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Altered gene dosage in hexaploid Camelina sativa	



Cameline, ... 
 
!  Low input crop 
!  Winter and spring cultivars 
!  Cycle of 90-100 days 
!  Yield 1.25 – 2.5t/ha 
!  authorized for food (1999) 

0,7-2,5mm	

!  Height	25-100cm	

Arabidopsis	 Camelina	

Camelina sativa	

Russia	=>	268	000	ha	(2014)	
25%	of	spring	rapeseed	ha	
	(USDA	2015)	



Type	 Formula	 Name	 Camelina 
(%)	

Rapeseed (%)	 Flax 
(%)	

Sunflower 
(%)	

Soybean 
(%)	

	
saturated	

C16:0	 Palmitic	 7,8	 6,2	 5,3	 6	 11	

C18:0	 Stearic	 3	 0	 3,1	 4	 4,5	

C20:0	 Arachidic	 0	 0	 0	 0	

Total:	 10,8%	 6,2%	 8,4%	 10%	 15,5%	

	
Mono-	

unsatured	

C18:1	 Oleic	 16,8	 61,3	 16,2	 16,5	 22,75	

C20:1	 Gadoleic	 12	 1,2	 0	 0	

C22:1	 Erucic	 2,8	 0	 0,9	 0	

Total:	 31,6%	 61,3%	 17,1%	 16,5%	 38,25%	

Poly-	
unsatured	

C18:2	 Linoleic	 23	 21,6	 14,7	 72,4	 54,5	

C18:3	 α-linolenic 31,2	 6,6	 59,6	 0	 7	

Total:	 54,2%	 28,2%	 74,3%	 72,4%	 61,5%	

	
	

others	

C20:1	 Eicosenic	 16,4	 1,4	 -	 0	

C20:2	 Eicosadienoïc	 2	 0,1	 0,1?	 0.06 	

C20:3	 Eicosatrienoic	 1	 -	 -	 -	

others	 2,1	 -	 -	 -	

Total:	 21,5%	

Source: Camelina, D.T. Ehrensing & S.O.Guy, 2008 

Oilseed profiles	

ω3	



Camelina oil is already on market for high polyunsaturated fatty acids   	

Future	uses?	
"  Aquaculture	feed	with	EPA/DHA	enriched	oil	
"  BioplasIcs,	new	synthons	for	chemistry	
"  Biofuels	
"  ...	



10:34	

Cameline : renaissance d’un ancien oelagineux 	



Camelina genome	

" 785 Mb 

" 20 chromosomes 

" Hexaploid 

" 88 418 genes  

" 3 very close subgenomes 

" >97% genes have Arabidopsis homologs 

" >90% identity Cs/At gene sequences 

" >90% genes are expressed 
Kagale	et	al.	Nat.	Com	2014	



Camelina sativa, an ideal chassis for lipid metabolic engineering	

Flower	dip	transformaIon	

The	appropriate	size	and	life	cycle	

Tepfer,	Dubreucq	and	Faure,	Biofutur	2016	

RFP	selecIon	



Camelina	ploidy	a	limitaIon	for	geneIc	engineering?	

Screen	for	specific	lipid	mutants?	



 

 

 

 
# How efficient is CRISPR/Cas9 editing in polyploid camelina? How the 

closely related camelina genomes will affect CRISPR editing? 

# Is selective gene dosage achievable? Does it impact the phenotype? 
 
 
⇒ Target FAD2 desaturase to obtain oleic enriched camelina lines 

OBJECTIFS CamelinOil Selective mutagenesis in polyploid camelina?	
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polyunsaturated	faTy	acid	



linolenic	acid		
C18:3	(n-3,6,9)	

31%	

linoleic	acid		
C18:2	(n-6,9)	

23%	

oleic	acid		
C18:1	(n-9)	

12%	 CsFAD2-1	
CsFAD2-2	
CsFAD2-3	

FAD3	stearic	acid		
C18:0	

SAD	
∆15	

Δ12	
desaturase	

Δ9	

satured/monounsaturated	 polyunsaturated	

Choosing the sgRNA	

FAD2	CDS	
381aa	

TM	

His	catalyIc	sites	

ER	retenIon	sgRNA1	 sgRNA2	

*	 premature	stop	

	
Design	sgRNA	with	CRISPOR	:	hTp://tefor.net/crispor/crispor.cgi	
Arabidopsis	and	camelina	genomes	available	



Generation-dependent mutagenesis rate	

!  sgRNA	clones	under	Camelina	U3	and	U6	promoters	in	modified	pDE-Cas9	vector	
(Nguyen	et	al.,	2013)		

!  SelecIon	of	>	120	T1lines	

!  Genotyping	T1	lines	for	the	3	homeologous	genes	

!  Genotyping	T2,	T3,	...	for	each	homeologous	genes	
	



CRISPR/Cas9 editing induced a large array of mutations 	

FAD2	CDS	
381aa	

TM	

His	catalyIc	sites	

ER	retenIon	

sgRNA1	 sgRNA2	

+1	(A)		
+1	(A)		
+1	(T)		
-2	(CC)	
	

-3	(CGG)	
-3	(TGG)			
-6	(GTGGCC)		
-9	(GGGTGGCCC)	
-18	(GTC…TTG)		
-33	(CGG…CTC)	
-3	(TGG),+77			
-1	(G)			
-1	(T)			
-10	(TCCTCGGGTG)			
-10	(TTGTCCTCGG)			
-40	(ACG…TGG)		
+1	(A)			
+1	(G)	
+1	(T)	
-2	(GG)	
-2	(GT)	
-2	(TG)	
-5	(CTCGG)			
-5	(GTGGC)			
-8	(CCTCGGGT)			
-11(CGGGTGGCCCT)	
-17	(TGT…CCT)	
-4	(GTGG),+78			
	



ObtenIon	de	Cameline	oleique	par	combinatoire	d'allèles	fad2	

T3	individual	leaves	
small	inserIon/deleIon	with	no	frameshij	
large	deleIon	or	frameshij	

Combinatorial mutations at FAD2 loci	
A	collecKon	of	133	T3	lines	(sgRNA2)	

T4	seeds	



ObtenIon	de	Cameline	oleique	par	combinatoire	d'allèles	fad2	Combinatorial mutations define oleic acid variability	
Total	faTy	acids	



ObtenIon	de	Cameline	oleique	par	combinatoire	d'allèles	fad2	FAD2 homeologous genes and oleic acid accumulation	
T3	individual	leaves	 T4	seeds		
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ObtenIon	de	Cameline	oleique	par	combinatoire	d'allèles	fad2	FAD2 triple ko reveals a developmental phenotype in camelina 	



Croisement	et	ségrégaIon	

	 		 	 	 	 		 	 	Seed	amplificaKon	
	
A	complete	cycle	could	be	carried	out	in	18	months	for	segregaKng	lines	and	30	months	for	
crossed	lines	
	

T3	

SelecIon	of	appropriate	lines	 Removal	of	CAS9	transgene	by	
segregaIon	or	crossing	

Next	:	selecIon	of	CAS9	defecIve	plants	



"  The ultimate step : field trials of the oleic camelina lines ...	



A	camelina	"pipeline"	for	biotech		

Camelina	lines	
•  vectors	with	

•  neutral	markers	
•  seed	promoters	

•  In	planta	infiltraIon	
•  CRISPR/Cas9	

Seed	&	oil	phenotyping	
-  micropress	
-  lipidomic	

Oil	&	cake	fracIons	
-  minipress	
-  ModificaIon	
	

ProducIon	
-  Glasshouse	
-  field	
	



What	did	we	learn?	

	
$  Gene	ediIng	is	sgRNA-	and	most	probably	gene-	dependent	

$  Genotyping	or	phenotyping	screens	(possibility	of	forward	screen	on	mulIplexed	ediIng)	
	
$  	The	large	targeted	geneIc	diversity	is	useful	for	

		understanding	gene	funcIon	in	polyploid	species		
		as	a	ressource	for	breeding		

	
	
=> easy to select an ideotype (oil profile) minimizing negative effects by 
selecting the nature of the alleles and their most efficient genetic combination  

Morineau,	C.,	Bellec,	Y.,	Tellier,	F.,	Gissot,	L.,	Kelemen,	Z.,	Nogue,	F.	and	Faure,	J.-D.	(2016)	
	SelecKve	gene	dosage	by	CRISPR-Cas9	genome	ediKng	in	hexaploid	Camelina	saKva.		
Plant	Biotechnol.	J.,	doi:	10.1111/pbi.12671	
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