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FUNGARIUM

P r efCLCG Jungi are probably the least known and
most misunderstood organisms on Earth.

More closely related to animals than

plants, theg impinge on almost all aspects
AT, | ¥ of our lives. Theg are also amazinglg

Pt varied, from the microscopic to the bizarre.

1 | Fungi are all around us; even as you read this you will be
breathing in some microscopic fungal spores from the air.
Life would not be the same without them, yet we know
barely 5 per cent of the 2.2-3.8 million fungal species on
Earth. Species new to science are continually being found,
not just in remote tropical forests but even in the UK. Their
vast extent has only come to light in the last few years
from molecular studies. I hese have revealed that there are
staggeringly huge numbers of species that have never been
seen — and are known only from their DNA.

Professor David L. Hawksworth CBE
Royal Botanic Gardens, Kew



FUNGARIUM

Entrance

Have you heard about the zombie fungi
that can take control of insects bodies? How
about the poisonous mushroom that has
the potential to kill cancer cells? Welcome
to fungarlum. - a museum dedicated to the

mysterious kingdom of fungi,.

lour the gallenes and learn why fungi are more related to
humans than plants. Discover how they evolved. Find out
about their amazing variety of shapes and colours, some
of them alien-like and disgustingly smelly, others incredibly
beautiful. The illustrations in this book are not to scale
because fungi vary so much in size. Some are microscopic
while others are surprisingly large — the Giant elm bracket at
Kew Gardens (page 28) had a bracket with a circumference
of around 5Sm

Discover which fungi have provided life-saving drugs,
which are safe to eat and which are posionous. Let
Fungarium reveal all about fungi, their exquisite forms,
fascinating lifestyles, and importance to the world we live in






FUNGARIUM

The Tree of Life

All species on Earth are related and
connect together in a ‘tree of life. But what
does the fungal tree of life Look like?

Ihis is a difficult question to answer. Sometimes similar
looking fungi are not at all closely related. Also, because a large
proportion of species are stll awaiting discovery, it is difficult
to build an understanding of histonical relationships of the
kingdom Fungi.

DNA is helping us to understand how the branches of
the fungal tree fit together, including the discovery of new
branches such as the Cryptomycota and Microsporidia.
Ihese two early groups were originally thought not to
contain chitin, a key feature of fungi (see page 10), but DNA
later proved this wrong. Other groups, including downy
mildews (Oomycota) and slime moulds (Myxomycota) have
been proved to not belong to fungi.

[he earliest fungi are thought to have evolved around
one billion years ago and to have been simple, single
celled organisms that lived in water. Around 700 million
years ago the evoluticnary transition from aquatic to land-
dwelling fungi is estimated to have taken place. Ascomycota
and Basidiomycota are the two fungal groups that able to
form highly complex spore-bearing structures. These groups
formed around 600-700 million years ago and together
contain the vast majority of known fungal species — around
140,000 in total.

Research on the fungal tree continues and a whole new
invisible dimension of fungal diversity’ in our soils, bodies
and waterways is being explored — the so-called dark taxa.
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FUNGARIUM

What is a Fungus?

Historically, fungi were treated as plants and studied by botanists. They
were included in Species Plantarium by the famous naturalist Linnacus in
1753. But fungi aren't plants: they don't make food by photosynthesis,
they don’'t have roots and they reproduce with spores. Lichens are not
plants either; they are a collaboration between a fungal element and a
photosynthesising algae (known as a photobiont).

Fungi are in fact more closely related to animals than plants. Just like
the outer skeletons of insects and crustaceans, fungal cell walls are made
largely of chitin. While animals ingest their food by engulfing or swallowing,
fungi secrete enzymes that dissolve food outside their bodies and absorb
the nutrients through their cell walls. Another difference is that animals
move around to search for food, while fungi grow towards it.

Key to plate -

i: Bird’s nest fungus 6: Enokitake mushroom

Cyathus striatus; Flammuiina velutipes (cultivated form)
2: Red marasmius 7 Turkeytail fungus

Marasmius haematocephalus Irametes versicolor

4: Pixie-cup lichen §: Golden shield lichen

Cladonia chlorophaea Xanthona pareting

{: Leathery goblet 9: Fly agaric

Cymatoderma elegans Amanita muscaria

J: Veiled lady 10: Lane Cove waxcap

Phallus indusiatus Hygrocybe lanecovensis
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r FUNGARIUM |

Types of Fungi

Just like animals and plants, fungi have their own lesser-known kingdom.
New species are constantly being discovered and scientists think of the
estimated 2.2 to 3.8 million species on Earth, fewer than 5 per cent have
been identified.

There are at least eight phyla (major groups) of true Fungi
Cryptomycota, Microsporidia, Blastocladiomycota Chytridiomycota,
Zoopagomycota, Mucoromycota, Ascomycota, and Basidiomycota. Some
of the most ancient are single-celled and don't look at all like typical fungi.
Most familiar fungi belong to Ascomycota and Basidiomycota, which produce
septate hyphae (typical fungal filaments) and can include mushrooms, yeasts
and those fungi that associate with algae to form lichens.

Key to plate

1: Rozella sp. 6: Caesar’s mushroom

(Cryptomycota) (Basidiemycota)

Motile zoospore Amanita caesarea

2: Rhizophydium planktonicum 7: Darwin’s fungus

(Chytridiomycota) (Ascomycota)
Cyttana darwinii

3: Piromyces communis

(Chytridiomycota) 8: Upright coral
(Basidiomycota)

4: Berwaldia schaefernai Ramaria stricta

(Microsporidia)

Spore (sporoblast) 9: Cladia aggregata lichen
(Ascomycota)

5: Black bread mould
(Mucoromycota)
Rhizopus stolonifer
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[ FUNGAL BIOLOGY

Sexual Reproduction

Fungi can reproduce both sexually and asexually. This is rare and caused
great confusion in the past because each reproductive form would often
be classed as a distinct species. Even today, scientists sometimes use DNA
to identify reproductive ‘pairs’ of the same fungus.

Sexual reproduction in fungi can only be seen with a microscope. Iwo
nuclei (the membrane-bound structures that contain the cell's genetic
matenal), each with a single set of chromosomes (thread-like structures in
which the DNA is packaged in the nucleus), must fuse together: Itisa complex
process that involves cell division and the exchange and rearrangement of
genes. Living organisms including fungi do this because it ensures genetic
diversity, fundamental to evolution and ultimately survival. | he fusing nuclei
can be from the same individual, or different ones of the same species.
Once nuclei are fused, they remain in special cells from which new spore-
producing structures anse. The new spores will form new fungal colonies.

Key to plate

4: Zygorhynchus sp.

a) I'he process of hyphae forming a
Zygosporangium

b) Zygosporangium and zygospore
formed

I: Common field mushroom
Agaricus campestnis

a) Development of a mushroom

b) Part of a gill showing basidia and
basidiospores

2: Common jellyspot fungus 4: Candlestick or candle

Dacrymyces stillatus

Fork-shaped, branched basidia.

4: Common rust fungus

Phragmidiurm violaceum

I'he stalked spore includes a row of

four cells with two nucler each.

snuff fungus

Xylaria hypoxyion

As In most ascomycetes, the asci
contains eight spores.

6: Dog lichen

Peltigera canina
Produces asci with a special form
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J FUNGAL BIOLOGY

Asexual Reproduction

Many fungi can establish new colonies without sex. This is called asexual
reproduction. Some fungi preduce both asexual reproductive structures
as well as sexual ones, while others have no sexual structures at all. The
advantage of an asexual strategy is that it can produce massive numbers of
genetically identical spores, which can rapidly grow on new sites.

Asexual spores are produced by simple cell division and their nuclei
have just one set of chromosomes. [he most common type of asexual
spores are conidia, which form from specialised cells in a mind-blowing
number of ways. Conidia can form individually, in chains or ball-like clumps
and can either be dry or produced in slimy droplets, depending on how they
disperse (page 18). In most cases asexual spores do not travel as far as sexual
spores, and only a small proportion end up being widely disseminated by
air currents or wind. | hese are mainly species producing large numbers of
small dry spores that often cause allergies.

}{eg to plate

i: Alternaria alternata 4: Periconia byssoides
A plant pathogen that I'his species can be found on
causes leaf spot. dead plants.

1) general view of conidiophore
2: Coemansia erecta b) magnified view of conidiophore
Microscopic saprobes that can
be found in dung and soi J: Lasiodiplodia theobromae
a) asexual structures I'his plant pathogen causes rotting in
D) spore-beaning structures many tropical crops after harvest
7 Thielaviopsis basicola 6: Tetracladium sp.
I his plant pathogen can cause An aquatc fungi.
devastating crop diseases.
a) simple tube-shaped condiophores 7: Parmelina pastillifera
b) septate brown spores Soralia and isidia are the most

common asexual structures in lichen
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Key to plate

I: Helicomyces scandens | I3: Alternaria sesami |
2: Podospora fimiseda ( 16: Penicillium baarnense
3: Sporormiella leporina . 17: Gelasinospora micropertusa
I: Xerocomu s i I5: Neurospora lineolata

2: Schizoxylon ligustri N 19: Calenia monospora

6: Russula viridofusca ! 20: Neonectria ditissima

/: Harknessio spermatoidea (1. ! 21: Helicoon ellipticum

v: Caryospora callicarpa it 22: Anguillospora longissima
9: Tetrachaetum elegans (/5Uun '3: Pestalotiopsis guepinii
I10: Ustilago koenigiae in "I Cornutispora lichenicola
I I: Lophotrichus ampullus il '3: Zygopleurage zygospora
'2: Triangularia bambusae (/5 ’6: Pertusaria pertusa

1.3: Rinodina confragosula
I 1: Corollospora lacera

19



J FUNGAL BIOLOGY

growth

All filamentous fungi are made from narrow, cylindrical tubes called hyphae.
Flled with liquid that is kept under high pressure by taking in water through
their walls, they can act as hydraulic rams, puncturing the surfaces of leaves
and forcing themselves through soils, woods and even rock surfaces! Their
branching patterns vary according to the availability of food. Not all fungi
form hyphae all of the time, or even at all - yeasts are single celled and
divide by ‘budding’ while some fungi can produce hyphae when invading ®
tissue. ge, b0 0 % ¢

| . L 1) IR PN L DA
Fungal growth rates vary enormously with humidity and temperature . Y .. v .. ¢ % Bas 0% ‘0 5
being the key. Pin moulds such as Mucor species can cover a slice of damp Vot .’ 3. -, ..o Y .’.‘. | A ‘0.0 o} :0”'.0
g Saa : * L ] » ™
bread in a few days, while a lichen fungus on a rock may only increase a few . v @ N YASHE S o0 .. L0 b 4
» : : 2 ’ Albet

millimetres a year. Human pathogens will grow best at body temperature,
while fungi of hot deserts favour mid-40s Celsius. Growth rates are of

practical importance too. | hey can help date how long an object (even a
corpse) has been in a place, orin the case of lichens, when a roof was built,
or a glacial moraine was deposited.

Key to plate

i: Blue mould rot fungus on apple conditions and has been linked to

Penicllium expansum health 1ssues in humans and animals
When growing on a nutnent-rich

surface like an apple, the hyphae 4: Trichoderma viride seen on

of this fungi branch repeatedly in a a culture plate displaying typical

radial manner; forming circular patches.  radial growth
Some fast-growing species of this

2: Toxic black mould, seen genus can be cultivated to combat the
growing on cellulosic material spread of fungal pathogens in plants
Stachybotrys chartarum including cotton and sugar cane.

I'his species occurs in warm, damp
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Ecosgstem: Mountains

From peak to base, and across snow-covered

1Iscious forest noun 1S provide a diverse ranee snments for
fun some of which cannot be found anywhere else in the world. | he
.

n at ive here need to cope with the severe conaitions of increasin
cicvauon

Above the treeline, the alpine zone 1s characterised by she open
egetation (mostly erasses and sm voody plants), low temperatures and
high exposure to sun anc d. Here, the gr C wered by snow me
ﬁi"ihtﬁ i, FuUfl 'i ne s & N | ] 'ju' the shot Yeriiog ¢ tme LC! inf
snow melts. |hemo bundantector orrhizal fu ere include webcap
fibrecap Ikcaps d b el k¢ \budar C ist-hke fur
wCluding | [ found under Ck Ol ( Qe

A ‘_ wWC offe LIions. COr x_f Lons C eSS N | 9 ro \
deeperand richer soils. | e little layerin the forest, othe corrhizal fur
SUC s boletes can be seen and the stinking parachute Liny marasmiod
fungus, can also be found In forests

}{""] to Pl(ltl"

I: Alpine webcap J: Yellow stagshorn

2. Alpine brittlegill 6: Weeping bolete
3: Favre’s fibrecap 7/ Orange birch bolete

/: Gassy webcap 8:Stinking parachute
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FUNGAL DIVERSITY |

Cup Fungi

Cup-shaped sporing bodies, often known as ‘apothecia’, mostly belong to
the ascomycetes group of fungi. Despite their relatively simple structure,
they have an enormous variety of forms, many of which are eye-catching
and beautiful. Some are extremely tiny (less than a millimetre in diameter),
while others can reach 10cm or more. | hey are often brightly coloured, and
some have short or long stalks, while others have eyelash-like hairs. Many
lichens (page 40) also produce tiny cups to spread their spores.

Most cup fungi are spore shooters. The inside of the cup is lined
with spore-bearing tissue and when the cup 15 mature and the weather
conditions are just right, spores are shot out at high speed in a synchronised
‘pulff”.

I'his diverse group is found in a wide range of habitats from beaches
to scorched earth, from animal dung to dead plant matter, and even
appears on carpets and the walls of houses. Most live and feed on dead
plant matenial or soil, and in turn become food for other organisms such as
Insects. Some even form mutually beneficial relationships with tree roots,
or with plants such as mosses (mycorrhiza).

Key to plate

i: Spring orange peel fungus 6: Hare's ear
Caloscypha fulgens Otidea onotica
2: Plectania chilensis /: Black earth tongue

Inchoglossum hirsutum
4: Eyelash fungus
Scutelinia scutellata §: Orange peel fungus
Aleuria aurantia
4: Cookeina speciosa
9: Green elf cup
J: Scarlet elf cap Chlorociboria aeruginosa
Sarcoscypha austriaca
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UNGAL DIVERSITY

Mushrooms
and loadstools

‘Mushroom’ and ‘toadstool’ are not scientific terms but are used to describe
sporing bodies with a similar appearance, those we often see growing in soil
or on wood. Mushrooms are fleshy and have a cap, gills and a stipe (stem)
Sometimes the word ‘mushroom’ is only used for edible fungi, though it
can apply to toadstools as well. The word ‘toadstool’ is usually applied to
fungi that are inedible or poisonous and comes from the medieval idea that
toads, considered carriers of poison, liked to sit on them

An interesting phenomenon which occurs only in mushrooms is fairy
rnngs. lhese appear when mushrocoms or toadstools grow in an arc or
ring. | hey can be found in woodlands and grasslands and are produced by
over fifty different species including the cdablc ’.mj, ring fungus (Marasmius
oreac S).

One of the most colourful mushroom groups is the waxcaps
(Hygrocybe spp.). Their sporing bodies can be wonderful shades of red,
orange, ycllow, green or pinkish purpic

Key to plate

I: Shaggy ink cap J: Waxcaps
Ci PANUS COMatus f 'ir"t'f""i yoe Spp.
a, b, ¢, d) As shown here, waxcaps
: Fly agarlc are bright spots of colour, often seen
Amanita muscaria on long-established grasslands and
lawns. Some grassland waxcaps are
Shaggy scalycap especially rare
I’lll 'Il J \ 'l JWOrTo \ !
: Blue roundhead

/: Violet webcap Stropharia caeruiea

OrunNanus violaceus
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Bracket Fungi

While most mushrooms produce their spores inside gills, bracket fung (or
polypores) form sporing bodies with pores or tubes on their underside. In
most cases, they are as hard as the wood of the trees they grow on. | hey
make shelf- or bracket-shaped, or — more rarely — circular bodies that are

r i ‘ ' | y
often called ‘conks. Like most mushrooms they belong to the Basidiomycota

Bracket fungi are wood decayers, growing mainly on tree trunks

(

compounds that make up lignin found in wood. This means that wathout
bracket fungi (and their relatives, corticioid fungi, or ‘crust fung)’ which can
be found on the undersides of dead tree trunks or branches), forests woul

be covered in wood and leaf litter: That is why they are vital for nutnent

cycling and carbon dioxide release in forest ecosystems. On the othe

hand, some of them are severe pathogens of trees, and are major causes of

damage to timber:

Bracket fungi have been used by humans since ancient times. [he
tinger t‘.)"l‘;'.l'? (Formes fommentanus) has been used to make ¢ othing such as
caps as well as tinder, while chaga (Inonotus obliquus) 1s believed to suppress
cancer progression and enhance the immune system. | his species looks like
»unt coal and can be found on the trunks of mature birch trees.

.K(-’Lj to plalp

Iy {
ISACICH OIS Jrru
i ) §

/: Giant elm bracket 3. Oak polypore
Underside of bracket
7. Beefsteak fungus lbus, am quis cumn et aut vellupta etur

{ $ 4 ¢ ! 27alalL

} ) " (1 1 ¢ y I
g il J J | o1 | 0 W07 e
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(asteromycetes

Gasteromycetes share sim reproductive strategies, even though the
> not closely related NeYy UsS obtain oir food by bre ¢ down
C 1NC lerial 1C SOl e ° ore p mport roil 1 the
~ { s } ~ - ty v - ) ' 1 T 1 " OO
CLOUSYSLL VY ~ Y @ UL S MAS LNCy o 100 dDIC LO JICIUY C { S5C
their s s from gills or pores, they instead proc res on the inside
nd use different methods to disperse ther res n unusua d
S : JIShrooms 1orms
ffballs use > st form dispe ney have round
oring bodies and for some > spore-rich mass on their inside need
Te physical help to be pushed out, bein nocked Dy an animal for
example. Other puffballs have sn holes out of which spore masses ¢
e puffed out, while others simply split open. Bird's nest fungi use raindrog
to disperse the nore hile the weird and wonderful stinkhorn fan
oroduce a bro S yYore-rich iquid called gieba. Glel oul-smeliin
a attracls ce SECLs who then Vil the gicba stuck Lo Ci
}{ug lo platv
/: Common puffball 5: Earthstar fungus
2: Sculpted puffball 6: Veiled lady
member of e S ﬁ‘} ho im
o 2 ) - “
3. Bird’s nest fungus
veith rict /: Common earthball
- plo Ded P
& o

/: Stinkhorn fungus
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| ! UNGAL DIVERSITY

Foliicolous Jungi

In tropical forests, many leaves look like they have beautiful mosaics on
their surfaces; these are mostly fungi. The trees are evergreen and their
leaves can be very large and live for many years so benign fungi, known -\
as 'foliicolous’, use them as places to live. Unlike plant pathogenic fungi " ' PRREALAN A RN ERRBEaran)
however, these fungi don't invade or kill the leaves, though they can have ' ;
special bodies that attach to the surface or, in some cases, grow between
the plant cuticle and the living parts of epidermis cells. | hey gain nutnents
from the water dripping from the forest canopy, not from the leaves they
grow on. A number are lichen-forming and capture leal-dwelling green
algae to secure a supply of sugars. As non-lichen fung: do not need light to
photosynthesise, some groups only grow on the underside of leaves.

While mainly a feature of the humid tropics, there are a few foliicolous
species able to grow on evergreen leaves, including box, holly, juniper and
laurel in temperate regions

Key to plate

i: Meliola urariae I: Tricharia urceolata

Iypical bracnching of hypha which Species of Trichana produce hair-like
attach the fungus to the leaf structures named ‘hyphophores’

2. Leaf J: Parenglerula macowanianus

With a mixture of fungal colonies on a) Example of mycelium growth on a leaf
its surface, including lichens. b) Section of a sporing body on a leaf
4: Strigula orbicularis 6: Shield fungus

a) Sporing bodies and thallus Lichenopeltella palustns

b) Section of a sporing body with A specialised flattened sporing body
plant cuticle layer on top and

epidermal cells in a layer below /: Peltistroma juruanum

Colonies of fungus growing on a leaf.
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Ecosgstem;Temperate JForests

With fertile soils, plenty of rain and seasonal weather, temperate forests
are ideal homes for fungl. They play an important role by decaying organic
matter (saprotrophs), enhancing tree growth by forming symbiotic
relationships with their roots (ectomycorrhizal fung), pages 36-39) or
1ssociating with algae and cyanobactera to form lichens

Some saprotrophs are root-inhabitants of these trees, such as the zoned
rosette. Others can be found on trunk heartwood, on lower branches of Iving
trees and on fallen wood ncluding chicken of the woods and beelsteak fungus

Fungi can also signal environmental conditions. | he oak milkcap is an
indicator of h on nitrogen poliulion \nd soil acidificaton while the lichen

}{m] to plate

1: Oakmoss lichen 8: Yellowfoot or trumpet
ernia Prunastri chanterelle

J: Chicken of the woods
| getiporus sulphureus 9: Coral fungi

NG aricd S9

7: Beefsteak fungus

| r n ’ il (oo Naopy
W i JU U SLC Pars 4

O

i0): Beech or slimy milkcap

I: Zoned rosette

)
| { y 4
VIO YT IS Iy Jiid

i 1: Common earthball
J: Spindle toughshank

| ¥
LD WLl

/2: Matt bolete
6: Oak milkcap S .
ICtanus quietus 3: Tree lungwo

;i Clustered bonnet

IViIyL!
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Mycorrhizas

Hidden to our eyes most of the time and living in the soil under our
feet, there are fungi that form associations with plant roots !-:37"‘1‘111‘.,.=

mycorrhizas. |hese are ancient, symbiotic relationships between certain
fungi and most plants on Earth. These relationships evolved millions of

years ago to help the first plants establish and successfully grow in nutnient-

2 = SR I S . - an . ST AR GBS R0 ~th  of
poor environments. Even now, 90 per cent of the plants on Earth stll

cannot live without these fungi in their roots!
Mycorrhizal fungi colonise the roots of plants and provide them
with water and nutnients from the soil that they can't access themselves

In return, the fung! obtain plant carbohydrates which they need to grow.
Different fungi associate with different pi~1!rt';- forming four main types of

mycorrhizas: arbuscular, ectomycorrhizas, ericoid and orchid.

s

){mj to plate

I: Cross section of a root showing  ¢) Non-mycorrhizal
the four main types of mycorrhizas {oot with no fungal Lissue present
a) Ectomycorrhizas: formed by

woody plants such as caks and pines 2: Cenococcum geophilum

ectomycormiza f'ur“;.{- specalse in the 1) 1NIS ascomycele Colonises the rols
uptake of nitrogen. of over 200 different plant hosts

b) Ar buscul;n my(onhlzas formed b) Instead of sponng bodies, dormant
by 80 per cent of plants by fungi structures called sclerotia remain In
specialising in the uptake of phosphorus.  the soil for hundreds of years

c) Orchid mycorrhizas: the seeds

of orchids do not have nutrients so 4. Saffron milkcap
orchids rely on fungl to germinate [ actanus aelciosus
d) Ericoid mycorrhizas: this typ: 1) How fungus looks in the roots of

of fungi colonise the roots of plan pine, forming ectomycorrhiza:

~f tha ~raroan § il i, ‘d,,-\ SN el ot WISHroom < the r\'i\:.y\
Vi UIC cacede iamily (1incu ' V) C Ofallec musHroOO IS UIC OQILC

- - - | VYOO COVINIYa By " v o t -~y
heathers and blueberries), unic 'LL ' sponng body, and s only seen in autumn.

nutrients for their host plants




/Vlgchorrhlzal
Networks

Key to plate
/: Mature English oak and 2. Sporing bodies
young seedlings
S robur 3. Ectomycorrhizas and
fungal filaments




| FUNGAL INTERACTIONS |

Lichens

Lichens are the result of highly successful relationships between fung and
at least one other photobiont (an alga, a cyanobacterium or both). |he
fungus benefits from the sugars produced by the photobiont, and the
photobiont gets a place to live, physical protection and better access to
mineral nutrients. Lichens are so well integrated that they were historically
studied as one single species. Today, we know that nearly one fifth of
all known fungal species form lichens. More than 98 per cent belong to
the largest fungal phylum, Ascomycota, with a few species classified within
Basidiomycota

Lichens come in a wide range of shapes and colours and grow on
almost any surface they can find: rocks, bark, soil and even cars! Compared
to other groups, they grow extremely slowly (from less than a millimetre to
a few centimetres a year), but research shows they can survive for centuries,
Lichens thrive in extreme conditions. This means they are sensitive to
pollution and are therefore excellent indicators of air quality.

Key to plate

i: Cora pavonia /: Umbrella basidiolichen
[ ichenomphalia umbellifera

2: Brown-eyed wolf lichen

[ etharia columbiana §:Shield lichen
Parmelia sukata

3:Map lichen

Rhizocarpon geographicum 9. Golden-eye lichen
leloschistes chrysophthalmus

£: British soldiers’ lichen

Cladonia cristatella 10: Tephromela atra
J: Bullseye lichen 11:Pin lichen
Placopsis gelida Calicrurn viride

6: Beard lichen
LJsnea |‘|‘.;.. o
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i FUNGAL INTERACTIONS

Entomogenous
Fungi

Entomogenous fungi harm, infect and may kill insects. Because they occur
naturally, some are used as safe pest control. For example, Beauvaria
bassiana grows naturally in the soil and causes white muscardine disease
which gives insects a white fluffy look. It is used as an insecticide to control
insects such as termites, white flies, aphids and many other species that
damage plants. | he spores are mixed in a solution and then sprayed on
the affected plants.

A particular group of entomogenous fungi, most belonging to the
genus Ophiocordyceps, has become known as ‘zombie fungi’. | hey can be
found woridwide and while it's not known how many species there are,
many infect just one type of insect. [ hese fungi release chemicals into the
insects’ brains forcing them to make their nests higher up in trees and
plants. The fungus then grows rapidly in the insect’s body, creating sporing
bedies. Being higher up means the spores can be spread more widely.

Key to plate

/: Dong Chong Xia Cao 2. Zombie ant fungus
Ophiocordyceps sinensis Ophiocordyceps unilateralis
e s e .

2% Weevil fungus . Caterpillar fungus
()"j.fl.:;{ liu(.’y( eps curt ulionum Cordy eps militans

.+ White muscardine disease

Beauvena bassiana

3. Wasp fungus

Ophiocordyceps humberti

4. Ant fungus

Pandora formicae
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Ants and termites have been farming funel for millions of years but because
the insects evolved separately, they erow their food in different ways

Every year when termites build new nests, the Termitormyees fungus
produces mushrooms on the termites old nest | he termites collec
pores released by the mushrooms when they crawl out of their new nest:
ind use them to regrow their fungus gardens. Scientists call this ‘'honzont.
transier O grow their fungus, the termites dig long underground tunnels
through which they carry dead plant matena ey eat the matenal and
LNEeN erow INe lungus on their own 1acCces

n contrast, when new ant queens leave their old nest, they take a littie
Dit of fungus with them. | he queens store the fungus in a pouch inside the
mouth (called the infrabuccal pocket) until their next ne completed
x"_)’— cNUSLS C ZH nis eruc ' IY- "'T.f’:_"' ['-l sangas Ol 1e .' oy N 1‘-:_- vV " n
lano linac th h the ~farect aach ~ i A OC e AMhen the
10NE INCS rougn 1NE rainioregst ¢4dchn carrying pieces ol icaves. vvnen
et back to their ne hey chew the leaves into little balls and give this to
ne funegus to erow on

}{mj to plate
I: Termite mushroom {: Termite mound
| 3 . # AA » » -~
2: Ant mushroom J: Leaf-cutting ant
Mushreoms from the ant fungus are a
ire sight and the ants try to remove  6: Ant foo
Lthen vhen Lhoy "W o1 C LS © eyt }
he fungus the ants cultivate grows

2 F : : ALitetione structiume called eonavlid
. UngUS-grOWIHg termite ULNUICUS SLrucCiurcs C4ncd 2ongylidia
A tormaos natcloncs ey e packed with suoar nd fat
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Plant Pathogens

Although most fungi perform helpful roles in recycling nutrients in
ecosystems, some are harmful to the plants they interact with, Fung that
of crop damage

D

attack plants (fungal plant pathogens), are a major caus

I'his means the price we pay for food is dependent on our success in the

’

ongoing struggle to control these fung..

While new plant pathogens are always emerging, our knowledge of
them dates back to antiquity and continues to guide us today. Fungal rust
diseases were first described by a student of Anistotle, |heophrastus, but
seventeenth century farmers in kurope observed a connection between

c

irbary plants and the damage to wheat caused by stem rust. Proving
that barberry is a host for the wheat stem rust, meant simply digging up
and destroying the plants controlled the disease. A similar fungal disease,
ice blast disease, 1s one of the most destructive in the worid. It destroys
enough rice a year to feed 60 million people
Fungi adopt three broad strategies when infecting plants. They can
infect plants and live off their nutrients while keeping the plants alive
(biotrophs), they can kill plants outnght and digest the dead plant matter

(necrotrophs) or they can start out as biotrophs but then switch to a
necrotrophic lifestyle later. Once they have infected plants, fungal pathogens
interfere with the plant’s ability to defend itself.

}{mj to platn

|: Basal stem rot l: Witches' broom disease

/ 1wt N " r y A/ . '
Lanoagerma orovjorme Mondiobhthora Dermciosa

2: Rice blast disease J: Dark honey fungus
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3. Dutch elm disease
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Poisonous J:u,ngi,

f‘im_; to [;.'u(e
/: Satan’s bolete
/: Destroying angel

2: Kaentake
J: Death cap

3: Ergot fungus
{ . 6: False morel
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FUNGI AND HUMANS

Edible Jungi

Humans have a long history of eating fungi. We know that mushrooms

¢ " -

stone Age, but they were likely

have been a food source since at least the

caien carier.

Globally at least 350 species of fungi are collected for food (the
most common being boletes, milkcaps, brittlegaps and chanterelles) but
wild mushroom ;:{.:?_T’C!'C‘I‘E must be careful since some edible mushrooms
can cause allergic reactions and some closely resemble poisonous species
Over the centuries we have learned by tnal and error which fungi are

edible, and scientific study can help. The ugly milkcap (Lactarius turpis), for
example, was once considered to be edible, but i1s now known to contain
1 compound that causes genetic mutations

I he global market for edible mushrooms is worth about 43 billion
pounds sterling a year and includes both wild and cultivated mushrooms
Almost all cultivated species are decomposers, and grow easily in dead
organic matter, for example button mushrooms. However, many of the
flavoursome, gourmet species, like porcini, are mycorrhizal which means

they live in relationships with plants and are there

fore very hard to cultivate

Key to plate

I: Matsutake 6: The true morel
I bl Ve M

rcr 11 JHSUTOKS Y J

g

2: Button mushroom /: Baker’s yeast

!  § ! 5 { 2Tali | | L £ ) L | )

4: Chanterelle 8: Penicillium roqueforti
0: Zeller’s bolete
/: Black truffle Xerocomellus zellen

|
uher n

10: Cabbage lungwort
J: Caesar's mushroom [ obaria linita

A7 [ i
i i JESU U

52




FUNGI AND HUMANS ‘

Wonder Drugs

Fungi are the source of some of the most important drugs ever discovered,
most famously, penicilin. Around the world, scientists conduct fungi
research in the hope of finding the next life-saving drug.

I'he story of penicillin starts in the London laboratory of the
microbiologist AlexanderFleming in the 1920s. Fleming’s Petri dish contained
a culture of Staphylococcus bactena but was also accidentally contaminated
with the mould Penicillium rubens. Fleming noticed that the Staphylococcus
could not grow near the mould and wondered if it was producing some
kind of inhibitory chemical. Follow-up work by Howard Florey and his team
at Oxford identified the inhibitory substance as penicillin and demonstrated
its incredible powers for treating bactenal infections.

Fungi have also proved to be a fantastic source of immunosuppresants.
Ihe important compound, cyclosporine, for example, made organ
transplantation possible by preventing the body from rejecting the
transplanted organ. There are also the statin drugs, used to lower
cholesterol, whose founding member lovastatin was isolated from the
mould Aspergillus terreus.

So, where will be the next fungal wonder drug be found? Perhaps it
could come from the unlikely source of the death cap mushroom (page
S0)? The toxin which makes the mushroom so dangerous — amanitin — is
being researched because of its potential to kill cancer cells.

Key to plate

i: Glarea lozoyensis J: Tolypocladium inflatum
Colony seen growing on culture plate  4: Aspergil erreus

a) Colony seen growing on culture plate
2: Penicillium rubens b) Appearance under light microscope
a) Colonies growing on a culture plate
b) Appearance under light microscope  J: Isaria sinclairii

Infected cicada nymph
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KI'.'J to plate
i: Pleurotus djamor y: Golden-scruffy collybia

2: Letrouitia domingensis
9: Cobalt crust
i: Deflexula subsimplex
10: Pycnoporus sanguineus
/: Christmas wreath lichen
rpothallon rubrocinctun i1: Pod parachute Cy

j: Spotted cort
I'2: Cookeina speciosa

(: Amethyst deceiver
methysting i.3: Lactocollybia aurantiaca

/2 Indigo milkcap I4: Marasmius haematocephalus

i5: Parrot waxcap
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Algae
Basidia
Chitin
Crustose
Cup
Filament
Germination
Gills

Hypha (or hyphae)
Lichen
Mould
Mushroom
Mycehum
Mycorrhiza
Photobsont
Phyla
Septate

Spore

Glossary

Stalk
[ruffle

Yeast
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Alternaria sesarni 15
Amanita caesarea 8, 54
Amanita muscana 24
Amanita phalioides 52
Amanita virosa 52
amethyst decever 58
Anguillospora longissima 15
ant fungus 42,44
antibiotics 52, 56

ants 42,44

arbuscular mycorrhizas
36,39

Armillaria ostoyae 50

asci 8, 10, 30,48
Ascomycota 3,5, 10,40
Aspergillus terreus 56
Atta cephaiotes 44

baker’s yeast 54

basal stem rot 50
Basidiomycota 3, 10, 26,
40

beard lichen 40
Beauvaria bassiana 42
beech 8, 32, 36

Index

beech milkcap 32
beefsteak fungus 26, 32
Berkeley, Miles Joseph,
Rev 48

Berwaldia schaefernai 8
biotrophs 50

bird's nest fungus 28
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