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ABSTRACT 

Arginine has long been of interest to chemists, 

biochemists and biologists because of its close relation¬ 

ship to urea. Srb and Horowitz (1944) isolated many 

arginineless mutants of Neurospora crassa and found the 

mutants confirmed Krebs' claim (1932) that ornithine and 

citrulline are precursors in the biosynthesis of arginine. 

With the characterization of more enzymes, there were 

indications that arginine biosynthesis was more complex than 

originally believed. When Jones, Spector and Lipman (1955) 

characterized ornithine transcarbamylase (OTC) as the protein 

catalysing the union of ornithine and carbamyl phosphate 

(CAP) to give citrulline, it was discovered by Fincham 

(i960) that no existing Neurospora mutant showed a lack of 

OTC, although two non-allelic mutants required citrulline. 

Of these, one, arg-3 was later found by Davis to lack 

carbamyl phosphokinese (CPK), and the other, arg-2, is still 

undefined. 

Thus an attempt was made to isolate a mutant lacking 

OTC, and several were obtained by Woodward (Woodward and 

Schwarz, 1964) by filtration and selective plating 

(Woodward et al_., 1954) of s., the pyr-3 suppressor which 

was found to have a 97$ reduction in OTC as compared to wild 

type, and also by irradiation of pyr-3 and selection of 

suppressed strains. 



The OTC-less mutants were found to be non-allelie 

with all known arginine mutants, to be in a single com¬ 

plementation group and thus comprise a single gene locus, 

to be allelic or very closely linked with £, and to be on 

the second linkage group of the Neurospora genome. The 

mutant locus has been named arg-12 and £ has been renamed 

arg-12 . 

arg-12 was shown to be the structural gene for OTC. 
g 

Mutants lacking OTC cannot survive, as does arg-12 , with¬ 

out exogenous arginine. 
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INTRODUCTION 

The genetic control of biosynthesis of arginine and 

pyrimidine in Neurospora crassa is diagrammed in Fig. 1. 

The present work deals with mutants that affect the arginine 

pathway directly by altering ornithine transcarbamylase 

(OTC) activity, and which affect the pyrimidine pathway 

indirectly by as yet unknown suppression mechanisms. 

Arginine metabolism has long held the interest of 

biochemists. With the advent of "biochemical genetics," 

a new tool became available for the study of its inter¬ 

mediary metabolism. In the early 19^0's, Srb and Horowitz 

(19^4-) isolated many mutants of Neurospora crassa which grew 

only when supplied with exogenous arginine. Of these many 

mutants, seven proved to be non-allelic, single gene 

mutations. When these mutants were grown in medium 

supplemented xvith the precursors of arginine described by 

Krebs and Henseleit (1932), i.e., ornithine and citrulline, 

it was found that of the seven different arginineless 

strains, one strain grew only when supplied with arginine, 

two grew on arginine or citrulline, and four grew on either 

arginine, citrulline or ornithine. Thus Srb and Horowitz 

felt that the pathway of synthesis of arginine was the same 

in plants and animals, and that failures in biosynthesis 

were related to specific genetic blocks. Moreover, it 

appeared as if arginine synthesis involved three steps, as 
* 

follows: 
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■ e-n-^-l> orn -£.n.z.--2-> cit arg 

and that a mutation could occur in the synthetic pathway 

leading to lack of an enzyme and death of the cell unless 

a subsequent metabolite was supplied. 

Krebs (1936), however, had previously speculated that 

the conversion of ornithine to citrulline involved two 

steps. There were indeed two of the Srb and Horowitz 

mutants that were non-allelic and grew on citrulline but 

not on ornithine, arg-2 and arg-3. But no intermediates 

were found, and the exact deficiency of arg-2 and arg-3 

remained obscure. 

Jones, Spector, and Lipmann (1955) clarified the 

synthesis of citrulline. Using ornithine and carbamyl 

phosphate (CAP) in the presence of a bacterial enzyme, 

OTC, they found that citrulline was produced. Later they 

found the same synthetic reaction occurs in animals when 

they used ornithine and CAP with a mitochondrial enzyme to 

produce citrulline. Pincham (i960) then assayed arg-2 

and arg-3 for OTC activity and found them to possess wild- 

type amounts of activity. This discovery left a double 

questions: why has the locus controlling OTC synthesis 

not been found, and what alteration in the metabolic path¬ 

way is represented by arg-2 and arg-3? 

Mitchell and Mitchell (1952) had long before postulated 

a connection between the arginine and pyrimidine synthetic 
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pathways when they found that a mutant, £, which relieved 

some of the pyr-3 mutants of their pyrimidine requirement, 

no longer had a suppression effect in the presence of 

arginine. 

The pyr-3 mutants have been the subject of much study. 

It has been shown (Suyama, Munkres, and Woodward, 1959) 

that pyr-3 is a complex locus as defined by recombination, 

complementation tests, and reversion criteria. An additional 

complexity was shown by Davis (i960) who found that aspartate 

transcarbamylase (ATC), the enzyme involved in the con¬ 

version of carbamyl phosphate and aspartic acid to carbamyl 

aspartate, was lacking in some of the pyr-3 mutants and 

present in wild type amounts in others. It was shown 

(Davis and Woodward, 1962) that only pyr-3 mutants dis¬ 

playing ATC activity were suppressible by £ and that these 

mutants are allelic with those lacking ATC that are not 

suppressible by s_. In further studies attempting to cor¬ 

relate the pyr-3 complementation map with the genetic map 

of the locus, and to study the suppressibility by s_, a 

pyr-3 mutant, KS-23J was irradiated and plated on minimal 

medium on conidia of KS-43J which itself is unsuppressible, 

lacking in ATC, able to complement all ATC-plus mutants, 

but unable to complement KS-23. It was found (Woodward and 

Davis, 1963) that KS-23 could be changed to complement with 

KS-43; to possess ATC activity equivalent (in. vitro) to wild 

type, and to be suppressed by s_. These experimental results 
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led to the conclusion that the original mutational damage 

in KS-23 involved two sites on the ATC enzyme and the 

secondary mutation corrected one of these sites, the trans¬ 

ferase site. More experimental evidence has been obtained 

recently when a non-complementing pyr-3 mutant (i.e., de¬ 

fective on both sites of the ATC protein) was restored to 

activity at the CAP-synthesizing site by partial reverse 

mutation, according to Dutta and Woodward (1965). 

Double mutants of pyr-3 and s_ grow on minimal medium, 

but the presence of small amounts of arginine in the medium 

interferes with the suppression and restores the uridine 

requirement. It may be that arginine represses or inhibits 

carbamyl phosphokinase (CPK), preventing any synthesis of 

CAP in the cells. This would create the requirement for 

pyrimidine. The mutant £ has many other phenotypes (Mitchell 

and Mitchell, 1952) among which are: s_ suppresses the slow 

growth (leaky) phenotype of arg-2 and arg-3; it prevents 

arg-4, -5, -6, and £7 from responding to ornithine; and it 

suppresses prol-2 and prol-3. These effects formed the 

basis of Mitchell and Mitchell's (1952) suggestion that 

the arginine and pyrimidine pathways were interdependent. 

There was no further evidence supporting or rejecting this 

hypothesis until Davis (1961) found that s_, which itself 

shows wild type growth, has less than 3$> wild type OTC. 

A number of questions were raised by this discovery. 

In light of the wild type growth of s_, was OTC necessary 
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for arginine synthesis? Why, among so many hundreds of 

arginine-requiring mutants had one with complete loss of 

OTC never been isolated? Was the £ locus the structural 

gene for OTC? 

Since mutants lacking in OTC were essential for further 

study, attempts to isolate them proceeded along two lines. 

The filtration and selective plating technique (Woodward, 

deZeexxw, and Srb, 195*0 * ordinarily used for isolation of 

mutants, had not produced an OTC-less mutant. However, 

wild type conidia were usually the irradiated source of new 

mutants. On the other hand, s., xvith OTC and endogenous 

arginine drastically reduced, could be a better source for 

a mutant completely lacking OTC; this idea was based on 

the assumption that high OTC and endogenous arginine would 

permit newly induced OTC-less mutants to germinate, and to 

be filtered out during the course of isolation. 

The filtration and selective plating with £ as conidial 

source produced OTC-less mutants for Woodward (Woodward and 

Schwarz, 1964) and for Davis and Thwaites (1963) who had 

speculated that the locus denoted by £ had at least 2 

parts and required at least one more "hit" for a complete 

mutation. This method yielded fewer OTC-less mutants than 

the alternate method described below. 

Woodward (Woodward and Schwarz, 1964) also believed 

that the irradiation of pyr-3 mutants followed by a search 

for suppressed strains would permit recovery of OTC-less 
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mutants. Thus, he irradiated the pyr-3 conidia (see 

Woodxvard and Schwarz, 1964 for details), plated the 

irradiated conidia on minimal medium and found that 

certain strains grew to a size of about 5 mm, then stopped, 

apparently when the residual OTC was used up and suppression 

vxas no longer possible. These strains were isolated and 

assayed and nine saved as OTC-less (6-1...7-0). The 

qualitative test for OTC activity used in these experi¬ 

ments has been described by Davis and Woodward (1962). 

Genetic studies of the OTC-less strains, now named 

arg-12, are the subject of the present work. Part of this 

work has been published (Woodward and Schwarz, 1964). 
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MATERIALS AND METHODS 

The new arg-12 strains were obtained by ultraviolet 

irradiation of pyr-3 and of £ (Woodxvard and Schwarz, 1964). 

These mutant strains, arg-12, pyr-3 and £, have been re¬ 

peatedly backcrossed to the St. Lawrence wild types 73a and 

74A to provide as uniform a background as possible for 

genetic, complementation, and enzyme studies. 

Strains used in mapping were obtained from the Fungal 

Genetics Stock Center, and several of the arginine mutants 

were obtained through the courtesy of Dr. D.G. Catcheside 

and Dr. D. Newmeyer. They are as follows: 

Locus Isolation Number Linkage Group 

arg-5 27947 II R 
arg-10 B-317 VII R 
thr-2 35423 II L 
thr-3 44104 II L 
tryp-3 C-83 II R 
me -7 4894 VII R 
nic-3 Y31881 VII L 
tryp-1 10575 III R 
prol-1 21863 III R 
pyr-3 KS mutants IV R 
ylo Y30539y VI L 
sp B132 V R 
pyr-2 37709 IV R 
asp C123 V R 
ad-8 Y152-M7 VI L 
pan-2A Y153-M66 VI R 
pan-2a YU370-la VI R 
leu-3 R156 I L 
hist-2 Y152-M14 I R 
arg-6 29997 I R 
arom-4 R2204 II R 

The procedure for crossing was as follows: conidial 

parents were inoculated on minimal medium appropriately 

supplemented. After 48 hours perithecial parents were 
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inoculated on supplemented 1.5 gm/100 ml corn meal agar 

slants. After six days growth of the conidial parents, 

the conidia were harvested in sterile water and approxi¬ 

mately 1 ml. of the conidial suspension applied onto the 

protoperithecial growth. Random isolation of ascospores 

followed at least four weeks after crossing. The isolated 

spores were activated at 60°C for 30 minutes and conidia of 

each isolate tested for phenotype. 

Media for growth was citrate minimal medium (Vogel, 

1956) supplemented with 10 mg of a specific amino acid per 

100 ml. medium, except for arginine mutants which grow 

more successfully with a more concentrated supplement 

(30 mg. ornithine, citrulline, or arginine I'/as used in 100 

ml. of medium). Groivth tests were made in 10 x 75 mm. 

culture tubes in 1 ml. of liquid medium using a conidial 

inoculum. 

Testing for mating type was accomplished using the 

morphological mutant spray which will produce a lawn of 

growth on corn meal agar petri plates. Conidia of unknown 

mating type were applied to a lawn of sp-a and sp-A and 

scored for perithecial formation three to six days later. 

Complementation was done on petri dishes of Ionagar 

(Consolidated Laboratories, Inc., Box 234, Chicago Heights, 

Illinois) using approximately 0.01 ml. conidial inoculum of 

each strain, which, on Ionagar, does not spread but remains 

as a drop. This is allowed to dry and then is overplated with 

a like amount of the strain being tested for complementation. 
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RESULTS 

The irradiation of pyr-3 conidia produced strains 

which developed a small colony on minimal medium, then 

stopped. At this point residual arginine and OTC were 

apparently used up and the colonies were transferred to 

doubly supplemented (arginine-uridine) medium; sub¬ 

sequently the strains were crossed to wild type and 

citrulline-requiring progeny were saved. Of these 6-1, 

6-2, 6-3, 6-4, 6-6, 6-7, 6-8, 6-9, and 7-0 were OTC-less, 

The object of irradiation of £ was to increase the 

frequency of the mutation that alters the level of OTC in 

the cell. Thus, following filtration, the surviving 

mutants can be selected on arginine-supplemented plates; 

however, many different genetic loci, when mutant, are 

known to create a citrulline phenotype, e.g., double 

mutants of orn~s require citrulline and, bn crossing to 

wild type, produce ornithineless (orn~s*), citrullineless 

(orn~s), and wild type (*+ and *s) progeny in a ratio of 

1:1:2; double mutants of oit~s require citrulline and, on 

crossing to wild type, produce citrulline leaky (cit’s*), 

citrullineless (cit~s) and wild type (++ and +s) progeny in 

a ratio of 1:1:2; and mutants with an absolute citrulline 

requirement (not leaky) on crossing to wild type, produce 

only wild type and non-leaky citrullineless mutants in a 

ratio of 1:1. The progeny of crosses between wild type 

and suspected s-arginineless double mutants (Table l) show 
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that the new mutations induced by irradiation include five 

ornithineless, six citrullineless with slow growth 

characteristics (leaky), and 15 with an absolute require¬ 

ment for citrulline. The latter were tested for OTC activity 

and two strains were OTC-less. 

In a biosynthetic pathway such as  orn . ^ cit > arg, 

with, theoretically, one enzyme catalyzing the ornithine 

to citrulline step one would expect that citrulline-re- 

quiring mutants defective in this enzyme would occur at 

the appropriate locus. The two long-known citrullineless 

Neurospora mutants, arg-2 and arg-3, are found on linkage 

groups IV and I respectively. The mutation in arg-3 has 

recently (Davis, 1963) been shown to lack the enzyme carbamyl 

phosphokinase (CPK) which makes the phenotype a citrulline 

requirement in this manner: 

arg-3 orn 

ATP i- C02 1- NH3 . .1. > CAP 
CPK 

cit ; > 

arg-2, like arg-3, has OTC; how it fits into the biochemical 

scheme of arginine synthesis is as yet undefined. The new 

mutants lacking detectable OTC did not show linkage with 

markers on linkage groups I (an exception will be dis¬ 

cussed later) and IV; thus the mutation occurred at a new 

locus producing a citrulline requirement distinct from that 

of arK-2 or arg-3. The OTC locus has been named arg-12. 

Recombination data (Table 2) indicate that arg-12 segregates 
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as would be expected of a single gene mutation. This locus 

is not linked to markers on linkage groups I, III, IV, V, 

VI, VII. A possible exception to this is isolate 6-7 which 

will be discussed later. 

arg-12 was then crossed to available markers on linkage 

group II where there is a definite indication of linkage 

(Table 3). These data place arg-12 approximately 19.1 map 

units from thr-2, 15.1 units from thr-3* 3*5 units from 

arom-4, and 27.7 units from tryp-3. More precise mapping 

has not been possible due to the lack of markers on linkage 

group II and to difficulties in crossing. Both s_ and the 

arg-12 mutants have been crossed with arg-5 which is located 

on linkage group II and found to be 15 map units distant. 

These data indicate either close linkage or identity of £ 

and arg-12. With the addition of arg-12 as a new mutation 

in the genome, part of linkage group II of Neurospora crassa 

genetic map now appears: 

bal 
cfl thr-2  arg-5 arg-12 tryp-3 

thr-3 u arom-1, -4 

Davis and Thwaites (1963) have suggested that is should now 

be referred to as arg-12s. 

The arg-12 isolate 6-7 (Table 4) has shown linkage to 

leu-3 (27*5 units), and hist-2 (0 units) on linkage group I 

and thr-3 (17*8 units) and arom-1 (2 units) on linkage group 

II. It also has shown free recombination with thr-2 (64.5 

units) and tryp-3 (58.5 units) on linkage group II. Scoring 
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of approximately half the progeny of a cross with hist-2 

has shown linkage with mating type (A/a) on linkage group 

I while in this cross 6-7 appeared unlinked to hist-2 

(43$ recombination) which is also on linkage group I close 

to mating type but on the opposite side of the centromere. 

Most of the crossing from which recombination data were 

derived used the original isolates of arg-12 as perithecial 

parents; the second mating type of the arg-12 isolates 

were obtained later from the tetrad experiment. Thus 6-7a 

was perithecial parent for most of these crosses and oc¬ 

casional trouble did occur due to arginine or citrulline in 

the crossing medium (see below). When thr-3A was the 

perithecial parent, results were as would be expected of 

arg-12. The slight evidence of linkage to mating type and 

non-linkage to hist-2 raises the possibility that a trans¬ 

location is involved in the A mating type stock of 6-7 

and this should be studied further. In the arom-1 x arg-12 

cross, the only other progeny tested for mating type, the 

arginineless progeny showed no linkage to mating type and 

of 10 aromaticless progeny, 4 were a and 6 were A. 

Analysis of tetrade (Table 5) gave some indication of 

linkage of arg-12 to the centromere, but the exact distance 

could not be determined due to difficulties outlined below. 

In the light of these difficulties, it was considered 

impractical to pursue the investigation of 6-6 and 6-7. 

It was hoped that accurate data with other mutants would 
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give more reliable information; for instance, the data 

with the thr-3 x arg-12 cross (including all arg-12 

isolates) as shown in Table 3 relates to 800 isolates of 

which 78$ germinated and were tested. 

It became evident, as shown in Table 6, that this work 

led to the same difficulties mentioned by Newmeyer (1957) 

in crossing two arginine mutants. Results were erratic 

and unreliable. Re-crossing and re-isolation after further 

maturation of crosses altered some results in the expected 

direction, but only data from the non-arginine-requiring 

mutants were used to measure linkage. 
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DISCUSSION AND CONCLUSIONS 

It was important to the study of the genetic control 

of arginine biosynthesis that the gene controlling OTC 

specificity be demonstrated. The arg-12 mutants lack 

detectable OTC and arg-12s has an altered form of OTC with 

a 97-percent reduction of specific activity. 

The isolation of several OTC-less strains of Neurospora 

(Woodward and Schwarz, 1964) by selecting for pyr-3 

suppressors and by using the low-OTC s_ strain as conidial 

source for filtration and selective plating supports the 

hypothesis that strains with wild-type OTC have an accumula¬ 

tion of this enzyme. Since the Beadle and Tatum isolation 

technique did not produce large numbers of mutants, and 

the filtration and selective plating technique filtered out 

strains which could germinate, isolation of OTC-less strains 

was dependent on modifications as described in the isolation 

procedure above. 

In the course of mapping the arg-12 mutants, certain 

difficulties became apparent which delayed the work con¬ 

siderably and prevented the achievement of the desired 

precision. Since many of the known arginine mutants were 

available in the laboratory, these were used as markers at 

the outset. It was soon found, however, that arg-arg 

crosses showed a great deal of sterility and for unexplained 

reasons failed to yield viable progeny (see Table 6). 

Newmeyer (1957) suggested that this could be due to the 
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large amount of nitrogen in the medium supplemented with 

arginine. Subsequently ornithine and citrulline were used 

as supplements and results improved somewhat, although it 

was generally preferable to use mutants other than arginine¬ 

less as perithecial parents. It had previously been pointed 

out that £ appeared to be located close to arg-5 (Mitchell 

and Mitchell, 1952) and further information has been ob¬ 

tained to confirm this (Woodward and Schwarz, 1964). 

Mapping of arg-12 was further complicated by the lack of 

usable markers in the relevant region of linkage group II. 

arom-3 x arg-12 crosses have failed so far to produce even 

one perithecium. Other mutants in the same map region are 

morphological mutants and difficult to score, or are 

suppressors of genes unlinked to the region, which would 

be impossible to score in the numbers of progeny necessary 

to determine close linkage. 

One of the main advantages of using Neurospora as a 

genetic organism is that of mapping a gene-centromere 

interval. This is done by isolating ascospores in the 

order found in the ascus. The isolated single spores are 

washed in Clorox solution (2 - 25 ml in 100 ml of sterile 

water was tried in different experiments). After matura¬ 

tion in individual tubes the single spores are activated 

and tested as described above for crosses. The percentage 

of asci showing 2nd division segregation are counted. In 

the experiments described here, however, infertility of 
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ascospores made these studies less meaningful. For 

example, only 6l of 400 tetrads isolated gave any informa¬ 

tion at all. The infertility persisted although tetrads 

were isolated with and without Clorox solution and activated 

either immediately or after, as long as eight weeks of 

storage in the cold. It was noted in isolating the tetrads 

that often, and nearly always in the case of 73a x 6-3A, 

the asci had fewer than eight ripe spores. As a rule, 

isolation of tetrads is done during a brief period about 

two weeks after the cross is made, as near as possible to 

the time of dehiscence of ripe spores. The asci seemed 

especially fertile two weeks after the cross was made; 

in fact, one cross had begun dehissing ascospores. At 

this time the crossing tubes were put in the cold and 

isolation of tetrads took place over a period of the next 

two months. Therefore, the consistent finding of white 

non-ripe or aborted spores became more difficult to explain. 

This may have some relationship to the difficulties found 

in the arginine x arginine crosses, but this was not pursued 

in these studies. The tetrad data presented in Table 5 

were inconclusive, except in relation to other linkage 

data presented here. Since arg-12 is on linkage group II, 

an indication of gene-centromere interval may be resolved 

by the use of the mutant bal which appears to be right at 

the centromere. However, this mutant was unavailable at 

the time this work was being done. 
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The ambiguous behavior of mutant 6-7 in showing 

linkage to markers on both linkage groups I and II in¬ 

dicates that this mutation may involve a translocation. 

More extensive analyses are being done to establish this. 

If this proves to be a translocation, or a mutant non-allelic 

to the others, it will be interesting since this isolate is 

the only one derived from KS-43 of the pyr-3 mutants. It 

also would show more than one gene controlling the one 

enzyme. 

The isolates 103-0 and 102-8 from the s-arg double 

mutants have not been mapped. It is thought that they in¬ 

volve further mutation at the £ locus which has reduced the 

OTC level below that detectable by present methods. In this 

case the two mutants are expected to be located on linkage 

group II allelic with £ and with 6-1...7-0. 

The isolation of arg-12 and the defining of s_ (arg-123) 

clarifies arginine metabolism in Neurospora considerably. 

It is clear that arg-12 is the structural gene for OTC. 

Mutation of the structural gene for OTC which results in the 

lack of the enzyme produces a mutant which cannot survive 

without citrulline or arginine supplement in the medium. 

Thus OTC is necessary for arginine synthesis and for the life 

of the organism. This still leaves unsolved the questions 

of why £ suppresses the pyrimidine requirements of pyr-3, 

how s survives with a quantity of 3$ of wild type OTC 

(or why wild type Neurospora has such an excess of OTC), 
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and what type of mutation in £ produces the mutant OTC. 

Likewise the mutation in arg-2 which produces a citrulline 

requirement is as yet unexplained. Davis (1963) has shown 

that arg-3 lacks CPK vrtiich produces the citrulline require¬ 

ment due to lack of CAP. However, certain aspects of the 

biosynthesis of arginine are still open to much speculation 

and experimentation. 



SUMMARY 

In the twenty years since Srb and Horowitz (1944) 

isolated arginineless mutants of Neurospora crassa, no 

mutants had been isolated which completely lacked ornithine 

transcarbamylase (OTC), the enzyme which couples ornithine 

with carbamyl phosphate in arginine biosynthesis. The mutant 

is, a suppressor of pyr-3 mutants having iin vitro aspartic 

transcarbamylase (ATC) activity, was found to have greatly 

lowered OTC (3$ of wild type) and low concentration of 

endogenous arginine in mycelia. Mutants lacking detectable 

OTC activity have now been isolated by l) filtration and 

selective plating using s^ as conidial source, and 2) as 

suppressors of pyr-3 mutants with i£ vitro ATC activity. 

Genetic studies show that nine OTC-less isolates show 

no complementation with each other. The same nine isolates, 

and is, map on the right arm of linkage group II close to 

arg-5 and arom-4. The new locus has been named arg-12 and 

£ re-named arg-123. The evidence indicates that arg-12 is 

a single gene mutation and is, at present, the only locus 

known to affect the synthesis of OTC in Neurospora. 
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TABLE 1 

Analysis of progeny of suspected arginine-, B double mutants 
and wild type 

73a 

cross 

X 103-0* 

orn~ 

0 

cit~leaky 

0 
73a X 103-1 10 0 
73a X 103-2 0 10 
73a X 103-3 17 0 
73a X 103-4 0 12 
73a X 103-5 0 0 
73a X 103-6 0 0 
73a X 103-7 0 0 
73a X 103-8 0 11 
73a X 103-9 0 0 
73a X 104-0 0 0 
73a X 104-1 0 0 
73a X 104-2 0 0 
73a X 104-3 0 15 
73a X 104-5 0 0 
73a X 104-6 3 0 
73a X 104-7 0 0 
73a X 100-4 0 0 
73a X 100-5 18 0 
73a X 100-6 0 0 
73a X 100-7 0 0 
73a X 100-9 0 0 
73a X 101-5 17 0 
73a X 101-8 0 7 
73a X 101-9 0 0 
73a X 102-9 0 13 

progeny 
percent 

cif wild type total germination 

10 21 31 51 
12 45 67 91 
29 20 59 88 
11 26 54 95 
26 22 60 93 
28 33 6l 96 
35 27 62 94 
32 34 66 98 
26 29 66 94 
21 43 64 95 
4l 24 65 94 
28 30 58 
33 34 67 97 
18 29 62 90 
22 37 59 98 
11 35 49 80 
23 29 52 — 

29 22 51 — — 

16 30 64 95 
19 17 36 
10 53 63 — 

23 27 50 90 
12 23 52 — 

19 33 59 97 
26 32 58 
22 31 66 — 

*The numbers in this column are isolation numbers of the 
s-arginine double mutant strains. 
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TABLE 2 

Segregation between arg-12 and markers of 
Linkage Groups I, III, IV, V, vT, and VII of Neurospora 

progeny 
Linkage parentals recombinants percent 

a x b Group a+ i-b + + ab recombination 

6—1A x leu-3a I L 15 14 11 11 43 
6-2a x leu-3A It 14 17 6 7 29.6 
6-3A x leu-3a ft 11 13 10 10 45.5 
6-8a x leu-3A It 10 16 14 12 50 
6-9a x leu-3A tt 11 11 12 10 50 
7-0a x leu-3A tf 10 14 15 13 53 
arg-12 x leu-3 I L 71 85 ■68 “ ’ b3 45.b 

6-1A x 73a I L 12 14 11 9 43.5 
7-0a x 74A ft 12 16 ll 8 40.5 
arg-12 x A/a I L 24 30 22 17 42 

6—1A x hist-2a I R 7 23 9 8 36 
6-2a x hist-2A it 

9 10 14 11 57 
6-3A x hist-2a tt 12 11 8 13 47.7 
6-9a x hist-2A tt 

3 10 6, 10 55 
arg-12 x hist-2 I R 31 54 37 42 47.8 

6-3A x prol-la III R 5 6 10 7 60.5 
7-0a x tryp-lA III R 13 7 16 8 54.5 
arg-12 x pyr-3 IVR 58 49 45 76 53 
6-3A x pyr-2a IVR 14 9 10 8 44 
6—1A x spa VR 18 9 14 6 42.5 
7-0a x spA M 10 15 16 4 44.5 
arg-12 x sp V R 28 24 30 10 43.5 

6-3A x asp a VR 7 12 15 12 58.5 
7-0a x asp A tt 8 12 15 9 54.5 
arg-12 x asp VR 15 24 31 21 56.6 

6-3A x ad-8a VI L 6 14 13 2 43 
6-6a x ad-8A ft 

7 11 13 18 63 
7-0a x ad-8A II 8 11 8 8 46 
arg-12 x ad-8 VI L 21 36 34 28 52 

6-3A x ylo a VI L 12 8 23 10 62 
7-0a x ylo A ti 12 11 14 12 53 
arg-12 x ylo VI L 24 19 37 22 57.8 

arg-12 x pan-2 VI R 10 8 6 11 48.5 
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Table 2 (Continued) 

progeny 
Linkage parentals recombinants percent 

a x b Group at +b + 4- ab recombination 

6-2a x nlc-3A VII L 15 15 7 10 36 
6-8a x nic-3A ii 8 6 3 3 30 
arg-12 x nic-3 VII L 23 21 10 13 34.4 

6- 3A x me-7a VII R 0 12 9 1 45.5 
7-0a x me-7A n 

7 1 4 1 38.5 
6-3A x me-7a* n 4 10 15 5 59 
7-0a x me-7A* II 

9 0 9 1 52.5 
arg-12 x me-7 VII R 20 23 37 8 51 

^Strains re-checked and re-crossed. 
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TABLE 3 

Segregation of arg-12 and loci located on 
Linkage Group II of Neurospora 

Progeny 

parental recombinant percent percent 
a x b a+ »b  ab germination recombination 

6-1A x thr-2a 37 49 11 10 97.5 19.6 
plus 

6-2a x thr-2A 
6-6a x thr-2A 21 26 5 4 56 16.0 
6-8a x thr-2A 8 8 1 3 36.4 20.0 
6-9a x thr-2A 28 17 4 4 96.5 15.0 
7-0a x thr-2A 21 17 9 4 92.5 25.4 
arg-12 x thr-2 123 125 30 25 19.1 

thr-3a x 6-1A 38 29 8 2 77 12.9 
thr-3A x 6-2a 44 19 5 4 72 12.5 
thr-3A x 6-3a 37 11 3 0 6.0 
thr-3a x 6-4A 28 19 14 2 63 25.3 
thr-3A x 6-6a 24 9 1 1 5.7 
thr-3a x 6-6A 18 10 5 1 17.6 
thr-3A x 6-7a 39 21 8 5 17.8 
thr-3A x 6-8a 41 20 9 3 17.8 
thr-3A x 6-9a 36 18 3 3 10.0 
thr-3a x 7-OA 16 8 5 1 20.0 
thr-3A x 7-0a 20 9 1 1 6.4 
arg-12 x thr-3 341 173 62 23 13.6 

arom-4a x 6-1A 24 20 1 3 98 8.1 
arom-4a x 6-2A 62 77 1 0 94 0.71 
arom-4a x 6-3A 17 5 13 11 92 52.1 
arom-4a x 6-6 A 19 28 0 0 94 0 
arom-4a x 6-8A 50 44 3 0 _ - 9J_ . . . 3.0 
arg-12 x arom- 155 169 5 3 2.4 
4 less i 6-3 

6-1A x tryp-3a 15 19 4 9 87 27.6 
6-2a x tryp-3A 23 9 9 8 91 34.0 
6-3A x tryp-3a 19 18 8 7 94.5 27.8 
6-4A x tryp-3a 14 19 7 4 88 25.0 
6-6a x tryp-3A 16 19 4 0 84 9.5 
6-8a x tryp-3A 15 20 8 6 98 28.5 
6-9a x tryp-3A 19 15 6 7 94 27.6 
7-0a x tryp-3A 15 14 10 11 100 42.0 
arg-12 x tryp-3 ! 136 133 79 67 27.7 

arom-1A x 6-2a 46 43 2 0 91 2.1 
arom-1A x 6-9a 50 4l 3 1 95 4.2 
arg-12 x arom-1 96 84 5 1 3.2 
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TABLE 4 

Segregation of the arg-12 mutant, 6-7 > and markers on 
Linkage Groups I and II of Neurospora 

progeny 

Linkage parental recombinant percent 
a x b Group a+ +b ab recombination 

6-7a x leu-3A I L l6 22 9 4 27.5 

6-7a x hist-2A* I R 16 14 0 0 0 

6-7A x hist-2a I R 32 
29=A 
3=a 

25 26 17 
1=A 

l6=a 

43 

6-7a x thr-2A II L 8 8 17 12 64.5 

6-7a x tryp-3A II R 12 9 20 9 58.5 

thr-3A x 6-7a II L 21 39 8 5 17.8 

arom-lA x 6-7a II R 43 46 2 0 2 
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TABLE 5 

Segregation of arg-12 in the cross arg-12 x wild type 
as shown by analysis of ordered tetrads 

cross 

73a x 6-1A 

74A x 6—2a 

73a x 6-3A 

73a x 6-4A 

6-6* 

6-7** 

74A x 6-8a 

74A x 6-9a 

74A x 7-0a 

total 

first 
division 
segregation 

1 

5 

2 

2 

6 

3 

8 
27 

second 
division 
segregation 

5 

1 

2 

8 

probable 
. first 
division 
segregation 

2 

6 

2 

J2 

12 

probable 
second 

division 
segregation 

1 

3 

1 

4 

_5 
14 

percent 
recombination knowns: 22.8 

probables: 53 • 9 
collective:36 

*At the time this work was being done the 6-6 stock was 
contaminated and unavailable. 

**6-7 did not cross successfully. 
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TABLE 6 

Crosses of arg-12 with other arginine mutants 

progeny 

parental recombinant percent percent 
a x b a+ +b ab recombination germination 

6-1A x arg-6a 29* 0 31 wmmm 75 80 
6-3A x arg-6a 3* 9 11 -- 52 38.2 

re-isolate 20* 23 49 64 92 
7-0a x arg-6A 16* 0 29 -- 82 58.6 
7-0a x arg-6A** 28* 14 11 -- 47 88.3 
6-1A x arg-5a 21* 0 26 — 76 62.7 

re-isolate 35* 0 37 — 75 72 
6-3A x arg-5a 4* 16 21 -- 5f 67 
re-isolate 6* 13 29 — 66 48 

7-0a x arg-5A 29* 15 7 — 41(27)*** 83.5 
re-isolate 25* 39 2 — 21( 6)*** 66 

6-1A x arg-lOa 31 0* 19 —• 38 100 
6-3A x arg-lOa 0 17* 24 — 78 68.3 
re-isolate 0 47* 50 — 76 97 

7-0a x arg-lOA 7 0* 13 — 65 33.3 
7-0a x arg-10A** 10 30* 10 am am 50 50 

*It is not possible to distinguish between a citrulline or 
arginine-requiring parental type and double mutant progeny. 
Thus, the starred parental type would be expected to be 
twice the number of the other type since it represents both 
double mutant and parental type. 

**Stocks re-checked and cross re-made. 
Re-isolation was from the same crosses after allowing three 
months for further maturing and ripening. 

***Number in parenthesis is percent recombination if number 
of double mutants is taken to be equal to number of wild type 
recombinants, since the latter show some indication of 
linkage. 


