
Distribution of mating-type factors in
Fomes fraxinophilus in southern Arizona

Item Type text; Thesis-Reproduction (electronic)

Authors Rhodes, Douglas Clay, 1948-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:16:11

Link to Item http://hdl.handle.net/10150/566340

http://hdl.handle.net/10150/566340


DISTRIBUTION OF MATING-TYPE FACTORS

IN FOMES FRAXINOPHILUS IN SOUTHERN ARIZONA

by

Douglas Clay Rhodes

A Thesis Submitted to the Faculty of the

DEPARTMENT OF PLANT PATHOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 2



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED: V  c

APPROVAL BY THESIS DIRECTOR 

This thesis has/been approved on the date shown below:

. GILBERTSON
Professor of Plant Pathology

£



The author wishes to express sincere appreciation for the 

guidance and counsel that was offered by Dr. Robert L. Gilbertson, 

Professor of Plant Pathology, University of Arizona, during the 

course of this study. Thanks are also extended to Dr. Elmer R. 

Canfield for his help during field trips, Dr. Stanley M. Alcorn 

and Homer E. Bloss for their critical review of the manuscript and 

the helpful suggestions they offered, and to Stephanie Steinberger 

for her help in preparing the manuscript.

ACKNOWLEDGMENTS

iii



TABLE OF CONTENTS

LIST OF TABLES...............................................  viii

ABSTRACT.....................................................  ix

INTRODUCTION.................................................  1

LITERATURE REVIEW ................................... . . . . .  3

MATERIALS AND METHODS .........................................  6

Isolates Used . . .
Media Used . . . .
Fruiting in Culture
Confirmation of Tetrapolarity............ ..............  14
Determination of Number of Factors for
Incompatibility .......................   17

RESULTS...........................   18

Confirmation of the Tetrapolar Nature of
F. fraxinophilus.................... ............ . 18

Determination of the Geographica Distribution of
F. fraxinophilus in southern Arizona ..............  21

Determination of Distribution of Incompatibility
Factors in southern Arizona ......................... 25

Determination of the Identity of Isolates from
Juniper and O a k ..............    28

Determination of Incompatibility Factors in a
Localized Population within a Canyon . . . . . . . .  34

Observations on the Relation of Pairing Reactions 
as related to the Possible Combinations in
Incompatibility Factors . . . . . . . . . . . . . . .  38

Fruiting in Monokaryotic Isolates .................. 42

SUMMARY.......................................................   45

Page

LIST OF ILLUSTRATIONS.............................................  vi

iv

VO
 o
o 
Ct



1

V

TABLE OF CONTENTS--Continued

Page

LITERATURE CITED 47



LIST OF ILLUSTRATIONS

1. Basidiocarps of F. fraxinophilus (DC-2) as found
in nature...........................................  10

2. Dikaryon of F. fraxinophilus (DC-1) fruiting in
culture..................................   11

3. Dikaryon of F. fraxinophilus (72-60) fruiting in
culture .............................................. 12

4. Dikaryotic F. fraxinophilus isolates showing
variation in fruiting in culture .....................  13

5. Theoretical results of mating in all possible
combinations the four mating types from a single 
basidiocarp.........................................  16

6. Results of pairing 24 single spore isolates obtained 
from stock dikaryon RLG 9337 i,n all possible
combinations......................   19

7. Results of pairing 24 single spore isolates obtained
from stock dikaryon RLG 9337 rearranged to show the 
four compatibility groups, a typical tetrapolar pat
tern ................................    20

8. Map showing locations (X) in southeastern Arizona 
where F. fraxinophilus was collected, and locations
(0) where none was found.............................  23

9. Results of mating 20 monokaryotic isolates of 
F. fraxinophilus representing two compatible 
mating types obtained from each of ten basidiocarps,
in all possible combinations.......................... 29

Figure Page

vi



vii

Figure Page

10. Results of mating 14 monokaryotic isolates of 
F. fraxinophilus (1-14) with four monokaryotic 
isolates of a similar but unidentified species 
from juniper (21-24); and two monokaryotic
isolates of Poria beaumontii (25, 26) with two  ̂.
monokaryotic isolates of the unknown species
from juniper (21-24)................................. 32

11. Results of mating six monokaryons representing 
two compatible mating types from each of three 
dikaryotic isolates of F. fraxinophilus from
Ash Canyon in all possible combinations ............  37

12. Incompatible mating of monokaryons (7 X 14) of
F. fraxinophilus showing the "common A" or "flat"
effect ................     39

13. Tnrnmnatible matings of monokaryons of
F. fraxinophilus showing the "common B" or
"barrage" effect..................    40

14. Compatible matings of monokaryons (20 X 4) of
F. fraxinophilus . . . . . . . . . . . . . . . . . . . .  41

LIST OF ILLUSTRATIONS--Continued

15. Matings between monokaryotic isolates of J?. beaumontii
and an unknown species from juniper................  43



LIST OF TABLES

I. Collections of F. fraxinophilus (Nos. 1-7, 9-14, 22) 
and canyons with ash but (Nos. 15-21, 23, 8) where no 
F. fraxinophilus was found ........................... 24

Table Page

II. Mating types represented in two compatible monokaryons
from each of ten basidiocarps of F. fraxinophilus . . .  30

III. Isolates of Poria beaumontii and an unknown species on 
juniper used in the mating tests referred to in Figure 
1 0 ...................................................  33

IV. Isolates of F. fraxinophilus obtained from specimens 
found Ash Canyon and used in the mating tests 
referred to in Figure 11 ..............  . . . . . . .  37

viii



ABSTRACT

Pomes fraxinophilus (Peck) Cooke is a widely distributed 

member of the Polyporaceae. In Arizona it occurs mainly on Fraxinus 

velutina Torr. and is a major cause of heartrot in that species. 

This fungus was previously reported to be heterothallic, tetrapolar, 

and to possess multiple allelomorphs at the locus for incompati

bility.

In this research, studies of aspects of sexuality and mul

tiple allelomorph disfrihuHnn is southern Arizona were carried out. 

From southern Arizona, eighteen representative monokaryons obtained 

from nine dikaryotic basidiocarps were used. Two monokaryons were 

from a North Dakota specimen. Pairings between the 20 monokaryotic 

isolates showed that 13 A factors and 15 B factors were found in 

the sample. The species on juniper, which was thought to be F. 

fraxinophilus, was found to be incompatible with both F. fraxino

philus and Poria beaumontii. Poria beaumontii was found to be 

incompatible with F. fraxinophilus. The genetic variability of 

genotypes from a given canyon was also studied. One common factor 

was found in the specimens from within a single canyon.

ix



INTRODUCTION

Pomes fraxinophilus (Pk.) Cke. is a heterothallic, tetra- 

polar basidiomycete in the family Polyporaceae. Pomes fraxinophilus 

was first named Polyporus fraxinophilus by Peck in 1882 from speci

mens sent to him from "Dakota" and Arizona. Cooke (1886) transferred 

the species to the genus Pomes. Pomes fraxinophilus is widely dis

tributed in the United States and Canada on hardwoods. Its primary 

host is Fraxinus although it has been reported on Platanus, Quercus, 

Ulmus. and Salix. The species has been reported to occur on juniper 

but the identity of these specimens is in question. It fruits above 

the ground on trunks and main branches and causes a white heartrot.

It is common in Arizona on Fraxinus velutina Torr. (velvet ash) and 

is the major cause of heartrot in that species.

Pomes fraxinophilus was found to be heterothallic and tetra- 

polar by Nobles (1948). Pandila (1965), in his cultural studies of 

Pomes ellisianus Anderson and F. fraxinophilus, confirmed Nobles 

observations on F. fraxinophilus and demonstrated the presence of 

multiple alleles at the incompatibility locus.

This fungus has conspicuous clamp connections in the dikaryo- 

tic stage and lacks clamp connections in the monokaryotic stage, thus 

allowing a fast and reliable means of identifying each stage. Also,

1
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fruiting of most isolates occurs readily on malt extract agar medium 

in the laboratory.

Objectives of this research were:
1. Confirmation of the tetrapolar nature of F, fraxinophilus,

2. Determination of the geographic distribution of F. fraxino

philus in southern Arizona,
3. Determination of the distribution of incompatibility factors 

of F. fraxinophilus in southern Arizona,

4. Determination of incompatibility factors of F. fraxinophilus 

in a localized population within a canyon,

5. Determination of the relation of pairing reactions of F. 

fraxinophilus to the possible combinations of incompati

bility factors.



f
LITERATURE REVIEW

Sexuality in fungi has been intensively studied for the past 

century by mycologists who have contributed much to the genetic 

knowledge of this group of organisms. Fungi exhibit great variety 

in their sexual processes which range from primitive opposition 

types, male or female, to the more advanced tetrapolar sexuality 

(Raper, 1953).
Observations on sexuality and interfertility in Hymenomycetes 

date back to the turn of the century. Lyman, (1907) observed that 

mycelium produced from basidiospores had no clamp connections in the 

early stage of development while "secondary mycelium" formed clamps. 

Later, Hanna (1925) found that single spore isolates produced from 

closely occurring basidiocarps of the same species were interfertile, 

that is, they gave rise to mycelium with clamp connections.

Detailed reviews of sexuality and mating systems in the basidiomycetes 

were given by Raper (1953, 1966; Raper and Flexer 1971).

Raper (1953) summed up the life cycle of the hymenomycetous

fungi as follows: Basidiospore----  homokaryotic mycelium -

(plasmogamy)----- dikaryotic mycelium---—  sporocarp - (karyogamy - 

meiosis - )----  basidiospore.

.3
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Three types of sexuality occur in the Hymenomycetes: homo-

thallism, bipolar heterothallism, and tetrapolar heterothallism. 

Whitehouse (1949) estimated the types of sexuality among the species 

to be in the ratio of approximately 10% homothallic, 36% bipolar and 

54% tetrapolar. By 1922, Kniep had discovered that Schizophyllum 

commune Fr. had multiple allelomorphs at the loci for incompatibility. 

Since that time, Whitehouse (1949) estimated the number of allelo

morphs or factors at each locus of a tetrapolar species to be in the 

order of 100. Whitehouse assumed the population to be natural and 

the incompatibility factors to be randomly distributed due to the 

efficiency of spore dispersal in the Hymenomycetes. While working 

T.Tif-h commune. Raper. Krongelb and Baxter, (1958) found evidence 

in their world-wide sample of allelomorphs to support the conclusions 

of Whitehouse.

From 12 basidiocarps of jS. commune, Roshal (1950) found 23 A 

and 21 B alleles in the monokaryons. However, the world-wide sample 

from the population of j>. commune was found to contain approximately 

450 A and 90 B factors (Raper, Baxter, and Ellingboe, 1960; Koltin, 

Raper, and Simchen, 1967). Each factor was resolved into an alpha and 

a beta locus, each containing multiple alleles. Nine alpha A's and 

50 beta A's will in combinations produce 450 A factors (Raper, 1966). 

Eggertson (1953) estimated 39 alleles at both the A and B loci for 

incompatibility in Polyporus obtusus Berk, in Ontario, Canada.
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Complete sterility between all pairings of mating types be

tween two isolates indicates the two isolates are genetically isolated 

and represent different species (McKay, 1959). Sarkar (1959) sug

gests that interfertility tests are a valid means for identification 

of heterothallic Hymenomycetes.



MATERIALS AND METHODS

Isolates Used

Eighteen stock dikaryons were used for these studies. All 

cultures were made from fruiting bodies deposited in the mycological 

herbarium of the University of Arizona. Eight of the specimens were 

collected during the course of this study while the others used 

were from previous collections, one of which was collected in North 

Dakota. The Arizona isolates were taken over the geographic range 

of ash in the southern part of the state (Figure 8). Collectors 

were R. L. Gilbertson, E. R. Canfield, D. C. Rhodes, P. D. Keener, 

and J. L. Lowe.

The collections were as follows:

RLG 6756. on Fraxinus pensylvanica Marsh., Little Missouri River, 

Medora, Theodore Roosevelt Memorial Park, North Dakota, 

September 3, 1966.

RLG 9337. on F. velutina Torr., Bear Canyon, Santa Catalina Mts., 

Coronado Nat. Forest, Pima County, Arizona, March 24, 

1970.

RLG 8372. on F. velutina. Bear Canyon, Santa Catalina Mts.,

Coronado Nat. Forest, Pima County, Arizona, May 13, 1970.

6
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PDK Ph-2706. on wood, Gardner Canyon, Santa Rita Mts., Coronado Nat. 

Forest, Santa Cruz County, Arizona, April 27, 1963.
PDK 58-1. on F, velutina, Chiricahua Mts,» Coronado Nat. Forest. 

Cochise County, Arizona, July 24, 1958.

PDK 65-1. on F. velutina. Pinery Canyon Camp Ground, Chiricahua 

Mts., Coronado Nat. Forest, Cochise County, Arizona, 

December 3, 1965.

ERG 61. on Quercus toumeyi Sarg., Sycamore Canyon. Atascosa 

Mts., Coronado Nat. Forest, Santa Cruz County, Arizona, 

September 24, 1970.

ERG 165. on F. velutina, Carr Canyon. Huachuca Mts.. Coronado 

Nat. Forest. Cochise County, Arizona, October 22, 

1970.

ERG 71-25. on Juniperus monosperma (Eneelm.) Sare.. Sycamore Canyon, 

Atascosa Mts., Coronado Nat. Forest, Santa Cruz County, 

Arizona, January 21, 1971.

JLL 9091. on J. monosperma, near Portal, Chiricahua Mts., 

Coronado Nat. Forest, Cochise County, Arizona, 

August 23, 1958.
DCR & ERG 
DC-1

on F. velutina. Pinery Canyon, Chiricahua Mts., Coronado 

Nat. Forest, Cochise County, Arizona, January 10, 1972.
DCR & ERG 
72-57

on F. velutina. Upper Carr Canyon, Huachuca Mts.,

Coronado Nat. Forest, Cochise County, Arizona, January 18,

1972
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DCR & ERG 
72-60 
72-61 . 
72-62 
72-63
DCR & ERG 
72-13

DCR & ERG 
72-14

on velutina. Ash Canyon, 

Nat. Forest, Cochise County, 
1972.

on F. velutina, Swift Trail, 

Pinaleno Mts., Coronado Nat. 

Arizona, February 10, 1972. 

on F. velutina. Swift Trail, 

Pinaleno Mts., Coronado Nat. 

Arizona, February 10, 1972.

Huachuca Mts., Coronado 

Arizona, January 18,

lower picnic ground, 

Forest, Graham County,

1 mile above Wet Canyon, 

Forest, Graham County,

Media Used
All cultures were grown at room temperature on malt extract 

agar medium mixed in the following proportions:

Malt Extract........   20 g

Agar..... .......................  15 g

Water......................    1 liter

Two other media, especially made to induce fruiting, were

used in an attempt to induce isolate 61 to fruit.

Standard complete

Dextrose 20 g

Peptone 2 g

M ^ 04 . 7H20 .5 g

.46 g 

1 g
Agar 2 g

XV°4
k 2h p o2



Distilled H^O 1000 ml

: A

Glucose 4 g

Asparagine • 4 g

KHzP^ 1 8

khpo4 .46 g

m 9so4 .5 g
Agar 20 g

Thiamine 1000 g /1

H2° 1000 ml

Fruiting in Culture

Dikaryons were isolated by splitting the basidiocarp into two
3pieces and aseptically removing a 2 mm section from the exposed inner 

surface. The small cube was then flamed briefly and placed on an agar 

slant. Mycelial strands developed in 4-5 days and spread to the agar.

Monokaryotic isolates can be obtained readily from basidio- 

spores produced by fruiting in culture (Figures 2, 3, and 4).

The dikaryotic mycelium was transferred to a malt extract petri plate. 

After approximately 2 weeks, when the fungus had covered the surface 

of the medium, the plate was turned upside down. After 1-2 weeks of 

exposure to day-night illumination, poroid fruiting areas developed 

and dropped spores onto the lid of the inverted petri dish (Figures
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Figure 1. Basidiocarps of F. fraxinophilus (DC-2) as found in 
nature.--X 2/3.
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Figure 2. 
4

Dikaryon of F. fraxinophilus (DC-1) fruiting in culture.-- 
The spores deposited by the fruiting structure are on the 
lid of the petri dish.
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Figure 3. Dikaryon of F. fraxinophilus (72-60) fruiting in culture.
The spores deposited by the fruiting structure are on the 
lid of the petri dish.



Figure 4. Dikaryotic F. fraxinophilus isolates showing variation 
in fruiting in culture.--Upper left, ERG 72-62; upper 
right, DC-1; lower left, ERG 72-63; lower right, ERG 
72-60.
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The monokaryotic isolates were then obtained by a single spore 

isolation technique. Dilution plates were made by adding drops of 

sterile water to this spore print on the lid with a loop. A loop of 

this spore suspension was transferred to a tube of melted agar at 

approximately 50° C. A more dilute suspension was made by adding 

another drop of the initial suspension from the lid to a tube of 

sterile water, after swirling it, a loop of the latter suspension was 

then added to a tube of melted agar. These tubes of melted agar were 

swirled and the agar poured into empty sterile petri dishes.

The spores usually germinated in 3-5 days and were visible as 

minute spots of white mycelium. Each of these small colonies of my

celium was transferred to an agar slant. About 20 germinating single 

spores from each dikaryon were obtained. Later, the above isolates 

were checked for clamp connections by a microscopic examination of a 

sample of mycelium stained with phloxine. If the isolate had no clamp 

connections it was assumed to be a monokaryon. Isolates with clamp 

connections were dikaryons and at this stage were discarded.

The possibility exists that two incompatibile monokaryons could 

be closely associated and transferred together as a single isolate.

When this occurs, the isolate is compatible with two groups of mono

karyons instead of one in the mating test.

Confirmation of Tetrapolarity

Below are the possible monokaryotic mating types resulting from 

independent assortment of alleles for incompatibility at two loci.
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following karyogamy and meiosis in the basidium.

A1A2B1B2' •Vi
A2B1

a1b2
A2B2

The four mating types produced from a dikaryon will occur in 

approximately equal frequency. Figure 5 shows the results of mating 

a representative of each of 4 mating types derived from a dikaryon in 

all possible combinations. When a large number of monokaryotic iso

lates are randomly chosen, approximately 25% of all the matings will 

be positive or form clamps.
Stock culture 9337 was used to confirm the tetrapolar nature 

of Pomes fraxinophilus: Twenty-four monokaryons were obtained and

mated in all possible combinations (Figure 6). The matings were made 

in 14 x 60 mm plastic petri dishes containing malt extract-agar medium. 

For each mating, the two monokaryotic isolates were placed a few milli

meters apart.. In approximately 2 weeks, the two isolates had grown 

together. The presence of clamp connections indicated they shared no 

alleles for incompatibility and were, therefore, compatible. The 

presence of clamp connections is indicated in this paper, by a "+" 

sign while the incompatible matings which formed no clamp connections 

are indicated by a sign..
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Figure 5. Theoretical results of mating in all possible combinations 
the four mating types from a single basidiocarp.— The 
asterisk indicates a barrage effect.
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Determination of Number of 
Incompatibility Factors

About 15 single spore isolates were obtained from each of the 

ten dikaryons. One monokaryotic isolate was mated with 10-15 other 

isolates from the same dikaryon. These matings were then checked for 

clamp connections until a compatible mating was found. The compatible 

monokaryons will contain all of the A and B alleles in the original 

dikaryon. Such matings were made using monokaryons from each of the 

ten dikaryons analyzed in the study. Subsequently, the 20 monokaryotic 

isolates, representing the ten compatible pairs, were mated in all 

possible combinations. These matings were then checked for the 

presence of clamp connections. Those matings lacking clamp connections 

were assumed to indicate one or more common incompatibility factors 

shared by the two monokaryons.

In order that the monokaryotic isolates or mating types be 

compatible with one another, and thus produce a dikaryon with clamp 

connections, the two isolates must not contain any common alleles.

If the two isolates have a common "B" allele, and different "A" 

alleles they will be incompatible and produce a "barrage effect".

This phenomenon is a distinct zone without aerial mycelium between 

incompatible monokaryons. When the two isolates have a common "A" 

alleles, they will be incompatible and produce a "flat" effect.



RESULTS

Confirmation of the Tetrapolar 
Nature of F. fraxinophilus

The type of heterothallism is the Hymenomycetes can be deter

mined by a set of monokaryotic pairings. This is accomplished by 

mating, in all possible combinations, monokaryons obtained from single 

spore isolates of a dikaryon. The bipolar or tetrapolar nature of 

the species is indicated by the pattern of compatibility or incom

patibility shown by these matings. In a tetrapolar species, each 

monokaryon falls into one of four groups. Each group is compatible 

with only one of the other groups: the one containing no common

allelomorph. The group is incompatible with the two other groups which 

contain a common allelomorph and with members of the same group. These 

four mating types are formed in equal numbers during segregation of 

incompatibility factors at two loci during meiosis and basidiospore 

formation.

If, however, incompatible isolates contain a common "B" allele 

and different "A"s, mating between them will be negative but will show 

a "barrage effect". This effect is designated by a "." in Figure 7 

and is discussed further in a later section

18
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Figure 6. Results of pairing 24 single spore isolates obtained from 
stock dikaryon RIG 9337 in all possible combinations.-- 
Blank spaces represent incompatible matings.
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A t B *  A 1 B 1
— ------------ -— •—  _____________ --------------------■—y ■'i — *— t

/ 2 3 9 72 U /y& M £ 6 2 //_Z2o/£22.2„ 21
/ \ + t
2 \ 4-
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/? \ 4 4 4
/? \ 4 4 4
72 \ 4 4 4
8 4- f + 4- 4-4.4 4 4 \lo 4 4* + 4 4 4 4 + +
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Figure 7. Results of pairing 24 single spore isolates obtained from 
stock dikaryon RLG 9337 rearranged to show the four 
compatibility groups, a typical tetrapolar pattern.—
The dot represents matings showing the barrage effect. 
Blank spaces represent incompatible matings.



21

The results of 276 pairings in all possible combinations of 24 

monokaryons obtained from dikaryotic stock 9337 can be seen in Figure 

6. The matings fall into a typical tetrapolar pattern, which when 

rearranged (Figure 7) fall into four distinct groups. The mating 

types were arbitrarily designated A^B^, ^2^2 * ^1®2» an<* with
matings showing the barrage phenomenon designated as having a common 

B allele. These data confirm when Nobles (1948) and Pandila (1965) 

had reported previously, that Fomes fraxinophilus is a heterothallic, 

tetrapolar species.

Determination of the Geographical Distribution 
of F. fraxinophilus in southern Arizona

The specimens of Fomes fraxinophilus used for these studies 

were collected in the following five southern Arizona counties:

Pinal, Pima, Santa Cruz, Graham, and Cochise. All specimens came from 

areas included in the Coronado National Forest. Although field trips 

were made into the Atascosa, Huachuca, Santa Rita, Patagonia, Whet

stone, Santa Catalina, Dragoon, Chiricahua, and Pinaleno Mountains, 

Fomes fraxinophilus was not found in all of these (Figure 8, Table I). 

Some canyons contained ash trees with no F. fraxinophilus fruiting on 

them. In French Joe Canyon in the Whetstone Mountains for instance, 

over 300 trees were checked. Although many trees had apparent infec

tion courts in the form of broken tops, broken branches, or "dead 

faces", no basidiocarps or rot were found.
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Some canyons in certain mountain ranges contained ash trees, 

while canyons which seemed almost identical in environmental condi
tions had none. Generally, it was found that the ash trees grew best 

on the east side of the mountain ranges or in canyons with a constant 

supply of running water at or very close to the surface of the ground. 

Ash was scarce where mountains were not high enough to collect winter 

snow and thus provide the canyons with running or intermittent streams.

Another aspect of the field trips was the discovery of ash 

containing Pomes fraxinophilus in one canyon while an adjacent canyon 

contained ash without the fungus. If the fungus is randomly dis

tributed throughout southern Arizona, it would seem that any area con

taining ash. with a normal incidence of infection courts, would also 

contain F. fraxinophilus. Apparently, unknown factors have influenced 

the distribution of F. fraxinophilus in southern Arizona.

The map (Figure 8) shows the area in southern Arizona where 

field work was done. The areas where collections were made or at

tempted are designated by an "X" or an "0". An "X" indicates a loca

tion where a canyon was checked but none found. Numbers 1-14 (with the 

exception of 8) designate sites where specimens of F. fraxinophilus 

were located (Table I). Numbers 15-23 (with the exception of 22) 

indicate canyons where no 17. fraxinophilus was found. Table I keys 

the numbers on the map (Figure 8) to specimens and also to canyons 

in which F. fraxinophilus was not found.
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Figure 8. Map showing locations (X) in southeastern Arizona where 
F. fraxinophilus■was collected, and locations (0) where 
none was found.--The numbers refer to localities listed 
in Table I.
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Table I. Collections of F. fraxinophilus (Nos. 1-7, 9-14, 22)
and canyons with ash but (Nos. 15-21, 23, 8) where no F. fraxinophilus
was found.--Nos. 1-23 refer to locations on the map (Figure 8).

1. 9337 13. 72-13

2. 9372 14. 72-14

3. PH-2706 15. Turkey Creek*' on west side of 
Chiricahua Mts.

4. 58-1
16. Nature Conservancy Sanctuary

5. 65-1
17. French Joe Canyon

6. 165
18. Cochise Stronghold

7. 61
19. Scotia Canyon'"'

8. 71-25
20. Box Canyon

9. JLL 9091 *
21. Peppersauce Canyon

10. DC-1
22. Wet Canyon

11. 72-57 **23. Madera Canyon
12. 72-60

72-61
72-62
72-63

* No Ash
** Ash, no F. fraxinophilus
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For the specific location of collections from which isolates 

were obtained, refer to the list in the materials and methods section.

Determination of Distribution of Incompatibility 
Factors in southern Arizona

As mentioned previously, to determine the number of incom

patibility factors, in the sample, it was necessary to determine the 

two mating types containing all possible incompatibility factors from 

each of the ten dikaryons.

With the exception of isolate 61, all of the isolates fruited 

on malt extract agar. Isolate 61 did not fruit on either malt extract 

agar or two other fruiting media specifically made to induce fruiting 

in the Hymenomycetes.

Monokaryons from single basidiospore isolates were obtained 

from ten isolates that fruited. The 20 mating types obtained from 

these ten dikaryons were mated in all possible combinations (Figure 

9). From the 190 pairings examined, only 12 pairings were found to 

be incompatible. The incompatible matings represent mating types 

which have duplicated alleles.

In order to designate whether the A or the B allele is the 

duplicated allele in an incompatible mating, the common B allele or 

"barrage" effect and the common A allele or "flat" effect as defined 

by Raper (1953) were used. The common A allele or "flat" effect 

occurs when two single spore isolates merge, form no barrage zone,
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and form very little aerial mycelium. Incompatible matings showing 

this phenomenon are considered to share a common A factor. The 

barrage effect is associated with a common B factor and different

A's.

The initial step is to mate a monokaryon with other randomly 

selected raonokaryons from the same isolate. A compatible mating 

indicates the two monokaryons contain all the alleles from the 

original dikaryon. In the first dikaryon analyzed, these mating types 

were arbitrarily designated A^B^ and A2B^ and are the basis for 

designation of other mating types and alleles. Mating factors from 

isolate 9337 were, therefore, chosen to be designated A]B^ and A^Bg.

Each mating type compatible with all other mating types was 

assumed to share no alleles and the alleles it carried were assigned 

the next highest number.

Mating type 3 was compatible with both 1 and 2, therefore, 

since it shared no alleles with 1 and 2 , it was designated A^B^. 

Mating type 4 was incompatible with 1 and 2. This indicates they 

shared at least one allele with each. When mated with 2, 4 produced 

a barrage effect while producing a flat effect with 1. Mating type 

4, was designated A^Bg.

Mating types 5, 6, and 7 were compatible with 1, 2, 3, and 4, 

as well as between themselves and were designated A^B^, A^B^, and 

AgB(j, respectively.



Isolate 8 was incompatible with 2, indicating a common allele. 

Isolate 2 was also incompatible with 4 while 8 was compatible with 4. 

Isolate 8, therefore, shared no alleles with 4. Because 4 and 2 

shared the B allele, 8 must share the A allele with 2. Isolate 8 was 

then designated A^By.

Up to this point, isolate 9 was compatible with each previous 

isolate thus having no common alleles with them. It was assigned 

the genotype of AyB^.
Isolate 10 was incompatible with 3. Isolate 3 and 10 when 

mated showed a common A effect. It was designated A^Bg.

Isolates 11 and 12 were compatible with each of the previous 

isolates as well as themselves. As they shared no common alleles 

with the others, they were designated AqB^q and AgB^ respectively.

Isolate 13 formed a barrage with 11. Isolate 13 was desig
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nated A1()B10.

Isolate 14 was incompatible with 7, which was compatible with 

all others. Since the mating contained a barrage effect, 14 was 

designated A^B^..

Isolate 15, was incompatible with 14 and the mating showed 

the common A allele effect. Isolate 15 was designated A ^ B ^ *

Isolate 16, was incompatible with 9. Since'it produced the 

common A allele effect, it was designated A^B^g.

Isolate 17, was compatible with each of the other isolates.

It shared no common alleles and was designated A^IBlA*



Isolate 18 was compatible with each of the previous isolates. 

It was assigned the next highest sequence of A and B alleles making
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Xt A13B15*
Isolate 19 was incompatible with both 5 and 7. Since 5 and 

7 were compatible, 19 must share an A allele from one and a B allele 

from the other. Isolate 4 produced a barrage effect when mated with 

19 and, therefore, shared a B allele with it. When mated, isolates 

7 and 19 formed an A-allele effect. Isolate 19 was designated A^B^.

Isolate 20 was incompatible with 1 amd 18. Since isolates 

1 and 18 were compatible, 20 must share an A allele with one and a B 

allele with the other. Isolates 1 and 20 when mated produced a barrage 

effect while isolates 18 and 20 formed a flat effect. Isolate 20 was 

designated A^B^.

The mating types, isolate numbers, and origin of each is listed 

in Table II. Seven matings showed a common A factor and five matings 

showed a common B factor. None of the alleles were found in more than 

two dikaryons. No mating types from separate monokaryons were found 

to share both alleles.

Determination of the Identity 
of Isolates from Juniper and Oak

Specimens 71-25 and 9091 were found on Juniperus monosperma

and were thought to be ]?. fraxinophilus on the basis of basidiocarp

morphology. The mating tests showed monokaryons from both to be
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1 2 3 4 5 6 7 8 9 10 ii 12 13 14 15 16 17 18 19 20
1 \ 4- 4* — 4- 4- 4- 4- 4- 4- 4- + 4- + 4- 4 4 “b —

2 4- \ 4- 4- 4- 4- — 4- 4- 4- 4- 4- 4- 4- 4- 4- 4 4 4-
3 4- 4- \ 4“ 4- 4* 4- 4- — 4- 4- 4- 4- 4- 4- 4 4 4 4
4 — _±_ 4- \ 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4 4 4-
5 4- 4- 4- 4- \ 4- 4- 4- 4- f 4- 4- 4- 4- -t- + 4- 4 "b
6 4- 4- + 4- 4- \ 4“ 4- 4- 4- 4- 4- 4- 4- 4- 4 4- 4 4 4
7 + 4- 4- + ”f 4“ \ 4- 4- 4- 4- 4- 4- — 4- 4 + 4 — 4
8 4- — 4- 4- 4- 4- + \ 4- 4- 4- 4- 4- 4- 4* 4 4- 4 4 4
9 4- 4- 4- 4- 4- 4- 4* 4- \ 4- + 4- 4- 4- 4- — 4 4 "b *b

10 4- 4- — 4- 4- + 4- 4- 4- \ 4- 4- 4- 4- 4- 4 4 4 “b
II 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- \ 4- — 4- 4- 4 4 +* ”b 4
12 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- \ 4- 4- 4- 4 4 4 4- 4
13 4- 4- 4- 4- 4* 4- 4- + 4~ + — 4- \ 4- 4- 4 4 “b 4- 4
14 4- 4- 4- 4- 4* 41 — 4- 4- + 4- 4- 4- \| — 4 4- 4 +• 4
15 + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- — \ 4 4 4 + 4
16 4- 4- 4- 4- 4- 4- 4- 4- — 4- 4- + 4-4- 4- \ 4 f 4- 4
17 4- 4- 4- f 4- 4- 4-4- f 4- 4- 4- 4- + 4- 4 \ 4- 4- 4
18 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4 4 \ 4- —
19 4- 4- 4- 4- — 4- — f 4- 4- 4~ 4- 4- 4- 4- 4- 4 4 \ 4

20 — 4- 4- 4- 4- 4- 4- 4- 4- t 4- t 4-4- t 4 4 — 4 \

Figure 9. Results of mating 20 monokaryotic isolates of F. fraxino- 
philus representing two compatible mating types obtained 
from each of ten basidiocarps, in all possible combina-' ■ 
tions.--The - represents incompatible matings with no 
barrage effect. The represents an incompatible mating 
with the barrage effect, and the + represents a compatible 
mating.
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Table II. Mating types represented in two compatible monokaryons from 
each of ten basidiocarps of F. fraxinophilus.

Stock Monokaryotic
Isolate

Mating type Location

9337 1 A1B1 Santa Catalina Mts

2 A2B2 Santa Catalina Mts

9372 3 A3B3 Santa Catalina Mts

4 A1B2 Santa Catalina Mts

165 5 A4B4 Huachuca Mts.

6 A5B5 Huachuca Mts.

2706 7 A6B6 Santa Rita Mts.

8 A2B7 Santa Rica Hcs.

6756 9 a 7b 8 North Dakota

10 A3B9 North Dakota

58-1 11 A8B 10 Chiricahua Mts.

12 A9B11 Chiricahua Mts.

65-1 13 A 10Bio Chiricahua Mts.

14 A11B6 Chiricahua Mts.
DC-1 15 A11B12 Chiricahua Mts.

16 A7B13 Chiricahua Mts.

72-57 17 A12B14 Huachuca Mts.

18 A 13B15 Huachuca Mts.

72-61 19 A6b4 Huachuca Mts.

A13B120 Huachuca Mts
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incompatible with monokaryons of all isolates of F. fraxinophilus 

from ash. They were compatible with each other, with the exception 

of one mating between monokaryons 21 and 24 (Figure 10). They, 
therefore, have one common allele. Although F. fraxinophilus had 

previously been reported on Juniperus monosperma, these results in

dicate the fungus on juniper is a genetically isolated taxon. Its 

identity is presently unknown.
Another fungus, Poria beaumontii Murr.. occurring on oaks in 

Florida is very similar to F. fraxinophilus. Monokaryons from speci

mens 71-25 and 9091 were mated with monokaryons derived from a collec

tion of Poria beaumontii (JLL 12633) from Florida to determine if they 

were compatible. Again the results were completely negative, thus 

indicating the specimens from juniper were not Poria beaumontii 

either (Figure 10).

Monokaryons 1 and 2 from F. fraxinophilus isolate 9337 were 

also mated with monokaryons 25 and 26 from isolates 12633 of Poria 

beaumontii. These matings were negative, indicating these two 

species were also genetically isolated (Figure 10). Table III re
fers to the location of collection of isolates of Poria beaumontii 

12633 and isolates of an unknown fungus 71-25 and 9091 used in the 

mating test (Figure 10).

Whitehouse estimated the number of allelomorphs at each locus 

of the Hymenomycetes to be in the magnitude of 100. Eggertson (1953) 

estimated the number of alleles at each locus in the local
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i 2 3 4- 5 6 7 8 9 10 II 12 13 14 21 22 £3 24 25’ 26
21 — — — — — — — — — \ 4-4- — — —
11 4-\ 4- 4" — —
23 4- \ 4-—
24 — — — — — — — — — JL t k \
25 — — X X X V X X X X X X X X — — — — \ 4-
26 — — X X X X X X X X X X X X — — — — + \

Figure 10. Results of mating 14 monokaryotic isolates of
F. fraxinophilus (1-14) with four monokaryotic isolates 
of a similar but unidentified species from juniper 
(21-24); and two monokaryotic isolates of Poria 
beaumontii (25, 26) with two monokaryotic isolates of 
F. fraxinophilus (1, 2) and four monokaryotic isolates 
of the unknown species from juniper (21/ 24).— The X 
indicates no matings were made.
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Table III, Isolates of Poria beaumontii and an unknown species on 
juniper used in the mating tests referred to in Figure 10.

Stock Monokaryotic
Isolate

Host Fungus Location

71-25 21 Juniper unknown Atascosa Mts.

71-25 22 Juniper unknown Atascosa Mts.

9091 23 Juniper unknown Chiricahua Mts

9091 24 Juniper unknown Chiricahua Mts

12633 25 Oak Poria beaumontii Florida

12633 26 Oak Poria beaumontii Florida
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concentration of Polyporus obtusus to be 112. Raper et al., (1958), 

assuming random distribution and equal frequency of factors of both 

series, estimated 339 A factors and 64 B factors in the population of 

Schizophyllum commune. Using the method utilized by Raper et al., 

(1958), it was estimated that the population of _F. fraxinophilus in 

southern Arizona contained 27 A alleles and 38 B alleles. This 

estimate is much lower than the number reported for other tetrapolar 

basidiomycetes. The discrepancy is probably due to the difference in 

sample size utilized in the mating tests. The sample used here is 

not large enough to derive a significant estimate.

Determination of Incompatibility Factors in a 
Localized Population within a Canyon

F. fraxinophilus is distributed through the United States and 

Canada (Overholts, 1915, 1953; Lowe, 1957; Lowe and Gilbertson, 1961a, 

1961b). Raper et al., (1958) found no evidence of non-random dis

tribution of either A or B factors in Schizophyllum commune.

Neuhauser and Gilbertson (1971) also found that the allelomorphs of 

Pomes cajanderi are randomly distributed in the United States.

If this is the case with F. fraxinophilus, the same distribu

tion of alleles for incompatibility could be expected throughout 

mountain ranges, between canyons, and within canyons. If the alleles 

are not distributed randomly, alleles would be duplicated in many 

locations, especially within a canyon. If the fungus has recently
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been introduced in a canyon, all of the alleles found may be dupli

cations from the original isolate.

To determine the allelomorph variation within a canyon, a 

location was chosen where F. fraxinophilus was abundant. Ash Canyon 

in the Huachuca Mountains was ideal for the study, having many ash 

trees heavily infected with F. fraxinophilus. Specimens of F. fraxino

philus were chosen at intervals of several hundred yards. The 

specimens were numbered 72-60, 72-61, and 72-62 (Table IV). The 

procedure used to determine genetic variability is the same as that 

used to determine the number of allelomorphs existing in southern 

Arizona.
Each of the three isolates was induced to fruit and the mono- 

karyons mated to find two compatible mating types from each dikaryon. 

The monokaryons representing the two mating types from each of the 

three dikaryons were mated in all possible combinations. The results 

of these matings can be seen in Figure 11.

These mating tests show that only one of a possible twelve 

alleles was duplicated. Thus, the sample of three isolates from Ash 

Canyon contained 5 A alleles and 6 B alleles. Due to the small 

number of isolates from Ash Canyon, a statistical study to determine 

randomly distributed alleles was not possible.
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Table IV. Isolates of ]?. fraxinophilus obtained from specimens found 
in Ash Canyon and used in the mating tests referred to in Figure 11.

Stock Monokaryotic
Isolate

Host Fungus Location

72-60 27 Ash F. fraxinophilus Huachuca Mts

72-60 28 Ash F. fraxinophilus Huachuca Mts

72-61 29 Ash F. fraxinophilus Huachuca Mts

72-61 30 Ash F. fraxinophilus Huachuca Mts

72-62 31 Ash F. fraxinophilus Huachuca Mts

72-62 32 Ash F. fraxinophilus Huachuca Mts
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Figure 11. Results of mating six monokaryons representing two
compatible mating types from each of three dikaryotic 
isolates of F. fraxinophilus from Ash Canyon in all 
possible combinations.
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Observations on Pairing Reactions 
as Related to the Possible Combinations 

of Incompatibility Factors

As mentioned previously, it was found during these studies 

that two types of incompatibility reactions occurred. The first type 

was macroscopically similar to a compatible mating (Figure 14) in that 

the two monokaryotic isolates intermingled with no aversion reactions. 

The plates with this reaction produced very little aerial hyphae.

Raper (1953) refers to this reaction as a "common A" effect or "flat" 

effect (Figure 12). The other type of reaction is commonly called 

the "barrage phenomenon" or "B allele effect".

The barrage effect is characterized by a clear zone, containing 

no aerial mycelium between two monokaryotic isolates which are in

compatible. It was determined that the phenomenon occurred between 

isolates which had the common "B" allele (Brodie, 1935, 1936;

Papazian, 1950; Pandila, 1965). This effect can be seen clearly in 

crosses involving isolates of F. fraxinophilus (Figure 13). In the 

confirmation of the tetrapolar nature of F. fraxinophilus the barrage 

effect is indicated by dots (Figure 7).

Both of the above types of incompatibility reactions occurred 

in these studies. The barrage effect began to appear two weeks after 

mating and was very distinct after three weeks. Because of the incom

patible matings in which no barrage effect appeared, all of the matings 

were checked microscopically for clamp connections, thus insuring a 

correct analysis of their compatibility.
i.
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Figure 12. Incompatible mating of monokaryons (7 X 14) of F. fraxino- 
philus showing the "common A" or "flat" effect.
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Figure 13. Incompatible matings of monokaryons of F. fraxinophilus
showing the "common B" or "barrage" effect.--(monokaryons 
11 X 17 (left) and 4 X 2 (right).
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Figure 14. Compatible matings of monokaryons (20 X 4) of F. fraxino- 
philus
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A microscopic difference in the submerged hyphae in the 

barrage zone was also observed. Directly below the surface of the 

area which contained no aerial mycelium, the agar contained my

celium which was much more distorted, sometimes slightly discolored, 

and quite irregularly branches. These phenomena have been reported 

previously (Pandila, 1965). The discoloration of the hyphae or media 

was very slight and did not occur in all cases.

In the course of this study it was found that no monokaryons 

from isolates 71-25 and 9091 from juniper were compatible with mono

karyons from isolates of F. fraxinophilus and P. beaumontii. It was 

also found that F. fraxinophilus was not genetically compatible with 

P. beaumontii. In the pairings between these isolates it was found 

that an effect similar in some ways to the barrage phenomenon occurred. 

The aerial mycelia met and a distinct zone of discolored mycelium 

was produced (Figure 15). Upon microscopic examination it was found 

that the hyphae were distorted and irregularly branched. This, 

however, is not a barrage effect, but merely an antagonistic reaction 

between two distinct species. Aerial mycelium was present in the 

zone where the two species met, unlike the barrage phenomenon.

Fruiting in Monokaryotic Isolates 
During the mating tests between monokaryons, fruiting struc

tures similar to those produced by isolates from the original basidio- 

carp, occurred on all dikaryons resulting from the mating. Some of 

the monokaryotic isolates produced fruiting structures which were
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Figure 15. Matings between monokaryotic isolates of P. beaumontii and 
an unknown species from juniper.— (left, monokaryons 22 X 
25; right, monokaryons 21 X 26).
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similar in appearance to those developing on dikaryons. These all 

proved to be sterile, with no basidiospores or basidia.



SUMMARY

Pomes fraxinophilus was found on Fraxinus velutina occurring 

along intermittent streams throughout southern Arizona, where it is 

the major cause of heartrot in this tree species. In some canyons 

with ash, however, F. fraxinophilus was not found.

The mating tests revealed 13 A and 15 B alleles from a pos

sible 20 alleles of each in the sample. None of the alleles were 

repeated more than twice. Using the method utilized by Raper et al., 

(1958), it was possible to estimate the number of alleles in the 

population. The results indicated 27 A alleles and 38 B alleles in 

the population of F. fraxinophilus. Other studies indicated a much 

higher number of alleles in the population of tetrapolar basidio- 

mycetes. The discrepancy is probably due to the sample size used in 

the previous studies, where it was much larger than this study.

Mating tests indicated the species found on Juniperus mono- 

sperma is not F. fraxinophilus as originally thought. Mating tests 

also demonstrated genetic isolation between this unknown species and 

the similar Poria beaumontii from oak in Florida. -Poria beaumontii 

and F. fraxinophilus were also completely incompatible.

An experiment was also carried out with specimens of F. 

fraxinophilus from within the same canyon to determine if they

45
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shared any incompatibility factors. Matings between monokaryons from 

three specimens shared only one common factor in a single mating.

Mating tests revealed pairing reactions similar to those 

described by Raper (1953) for commune. Isolates sharing B alleles 

formed the barrage effect while the isolates sharing A alleles formed 

the flat effect. These reactions aided in determining the number of 

factors shared by the isolates.
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