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VASCULAR	SYSTEM	

	

The	vascular	system	of	Arabidopsis	thaliana	is	responsible	for	conducting	

materials	throughout	the	plant,	moving	vital	resources	from	the	root	complex	to	the	

above	ground	tissues	and	vice	versa.		Water	is	transferred	into	the	roots	by	osmotic	

pressure,	and	then	travels	through	vascular	xylem	tissue	to	the	tip	and	extremities	

via	translational	pull.	Likewise,	vascular	phloem	tissue	moves	photosynthetic	

products	and	organic	nutrients	to	non‐photosynthetic	tissues,	transporting	

resources	from	sugar	sources	to	sugar	sinks	osmotically.	This	continuous	network	

of	cells	has	three	distinct	arrangements:	as	a	single	column	called	the	stele	in	the	

root,	as	concentric	circles	in	the	hypocotyl,	and	as	multiple	columns	called	vascular	

bundles	along	the	circumference	of	the	stem.	The	vascular	system	is	unique	in	that	it	

is	first	created	by	the	apical	meristem,	which	lays	out	the	vertical	pattern,	then	is	

maintained	by	the	vascular	meristem,	which	produces	lateral	growth.	The	relative	

malleability	in	the	arrangement	of	the	vascular	tissue	likely	hearkens	to	the	

complexity	and	flexibility	of	the	signaling	network	responsible	for	its	organization	

(Elo,	et.	al.	2009).	

Formation	and	maintenance	of	the	vascular	cambium	is	an	evolutionary	

adaptation—not	seen	in	monocots	or	ferns,	which	allows	the	plant	to	alter	its	size	

based	on	environmental	conditions	(Baucher,	et.	al.	2007).	This	widening	of	the	

stem,	termed	secondary	growth,	is	mediated	by	meristematic	tissue	known	as	the	

cambium.	In	the	shoot	apical	meristem	(SAM)	it	is	the	procambium	that	produces	

xylem	and	phloem	initials;	procambium	cells	that	divide	toward	the	center	of	the	



plant	differentiate	into	xylem,	while	those	that	divide	away	from	the	center	become	

phloem.	How	exactly	the	plant	is	able	to	strike	this	balance	between	differentiation	

into	two	unique	cell	types	and	conservation	of	the	procambium’s	plasticity—

remains	largely	unknown.	What	is	known	is	that	many	receptor‐like	kinases	(RLKs)	

and	their	associated	ligands	are	highly	expressed	in	specific	vascular	tissues.	

RLKs	are	a	family	of	proteins	involved	in	signal	transduction	between	cells	or	

from	other	organisms	to	cells.	Structurally,	RLKs	are	composed	of	extracellular,	

transmembrane,	and	kinase	domains.	Functional	analyses	of	RLKs	implicate	their	

involvement	in	regulating	cell	division	and	differentiation;	for	example,	Crinkly	

Leaf‐4	(CR4)	and	Extra	Sporogenous	Cells	(EMS/EXS)	are	known	to	be	required	for	

development	of	the	epidermal	leaf	cells	and	the	tapetal	cell	layer,	respectively.	

(Morillo	and	Tax,	2006).	Because	the	perception	of	signals	from	adjacent	cells	is	key	

to	differentiation	and	the	conserved	patterning	of	the	vasculature,	it	is	likely	that	

RLKs	play	a	major	role.	

	

GROUP	11A:	ROLES	IN	THE	VASCULAR	AND	SHOOT	APICAL	MERISTEMS	

	

The	apical	meristem	is	the	most	extensively	studied	merstematic	system	in	

Arabidopsis,	for	good	reason,	as	it	is	the	point	from	which	all	above	ground	organs	

are	generated.	Transition	from	the	shoot	apical,	to	the	inflorescence,	to	the	floral	

meristem,	is	necessary	for	development	of	gametophytes	and	propagation	of	the	

plant.	A	monophyletic	group	of	LRR	(leucine‐rich	repeat)	RLKs	known	as	the	group	

11a,	containing	the	genes	CLV1,	BAM1,	BAM2,	and	BAM3,	has	been	implicated	in	



differentiation	and	maintenance	of	stem	cells	in	these	meristems.	CLAVATA1	(CLV1)	

acts	as	one	component	of	a	group	controlling	stem	cell	differentiation,	operating	as	a	

regulator	of	a	stem‐cell	promoting	transcription	factor,	WUSCHEL	(WUS).	Dominant	

negative	mutants	of	CLV1	have	abnormally	large	inflorescence	and	floral	meristems,	

in	addition	to	fasciation	of	the	stem	(Clark,	et.	al.,	1993),	while	null	mutants	of	CLV1	

display	a	similar	but	less	severe	phenotype.	BARELY	ANY	MERISTEM	(BAM)	1,	2,	

and	3	are	thought	to	be	functionally	redundant	with	each	other,	as	single	mutants	do	

not	exhibit	an	obvious	phenotype.	Mutations	in	two	or	three	of	the	BAM	genes	do	

result	in	defects;	bam1bam2	plants	have	decreased	meristem	size	and	altered	flower	

structure,	resulting	in	sterility.	bam1bam2bam3	plants	show	meristem	termination,	

appearing	to	increase	the	severity	of	the	bam1bam2	phenotype.	(DeYoung,	et.	al.,	

2006).	This	characterization	of	BAM	mutants	led	DeYoung	to	conclude	that	

“BAM	genes	appear	to	play	complementary	or	opposite	developmental	roles	

to	CLV1	within	the	meristem,	based	on	the	reduction	in	meristem	size,	meristem	

termination	and	reduction	in	floral	organs	observed	in	bam	mutants.”	However,	

further	analysis	indicates	that	the	function	of	BAM	and	CLV1	are	closely	related,	as	

the	effect	of	removing	both	from	the	meristem	is	an	enhancement	of	the	CLV	null	

mutant	phenotype.	Adding	further	to	the	complexity	is	the	fact	that	BAM	and	CLV	

receptors	can	form	homodimers,	heterodimers,	(e.g.	BAM1/CLV1)	and	

heterotrimers	with	a	related	RLK,	CORYNE	(CRN).		

The	notion	that	BAM,	CLV	and	potentially	other	receptors	(CRN)	form	

complexes	that	interact	in	a	signaling	pathway	with	CLV3	and	other	CLE	peptides	

can	help	explain	how	BAM	and	CLV	can	have	both	complementary	and	opposing	



functions	in	the	meristem.	Considering	this	idea	along	with	recent	studies	of	

mutants	of	genes	in	group	11A	makes	it	possible	to	construct	a	tentative	model	for	

their	roles	in	the	shoot	apical	meristem	(SAM).		Overlapping	expression	domains	

across	the	meristem	of	BAM	and	CLV	receptors	seem	to	imply	that	they	can	

contribute	to	meristem	proliferation	or	maintenance	based	on	the	other	proteins	

they	are	in	complex	with.	CLV1	(or	BAM1)	paired	with	CLV2	and	CRN	could	perceive	

the	signal	from	CLV3	and	limit	WUS	expression.		A	BAM1/CLV1/CRN	complex	could	

be	responsible	for	sequestering	other	CLE	ligands	as	has	been	proposed	(DeYoung,	

et.	al.	2008),	preventing	repression	of	WUS	expression.		Higher	concentrations	of	

BAM	expression	on	the	flanks	of	the	meristem	suggest	that	BAM/BAM	receptor	

complexes	could	have	additional	functions	related	to	organogenesis	and	

differentiation.	The	wide	variety	of	CLE‐like	peptides	that	BAM	and	CLV	are	

sensitive	to	expands	the	possibilities	for	functions	related	to	differentiation	and	

organogenesis.		

In	addition	to	defects	in	apical	meristems,	mutants	in	genes	in	group	11a	

have	irregular	patterning	and	differentiation	of	vascular	cell	types;	it	is	likely	that	an	

altered	SAM	is	responsible	for	the	vascular	phenotypes.	Mutations	in	any	one	of	the	

BAM	genes	show	no	difference	from	the	wild	type,	while	double	mutants	have	a	

decreased	number	of	vascular	bundles	and	altered	bundle	shape;	again,	suggesting	

redundancy.	Strong	clv1	mutants	have	an	increased	number	of	vascular	bundles	and	

wider	stems,	but	still	retain	the	wild	type	pattern	of	cell	types.	However,	when	three	

members	of	group	11a	are	knocked	out,	control	of	proper	differentiation	is	partially	

lost.	clv1bam1bam2	plants	exhibit	a	more	severe	form	of	the	clv1	single	mutant	



phenotype,	where	there	are	many	more	bundles	due	to	a	loss	of	the	normal	bundle	

shape	(DeYoung,	et.	al.,	2008).	Even	more	striking	is	the	presence	of	cells	within	the	

ground	tissue	that	stain	like	xylem.	This	could	indicate	that	cells	of	these	mutants	

have	a	reduced	capability	to	perceive	their	location	relative	to	other	vascular	tissues	

or	be	unable	to	interpret	signals	guiding	their	differentiation.		The	defective	pattern	

laid	out	by	the	SAM	contributes	to	the	meristem	phenotype	seen	in	group	11a	

double	and	triple	mutants,	though	the	direct	mechanism	by	which	this	occurs	is	not	

well	understood.			

	

THE	DEVELOPING	PICTURE	OF	VC	MAINTENACE	

	

A	number	of	non‐gene	specific	stains	are	useful	for	observing	phenotypic	

differences	in	mutants	with	vascular	defects.	Phloroglucinol	stains	lignin,	a	key	

component	of	xylem,	red,	while	leaving	other	tissue	unstained.	Toluidine	blue	serves	

a	similar	purpose,	staining	lignin	blue	and	other	tissues	purple/pink.	Aniline	blue	

treatment	allows	sieve	elements	in	the	phloem	to	fluoresce	green	and	lignin	in	

xylem	cell	walls	to	fluoresce	blue	when	placed	under	UV	light.	The	synthesis	of	gene	

specific	visual	markers	facilitates	a	more	precise	method	for	exploring	the	roles	of	

receptors,	ligands	and	transcription	factors	that	potentially	govern	vascular	

patterning.	Two	common	markers	that	are	fused	to	the	promoter	of	the	gene	of	

interest	are	beta‐glucoronidase	(GUS)	and	green	fluorescent	protein	(GFP).	For	GUS	

fusions,	expression	of	the	gene	of	interest	leads	to	production	of	the	beta‐

glucoronidase	enzyme,	which	cleaves	a	colorless	substrate	(X‐gluc)	into	colored	



products	that	can	be	visualized.	GFP	fusions	operate	by	a	similar	mechanism,	but	the	

expression	of	gene	of	interest	leads	to	production	of	a	protein	that	fluoresces	green	

under	UV	light.	Identification	of	genes	that	have	expression	limited	to	certain	

vascular	tissues	allows,	such	as	APL	in	the	phloem,	expands	the	potential	of	these	

markers	from	merely	gene‐specific	to	tissue‐specific.			A	number	of	different	

methods	have	already	been	used	to	gather	functional	information	about	these	genes	

expressed	in	the	vasculature,	including	in	situ	hybridization	and	RNA	interference.	

RNA	interference	with	WOX4	(a	transcription	factor	expressed	in	the	procambium)	

was	shown	to	have	dramatic	effects	on	the	vasculature,	reducing	the	number	of	

xylem	and	phloem	cells,	as	well	as	disrupting	the	radial	patterning	of	vascular	

bundles	(Ji,	et	al.,	2010).		In	situ	hybridization	of	plants	with	RNAi	inhibiting	WOX4	

has	been	used	to	characterize	its	effect	on	phloem	and	procambium	development.	

AtHB8,	a	procambial	identity	marker,	and	APL,	a	phloem	identity	marker,	were	both	

found	to	have	reduced	expression	in	plants	in	which	WOX4	was	downregulated.		

That	these	genes	are	limited	to	specific	tissues	in	the	vasculature	and	have	

expression	patterns	dependent	on	one	another	makes	them	all	the	more	useful	as	

promoter	fusions.	Crossing	these	markers	with	members	of	group	11a	can	provide	

evidence	about	how	knockout	of	these	different	genes	will	affect	specific	cell	types.	

Using	AtHB8:GUS,	APL:GFP	and	WOX4:GFP	promoter	fusions	to	mark	xylem,	phloem	

and	procambium,	respectively,	will	provide	visual	evidence	about	which	cell	types	

have	altered	expression	in	mutant	lines.	This	information	combined	with	non‐

specific	stains	and	other	methods	will	help	position	the	BAMs	and	CLV1	in	the	wider	

picture	of	vascular	meristem	maintenance.	Also,	crossing	these	markers	into	double	



and	triple	mutants	of	this	group	will	shed	light	on	the	phenotypes	seen	in	the	

vasculature.	The	overall	goal	of	this	analysis	will	be	to	clarify	the	mechanistic	

pathway	for	RLKs	in	apical	meristem	and	connect	defects	in	the	SAM	to	the	altered	

patterning	of	the	vasculature.	

	

	

MATERIALS	AND	METHODS	

	

BAM	and	CLV1	mutant	lines	

	

	 Insertion	line	seed	stocks	were	obtained	from	the	Arabidopsis	Biological	

Research	Center	(ABRC)	for	bam1,	bam3	and	clv1‐20.	These	genes	At5g65700	

(SALK_015302),	At4g20270	(SALK_044433),	and	At1g75820	(SALK_008670)	were	

identified	by	the	SALK	insertion	stock	center.	The	clv1‐4	allele	was	obtained	via	X‐

ray	induced	mutagenesis,	resulting	in	a	missense	mutation	at	the	201	position	(G	to	

E).	This	mutation	was	isolated	in	Lansberg	erecta	background,	but	was	introgressed	

into	Colombia	by	Amanda	Durbak.	

	

	 Genetic	Analysis	

	

	 Homozygous	plants	for	the	above	insertion	lines	were	identified	using	PCR	

screening	of	seedlings	obtained	from	the	ABRC	stock	center. In	order	to	obtain	

homozygous	plants,	segregating	lines	were	allowed	to	self‐fertilize.	Double	mutants	



were	generated	by	crossing	the	two	desired	mutants,	then	genotyping	the	F1	

progeny.	Plants	that	were	heterozygous	for	both	genotypes	were	allowed	to	self‐

fertilize,	then	the	progeny	was	collected	and	planted.	This	population	(F2)	was	

genotyped;	plants	homozygous	for	both	desired	mutant	genes	were	isolated	and	

their	seeds	harvested.	This	generation	(F3)	was	used	for	phenotypic	analysis.	Triple	

mutants	were	obtained	by	crossing	two	double	mutants	with	one	mutant	gene	in	

common;	F1	was	genotyped	for	heterozygotes	and	allowed	to	self‐fertilize,	F2	

planted	and	screened	for	homozygotes,	then	F3	analyzed	phenotypically.	PCR	

screening	utilized	border‐specific	and	sequence‐specific	primers	designed	with	the	

Vector	NTI	Software	(Invitrogen).	

	

	 DNA	Extraction	

	

	 To	obtain	DNA	template	used	in	PCR	reactions,	all	samples	were	prepared	by	

the	following	method.	A	small	piece	of	tissue	was	collected	from	each	plant	in	a	

separate	Eppendorf	tube,	then	each	sample	was	ground	using	a	grinder	pestle	for	

~30	seconds	while	adding	150	µL	of	DTAB	solution.	The	pestle	was	washed	with	

ddH20	after	grinding	each	sample	to	prevent	contamination.	The	ground	solutions	

were	incubated	at	68	C	for	10	minutes.	Next,	150	µL	of	chloroform	was	added	to	

each	tube	in	the	fume	hood,	the	tubes	then	inverted	2‐3	times,	and	centrifuged	at	

14,000	rpm	for	10	minutes.	The	upper	layer	of	the	separated	phases	(supernatant)	

was	collected	(~70	µL)	and	the	rest	disposed	of	in	the	fume	hood	liquid	waste	

bucket.	An	equal	volume	of	isopropanol	was	added	to	the	supernatant,	then	inverted	



2‐3	times	and	centrifuged	at	14,000	rpm	for	10	minutes.	After	centrifuging,	the	

isopropanol	was	poured	off,	leaving	a	DNA	pellet	in	the	bottom	of	the	tube.	Adding	

~250	µL	of	EtOH	allows	the	salt	to	be	washed	away,	this	ethanol	was	then	poured	

off	and	the	tube	set	to	dry	for	15‐20	minutes.	50	µL	of	TE	was	then	added	to	each	

tube	to	resuspend	the	pellet.	These	samples	were	left	at	room	temperature	for	24	

hours	before	they	could	be	used	in	PCR.	The	samples	were	stored	at	4	C.	(Wierzba	

2006)	

	

	 PCR	Genotyping	

	

For	each	of	the	genes	mentioned,	sequence	specific	primers	were	generated	

using	the	Vector	NTI	software	made	by	Invitrogen.	Primers	CLV1	F4/R2	were	used	

to	genotype	clv1‐20,	BAM3	F7/R7	used	for	bam3,	BAM1	F/R	for	bam1,	CLV1	F3/R3	

for	clv1‐4.	The	signal	left	border	primer	for	the	t‐DNA	insert	was	also	used	for	each	

PCR	reaction,	excluding	clv1‐4.	PCR	for	clv1‐4	was	carried	out	using	the	forward	and	

reverse	primers,	then	digesting	the	product	with	the	enzyme	BplI.	Digestion	could	

only	proceed	on	the	wild	type	product.	

A	master	mix	with	ratios	of	15.3	µL	ddH20,	2.5uL	10x	TPND	buffer,	2	µL	

dNTPs,	1	µL	of	each	primer,	2	µL	DNA	template	and	0.2	t‐taq	for	a	total	of	25	µL.	

Multiplying	these	ratios	by	the	number	of	DNA	samples	and	adding	one	or	two	for	

error	results	in	the	total	master	mix	volumes.	First,	each	item	was	added	to	an	

Eppendorf	tube	on	ice,	excluding	the	DNA	template	and	t‐taq.	This	mixture	was	then	

vortexed	and	spun	down.	T‐Taq	was	then	added,	and	the	tube	was	vortexed	and	



spun	down	again.	23	µL	of	this	master	was	pipetted	into	individual	PCR	tubes,	then	

2	µL	of	each	DNA	sample	for	a	total	of	25	µL	in	each	tube	(Wierzba	2006).	The	tubes	

were	then	spun	down	in	the	minifuge,	sealed,	and	placed	in	the	PCR	machine.	

The	specific	program	differed	for	each	genotype,	with	annealing	

temperatures	ranging	from	54‐60	C	and	extension	times	from	2‐3	minutes.	The	PCR	

products	were	subject	to	gel	(1%	agarose)	elecrophoresis	and	bands	were	

visualized	via	ethydium	bromide.	

	

	

Hand	Sections	and	Staining	

	

Sections	were	taken	from	3‐5	week	old	plants,	2‐4	cm	from	the	base	of	the	

stem.	When	a	vascular	phenotype	was	present,	sections	further	up	the	stem	were	

taken	to	characterize	the	extent	of	this	defect.	Sections	were	treated	with	0.01%	

w/v	solutions	of	toluidine	blue	and	left	to	stain	for	1‐3	minutes,	depending	on	the	

thickness	of	the	section.	Toluidine	blue	stains	lignin	in	cell	walls	blue	and	other	

tissue	purple.	Aniline	blue	staining	was	used	to	show	callose	structures	in	hand	

sections.	A	0.05%	aniline	blue	solution	was	prepared,	then	diluted	to	0.005%	using	

a	sodium	phosphate	buffer.	Samples	were	first	cleared	overnight	in	96%	ethanol,	

then	incubated	in	the	same	sodium	phosphate	buffer	used	to	dilute	the	stain	from	

30	minutes.	After	this	time,	the	buffer	was	discarded	and	replaced	with	the	aniline	

blue	solution	and	left	for	60	minutes.	Once	this	time	had	elapsed,	the	samples	were	



visualized	with	UV	light,	under	which	xylem	tissue	fluoresces	blue	and	phloem	

tissue	green		

	

	

RESULTS	AND	DISCUSSION	

	

Redundancy	of	BAM	genes	

bam1	and	bam3	single	mutants	show	no	overt	physical	defects	(Figure	2)	in	

vascular	organization,	retaining	the	conserved	bundle	shape.	Measurements	of	

these	single	mutants	closely	resembled	those	of	the	Columbia	wildtype	plants,	with	

regards	to	width,	bundle	number,	and	shape	of	the	vascular	ring.	This	observation,	

along	with	the	analysis	of	bam1;bam2	mutants	(DeYoung,	2008)	indicating	

conserved	bundle	shape,	suggest	that	the	roles	of	these	genes	in	patterning	are	

redundant.	The	close	phylogentic	relationship	between	all	of	the	BAM	genes,	as	well	

as	the	capacity	for	BAM	receptors	to	act	in	place	of	CVL1	in	clv1	null	mutants	

(DeYoung,	2008)	indicate	that	another	factor,	such	as	expression	patterns,	receptor	

complexes	or	ligand	types	plays	a	significant	role	in	the	variety	of	functions	within	

this	group.	

	

Patterning	in	CLV1	alleles	

clv1	mutants	vary	in	their	phenotypes	significantly	depending	on	the	nature	

of	the	allele.	Dominant	negative	and	strong	alleles	of	clv1	(clv1‐4,	clv1‐20)	have	been	

shown	to	have	more	severe	phenotypes	at	the	SAM	than	null	alleles	(clv1‐22,	clv1‐



23).	Because	patterning	of	vascular	meristem	follows	patterning	of	the	SAM,	it	is	no	

wonder	that	clv1	mutants	have	altered	arrangement	of	vascular	tissues.	However,	

the	fact	that	the	null	alleles	can	have	more	serve	defects	in	patterning	than	the	

dominant	negative	or	strong	alleles	with	respect	to	vascular	bundles	is	interesting.	

Figure	3	shows	a	cross	section	of	a	wildtype	plant	of	the	Colombia	ecotype,	

compared	to	dominant	negative	(clv1‐4)	and	null	alleles	(clv1‐22,	clv1‐23).		All	

mutants	display	a	loss	of	the	conserved	bundle	shape	and	varying	degrees	of	

reduction	in	the	number	of	bundles.	It	is	important	to	note	that	not	all	mutants	

analyzed	displayed	severe	phenotypes	in	each	plant;	the	frequency	of	phenotype	

was	very	much	dependant	on	the	allele.	The	clv1‐22	image	is	a	typical	sample	of	the	

patterning	seen	in	cross‐sections	of	null	mutants,	exhibiting	a	moderately	fasciated	

stem,	a	wider	epidermis	and	defects	in	vascular	bundles.	The	clv1‐23	image	is	a	

sample	of	the	most	severe	phenotype	observed	in	a	null	allele,	occurring	with	a	

frequency	of	~24%.	These	plants	exhibited	significant	alterations	in	the	makeup	of	

the	vasculature,	including	pockets	of	xylem‐staining	tissue	outside	of	the	stele	and	

phloem/procambium	completely	surrounded	by	xylem‐staining	tissue.	In	addition	

to	this,	the	plants	have	defects	in	the	generation	of	inflorescence	meristems,	

resulting	in	secondary	stems	adjacent	to	one	another,	without	the	spacing	seen	in	

wildtype.		

clv1‐4	plants	are	more	akin	phenotypically	to	the	less	severe	null	mutants,	

though	these	often	display	some	similar	characteristics	of	the	strong	null	mutants,	

specifically	xylem‐like	tissue	outside	the	main	ring	of	vasculature.	This	defect	was	

observed	in	~18%	of	clv1‐4	plants.		



Two	distinct	vascular	defects	were	observed	in	the	various	CLV1	mutants;	

extra	vascular	tissue	outside	of	the	stele	and	vascular	bundles	recessed	toward	the	

center	of	the	pith.	The	first	phenotype	(Figure	3,	clv1‐23	and	clv1‐4)	strongly	

resembles	the	pattern	of	leaf	primordia	generation	that	occurs	during	the	first	

stages	of	SAM	development	(Esau,	1961).	The	fact	that	these	sections	were	taken	2	

cm	from	the	base	of	the	stem	suggests	that	this	defective	pattern	was	established	at	

an	early	stage	of	development.	Sections	stained	with	aniline	blue	show	the	pocket	of	

xylem	flanked	by	phloem	cells	on	either	side	(Figure	6a).	The	prevailing	model	for	

leaf	primordia	generation	is	a	bicollateral	bundle	of	abaxial	phloem	and	adaxial	

xylem	separate	from	the	stele	(Bowman,	et.	al.	2002).	Figure	6b	more	closely	

resembles	this	organization;	it	is	unclear	whether	Figure	6a	represents	an	earlier	

stage,	before	the	bicollateral	shape	can	form,	or	whether	this	defect	is	in	the	

generation	of	a	different	organ	(stem,	auxiliary	bud,	etc.)	altogether.	The	second	

phenotype	(Figure	3,	clv1‐22)	resembles	defects	seen	in	gain‐of‐function	HD‐ZIP	

mutants	rev	(REVOLUTA)	(Emery,	Floyd,	et.	al.	2003)	that	form	ampivasal	(xylem	

surrounded	by	phloem)	vascular	bundles	that	are	often	recessed	into	the	pith.	clv1‐4	

mutants	seem	to	display	a	less	severe	form	of	this	defect,	though	clv1‐20;	cle16‐1	

mutants	exhibit	nearly	identical	ampivasal	bundles.	It	is	unclear	how	this	phenotype	

occurs,	whether	it	is	due	to	defective	patterning	of	procambium	cells	that	propagate	

a	disconnected	bundle	via	the	SAM	or	disruption	of	the	signals	that	prevent	

differentiation	of	pith	cells.		

Longitudinal	connectivity	of	vascular	cells	was	observed	in	adjacent	sections	

of	stem,	however	separate	vascular	units	(recessed	bundles	and/or	aborted	leaf	



primordia)	occasionally	tapered	off	further	up	the	stem.	An	analysis	of	the	extent	of	

this	connectivity	was	done,	similar	to	the	analysis	of	mutants	in	the	gene	AVB1	

(Zong	and	Ye	2004),	a	close	relative	of	REVOLATA.	Large	sections	of	the	stem	were	

taken	and	the	freshly	cut	base	placed	in	toluidine	blue;	cross	sections	further	up	the	

stem	showed	the	presence	of	staining	in	both	types	of	vascular	defects,	indicating	

that	the	conductive	qualities	of	these	cells	were	retained.	

	 	

From	SAM	to	vasculature	

	 The	members	of	the	signaling	pathway	in	the	SAM	(Figure	1)	are	not	all	

equally	important	in	maintaining	the	conserved	shape	of	procambium	and	the	

vasculature	that	follows.	Differences	in	the	vascular	makeup	of	the	double	mutants	

clv1‐20;	cle16‐1,	clv1‐20;	clv2‐5	(Figure	5),	bam1;	clv1‐20	and	bam3;	clv1‐20	(Figure	

6)	are	telling	with	regards	to	their	relative	importance	in	vascular	maintenance.	

clv1‐20;	cle16‐1	shows	significant	fasciation	as	well	as	amphival	vascular	bundles	

seen	in	rev	mutants	and,	while	knocking	out	CLV2	instead	of	CLE16	results	in	a	plant	

with	no	such	defect	and	only	moderate	fasciation.	This	difference	could	further	

indicate	the	utility	of	the	RLKs	in	the	SAM,	in	that	other	RLKs	can	step	in	and	

mediate	signals	normally	transduced	by	CLV1	and	CLV2	when	they	are	not	present	

or	fully	functional,	maintaining	(roughly)	wildtype	vascular	characteristics.	

However,	disrupting	one	of	the	signaling	ligands,	CLE16,	prevents	the	receptor	

complexes	from	properly	patterning	the	vasculature.		

	 Although	the	BAMs	have	been	shown	be	somewhat	functionally	redundant	

(DeYoung,	2006)	comparison	between	bam1;	clv1‐20	and	bam3;	clv1‐20	indicate	



that	there	is	some	difference	in	the	roles	of	BAM1	and	BAM3.	bam3;	clv1‐20	plants	

differ	little	from	wildtype,	wheras	bam1;	clv1‐20	plants	had	a	significant	increase	in	

bundle	number,	from	8	to	25.	Whether	this	is	a	structural	difference	necessary	to	

compensate	for	the	increase	in	the	stem	cell	population	due	to	an	absence	of	limiting	

factors	(i.e.	CLV1)	or	a	lack	of	maintenance	of	procambium	populations	is	unclear.	

However,	considering	that	the	bam1;clv1‐20	and	clv1‐20;	clv2‐5	sections	are	similar	

in	size,	yet	so	different	in	bundle	number	suggests	that	the	increased	size	is	not	

most	important	factor	determining	the	vascular	pattern.
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