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Phragmites australis (Cav.) Trin. ex Steud 
(Common Reed)	

•  Perennial grass 
–  Can be 5 m high 
–  Wide leaves 
–  Large inflorescence 
–  Rhizomes and extensive 

root system 

•  Native to North America 
•  Invasive genotype 



Ultimate	Goal	is	to	Control	Invasive	Phragmites	australis	
by	Targeting	its	Growth	Promotional	Microbiome.		
	
Strategy:		
	
Use	microbes	to	interfere	with	plant	development	or	microbe-plant	symbioses	in	roots.	
	
	

USGS	Collaborator:	
Kurt	Kowalski	



Hypothesis:	
	
We	 hypothesize	 that	 introduction	 of	 endophytic	
microbes	into	a	plant	to	which	they	are	not	adapted	
may	 displace	 native	 endophytes,	 affect	 plant	
development	 and	 vitality,	 and	 disrupt	 beneficial	
functions	of	the	symbiosis.	
	
This	potential	phenomenon	may	be	termed:	
	
‘	Endobiome	Interference’.	



Rhizophagy	cycle:	A	nutritional	process	in	roots	where	
microbes	alternate	between	a	root	intracellular	phase	and	a	

free-living	soil	phase.	

	
	
	

	
	
	

	
	
	

	
	
	

Plant	Cell	Entry	Zone	
(Microbes	Become	Intracellular	in	Meristem	Cells	

as	Wall-less	Protoplasts.)		

Microbe	Exit	Zone	
(Microbes	Stimulate	Elongation	

	of	Root	Hairs	and	Exit	at	the	Tips	
of	Hairs	Where	Walls	are	Thin.		

Microbes	Reform	Cell	Walls	Once	
Outside	Root	Hair.)	

	

	
	
	 	

	
	

RHIZOPHAGY		
CYCLE	

Nutrients	Extracted	from	Microbes		
By	Reactive	Oxygen	Produced	by	

NOX	on	Root	Cell	Plasma	
Membranes	

Microbes	Exit	Root		
Hairs	Exhausted	of		

Nutrients	

meristem	

Bacteria	(arrow)	in	root		
parenchyma	cell		

near	root	tip	meristem.		
.		
	

Bacteria	(arrow)	emerging	
from	root	hair	tip	of	millet	

seedling.		

	
	
	

	
	
	

Microbes	Recharge	with	Nutrients			
in	the	Rhizosphere	

Microbes	Enter	Root	
Cell	Periplasmic	
Spaces	Carrying	

Nutrients	
From	Soil	

1	

A	

B	

C	



Bacteria	 entering	 root	 epidermal	 cells	 at	 the	 root	 tip	 meristem	 of	
Phragmites	australis.	A	cloud	of	bacteria	 (arrows)	 is	 seen	around	the	
root	 tip	 meristem	 where	 intracellular	 colonization	 is	 occurring.	 The	
blue	stain	is	aniline	blue.		



Phragmites	root	stained	with	diaminobenzidine	DAB	to	visualize	reactive	oxygen	around	bacteria	(arrows).	 	Reactive	
oxygen	 is	visualizable	as	brown	or	 red	coloration	around	bacteria.	 	The	reactive	oxygen	 is	 the	result	of	superoxide	
produced	by	NADPH	oxidases	on	the	root	cell	plasma	membranes.	The	reactive	oxygen	extracts	nutrients	from	the	
bacteria	(mostly	pseudomonads)	that	are	symbiotic	with	Phragmites	

L-forms	are	bacterial	 cells	 that	
do	 not	 form	 cell	 walls	 (also	
called	 ‘cell	 wall	 deficient		
bacteria’).	L-forms	typically	are	
seen	 inside	 eukaryotic	 cells.	
They	 are	 thought	 to	 be	 a		
mechanism	 to	 evade	 host	
defense	 response.	 L-form	
bacteria	 are	 typically	 variable	
in	size.		
	

Intracellular	phase	of	bacteria	are	naked	protoplasts	referred	to	as	L-forms.	



Acquisition	of	endophytic	microbes	
for	experiments	

Microbes	isolated*	from	seedlings	of	
hosts:		

1)  tomato	(Lycopersicon	esculentum)	
	
2)  snakecotton	(Froelichia	gracilis)		
	
*Microbes	isolated	by	surface	disinfecting	seeds	followed	by	germination	on	agarose,	then	root	tips	of	
seedlings	were	streaked	onto	YES	agar	(1%	yeast	extract	+	1%	sucrose	agar).		



Tomatoes	(Solanaceae)	harbor	endophytic	microbes	
that	are	important	for	development	of	tomato	

seedlings.	



Seeds	vector	the	bacterial	endophytes	within	the	seeds.	It	is	
difficult	or	impossible	to	remove	the	bacteria	through	seed	
surface	sterilization.	Seeds	were	sourced	from	commercial	
sources.	



Endophyte	Micrococcus	luteus	is	visible	in	
seedling	root	hairs	as	singlets	to	tetrads	of	

cells	(arrow)	



Endophyte	appears	as	distinctive	tetrads	of	cells	in	
culture.	Microbe	identified	as	bacterium		

Micrococcus	luteus.	



Tomato	Seedling	Experiment	(7	days	Growth	on	Agarose)	
Treatment	with	Micrococcus	luteus	

Micrococcus-treated	seedlings	
	
Root		22.6	±	4.5	mm	long	
Shoot	19.15	±	7.26	mm	long	
N	=	20	
	
Root	hair	lengths	
	
Field	1	(n=16)	
634	±	94.02	μ	
	
Field	2	(n=15)	
578.49	±	57.92	μ	
	
Field	3	(n=14)	
574.8	±	81.08	μ	
	
	

Non-treated	seedlings	
	
Root	22.86	±	5.95	mm	long	
Shoot	12.29	±	3.42	mm	long	
N	=	21	
	
Root	hair	lengths	
	
Field	1	(n=9)	
214.16	±	54.78	μ	
	
Field	2	(n=14)	
294.15	±	95.9	μ	
	
Field	3	(n=17)	
208.23	±	70.19	μ	

Data	expressed	as	mean	±	standard	deviation.	

	

Micrococcus	luteus	is	growth	promotional	in		
tomato	seedlings!	



Snakecotton	 (Froelichia	gracilis)	 is	 an	 invasive	weed	 in	many	
parts	 of	 North	 America;	 seeds	 were	 sourced	 from	 wild	
populations	in	New	Jersey.	



Seed-vectored	endophytes	from	snakecotton	seedlings	
include:	

Yeast:	Aureobasidium	pullulans		(Froelichia	#	2)	

Bacterium:	Curtobacterium	sp.	(Froelichia	#4)	

Identifications	of	bacteria	made	using	
Sequences	of	rDNA	and	blast	to	NCBI	
database.	Aureobasidium	pullulans	
identified	using	morphological	features	in	
culture.			



Intracellular	phases	of	fungi	may	form	
protoplasts	called	‘mycosomes’.	

Atsatt	PR,	Whiteside	MD	(2014)	Novel	Symbiotic	Protoplasts	Formed	by	Endophytic	Fungi	Explain	Their	Hidden	Existence,	Lifestyle	Switching,	
and	Diversity	within	the	Plant	Kingdom.	PLOS	ONE	9(4):	e95266.	https://doi.org/10.1371/journal.pone.0095266	
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0095266	



Intracellular	microbes	include	yeast	
’mycosomes’	(arrows)	in	snakecotton	seedling	root	
parenchyma.	



Results	



Carrot	(Daucus	carota;	Apiaceae)	Seedlings	
are	Inhibited	by	Micrococcus!	

Seedlings	treated	with	Micrococcus		Seedlings	not	treated	with	bacteria	



Carrot	Seedling	Inhibition	Experiment	
(7-days	Growth)		

Micrococcus-treated	seedlings	
	
Root	length	=	5.05	±	1.39	mm	
	
Shoot	length	=	8.7	±	3.64	mm	
	
N	=	20	
	
	

Non-treated	seedlings	
	
Root	length	17.5	±	5.74	mm	
	
Shoot	length	17.95	±	4.22	mm	
	
N	=	20	
	
	

Carrot	seedlings	show	significant	(p	<	0.05)	inhibition		
by	the	endophyte!	



Carrot	seedlings	that	are	not	treated	with	the	bacterium	show	no	evidence	of	internal	
bacterial	cells	within	cells	of	the	roots.	Root	epidermal	cells	are	shown	below.	



In	bacterial	Micrococcus-treated	seedlings	bacteria	are	evident	within	cells.	
Below	bacterial	cells	(white	arrows)	are	seen	within	a	sloughed	off	root	cap	

cell	and	in	cubical	packets	(black	arrows)	between	cells.	Where	bacteria	
concentrate	within	cells	brown	H2O2	staining	is	evident.	



Dandelion	(Taraxacum	officionale;	
Asteraceae)	Seedling	Inhibition	

Experiment	(7-days	Growth)		

Non-treated	control	seedlings		
	
Root	length	7.1	±	0.88	mm	
	
Shoot	length	7.9	±	1.29	
	
N	=	10	
	

Micrococcus-treated	seedlings	
	
Root	length	2.6	±	0.52	mm	
	
Shoot	length	5.9	±	2.18	mm	
	
N	=	10	
	

Dandelion	seedling	roots	show	significant	inhibition	(P	<	0.05)	by	the		
endophytic	Micrococcus.	

	



Micrococcus	tetrads	emerging	from	root	hair	of	Micrococcus	-
treated	dandelion	seedlings.	Bacterial	cells	are	brown	here	

indicating	that	they	were	exposed	to	H2O2.	



Amaranthus	caudatus	
(Amaranthaceae)	

7-day	seedlings	without	bacteria	
	
Root	length	=	17.2	±	4.5	mm	
	
Shoot	length	=	10.65	±	2.03	mm	
	
N	=	19	

7-day	seedlings	with	bacteria	
	
Root	length	=	2.81	±	1.02	mm	
		
Shoot	length	=	6.71	±	2.97	mm	
	
N	=	22	

Amaranthus	seedling	root	growth	is	significantly	(P	<	0.05)	
Inhibited	by	Micrococcus.	

	



Japanese	Knotweed	(Fallopia	japonica;	
Polygonaceae)	

Seedlings	without	bacteria	 Seedlings	with	Micrococcus	



Rumex	crispus	root	hair	initial	showing	tetrad	emergence	to	surface	(arrow).	
Bacterial	cells	appear	to	be	spilling	off	of	the	hairs	and	accumulating	around	
the	hairs.	Note	that	the	youngest	(smallest	and	lightest	staining)	bacterial	
cells	are	on	the	surface	of	the	hair	initial.		



Yeast	 Aureobasidium	 (Froelichia	 #2)-inoculated	 seedling	 (left)	 compared	 to	 control	
seedling	 (right)	 of	 Amaranthus	 hypochondriacus	 containing	 only	 native	 endophytic	
bacteria.	 Seedlings	 were	 stained	 overnight	 with	 DAB	 to	 visualize	 reactive	 oxygen	 in	
roots	(brown	coloration).	Both	seedlings	are	7	days	old.		

Aureobasidium-	
treated	

Control	



Collapsed	yeast	cells	of	Aureobasidium	(arrows)	are	seen	in	the	
interior	of	root	hairs	of	Amaranthus	hypocondriacus	rather	than	
oxidizing	bacteria.	



Collapsed	yeast	cells	of	Aureobasidium	(black	arrows)	are	seen	in	the	interior	
of	root	hairs	of	Amaranthus	hypocondriacus	rather	than	oxidizing	bacteria.	
Intact	aniline	blue-staining	yeast	cells	are	seen	outside	root	hairs.	



Collapsed	yeast	cells	of	Aureobasidium	are	seen	in	the	interior	of	
root	hairs	of	Amaranthus	hypocondriacus	rather	than	oxidizing	
bacteria.		



Cells	of	Aureobasidium	(arrows)	are	seen	in	the	interior	of	root	hair	of	
Amaranthus	viridis.	Intact	aniline	blue-staining	yeast	cells	are	seen	exiting	
root	hair	tip.		



Some	questions:	

1.  What	are	the	mechanisms	of	‘endobiome	interference’?	

2.  Can	endobiome	interference	be	used	as	a	weed	control	
strategy?	

3.  Does	‘endobiome	interference’	occur	in	natural	plant	
communities	where	microbes	inhibit	competitors	of	their	
hosts?	

4.  Do	invasive	plants	in	particular	carry	endosymbionts	that	
function	in	endobiome	interference	of	competitors?	
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