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Research Progress of f-Glucan Synthase Gene Families in Cereal Crops
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Abstract: Beta-glucan is a noncellulosic polysaccharide linked by $-(1,3) and f-(1,4) glycosidic bonds, mainly
distributed in the endosperm and aleurone layer of cereal crop grains with the synthesis in the Golgi apparatus,
transportation to the plasma membrane by vesicles, and deposition in the cell wall. Beta-glucan is effective in
reducing cholesterol and blood sugar levels by increasing bile acid excretion and delaying glucose absorption.
Members of the f-glucan synthase gene families were firstly identified in rice (Oryza sativa), and subsequently
discovered in other cereal crops. There are three main subfamilies (Cs/F, Cs/H and CslJ) in f-glucan synthase
with the formation via convergent evolution. These three subfamilies originated from different clades and evolved

their respective functions independently. During evolution, the purifying selection pressure resulted in the high
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conservation of sequences for members of f-glucan synthase gene families. Cs/F subfamily members are
relatively large and often form gene clusters on chromosomes, and Cs/F6 is the key gene mediating fS-glucan
synthesis. Cs/F subfamily members showed the relatively high expression levels in young tissues such as leaf
bases, and they were affected by light intensity obviously. There are relatively few members in Cs/H and CslJ
subfamilies, CslH genes presented the relatively high expression levels in mature tissues such as leaf tips, while
CslJ genes showed the relatively high expression levels in young one like grains. The research progress on the
phylogenetic relationships for members of S-glucan synthase gene families, the subcellular localization of
[-glucan synthase, and the directional breeding in cereal crops were summarized. The accurate localization of
[S-glucan synthase genes on chromosomes is prospected for the future research. The review aims to promote the
directionally breeding of cereal crops with high f-glucan content by the chromosome engineering.

Key words: Beta-glucan; Cereal crop directional breeding; Gene family evolution; Chromosome engineering
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Fig. 1 Chemical structure of representative (1,3;1,4)-f-D-glucan (Redraw

from McFarlane et al.l'l)
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Table 1 Beta-glucan content and solubility in cereal crops
Y # & Content VAR
Species (m/m) /% Solubility
Avena sativa (0at) 6~8 ca 80
Hordeum vulgare (barley) 4~10 ca 20
Triticum aestivum (wheat) 1 Insoluble
Secale cereale (rye) 1~2 -
Oryza sativa (rice) 0.06 -
Zea mays (maize) 0.10 -
Sorghum bicolor (sorghum) 0.07~0.20 -
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WX F p-A TERE A A R, Farrokhi 25 BSHEN
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KGN eSS p-HIRME A . HIGTEXRF iy,
WRIL Csly FERAAAE, iZEER MR — BRG]
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. I RYE L SEEE, Little ZEUVRESE Cslg 3K
FIRI G HvCsl) 2R 25 B3 SEpE & i, RISEE:
AL CsiH WK ko
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Newell ZB8 L T M7 -1 S0E B AHOE I QTL A7
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Table 2 Number of the S-glucan synthase gene family members in cereal crops

W3 R R R 5180 H Number of gene subfamily member

Py SRS qE|
Species Chromosome number CslF CsiH CslJ
Hordeum vulgare 2x=14 10 1 1
Oryza sativa 2x=24 10 3 0
Sorghum bicolor 2x=20 9 3 1
Zea mays 2x=20 8 2 0
Avena sativa 6x=42 5 1 1
Miscanthus floridulus 2x=38 27 8 2
Triticum aestivum 6x=42 29 8 4
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Fig. 2 Comparison of secondary structure of f-glucan synthase protein

(Redrawn from Zhang et al.?!)
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