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indicated that 13 haplotypes (P ≤  0.05) from six blocks 
were associated with photosynthesis, growth, and wood 
properties. Our work shows that identifying allelic varia-
tion and LD can help to decipher the genetic basis of pho-
tosynthesis and could potentially be applied for molecular 
marker-assisted selection in Populus.
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Introduction

Trees cover 82 % of terrestrial ecosystems and have impor-
tant roles as renewable sources for biofuels, biomateri-
als and in regulating climate (Neale and Kremer 2011). 
More than 90  % of crop biomass derives from photosyn-
thetic products (Makino 2011). Photosynthesis comprises 
a complex series of reactions and involves many interact-
ing genes. Analyzing photosynthetic-related genes at the 
molecular level may provide new perspectives on how 
to improve photosynthesis. However, few studies have 
focused on dissecting the mechanism of photosynthesis via 
examining the single-nucleotide diversity of photosynthe-
sis-related genes and association analysis.

Nuclear-encoded subunit of photosystem II (PSII) is a 
large cofactor–protein supercomplex containing more than 
40 proteins encoded by both plastid and nuclear DNA and 
many cofactors, which carries out the first reaction of pho-
tosynthesis, one of the most important reactions on Earth 
(Barber 2005, 2006). The nuclear-encoded PsbW subunit 
of PSII plays an important role in stabilizing the supramo-
lecular organization of PSII in higher plants; for example, 
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