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Abstract: Hemicellulose, as a primary component of plant cell walls, constitutes approximately
one third of cell wall dry matter and ranks as the second abundant renewable biomass resource
in the nature after cellulose. Hemicellulose is tightly cross-linked with cellulose, lignin and
other components in the plant cell wall, leading to lignocellulose recalcitrance. However,
precise genetic modifications of plant cell walls can significantly improve the saccharification
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efficiency of lignocellulose while ensuring normal plant growth and development. We

comprehensively review the research progress in the structural distribution of hemicellulose in
plant cell walls, the cross-linking between hemicellulose and other components of the cell wall,
and the impact of hemicellulose modification on the saccharification efficiency of the cell wall,
proving a reference for the genetic improvement of energy crops.
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Figure 1 Schematic diagram of the interaction between hemicellulose and cellulose in primary cell wall of
plants. A: Biomechanical hotspot model®"). B: Covalent linkage!®*".
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Figure 2 Schematic diagram of the interaction between hemicellulose and other cell wall components in the
secondary cell wall of monocotyledonous plants. Box A: Two-fold conformation of xylan is tightly associate
with the hydrophilic surface of cellulose. Box B: Three-fold conformation of xylan interact with amorphous
region of cellulose. Box C: Galactoglucomannan binds to the surface of cellulose microfibril. Box D:
Non-covalent interactions between hemicellulose and lignin.
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Figure 3 Two mechanisms for hemicellulose and lignin cross-linking"

%l A: Radical coupling of lignin

monolignol to ferulated arabinoxylan. B: Re-aromatisation of the lignin intermediate by hemicellulose

nucleophiles.
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Table 1 Genes involved in regulating backbone and side chain of hemicellulose

Pattern Gene References
MLG CsIF6, MLGH1 [44-46]
Xylan IRX8, IRX9, IRX7, IRX10, GT43A, UXS3, xynB, xyn2, xyn10A [47-54]
Xyloglucan XEG2 [55-56]
Side chain glucuronic acid ~ GUX, PcGCE [57-60]
Side chain arabinose UXE, XAT, ARAF1, ARAF3 [61-63]
Side chain ferulic acid AT10, FAEs, BAHDO1, BAHDOS [64-75]
Acetyl ESK1, GELP7 [27,76-80]
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