
Chemical	
  Ecology	
  Plant-­‐Plant	
  Interac4ons	
  
	
  
Types	
  of	
  Interac4ons:	
  

	
  -­‐	
  can	
  be	
  posi,ve	
  or	
  nega,ve,	
  intra-­‐specific	
  or	
  inter-­‐species	
  
	
  	
  

	
  1.	
  "talking	
  trees"	
  (coopera,on	
  via	
  plant-­‐plant	
  defense	
  signals)	
  

	
  2.	
  	
  allelopathy	
  (inhibi,on	
  of	
  compe,tors)	
  

	
  3.	
  	
  loca,ng	
  hosts	
  (parasi,c	
  vascular	
  plants)	
  



The	
  talking	
  tree	
  hypothesis	
  was	
  the	
  first	
  ar3cula3on	
  that	
  herbivore	
  a8acked	
  trees	
  could	
  
warn	
  other	
  trees	
  
	
  

Populus	
  hybrid	
  and	
  sugar	
  maple	
  
	
  -­‐	
  could	
  not	
  be	
  repeated	
  



Farmer and Ryan, PNAS 1990 

Sagebrush– tomato signaling 

The first 'real' discovery of volatiles that have effects on other plants was 
the discovery of methyl jasmonate 



Heldt Fig 5.30 

Synthesis of hexenal and  "green leaf" volatiles 
(see fatty acids/jasmonic acid lecture)  
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Synthesis of hexenal and  "green leaf" volatiles 
(see fatty acids/jasmonic acid lecture)  

 



 Paschold et al  (2006) Plant Journal 45; 275-291     

Green leaf volatiles induced by wounding (hydroperoxide lyase-dependent) induce  
transcriptional changes but no detectable defense proteins or nicotine 
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Green leaf volatiles induced by wounding (hydroperoxide lyase-dependent) induce  
transcriptional changes but no detectable defense proteins or nicotine 

Plants are listening, but ignoring the 
message 



i) intra-specific defense signals: Nicotiana attenuata  with suppressed 
green leaf volatile synthesis (GLVs) 

- RNAi-suppression of hydroperoxide lyase leads to plants that cannot 
 make GLVs 

- by subtraction, Paschold et al,. (2006) determined that 30-40 genes are 
 induced (but not proteins) or nicotine 

 ("plants are listening, but ignoring the message") 



Frost et al, Ecol Lett 2007 

ii)	
  intra-­‐plant	
  signaling:	
  Populus	
  GLVs	
  from	
  one	
  leaf	
  can	
  prime	
  defenses	
  
	
  in	
  distal	
  leaf	
  via	
  air	
  flow	
  	
  



iii)	
  plant-­‐plant	
  signaling	
  in	
  maize:	
  priming	
  by	
  airborne	
  signals	
  
	
  boosts	
  caterpillar	
  resistance	
  in	
  maize	
  

The Plant Journal 49: 16-26 (2006) 

 continuous stream of charcoal‐filtered, humidified air 

caterpillar‐infested source plants 



The Plant Journal 49: 16-26 (2006) 

 continuous stream of charcoal‐filtered, humidified air 

caterpillar‐infested source plants 

iii)	
  plant-­‐plant	
  signaling	
  in	
  maize:	
  priming	
  by	
  airborne	
  signals	
  
	
  boosts	
  caterpillar	
  resistance	
  in	
  maize	
  



The Plant Journal 49: 16-26 (2006) 

larval weight gain 

- is this relevant in the field? 

iii)	
  plant-­‐plant	
  signaling	
  in	
  maize:	
  priming	
  by	
  airborne	
  signals	
  
	
  boosts	
  caterpillar	
  resistance	
  in	
  maize	
  



iii)	
  plant-­‐plant	
  signaling	
  in	
  maize	
  (via	
  priming)	
  
-­‐	
  damage	
  by	
  caterpillar	
  damage	
  -­‐>	
  releases	
  vola,les	
  (sesquiterpenoids:	
  ß-­‐farnesene,	
  

	
  caryophyllene)	
  
-­‐	
  sophis,cated	
  set-­‐up	
  for	
  air	
  flow	
  between	
  maize	
  plants	
  	
  
-­‐	
  wound-­‐induced	
  plants	
  emit	
  different	
  vola,les	
  than	
  uninduced	
  plants.	
  	
  
-­‐	
  both	
  direct	
  and	
  indirect	
  defenses	
  
-­‐	
  herbivore	
  growth	
  is	
  reduced	
  if	
  plants	
  are	
  vola,le-­‐induced	
  previously,	
  

	
  substan,a,ng	
  the	
  priming	
  effect.	
  

	
  



	
  Can	
  plant-­‐plant	
  communica,on	
  take	
  place	
  via	
  shared	
  mycorrhizae?	
  



Ecology	
  LeQers	
  16:	
  835	
  (	
  
Underground	
  signals	
  carried	
  through	
  common	
  mycelial	
  networks	
  
warn	
  neighbouring	
  plants	
  of	
  aphid	
  aQack	
  	
  

	
  Can	
  plant-­‐plant	
  communica,on	
  take	
  place	
  via	
  shared	
  mycorrhizae?	
  



	
  Can	
  plant-­‐plant	
  communica,on	
  take	
  place	
  via	
  shared	
  mycorrhizae?	
  



Allelopathy:	
  	
  the	
  suppression	
  of	
  growth	
  of	
  neighbouring	
  plants	
  by	
  the	
  
release	
  of	
  phytotoxic	
  compounds	
  into	
  the	
  environment	
  	
  

	
  

Sorghum	
  and	
  sorgoleone	
  
-­‐	
  sorghum	
  is	
  a	
  tropical	
  	
  cereal	
  crop	
  (like	
  millet)	
  	
  
-­‐	
  also	
  contains	
  cyanogenic	
  glycosides,	
  and	
  tannins	
  
-­‐	
  sorgeolone	
  is	
  a	
  quinone,	
  ac,vely	
  secreted	
  from	
  root	
  hairs	
  
-­‐	
  inhibits	
  H+/ATPase	
  in	
  roots	
  of	
  other	
  species 	
  	
  
-­‐	
  10	
  µM	
  inhibits	
  compe,tor	
  seed	
  germina,on,	
  and	
  up	
  to	
  10-­‐100	
  µM	
  is	
  found	
  in	
  soil	
  	
  



Sorghum exudates sorgoleone from roots  

Sorghum  

Root hairs containing sorgoleone  

 B. Field et al., New Phytologist 172: 193-207 (2006)     

Allelopathy:	
  	
  the	
  suppression	
  of	
  growth	
  of	
  neighbouring	
  plants	
  by	
  the	
  
release	
  of	
  phytotoxic	
  compounds	
  into	
  the	
  environment	
  	
  

	
  



Sorgoleone 
(Sorghum, allelochemical) 

DIMBOA 
(Maize, allelochemical  
& antifungal) 

Momilactone B 
(rice allelochemical) 

Avenacin A-1 
(oat, antifungal,  
allelochemical 

(-)-catechin  
allelochemical 

Allelopathy:	
  	
  the	
  suppression	
  of	
  growth	
  of	
  neighbouring	
  plants	
  by	
  the	
  
release	
  of	
  phytotoxic	
  compounds	
  into	
  the	
  environment	
  	
  

	
  

 B. Field et al., New Phytologist 172: 193-207 (2006)     

Examples	
  of	
  allelopathic	
  compounds	
  



 H. P.  Bais et al.,  Science   
301, 1377 -1380 (2003)     

Spotted Knapweed (Centureae maculosa) is invasive in rangelands 
&  releases (-)-catechin into soils 

Spotted knapweed  
(Centureae maculosa 

C. biebersteinii) 

http://bcinvasives.ca/documents/
Knapweed_TIPS_Final_08_06_2014.pdf 



Allelopathy:	
  	
  the	
  suppression	
  of	
  growth	
  of	
  neighbouring	
  plants	
  by	
  the	
  
release	
  of	
  phytotoxic	
  compounds	
  into	
  the	
  environment	
  	
  

	
  

Sorghum	
  and	
  sorgoleone	
  
-­‐	
  sorghum	
  is	
  a	
  tropical	
  	
  cereal	
  crop	
  (like	
  millet)	
  	
  
-­‐	
  also	
  contains	
  cyanogenic	
  glycosides,	
  and	
  tannins	
  
-­‐	
  sorgeolone	
  is	
  a	
  quinone,	
  ac,vely	
  secreted	
  from	
  root	
  hairs	
  
-­‐	
  inhibits	
  H+/ATPase	
  in	
  roots	
  of	
  other	
  species 	
  	
  
-­‐	
  10	
  µM	
  inhibits	
  compe,tor	
  seed	
  germina,on,	
  and	
  up	
  to	
  10-­‐100	
  µM	
  is	
  found	
  in	
  soil	
  	
  

Spo8ed	
  knapweed	
  in	
  BC	
  
-­‐	
  invasive	
  weed	
  problem	
  for	
  BC	
  (rangelands,	
  competes	
  with	
  na,ve	
  grasses	
  and	
  forages)	
  
-­‐	
  contains	
  (-­‐)-­‐catechin,	
  but	
  role	
  unclear,	
  ..	
  original	
  experiments	
  /	
  catechin	
  concentra,ons	
  

	
   	
  could	
  not	
  be	
  repeated.	
  
-­‐	
  catechin	
  is	
  flavanol,	
  related	
  to	
  the	
  condensed	
  tannins	
  	
  



Parasitic plants  

3.	
  Parasi4c	
  Plants	
  and	
  Phytochemical	
  Signals	
  
	
  [Common	
  parasi,c	
  plants:	
  Striga,	
  Orobanche,	
  Cuscuta]	
  

	
  
-­‐	
  obtain	
  nutrients	
  by	
  tapping	
  into	
  vascular	
  system	
  of	
  hosts	
  	
  
note:	
  dis3nguish	
  parasites	
  from	
  epiphytes,	
  which	
  only	
  use	
  other	
  plants	
  for	
  support)	
  
	
  	
  
-­‐	
  dwarf	
  mistletoes	
  (Arceuthium	
  -­‐	
  witches	
  broom)	
  in	
  BC	
  leads	
  to	
  significant	
  forestry	
  losses	
  
-­‐	
  Striga	
  (witchweed)	
  can	
  cause	
  severe	
  crop	
  losses	
  

	
  (root	
  parasite	
  on	
  sorghum,	
  rice,	
  millet,	
  maize)	
  
	
  	
  
=>	
  How	
  do	
  these	
  parasi3c	
  plants	
  locate	
  their	
  hosts?	
  	
  



Parasitic plants  
Arceuthobium , dwarf mistletoe 
(common parasite on BC conifers) 

http://www.apsnet.org/ 



Parasitic plants  

A striga (Polish: strzyga) is a woman transformed into a monster by a curse. She is filled 
with hatred towards all living beings, devouring them without a second thought 

resistant susceptible 

Striga asiatica (witchweed) on sorghum (millet) 



Figure	
  15.15	
  	
  Rice	
  plants	
  colonized	
  by	
  root	
  parasi,c	
  plants	
  



 Bouwmeester et al. Curr Opin Plant Biol 6 358-364 

Germination of seeds of parasitic plants (Striga) requires plant stimulants 

Striga on sorghum   Orobanche ramosa seed 

 xylem connection 



Germination of seeds of parasitic plants (Striga, Orobanche) 
requires stimulants, found in various root exudates 

 Bouwmeester et al. Curr Opin Plant Biol 6 358-364 

 (+)–Strigol (Sorghum, maize) Sorgolactone (Sorghum) 

Orobanchol (red clover) 

Alectrol 
(red clover, 
cowpea) 

Dihydrosorgoleone 
(Sorghum) 

Why do plants make such germination stimulants?? 



Hyphal branching assay for Gigaspora margarita (arbuscular 
mycorrhizal fungus)

ethyl acetate extracts
 (15 microg per disk)

controls

Akiyama et al, Nature 2005 



Identification of hyphal branching 
 factor from Lotus japonicus roots

5-deoxy strigol  

Alectrol 



Figure	
  15.8	
  	
  Synthesis	
  of	
  strigolactones	
  

Strictolactones are now know as root-generated regulators of shoot branching -  
 phytohormones (inhibit branching) 



max2 
- SL signaling mutant 

max1,3,4  
- SL synthesis mutants 

Grafting experiments 

Figure	
  19.30	
  	
  Axillary	
  bud	
  outgrowth	
  is	
  inhibited	
  by	
  auxin	
  and	
  strigolactones	
   



Parasitic plants – Cuscuta pentagona (dodder) (morning glory family)  

http://www.ipm.ucdavis.edu/PMG/C/W-CV-CSPP-YP.001.html 



 J. B.  Runyon et al.,  Science  313, 1964 -1967 (2006) LINK     

How does Cuscuta pentagona find its host? 

Dodder 
Cuscuta pentagona 



Published by AAAS 
 J. B.  Runyon et al.,  Science  313, 1964 -1967 (2006)     

Foraging by Cuscuta pentagona seedlings 



Published by AAAS 
 J. B.  Runyon et al.,  Science  313, 1964 -1967 (2006)     

Foraging by Cuscuta pentagona seedlings 

attract: 
α-pinene, 
ß-myrcene 
α-phellandrene  
 
repelled by: 
hexenyl acetate 



 J. B.  Runyon et al.,  Science  313, 1964 -1967 (2006) LINK     

How does Cuscuta pentagona find its host? 

Dodder 
Cuscuta pentagona 



i)	
  Germina,on	
  s,mulants	
  (phytochemicals)	
  in	
  root	
  exudates	
  
	
  

-­‐	
  Striga	
  seeds	
  need	
  a	
  germina4on	
  s4mulant	
  (from	
  host	
  roots)	
  
-­‐	
  iden,fied	
  as	
  several	
  lactones	
  exuded	
  from	
  roots	
  (ie	
  strigol,	
  

	
  sorgolactone)	
  	
  
-­‐	
  same	
  compounds	
  found	
  as	
  mycorrhizal	
  fungus	
  branching	
  signals	
  for	
  
arbuscular	
  mycorrhizae	
  

-­‐	
  led	
  to	
  discovery	
  of	
  role	
  as	
  and	
  endogenous	
  shoot	
  growth	
  regulators	
  
(carotenoid	
  derived),	
  called	
  strigolactones.	
  	
  

-­‐	
  strictolactones	
  are	
  now	
  know	
  as	
  root-­‐generated	
  regulators	
  of	
  shoot	
  
branching	
  -­‐	
  phytohormones.	
  

	
  	
  



	
  	
  
	
  	
  

ii)	
  Seedling	
  foraging	
  for	
  host	
  plants	
  -­‐	
  Runyon	
  et	
  al.	
  (2006)	
  Science	
  313	
  
	
  

-­‐	
  Cuscuta	
  pentagona	
  (dodder)	
  (morning	
  glory	
  family)	
  
-­‐	
  germinates	
  on	
  its	
  own,	
  needs	
  to	
  find	
  host	
  afer	
  
-­‐	
  "forages"	
  for	
  and	
  finds	
  living	
  plants	
  -­‐	
  what	
  does	
  it	
  track?	
  
-­‐	
  use	
  circumnuta,on	
  to	
  grow	
  towards	
  tomato	
  host	
  
-­‐	
  cool	
  experiments	
  to	
  iden,fy	
  the	
  signals 	
  	
  

	
  	
  
=>	
  Therefore,	
  several	
  interac3ng	
  organisms	
  have	
  learnt	
  to	
  'eavesdrop'	
  on	
  plants	
  
via	
  their	
  phytochemistry	
  	
  



Themes in Secondary Plant Metabolism 



Redrawn from Hartmann, T. (1996). Diversity and variability of plant secondary metabolism: a mechanistic view. Entomologia Experimentalis et 
Applicata 80: 177-188. 

Photo-
synthesis 

Carbohydrate 
metabolism 

Alkaloids 

Coumarins 

G
ly

co
si

no
la

te
s 

Terpenoids: 
e.g. Limonoids 

Saponins 
Pinene 

Phenolic: e.g. Flavonoids; Salicylic acid; Lignins etc 

Alkaloids 

Three structural classes of specialized 
metabolites 

Although hugely diverse, 
specialized metabolites 
are derived from a few 
dozen highly versatile 
central intermediates, 
which are modified in lots 
of different ways 



Medicinal compounds are unequally distributed in plant 
families 

Zhu, F., Qin, C., Tao, L., Liu, X., Shi, Z., Ma, X., Jia, J., Tan, Y., Cui, C., Lin, J., Tan, C., Jiang, Y. and Chen, Y. (2011). Clustered patterns of species origins of nature-derived drugs 
and clues for future bioprospecting. Proc. Natl. Acad. Sci. 108: 12943-12948. 

Plant families associated with drug-
production are indicated in green, 
and red indicates families with 
endangered species 

Solanaceae (tobacco, 
nightshade, peppers) Papavaraceae 

(poppy) 

Taxaceae 
(Pacific yew) 

Apocynaceae (periwinkle) 

Myrtaceae 
(eucalyptus, clove) 


