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Spotted knapweed
(Centaurea stoebe L., also
known as C. maculosa, C.
micrantha, C. biebersteinii
IS a noxious, invasive plant
which was introduced into
North America from Eurasia.
This plant is also a model in
allelopathy research.




Volga river
habitat

However, in native region (e.g., Russia and Ukraine),
knapweed is not invasive.



Endophyte roles

Our goal is to explain knapweed invasiveness
via plant-endophyte interactions



Hypotheses applicable to the
Knapweed invasion

Enemy Release Hypothesis — enemies are left
behind in the native range

Enhanced Mutualism Hypothesis — new symbionts
obtained in the invaded range from native hosts
(“host-jumping”) and enhance abilities to compete
natives, use resources etc.

Novel Weapons Hypothesis — many invasive North
American plants have been reported to have
antimicrobial, antiherbivore and allelopathic effects.
These effects could be due to chemicals “unknown”
for naive native plants. Co-introduced symbionts may
help to produce such an effect.



Catechin or not catechin
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The most accepted opinion (Callaway et al., . H\‘\*
1999 and many others) is that cathechin- 10 -
contained knapweed root exudates are capable

to suppress the growth of native grasses
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Endophyte strain Fusarium 124
suppresses the flowering of
knapweed
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Endophytes can suppress growth of
ldaho fescue seedlings

seedlings

days

The selective effect: terminate
fescue much more than knapweed



Effects in seed assays

Fescue experiment, germination speed
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® More than 2/3 endophyte

o strains have statistically
/r o \ significant termination

= effect on Festuca

i idahoensis seeds, some

5 o them have similar effect

o0 on knapweed seeds.

K Moreover, some

124 endophytes can Kill

\\ I ] / fescue seedlings.
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Gas chromatogram:

highest pike
corresponds with
sesquiterpene
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Endophytes
can produce

sesquiterpenes

Total amounts trapped during
@ 0.5 hours over a 20ml sample
of the culture

0 Number of sesquiterpenes

76 103 105 63 66 67 86 79



Insecticide effect
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In a choice experiment, biocontrol
weevils Larinus minutus demonstrated
strong preference to non-inoculated
flowers




Attraction of aphids

Number of aphids
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Some endophytes
can attract other
knapweed-eaters:
aphids

Green peach aphid
Myzus persicae
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Endophyte status of knapweed



Detailed competition
experiment: fescue biomass
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Novel weapons! Biomass of Festuca idahoensis decreased
whereas biomass of F. ovina increased



Knapweed dry weight, g
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Knapweed biomass

° i Some endophytes
’ T8 (Alternaria 73,

. ; i Alternaria 432)

- I 17 definitely increase

: biomass whereas
- Epicoccum 66

| B s decreases biomass
o - along with plant
° height and number of
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Competitive advantage: the
biomass difference
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For nearly each pair of fescue species combined with particular endophyte,
knapweed have competitive advantage over
F. idahoensis much higher then over F. ovina



@ Spotted knapweed, @
Centaurea stoebe

Delayed flowering:
Alternaria 123
Fusarium 124

Protection from
seedhead weevils:

Alternaria 62
Reduced flowering Epicoccum 66
extent:
Alternaria 62

Reduced aboveground

1 2 Increase of aboveground
biomass and increased 9

. : , biomass:

genf_.:ji';t.u:?rf (|Jv70ry. Alternaria 73,
Alternaria 432

Suppressed Suppression

germination of C. stoebe itself: of germination of a competitor,
Alternaria 120 assayed in the same manner

Botrytis 360 as (-)-catechin:

Fusarium 107 Alternaria 62
Fusarium 396 Epicoccum 66




Diversity: sampling

61 knapweed populations sampled, plus 10 populations of
native North American plants (Saussurea americana, Cirsium
brevifolium, Festuca idahoensis etc.)

5 plants and 100 achenes per sample
Endophytes isolated from achenes — 2291 isolates
|solates grouped in 288 morphological groups (strains)

Each group has been sequenced (ITS and “Alta 17), 102
haplotypes obtained



structure

Diaporthales
Trichosphaeriales
Microascales
Hypocreales
Xylariales
Helotiales
Eurotiales
Onygenales
Pleosporales
Dothideales
Capnodiales
Pezizales
Saccharomycetales
Agaricales
Ustilaginales
Mucorales

Taxonomic and phylogenetic
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# of haplotypes
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BLAST identity and new species
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ITS1-5.85-1TS2 Alta 1
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Some endophytes may represent
novel lineages

DQ4914917 _Botryotinia_fuckelia

v Putative new species [ 01760 -tsasm
0’ 0t093 _its_asm_p4
F | & | bot080 _its_asm_p1i
" q.' & ot109 _its_asm_pf

AY131202 _Botrytis_fabae
AY684918 _Botrytis_elliptica
bot0O17 _its_asm_p1

bot079 _its_asm_p4

AJ716300_Botrytis_elliptica_f
Y818336 _Botrytis__tulipae
ARZ33845 _Botrytis_elliptica
—- bot095 _1ts_asm_p1

— bot361 _1tst

Botrytis
(anamorph of Botryitinia,
Sclerotiniaceae)

- bot378 _its4



The case of potential co-introduction:
Phoma tracheiphila

The endophyte pho250 (South Germany)
vesrene pr o has 99% identity with GenBank
sequences of Phoma tracheiphila, very

AY531678_Pt_C_limon_Italy
AYS81670_Pt_C_timon_ltaly dangerous pathogen of Citrus trees
AY531669_Pt_C_limon_Italy
AY531681 _Pt_C_sp_Italy
DQ792942 _Pt_C_limon_Israel
DQ792939 Pt _C_sinensis_Israel
DQ792928 _Pt_C_sp_Israel
AY531682_Pt_C_sp_Italy
DQ792936 _Pt_C_limon_Israel
DQRI9I93L290 _Pt_C_limon_Israel
AY531672 _Pt_C_limon_ltaly
AY. l

< CID250 _7ts1 _2006-06—24
—

SUDDEN DIEBACK CAUSED BY
MAL SECCO



Comparison of diversity
between two ranges

epi066

Invaded range Native range
(N. America) (Europe)



epi497
altoo2r
alt417c
50150
plev1op
pho602z
ulo068d
ulo068
altoo2)
alt842s
bot093
alt076e
bot095
alt459b
bot079
alto02m
cla307
bot017
altoo2f
cla063
epi066
aub061
altoo2c
alt002a
alto02b

Endemic and cosmopolitan

haplotypes

B Native range
O Invaded range
0 Native American plants

Saussurea americana,

1 American closest knapweed

relative



Distribution of Bofrytis 017/095 and

Cladosporium 063




East U.S.

Ordination of communities
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Fungal haplotypes that
characterize communities

Species are
common for
native range

Species are
common for
invaded range
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Repeated sampling

McCroskey State Park Clearwater river bank
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Some of most
widespread fungi
are repeatedly
Isolated whereas
some Alternaria
species are not
easy to re-isolate



Fall precipitation, mm
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Diversity and climate
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Life cycle of knapweed endophytes
(hypothe’sis)
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Endophytes and invasion

Hypotheses of invasion Our research supports
Enemy Release
Hypothesis +

Enhanced Mutualism
Hypothesis +

Novel Weapons
Hypothesis +
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