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Lignin biosynthesis in poplar

Biosynthesis
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Experimental design

Wood xylem samples (5yr-old poplars)
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Natural variation of lignin composition
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GWAS identified hundreds of potential lignin genes
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These results suggests that lignin composition is a complex polygenic trait
(significant associations might have very small effects) 41



Trees with extreme highest (H) and lowest (L) S/G ratios
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Polymerizing genes

Biosynthetic genes

Laccases expression is correlated
with differences in lignin composition
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Selection of laccases for recombinant protein expression

MRNA expression

Transcript
name gene ID UniProt ID p<0.05 p<0.01 p<0.001 _ preference  %COMT1
PtLAC12-1 | Potri.008G073800 BOHHVS8 * ns ns G-OH 0.6%
PtLAC12-2 | Potri.010G183500 BOHSIS ns ns ns
PtLAC17-1 | Potri.001G401300 BON1I1 ns ns ns
PtLAC17-2 | Potri.011G120300 BOHZV6 ns ns ns
PtLAC17-3 | Potri.006G087100 A0A2K17760 * * ok S-OH 13%
PtLAC17-4 | Potri.006G087500 BOHBT3 ns ns ns
PtLAC17-5 | Potri.001G184300 AOA2K2BZTS * x* ns G-OH 0.6%
PtLAC2 Potri.009G 156800 A0A2K178I1 * ns ns G-OH 0.6%
PtLAC4-1 Potri.006G096900 (IRX12) | AOA2K1ZZP5 ns ns ns ~4.5%
PtLACA4-2 Potri.006G097000 AOAZK1ZZN3 ns ns ns
PtLAC4-3 Potri.006G097100 U7DW34 ns ns ns
PtLAC4-4 Potri.008G064000 BOHHK7 * * ok S-OH 2.6%
PtLAC4-5 | Potri.009G042500 BOHP74 ns ns
PtLAC4-6 Potri.010G193100 BOHT10 * * ok S-OH 2.6%
PtLACA4-7 Potri.016G112000 AOA2K1XE42 ns ns ns
PtLAC5-1 Potri.008G073700 AOA2K1ZDD2 | ns ns ns
PtLAC5-2 Potri.010G 183600 BOHSI6 * * ns G-OH 4.3%

PtLac17-3 was well expressed but PtLac5-2 expression didn't work.
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Heterologous expression of PtLac17-3 in HEK293 cells
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PtLAC17 has preference for S-OH and polymerizes C-OH with similar efficiency.
PtLAC17 does not oxidize H-OH, even at long incubation times.



/mLac3

Comparison of active site residues
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Hypothesis: Small nonpolar side chains (G447 in ZmLac3 and A444 in PtLacl7-3) may create a pocket
capable of accommodating the second methoxy group in S-OH. However, the larger, polar Thr residue in

PtLacb-2 fills this space and may facilitate the binding of G-OH.

Parks Lab (ORNL)

Jerry Parks

Generated PtLAC17-3 mutants:

Alad44Thr, Alad444Ser, and double Val443Phe + Ala444Gly
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A single PtLAC17-3 mutation boosts G-monomer oxidation
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The larger polar Thr residue in PtLac5-2 and PtLac12-1 may better
accommodate the hydroxyl group in G-OH facilitating a more effective
monomer binding and oxidation.
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Goals

1. Identify genes associated with the natural
variation in lignin composition /'

2. Investigate the ecological significance of
the observed broad natural variation in
lignin composition



Poplars with lower S/G shift to higher latitudes
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Population has genome-wide genetic structure at spatial scale
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Five major genetic groups, clades, or subpopulations clustering poplar
variants with the same geographical origin.
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Clinal increase in lignin S/G from northern to southern
populations driven by natural selection
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These results suggest that lignin heterogeneity is an evolutionary strategy
enabling poplar adaption to different latitudes.
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Allele Catalog Tool for Populus Trichocarpa

Joshi Lab (MU)
https://kbcommons.org/system/tools/AlleleCatalogTool/Ptrichocarpa

Trupti Joshi Yen On Chen
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Allele Catalog Tool for Populus Trichocarpa

Nucleotide/Protein alterations

Genotypes:

Lignin Phenotype:

34.76897682

Link genotype-with lignin phenotype

Joshi Lab (MU)

Genotype
A/T

Phenotype measurement

Trupti Joshi Yen On Chen
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His64Asp in PtLACA4-2 is linked to higher S/G and contributes to
adaptation of poplars to lower latitudes

rees 7 7 77
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Increased proportion of PtLac4-2 mutant alleles from higher to lower latitudes.



PtLAC1/7-3
(AOA2K1ZZ60)

PtLAC4-2
(AOA2KIZZN3)

Rachel Weber
(MU)

Lignin laccases in Populus trichocarpa trees
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» and substrate
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Natural lignin response to environmental stimuli

o

latitude

igh-latitude

56



Conclusions

. Broad natural phenotypic variation for lignin _

. Structural basis of laccase polymerization

ii. Ecological role of lignin heterogeneity
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v. Community resource: Poplar allele catalog tool
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