
stricted to the other portion of the map; subgroup 3 mutants cover the entire
subgroup 1 portion of the complementation map and extend partially or com-
pletely across the other portion.

The present paper describes the use of intercrosses of mutants from each of the
biochemical subgroups in an analysis designed to determine the correspondence
of the biochemical deficiencies and complementation map positions of individual
hist-3 mutants with their genetic locations.

MATERIALS AND METHODS

The hist-3 mutants used are listed in Table 1 with their complementation characteristics and
biochemical subgroup classification (WEBBER 1965). The list includes spontaneous, X-ray induced
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TABLE 1

Characteristics of hist-3 mutants used

Biochemical Complementation
hist-3 mutant subgroup units covered

Y152-M66 3 1-14
Y226-M606 2 3
Y226-M408 2 1
Y226-M584 2 1-2
Y224-M24, Y226-M589 2 4
Y226-M216, Y226-M416, Y193-M16 2 56
Y226-M77 2 5
Y152-M111 3 2-14
Y226-M579, Y155-M283, Y226-M585 3 9-14
Y226-M565 3 8-14
Y152-M16 1* 9-14
Y155-M280 1 9-13
1710-12A 1 9-14
Y155-M245 1 9
Y155-M261 1 10
Y155-M234, Y226-M566 1 13--14

* Y152-M16 exhibits slight variable accumulation of histidinel and is presumed to be partially deficient for a reaction
early in the biosynthesis of histidine.

and ultraviolet induced mutants (WesBer and Case 1960). 1710-12A is a derivative strain
obtained by Dr. Mary Cask by backcrossing the original T1710 (Haas, MiTcurLL, AMEs, and
MrrcHELL 1952) to wild type 73a. Selection of the derived strain was made on the basis of
heterokaryon-compatibility with mutants in 74A wild-type background. The original T1710 was
reported to exhibit ascospore abortion in crosses, suggesting the presence of a chromosomal
aberration. The derivative strain exhibits good ascospore viability (up to 80 percent) and normal
linkage relationships with the arg-3 and nic-2 loci (in crosses of 1710-12A to an arg-3 nic-2
double mutant strain) and so seems to be free of the aberration. It is the derived strain that has
been used to provide the Aisz-3 mutant locus referred to here as 1710.

arg-3 (30300) and nic-2 (43002) were used as outside markers (Figure 1) six or seven units
to the left and two or three units to the right of hist-3, respectively. Strains of mating type A
bearing the Aist-3 and nic-2 markers and strains of mating type a bearing arg-3 and hist-3 mark-
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Ficure 1.—Genetic sequence of six hkist-3 mutants. (Genetic distance is expressed as proto-
troph frequency X 10¢).
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ers were derived from crosses of the various hist-3 mutants with the same aqrg-3 nic-2 strain.
Heterogeneity in genetic background was decreased by the use of hist-3 strains most of which
had been induced in 74A or a closely related wild-type strain (WesBER and Case 1960) and by
selection for heterokaryon compatibility with 74A after backcrossing strains bearing arg-3 and
nic-2 markers to wild type 74A several times. The derived hist-3 nic-2 strains were then crossed
with arg-3 hist-3 strains in appropriate combinations. Crosses were made in 20 X 150 mum test
tubes containing filter paper strips and the liquid medium of WesTERGAARD and MiTcHELL (supple-
mented with 100 gg/ml of pL- histidine-HCI-H,O and 10 pg/ml of nicotinamide) with the
hist-2 nic-2 strain serving as protoperithecial parent in each cross. The tubes were incubated for
5 to 6 weeks at 25°C and then stored at 0 to 4°C until plating. The pairs of hist-3 mutants
crossed were, in all cases, noncomplementary or only weakly complementary in heterokaryon
tests; therefore, no pseudowild-type progeny were expected, and histidine-independent progeny
were not tested for their presence. The absence of histidine-independent progeny from selfings
of the majority of the hist-3 mutants demonstrates that typical reversion is not involved in
origin of histidine-independent progeny in these intercrosses. A sorbose overplating technique
(NewMEYER 1954) was used with slight modification. Ascospores were suspended in water con-
taining 0.15 percent agar and heat shocked in a 60°C water bath for 1 hour; 0.02 to 0.34 ml of
suspension was plated in medium supplemented with 100 gg/ml v-arginine, 75 pg/ml v-histidine,
and 10 pg/ml nicotinamide to estimate the viable spores/ml of suspension (usually 3 to 25 X
103/ml); and 75 to 110 ml of suspension were plated in medium supplemented with arginine
and nicotinamide to estimate histidine-independent progeny. For each cross the number of histi-
dine-independent progeny is expressed as a percentage of the number of viable spores in an
equal volume of suspension.

Histidine-indzpendent colonies were grown in tubes of arginine- and nicotinamide-supple-
mented medium and then tested in medium supplemented with arginine or nicotinamide. An
estimate of the viability in each cross was made by comparing the number of colonies obtained
in arginine- nicotinamide- and histidine-supplemented plates with the number of ascospores
detected by microscope counts of 0.001 ml of suspension.

RESULTS

Size of the hist-3 locus: The data derived from interallelic crosses of marked
hist-3 mutants are presented in Tables 2 and 3. The size of the locus is less than
0.03 conventional map units (double the largest prototroph frequency) as deter-
mined by these tests. This may be compared with a length of 0.68 map units for
the pan-2 locus (Case and GiLes 1960). Such a comparison may be of no theo-
retical importance, since factors other than actual physical length of the genetic
material involved may affect map length as measured by recombination, but the
comparison does show a 20-fold difference in the maximum prototroph frequen-
clies.

Sequence of hist-3 mutant sites: The sequence of Aist-3 mutant sites is found
by a comparison of frequencies of histidine-independent progeny from different
hist-3 X hist-3 crosses. Six hist-3 mutants were crossed in all possible combina-
tions of pairs (as listed in Table 2) and with most combinations reciprocal with
reference to markers at the arg-3 and nic-2 loci. In Figure 1 these six mutants are
placed in the sequence which gives the best additivity of frequencies of histidine-
mdependent progeny. The placement of additional Aist-3 mutant sites on the
map is based upon prototroph frequencies (presented in Table 3) from crosses
between the mutant whose site is to be detected and several of the six mutants
whose locations are shown in Figure 1. The data in Table 3 do not permit unam-
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TABLE 3

Partial genetic data (prototroph frequency per 106 viable ascospores) from selected
hist-3 X hist-3 crosses and position of mutants

Genotype of other parent

Genotype of Tentative placement
one parent Y152-M111 Y226-M579 Y226-M585 Y152-M16 1710 of mutants
Y226-M606 7 56; 62 42 . o Near Y152-M111
Y226-M408 7; 0 12; 24 31; 14 . . Near Y152-M111
Y226-M584 0.2; 04 27, 10 43; 15 . . Near Y152-M111
Y224-M24 } 1 16 23 . o Near Y152-M111
Y226-M589 1 6 23 . . Near Y152-M111
Y226-M216 2; 1 4; 4 19; 22 o .. Between Y152-M111
and Y226-M579
Y226-M77 5 1 20 .. .. Near Y226-M579
Y155-M283 4; 14 1; 0 17; 31 19; 19 75; 64 Near Y226-M579
Y226-M565 64 36 0 . o Near Y226-M585
Y155-M280 57; 41 38; 45 14, 9 10 . Between Y152-M 16
and 1710
Y155-M245 86; 43 71, 63 40, 30 25; 21 o Distal to 1710
Y155-M261 85 75; 83 46; 54 20, 36 . Distal to 1710
Y155-M234 122 108 95 37, 103 .. Distal to 1710
Y226-M416 0 0 3 . . Near Y152-M111
and Y226-M579
Y193-M16 18; 24 11; 26 44; 34 . . Ambiguous
Y152-M66 3 26; 27 34; 15 8 7 . Ambiguous

biguous placement of all mutants, but Table 4 lists in sequence those mutants
which have been assigned to a site.

Distribution among Histidine-independent progeny of markers at adjacent loci:
The strains used in this series of crosses contained contrasting alleles at the arg-3
locus and at the nic-2 locus. The distribution of markers among prototrophs from
any particular cross was expected to provide evidence about the sequence in the
linkage group of the two Aist-3 mutants involved in that cross. It was anticipated
that if histidine-independent progeny arose by recombination between hist-3
mutant sites, then these histidine-independent progeny should bear predomi-
nantly either arg* and nict or arg-3 and nic-2, depending upon the relative
positions in the linkage group of the two Aist-3 mutant sites. Reciprocal crosses
were expected to yield approximately reciprocal results with respect to marker
combinations. These expectations were not confirmed in the majority of pairs of
reciprocal crosses.

Mutant 1710 stands out in Table 2 as an exceptional mutant that frequently
yields from crosses a large percentage of prototrophs marked with either arg™
and nict or with arg-3 and nic-2 depending upon the relative positions of the
two Aist-3 mutant sites. From crosses involving 1710, 814 histidine-independent
progeny were obtained and tested and 526 of these (65 percent) were marked
either with arg* and nict or with arg-3 and nic-2. From crosses not involving
1710, only 44 percent (3433/7804) of the histidine-independent progeny ex-
hibited nonparental (either arg* and nic* or arg-3 and nic-2) marker combina-
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TABLE 4

Genetic sequence of some hist-3 mutants

Mutant Subgroup Complon coverage
Y226-M606 2 3
(Y226-M408 2 1
Y226-M584 2 1-2
Y224-M24 2 3
]Y152—M111* 3 2-14
| Y226-M589 2 4
| Y226-M216 2 5-6
(Y226-M77 2 5
| Y226-M579* 3 9-14
Y155-M283 3 ?
}Y2426—M5 65 3 8-14
1Y226-M585* 3 9-14
[Y226—M4-97 3 9-13
Y152-M16* 1 9-14
Y155-M280 1 9-13
{1710* 1 9-14?
Y155-M245 1 9
?fY155_M261 1 10
] Y155-M234 1 13-14
lY226—M566‘ 1 13-14

* Mutants which are included in Figure 1.
Brackets enclose mutants whose positions relative to one another are probably but not certainly as shown.
3{1212()—11\/;4-97 and Y155-M280 were not tested with a complon 14 mutant, but may be presumed to cover complon 14
as well as 13.

tions. The production of reciprocal marker results (one nonparental combination
favored in one cross and the other nonparental combination favored in a recipro-
cal cross) from reciprocal crosses involving 1710 permits one to fix the relative
positions of the Azsz-3 mutants in the linkage group. The subgroup 2 and 3 mutants
(e.g., Y226-M606 and Y152-M111) are nearer to arg-3 (closer to the centro-
mere) than the subgroup 1 mutants. Y226-M566 and Y155-M234 are considered
the farthest from the centromere.

Marker distributions in prototrophs from crosses involving Y226-M566 indi-
cate that this site segregates as though more closely linked to the nic-2 locus than
to the arg-3 locus. This favors the placement of the Y226-M566 end of the map
to the right (farthest from the centromere).

DISCUSSION

Relative genetic positions of hist-3 mutants: hist-3 mutants were assigned to
sites on a genetic map based on the assumption that frequency of histidine-
independent progeny provides an estimate of genetic distance separating two
hist-3 mutants crossed. Not all mutants for which crossing data are available can
be unambiguously assigned to a position in the linkage map. Mutant Y226-M416,
for instance, gave a low frequency of histidine-independent progeny with four
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mutants at different sites, Mutants Y193-M16 and Y152-M66 gave low fre-
quencies of histidine-independent progeny with tester mutants at the end and
middle of the map and higher frequencies with intermediate testers. However,
the majority of mutants could be assigned to sites at or near one of eight positions
scattered along a genetic map approximately 0.03 conventional map units in
length.

Distribution of adjacent markers: The majority of the hist-3 interallelic crosses
provide data which are similar to those described by PaTeman (1960) for the am
locus. There is an excess of parental marker combinations among histidine-
independent progeny, suggesting that many of these progeny result from an
exchange between the two hist-3 sites involved in the cross as well as an exchange
adjacent to the Aist-3 locus. There is also an apparent nonreciprocity of marker
combination frequencies in reciprocal crosses. The present data differ from those
of Case and GiLes (1960) on the pan-2 locus, where nonparental marker combi-
nations are in excess and reciprocal crosses result in reciprocity for adjacent
marker combinations. The Aist-3 data contrast (less strongly) with the data of
Murray (1963) where parental classes of methionine-independent progeny of
interallelic me-2 crosses are in slight excess, but reciprocity in reciprocal crosses
is indicated.

The difference between crosses involving 1710, a mutant obtained in a stock
(derived from E5256A and E5297a) probably not closely related to 74A, and
crosses not involving 1710 is not surprising. b SErres (1958) was able to demon-
strate in interallelic ad-3 crosses that the segregation of the closely linked marker
hist-2 among adenine-independent progeny (as well as the frequency of adenine-
independent progeny) varied quantitatively depending on whether the two ad-3
mutants crossed had been obtained in stocks of the same genetic background or
of different genetic backgrounds. It may be possible to attribute certain unex-
pected features of the present data (e.g., failure of reciprocal crosses to give
reciprocal marker distributions among Aist* progeny) to variation in the genetic
background of the mutants used. Such variation may have been introduced by
the use of arg-3 and nic-2 markers which did not originate in wild type 74A.

Genetic basis for biochemical heterogeneity among hist-3 mutants: There is
clearly a correspondence among the three different methods of classifying Aist-3
mutants. The close correspondence between biochemical subgroup classification
of mutants and complon coverage was previously pointed out (WeBBER 1965).
It is now also evident that subgroup 2 and 3 mutants are mixed together in one
portion of the linkage map, while subgroup 1 mutants occupy an adjacent portion
farther from the centromere. Furthermore, certain of the subgroup 1 mutants
(ie., Y155-M234 and Y226-M566) cover complons 13 and 14 (at one side of the
complementation map) and occupy positions on the linkage map farthest from
the centromere.

The hist-3 locus is divided into at least two parts. Genetic alterations in the
distal portion result in subgroup 1 mutants which are deficient for histidinol
dehydrogenase and occupy one or more of complons 9 through 14. Genetic
alterations in the proximal portion are of two different classes. Genetic alterations
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of one class result in subgroup 2 mutants which are deficient for one or two
reactions early in the biosynthetic pathway for histidine and occupy one or more
of complons 1 through 8. The other class of genetic alterations in the proximal
portion of the map produce subgroup 3 mutants which are deficient for one or
more early reactions as well as for histidinol dehydrogenase. Subgroup 3 mutants
extend from some point in the complon 1-9 region through complon 14.

The evidence indicates a separate genetic position for subgroup 1 mutants, but
a location of subgroup 2 and 3 mutants in the same genetic region. bE SERRES
(1964) has presented evidence from studies with the ad-3B mutants of Neuro-
spora suggesting that base-pair substitutions result in mutants with nonpolarized
complementation patterns while base-pair insertions or deletions produce non-
complementing mutants or mutants with polarized complementation patterns. If
one assumes, further, that the genetic code in the #ist-3 region is read from left
to right, then the difference between subgroup 2 and 3 mutants could be attributed
to a difference in type of genetic alteration. On this hypothesis, subgroup 2 mu-
tants would result from base-pair substitutions, whereas subgroup 3 mutants
would result from base-pair insertions and deletions. Subgroup 1 mutants should
result from both classes of alteration.

The author is grateful for the encouragement and criticism of Dr. FreDERICK J. DE SERRES
during the progress of this crossing program and manuscript preparation, and for the review
and criticism of the manuscript by Dr. Norman H. GiLes and Dr. Mary E. Cask.

SUMMARY

Intercrosses of mutants from the three biochemical subgroups of Aist-3 mutants
have been analyzed to determine the correspondence between their characteristic
biochemical deficiencies and their positions on the complementation and genetic
maps. These crosses demonstrated a striking correspondence between genetic and
complementation map positions of mutants with nonpolarized complementation
patterns, Subgroup 1 mutants are located in the right side of both maps while
subgroup 2 mutants are in the left side of both maps. Subgroup 3 mutants are
located among subgroup 2 mutants in the left side of the genetic map.

A possible interpretation of these results is that subgroup 3 mutants result from
base-pair insertions and deletions while subgroup 2 mutants result from base-pair
substitutions. Subgroup 1 would include mutants resulting from both classes of
alterations.

Contrasting markers at the arg-3 and nic-2 loci were incorporated into the
parents and observed in the progeny. The two following different types of distri-
bution of markers occurred. Crosses not involving mutant 1710 showed more
than 50 percent parental combinations of markers; reciprocal crosess not involv-
ing 1710 failed to yield reciprocal marker combination frequencies, and crosses
involving 1710 (a mutant obtained in a wild-type strain other than 74A) usually
exhibited more than 50 percent nonparental combinations of markers and good
reciprocity in most pairs of reciprocal crosses.
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