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New Technologies for New Markets: 

 

 What is Modern Genetics Telling 
 Us About Cell Walls 



Scope of the Talk 

II. 	  Ac&va&on	  Tagging	  
•  TAIL	  PCR	  Iden&fica&on	  
•  Arabidopsis	  Confirma&on	  

and	  Recapitula&on	  

I. 	  Associa&on	  Mapping	  
•  SNP	  detec&on	  and	  

distribu&on	  
•  Genome-‐wide	  Associa&on	  

Gene&cs	  

III.  Stable	  Transforma&on	  
•  Projected	  Transgenics	  
•  Early	  Phenotypes	  
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Lignocellulose by any other name  . . . 
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Cell Wall Deconstruction and Product Output 

Dedicated	  Feedstock	  
Wood	  Chips	  

Spun	  
Carbon	  
Fibers	  

Ethanol,	  
Isobutanol,	  
etc.	  

Cellulose	   Lignin	  
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Populus as a Model for Cell Wall Formation 

Enhancing	  Traits	  for	  Energy	  Applica&ons	  

Capture	  and	  Alloca/on	  of	  Carbon	  
•  Increased	  photosynthe/c	  efficiency	  
•  Op/mized	  crown	  and	  leaf	  architecture	  

Biomass	  
•  Tailored	  

biomass	  
•  Enhanced	  

produc/on	  

Sustainability	  
•  Disease	  resistance	  
•  Drought	  tolerance	   Goal:	  To	  reduce	  the	  recalcitrance	  of	  

lignocellulosic	  biomass	  for	  
economic	  produc&on	  of	  biofuels	  

	  

Focus:	  To	  understanding	  basic	  
mechanisms	  of	  cell	  wall	  forma&on	  

in	  Populus	  

Malcolm O’Neill, CCRCFig. 2-2. Biosynthesis of walls: from genes to polymers.Malcolm O’Neill, CCRCMalcolm O’Neill, CCRCFig. 2-2. Biosynthesis of walls: from genes to polymers.
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De Novo Gene Discovery – BioEnergy Science Center 

2011	   2012	   2013	   2014	  

QTL	  Mapping	  
Popula&on	  

Iden&fy	  Candidate	  
Genes	  

Transcriptomics	  
Study	  

Iden&fy	  Candidate	  
Genes	  

Task 1 

Task 2 

Task 4 

Task 5 
Detailed	  Conversion	  
Assays	  

1st	  Genera&on	  
Transgenics	  

General	  Biomass	  
Characteriza&on	  

Populus Gene Validation 

Populus Gene Discovery 

Ac&va&on	  Tag	  	  
Study	  

Detailed	  Conversion	  
Assays	  

General	  Biomass	  
Characteriza&on	  

Merchandizing	  
Gene&c	  Reagents	  

Product	  Lines	  

Detailed	  Conversion	  Assays	  Create	  2ndGenera&on	  
Transgenics	  

Ethanol	  

Butanol	  

Final	  	  Measurements	  
Associa&on	  Study	  

Select	  Final	  Candidate	  
Genes	  

Task 3 Genome	  wide	  
Associa&on	  Study	  

Carbon	  Fiber	  
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De Novo Gene Discovery – Association Genetics 

2011	   2012	   2013	   2014	  

QTL	  Mapping	  
Popula&on	  

Iden&fy	  Candidate	  
Genes	  

Transcriptomics	  
Study	  

Iden&fy	  Candidate	  
Genes	  

Task 1 

Task 2 

Task 4 

Task 5 
Detailed	  Conversion	  
Assays	  

1st	  Genera&on	  
Transgenics	  

General	  Biomass	  
Characteriza&on	  

Populus Gene Validation 

Populus Gene Discovery 

Ac&va&on	  Tag	  	  
Study	  

Detailed	  Conversion	  
Assays	  

General	  Biomass	  
Characteriza&on	  

Merchandizing	  
Gene&c	  Reagents	  

Product	  Lines	  

Detailed	  Conversion	  Assays	  Create	  2ndGenera&on	  
Transgenics	  

Ethanol	  

Butanol	  

Final	  	  Measurements	  
Associa&on	  Study	  

Select	  Final	  Candidate	  
Genes	  

Task 3 Genome	  wide	  
Associa&on	  Study	  

Carbon	  Fiber	  
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• 1100 random geographic samples 
• 30x re-sequencing whole genome 
• High-throughput Phenotyping 



GWAS -- Mining Adaptive Allelic Variation 

Temperature	  

Soil	  pH	   Eleva&on	  

Moisture	   Photoperiod	  

Gradients	  
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Na&ve	  environment	   Corvallis,	  OR	  field	  site	  

Natural Variation in Sugar Release 
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Phenotypic	  extremes	  
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Number	  of	  SNPs	  per	  gene	  

N
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r	  	  
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Associa&on	  Mapping	  

•  Mixed	  Linear	  Model	  (MLM)	  with	  
Kinship	  as	  a	  covariate	  

•  Significance	  threshold	  based	  on	  
Bonferroni	  correc&on	  for	  mul&ple	  
tes&ng	  at	  3.3e-‐07	  

	  

Wellington	  Muchero,	  
Steve	  DiFazio,	  Gancho	  Slavov	  

GWAS Analysis -- SNP distribution by genic region 

SN
P/
Kb
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•  42	  SNPs	  had	  significant	  
associa&ons	  with	  cell	  
wall	  chemistry	  and/or	  
sugar	  release	  

•  6	  were	  intergenic	  
•  34	  SNPs	  mapped	  in	  15	  

genes	  –	  18	  were	  non-‐	  
synonymous	  

•  Of	  the	  15	  genes,	  7	  were	  
transcrip/on	  factors	  

	  

Regula/on	  of	  gene	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  expression?	  

Association Mapping: Results 
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How	  is	  a	  phenotype	  
created?	  



Association Mapping: Results 

Scaffold_14_CW Synthase Scaffold_2_CW Synthase 

Ø  Populus	  has	  2	  copies	  of	  a	  CW	  Synthase	  gene	  as	  a	  
result	  of	  a	  whole-‐genome	  duplica&on	  event	  

Ø  The	  two	  paralogs	  are	  highly	  iden&cal	  (90%	  
similarity	  at	  the	  sequence	  level)	  

Ø  Preliminary	  evidence	  suggests	  that	  paralogs	  
cannot	  complement	  each	  other	  	  

Ø  Rare	  natural	  variants	  exhibit	  profound	  metabolite	  
changes	  

	  	  	  	  Phenol	  (MBMS	  spectrum	  94)	  



Transient Expression  – Protoplast Reporter Genes 

Plasma	  membrane	   Golgi	   Nucleus	  

Peroxisomes	   Endoplasmic	  re/culum	   Target	  protein	  

Jay	  Chen,	  Jim	  Guo	  
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Lignin	  
	  -‐-‐	  6	  reporter	  genes	  

Cellulose	  
	  -‐-‐	  5	  reporter	  genes	  

Hemicellulose	  
	  -‐-‐	  3	  reporter	  genes	  

Transient	  transforma/on	  +	  GFP	  (or	  RT	  PCR)	  	  
=	  Ini/al	  verifica/on	  of	  gene	  effect	  on	  

targeted	  phenotype	  



Association Mapping: Transcription Factor CtBP  

Ø  cDNA cloning and sequencing revealed a polyglutamine (PolyQ) length polymorphism 

Ø  PolyQ polymorphisms have been associated with numerous human degenerative disease 

Alternate allele amino acid alignment 

Side-by-side transfection of Populus protoplasts using alternate alleles 



On	  average,	  4-‐5%	  of	  the	  amino	  
acid	  posi&ons	  in	  a	  protein	  were	  
affected	  due	  to	  SAAPs	  

#	  of	  SNPs	  per	  protein	  

#	  
of
	  p
ro
te
in
s	  

Association Mapping: Single Amino Acid Polymorphisms 

•  Over	  400,000	  SAAP	  posi/ons	  
Database	  includes:	  

•  Over	  7.2	  million	  SAAP	  pep/des	  
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•  3%	  increase	  in	  
detected	  proteins	  

•  25%	  increase	  in	  pep/de	  
coverage	  per	  protein	  

At	  a	  FDR	  of	  <1%:	  



SAAP-based Functional Protein Modifications 

• Non-‐synonymous	  subs&tu&ons	  •  Splice	  site	  mutants	  • Premature	  stop	  codons	  • Domain	  disrup&ons	  • Conforma&onal	  changes	  in	  protein	  folding	  • Post-‐Transla&onal	  Modifica&ons	  

5’UTR	   3’UTR	  

Base	  Posi/on	  

EXON	  

Gene	  Name	  (SNP/Kb)	  

INTRON	  

%
	  M

in
or
	  A
lle
le
	  

SAAP	  

INTRON	   EXON	   EXON	  

Ranjan	  Priya,	  Paul	  Abraham,	  Rachel	  Adams,	  Bob	  Hegch	  
16	  



17 

Lignin Biosynthetic Pathway -- COMT 

Humphreys	  and	  Chapple	  2002	  

Base	  Posi/on	  

%
	  M

in
or
	  A
lle
le
	  

COMT	  (3	  SNP/Kb)	  

SAAP	  
Low	  frequency	  of	  alleles	  in	  the	  popula/on	  
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Lignin Biosynthetic Pathway – 4CL 

Humphreys	  and	  Chapple	  2002	  

%
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4CL	  (18	  SNP/Kb)	  

Base	  Posi/on	  

SAAP	  
~60%	  have	  been	  verified	  at	  the	  pep/de	  level	  
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Lignin Biosynthetic Pathway -- CAD 

Humphreys	  and	  Chapple	  2002	  
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CAD	  (13	  SNP/Kb)	  

Base	  Posi/on	  

Premature	  Stop	  Codon	  
•  16%	  of	  the	  proteins	  
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Lignin Biosynthetic Pathway – C3H 

Humphreys	  and	  Chapple	  2002	  

%
	  M

in
or
	  A
lle
le
	  

C3H	  (17	  SNP/Kb)	  

Base	  Posi/on	  

SAAP	  
~results	  in	  a	  splice	  site	  mutant	  crea/ng	  an	  enlarged	  open	  reading	  frame	  
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De Novo Gene Discovery – Activation Tagging 

2011	   2012	   2013	   2014	  

QTL	  Mapping	  
Popula&on	  

Iden&fy	  Candidate	  
Genes	  

Transcriptomics	  
Study	  

Iden&fy	  Candidate	  
Genes	  

Task 1 

Task 2 

Task 4 

Task 5 
Detailed	  Conversion	  
Assays	  

1st	  Genera&on	  
Transgenics	  

General	  Biomass	  
Characteriza&on	  

Populus Gene Validation 

Populus Gene Discovery 

Ac&va&on	  Tag	  	  
Study	  

Detailed	  Conversion	  
Assays	  

General	  Biomass	  
Characteriza&on	  

Merchandizing	  
Gene&c	  Reagents	  

Product	  Lines	  

Detailed	  Conversion	  Assays	  Create	  2ndGenera&on	  
Transgenics	  

Ethanol	  

Butanol	  

Final	  	  Measurements	  
Associa&on	  Study	  

Select	  Final	  Candidate	  
Genes	  

Task 3 Genome	  wide	  
Associa&on	  Study	  

Carbon	  Fiber	  

21	  

• 1000 Anonymous Tagged Lines 
• 5 kb Up-stream Sequencing 
• High Throughput Phenotyping 



Activation Tagging: Results 

Research strategy to 
discover genes regulating 
cell wall biosynthesis and 

biomass recalcitrance 



Arabidopsis genes putatively 
involved in cell wall 
biosynthesis and biomass 
recalcitrance 

Six Populus genes, Ten 
Arabidopsis homologues,  
28 Arabidopsis T-DNA 
insertion lines . . . 

Activation Tagging: Results 

Jay	  Chen,	  Olaf	  Czarnecki	  	  



Activation Tagging: Results 

One clear morphological phenotype so far… 

2-week-old 
Arabidopsis  
mutant 

4-week-old 
Arabidopsis  
mutant 



De Novo Gene Discovery – Transformation Efforts 

2011	   2012	   2013	   2014	  

QTL	  Mapping	  
Popula&on	  

Iden&fy	  Candidate	  
Genes	  

Transcriptomics	  
Study	  

Iden&fy	  Candidate	  
Genes	  

Task 1 

Task 2 

Task 4 

Task 5 
Detailed	  Conversion	  
Assays	  

1st	  Genera&on	  
Transgenics	  

General	  Biomass	  
Characteriza&on	  

Populus Gene Validation 

Populus Gene Discovery 

Ac&va&on	  Tag	  	  
Study	  

Detailed	  Conversion	  
Assays	  

General	  Biomass	  
Characteriza&on	  

Merchandizing	  
Gene&c	  Reagents	  

Product	  Lines	  

Detailed	  Conversion	  Assays	  Create	  2ndGenera&on	  
Transgenics	  

Ethanol	  

Butanol	  

Final	  	  Measurements	  
Associa&on	  Study	  

Select	  Final	  Candidate	  
Genes	  

Task 3 Genome	  wide	  
Associa&on	  Study	  

Carbon	  Fiber	  
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Stable Transformation Results 

Cons&tu&ve	  Over-‐Expression	  and	  RNAi	  Knockdown	  lines	  
have	  been	  created	  	  

26	  
Maud	  Hinchee,	  Will	  Rohmann,	  Lee	  Gunter	  



Stable Transformation Results 

Candidate gene submission and analysis 
	  
•  Primer design for 537 gene expression 

constructs  
•  Sequence verification for 273 constructs 
•  Ramets/constructs received (24,508/127) 
•  Analyzed for wood chemistry (3,717) and 

sugar release (1,654) 
•  42 elite lines selected for qPCR expression 

and metabolite analysis 
•  Propagated 98 constructs in stool beds 
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Cell Wall Deconstruction and Product Output 

Dedicated	  Feedstock	  
Wood	  Chips	  

Spun	  
Carbon	  
Fibers	  

Ethanol,	  
Isobutanol,	  
etc.	  

Cellulose	   Lignin	  
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SNP	  Detec&on	  -‐-‐	  Wendy	  Schackwitz,	  Joel	  
Mar&n,	  Len	  Pennacchio	  	  

	  

SNP	  Array	  -‐-‐	  Stephen	  DiFazio,	  Gancho	  
Slavov	  	  

	  

Associa&on	  Gene&cs	  -‐-‐	  Priya	  Ranjan,	  
Wellington	  Muchero	  	  

	  

Proteomics	  -‐-‐	  Paul	  Abraham,	  Rachel	  
Adams,	  Robert	  Hegch	  	  

	  

Genome	  Assembly	  &	  Annota&on	  –	  Dan	  
Rokshar,	  Jeremy	  Schmutz	  
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