THE GY”OLDuY AN

¥D MORPHOLOGICAL DEVELOPMENT
OF TAPHRINA POPULINA FRIFS AND TAPHRINA
CABAULASULLS (DESH,.) TULASTE

by /A2¢ s

TERRIL DEE MCBRIDE

3. A., Southwestern College, 1667

& MASTER'S THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTERIOF SCIENCE
Division of Biology
KANSAS STATE UNTVERSITY

Manhattan, Kansas

1669

;Ei;%éziéz%;fg;%::¢¢¢4/”"““3

Ma jor Professar




L2
oty
7¥

/770

/715/¢

ACEKNOWLEDGHENTS

It is with sincere apprecliation that I wish to acknowledge
Dr, C, L. Kramer for his assistance and guidance in this thesis.
Through his efforts I became interested in mycology and through
his advice, help, and encouragement I plan to continue in the

‘field of mycology. For these reasons, I shall be eternally
grateful for the opportunity I had to study under Dr, Kramer,

I would like to extend my appreciation to the other members
on my committee for their help during the course of my graduate
study. These msmbers are Dr, Jerry S. Wels and Dr. Donzld L,
Stuteville.

Finally, I wish to acknowledge my wife whose patience and

understanding enabled me to obtain this degres,



TASLE CF CCNTENTS

INTRODUCTION & v v 4 o v v v v e o e e e e e
MATERIALS AND METHODS . . . ¢ ¢ ¢ ¢ « + + &
REVIEW OF LIPERATURE , « « 5 « o « s s« & & 3
History and Synonomy of the Genus Taphrina
The Morphology of Taphrina . . . . .
The Vegetative Mycelium . . . .
Opigin of the Asel , o « &« ¢ «"5 s s &
Development of the Ascus ., . . . . . .
Spore Formation . . . . . . . . . . .
BESULTS » s w = & 5 % # 5 % @ % % & & & § % 3§ &

Taphrina populina Fries . . . . . . v e e

The Vegetative Mycelium . . . . . .

Origin of the Asci ., . . ; w % & %
Development of the Ascus ., . . . . . .
SPers POPmBEItN. | o » = & & % » 3 =

Taphrina caerulescens (Desm.) Tulasne . . .

Formation of the Ascus , . . . . .
Spore Formetion , . . T
BISCURBION o « w ¢« & ¢ 4 v 5 5 2 5 2 2 2 &8 = ®
Development of the Veretative Hyceliﬁm
Development of the Stalk Cell ., . .
Development of the Ascus from the

Ascogenous Cell . , . ., . . « . . .

Pags

o O W

12
12
1k
16
18
20
20
20
21
22
22
50
50
50
66
66
67

67



Page
Cytology in Taphrina . . . . . . . . « « « . . ., 68
Spore Formation . . . . « & v + & o ¢ =« o « « » 69

TATERATERE CREET + « « o m % = = = = % 5w ¢ s 3,0 s % % & p» LB



INTRODUCTION

The genus, Taphrina has been studied by many workers, Host
e taxonomic standpoint based on comperative morphology. Detalled
develbpmental and eytological studies have been done for only a
few of the approximately 100 recognized species. Cne of the most
recent and comprehensive works is that of Kramer (1961) who stud-
led the developmental morphology and cytology of Taphrina
deformans (Berk,) Tulasne, T, carverl Jenkins, T. virginica

Sadebeck, T, ulmli (¥kl,) Johanson, and T, povuli-salicis Mix,
y Pl ;| - —

The objectives of this study were three-fold in nature. The
first was to describe the morphological development of Taphrina
populina Fries with respect to its intercellular vegetative myce-
lium and the formation of its ascus from tips of these Intercel-
lular hyphee, Morrhological develooment in this species is guite
distinctive from those better known such as T, deformans with
asci that have stalk cells and that developr from a subcuticular
layer of ascogenous cells,

The second objective was to attempt to clarify the cytdlogy

of T. populina and T. caerulescens (Desm.) Tulasne with emphasis
placed on the nuclear behavior with respect to the parasitic
phase of the 1life cycle.

The third objective was to attenpt a correlation of the
‘characteristics of these species with the intention of obtaining
a better understanding of the trends and relationships that may

exlst within the genus, Taphrina populina is the type spscies




of the  nus and & thorouch developmental and cytological study
of this species 1s needed before an sttempt may be made to dis-

cuss possible intrageneric relationships,



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH ILLEGIBLE
PAGE NUMBERS
THAT ARE CUT OFF,
MISSING OR OF POOR
QUALITY TEXT.

THIS IS AS RECEIVED
FROM THE
CUSTOMER.



MATERTALS AND METHODS

The essential study of the parasitized tissues and their
parasite has beon carried out with preserved materials of T,

populina end T, casrulescens, Material to be fixed was first

sectioned into small fragments in order to facilitate the pene-
tration of the fixative into the tissues, Flxed material was
~washed, dehydrated, embedded in parafin, sectioned with a rotary
microtome (104 in thickness), fixed to slides with Haupt's ad-
hesive, and stained,

The killing and fixing agént.was formalin-propiono-alcohol
(F.P.A.) prepared with the following formula: 90 ml of 50% ethyl
alcohol; 5 ml of propionic acid; and, 5 ml of formalin (37%).

Heidenhains'! iron hemotoxylin (0.5% solution in distilled
water)'was used as the cytological stain and fast green as a
counterstain, The procedure for stalning was as follows:

1. Place the sectioned material on a slide ﬁo wnich
Haupt's édﬂeéive has been previously applied, This adhesive
fixes the sectioned material to the slide.

2, Place sllide in xylol for 10 minutes to remove parafin,

3. Remove slide and insert into solution of 50% ethyl
ealcohol aznd 50% xylol for 2 to 3 minubes.

i, One can then place slide in the following successive
concentrations of ethyl alcohol. These concentrations are 100,
.95, 70, 50 and 25%. Two minube intervals for each concentration
is éufficient.

5. Rinse slide in water followed by a rinse in distilled



water,

6. The slide should then be placed in & 2-4% aqueous ferric
glum, which is a mordant, for 2 hours. This solution must be
freshly prepared,

7. Wash for 5 minutes inrtap water, and rinse in distilled
8. Stain the slide in 0.5% aqueous hemstoxylin for 2l

9., Wash 5 minutes'in tap water,

10, Destain for 15-30 minutes in 2% ferric alum or 3-L%
‘ferric chloride.

11, Wash for 30 minutes in running water.

12, In ean increasing succession at two minute intervals,
place the slide in 25, 50, 70, 95, and 100% concentrations of
ethyl alcohol,

13, This procedure should be followed by the application
of an aquscus fast green counterstain for 1-2 minutes.

1., Rinse slide in equal parts of absolute alcohol and
xylene, followed by & 2 minute interval in equai parts of xylene
and xylol,

15. Allow slide to remain in 102% xyloi for 10 minutes.

16. Mount with balsam using Number 1 cowverslips,

The material listed below was used in the study of T,

populine., On Populus canadensis Moench.: Haney, 3ritish Colum-

bia, Septemder 8, 1960, &, J, Foster, On Populus sp.: Toulouse,

France, Juhe, 1967, Alain Schneider. On Poprulus berolinensis




Dipp.: Akershus Co., As, 4, C. of Norway, July 13, 19467,
Gjaerum, All species were Tixed in F,P.A, This species is dis-
tributed widely, although not abundant, in Europe, locally
throughout eastern North America and occasionally in western
North America.

In the sbudy of T. caerulescens, the following material was

examined. On Quercus macrocarpa Michx,: Ft. Leavenworth,

Kansas; May 30, 195, C. L. Kramer, On Quercus rubra L,: Bald-

win, Kansas, June, 1952, C., L, Kramer., On Quercus sp.: Blue
Mounds, Wisconsin, June 12, 1968, C., L, Kramer, This species is
widely distributed throughout the United States and Europe.
Observetions of the sectioned materlal were made by using a
Leitz compound microscope with a 1,7 mm 1,30 apochromatic oll
immersion objective and 10x and 12x compensating oculars., Pic-
tures were obtzined with the aid of a Leitz camera and I x 5§ inch

Polaroid film holder using 55 PN film,



REVIEW OF LITERATURE

History and Synonymy of the Genus Taphrina

The order Taphrinsles as established by Gaﬁmann (1926) in-
cluded two familles, the Protomycetaceae and the Taphrinaceas.
In the most recent monograph of the family, Mix (1949) recognized

the single genus Taphrina in the Taphrinaceae, This concept will

be followed in the present study,

The genus Taphrina was first described by Fries (1815) as
Taphria but he later dropped ths name as Taphria was preoccupied
by a genus of insects., In 1825, Frieg redescribed the genus as
Taphrina, which éince then, has been variously interpreted, The

type species described by Fries in 1832 is Taphrina populina Fr,

and was published in Systema Mycologicum, which is the starting

polnt for the nomenclature of Ascomycetes. Fries' description
of the genus is as follows: |

"Pseudéﬁperidia elevata, liberata, rotundato-clavata, in
maculas sericeas stipata, materias grumosa (spsudo-sporidiis)
farcte,

Obs, 1. Taphrina prae ceteris liberatur ut ad Gastero-
mycetes referendam-censeat I1l, Link (Spec, 1. p. 162) Ejus verc
prhysioclogicas rationes easdem esse ac sequentium, nullam adesse
autonomam vegetationem, nullam preopogationem, certum est, dJam
Malpighi 1n tractatu de excrescentiis et tumosribus exanthematibus

adnumerat Taphrinam populinam s, Erineum sureum. Pers.-Non

tantum habitu, sed etlam characteribus a sequentibus tantun



recedit, ut gensre differat, h.e. in his plantis diversum &
sequentibus typum offerat, Vetustum abit in maculus subgelati-
nosas laevigatas, ex quo analogla quaedam cvm Gymnosporanglo-
Alias hujus maculae facle satis congruunt cum Spilocaea, et phy-
siologice considerata haec genera havd longe distant,

Obs. 2. Incolunt folia arborum, hactenus gquidem in Amen-
tocels tantum observatae, hujus lformationes species quodammod&-
dicendee, recedentes situ aequabill et follls immerso, colore

aureo (2. populina Grev. Crypt. Scot. t. 33), badio (T, alnea),

purpurescenti-griseo (T. guercina Schmidt, Erin. griseum Pers, =~

E. minutissimum Grevill,), Sequentium generum rariores et

pauciores sunt, at, gquod singulare, in eisdem arboribus, in
guibus Erinea et Phylleria optime vigent, Taphrinae simul
leguntur; quae quidemlratio preecipue me ad genus distinguendum
Induxit, - Plenius exposvit Cel, Kunze 1. ¢, (E., pallidum 1, c.

potius ad Erinea referrem,)".

The follewing is & literal English tranélation of Fries!
generic description:

Pseudoperidia elevated free, rounded- clavate, in silk in-
vested leisons, in compact pustules (pseudo-fructifications).

Obs, 1., Taphrina is free compared to other forms so that
Link (Spec. 1. p. 162) thinks it must be referred toféhe Gas-
teromycetes. It is certain that its physiological cheracteris-
tics are the same as those of the followling, and that there is
no vegetative reproduction and no propogation, Malpighi in his

treatise on exantematic excresences and tumors, enumerates



Taphrina porulina s. Erineum sureunm Pers, Not only in appearsance
but aléo-in characteristics, it differs genaricallﬁ, that is,
these plants are of a type different from the following., In old
age they appear as lesions which are subgelatinous and smooth,
in which there is an analogy with Gymnosporangium. Its other
lesions are very similar to Spilocaea and physioclogically con-
sidered, this genus is not much different from it.

Obs, 2. Formations of this type, are distinguishable for
different species, occur in leaves ol trees, hitherto certainly
observed only in Amentocels, withdrawing to a suitable site,
covered with leaves, of & golden color (T. populina Grev. Crypt.
Scot, t. 33.), brown (T. alnea) greyish-purple (T. guercina

Schmidt, Erin. Griseum Pers, - E, minutissimum Grevill,). Those

of the following genera (Erinea and Phylleria) are more rare and
fewer, but what 1s remarkable, Taphrina species are found simul-
taneously in the same trees in whicﬁ Erinea and Egiilggig flour-
ish best; this face has especially led me'to differentiate this
genus, Cel, Kunze explained this more fully in the vpassage cited
(E. Qallidum l. ¢c. I rather refer to Erinea).

Following the work of Fries many new species were described
with the complex of specles variously distributed within a vari-
ety of generic concepts, In 1848, Desmazieres described the

genus Ascomyces on the basls of T, caerulescens as the type

species and characterized it by having ascus-like "sporangia" on
the -surface of the host leal, The "sporangia" were thought to

constitute the whole fungus, 1.e. mycelium was abhsent. Thils



concept was followed by Fuckel (1860)_who recognized the genus
Ascomyces with multispored asci, bub erected the genus Exocascus
for the remasinder of the specles charecterized by 8-spored asci.
He apparently gave little importance to the suprosed lack of
myceliun, the characteristie upon which Desmazieres erected the
genus Ascomyvces,

Magnus (1874), in a study of the species Ascomyces

tosquinetii Westendorp, assumed that each ascus was a plant in

itself that arose in and grew out from an epidermal cell of the
host, Based upon observations from his earlier paper, Magnus
(1875) was doubtful as to whether the genus Ascomyces as erected
by Desmazieres and Montagne, was distinct from Taphrina. If not,

he then contended that the species A, LHosguinetii represented a

true generic type, and proposed the genus name, EZndoascus.

Sorokine (1876) proposed & new system of classification,
recognizing three genera, They weré Exqascgg, with intercellular
mycelium; Taphrina, with subcuticular mfcéiium; and Asconyces,
which lacked mycelium, ZEndoascus was given no consideration.

In 188lL, Sadebeck published a monographlc account of all
species known at that time and placed them under the one genus,
Exoascus. 1dls classification Included mycelium perennial within
shoots, fertile hyphse completely used up in the formation of
ascl, and stalk cells present., Some species of Excascus also
possessed mycelium perennial beneath the cuticle and confined to
.that location., The latter included fertile hyphae completely

used up in the formation of &asci, along with the formation of



10

ascl from some, but not all hyphae, .

Johanson (1886) agreed with Sadébeck (1E€€l), but on the
basis of priority, used the name Taphrina rather than Exoascus,
This concept was followed by Robinson (1887), Magnus (1890), and
in Sadebeck's later wérk of 1890 in which he recognized 32 spe-
cies of Taphrina,

Brefeld (1891) suggested that the gernus be diviéed into
Taphrina, chafacterized by having four spores per ascus and
Exoascus with eight spores prer ascus, This was an intereéting
suggestion because all previous work had shown the species of
Taphrina (or Exoascus) to bear normally eight spores in an ascus
unless by budding of ascospores, the ascus became filled with
blastéspores and hence was many spored., Schroeter (1893) sug-
gested two genera, Exoascus with 8-spored asci and Taphrina with
asci becoming many spored by dbudding éf the ascospores.

In 1893, Sadebeck agaln proposed to divide the complex of

species into 3 genera, Exocascus, Taphrins, and Magnusiella, sep-

arated primarily by the type of mycelium and crigin of the asci,.
Excascus was described as having perennial mycelium with the
cells of its subcuticular hyphae éeparating without previous dif--
ferentiation into ascogenous cells and deforning shoots and
leaves, Taphrina lacked perennial mycelium, with its subcutic-
ular hyphae differentiated inte fertile and stérile cells, the
formar becoming mother cells or the ascogenous cells, the latter
degenerating, Necrotic spots were caused only on leaves,

Magnusiella formed no ascogenous layer; the asci arose at the
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ends of branches of the intercellular mycelium,

Giesenhagen (1895) accepted Sadebeck's genus Magnusiella but

united all other forms into the one gernus, Taphrina, Giesenhagen
criticized Brefeld (1891) because Atkinson (1894) and Sadebeck
(16895) had shown that in several species the asci could be l=-
spored and sometimes 8-spored. He also did not consider the
possession or lack of perennial mycelium used by Sadebeck (1893},
a good basis for generic distinction.

Giesenhagen (1895) accepted Sadebeck's genus Magnusiella but

united all other forms into the one genus, Taphrina. He recog-
nized four baslic morphological forms among the Taphrinaceas based
on the éhape of the ascus with respect to its host relationship,
These are: 1, the Felicina—fype with slender asci, narrowed
above and below and confined to the ferns; 2, the Betula-tyre
with cylindrical asci, more or less truncate at the apex and con-
fined to the Amentiferae; 3, -the Pruni—typq with ciavate or cy~
lindricel asci often rounded at the apex and found on Rosaceae:

and l}, the Magnusiella-type with ovate or elliptic asci confined

to the genus Aesculus,
In 1901, Glesenhagen further divided the genus Taphrina into
i sub-genera on the basis of his earlier classification: the

Fellcina-type becoming Taphrinopsis; the Betula-type, Eutaohrina;

the Pruni-type Euexoascus; and the Assculus-type, Sadebeckiella,

Giesenhagen recognized |9 species of Taphrina and 5 species of
Magnusiella,

The next 25 years seemed to be a period of collecting in
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which many new species of Taphrina ware.described. Cytologlcal
studies were begun and there was considerable research undertaken
wlth respect to the plant disesse aspects of these organisms.

Mix (1949) did the most recent comprehensive account of this
genus and following Ciesenhagen's (1895) interpretation placed

all known species, of which there were 98, under the one genus,

Taphrina,

The Morphology of Taphrina

The Vegetetive Mycelium, Three types of vegetative mycelium

are known to occur In the genus Taphrina, These are the inter-
cellular, subcuticular, and "wall habit" types, The first two
types are the more conmon,

Intercellular mycelium develops between the Interior cells
of leafl, stem, or fruit and subsequentiy forms & subcuticular
layer of ascogenous cells, deBary (1865) produced the first ac-

count of the description of the mycelium of these fungl when he

studied the intercelluler mycelium of Taphrina pruni Tulasne in
enlarged fruits of the plum. In the young stages of developrient,
the mycelium was observed betweenrthe cells ol the vascular bun-
dles and extended throughout the entire length of the vessels,
sometimes penetrating into the petiole., An intercellular network
was formed as the branches from this mycelium in the vascular
bundles grew outward, In later development, the mycelium formed
beneath the epldermis and hyphal branches protruded upward be-

tween the epidermal cells to give rise to the asci.
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Sadebeck (1882) studied two forms on alder, Taphrina

m

tosquinetii (Westendorp) Tulasns and T, Sadebeckii Johanson and

found that their ascil developed from thickly branched mycelium
which grew between the epidermis and the cuticle, A similar form
of mycelial development was later described for the species

Taphrina ulmi (Fuchal) Johanson, T. bstulas (Fuckel) Johanson,

T. bullata (3erk,) Tulasne, and T, carpini (Rostr.) Johanson,

i T, deformans, the vegetative mycelium is at first inter-
cellular but prior to sporulation, branches bf this mycelium grow
outward between the epidermal cells and form a highly branched
system of subcuticular mycelium, The .cells of this myéelium
eventually fragment to gilve rise to separate ascogenous cells
(Sadebeck, 1893; Martin, 194,0; Kramer, 1961).

Mix (1939) described the third mycelial type as the "wall-
habit mycelium" indicating that the mﬁcelium occurs entirely
within the outer epidermal wall of the host, Mix studied

Taphrina rmatulans Butler and observed that in the early stages,

the mycelium frequently gfew above the radial walls of the epil-
dermal cells, As the haphae broaden and thicken, the separated
layers of the wall spread apart aﬁd the mycelium comes to lie in -
& locule formed within the éell wall., The locule is finally
filled with close-packed, elongeted ascogenous cells, ‘Other spe-

L

cies known to possess the "wall-habit mycelium" are Taphrina

californica Mix, T, rhomboldalis Sydow and Butler, T. tonrnduziana

P..Henn.,'g. thaxterl ¥Mix, T, ampllicans Mix, and T, laurencla

Giesenhagen,
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Haustoria have been reported for only two species of
Taphrina, both of which have the "wall-habit mycelium". These
are T, leurencla with unspecialized haustoris (Glesenhagen, 1892)

end T

maculans with specielized haustoria composed of inter-

twined hyphal branches (3utler, 1911)}.

Origin of the Asci. Asci develop from the ascogenous layer

et ————

which in turn is derived from the mycelium, There are various
ways in which the mycelium gives rise to the asci. Kramaf (1961)
summarized them as follows:

1, Intercellular mycelium that does not form a subcuticular
layer, but instead bears ascl at the fips of hyphal branches
which grow outward between the epidermal cells, Specises which

exemplify this type of mycelial development are T, johansonii,

T. caerulescens and T, carnea Johanson,

2. Mycelium which is at first intercellular, but bscomes
subcuticular to form a hymenium of ascogenous cells that is sim-
ilar to that of the next type, Species which exemplify this type
of mycellal development are T, deformans and T, pruni,

3, Subcuticular mycelium that is richly branched and sep-
tate, Thilis mycelium fragments into separate ascogenous cells
which enlarge and form a rather compact hymenium. Species which
exemplify this type of mycellial development are T, betulae (Fkl.)
Johanson and T, carveri,

I, Subcuticular mycelium which remains intact throughout
the development and maturation of the asci. Only certain cells

enter into ascus formation while others remain sterile, Specles
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which exemplify this type of mycelial development are T, ulmi ara

T, celtii Sadebeck,

5. Subcuticular mycelium that functions only in the capac-
ity of distributive hyphae and the hymenium is formed by a bud-
ding yeast-like colony in which the c¢ells enlarge to form a con-

pact ascogenous layer, Taphrina virginica is a species that

exemplifies thls type of development,.

6. Subcuticular mycelium which 1s in general, sparingly
branched and septaté. The hyphase remain intact during the esriy
development of the ascogenoﬁs cells, A speciles which exemplifies

this type of development is T, populi-salicis, The ascogencus

cells and ascl are extremely large in this species,

T. Mycelium that grows within the wall of the epidermal
cells, forms locules in which the ascogenous cells and ascl de-
velop. Specles which exemplify this fype of development are T.

californica, T, laurencia and T, maculans,

The ascogenous cells may form in one ofitwo ways, As the
mycelium matures, the cells of the hyphae become separated, round
up and enlarge to become bthe typical irregular shapéd ascogenous
cells which in turn elongate and bush up through the cuticle,
Finally, by cross-wall formatibn,'the ascogenous cells are con-
verted into an ascus and a stalk cell, The second method cf de-
velopment occurs when the mycelium does not seﬁarate or round up
but instead elongates under the cuticle and there, often becones
divided by cross walls. The ascl elongate as paplllae from the

middle of the ascogenous cells,
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Development of the Ascus, There have been two concepts rs-

ported in the literature regarding the asclis development fron
the germinating ascogenous cell that is sometimes referred to in
the older literature as the chlemydospore, Juel (1921) found

that in I, epiphyllas and in T, sadebeckil a pore formed in the

outer wall (exospore) of the ascogenous cell, and the ascus
emerged as & thin walled endospore through the widening'spore;

Mix (1949) found in his work on T, epiphylla and T, sadebeckii

that the ascus developed from the rupture of the ascogenous cell
wall rather than by the formation of a pore to allow the inner
‘membrane to emerge., In other species such as T, betulina and T,
carnea, Juel (1921) found that the chlamydospore itself elongated
to form the ascus; its wall becoming thinner in the process, did
not rupfure;

Martin (1940) writing on T, deformans states that, "after
the nuclear fusion, the ascogenous cell elongates vertically and
its thick wall is stretched to become the thinner wall character-
1stic of the ascus. The wall-of the ascus does not break for ths
ascus to emerge as described earlier by Pierce (1900) and Juel
(1921)".

In discussion of the eytological studies of the development
of the ascus, Dangeard (1695) gave a comprehensive account of g
deformans, Cells of the intercellular myceliuﬁ and young asco-
genous cells were binucleate, and nuclear fusion occurred in the
ascogenous cell, This_was the first report of karyogamy in the

genus Tephrina, which is now known to occur in &ll species thus
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far studied, The ascogenous cells then put forth a papilla which
elongated te become therascus. The fusion nucleus migrated to
the center of the ascus and divided by three successive divisions
to form the nucleil for the spcres, This conéept was supported by
later studies of Mix (1935), Martin (1940) and Kramer (19561).

There have been two concepts reported in the literature re-
garding the division of the fusion nucleus, Most early workers
(Mix, 1935) advocated that as the septum separated the ascus fronm
the stalk cell, the stalk cell was void of any contents., Hence,
the ascospore nuclel were formed by the fusion nucleus.pfoceeding
directly to divide by melosis, -Tha second theory advocated by
Ikeno (1923) and supported by Martin (194;0), and subsequently
-supported by Kramer (1950) reported that the fusion nucleus
underweﬂt a vegetative division prior to the two melotic divi-
sions, A4s a result of this first eguational division, one nu-
cleus migrated to the distal portion of the papilla and the other
nucleus remained in the stalk cell, A septum was then formed
that cut off the stalk cell, which then becomes in all reality a
vegetative diploid generation. The nucleus and cytoplasm con-
tained in the stalk cell soon disintegrated.

Mix (1949) thought that the occurrence of a vegstative
diplold cell was a rather significént Tfeature, The occurrence
of this stage in fungi is rare and with the exéeption oL
Allomyces, seems to be limited to certaln yeasts or yeast-like
crganisms. It is apparent that there is & rather close relation-

ship between Taphrina and the Saccharomycetales.
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Spore Formation. The process of ascospore formation may

conclude with four, eight, or many ascospores (Martin, 1940; Mix,
1949; Kramer, 1961), In addition, ascospores may bud to produce
an ascus with several %o numerous blastospores (Mix, 1949;
Kramer, 1961), One comuon characteristic of spore formation is
that the ascospores are uninucleate and hapleold as are the blas-
tospores derived from them,

Kramer (igél) reported that spore formation seemed to occur
through the fusion of vacuolar membranes. Portions of cytoplasm
containiﬁg a single nucleus become surrourded by small vacuoles
and are delimited whenlthe inner membranes of the vacuoles unite,
After formation of a wall, this portion of cytoplasm becomes 2an
ascospore, Some unused epiplasm remains in the ascus after spore
formation, 7

Asci described with four ascospores seem to be a result of
non-utilization or disintegration of four ascospore nuclei befors
spore formation. Eight ascospored asci ars obtained by three
nuclear divisions, The first division of the fﬁsion nucleus 1is
apparently reductional, giving rige to four haploid nuclei, Fol-
lowing soon after, a seéond equational division occurs to give
rise to the normal eight sscospore nuclei,

Budding of the eight ascospores within the ascus may lead
td a multispored ascus, This has been reported in & numdber of
speéies. However, Kramer (1961) was the first to report that

multispored ascl in T, populi-salicls were obtained by successive

mitotie dlvisions after the second divislion. Cytoplasm is
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delimited by the fusion of vacuoles and eventually divides into
uninucleate portions which produce a cell wall and become the

ascospores In all cases described above,



RESULTS

Taphrina pepulina Fries

The Vegetative Mycelium., Although actual'pene;ration by
the germ tube of a spore of T, populina has not been observed,
it is assumed that the nucleus of the germinating spore undergoes
équational divislon to produce the first conjugate pair of nu-
clei, This initiates the binucleate condlition or dikaryophase
which exists throughout the development of the vegetetive phase
in the 1ife cycle of this organism,

The vegetative mycelium is interéellular (Fig., 1). Infec-
tion is thought to cccur while the host tissues are in a meriste-
matic condition, when the fungus is able to invade the healthy
tissues, However, as the tissues mature, a point is reached
where the fungus 1s no longer able to encroach upon healthy tis-
sues of the host plant, The fungus makes a limited amount of
growth through the cuticle, but soon begins to penetrate the host
tissue sending down a slender hypha which forms its way vetween
the epidermal cells until it reaches the less compacted paren-
chyﬁatous tissue. From there, the hyphae branch out and ramifies'
in all directions filling the intercellular spaces,

In the early stages of the growth of the fungus, little dam-
age 1s noticesable 1in the host tissue (Figs. 2 and 3). In the
Iintermediate stage of growth, considerable change occurs 1In the
host tissue, Hyphae have penetrated through the outer layers of

epldermal cells into the palisade parenchyma, Large



21

hypertrophied 5§st cells are prevalent with some damaged cells
being filled ﬁith a substance that cauvses the hypertrophied cglls
to becoms brown in color (Figs, lj and 5). Damage to the host
tissue has reached a climax when the fungus becomes mature, evi-
denced by old empty asci (Figs. 6 and 7). It appears that pene-
tration of myceliunm into the host tissue does not go any deeper
than the palisade parenchyma, The spongy parenchyma shows no

sign of hypertrophy or disorganized, damaged cells.

Origin of the Asci. The intercellular mycelium does not
form & subcuticular layer of ascogenous cells, but instead bears
ascl at_the tips of hyphel branches which grow outward between
the epidermal cells, As this mycelium matures, cells of the
hyphae do not separate but instead portions of the very long
cells begin to round up to form typically irregular ascogenous
cells (Figs. 8-13)., The hyphal fragments which may in some cases
include whole‘cells and in others only portions of cells remain
attached to the ascogenous cells as they meture., These hyphae
form an anastomosing branched network of mycelium (Fig, 13). The
ascogenous cells are closely alligned between the apidermalrcells
of the host tissue and as they enlarge outward toward the surface
of the leaf, they cause a partial collapse of the epidermal
eells. XN cross'section, they appear to have a tapered, narrow
base wedged bétween the epidermal cells, There is no ascogenous
Jdayer or hymenium such as is found in T, deformans.

' The ascogenous cells are at first dicaryotic (Pig. 1) as

are the cells of the vegetatlve mycelium. However, as the
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ascogenous cells begin to develop into the asci, karyogamy occursz

initiating the diplophase {Fig, 15).

Development of the Ascus, Since the stalk cells are not

formed in this species, the elongating diplold ascogenous cell
may now be referred to azs the young ascus (Figs, 16-18), Devel-
opment of the young ascus in this specles occurs by the stretch-
ing and elongation of the wall of the ascogenous cell, As the
ascus grows to maturity, the wall becomes thinner especially at
the tip due to the stretching process (Fig, 18), At no time was
the outsr wall seen to rupture to allow the inner membrane to
emerge as a papllla in the formation of the ascus ss in the case
in some other species of Taphrina. As the ascus emerges to the

outside, the cuticle is ruptured,

Spore Formation. The fusion nucleus migrates outward as the

elongation process extends the ascus from within the host tissus.
A mitotic division of the fuslon nucleus preceding meiosis has
been reported only in speciss with stalk cells. Such a mitotlc
division does not aprear to occur in this speciles, thus it is
felt that the fﬁsion nucleus undefgoes melosis to form four hap-
loid nuclei. The proprhase of the first division was easlly dis-
cernible under the microscope (Fig. 19), but other phases of
divisior were difficult to interpret.

* The four nuclei resulting from msiosis undergo equational
division to form eight haploid nuclei (Fig. 20), In most spe-

cies thus far studied, these are the sscospore nuclei, however,
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in this species these nucleil undergo repeated division forming
from 32 to 128 nuclei before spore fofmation bezins (Fig. 21).
This results in an ascus filled with small ascospores as opposed
to species such as T, deformans that often become filled with
small blastospores resulting from repeated budding of the eight
original ascospores.

Fach nucleus with an adjacent portion of cytoeplasm is en-
compassed by a vacuolar membrane end develops into a meature asco-
spore, Spore formation begins at the tip of the ascus (Fig, 22)
and progresses downward until the entire ascus 1s filled with
many ascospores (Fig. 23). Some unused epiplasm is apparent in
the ascus after spore formation is compléted. In old asci that
are void of ascospores, large yellow globules are apparent (Fig,
2l1). Their purpose or function is unknown at this time,

Four chromosomes are evident in the nucleus of the ascus
(Fig., 25). This indicates a chromosome number of four in the
diploid stage., Eight chromatids eare faintly visible in Figure
26 wnich further substantiates the chromosomal number In this

organism,
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Tephrina pepulina

Figs., 1-26

Fig, 1. Asci crbedied between epldermal cells Shus

vegetative mycelium is intercellular, 625X,

Fig. 2. Immatuvre stage of Iinfection in host
tissue, 233X,
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Fig. 3. Immature stage of infection inh host
tissus. 925X.

Fig, . Intermediate stage of infection with
large hypertrophled palisade parenchyma
cells of host tissue, 233X,
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Fig., 5. Intermediste stage of infection with
large hypertrophied palisade parenchyma
cells of host tissue. 925X,

Fig. 6. Mature stage of the fungus showing
hypertrophied, disorganized broken
parenchyma cells of host tissue,

233X,



Fig. Se
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Fig, 7. MYature stage of the Tungus showing
hypertrophled, disorganized, broken
parenchyma cells of host tiasue,
925X.

Fig, 8, Hyphae of the young vegetative mycelium
undergoing formation of ascogenous
cells, 2100X.



Fig. 70-

Fig. 8.
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Fig, 9. Hyphae of the young vegebtstive mycellan
undergoing formation ol ascogenous
cells, 2100X.

Flg. 10, Hyphae of the young vegetetive mycelium
undergoing formation of ascogenrous
cells. 2Z100X,



Fig. 90

Figo 10,
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Fig., 11. Hyphae of the young vegstative mycellunm
undergoing formation of ascogenous
eells, <2100K,

FPig, 12. Hyphae of ths young vegetative mycelium
undergoing formation of ascogenous
cells, 2120X,



Fig. 11,

Fig, 12,
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Fig., 13, Vegetative mycelium shecwing enastomesing
branched network of hyphas, 2120X,

Fig. 1, Binucleate young ascogenous cell.
2100X,



Fig. 13.

Fig. ]lh..,
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Fig. 15. Ascogenous cells with large fusion
nucleus, 2100X,

Fig. 16, Ascogenous cell elongating irto ascus,
, two membranses make up ascus cell wall,
2120X.



Fig, 15.
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Fig. 17. Young, highly vacuoclated, diploid
ascus, 2100X.,

Pig. 18. Vacuolated diplold ascus emphasizing
no stalk cell, 2100X,









Fig, 19, Interpreted a&s prophase of meiotic
division, 2100X,

Fig. 20. Eight nuclei in ascus prior to
ascospore formation, 2100X%,.



Fig. 19.
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Fig, 21. DNumerous nuclei 1n ascus prior to
ascospore formztion. 2100X,

Fig, 22, Ascus with spores forming at the
tilp first. 2100X.



Fig' 21.

Fig. 22,






Fig, 23. Mature ascus filled with ascospores,
2100XK,

Fig, 2. 014 asci void of spores but containing
large yellow glodbules. 2100X,



Fige 23,

Fige 24,
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Fig, 25. Early division phase of first meictic
division showing four chromosomes,
2100X., Line drawlng accompanies figure
to give & more vivid description,

Fig. 26. Eignt chromatids faintly evident in
dividing nucleus. 2100X, Line
drawing accompanies figure to give a
more vivid description,



Figo 25,

!
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Fig. 26 ®
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Taphrina caerulescens (Desm,} Tulasne

Formation of the Ascus., Ascus formation in I. caerulescens

resembles that in T, populina in that the ascus emerges from an
Intercellular mycelium, The ascus containing both an inner and
outer wall that appears to be slightly thicker than the ascus of
T. populina (Fig., 27}. At no time does the outer wall rupture
but instead the entire ascus stretches and elongates to form the
. mature ascus, The cuticle of the host tissue ruptures as the
ascus elongates and exerts pressure on the surface of the host
tissue, The base of the ascus 1s slightly inserted in the host

tissue (Fig., 28). No stalk cell is formed in this spscies.

Spqre Formation, A mitotic division preceding meiosis does

not occur in T, caerulescens. The fusion nucleus undergoes

meiosis to form four haploid nuclei. These four nuclei undergo
subsequent equational divisions to form between 16 and 32 nuclei.
These nuclel are randomly distributed throughout the ascus (Fig,
29),

Early stages of spore formation produce a rather interesting
occurrence in this species. The ascus protoplast seems to break
up into long strands of protoplasm of various lengths and shape
(Figs, 30-3l). DNuclei are encompassed by these strands of proto-
plasm which divide into shorter segments with éccompanying nu-
clear division (Figs. 35 and 36).

Spore formation does not appeasr to occur in a particular

area of the ascus., In some cases spores are aggregated at the
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tip (Fig. 36) and in other instances they are congregated at the
base (Fig, 37). A rather interesting occurrence ls evident In
Figure 37. The lower two-thirds of the ascus is filled with

- spores but in the upper third a long strand of protoplasm is evi-
dent, A concise answer for this occurrence is not availadle, but
it appears that svore formation is still occurring in some areas
of the ascus while it is complete in other arseas, Completion of
spore formatién results in an ascus filled with spores (Figs. 38

and 39),



O
F¥RY



Taphrina caerulescens (Desm.) Tulasne

Figs. 27-39.

Fig. 27. Developing ascus with thick doubls
membrane, 2100X.

Fig, 28. Mature ascus filled with aAsCospores,
revealing no stalk cell and slightly
inserted in host tissue. 2100X.



Fig. 2?.

Fige 28,
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Fig, 29. Numerous nuclei that are to becone
spore nuclei. 2100X,

Fig, 30, Very eerly stages of spore formation -
long segments in the ascus protoplast.
2100%.



Fig. 29.

Fige. 30.
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Fig. 31. Very early stages of spore formation -
long segmnents in the ascus protoplast,
2100X.

Fig, 32. Very early stages of spore formation —
long segments in the ascus protoplast,
2100X,



Fige 31.

Figes 324






Fig. 33. Very early stagss of spore formation —
long segments in the ascus protoplast.
2100X,

Pig, 3L4. Very early stages of spore formation —
long segments in the ascus protoplast.
2100X,



Fip., 33.

Fig- Gbe
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Fig., 35. Very early stages of spore formation —
long segments in the ascus protoplast.
2100X.

Fig, 36. Very early stages of spore formation —
long sezments in the ascus protoplast,
21.00X,



Fig. 35.

Fig. 36.
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Fig. 37. Long straunds of protorlasm evident in
older esci that have srpores, 2100X,

Fig, 38, Mature asci filled with spores. 925X,



Pig, 38,
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Fig., 39, Mature asci filled with spores. 925X,



Fig. 39,



DISCUSSION

Most of the comprehensive studies of the genué Taphrina have
been taxoncmic in nature based on comparative morphology and host
relationships, Characteristics that were considered important
were size and shape of the ascus, presence or absence of a stalk
cell, typve of mycelial development, and to a lesser extent geo;
graphical location and symptoms that were caused by the organism
on its host., As modern methods progressed, cytological aspects
were given some consideration,
| Because of the emphasis placed on limited sets of charac-
teristics, a need was felt for a complete study of the develop-
mental morphology and cytology of these organisms in order to
clarify a number of 1little known or disputed theories. Kramer
(1961) did extensive work on five species of Taphrina with the
above point his primary concern, Only by the completion and
correlation of such studies on all members of this genus, will
1t be possible to obtain an understanding of the intrageneric
relationships of these organisms and thereby establish a sounder

basis on which to found a species concept,

Develonment of the Vegetative Mycelium. Within the genus,

three distinct levels of mycelial development have been reached,
These are the intercellulsr, subcuticular, and "wall-habit myce-
lium", However, there are certain specles which have a combina-
tion of the intercellular and subcuticular types of mycelial |

habit such as T, deformans. In T, deformans, the subcuticular
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mycelium is formed from the intercellular mycelium, In this type
of development, the-vegetative mycelium could bécome entirely
subcuticular simply by the loss of the intercellular phase. This
theory is based entirelf‘on the chronclogical sequence that ex-
ists in T, deformans., For this reason a progression in the op-
posite direction seems less likely to have occurred.

When the genus as a whole 1s considered, there is no evi-
dence of a geheral trend of mycelial habit throughout its species
because of the distinect levels and sub-levels of mycelial devel-
opment evident in the genus. Thus, 1f there are transitions they
would appear to be confined within the host groups. For example,
this would entail the species which occur on closely related

members of the Aceraceass, Fagaceae, Salicaceae, etc,

Development of the Stalk Cell, Although the majority of

species in the genué Taphrina possess stalk cells, the two spe-

cies studied in thils paper lack them. Taphrina populina is one

specles that reportedly may or may not possess stalk cells (Mix,
1949), however, asci with stalk cells were not seen in any of the
observations reported in thls paper. It does seem likely that.
there may be some species that may or may not have them, indi-
cating a transition from one form to the other, However, it is
felt that Mix (1949) who reported asci of both types, had mis-

taken the bases of adjoining asci to be stalk cells,

Development of the Ascus from the Ascogenous Cell, Asci

which lack stalk cells are usually formed by the stretching of
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the ascogenous cell, -There dces not aprear to be any correlation
between the method of ascus development and the type of mycelial
habit. However, data are not complete enough with regard to
these characteristics to make any definite comparisons with re-

spect to species of Taphrina that lack stalk cells,

Cytologzy in Taphrina., Certain aspects of the cytology of

this genus have been controversial for some time. The major dis-
pute has centered around the division of the fuslon nucleus 1n
the young ascus,

Many workers, including Juel (1921), Eftimiu (1927), and
Mix (1935) believed that the first division of the fusion nucleus
was the first of two meiotic divisions, Under this assumption,
they also believed that the stalk cell when present was cut off
without contents, However, Kramer (1961) reported in species
wlth stalk cells, a mitotic division of the fusion nucleus pre-
ceding the meiotic divisions. This equational division is an
important feature, since it iIs actually a vegetative diploid
cell, The occurrence of this stage in fungi is rare.

Several similarities occur in this study of T. populina and

T. caerulescens which correspond to the study by Kramer (1561)
of T, virqinica. Cytoplasm in the young ascogenous cells of all
three species 1is very dense, but becomes somewhat vacuolated as
the ascogenous cell wall begins to slongate, The extension of
the ascogenous cell wall to form the ascus 1s identical in the
species mentioned above., All three specles lack a stalk cell,'

and their fusion nucleus undergoes immediate melosis, thus, there
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is no mitotic division preceding meiosis. Successive mitotic
divisions follow melosls to produce numerous spore nuclei that
are destined to become ascospores in T, populina and T,

caerulescens, however, only one mitotlc division follows melosis

in T, virginica, 3Budding of the ascospores brings about a mul-
tispored ascus in T, virginica,

A question arises at this point which needs further investi-
gation; In the taxon, T, populina, ascl reportedly may or may
not have stalk cells (Mix, 1949). If this in fact is true, it
would be sxtremely desirable to know whether a2 mitotic division
precedes melosis in those examples of.T, porulina which possess
stalk cells as in the case of T, deformans or if the stalk cell
1s cut off empty with no prlor mitotic division of the fusion
nucleus, &scl with both types were not found in any of the

material studied at the time,

Spore Formation. Most specles of this genus normally have
eight ascospores, In contrast to this, a few species have many
ascospores per ascus, - Previous to the work of Kramer (1961) with

T, populi-salicis, it was believed that those species with more

than elght spores acquired them by budding of the ascospores to
produce secondary spores, blastospores, ’

. The author found ascospores in T, populina to be developed
in the same manner as reported by Kramer (1961) for T, populi-
salicis, Instead of eight nuclei being formed, there is a pro-
longed series of mitotic divisions to produce a large number of

nuclei that eventually enter into spore formation. Taphrina
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caerulescens forms numerous nuclei by repeated mitotic divisions

but the final number of nuclei is less than in T, populina, in-
dicating less divisions,

In T, populina, spore formation usually begins at the apex
of the ascus and progresses downward filling the entire ascus

with ascospores., Taphrina ceerulescens appears to have no cer-

tain area in the ascus where spore formation begins., Other spe-
cles in which spore formation begins anywhere 1in the ascus are
T. deformans, T, carveri, and T, ulmi.

In nature the ascospores of Taphrina species bud readily,
either within the ascus or after spore expulsion. There is rea-
son to believe (Fitzpatrick, 163l; Mix, 1935) that propogation
by budding in the "yeast stage" may continue indefinitely, the
fungi surviving in‘this fashion on various plant surféces and
probably also in the soil, In other words, species of Taphrina
are yeasts in the broad sense during their asexual'cycle. In
fact, if a species of Taphrina were brought into culture without
knowledge of its previous parasitic existence, it would probably

- be refered to the genus, Torulopsis. In most cases, presumably

because host organs are susceptible only when young and tender,
a period of oversummering and overwintering is undergone by the
blastospore before infection. The occurrence of the "yeast
stage" seems to be important in eccomplishing survival during
this prolonged period apart from the host tissues. For this
-reason, a complete study of the saprophytic phase of all species

In the genus 1s needed as a criterium for classification.
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Taphrine organisms are closely specialized to their hosts.
Henderson (195ly) asserted "that there seemed to be little justi-
fication for the view that two morphologically similar fungi on
different but closely related hosts should be considered distinc?y
species -— they should be specialized forms at most!.

In order to prove Henderson's idea right or wrong, the genus
must be studied from more than a morphological and cytological
approach, Features for classification in the future must include
seriologlical, nutritional, biochemical and cross inoculation re-
actiona, When a thorough study of each species of this genus by
the above methods 1s complete, the author feels that the number

of valid species In the genus, Taphrina, will be further reduced.
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The objectives of this study were threefold in nature. The
first was to describe the morphological development of Taphrina
populina Fries with respect to i1ts intercellular vegetative my-
celium and the development of the ascus from the tips of these
intercellular hyphae, The second objective was an attempt to

clarify the nuclear behavior of T, populina and T, caerulescens

(Desm,) Tulasne with respect to the parasitic phase of their 1life
ecycle., The third objective was an attempt to corrulate all the
characteristics of these species with the intention of obtaining
a better understanding of the trends and relationships that may
exist In the genus,

Taphrina populina and T. caerulescens are similar in that

they possess intercellular vegetative mycelium with the subse-
quent development of asci from the tips of the intercellular
hyphae, Both organisms are parasitic on vascular plants,

Taphrina populina is parasitic on the genus Populus and T,

caerulescens is parasitic on the genus Quercus. 3oth species
obtain their asci by the stretching and elongation of the entire
ascogenous cell, The ascogenous cell is at first dikaryotic bukb
later undsrgoes karyogamy to produce a diploid cell, Since both
specles lack a stalk cell, the diploid ascogenous cell may be
referred to as a young ascus,

| Similarities are also evident in the nucléar behavior of
these organisms with respect to the parasitic phase of their life
cycle. There is no mitotic division preceding meiosis in those

species that lack stalk cells, thus the dipleid fusion nucleus



directly undergoes melosis to producg four haploid ascospore
nuclei. These nuclel in turn each undergo a mitotic division to
produce the eight original ascospore nuclei, At this point di$—
simlilarities become evident In each organisms life cycle.

In Taphrina populina, the eight ascospore nuclel undergo

successive mitotic divisions to produce from 32-128 spore nuclei,
These nuclei undergo spore formation by the encompassing of cyto-
plasm around the nucleus and the delimitation of vacuolar mem-
branes to produce the mature ascospores that £ill the ascus, In
the diploid fusion nucleus, the chromosomal number is four,

The eight original spore nuclei of T. caerulescens undergo

one or two successive mitotic divisions to produce from 16-32
spore nuclei, In spore formation, long protoplasmic strands are
evident, The strands break up into shorter segments. ZEach of
these segments contain a spore nucleué. The final stage of spcre
formation involves the rounding up of the short segments into the

mature sporas.



