
Concurrent Divergence in Coding and 
Promoter Regions of the Poplar Gene 

Family Encoding Xyloglucan 
Endotransglucosylase/Hydrolases

Xia Ye1, Qin Xu2, Joshua Yuan1, Hong Guo2, 
Feng Chen1, (Max) Zong-Ming Cheng*

1Department of Plant Sciences and 
2Department of Biochemistry, Cellular and 
Molecular Biology, University of Tennessee, 

Knoxville, TN 37996 *zcheng@utk.edu



Populus trichocarpa genome 
(485 Mb)
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Whole genome duplication: poplyloidization
Speciation: diploidization

Populus

ArabidopsisArabidopsis

RiceRice

willow & poplar separation

At least three whole genome duplication events 
in Arabidopsis and poplar, and two in rice.

The recent salicoid event 
represents a genome 
doubling, chromosome 
rearrangement, and 
diploidization.

Molecular clock indicates 
that the genome is 8-12 
My old



Diploidization after whole genome duplication

A large megabase blocks of the genome remain in 
complete co-linearity
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17,380 genes in paralogous pairs, sharing ~ 94%+ identity



Possible evolution modes of duplicated paralogs

Upper case for cis elements, 
lowercase for protein motifs

X = D, M, N or R; 
x = d, m, n or r

Pseudogenization

Neofunctionalization

Subfunctionalization

Redundancy

Category

New motif
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Methylation
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New element
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Structure of the primary cell wall. Cellulose 
microfibrils are synthesized by large hexametric 
complexes in the plasma membrane. The hemicelluloses 
and pectins are synthesized in the golgi apparatus and are 
deposited to the wall surface by vesicles.

Xyloglucan endotransglucosylase/hydrolases 
(XTHs) gene family: cell wall formation: gene family: cell wall formation: 

cellulosic cellulosic bioenergybioenergy



Hemicelluloses pectins

endotransglucosylase

hydrolase

Functions of XTHs:
XTHs perform two different enzymatic reactions in two steps, 
cleavage of a cross-linking xyloglucan polymer to allow cellulose 
microfibrils to separate and the cell to expand (XEH), and the 
transfer of the newly generated end to another sugar polymer to 
restore stable cell wall structure (XET)



• 39 genes in poplar 
• 33 in Arabidopsis
• 29 in rice

XTH gene family in plants XTH gene family in plants 

The gene family can be divided into two or three 
subfamilies 

In rice: I/II and III

In Arabidopsis: I, II, and III



• One XTH protein seems to be either 
predominantly XET or XEH, but functions may 
depend on substrate concentrations.

• SF I and II seem to be associated with XET and 
XEH appears to be associated with XEH.

Previous major findings: Previous major findings: 
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Structural Comparison of Ptt-XET16-34 (a subfamily I member) and Tm-NXG1 (a subfamily III member)

(B) Close-up view into the positive subsites of 
Ptt-XET16-34. The superimposition was 
performed using the complex structure of Ptt- 
XET16-34 with bound XLLG (PDB identifier 
1UMZ). Asp-178 in Ptt-XET16-34 forms a 
hydrogen bond to a xylosyl branch of the bound 
oligosaccharide. Ser-189 in Tm-NXG1 (or Tm- 
NXG2) is too distant to be able to form an 
equivalent bond. Gly-183 is replaced by Asn- 
194 in Tm-NXG1, which would collide with 
bound sugar in this loop conformation. Ile-124, 
which is part of the critical loop insertion in 
Tm-NXG1, would collide with the glucose unit 
bound in subsite +1 of the acceptor binding 
cleft. 

(A) Ribbon representation of the 
superimposition of Ptt-XET16-34 (green) 
onto Tm-NXG1 (yellow) illustrating the 
structural differences that appear mainly 
in loops 1 through 3 and in the C- 
terminal region. The catalytic machinery is 
labeled. 

(C) Ribbon representation 
of the superimposition of 
Tm-NXG1- YNIIG (blue) 
onto Ptt-XET16-34 (green) 
and Tm-NXG1 (yellow) 
illustrating that the 
C  trace of the truncated 
loop 2 in Tm-NXG1- 

YNIIG is now closer to 
that of Ptt-XET16-34. The 
catalytic machinery is 
labeled. 

Baumann, M. J., et 
al. Plant Cell 
2007;19:1947-1963



The Arabidopsis XTH genes are expressed in tissue-specific 
manner and respond to various hormones and stresses and 
other environmental factors. 

Previous major findings:Previous major findings:



To characterize the XTH genes in poplar

• Does one enzyme have two very different functions or 
only one function (XET or XEH)?

• Are there any correlations between sub-families and 
physiological or biochemical functions? 

• Is there any functional diversification of enzymes in each 
subfamily? 

• What is the function of each XTH gene?

Specific Questions:
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Subfamily 4
Pt: 1, At: 4

Subfamily 3
Pt: 10, At: 7

Subfamily 2
Pt: 20; At: 15

Subfamily 1
Pt: 9; At: 7

Phylogenetic tree of poplar and Arabidopsis XTHs



PtXTH13
PtXTH15
PtXTH10
PtXTH14
PtXTH9
PtXTH12
PtXTH39
PtXTH28
PtXTH19
PtXTH20
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SF I

SF III

SF IV

SF II

The structures of the poplar XTH genes

The active site 
is mostly in 
the first and 
second exon

The active site is 
mostly in the third 
exon



SF III

1UMZ
2UWA
PtXTH10
PtXTH12
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1G BG

SF IV

SF I

SF II

Partial sequence 
alignments for the 
regions between and 
near loop 1 and loop 2. 
The catalytic triad 
EXDXE (colored in 
blue) is totally 
conserved. The three 
templates used in 
homology modelings 
are the X-ray 
structure of Ptt- 
XET16-34 or 1UWZ 
(Chain 1), Tm-NXG1 
or 2UWA (Chain 2), 
and lichenase or 
1GBG (chain 43). The 
black bars indicate 
the regions near loop 
1 and 2. 



SFIISFI

SFIV

Loop 1

Loop 2

Loop 2SFIII

Loop 1

Loop 2

Loop 2Loop 2

PtXTH4

Loop 1

Loop 1

A B

C D

Coding region divergence:
Superposition of the homology models for each SF with 
(1UWZ, red) and (2UWA, green): SF I (A), SF II (B), SF III 
(C) and SF IV (D).

E            PtXTH27                 F              PtXTH3  G           PtXTH33    



Loop 2

PtXTH4

E: PtXTH27 F: PtXTH3 G  PtXTH33  
(a rep of SFI&II) (a rep of the SF III-A) (a rep of the SF III-B) 

The active-site structure of PtXTH27, 3 and 33



Promoter region divergence: 
XTH gene family expression in different organsXTH gene family expression in different organs
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Promoter region divergence: 
XTH gene family expression: responses to XTH gene family expression: responses to 

hormones: BA, IAA,SA, GA, BR, JA, ABAhormones: BA, IAA,SA, GA, BR, JA, ABA



Promoter region divergence: 
XTH gene family expression: responses to stresses: XTH gene family expression: responses to stresses: 

high temp, low temp, drought, flood, salthigh temp, low temp, drought, flood, salt
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Conclusions—take home messages  
• The poplar XTH gene family has undergone considerable 

expansion and divergence after duplication

• The proteins (coding regions) have been diverged into 
either XET or XEH         one-gene-one-function model

• There is a clear association between subfamilies and 
biochemical functions: SF I, II, IV: XET, SF III: XEH

• Promoters also diverged by responding to physiological 
stimuli to guide the functions 

• Evolution is correlated with development

• Several candidate genes/promoters have been cloned and 
are under characterization
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