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FIG. 1



Secondary cell wall cellulose synthases related to PtrCesAl
Plurality■: 8.00 Threshold: 3 AveWeight 1.00 AveMatch 2.78 AvMisMatch

SEQ ID NO: 8 AF323039 {Zel} YGPQSLPTLP SPSSSS...S CCCCGPKKPK KDLEEFKRDA RRDDLNAAXF
SEQ ID NO: 9 AF323040 {Ze2} YGPQSLPTLE SPSSSS...S CCCCGPKKPK KDLEEFKRDA RRDDLNAAIF
SEQ ID NO: 10 AF323041 {Ze3} YGPQSLPTLP SPSSSS...S CCCCGPKKPK KDLEEFKRDA RRDDLNAAIF
SEQ ID NO: 11 GHU58283{Ghl} YGPPSMPSFP KSSSSS.C.S CCCPGKKEP. KDPSELYRDA KREELDAAIF
SEQ ID NO: 12 AF413210 {Gh4} YGPPSMPSFP KSSSSS.C.S CCCPGKKEP. KEPTELYRDA KREELDAAIF
SEQ ID NO: 13 AC125473 {Mt3} YSPPSMPPLP K..SSS.C.. CCFPSKKPA. KDVSELYKDA KREELDAAIF
SEQ ID NO: 14 AP003237 {Os4} YGPPSLPALP KSSVCSWC.C CCCPKKKAE. KSEKEMHRDS RREDLESAIF
SEQ ID NO: 15 AF072131 {PI} YGPPSMPSLR KRKDSSSCFS CCCPSKKKPA QDPAEVYRDA KREDLNAAIF
SEQ ID NO: 16 AF267742 {A8} YSPESKPRIL EQSSSS...S CCCLTKKKQP QDPSEIYKDA KREELDAAIF

Consensus Y-P-S-P-- --- SS---- CCC-- K--- --- E---DA -R— L -A A IF

51 100
SEQ ID NO: 8 AF323039 {Zel} NLKEIESYDD YERSLLISQM SFEKTFGMSS VFIESTLMEN GGLAESANPA
SEQ ID NO: 9 AF323040 {Ze2} NLKEIESYDD YERSLLISQM SFEKTFGMSS VFIESTLMEN GGLAESANPA
SEQ ID NO: 10 AF323041 {Ze3} NLKEIESYDD YERSLLISQM SFEKTFGMSS VFIESTLMEN GGLAESANPA
SEQ ID NO: 11 GHU58283{Ghl} NLREIDNYDE YERSMLISQT SFEKTFGLSS VFIESTLMEN GGVAESANPS
SEQ ID NO: 12 AF413210 {Gh4} NLREIDNYDE YERSMLISQT SFEKTFGLSS VFIESTLMEN GGVAESANPS
SEQ ID NO: 13 AC125473 {Mt3} NLREIENYDE YERSMLISQL SFEKTFGLST VFIESTLMEN GGVSESADPS
SEQ ID NO: 14 AP003237 {Os4 } NLREIDNYDE YERSMLISQM SFEKSFGLSS VFIESTLMEN GGVPESANPS
SEQ ID NO: 15 AF072131 {PI} NLTEIDNYDE HERSMLISQL SFEKTFGLSS VFIESTLMEN GGVPESANSP
SEQ ID NO: 16 AF267742 {A8} NLGDLDNYDE YDRSMLISQT SFEKTFGLST VFIESTLMEN GGVPDSVNPS

Consensus NL-EI— YD- Y E R S -L IS Q - S F E K T F G -S - VFIESTLMEN GG— ESA N P-

SEQ ID NO: 8 AF323039{Zel}
101
TMINEAIH

SEQ ID NO: 9 AF323040{Ze2} TMINEAIH
SEQ ID NO: 10 AF323041{Ze3} TMINEAIH
SEQ ID NO: 11 GHU58283{Ghl} TLIKEAIH
SEQ ID NO: 12 AF413210{Gh4} TLIKEAIH
SEQ ID NO: 13 AC125473{Mt3} MLIKEAIH
SEQ ID NO: 14 AP003237{Os4} TLIKEAIH
SEQ ID NO: 15 AF072131{P1} TLIKEAIH
SEQ ID NO: 16 AF267742{A8} TLIKEAIH

Consensus T-I-EAIH

2.25
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U
.S. P

atent 
M

ar. 6,2012 
Sheet 2 of 8 

U
S 8,129,585 B2



Secondary cell wall cellulose synthases related to PtrCesA2

Plurality: 4.00 Threshold: 3 AveWeigh); 1.00 AveMatch 2.78 AvMisMatch -2.25

SEQ ID NO:; 17
SEQ ID NO:: 18
SEQ ID NO:: 19
SEQ ID NO:; 20
SEQ ID NO::21

AP004509 {Lj2} 
AC140546 {Mt8} 
AF0S8917 {A7} 
AY095297 {P2} 
AP004509 {Ljl} 

Consensus

1
YNPPKGPKRP
YNPPKGPKRP
YEPPKGPKRP
YDEPKDPKRP
FDPPKASKR,
Y-PPK-PKRP

KMVSCDCCPC
KMVSCDCCPC
KMISCGCCPC
KMETCDCCPC

KM— C-CCPC

FGSRKK.LKH
FGRRKK.VKH
FGRRRKNKKF
FGRRKK---
...QREVQVH 
FG-R-K— —

AKSDVNGEAA 
AMNDANGEAA 
SKNDMNGDVA 
.KNAKTG--A 
SKQDESGEDG 
-K-D— G— A

50
SLKGMDD.DK 
GLRGMED.DK 
ALGGAEG.DK 
WEGMDNNDK 
SIKEATDEDK 
---G---- DK

SEQ ID NO: 17
SEQ ID NO:: 18
SEQ ID NO:: 19
SEQ ID NO:: 20
SEQ ID NO: 21

AP004509{Lj 2} 
ACl40546{Mt8} 
AF088917 tA7} 
AY095297{P2} 
AP004509{Ljl>

Consensus

51 95 
EVLMSQMNFE KKFGQSSIFV TSTLMEEGGV PPSSSPAGML KEAIH 
ELLMSQMNFE KKFGQSSIFV TSVLMEEGGV PPSSSPASQL KEAIH 
EHLMFEMNFE KTFGQSSIFV TSTLMEEGGV PPSSSPAVLL KEAIH 
ELLMSHMNFE KKFGQSAIFV TSTLMEEGGV PPSSSPAALL KEAIH 
QLLKSHMNVE NKFGNSTLFM NSSLTEEGGV DPSSSQEALL KEAIH 
E-LMS-MNFE KKFGQS-IFV TS-LMEEGGV PPSSSPA— L KEAIH

FIG. 2B
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Secondary cell wall cellulose synthases related to PtrCesA3
Plurality: 5.00 Threshold: 3 AveWcight 1.00 AveMatch 2.78 AvMisMatch -2.25 

1 50
SEQ ID NO: 22 AF527387 {P3} YDPPVSEKRP KMTCDCWPSW CCCCF...GG SRKKS.KKK. GQ.RSLLGG.
SEQ ID NO: 23 AF081534{Ec} YDPPVSEKRP KMTCDCWPSW CCCCF...GG SRKKS.KKK. GQ.RSLLGG.
SEQ ID NO: 24 GHU58284{Gh2} YDPPVSEKRP KMTCDCWPSW CCCCC..-GG SRKKS.KKK. GEKKGLLGGL
SEQ ID NO: 25 AC131248{Mt2} YDPPVSEKRP KMTCDCWPKW CCFCC...GS RKTKS.KKKS GTNGRSLFSR
SEQ ID NO: 26 AF458083{A4} YEPPVSEKRK KMTCDCWPSW ICCCC...GG GNRNH.KSDS SKKKSGIKSL
SEQ ID NO: 27 AC022457 {Os7} YDEPRPEKRP KMTCDCWPSW CCCCCCFGGG KRGfCSHKNKK GGGGGEGGGL

Consensus YDPPVSEKRP KMTCDCWPSW CCCC--- GG -- KS-K-K- G---------

51 100
SEQ ID NO: 22 AF527387{P3} ........ L YPMKKKMMGK ...... KYT RKA.SA..PV FDLEEIEEGL
SEQ ID NO: 23 AF081534{Pc} ........ L YPMKKKMMGK ...... KYT RKA.SA..PV FDLEEIEEGL
SEQ ID NO: 24 GHQ58284{Gh2} ........ L YGKKKKMMGK ...... NYV KKG.SA..PV FDLEEIEEGL
SEQ ID NO: 25 AC131248{Mt2 f ........ L Y.KKKKMGGK RKG.SG..3M FDLEEIEQGL
SEQ ID NO: 26 AF458083{A4} ........ F SKLKKKTKKK SDDKTMSSYS RKR.SSTEAI FDLEDIEEGL
SEQ ID NO: 27 AC022457 {Os7} DEPRRGLLGF YKKRSKKDKL GGGAASLAGG KKGYRKHQRG FELEEIEEGL

Consensus -- ------- ‘ Y— KKK-- K ------ Y _ -K— S---- FD LEEIEEGL

101 150
SEQ ID NO: 22 AF527387{P3} EGYEELEKSS LMSQKSFEKR FGQSPVFIAS TLMENGGVPE G..TNSQSHT
SEQ ID NO: 23 AF081534{Pc} EGYEELEKSS LMSQKSLEKR FGQSPVFIAS TLMENGGVPE G..TNSQSHI
SEQ ID NO: 24 GH058284{Gh2} EGYEELEKST LMSQKNFEKR FGQSPVFIAS TLMENGGLPE G..TNSTSLI
SEQ ID NO: 25 AC131248{Mt2} EGYEELEKSS LMSQKSFEKR FGQSPVFIAS TLMENGGLPE G..TNTQSLV
SEQ ID NO: 26 AF458083{A4} EGYDELEKSS LMSQKNFEKR FGMSPVFXAS TLMENGGLPE A..TNTSSLI
SEQ ID NO: 27 AC022457 {Os7) EGYDELERSS LMSQKSFEKR FGQSPVFIAS TLVEDGGLPQ GAAADPAALI

Consensus EGY-ELEKSS LMSQK-FEKR FGQSPVFIAS tlmengg-pe G— TN— S - I

151
SEQ ID NO: 22 AF527387{P3} KEAIH
SEQ ID NO: 23 AF081534{Pc} KEAIH
SEQ ID NO: 24 GHCJ58284 {Gh2} KEAIH
SEQ ID NO: 25 AC131248{Mt2} KEAIH
SEQ ID NO: 26 AF458083{A4} KEAIH
SEQ ID NO: 27 AC022457 {Os7} KEAIH

Consensus KEAIH
FIG. 2C
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Phylogenetic tree of CesA Cellulose Synthase members

FIG. 3
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FIG. 4A
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FIG. 4B

This Bglll site was created via ligation.
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METHODS FOR ENHANCING EXPRESSION 
OF SECONDARY CELL WALL CELLULOSE 

SYNTHASES IN PLANTS

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application is a national stage filing under 35 U.S.C. 
371 of International Application No. PCT/US2006/030316, 
filed on Aug. 3, 2006, which claims priority to U.S. provi
sional application 60/705,033, filed on Aug. 3, 2005, each of 
which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH

This invention was made with United States government 
support from the National Science Foundation grant number 
IBN-0236492. The United States government has certain 
rights in this invention.

INTRODUCTION

Cellulose is of great commercial importance in the food, 
textile, paper and pulp, forest and chemical industries. 
Numerous genes encoding cellulose synthases have been 
cloned from a variety of plant species. Certain cellulose syn
thases are associated with primary cell wall production and 
are referred to as primary cell wall cellulose synthases, 
whereas others contribute to secondary cell wall production 
and are referred to as secondary cell wall cellulose synthases. 
There is a need in the art to obtain plants capable of growing 
at increased rates and producing cellulose in higher amounts. 
However, very little is known about cellular factors control
ling these traits.

SUMMARY

Described herein is the inventor’s discovery that introduc
ing polynucleotides encoding three distinct secondary cell 
wall cellulose synthases into a plant yields a plant with 
enhanced growth. Plants transformed with polynucleotides 
encoding three secondary cell wall cellulose synthases were 
found to produce normal flowers but no seeds.

Accordingly, the invention provides methods of enhancing 
expression of secondary cell wall cellulose synthases in a 
plant comprising introducing into the plant a first polynucle
otide encoding a first secondary cell wall cellulose synthase, 
a second polynucleotide encoding a second secondary cell 
wall cellulose synthase, and a third polynucleotide encoding 
a third secondary cell wall cellulose synthase. The plant may 
exhibit increased growth or reduced seed production when 
compared to a control plant. The invention also provides 
plants produced by the methods described herein.

In another aspect, a plant comprising at least three exog
enous polynucleotides encoding secondary cell wall cellulose 
synthases is provided.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagrammatic representation of a PtrCesA 
polypeptide.

FIG. 2 presents sequence alignment of secondary cell wall 
cellulose sequences related to PtrCesAl (FIG. 2A), PtrCesA2 
(FIG. 2B), and PtrCesA3 (FIG. 2C).

FIG. 3 depicts the phylogenetic relationship of Ces A mem
bers.
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FIG. 4 depicts a representative cloning strategy that may be 

used for preparation of PtrCesA overexpression constructs 
(FIG. 4A) and the resulting constructs containing PtrCesAl, 
PtrCesA2 and PtrCesA3 (FIG. 4B).

FIG. 5 is a photograph showing an overhead view of 
tobacco plants expressing introduced PtrCesAl polynucle
otides, PtrCesAl and PtrCesA2 polynucleotides or PtrC
esAl, PtrCesA2 and PtrCesA3 polynucleotides.

DETAILED DESCRIPTION OF SEVERAL 
EMBODIMENTS

In one embodiment, the invention provides methods of 
enhancing secondary cell wall cellulose synthases in a plant. 
In another embodiment, the invention provides methods of 
making transgenic plants capable of expressing secondary 
cell wall cellulose synthases. As used herein, a “secondary 
cell wall cellulose synthase” is a polypeptide that synthesizes 
cellulose, and is predominantly or exclusively localized in 
plant tissue or cells where secondary cell walls are formed. As 
used herein, “predominantly localized” means that in a plant 
comprising cells or tissue forming secondary cell walls, at 
least 80% of the total of a selected secondary cell wall cellu
lose synthase in the plant is found in cells or tissue forming 
secondary cell walls. Examples of tissues which form sec
ondary cell walls are tissues that develop xylem and phloem 
fibers; however, secondary cell walls may be formed in other 
tissues. Examples of secondary cell wall cellulose synthases 
include those from Populus tremuloides (also referred to 
herein as aspen): PtrCesAl (SEQ ID NO:2), PtrCesA2 (SEQ 
ID NO:4), and PtrCesA3 (SEQ ID NO: 6); and those from 
Arabidopsis thaliana AtCesA4 (GenBank Accession No: 
AF458083), AtCesA7 (GenBank Accession No: AF088917) 
and AtCesA8 (GenBank Accession No: AF267742). 
Examples of polynucleotides encoding secondary cell wall 
cellulose synthases include those from Populus tremuloides, 
(also referred to herein as aspen): PtrCesAl (SEQ ID NO: 1), 
PtrCesA2 (SEQ ID NO:3), and PtrCesA3 (SEQ ID NO:5).

A diagrammatic representation showing the structure of a 
representative secondary cell wall cellulose synthase protein 
(e.g., PtrCesA) is shown in FIG. 1. Domains are indicated in 
FIG. 1 as follows: Zn represents the zinc-binding domain; 
HVR I represents the N-terminal hypervariable region; the 
numbers 1 to 8 represent the transmembrane domains; the 
subdomains identified by A and B are highly conserved (70- 
90%) parts of catalytic domains in relation to other CesA 
proteins; HVR II represents the central hypervariable region. 
Conserved D, D, D, and QVLRW (SEQ ID NO:7) motifs are 
also shown (Joshi et al., 2004: New Phytologist 164:53-61, 
which is incorporated herein by reference).

Secondary cell wall cellulose synthases useful in the inven
tion may be identified based on the identity of consensus 
sequences within the HVRII. The HVRII of each of PtrC
esAl, PtrCesA2 and PtrCesA3 shares common sequences 
with secondary cellulose synthases from other species. Align
ment of the HVRII regions from PtrCesAl, PtrCesA2 and 
PtrCesA3 showing conserved regions are depicted in FIG. 
2A-2C, respectively. Consensus amino acids within the 
HVRII, that is, amino acids found to show identity in at least 
80% of the aligned sequences, are underlined. GenBank 
accession numbers and SEQ ID NO for each of the compared 
sequences are provided in FIG. 2. Immediately following the 
GenBank accession numbers in brackets is an abbreviation 
indicating the plant of origin. The abbreviations are as fol
lows: At =Arabidopsis thaliana (L.) Heynh.; Gh=Gossypium 
hirsutum L.; Gm, Glycine max (L.) Merill; Me=Mesotaenium 
caldariorum (Lagerh.) Hansg.; Na=Nicotiana alata Link &
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Otto; Mt =Medicago truncatula Gaertn.; Nt, Nicotiana 
tabacum L.; Os=Oryza sativa L.; Pc =Populus canescens 
(Ait.) Sm.; Ze=Zinnia elegans Jacq.; and Zm=Zea mays L. 
SEQ ID NO:8-16 show homology to PtrCesAl. SEQ ID 
NO: 17-21 show homology to PtrCesA2. SEQ ID NO:22-27 
show homology to PtrCesA3.

A phylogenetic tree showing the relationship between pri
mary and secondary cell wall cellulose synthases is presented 
in FIG. 3. FIG. 3 depicts a circular representation of a phylo
genetic tree made using the PAUP program based on 5 6 CesA 
HVRII regions from plants. Bootstrap analysis was done with 
1000 replicates and bootstrap values of above 70 were con
sidered for the development of rooted tree using green algal 
CesA from Mesotaenium caldarioum (Me) HVRII as an out
group (GenBank Accession number AF525360). HVRII 
domains from all CesA proteins were downloaded from the 
Stanford site and were renamed by just dropping off their 
CesA extension in each case for simplicity of figure. The 
following GenBank accession numbers for aspen (under
lined) or some CesA genes that are currently missing in the 
protein collection at the Stanford site were used to deduce the 
polypeptide sequences included in this figure: Pl=PtrCesAl, 
AF072131; P2=PtrCesA2, AY095297; P3=PtrCesA3, 
AF527387; P4=PtrCesA4, AY162181; P5=PtrCesA 5, 
AY055724; P5A=PtrCesA 5-like AY330165; P6=PtrCesA6, 
AY196961; P7=PtrCesA 7, AY162180; P7A=PtrCesA7-like 
AY330166; Ntl=NtCesAl, AF233892; Mcl=McCesAl, 
AF525360.

As used herein, “PtrCesAl-like secondary cell wall cellu
lose synthase” is a polypeptide sharing homology with the 
HVRII of PtrCesAl. See e.g., FIG. 2A. As can be seen in FIG. 
2A and FIG. 3, PtrCesAl-like secondary cell wall cellulose 
synthases include polypeptides from Arabidopsis thaliana 
(L.) Heynh.; Gossypium hirsutum L.; Zinnia elegans Jacq.; 
Oryza sativa L.; Populus canescens (Ait.) Sm.; andMedicago 
truncatula Gaertn. As used herein, “PtrCesA2-like secondary 
cell wall cellulose synthase” is a polypeptide sharing homol
ogy with the HVRII of PtrCesA2. See e.g., FIG. 2B. As can be 
seen in FIG. 2B and FIG. 3, PtrCesA2-like secondary cell 
wall cellulose synthases include polypeptides from Arabi
dopsis thaliana (L.) Heynh; Lotus corniculatus and Medi
cago truncatula. As used herein, “PtrCesA3-like secondary 
cell wall cellulose synthase” is a polypeptide sharing homol
ogy with the HVRII of PtrCesA3. See e.g., FIG. 2C. As can be 
seen in FIG. 2C and FIG. 3, PtrCesA3-like secondary cell 
wall cellulose synthases include polypeptides from Arabi
dopsis thaliana (L.) Heynh.; Medicago truncatula; Oryza 
sativa L.; Populus canescens (Ait.) Sm.; and Gossypium hir
sutum L. Each of these secondary cell wall cellulose syn
thases would be expected to be useful in the present methods.

It is envisaged that methods of the invention encompass the 
introduction into a plant of polynucleotides encoding a PtrC
esAl-like secondary cell wall cellulose synthase, a PtrC- 
esA2-like secondary cell wall cellulose synthase and a PtrC- 
esA3-like secondary cell wall cellulose synthase. It is 
envisaged that a plant produced by the introduction of poly
nucleotides encoding a PtrCesAl-like secondary cell wall 
cellulose synthase, a PtrCesA2-like secondary cell wall cel
lulose synthase and a PtrCesA3-like secondary cell wall cel
lulose synthase exhibits characteristics including, but not lim
ited to, increased branching, for example, a bifurcated stem, 
enhanced growth or reduced seed production relative to a 
control plant. Enhanced or increased growth includes, but is 
not limited to, increased height, increased girth, increased 
leaf size, increased rate of growth or increased leaf, stem or 
branch number.
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As used herein, a “control plant” is a plant that is substan

tially equivalent to a test plant in all parameters with the 
exception of the test parameters. For example, when referring 
to a plant into which polynucleotides encoding three distinct 
secondary cell wall cellulose synthases have been introduced, 
a control plant is an equivalent plant into which polynucle
otides encoding zero, one, or two distinct secondary cell wall 
cellulose synthases have been introduced. For example, when 
referring to a plant encoding two distinct secondary cell wall 
cellulose synthases, a “control plant” is an equivalent plant 
into which polynucleotides encoding zero or one secondary 
cell wall cellulose synthases have been introduced. The con
trol plant may be clonally related to the test plant.

Methods of enhancing expression of secondary cell wall 
cellulose synthases encompass introducing polynucleotides 
encoding secondary cell wall cellulose synthases into a plant. 
As used herein, “introducing into a plant” is defined to mean 
the delivery of a polynucleotide into a plant, plant tissue or 
plant cell using any suitable polynucleotide delivery method. 
Methods suitable for introducing polynucleotides into plants 
useful in the practice of the present invention include, but are 
not limited to, microparticle bombardment, direct DNA 
uptake, whisker-mediated transformation, electroporation, 
sonication, microinjection and plant virus-mediated and 
Agrobacterium-mediated gene transfer to the plant. Any suit
able Agrobacterium strain, vector or vector system for trans
forming the plant may be employed according to the present 
invention. In some embodiments, a plant may be regenerated 
or grown from the plant tissue or plant cell. Methods for 
regenerating or growing a plant from a plant cell or plant 
tissue are known in the art.

Suitably, the polynucleotide to be introduced into the plant 
is placed under the control of a promoter sequence. Promoter 
sequences are known in the art and may be operatively con
nected to the polynucleotide to be introduced into the plant. 
“Operatively connected,” as used herein and in the art, refers 
to a linkage of polynucleotide elements in a functional rela
tionship. A nucleic acid is “operatively linked” or “opera
tively connected” when it is placed into a functional relation
ship with another nucleic acid sequence. For instance, a 
promoter is operatively linked to a coding sequence if it 
affects the transcription of the coding sequence.

Promoters useful in the practice of the present invention 
include, but are not limited to, constitutive, inducible, tem
porally-regulated, developmentally regulated, chemically 
regulated, tissue-preferred and tissue-specific promoters. 
Other promoters may be utilized so long as the selected pro
moter is capable of causing sufficient expression in a plant 
resulting in the production of an effective amount of the 
secondary cell wall cellulose synthase to produce the pheno
types described herein. A suitable constitutive promoter 
known in the art is the 35S promoter of the cauliflower mosaic 
virus. Another suitable promoter is a secondary cell wall 
cellulose synthase promoter, which is natively associated 
with a polynucleotide encoding a secondary cell wall cellu
lose synthase, such as the Populus tremuloides CesAl (PtrC
esAl) promoter. The PtrCesAl promoter directs expression 
of the polynucleotide to the xylem and phloem fibers. In one 
embodiment, plants transformed with three polynucleotides 
encoding secondary cell wall cellulose synthases operatively 
linked to a secondary cell wall cellulose synthase promoter 
have bifurcated stems.

In one embodiment, the polynucleotides encoding the sec
ondary cell wall cellulose synthases are included in an expres
sion cassette. As used herein, an “expression cassette” is a 
polynucleotide comprising one or more coding regions that 
are under the control of one or more promoters. In some
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embodiments, the expression cassette may further comprise 
one or more transcription-termination sequences. In another 
embodiment, the expression cassette may be contained within 
a plasmid vector such as the pBI 121 plasmid depicted in FIG. 
4A.

Suitably, one, two or three distinct secondary cell wall 
cellulose synthases may be introduced into a plant. For 
example, a plant may be transformed with a polynucleotide 
encoding PtrCesAl or a PtrCesAl-like secondary cell wall 
cellulose synthase; a polynucleotide encoding PtrCesA2 or a 
PtrCesA2-like secondary cell wall cellulose synthase; or a 
polynucleotide encoding PtrCesA3 or a PtrCesA3-like sec
ondary cell wall cellulose synthase, or any combination 
thereof. Plants transformed with polynucleotides encoding 
one, two or three distinct secondary cell wall cellulose syn
thases may display altered growth, increased branching or 
reduced seed production when compared to a control plant.

In one embodiment, a plant comprising at least three exog
enous polynucleotides encoding secondary cell wall cellulose 
synthases is provided. Plants comprising exogenous poly
nucleotides encoding the secondary cell wall cellulose syn
thases encompass plants transformed or transfected with the 
polynucleotides, and progeny of such plants, provided the 
progeny retain the exogenous polynucleotides. The exog
enous secondary cell wall cellulose synthases may be in addi
tion to those naturally occurring in the plant or may replace 
the naturally occurring polynucleotides. The exogenous sec
ondary cell wall cellulose synthases may encompass addi
tional copies of the secondary cell wall cellulose synthases 
natively associated with the plant.

In another embodiment, methods of the invention include 
introducing into a plant a polynucleotide encoding a polypep
tide having a sequence with at least 95% identity to SEQ ID 
NO:2 (PtrCesAl), or suitably, a polynucleotide encoding a 
polypeptide having at least 96%, 97%, 98%, 99%, or 100% 
identity to SEQ ID NO:2; a polypeptide having a sequence 
with at least 95% identity to SEQ ID NO:4 (PtrCesA2), or 
suitably, a polynucleotide encoding a polypeptide having at 
least 96%, 97%, 98%, 99%, or 100% identity to SEQ ID 
NO:4; and a polypeptide having a sequence with at least 95% 
identity to SEQ ID NO: 6 (PtrCesA3), or suitably, a poly
nucleotide encoding a polypeptide having at least 96%, 97%, 
98%, 99%, or 100% identity to SEQ ID NO:6. Plants trans
formed with any of the above polynucleotides encoding one, 
two or three distinct secondary cell wall cellulose synthases 
may display increased growth, increased branching, or 
reduced seed production when compared to a control plant.

The plant or plant cell expressing the introduced poly
nucleotides is considered herein to be a “transformed” plant 
or plant cell, or a “transgenic” plant or plant cell.

A polynucleotide encoding a selectable or screenable 
marker may be suitably introduced into the plant in addition 
to polynucleotides encoding the secondary cell wall cellulose 
synthases. Marker coding sequences are polynucleotides that 
impart a distinct phenotype to cells expressing the marker 
coding sequence, and thus allow such transformed cells to be 
distinguished from cells that do not contain the marker. Many 
examples of suitable marker coding sequences are known in 
the art and can be employed in the practice of the invention. 
For example, marker genes include, but are not limited to, 
genes conferring resistance to antibiotics or to herbicidal 
compounds.

Methods of the invention may be used to introduce second
ary cell wall cellulose synthases into a variety of plants. 
Suitable plants include, but are not limited to, woody plants, 
trees, and crop plants such as alfalfa, cotton, maize, rice, 
tobacco, pines, eucalyptus, poplar, fir, maple, oak, and acacia
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plants. A “woody plant” is herein defined as a perennial plant 
whose stem comprises woody tissue. Examples of woody 
plants may include trees, shrubs or vines.

Suitably, plants in which the expression of three secondary 
cell wall cellulose synthases is enhanced do not produce seeds 
naturally and grow faster than plants in which the expression 
of zero, one, or two secondary cell wall cellulose synthases 
are enhanced when compared with a control plant.

The following examples are included to demonstrate pre
ferred embodiments of the invention. It should be appreciated 
by those of skill in the art that the techniques disclosed in the 
examples which follow, represent techniques discovered by 
the inventors to function well in the practice of the invention, 
and thus can be considered to constitute preferred modes for 
its practice. However, those of skill in the art should, in light 
of the present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and 
still obtain a like or similar result without departing from the 
spirit and scope of the invention.

EXAMPLES 

Example 1

The materials and methods described below are used in 
Examples 2 and 3.
A. Preparation of Constructs

Three binary vector constructs comprising PtrCesAl, 
PtrCesA2 orPtrCesA3 were prepared as follows. ThepBI121 
backbone was used to make these constructs, with the GUS 
gene replaced by a specific PtrCesA in the sense direction. In 
each of the three cases, a specific PtrCesA cDNA was ampli
fied using a primer pair that incorporates the necessary unique 
restriction sites for cloning the specific PtrCesA in pBI121 
vector, as shown in FIG. 4.

For the PtrCesAl overexpression construct, pBI121 was 
digested by Xbal and Eel 13611 (an isoschizomer of SacI 
which produces a blunt end) (Fermentas, N.Y.), resulting in 
an open vector with 5' end sticky and 3' end blunt. PtrCesAl 
cDNA was amplified from an existing plasmid in pBluescript 
vector using a pair of primers with Xbal site at the 5' end and 
Kpnl site at the 3' end in the presence of pfu enzyme. This 
amplified product was then digested with Xbal (the 3' end is 
already blunt due to amplification with pfu) and cloned in the 
openpBI121 vector.

For the PtrCesA2 overexpression construct, pBI121 was 
also digested by Xbal and Ecll36II, resulting in an open 
vector with 5' end sticky and 3' end blunt. PtrCesA2 cDNA 
was amplified using a pair of primers with Xbal site at the 5' 
end and EcoRV site at the 3' end and the amplified product 
was cloned in pCR2.1. This plasmid was then digested with 
Xbal (sticky) and EcoRV (blunt)(both unique) and cloned in 
openpBI121 vector.

For PtrCesA3 overexpression construct, pBI121 was 
digested with BamHI and SacI. PtrCesA3 cDNA was ampli
fied using a pair of primers with a Bglll site at the 5' end and 
SacI site at the 3' end and the amplified product was cloned in 
pCR2.1. This plasmid was then digested with Bglll and SacI 
(both unique and sticky) and cloned in open pBI121 vector.

The correctness of each construct was confirmed by 
restriction digestion of each resultant plasmid with a pair of 
specific restriction enzymes in each case as shown above. 
PtrCesAl binary construct was double digested with Bglll 
and Hindlll and the expected DNA fragments of 8 kb, 3.5 kb, 
2.6 kb and 1.4 kb were obtained (FIG. 4B). Similarly PtrC- 
esA2 binary construct was digested with Bglll and Hindlll 
and the expected fragments of 8 kb, 2.6 kb, 1.8 kb, 1.4 kb, 1.3
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kb and 0.8 kb resulted (FIG. 4B). Finally, PtrCesA3 construct 
was digested with Xbal and SacI and resulted in three frag
ments of 13 kb, 1.7 kb and 1.4 kb as expected (FIG. 4B).
B. Transformation of Tobacco Plants

The strategy described in Li et al., 2003 (Proc. Natl. Acad. 
Sci. USA 100:4939-4944), and U.S. patent application Ser. 
No. 10/110,091, (both of which are incorporated herein by 
reference in their entireties) was used to transfer up to three 
cellulose synthase genes to tobacco plants. Briefly, the PtrC- 
esAl, PtrCesA2 and PtrCesA3 constructs described in 
Example 1 were introduced separately into Agrobacterium 
strain C58 for co-infection of the same explant. The Agrobac
terium strains comprising each construct were mixed and 
cultured in the following combinations to facilitate infection 
of plants with one, two, or all three PtrCesA constructs: 
PtrCesAl; PtrCesA2; PtrCesA3; PtrCesAl and PtrCesA2; 
PtrCesAl and PtrCesA3; PtrCesA2 and PtrCesA3; PtrC
esAl, PtrCesA2 and PtrCesA3. Tobacco leaf explants were 
surface sterilized and infected with an overnight-grown cul
ture of Agrobacterium carrying the overexpression con
structs.

After about 2 days of co-cultivation of the explant with 
Agrobacterium, bacteria were killed with clarforan and ticar- 
cillin (300 mg/1 each). Explants were placed on callus induc
tion medium containing kanamycin (50 mg/1) and claforan 
(300 mg/1). Tobacco calli were first grown on Kanamycin- 
containing rooting media for one month, acclimatized for one 
month in a mist chamber and then transferred to the green
house. Greenhouse conditions comprised a 16-hour day, 
8-hour night, with a temperature of 25° C. and a humidity of 
at least 50%. The presence of the transgenes was confirmed 
by PCR, RNA and protein studies.
C. Transformation of Aspen Plants

Transformation of aspen using Agrobacterium will be per
formed using standard protocols according to, e.g., Tsai et al., 
1994; Plant Cell Reports 14, 94-97; Tsai et al., 1998; Plant 
Physiology 117(5), 101-112; Fhietal., 1999; Nature Biotech
nology 17, 808-812; or Li et al., 2003 Proc. Natl. Acad. Sci. 
USA 100:4939-4944 (each of which is incorporated herein by 
reference). After about two months on callus induction 
medium (with monthly subculture), healthy looking calli will 
be transferred to shoot induction medium and about two 
months later to root induction medium. Aspen plants will be 
transferred to the greenhouse after proper acclimatization, 
generally 6-8 months after the initial infection with Agrobac
terium. The presence of the transgenes will be confirmed by 
PCR, RNA and protein studies.

Example 2

Aspen and Tobacco Plants Transformed with One,
Two or Three Secondary Cell Wall Cellulose 

Synthases Under the Control of the 35S Promoter

A. Tobacco
Tobacco plants expressing the PtrCesAl, PtrCesA2, and 

PtrCesA3 polynucleotides under the control of the 35S cau
liflower mosaic virus constitutive promoter grew faster and 
were taller than mature tobacco plants expressing zero, one or 
two of the introduced PtrCesAl, PtrCesA2, or PtrCesA3 
polynucleotides (see FIG. 5).
B. Aspen

Aspen plants expressing all three introduced secondary 
cell wall cellulose synthase polynucleotides (PtrCesAl, 
PtrCesA2, and PtrCesA3) each under the control of the 35S 
cauliflower mosaic virus constitutive promoter will grow 
more vigorously and faster than those comprising zero, one or
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two of the introduced PtrCesAl, PtrCesA2, or PtrCesA3 
polynucleotides. During regeneration of the plants, explants 
will grow faster than plants comprising only the vector, or 
those expressing two of the secondary cell wall cellulose 
synthase polynucleotides. The plants expressing introduced 
secondary cell wall cellulose synthases will have larger leaf 
sizes and faster stem growth than control plants.

Example 3

Tobacco Plants Comprising 1, 2 or 3 Secondary Cell 
Wall Cellulose Synthases Under the Control of the 

PtrCesAl Promoter

The mean heights of transgenic tobacco plants expressing 
zero, one, two or all three of the introduced PtrCesAl, PtrC- 
esA2, or PtrCesA3 polynucleotides are presented in Table 2. 
Table 2 also shows the mean girth of plants 45 days after 
transfer to the greenhouse. The number of plants of each type 
is indicated in parenthesis. A l , A2 and A3 are used in Table 2 
as an abbreviation for plants overexpressing vectors carrying 
PtrCesAl, 2 and 3 respectively. Control pBI121 in Table 2 
represents a plant transformed with the pBI121 vector only. 
Measurements presented in Table 2 were taken when the 
plants were approximately 3-months old, at 15 days, 30 days 
and 45 days after being transferred to the greenhouse.
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TABLE 2

Height and girth o f tobacco plants 15, 30 or 45 days after 
transfer to the sreenhouse

Heiaht ('em) Girth (mm)

15 days 30 days 45 days 45 days

Control pBI121 (1) 26 30 50 9.3
A l (1) 26 35 53 8.9
A2 (0) — — — —
A3 (1) 18 28 55 10.8
A l +A2 (1) 25 30 55 10.1
A l +A3 (3) 22 30 53 11.93
A2 +A3 (1) 20 28 60 14.1
A l +A2 +A3 (2) 38 63 69 12.15

Plants expressing PtrCesAl, PtrCesA2 and PtrCesA3 grew 
much faster than those expressing zero, one or two introduced 
secondary cell wall cellulose synthases. For example, 15 days 
after transfer to the greenhouse, plants expressing all three of 
the introduced secondary cell wall cellulose synthases were at 
least 12 cm taller than plants expressing zero, one or two 
introduced secondary cell wall cellulose synthases. Also, 
between 15 days and 30 days after transfer to the greenhouse 
plants expressing all three of the introduced secondary cell 
wall cellulose synthases grew 25 cm, compared with 4 to 10 
cm of plants expressing zero, one or two introduced second
ary cell wall cellulose synthases. Leaves were also larger at 
each time point in plants expressing all three of the introduced 
secondary cell wall cellulose synthases (FIG. 5A, plant C) 
compared with corresponding plants expressing zero, one 
(FIG. 5A, plant A) or two (FIG. 5A, plant B) introduced 
secondary cell wall cellulose synthases.

Plants expressing one, two or three of the introduced sec
ondary cell wall cellulose synthases flowered normally. How- 
ever, none of these plants, whether expressing one, two or all 
three of PtrCesAl, PtrCesA2 and PtrCesA3 polynucleotides, 
produced any seed naturally. Flowers fell off the plant before 
the normal seed set, and thus yielded no seed. Forced selling

5

10

15

20

25

30

35

40

45

50

55

60

65



US 8,129,585 B2

of the plants resulted in a few seeds being produced. In con
trast, plants transformed with only vector produced seed nor
mally.

Tobacco plants expressing all three of the introduced PtrC- 
esAl, PtrCesA2 and PtrCesA3 polynucleotides under the 5 
control of the PtrCesAl promoter produced a bifurcated stem 
(see FIG. 5B) which was not seen in plants expressing zero, 
one or two of the introduced PtrCesAl, PtrCesA2 and PtrC- 
esA3 polynucleotides.

All patents and publications listed or described herein are 10 
incorporated in their entirety by reference.

All of the compositions and methods disclosed and 
claimed herein can be made or executed without undue 
experimentation in light of the present disclosure. While the
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compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be appar
ent to those of skill in the art that variations may be applied to 
the compositions and methods and in the steps or in the 
sequence of steps of the method described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be sub
stituted for the agents described herein while the same or 
similar results would be achieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the 
invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 27

<210> SEQ ID NO 1 
<211> LENGTH: 3232 
<212> TYPE: DNA
<213> ORGANISM: Populus tremuloides 
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (69).. (3005)

<400> SEQUENCE: 1

gtcgacccac gcgtccgtct tgaaagaata tgaagttgta aagagctggt aaagtggtaa 60

taagcaag atg atg gaa tct ggg get cct ata tgc cat acc tgt ggt gaa 110
Met Met Glu Ser Gly Ala Pro H e  Cys His Thr Cys Gly Glu 
1 5  10

cag gtg ggg cat gat gca aat ggg gag eta ttt gtg get tgc cat gag 158
Gin Val Gly His Asp Ala Asn Gly Glu Leu Phe Val Ala Cys His Glu
15 20 25 30

tgt age tat ccc atg tgc aag tct tgt ttc gag ttt gaa ate aat gag 206
Cys Ser Tyr Pro Met Cys Lys Ser Cys Phe Glu Phe Glu lie Asn Glu

35 40 45

ggc egg aaa gtt tgc ttg egg tgt ggc teg cca tat gat gag aac ttg 254
Gly Arg Lys Val Cys Leu Arg Cys Gly Ser Pro Tyr Asp Glu Asn Leu

50 55 60

ctg gat gat gta gaa aag aag ggg tct ggc aat caa tcc aca atg gca 302
Leu Asp Asp Val Glu Lys Lys Gly Ser Gly Asn Gin Ser Thr Met Ala

65 70 75

tct cac etc aac gat tct cag gat gtc gga ate cat get aga cat ate 350
Ser His Leu Asn Asp Ser Gin Asp Val Gly lie His Ala Arg His lie

80 85 90

agt agt gtg tcc act gtg gat agt gaa atg aat gat gaa tat ggg aat 398
Ser Ser Val Ser Thr Val Asp Ser Glu Met Asn Asp Glu Tyr Gly Asn
95 100 105 110

cca att tgg aag aat egg gtg aag age tgt aag gat aaa gag aac aag 446
Pro lie Trp Lys Asn Arg Val Lys Ser Cys Lys Asp Lys Glu Asn Lys

115 120 125

aag aaa aag aga agt cct aag get gaa act gaa cca get caa gtt cct 494
Lys Lys Lys Arg Ser Pro Lys Ala Glu Thr Glu Pro Ala Gin Val Pro

130 135 140

aca gaa cag cag atg gaa gag aaa ccg tct gca gag get teg gag ccg 542
Thr Glu Gin Gin Met Glu Glu Lys Pro Ser Ala Glu Ala Ser Glu Pro

145 150 155

ett tea att gtt tat cca att cca ege aac aag etc aca cca tac aga 590
Leu Ser lie Val Tyr Pro lie Pro Arg Asn Lys Leu Thr Pro Tyr Arg

160 165 170

gca gtg ate att atg ega ctg gtc att ctg ggc etc ttc ttc cac ttc 638
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-continued
Ala Val lie lie Met Arg Leu Val lie Leu Gly Leu Phe Phe His Phe 
175 180 185 190

aga ata aca aat cct gtc gat agt gcc ttt ggc ctg tgg ctt act tct 686
Arg lie Thr Asn Pro Val Asp Ser Ala Phe Gly Leu Trp Leu Thr Ser

195 200 205

gtc ata tgt gag ate tgg ttt gca ttt tct tgg gtg ttg gat cag ttc 734
Val H e  Cys Glu lie Trp Phe Ala Phe Ser Trp Val Leu Asp Gin Phe

210 215 220

ccc aag tgg aat cct gtc aat aga gaa aeg tat ate gaa agg ctg teg 782
Pro Lys Trp Asn Pro Val Asn Arg Glu Thr Tyr lie Glu Arg Leu Ser

225 230 235

gca agg tat gaa aga gag ggt gag cct tct cag ctt get ggt gtg gat 830
Ala Arg Tyr Glu Arg Glu Gly Glu Pro Ser Gin Leu Ala Gly Val Asp

240 245 250

ttt ttc gtg agt act gtt gat ccg ctg aag gaa ccg cca ttg ate act 878
Phe Phe Val Ser Thr Val Asp Pro Leu Lys Glu Pro Pro Leu lie Thr
255 260 265 270

gcc aat aca gtc ctt tcc ate ctt get gtg gac tat ccc gtc gat aaa 926
Ala Asn Thr Val Leu Ser lie Leu Ala Val Asp Tyr Pro Val Asp Lys

275 280 285

gtc tcc tgc tac gtg tct gat gat ggt gca get atg ctt tea ttt gaa 974
Val Ser Cys Tyr Val Ser Asp Asp Gly Ala Ala Met Leu Ser Phe Glu

290 295 300

tct ctt gta gaa aca get gag ttt gca agg aag tgg gtt ccg ttc tgc 1022
Ser Leu Val Glu Thr Ala Glu Phe Ala Arg Lys Trp Val Pro Phe Cys

305 310 315

aaa aaa ttc tea att gaa cca aga gca ccg gag ttt tac ttc tea cag 1070
Lys Lys Phe Ser lie Glu Pro Arg Ala Pro Glu Phe Tyr Phe Ser Gin

320 325 330

aaa att gat tac ttg aaa gac aag gtt caa cct tct ttc gtg aaa gaa 1118
Lys lie Asp Tyr Leu Lys Asp Lys Val Gin Pro Ser Phe Val Lys Glu
335 340 345 350

cgt aga gca atg aaa agg gat tat gaa gag tac aaa gtc ega gtt aat 1166
Arg Arg Ala Met Lys Arg Asp Tyr Glu Glu Tyr Lys Val Arg Val Asn

355 360 365

gcc ctg gta gca aag get cag aaa aca cct gaa gaa gga tgg act atg 1214
Ala Leu Val Ala Lys Ala Gin Lys Thr Pro Glu Glu Gly Trp Thr Met

370 375 380

caa gat gga aca cct tgg cct ggg aat aac aca cgt gat cac cct ggg 1262
Gin Asp Gly Thr Pro Trp Pro Gly Asn Asn Thr Arg Asp His Pro Gly

385 390 395

cat gat tea ggt ctt cct tgg gaa ata ctg gga get cgt gac att gaa 1310
His Asp Ser Gly Leu Pro Trp Glu lie Leu Gly Ala Arg Asp lie Glu

400 405 410

gga aat gaa eta cct cgt eta gta tat gtc tcc agg gag aag aga cct 1358
Gly Asn Glu Leu Pro Arg Leu Val Tyr Val Ser Arg Glu Lys Arg Pro
415 420 425 430

ggc tac cag cac cac aaa aag get ggt gca gaa aat get ctg gtg aga 1406
Gly Tyr Gin His His Lys Lys Ala Gly Ala Glu Asn Ala Leu Val Arg

435 440 445

gtg tct gca gta etc aca aat get ccc tac ate etc aat gtt gat tgt 1454
Val Ser Ala Val Leu Thr Asn Ala Pro Tyr lie Leu Asn Val Asp Cys

450 455 460

gat cac tat gta aac aat age aag get gtt ega gag gca atg tgc ate 1502
Asp His Tyr Val Asn Asn Ser Lys Ala Val Arg Glu Ala Met Cys lie

465 470 475

ctg atg gac cca caa gta ggt ega gat gta tgc tat gtg cag ttc cct 1550
Leu Met Asp Pro Gin Val Gly Arg Asp Val Cys Tyr Val Gin Phe Pro

480 485 490

cag agg ttt gat ggc ata gat aag agt gat ege tac gcc aat cgt aac 1598
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Gin Arg Phe Asp Gly lie Asp Lys Ser Asp Arg Tyr Ala Asn Arg Asn
495 500 505 510

gta gtt ttc ttt gat gtt aac atg aaa ggg ttg gat ggc att caa gga 1646
Val Val Phe Phe Asp Val Asn Met Lys Gly Leu Asp Gly lie Gin Gly

515 520 525

cca gta tac gta gga act ggt tgt gtt ttc aac agg caa gca ett tac 1694
Pro Val Tyr Val Gly Thr Gly Cys Val Phe Asn Arg Gin Ala Leu Tyr

530 535 540

ggc tac ggg cct cct tet atg ccc age tta ege aag aga aag gat tet 1742
Gly Tyr Gly Pro Pro Ser Met Pro Ser Leu Arg Lys Arg Lys Asp Ser

545 550 555

tea tee tgc ttc tea tgt tgc tgc ccc tea aag aag aag cct get caa 1790
Ser Ser Cys Phe Ser Cys Cys Cys Pro Ser Lys Lys Lys Pro Ala Gin

560 565 570

gat cca get gag gta tac aga gat gca aaa aga gag gat etc aat get 1838
Asp Pro Ala Glu Val Tyr Arg Asp Ala Lys Arg Glu Asp Leu Asn Ala
575 580 585 590

gcc ata ttt aat ett aca gag att gat aat tat gac gag cat gaa agg 1886
Ala H e Phe Asn Leu Thr Glu lie Asp Asn Tyr Asp Glu His Glu Arg

595 600 605

tea atg ctg ate tee cag ttg age ttt gag aaa act ttt ggc tta tet 1934
Ser Met Leu lie Ser Gin Leu Ser Phe Glu Lys Thr Phe Gly Leu Ser

610 615 620

tet gtc ttc att gag tet aca eta atg gag aat gga gga gta ccc gag 1982
Ser Val Phe lie Glu Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu

625 630 635

tet gcc aac tea cca cca ttc ate aag gaa geg att caa gtc ate ggc 2030
Ser Ala Asn Ser Pro Pro Phe lie Lys Glu Ala lie Gin Val lie Gly

640 645 650

tgt ggc tat gaa gag aag act gaa tgg gga aaa cag att ggt tgg ata 2078
Cys Gly Tyr Glu Glu Lys Thr Glu Trp Gly Lys Gin lie Gly Trp lie
655 660 665 670

tat ggg tea gtc act gag gat ate tta agt ggc ttc aag atg cac tgc 2126
Tyr Gly Ser Val Thr Glu Asp lie Leu Ser Gly Phe Lys Met His Cys

675 680 685

ega gga tgg aga tea att tac tgc atg ccc gta agg cct gca ttc aaa 2174
Arg Gly Trp Arg Ser lie Tyr Cys Met Pro Val Arg Pro Ala Phe Lys

690 695 700

gga tet gca ccc ate aac ctg tet gat aga ttg cac cag gtc etc ega 2222
Gly Ser Ala Pro lie Asn Leu Ser Asp Arg Leu His Gin Val Leu Arg

705 710 715

tgg get ett ggt tet gtg gaa att ttc ttt age aga cac tgt ccc etc 2270
Trp Ala Leu Gly Ser Val Glu lie Phe Phe Ser Arg His Cys Pro Leu

720 725 730

tgg tac ggg ttt gga gga ggc cgt ett aaa tgg etc caa agg ett geg 2318
Trp Tyr Gly Phe Gly Gly Gly Arg Leu Lys Trp Leu Gin Arg Leu Ala
735 740 745 750

tat ata aac acc att gtg tac cca ttt aca tee etc cct etc att gcc 2366
Tyr lie Asn Thr lie Val Tyr Pro Phe Thr Ser Leu Pro Leu lie Ala

755 760 765

tat tgc aca att cct gca gtt tgt ctg etc acc gga aaa ttc ate ata 2414
Tyr Cys Thr lie Pro Ala Val Cys Leu Leu Thr Gly Lys Phe lie lie

770 775 780

cca aeg etc tea aac ctg gca age atg ctg ttt ett ggc etc ttt ate 2462
Pro Thr Leu Ser Asn Leu Ala Ser Met Leu Phe Leu Gly Leu Phe lie

785 790 795

tee ate att gta act geg gtg ett gag eta aga tgg age ggt gtc age 2510
Ser lie lie Val Thr Ala Val Leu Glu Leu Arg Trp Ser Gly Val Ser

800 805 810

att gaa gat tta tgg cgt aat gaa caa ttc tgg gtg ate gga ggt gtt 2558
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H e Glu Asp Leu Trp Arg Asn Glu Gin Phe Trp Val lie Gly Gly Val
815 820 825 830

tea gcc cat etc ttt geg gtc ttc cag gga ttc tta aaa atg ttg get 2606
Ser Ala His Leu Phe Ala Val Phe Gin Gly Phe Leu Lys Met Leu Ala

835 840 845

ggc ate gat aeg aac ttc act gtc aca gca aaa gca gcc gaa gat gca 2654
Gly lie Asp Thr Asn Phe Thr Val Thr Ala Lys Ala Ala Glu Asp Ala

850 855 860

gaa ttt ggg gag eta tat atg gtc aag tgg aca aca ett ttg att cct 2702
Glu Phe Gly Glu Leu Tyr Met Val Lys Trp Thr Thr Leu Leu lie Pro

865 870 875

cca acc aca ett etc att ate aat atg teg ggt tgt get gga ttc tet 2750
Pro Thr Thr Leu Leu lie lie Asn Met Ser Gly Cys Ala Gly Phe Ser

880 885 890

gat gca etc aac aaa gga tat gaa gca tgg ggg cct etc ttt ggc aag 2798
Asp Ala Leu Asn Lys Gly Tyr Glu Ala Trp Gly Pro Leu Phe Gly Lys
895 900 905 910

gtg ttc ttt get ttc tgg gtg att ett cat etc tat cca ttc ett aaa 2846
Val Phe Phe Ala Phe Trp Val lie Leu His Leu Tyr Pro Phe Leu Lys

915 920 925

ggt eta atg ggt ege caa aac eta aca cca acc att gtt gtt etc tgg 2894
Gly Leu Met Gly Arg Gin Asn Leu Thr Pro Thr lie Val Val Leu Trp

930 935 940

tea gtg ctg ttg gcc tet gtc ttc tet etc gtt tgg gtc aag ate aat 2942
Ser Val Leu Leu Ala Ser Val Phe Ser Leu Val Trp Val Lys lie Asn

945 950 955

cca ttc gtt aac aaa gtt gat aac acc ttg gtt geg gag acc tgc att 2990
Pro Phe Val Asn Lys Val Asp Asn Thr Leu Val Ala Glu Thr Cys lie

960 965 970

tcc att gat tgc tga gctacctcca ataagtctct cccagtattt tggggttaca 3045
Ser lie Asp Cys
975

aaacctttgg gaattggaat atgatcctcg ttgtagtttc cctcaagaaa gcacatatcg 3105

ctgtcagtat ttaaatgaac tgcaagatga ttgttctcta tgaagttttg aacagtttga 3165

aatgatatta tgttaaaata caggttttga ttgtgttgaa aaaaaaaaag aaaaaaaaaa 3225

aaaaaaa 3232

<210> SEQ ID NO 2 
<211> LENGTH: 978
<212 > TYPE: PRT
<213> ORGANISM: Populus tremuloides

<400> SEQUENCE: 2

Met Met Glu Ser Gly Ala Pro lie Cys His Thr Cys Gly Glu Gin Val
1 5 10 15

Gly His Asp Ala Asn Gly Glu Leu Phe Val Ala Cys His Glu Cys Ser
20 25 30

Tyr Pro Met Cys Lys Ser Cys Phe Glu Phe Glu lie Asn Glu Gly Arg
35 40 45

Lys Val Cys Leu Arg Cys Gly Ser Pro Tyr Asp Glu Asn Leu Leu Asp
50 55 60

Asp Val Glu Lys Lys Gly Ser Gly Asn Gin Ser Thr Met Ala Ser His
65 70 75 80

Leu Asn Asp Ser Gin Asp Val Gly lie His Ala Arg His lie Ser Ser
85 90 95

Val Ser Thr Val Asp Ser Glu Met Asn Asp Glu Tyr Gly Asn Pro lie
100 105 110



US 8,129,585 B2
17 18

-continued
Trp Lys Asn Arg Val Lys Ser Cys Lys Asp Lys Glu Asn Lys Lys Lys

115 120 125

Lys Arg Ser Pro Lys Ala Glu Thr Glu Pro Ala Gin Val Pro Thr Glu
130 135 140

Gin Gin Met Glu Glu Lys Pro Ser Ala Glu Ala Ser Glu Pro Leu Ser
145 150 155 160

H e Val Tyr Pro lie Pro Arg Asn Lys Leu Thr Pro Tyr Arg Ala Val
165 170 175

lie lie Met Arg Leu Val lie Leu Gly Leu Phe Phe His Phe Arg lie
180 185 190

Thr Asn Pro Val Asp Ser Ala Phe Gly Leu Trp Leu Thr Ser Val lie
195 200 205

Cys Glu lie Trp Phe Ala Phe Ser Trp Val Leu Asp Gin Phe Pro Lys
210 215 220

Trp Asn Pro Val Asn Arg Glu Thr Tyr lie Glu Arg Leu Ser Ala Arg
225 230 235 240

Tyr Glu Arg Glu Gly Glu Pro Ser Gin Leu Ala Gly Val Asp Phe Phe
245 250 255

Val Ser Thr Val Asp Pro Leu Lys Glu Pro Pro Leu lie Thr Ala Asn
260 265 270

Thr Val Leu Ser lie Leu Ala Val Asp Tyr Pro Val Asp Lys Val Ser
275 280 285

Cys Tyr Val Ser Asp Asp Gly Ala Ala Met Leu Ser Phe Glu Ser Leu
290 295 300

Val Glu Thr Ala Glu Phe Ala Arg Lys Trp Val Pro Phe Cys Lys Lys
305 310 315 320

Phe Ser lie Glu Pro Arg Ala Pro Glu Phe Tyr Phe Ser Gin Lys lie
325 330 335

Asp Tyr Leu Lys Asp Lys Val Gin Pro Ser Phe Val Lys Glu Arg Arg
340 345 350

Ala Met Lys Arg Asp Tyr Glu Glu Tyr Lys Val Arg Val Asn Ala Leu
355 360 365

Val Ala Lys Ala Gin Lys Thr Pro Glu Glu Gly Trp Thr Met Gin Asp
370 375 380

Gly Thr Pro Trp Pro Gly Asn Asn Thr Arg Asp His Pro Gly His Asp
385 390 395 400

Ser Gly Leu Pro Trp Glu lie Leu Gly Ala Arg Asp lie Glu Gly Asn
405 410 415

Glu Leu Pro Arg Leu Val Tyr Val Ser Arg Glu Lys Arg Pro Gly Tyr
420 425 430

Gin His His Lys Lys Ala Gly Ala Glu Asn Ala Leu Val Arg Val Ser
435 440 445

Ala Val Leu Thr Asn Ala Pro Tyr lie Leu Asn Val Asp Cys Asp His
450 455 460

Tyr Val Asn Asn Ser Lys Ala Val Arg Glu Ala Met Cys lie Leu Met
465 470 475 480

Asp Pro Gin Val Gly Arg Asp Val Cys Tyr Val Gin Phe Pro Gin Arg
485 490 495

Phe Asp Gly lie Asp Lys Ser Asp Arg Tyr Ala Asn Arg Asn Val Val
500 505 510

Phe Phe Asp Val Asn Met Lys Gly Leu Asp Gly lie Gin Gly Pro Val
515 520 525

Tyr Val Gly Thr Gly Cys Val Phe Asn Arg Gin Ala Leu Tyr Gly Tyr 
530 535 540



US 8,129,585 B2
19 20

-continued

Gly Pro Pro Ser Met Pro Ser Leu Arg Lys Arg Lys Asp Ser Ser Ser
545 550 555 560

Cys Phe Ser Cys Cys Cys Pro Ser Lys Lys Lys Pro Ala Gin Asp Pro
565 570 575

Ala Glu Val Tyr Arg Asp Ala Lys Arg Glu Asp Leu Asn Ala Ala lie
580 585 590

Phe Asn Leu Thr Glu lie Asp Asn Tyr Asp Glu His Glu Arg Ser Met
595 600 605

Leu lie Ser Gin Leu Ser Phe Glu Lys Thr Phe Gly Leu Ser Ser Val
610 615 620

Phe lie Glu Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu Ser Ala
625 630 635 640

Asn Ser Pro Pro Phe lie Lys Glu Ala lie Gin Val lie Gly Cys Gly
645 650 655

Tyr Glu Glu Lys Thr Glu Trp Gly Lys Gin lie Gly Trp lie Tyr Gly
660 665 670

Ser Val Thr Glu Asp lie Leu Ser Gly Phe Lys Met His Cys Arg Gly
675 680 685

Trp Arg Ser lie Tyr Cys Met Pro Val Arg Pro Ala Phe Lys Gly Ser
690 695 700

Ala Pro lie Asn Leu Ser Asp Arg Leu His Gin Val Leu Arg Trp Ala
705 710 715 720

Leu Gly Ser Val Glu lie Phe Phe Ser Arg His Cys Pro Leu Trp Tyr
725 730 735

Gly Phe Gly Gly Gly Arg Leu Lys Trp Leu Gin Arg Leu Ala Tyr lie
740 745 750

Asn Thr lie Val Tyr Pro Phe Thr Ser Leu Pro Leu lie Ala Tyr Cys
755 760 765

Thr lie Pro Ala Val Cys Leu Leu Thr Gly Lys Phe lie lie Pro Thr
770 775 780

Leu Ser Asn Leu Ala Ser Met Leu Phe Leu Gly Leu Phe lie Ser lie
785 790 795 800

H e Val Thr Ala Val Leu Glu Leu Arg Trp Ser Gly Val Ser lie Glu
805 810 815

Asp Leu Trp Arg Asn Glu Gin Phe Trp Val lie Gly Gly Val Ser Ala
820 825 830

His Leu Phe Ala Val Phe Gin Gly Phe Leu Lys Met Leu Ala Gly lie
835 840 845

Asp Thr Asn Phe Thr Val Thr Ala Lys Ala Ala Glu Asp Ala Glu Phe
850 855 860

Gly Glu Leu Tyr Met Val Lys Trp Thr Thr Leu Leu lie Pro Pro Thr
865 870 875 880

Thr Leu Leu lie lie Asn Met Ser Gly Cys Ala Gly Phe Ser Asp Ala
885 890 895

Leu Asn Lys Gly Tyr Glu Ala Trp Gly Pro Leu Phe Gly Lys Val Phe
900 905 910

Phe Ala Phe Trp Val lie Leu His Leu Tyr Pro Phe Leu Lys Gly Leu
915 920 925

Met Gly Arg Gin Asn Leu Thr Pro Thr lie Val Val Leu Trp Ser Val
930 935 940

Leu Leu Ala Ser Val Phe Ser Leu Val Trp Val Lys lie Asn Pro Phe
945 950 955 960

Val Asn Lys Val Asp Asn Thr Leu Val Ala Glu Thr Cys lie Ser lie
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965 970 975

Asp Cys

<210> SEQ ID NO 3 
<211> LENGTH: 3277 
<212> TYPE: DNA
<213> ORGANISM: Populus tremuloides 
<220> FEATURE:
<221> NAME/KEY: CDS
<222 > LOCATION: (21).. (3119)

<400> SEQUENCE: 3

ggcacgaggc attcttcagc atg gaa get agt get gga ctg gtc gca ggc tet 
Met Glu Ala Ser Ala Gly Leu Val Ala Gly Ser 
1 5  10

cac aac ege aac gag ett gtt gtc att cat ggc cat gaa gag cat aaa
His Asn Arg Asn Glu Leu Val Val lie His Gly His Glu Glu His Lys

15 20 25

cct ttg aag aac ttg gat ggt caa gtt tgt gag att tgt ggc gat gag
Pro Leu Lys Asn Leu Asp Gly Gin Val Cys Glu lie Cys Gly Asp Glu

30 35 40

att ggc eta act gtg gat ggt gat ttg ttt gtg get tgc aat gag tgt
lie Gly Leu Thr Val Asp Gly Asp Leu Phe Val Ala Cys Asn Glu Cys

45 50 55

ggt ttt cct gtg tgt aga cca tgc tac gag tat gaa aga aga gaa ggg
Gly Phe Pro Val Cys Arg Pro Cys Tyr Glu Tyr Glu Arg Arg Glu Gly
60 65 70 75

act caa aac tgt ccc cag tgc aag act aga tac aag cgt etc aaa ggg
Thr Gin Asn Cys Pro Gin Cys Lys Thr Arg Tyr Lys Arg Leu Lys Gly

80 85 90

agt cca agg gtg gag gga gat gat gaa gaa gat gat gtg gat gat att
Ser Pro Arg Val Glu Gly Asp Asp Glu Glu Asp Asp Val Asp Asp lie

95 100 105

gaa cat gag ttc ate att gaa gat gag caa gac aag aat aag cat etc
Glu His Glu Phe lie lie Glu Asp Glu Gin Asp Lys Asn Lys His Leu

110 115 120

act gag gca atg ett cat ggg aaa atg act tac gga aga ggc cat gat
Thr Glu Ala Met Leu His Gly Lys Met Thr Tyr Gly Arg Gly His Asp

125 130 135

gat gaa gaa aat age caa ttc cca cca gtt ata act gga ate aga tea
Asp Glu Glu Asn Ser Gin Phe Pro Pro Val lie Thr Gly lie Arg Ser
140 145 150 155

agg cct gtg agt gga gag ttc tcc att gga tet cat gga gaa cag atg
Arg Pro Val Ser Gly Glu Phe Ser H e  Gly Ser His Gly Glu Gin Met

160 165 170

eta tet tet tea ett cat aag aga gtg cac cca tat cca gtt tet gaa
Leu Ser Ser Ser Leu His Lys Arg Val His Pro Tyr Pro Val Ser Glu

175 180 185

cct gga agt gca aga tgg gac gaa aag aaa gag gga ggg tgg aaa gag
Pro Gly Ser Ala Arg Trp Asp Glu Lys Lys Glu Gly Gly Trp Lys Glu

190 195 200

egg atg gac gag tgg aaa atg cag cat gga aat ctg ggg cct gaa caa
Arg Met Asp Glu Trp Lys Met Gin His Gly Asn Leu Gly Pro Glu Gin

205 210 215

gat gac gat gca gaa gca gcc atg tta gaa gat gca aga cag cca etc
Asp Asp Asp Ala Glu Ala Ala Met Leu Glu Asp Ala Arg Gin Pro Leu
220 225 230 235

tcc agg aaa gtt cct att gca tcc age aag ate aat ccg tat aga atg
Ser Arg Lys Val Pro lie Ala Ser Ser Lys lie Asn Pro Tyr Arg Met

240 245 250

gtt att gtt get agg eta ate ata ctg gcc gtc ttt ett ege tat ega

53

101

149

197

245

293

341

389

437

485

533

581

629

677

725

773

821
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Val lie Val Ala Arg Leu lie lie Leu Ala Val Phe Leu Arg Tyr Arg 

255 260 265

att ttg cat ccg gtg cat gac gca ctt ggg etc tgg ctg aca tet ata 869
lie Leu His Pro Val His Asp Ala Leu Gly Leu Trp Leu Thr Ser lie

270 275 280

gtc tgc gaa ate tgg ttt gca att tea tgg ate ctt gat caa ttc ccc 917
Val Cys Glu lie Trp Phe Ala lie Ser Trp lie Leu Asp Gin Phe Pro

285 290 295

aag tgg ttg cca ate gat ege gag act tat ctg gat ege ctt tet etc 965
Lys Trp Leu Pro lie Asp Arg Glu Thr Tyr Leu Asp Arg Leu Ser Leu
300 305 310 315

agg tat gag cag gaa ggc ggg ccc aat atg ctt get cca gtg gat gtc 1013
Arg Tyr Glu Gin Glu Gly Gly Pro Asn Met Leu Ala Pro Val Asp Val

320 325 330

ttt gtc agt acc gtg gat cca atg aaa gaa ccc cct eta gtc aeg ggc 1061
Phe Val Ser Thr Val Asp Pro Met Lys Glu Pro Pro Leu Val Thr Gly

335 340 345

aac aca ctt tta tea att ttg gcc atg gac tat cca gtt gaa aag ate 1109
Asn Thr Leu Leu Ser lie Leu Ala Met Asp Tyr Pro Val Glu Lys lie

350 355 360

tea tgt tac eta tet gac gac ggc get tea atg tgc acc ttt gaa gcc 1157
Ser Cys Tyr Leu Ser Asp Asp Gly Ala Ser Met Cys Thr Phe Glu Ala

365 370 375

atg tet gaa act get gaa ttt get ega aaa tgg gtg cca ttc tgc aag 1205
Met Ser Glu Thr Ala Glu Phe Ala Arg Lys Trp Val Pro Phe Cys Lys
380 385 390 395

aaa ttt aac ata gaa cca ega gcc cct gag ttt tac ttc act eta aag 1253
Lys Phe Asn lie Glu Pro Arg Ala Pro Glu Phe Tyr Phe Thr Leu Lys

400 405 410

gtt gat tac etc aag gac aaa gtt cag cca acc ttt gtt aag gaa cgt 1301
Val Asp Tyr Leu Lys Asp Lys Val Gin Pro Thr Phe Val Lys Glu Arg

415 420 425

ega get atg aag aga gaa tat gaa gaa ttc aag gtt egg ata aat geg 1349
Arg Ala Met Lys Arg Glu Tyr Glu Glu Phe Lys Val Arg lie Asn Ala

430 435 440

att gta gca aaa gca cag aag gtt cct aca gag ggg tgg att atg caa 1397
lie Val Ala Lys Ala Gin Lys Val Pro Thr Glu Gly Trp H e  Met Gin

445 450 455

gat gga aca cca tgg cct gga aac aat aeg agg gat cac cct ggt atg 1445
Asp Gly Thr Pro Trp Pro Gly Asn Asn Thr Arg Asp His Pro Gly Met
460 465 470 475

att caa gta ttt etc ggt cac agt gga gga cat gac gtt gaa ggg aac 1493
lie Gin Val Phe Leu Gly His Ser Gly Gly His Asp Val Glu Gly Asn

480 485 490

gag etc cct ege ctt gta tat gta tet ega gag aag agg cct ggt ttt 1541
Glu Leu Pro Arg Leu Val Tyr Val Ser Arg Glu Lys Arg Pro Gly Phe

495 500 505

tea cat cat aaa aaa gcc ggc gcc atg aat gcc ctg att egg gtt etc 1589
Ser His His Lys Lys Ala Gly Ala Met Asn Ala Leu lie Arg Val Leu

510 515 520

gcc ata ctt acc aat get cct ttc atg ctg aac ttg gat tgc gac cat 1637
Ala lie Leu Thr Asn Ala Pro Phe Met Leu Asn Leu Asp Cys Asp His

525 530 535

tat gta aat aat age aag gcc gtt ega gag get atg tgt ttc ttg atg 1685
Tyr Val Asn Asn Ser Lys Ala Val Arg Glu Ala Met Cys Phe Leu Met
540 545 550 555

gac ccc cag att gga aag aga gtt tgc tac gtg caa ttt cct caa aga 1733
Asp Pro Gin lie Gly Lys Arg Val Cys Tyr Val Gin Phe Pro Gin Arg

560 565 570

ttt gat ggc att gat aca cat gat ega tac gcc aac aga aac act gtt 1781

23 24



US 8,129,585 B2

-continued
Phe Asp Gly lie Asp Thr His Asp Arg Tyr Ala Asn Arg Asn Thr Val 

575 580 585

ttc ttc gat att aac atg aag ggt eta gat gga att cag ggt cca gtg 1829
Phe Phe Asp lie Asn Met Lys Gly Leu Asp Gly lie Gin Gly Pro Val

590 595 600

tat gtg ggc aca gga tgc gtt ttc aaa agg caa get ttg tat ggc tat 1877
Tyr Val Gly Thr Gly Cys Val Phe Lys Arg Gin Ala Leu Tyr Gly Tyr

605 610 615

gac cct ccc aag gat cca aag ege cca aag atg gaa acc tgc gac tgc 1925
Asp Pro Pro Lys Asp Pro Lys Arg Pro Lys Met Glu Thr Cys Asp Cys
620 625 630 635

tgc cca tgt ttt gga cgt ege aaa aag aag aat get aag act ggt gca 1973
Cys Pro Cys Phe Gly Arg Arg Lys Lys Lys Asn Ala Lys Thr Gly Ala

640 645 650

gtt gta gaa gga atg gat aat aat gac aag gag ctg ttg atg tee cac 2021
Val Val Glu Gly Met Asp Asn Asn Asp Lys Glu Leu Leu Met Ser His

655 660 665

atg aat ttt gaa aag aag ttt gga caa tea gca att ttc gta act tea 2069
Met Asn Phe Glu Lys Lys Phe Gly Gin Ser Ala lie Phe Val Thr Ser

670 675 680

act tta atg gaa gaa ggt ggt gta cct cct tcc teg agt ccg gca get 2117
Thr Leu Met Glu Glu Gly Gly Val Pro Pro Ser Ser Ser Pro Ala Ala

685 690 695

ctg eta aag gaa gcc ate cat gtg ate agt tgt gga tat gaa gac aaa 2165
Leu Leu Lys Glu Ala lie His Val lie Ser Cys Gly Tyr Glu Asp Lys
700 705 710 715

act gaa tgg gga etc gag ctg ggc tgg att tac ggt teg ate aeg gag 2213
Thr Glu Trp Gly Leu Glu Leu Gly Trp lie Tyr Gly Ser lie Thr Glu

720 725 730

gat att ctg aca ggt ttt aag atg cat tgt cgt ggc tgg agg tet att 2261
Asp lie Leu Thr Gly Phe Lys Met His Cys Arg Gly Trp Arg Ser lie

735 740 745

tac tgt atg cca aag aga get gca ttt aag ggt tea get ccc ate aat 2309
Tyr Cys Met Pro Lys Arg Ala Ala Phe Lys Gly Ser Ala Pro lie Asn

750 755 760

eta tea gat egg eta aac caa gtg etc ege tgg get ett gga tet gtt 2357
Leu Ser Asp Arg Leu Asn Gin Val Leu Arg Trp Ala Leu Gly Ser Val

765 770 775

gaa att ttt ttc agt ggt cac age cct aat tgg tat ggc tac aag aaa 2405
Glu lie Phe Phe Ser Gly His Ser Pro Asn Trp Tyr Gly Tyr Lys Lys
780 785 790 795

gga aag etc aag tgg etc gag agg ttt geg tat gtg aac aca act ate 2453
Gly Lys Leu Lys Trp Leu Glu Arg Phe Ala Tyr Val Asn Thr Thr lie

800 805 810

tac ccc ttc acc tec tta gca etc gtt gca tac tgt tgc etc cct gcc 2501
Tyr Pro Phe Thr Ser Leu Ala Leu Val Ala Tyr Cys Cys Leu Pro Ala

815 820 825

ate tgc ctg ett act gat aaa ttt ate atg ccc gag ata age acc ttt 2549
lie Cys Leu Leu Thr Asp Lys Phe lie Met Pro Glu lie Ser Thr Phe

830 835 840

gca agt ett ttc ttc att gcc ttg ttt ttg tea ate ttt tec aeg ggc 2597
Ala Ser Leu Phe Phe lie Ala Leu Phe Leu Ser lie Phe Ser Thr Gly

845 850 855

att ett gag etc aga tgg age gga gta age att gag gaa tgg tgg aga 2645
lie Leu Glu Leu Arg Trp Ser Gly Val Ser lie Glu Glu Trp Trp Arg
860 865 870 875

aac gag caa ttc tgg gtt ata ggt ggt gtg tet get cac etc ttt get 2693
Asn Glu Gin Phe Trp Val lie Gly Gly Val Ser Ala His Leu Phe Ala

880 885 890

gtt gtc caa ggt ett ctg aaa gtt tta gca ggt ate gac eta aac ttc 2741

25 26
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-continued
Val Val Gin Gly Leu Leu Lys Val Leu Ala Gly lie Asp Leu Asn Phe

895 900 905

act gtc aca tcc aag get aca gac gat gac gat ttt gga gag ett tat 2789
Thr Val Thr Ser Lys Ala Thr Asp Asp Asp Asp Phe Gly Glu Leu Tyr

910 915 920

gcc ttt aaa tgg aca ace ctg ett ate cct cca acc act ate tta ate 2837
Ala Phe Lys Trp Thr Thr Leu Leu lie Pro Pro Thr Thr lie Leu lie

925 930 935

ate aac ett gtt gga gtt gtt get gga gtc tea gat gcc ata aac aat 2885
H e Asn Leu Val Gly Val Val Ala Gly Val Ser Asp Ala lie Asn Asn
940 945 950 955

ggg tac cag tea tgg gga cct eta ttc ggg aag etc ttc ttt gcc ttc 2933
Gly Tyr Gin Ser Trp Gly Pro Leu Phe Gly Lys Leu Phe Phe Ala Phe

960 965 970

tgg gtg att gtc cat etc tac cca ttc etc aaa ggt eta atg ggg agg 2981
Trp Val lie Val His Leu Tyr Pro Phe Leu Lys Gly Leu Met Gly Arg

975 980 985

caa aac agg aca ccg act att gtg gtt ata tgg tea gtg etc: etci get 3029
Gin Asn Arg Thr Pro Thr lie Val Val lie Trp Ser Val Leu Leu Ala

990 995 1000

tcc ate ttc tee ttg ett tgg gtc egg att gat cca ttt gtg atg 3074
Ser lie Phe Ser Leu Leu Trp Val Arg lie Asp Pro Phe Val Met 

1005 1010 1015

aaa ace agg gga cct gac ace aag caa tgt gga etc aac tgt taa 3119
Lys Thr Arg Gly Pro Asp Thr Lys Gin Cys Gly Leu Asn Cys

1020 1025 1030

aagtgtgttt attttctagt tgatttgtgc atcatataga agatacatgt gcatcctgct 3179

tetaaggaaa taegatatge gatgtataaa ctgactaaga tggagatget acaaggaata 3239

aagttagagt gaaaattttg tgtaaaaaaa aaaaaaaa 3277

<210> SEQ ID NO 4 
<211> LENGTH: 1032
<212 > TYPE: PRT
<213> ORGANISM: Populus tremuloides

<400> SEQUENCE: 4

Met Glu Ala Ser Ala Gly Leu Val Ala Gly Ser His Asn Arg Asn Glu
1 5 10 15

Leu Val Val lie His Gly His Glu Glu His Lys Pro Leu Lys Asn Leu
20 25 30

Asp Gly Gin Val Cys Glu lie Cys Gly Asp Glu lie Gly Leu Thr Val
35 40 45

Asp Gly Asp Leu Phe Val Ala Cys Asn Glu Cys Gly Phe Pro Val Cys
50 55 60

Arg Pro Cys Tyr Glu Tyr Glu Arg Arg Glu Gly Thr Gin Asn Cys Pro
65 70 75 80

Gin Cys Lys Thr Arg Tyr Lys Arg Leu Lys Gly Ser Pro Arg Val Glu
85 90 95

Gly Asp Asp Glu Glu Asp Asp Val Asp Asp lie Glu His Glu Phe lie
100 105 110

lie Glu Asp Glu Gin Asp Lys Asn Lys His Leu Thr Glu Ala Met Leu
115 120 125

His Gly Lys Met Thr Tyr Gly Arg Gly His Asp Asp Glu Glu Asn Ser
130 135 140

Gin Phe Pro Pro Val lie Thr Gly lie Arg Ser Arg Pro Val Ser Gly
145 150 155 160

Glu Phe Ser lie Gly Ser His Gly Glu Gin Met Leu Ser Ser Ser Leu
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-continued
165 170 175

His Lys Arg Val His Pro Tyr Pro Val Ser Glu Pro Gly Ser Ala Arg
180 185 190

Trp Asp Glu Lys Lys Glu Gly Gly Trp Lys Glu Arg Met Asp Glu Trp
195 200 205

Lys Met Gin His Gly Asn Leu Gly Pro Glu Gin Asp Asp Asp Ala Glu
210 215 220

Ala Ala Met Leu Glu Asp Ala Arg Gin Pro Leu Ser Arg Lys Val Pro
225 230 235 240

H e Ala Ser Ser Lys lie Asn Pro Tyr Arg Met Val lie Val Ala Arg
245 250 255

Leu lie lie Leu Ala Val Phe Leu Arg Tyr Arg lie Leu His Pro Val
260 265 270

His Asp Ala Leu Gly Leu Trp Leu Thr Ser lie Val Cys Glu lie Trp
275 280 285

Phe Ala lie Ser Trp lie Leu Asp Gin Phe Pro Lys Trp Leu Pro lie
290 295 300

Asp Arg Glu Thr Tyr Leu Asp Arg Leu Ser Leu Arg Tyr Glu Gin Glu
305 310 315 320

Gly Gly Pro Asn Met Leu Ala Pro Val Asp Val Phe Val Ser Thr Val
325 330 335

Asp Pro Met Lys Glu Pro Pro Leu Val Thr Gly Asn Thr Leu Leu Ser
340 345 350

lie Leu Ala Met Asp Tyr Pro Val Glu Lys lie Ser Cys Tyr Leu Ser
355 360 365

Asp Asp Gly Ala Ser Met Cys Thr Phe Glu Ala Met Ser Glu Thr Ala
370 375 380

Glu Phe Ala Arg Lys Trp Val Pro Phe Cys Lys Lys Phe Asn lie Glu
385 390 395 400

Pro Arg Ala Pro Glu Phe Tyr Phe Thr Leu Lys Val Asp Tyr Leu Lys
405 410 415

Asp Lys Val Gin Pro Thr Phe Val Lys Glu Arg Arg Ala Met Lys Arg
420 425 430

Glu Tyr Glu Glu Phe Lys Val Arg lie Asn Ala lie Val Ala Lys Ala
435 440 445

Gin Lys Val Pro Thr Glu Gly Trp lie Met Gin Asp Gly Thr Pro Trp
450 455 460

Pro Gly Asn Asn Thr Arg Asp His Pro Gly Met lie Gin Val Phe Leu
465 470 475 480

Gly His Ser Gly Gly His Asp Val Glu Gly Asn Glu Leu Pro Arg Leu
485 490 495

Val Tyr Val Ser Arg Glu Lys Arg Pro Gly Phe Ser His His Lys Lys
500 505 510

Ala Gly Ala Met Asn Ala Leu lie Arg Val Leu Ala lie Leu Thr Asn
515 520 525

Ala Pro Phe Met Leu Asn Leu Asp Cys Asp His Tyr Val Asn Asn Ser
530 535 540

Lys Ala Val Arg Glu Ala Met Cys Phe Leu Met Asp Pro Gin lie Gly
545 550 555 560

Lys Arg Val Cys Tyr Val Gin Phe Pro Gin Arg Phe Asp Gly lie Asp
565 570 575

Thr His Asp Arg Tyr Ala Asn Arg Asn Thr Val Phe Phe Asp lie Asn 
580 585 590
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32
-continued

Met Lys Gly Leu Asp Gly lie Gin Gly Pro Val Tyr Val Gly Thr Gly
595 600 605

Cys Val Phe Lys Arg Gin Ala Leu Tyr Gly Tyr Asp Pro Pro Lys Asp
610 615 620

Pro Lys Arg Pro Lys Met Glu Thr Cys Asp Cys Cys Pro Cys Phe Gly
625 630 635 640

Arg Arg Lys Lys Lys Asn Ala Lys Thr Gly Ala Val Val Glu Gly Met
645 650 655

Asp Asn Asn Asp Lys Glu Leu Leu Met Ser His Met Asn Phe Glu Lys
660 665 670

Lys Phe Gly Gin Ser Ala lie Phe Val Thr Ser Thr Leu Met Glu Glu
675 680 685

Gly Gly Val Pro Pro Ser Ser Ser Pro Ala Ala Leu Leu Lys Glu Ala
690 695 700

H e His Val lie Ser Cys Gly Tyr Glu Asp Lys Thr Glu Trp Gly Leu
705 710 715 720

Glu Leu Gly Trp lie Tyr Gly Ser lie Thr Glu Asp lie Leu Thr Gly
725 730 735

Phe Lys Met His Cys Arg Gly Trp Arg Ser lie Tyr Cys Met Pro Lys
740 745 750

Arg Ala Ala Phe Lys Gly Ser Ala Pro lie Asn Leu Ser Asp Arg Leu
755 760 765

Asn Gin Val Leu Arg Trp Ala Leu Gly Ser Val Glu lie Phe Phe Ser
770 775 780

Gly His Ser Pro Asn Trp Tyr Gly Tyr Lys Lys Gly Lys Leu Lys Trp
785 790 795 800

Leu Glu Arg Phe Ala Tyr Val Asn Thr Thr lie Tyr Pro Phe Thr Ser
805 810 815

Leu Ala Leu Val Ala Tyr Cys Cys Leu Pro Ala lie Cys Leu Leu Thr
820 825 830

Asp Lys Phe lie Met Pro Glu lie Ser Thr Phe Ala Ser Leu Phe Phe
835 840 845

lie Ala Leu Phe Leu Ser lie Phe Ser Thr Gly lie Leu Glu Leu Arg
850 855 860

Trp Ser Gly Val Ser lie Glu Glu Trp Trp Arg Asn Glu Gin Phe Trp
865 870 875 880

Val lie Gly Gly Val Ser Ala His Leu Phe Ala Val Val Gin Gly Leu
885 890 895

Leu Lys Val Leu Ala Gly lie Asp Leu Asn Phe Thr Val Thr Ser Lys
900 905 910

Ala Thr Asp Asp Asp Asp Phe Gly Glu Leu Tyr Ala Phe Lys Trp Thr
915 920 925

Thr Leu Leu lie Pro Pro Thr Thr lie Leu lie lie Asn Leu Val Gly
930 935 940

Val Val Ala Gly Val Ser Asp Ala lie Asn Asn Gly Tyr Gin Ser Trp
945 950 955 960

Gly Pro Leu Phe Gly Lys Leu Phe Phe Ala Phe Trp Val lie Val His
965 970 975

Leu Tyr Pro Phe Leu Lys Gly Leu Met Gly Arg Gin Asn Arg Thr Pro
980 985 990

Thr lie Val Val lie Trp Ser Val Leu Leu Ala Ser lie Phe Ser Leu 
995 1000 1005

Leu Trp Val Arg lie Asp Pro Phe Val Met Lys Thr Arg Gly Pro 
1010 1015 1020
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Asp Thr Lys Gin Cys Gly Leu Asn Cys 
1025 1030

<210> SEQ ID NO 5 
<211> LENGTH: 3401 
<212> TYPE: DNA
<213> ORGANISM: Populus tremuloides 
<220> FEATURE:
<221> NAME/KEY: CDS
<222 > LOCATION: (39).. (3167)

<400> SEQUENCE: 5

gagaactagt ctcgactttt ttttccttgc tgttgtcc atg get ggc ett gtc aeg

ggc agt tea cag ace ttg cat gee
Gly Ser Ser Gin

10
Thr Leu His Ala

ege cag tet gca aeg teg aaa aaa
Arg Gin Ser

25
Ala Thr Ser Lys Lys

30

gga gtt aag gaa gat gga gag gtg
Gly Val

40
Lys Glu Asp Gly Glu

45
Val

ttt cct gtt tgt agg cct tgt tat
Phe
55

Pro Val Cys Arg Pro
60

Cys Tyr

cag tee tgt cct cag tgc aac act
Gin Ser Cys Pro Gin

75
Cys Asn Thr

cct aga gtt cct gga gat aat gac
Pro Arg Val Pro

90
Gly Asp Asn Asp

ttt gac gac gaa ttt cag att aag
Phe Asp Asp

105
Glu Phe Gin lie Lys

110

cag aaa aat gtt ttt agt ege aeg
Gin Lys

120
Asn Val Phe Ser Arg

125
Thr

gaa atg cac ccc att cgt ccg gee
Glu
135

Met His Pro H e Arg
140

Pro Ala

gga aag gat ett gaa ggc gag aaa
Gly Lys Asp Leu Glu

155
Gly Glu Lys

caa gag agg gtg gag aaa tgg aaa
Gin Glu Arg Val

170
Glu Lys Trp Lys

gtg age aaa gat gat gga gga aat
Val Ser Lys

185
Asp Asp Gly Gly Asn

190

Met Ala Gly Leu Val Thr
1 5

aaa gat gag ctg agg cct cca act
Lys
15

Asp Glu Leu Arg Pro
20

Pro Thr

tgt aga gtt tgt ggg gat gag att
Cys Arg Val Cys Gly

35
Asp Glu lie

ttt gtt get tgt cat gtg tgt ggc
Phe Val Ala Cys

50
His Val Cys Gly

gag tat gag agg agt gaa ggc aac
Glu Tyr Glu

65
Arg Ser Glu Gly Asn

70

ega tat aag cgt cac aaa ggt tgt
Arg Tyr

80
Lys Arg His Lys Gly

85
Cys

gat gag gat gee aat ttt gat gat
Asp
95

Glu Asp Ala Asn Phe
100

Asp Asp

cat cat gat cat gat gaa tee aat
His His Asp His Asp

115
Glu Ser Asn

gaa att gag cac tac aat gaa cag
Glu lie Glu His

130
Tyr Asn Glu Gin

ttt teg tea gca gga agt gtt get
Phe Ser Ser

145
Ala Gly Ser Val Ala

150

gag ggt tat age aat gca gaa tgg
Glu Gly

160
Tyr Ser Asn Ala Glu

165
Trp

gtt agg caa gaa aag aga ggt ttg
Val
175

Arg Gin Glu Lys Arg
180

Gly Leu

gat caa gga gag gaa gat gag tac
Asp Gin Gly Glu Glu

195
Asp Glu Tyr

ett atg get gaa gee agg caa cca eta tgg aga aaa ate cca att
Leu Met

200
Ala Glu Ala Arg Gin Pro 

205
Leu Trp Arg Lys

210
lie Pro lie

ccc
Pro

teg age aga ate aac ccg tat ega att gtc att gtc
Ser Ser Arg lie Asn Pro Tyr Arg lie Val lie Val
215 220 225

ett ega ett ate 
Leu Arg Leu lie 

230

att ett tgc 
lie Leu Cys

ttc ttt ttc cgt ttt tgg ate tta act cca gca tet gat
Phe Phe Phe Arg Phe Trp lie Leu Thr Pro Ala Ser Asp

235 240 245

get tat gca ttg ggg ett ate tet gta ata tgt gag gta tgg ttt ggc

56

104

152

2 0 0

248

296

344

392

440

488

536

584

632

680

728

776

824
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-continued
Ala Tyr Ala Leu Gly Leu lie Ser Val H e  Cys Glu Val Trp Phe Gly 

250 255 260

etc tcc tgg ate ttg gac cag ttc cca aaa tgg aac ccc att gaa cgt 872
Leu Ser Trp lie Leu Asp Gin Phe Pro Lys Trp Asn Pro lie Glu Arg

265 270 275

gaa act tat etc gat ege eta tcc atg agg ttt gag cgt gag ggt gag 920
Glu Thr Tyr Leu Asp Arg Leu Ser Met Arg Phe Glu Arg Glu Gly Glu

280 285 290

cct aat ege ctg ggc cca gtt gat gtg ttt gtg agt act gtg gat cct 968
Pro Asn Arg Leu Gly Pro Val Asp Val Phe Val Ser Thr Val Asp Pro
295 300 305 310

etc aag gaa cca cca ata ata act gca aat aca gtc ett tea ate eta 1016
Leu Lys Glu Pro Pro lie lie Thr Ala Asn Thr Val Leu Ser lie Leu

315 320 325

tcc gtt gat tat cct gtc gac aag gtc agt tgt tat gta tea gat gat 1064
Ser Val Asp Tyr Pro Val Asp Lys Val Ser Cys Tyr Val Ser Asp Asp

330 335 340

ggt gca tcc atg etc ett ttc gac tcc ctg gca gaa act get gag ttt 1112
Gly Ala Ser Met Leu Leu Phe Asp Ser Leu Ala Glu Thr Ala Glu Phe

345 350 355

get aga agg tgg gtt cca ttt tgc aag aag cat aac att gag cca agg 1160
Ala Arg Arg Trp Val Pro Phe Cys Lys Lys His Asn lie Glu Pro Arg

360 365 370

get cct gag ttc tac ttc act cag aag att gac tac ttg aaa gac aaa 1208
Ala Pro Glu Phe Tyr Phe Thr Gin Lys lie Asp Tyr Leu Lys Asp Lys
375 380 385 390

gtg cat ccc aac ttt gtg aag gag ege aga get atg aaa aga gaa tat 1256
Val His Pro Asn Phe Val Lys Glu Arg Arg Ala Met Lys Arg Glu Tyr

395 400 405

gaa gaa ttc aaa gta agg ate aac gca ttg gtg tea aag gcc caa aag 1304
Glu Glu Phe Lys Val Arg lie Asn Ala Leu Val Ser Lys Ala Gin Lys

410 415 420

aaa cca gaa gaa gga tgg gtg atg cag gat ggt acc cca tgg cct gga 1352
Lys Pro Glu Glu Gly Trp Val Met Gin Asp Gly Thr Pro Trp Pro Gly

425 430 435

aac ate acc cgt gat cat cct gga atg att cag gta tat eta gga agt 1400
Asn lie Thr Arg Asp His Pro Gly Met lie Gin Val Tyr Leu Gly Ser

440 445 450

gag ggt geg etc gac gtg gaa ggc aag gag ett ccg agg ett gtg tat 1448
Glu Gly Ala Leu Asp Val Glu Gly Lys Glu Leu Pro Arg Leu Val Tyr
455 460 465 470

gtt tcc cgt gag aaa ega cct gga tat aac cac cac aag aaa gca ggt 1496
Val Ser Arg Glu Lys Arg Pro Gly Tyr Asn His His Lys Lys Ala Gly

475 480 485

gcc atg aat get ctg att ega gtc tea gca gtg etc acc aat gca cct 1544
Ala Met Asn Ala Leu lie Arg Val Ser Ala Val Leu Thr Asn Ala Pro

490 495 500

ttt atg ttg aat ttg gat tgt gac cat tac ate aat aac age aag get 1592
Phe Met Leu Asn Leu Asp Cys Asp His Tyr lie Asn Asn Ser Lys Ala

505 510 515

gta aga gaa gcc atg tgc ttt ttg atg gat ccc caa ett ggg aag aag 1640
Val Arg Glu Ala Met Cys Phe Leu Met Asp Pro Gin Leu Gly Lys Lys

520 525 530

etc tgc tat gtc cag ttt ccg cag agg ttt gat ggt ate gat ege cat 1688
Leu Cys Tyr Val Gin Phe Pro Gin Arg Phe Asp Gly lie Asp Arg His
535 540 545 550

gat aga tat get aat ege aac gtt gtg ttc ttt gat ata aac atg aaa 1736
Asp Arg Tyr Ala Asn Arg Asn Val Val Phe Phe Asp lie Asn Met Lys

555 560 565

ggt eta gat ggg gtt caa ggg cca gta tat gtt ggt act gga tgt gtc 1784

35 36



-continued
Gly Leu Asp Gly Val Gin Gly Pro Val Tyr Val Gly Thr Gly Cys Val 

570 575 580

ttc aac agg cag tcc ttg tat ggc tat gat cct cca gtg tcc gag aag 1832
Phe Asn Arg Gin Ser Leu Tyr Gly Tyr Asp Pro Pro Val Ser Glu Lys

585 590 595

aga ccc aag atg aca tgc gat tgc tgg cct tea tgg tgt tgc tgt tgc 1880
Arg Pro Lys Met Thr Cys Asp Cys Trp Pro Ser Trp Cys Cys Cys Cys

600 605 610

ttt ggt ggt tea agg aaa aag tet aag aag aaa ggg caa aga agt ett 1928
Phe Gly Gly Ser Arg Lys Lys Ser Lys Lys Lys Gly Gin Arg Ser Leu
615 620 625 630

ett gga gga eta tac ccc ate aaa aag aaa atg atg ggg aag aag tac 1976
Leu Gly Gly Leu Tyr Pro lie Lys Lys Lys Met Met Gly Lys Lys Tyr

635 640 645

aca agg aaa gca tet gca cca gtc ttt gat ett gaa gag att gaa gaa 2024
Thr Arg Lys Ala Ser Ala Pro Val Phe Asp Leu Glu Glu lie Glu Glu

650 655 660

ggg ett gaa ggc tac gaa gag ttg gag aaa tea tea etc atg tea caa 2072
Gly Leu Glu Gly Tyr Glu Glu Leu Glu Lys Ser Ser Leu Met Ser Gin

665 670 675

aaa agt ttc gag aaa egg ttt ggg caa tea ccg gta ttt att gee tet 2120
Lys Ser Phe Glu Lys Arg Phe Gly Gin Ser Pro Val Phe lie Ala Ser

680 685 690

ace etc atg gaa aat ggt ggc gtg cct gaa gga act aac tet caa tea 2168
Thr Leu Met Glu Asn Gly Gly Val Pro Glu Gly Thr Asn Ser Gin Ser
695 700 705 710

cac att aag gaa gcc att cat gtt ata agt tgc ggg tat gaa gaa aaa 2216
His lie Lys Glu Ala lie His Val lie Ser Cys Gly Tyr Glu Glu Lys

715 720 725

aeg gaa tgg ggt aaa gag gtt gga tgg att tat ggt tet gtt aca gaa 2264
Thr Glu Trp Gly Lys Glu Val Gly Trp H e  Tyr Gly Ser Val Thr Glu

730 735 740

gat ate ctg aca ggc ttc aag atg cat tgt aga ggg tgg agg tet gtc 2312
Asp lie Leu Thr Gly Phe Lys Met His Cys Arg Gly Trp Arg Ser Val

745 750 755

tac tgt tet ccc cag aga cca get ttt aag gga tet get ccc att aat 2360
Tyr Cys Ser Pro Gin Arg Pro Ala Phe Lys Gly Ser Ala Pro lie Asn

760 765 770

eta tea gat agg ttg cac caa gtt ctg ega tgg gca eta ggc tet att 2408
Leu Ser Asp Arg Leu His Gin Val Leu Arg Trp Ala Leu Gly Ser lie
775 780 785 790

gag att ttc ett agt cat cac tgt cct eta tgg tat ggc tat ggg gga 2456
Glu lie Phe Leu Ser His His Cys Pro Leu Trp Tyr Gly Tyr Gly Gly

795 800 805

aag ttg aag ttg ctg gag agg ett get tac ate aac acc ate gtt tac 2504
Lys Leu Lys Leu Leu Glu Arg Leu Ala Tyr lie Asn Thr lie Val Tyr

810 815 820

cct ttc acc tcc att ccc tta ett gcc tac tgt act att cca gca gtc 2552
Pro Phe Thr Ser lie Pro Leu Leu Ala Tyr Cys Thr lie Pro Ala Val

825 830 835

tgc ett ctg aca gga aaa ttt ate att cct act ctg aac aac ett get 2600
Cys Leu Leu Thr Gly Lys Phe lie lie Pro Thr Leu Asn Asn Leu Ala

840 845 850

age ata tgg ttc eta ggc cct ttt cat etc aat cat age aac ate tgt 2648
Ser lie Trp Phe Leu Gly Pro Phe His Leu Asn His Ser Asn lie Cys
855 860 865 870

gtt gga act teg tgg agt gga gtc age ate cag gac ttg tgg cgt aat 2696
Val Gly Thr Ser Trp Ser Gly Val Ser lie Gin Asp Leu Trp Arg Asn

875 880 885

gag caa ttt tgg gtt ate ggc ggt gtc tea get cat ett ttt gcc gtc 2744

US 8,129,585 B2
37 38
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-continued
Glu Gin Phe Trp Val lie Gly Gly Val Ser Ala His Leu Phe Ala Val

890 895 900

ttc caa ggc etc etc aag gtc ett gca gga gtt gac act aac ttc act 2792
Phe Gin Gly Leu Leu Lys Val Leu Ala Gly Val Asp Thr Asn Phe Thr

905 910 915

gtt aca tea aaa tea gca gac gat gcc gag ttt gga gag ctg tac etc 2840
Val Thr Ser Lys Ser Ala Asp Asp Ala Glu Phe Gly Glu Leu Tyr Leu

920 925 930

ttc aaa tgg ace ace etc etc ate cca cca acc acc eta ate ate ttg 2888
Phe Lys Trp Thr Thr Leu Leu lie Pro Pro Thr Thr Leu lie lie Leu
935 940 945 950

aat atg gtt gga gtt gta gca gga gta tcc gat gca ata aac aac gga 2936
Asn Met Val Gly Val Val Ala Gly Val Ser Asp Ala lie Asn Asn Gly

955 960 965

tat gga tea tgg ggt cct tta ttt ggg aag eta ttt ttc get ttc tgg 2984
Tyr Gly Ser Trp Gly Pro Leu Phe Gly Lys Leu Phe Phe Ala Phe Trp

970 975 980

gtc att gtc cat etc tat cct ttc etc aaa ggt ctg atg gga agg caa 3032
Val H e Val His Leu Tyr Pro Phe Leu Lys Gly Leu Met Gly Arg Gin

985 990 995

aac agg act cct aca att gtt gtc etc tgg tet ata ett ett gca 3077
Asn Arg Thr Pro Thr lie Val Val Leu Trp Ser lie Leu Leu Ala

1000 1005 1010

tet att ttc tea ttg att tgg gtt aga att gat ccc ttc ttg ccc 3122
Ser lie Phe Ser Leu lie Trp Val Arg lie Asp Pro Phe Leu Pro

1015 1020 1025

aag caa act ggc cca att etc aaa caa tgt gga gtg gag tgc tag 3167
Lys Gin Thr Gly Pro lie Leu Lys Gin Cys Gly Val Glu Cys

1030 1035 1040

ctagtcaatg ccttttgaat tttgaggtct gctcctgttc tgttctgtgt tttgagtett 3227

tcacaggtta tcccactttt gctcagttgt ttttcctttt taatggggga gtggagtggt 3287

cattgtatgg attatcagtg agatttttct gttagcaagc aagcgtatgc acgcaaactt 3347

taagaatttt attaattaag aattacttaa aaattaaaaa aaaaaaaaaa aaaa 3401

<210> SEQ ID NO 6 
<211> LENGTH: 1042
<212 > TYPE: PRT
<213> ORGANISM: Populus tremuloides

<400> SEQUENCE: 6

Met Ala Gly Leu Val Thr Gly Ser Ser Gin Thr Leu His Ala Lys Asp
1 5 10 15

Glu Leu Arg Pro Pro Thr Arg Gin Ser Ala Thr Ser Lys Lys Cys Arg
20 25 30

Val Cys Gly Asp Glu lie Gly Val Lys Glu Asp Gly Glu Val Phe Val
35 40 45

Ala Cys His Val Cys Gly Phe Pro Val Cys Arg Pro Cys Tyr Glu Tyr
50 55 60

Glu Arg Ser Glu Gly Asn Gin Ser Cys Pro Gin Cys Asn Thr Arg Tyr
65 70 75 80

Lys Arg His Lys Gly Cys Pro Arg Val Pro Gly Asp Asn Asp Asp Glu
85 90 95

Asp Ala Asn Phe Asp Asp Phe Asp Asp Glu Phe Gin lie Lys His His
100 105 110

Asp His Asp Glu Ser Asn Gin Lys Asn Val Phe Ser Arg Thr Glu lie
115 120 125

Glu His Tyr Asn Glu Gin Glu Met His Pro lie Arg Pro Ala Phe Ser
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-continued
130 135 140

Ser Ala Gly Ser Val Ala Gly Lys Asp Leu Glu Gly Glu Lys Glu Gly
145 150 155 160

Tyr Ser Asn Ala Glu Trp Gin Glu Arg Val Glu Lys Trp Lys Val Arg
165 170 175

Gin Glu Lys Arg Gly Leu Val Ser Lys Asp Asp Gly Gly Asn Asp Gin
180 185 190

Gly Glu Glu Asp Glu Tyr Leu Met Ala Glu Ala Arg Gin Pro Leu Trp
195 200 205

Arg Lys lie Pro lie Pro Ser Ser Arg lie Asn Pro Tyr Arg lie Val
210 215 220

H e Val Leu Arg Leu lie lie Leu Cys Phe Phe Phe Arg Phe Trp lie
225 230 235 240

Leu Thr Pro Ala Ser Asp Ala Tyr Ala Leu Gly Leu lie Ser Val lie
245 250 255

Cys Glu Val Trp Phe Gly Leu Ser Trp lie Leu Asp Gin Phe Pro Lys
260 265 270

Trp Asn Pro lie Glu Arg Glu Thr Tyr Leu Asp Arg Leu Ser Met Arg
275 280 285

Phe Glu Arg Glu Gly Glu Pro Asn Arg Leu Gly Pro Val Asp Val Phe
290 295 300

Val Ser Thr Val Asp Pro Leu Lys Glu Pro Pro lie lie Thr Ala Asn
305 310 315 320

Thr Val Leu Ser lie Leu Ser Val Asp Tyr Pro Val Asp Lys Val Ser
325 330 335

Cys Tyr Val Ser Asp Asp Gly Ala Ser Met Leu Leu Phe Asp Ser Leu
340 345 350

Ala Glu Thr Ala Glu Phe Ala Arg Arg Trp Val Pro Phe Cys Lys Lys
355 360 365

His Asn lie Glu Pro Arg Ala Pro Glu Phe Tyr Phe Thr Gin Lys lie
370 375 380

Asp Tyr Leu Lys Asp Lys Val His Pro Asn Phe Val Lys Glu Arg Arg
385 390 395 400

Ala Met Lys Arg Glu Tyr Glu Glu Phe Lys Val Arg lie Asn Ala Leu
405 410 415

Val Ser Lys Ala Gin Lys Lys Pro Glu Glu Gly Trp Val Met Gin Asp
420 425 430

Gly Thr Pro Trp Pro Gly Asn lie Thr Arg Asp His Pro Gly Met lie
435 440 445

Gin Val Tyr Leu Gly Ser Glu Gly Ala Leu Asp Val Glu Gly Lys Glu
450 455 460

Leu Pro Arg Leu Val Tyr Val Ser Arg Glu Lys Arg Pro Gly Tyr Asn
465 470 475 480

His His Lys Lys Ala Gly Ala Met Asn Ala Leu lie Arg Val Ser Ala
485 490 495

Val Leu Thr Asn Ala Pro Phe Met Leu Asn Leu Asp Cys Asp His Tyr
500 505 510

lie Asn Asn Ser Lys Ala Val Arg Glu Ala Met Cys Phe Leu Met Asp
515 520 525

Pro Gin Leu Gly Lys Lys Leu Cys Tyr Val Gin Phe Pro Gin Arg Phe
530 535 540

Asp Gly lie Asp Arg His Asp Arg Tyr Ala Asn Arg Asn Val Val Phe
545 550 555 560

42
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Phe Asp lie Asn Met Lys Gly Leu Asp Gly Val Gin Gly Pro Val Tyr
565 570 575

Val Gly Thr Gly Cys Val Phe Asn Arg Gin Ser Leu Tyr Gly Tyr Asp
580 585 590

Pro Pro Val Ser Glu Lys Arg Pro Lys Met Thr Cys Asp Cys Trp Pro
595 600 605

Ser Trp Cys Cys Cys Cys Phe Gly Gly Ser Arg Lys Lys Ser Lys Lys
610 615 620

Lys Gly Gin Arg Ser Leu Leu Gly Gly Leu Tyr Pro lie Lys Lys Lys
625 630 635 640

Met Met Gly Lys Lys Tyr Thr Arg Lys Ala Ser Ala Pro Val Phe Asp
645 650 655

Leu Glu Glu lie Glu Glu Gly Leu Glu Gly Tyr Glu Glu Leu Glu Lys
660 665 670

Ser Ser Leu Met Ser Gin Lys Ser Phe Glu Lys Arg Phe Gly Gin Ser
675 680 685

Pro Val Phe lie Ala Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu
690 695 700

Gly Thr Asn Ser Gin Ser His lie Lys Glu Ala lie His Val lie Ser
705 710 715 720

Cys Gly Tyr Glu Glu Lys Thr Glu Trp Gly Lys Glu Val Gly Trp lie
725 730 735

Tyr Gly Ser Val Thr Glu Asp lie Leu Thr Gly Phe Lys Met His Cys
740 745 750

Arg Gly Trp Arg Ser Val Tyr Cys Ser Pro Gin Arg Pro Ala Phe Lys
755 760 765

Gly Ser Ala Pro lie Asn Leu Ser Asp Arg Leu His Gin Val Leu Arg
770 775 780

Trp Ala Leu Gly Ser lie Glu lie Phe Leu Ser His His Cys Pro Leu
785 790 795 800

Trp Tyr Gly Tyr Gly Gly Lys Leu Lys Leu Leu Glu Arg Leu Ala Tyr
805 810 815

H e Asn Thr lie Val Tyr Pro Phe Thr Ser lie Pro Leu Leu Ala Tyr
820 825 830

Cys Thr lie Pro Ala Val Cys Leu Leu Thr Gly Lys Phe lie lie Pro
835 840 845

Thr Leu Asn Asn Leu Ala Ser lie Trp Phe Leu Gly Pro Phe His Leu
850 855 860

Asn His Ser Asn lie Cys Val Gly Thr Ser Trp Ser Gly Val Ser lie
865 870 875 880

Gin Asp Leu Trp Arg Asn Glu Gin Phe Trp Val lie Gly Gly Val Ser
885 890 895

Ala His Leu Phe Ala Val Phe Gin Gly Leu Leu Lys Val Leu Ala Gly
900 905 910

Val Asp Thr Asn Phe Thr Val Thr Ser Lys Ser Ala Asp Asp Ala Glu
915 920 925

Phe Gly Glu Leu Tyr Leu Phe Lys Trp Thr Thr Leu Leu lie Pro Pro
930 935 940

Thr Thr Leu lie lie Leu Asn Met Val Gly Val Val Ala Gly Val Ser
945 950 955 960

Asp Ala lie Asn Asn Gly Tyr Gly Ser Trp Gly Pro Leu Phe Gly Lys
965 970 975

Leu Phe Phe Ala Phe Trp Val lie Val His Leu Tyr Pro Phe Leu Lys 
980 985 990
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Gly Leu Met 'Gly Arg Gin .Asn Arg Thr :Pro Thr lie Val Val Leu Trp
995 1000 1005

Ser H e Leu Leu Ala Ser lie Phe Ser Leu lie Trp Val Arg lie
1010 1015 1020

Asp Pro Phe Leu Pro Lys Gin Thr Gly Pro lie Leu Lys Gin Cys
1025 1030 1035

Gly Val Glu Cys
1040

<210> SEQ ID NO 7
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM: PtrCesA

<400> SEQUENCE: 7

Gin Val Leu Arg Trp 
1 5

<210> SEQ ID NO 8
<211> LENGTH: 105
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 8

Tyr Gly Pro Gin Ser Leu Pro Thr Leu Pro Ser Pro Ser Ser Ser Ser
1 5 10 15

Ser Cys Cys Cys Cys Gly Pro Lys Lys Pro Lys Lys Asp Leu Glu Glu
20 25 30

Phe Lys Arg Asp Ala Arg Arg Asp Asp Leu Asn Ala Ala lie Phe Asn
35 40 45

Leu Lys Glu lie Glu Ser Tyr Asp Asp Tyr Glu Arg Ser Leu Leu lie
50 55 60

Ser Gin Met Ser Phe Glu Lys Thr Phe Gly Met Ser Ser Val Phe lie
65 70 75 80

Glu Ser Thr Leu Met Glu Asn Gly Gly Leu Ala Glu Ser Ala Asn Pro
85 90 95

Ala Thr Met lie Asn Glu Ala lie His
100 105

<210> SEQ ID NO 9
<211> LENGTH: 105
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 9

Tyr Gly Pro Gin Ser Leu Pro Thr Leu Pro Ser Pro Ser Ser Ser Ser
1 5 10 15

Ser Cys Cys Cys
20

Cys Gly Pro Lys Lys
25

Pro Lys Lys Asp Leu
30

Glu Glu

Phe Lys Arg
35

Asp Ala Arg Arg Asp
40

Asp Leu Asn Ala Ala
45

lie Phe Asn

Leu Lys
50

Glu lie Glu Ser Tyr
55

Asp Asp Tyr Glu Arg
60

Ser Leu Leu lie

Ser Gin Met Ser Phe Glu Lys Thr Phe Gly Met Ser Ser Val Phe lie
65 70 75 80

Glu Ser Thr Leu Met Glu Asn Gly Gly Leu Ala Glu Ser Ala Asn Pro
85 90 95

Ala Thr Met lie Asn Glu Ala lie His
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-continued

<210> SEQ IEi NO 10
<211> LENGTHt: 105
<212 > TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 10

Tyr Gly Pro Gin Ser Leu Pro Thr Leu Pro Ser Pro Ser Ser Ser Ser
1 5 10 15

Ser Cys Cys Cys Cys Gly Pro Lys Lys Pro Lys Lys Asp Leu Glu Glu
20 25 30

Phe Lys Arg Asp Ala Arg Arg Asp Asp Leu Asn Ala Ala lie Phe Asn
35 40 45

Leu Lys Glu H e Glu Ser Tyr Asp Asp Tyr Glu Arg Ser Leu Leu lie
50 55 60

Ser Gin Met Ser Phe Glu Lys Thr Phe Gly Met Ser Ser Val Phe lie
65 70 75 80

Glu Ser Thr Leu Met Glu Asn Gly Gly Leu Ala Glu Ser Ala Asn Pro
85 90 95

Ala Thr Met lie Asn Glu Ala lie His
100 105

<210> SEQ ID NO 11
<211> LENGTH: 105
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 11

Tyr Gly Pro Pro Ser Met Pro Ser Phe Pro Lys Ser Ser Ser Ser Ser
1 5 10 15

Cys Ser Cys Cys Cys Pro Gly Lys Lys Glu Pro Lys Asp Pro Ser Glu
20 25 30

Leu Tyr Arg Asp Ala Lys Arg Glu Glu Leu Asp Ala Ala lie Phe Asn
35 40 45

Leu Arg Glu lie Asp Asn Tyr Asp Glu Tyr Glu Arg Ser Met Leu lie
50 55 60

Ser Gin Thr Ser Phe Glu Lys Thr Phe Gly Leu Ser Ser Val Phe lie
65 70 75 80

Glu Ser Thr Leu Met Glu Asn Gly Gly Val Ala Glu Ser Ala Asn Pro
85 90 95

Ser Thr Leu lie Lys Glu Ala lie His
100 105

<210> SEQ ID NO 12
<211> LENGTH: 105
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 12

Tyr
1

Gly Pro Pro Ser
5

Met Pro Ser Phe Pro
10

Lys Ser Ser Ser Ser
15

Ser

Cys Ser Cys Cys
20

Cys Pro Gly Lys Lys
25

Glu Pro Lys Glu Pro
30

Thr Glu

Leu Tyr Arg
35

Asp Ala Lys Arg Glu
40

Glu Leu Asp Ala Ala
45

lie Phe Asn

Leu Arg
50

Glu lie Asp Asn Tyr
55

Asp Glu Tyr Glu Arg
60

Ser Met Leu lie

48
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-continued
Ser
65

Gin Thr Ser Phe Glu
70

Lys Thr Phe Gly Leu
75

Ser Ser Val Phe lie
80

Glu Ser Thr Leu Met
85

Glu Asn Gly Gly Val
90

Ala Glu Ser Ala Asn
95

Pro

Ser Thr Leu H e
100

Lys Glu Ala lie His
105

<210> SEQ ID NO 13
<211> LENGTH: 102
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 13

Tyr Ser Pro Pro Ser Met Pro Pro Leu Pro Lys Ser Ser Ser Cys Cys
1 5 10 15

Cys Phe Pro Ser Lys Lys Pro Ala Lys Asp Val Ser Glu Leu Tyr Lys
20 25 30

Asp Ala Lys Arg Glu Glu Leu Asp Ala Ala lie Phe Asn Leu Arg Glu
35 40 45

lie Glu Asn Tyr Asp Glu Tyr Glu Arg Ser Met Leu lie Ser Gin Leu
50 55 60

Ser Phe Glu Lys Thr Phe Gly Leu Ser Thr Val Phe lie Glu Ser Thr
65 70 75 80

Leu Met Glu Asn Gly Gly Val Ser Glu Ser Ala Asp Pro Ser Met Leu
85 90 95

lie Lys Glu Ala lie His
100

<210> SEQ IE) NO 14
<211> LENGTH: 106
<212 > TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 14

Tyr Gly Pro Pro Ser Leu Pro Ala Leu Pro Lys Ser Ser Val Cys Ser
1 5 10 15

Trp Cys Cys Cys Cys Cys Pro Lys Lys Lys Ala Glu Lys Ser Glu Lys
20 25 30

Glu Met His Arg Asp Ser Arg Arg Glu Asp Leu Glu Ser Ala lie Phe
35 40 45

Asn Leu Arg Glu lie Asp Asn Tyr Asp Glu Tyr Glu Arg Ser Met Leu
50 55 60

lie Ser Gin Met Ser Phe Glu Lys Ser Phe Gly Leu Ser Ser Val Phe
65 70 75 80

lie Glu Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu Ser Ala Asn
85 90 95

Pro Ser Thr Leu lie Lys Glu Ala lie His
100 105

<210> SEQ ID NO 15
<211> LENGTH: 108
<212> TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 15

Tyr Gly Pro Pro Ser Met Pro Ser Leu Arg Lys Arg Lys Asp Ser Ser 
1 5  10 15

Ser Cys Phe Ser Cys Cys Cys Pro Ser Lys Lys Lys Pro Ala Gin Asp 
20 25 30

50
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Pro Ala Glu Val Tyr Arg Asp Ala Lys Arg Glu Asp Leu Asn Ala Ala
35 40 45

H e Phe Asn Leu Thr Glu lie Asp Asn Tyr Asp Glu His Glu Arg Ser
50 55 60

Met Leu lie Ser Gin Leu Ser Phe Glu Lys Thr Phe Gly Leu Ser Ser
65 70 75 80

Val Phe lie Glu Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu Ser
85 90 95

Ala Asn Ser Pro Thr Leu lie Lys Glu Ala lie His
100 105

<210> SEQ ID NO 16
<211> LENGTH: 105
<212 > TYPE: PRT
<213> ORGANISM: PtrCesAl

<400> SEQUENCE: 16

Tyr Ser Pro Pro Ser Lys Pro Arg lie Leu Pro Gin Ser Ser Ser Ser
1 5 10 15

Ser Cys Cys Cys Leu Thr Lys Lys Lys Gin Pro Gin Asp Pro Ser Glu
20 25 30

lie Tyr Lys Asp Ala Lys Arg Glu Glu Leu Asp Ala Ala lie Phe Asn
35 40 45

Leu Gly Asp Leu Asp Asn Tyr Asp Glu Tyr Asp Arg Ser Met Leu lie
50 55 60

Ser Gin Thr Ser Phe Glu Lys Thr Phe Gly Leu Ser Thr Val Phe lie
65 70 75 80

Glu Ser Thr Leu Met Glu Asn Gly Gly Val Pro Asp Ser Val Asn Pro
85 90 95

Ser Thr Leu lie Lys Glu Ala lie His
100 105

<210> SEQ ID NO 17
<211> LENGTH: 93
<212> TYPE: PRT
<213> ORGANISM: PtrCesA2

<400> SEQUENCE: 17

Tyr
1

Asn Pro Pro Lys
5

Gly Pro Lys Arg Pro
10

Lys Met Val Ser Cys
15

Asp

Cys Cys Pro Cys
20

Phe Gly Ser Arg Lys
25

Lys Leu Lys His Ala
30

Lys Ser

Asp Val Asn
35

Gly Glu Ala Ala Ser
40

Leu Lys Gly Met Asp
45

Asp Asp Lys

Glu Val Leu Met Ser Gin Met Asn Phe Glu Lys Lys Phe Gly Gin Ser
50 55 60

Ser lie Phe Val Thr Ser Thr Leu Met Glu Glu Gly Gly Val Pro Pro
65 70 75 80

Ser Ser Ser Pro Ala Gly Met Leu Lys Glu Ala lie His
85 90

<210> SEQ ID NO 18
<211> LENGTH: 93
<212 > TYPE: PRT
<213 > ORGANISM: PtrCesA2

A £> o o V SEQUENCE: 18

Tyr Asn Pro Pro Lys Gly Pro Lys Arg Pro Lys Met Val Ser Cys Asp
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1 5  10 15

Cys Cys Pro Cys Phe Gly Arg Arg Lys Lys Val Lys His Ala Met Asn 
20 25 30

Asp Ala Asn Gly Glu Ala Ala Gly Leu Arg Gly Met Glu Asp Asp Lys 
35 40 45

Glu Leu Leu Met Ser Gin Met Asn Phe Glu Lys Lys Phe Gly Gin Ser 
50 55 60

Ser H e  Phe Val Thr Ser Val Leu Met Glu Glu Gly Gly Val Pro Pro 
65 70 75 80

Ser Ser Ser Pro Ala Ser Gin Leu Lys Glu Ala lie His 
85 90

<210> SEQ ID NO 19
<211> LENGTH: 94
<212> TYPE: PRT
<213> ORGANISM: PtrCesA2

<400> SEQUENCE: 19

Tyr Glu Pro Pro Lys Gly Pro Lys Arg Pro Lys Met lie Ser Cys Gly
1 5 10 15

Cys Cys Pro Cys Phe Gly Arg Arg Arg Lys Asn Lys Lys Phe Ser Lys
20 25 30

Asn Asp Met Asn Gly Asp Val Ala Ala Leu Gly Gly Ala Glu Gly Asp
35 40 45

Lys Glu His Leu Met Phe Glu Met Asn Phe Glu Lys Thr Phe Gly Gin
50 55 60

Ser Ser lie Phe Val Thr Ser Thr Leu Met Glu Glu Gly Gly Val Pro
65 70 75 80

Pro Ser Ser Ser Pro Ala Val Leu Leu Lys Glu Ala lie His
85 90

<210> SEQ IE) NO 20
<211> LENGTH: 88
<212 > TYPE: PRT
<213> ORGANISM: PtrCesA2

<400> SEQUENCE: 20

Tyr Asp Pro Pro Lys Asp Pro Lys Arg Pro Lys Met Glu Thr Cys Asp
1 5 10 15

Cys Cys Pro Cys Phe Gly Arg Arg Lys Lys Lys Asn Ala Lys Thr Gly
20 25 30

Ala Val Val Glu Gly Met Asp Asn Asn Asp Lys Glu Leu Leu Met Ser
35 40 45

His Met Asn Phe Glu Lys Lys Phe Gly Gin Ser Ala lie Phe Val Thr
50 55 60

Ser Thr Leu Met Glu Glu Gly Gly Val Pro Pro Ser Ser Ser Pro Ala
65 70 75 80

Ala Leu Leu Lys Glu Ala lie His
85

<210> SEQ ID NO 21
<211> LENGTH: 81
<212 > TYPE: PRT
<213 > ORGANISM: PtrCesA2

A £> o o V SEQUENCE: 21

Phe Asp Pro Pro Lys Ala Ser Lys Arg Gin Arg Glu Val Gin Val His 
1 5  10 15
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Ser Lys Gin Asp Glu Ser Gly Glu Asp Gly Ser H e Lys Glu Ala Thr
20 25 30

Asp Glu Asp Lys Gin Leu Leu Lys Ser His Met Asn Val Glu Asn Lys
35 40 45

Phe Gly Asn Ser Thr Leu Phe Met Asn Ser Ser Leu Thr Glu Glu Gly
50 55 60

Gly Val Asp Pro Ser Ser Ser Gin Glu Ala Leu Leu Lys Glu Ala lie
65 70 75 80

His

<210> SEQ ID NO 22
<211> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 22

Tyr Asp Pro Pro Val Ser Glu Lys Arg Pro Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Ser Trp Cys Cys Cys Cys Phe Gly Gly Ser Arg Lys Lys Ser
20 25 30

Lys Lys Lys Gly Gin Arg Ser Leu Leu Gly Gly Leu Tyr Pro Met Lys
35 40 45

Lys Lys Met Met Gly Lys Lys Tyr Thr Arg Lys Ala Ser Ala Pro Val
50 55 60

Phe Asp Leu Glu Glu lie Glu Glu Gly Leu Glu Gly Tyr Glu Glu Leu
65 70 75 80

Glu Lys Ser Ser Leu Met Ser Gin Lys Ser Phe Glu Lys Arg Phe Gly
85 90 95

Gin Ser Pro Val Phe lie Ala Ser Thr Leu Met Glu Asn Gly Gly Val
100 105 110

Pro Glu Gly Thr Asn Ser Gin Ser His lie Lys Glu Ala lie His
115 120 125

<210> SEQ ID NO 23
<211> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 23

Tyr Asp Pro Pro Val Ser Glu Lys Arg Pro Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Ser Trp Cys Cys Cys Cys Phe Gly Gly Ser Arg Lys Lys Ser
20 25 30

Lys Lys Lys Gly Gin Arg Ser Leu Leu Gly Gly Leu Tyr Pro Met Lys
35 40 45

Lys Lys Met Met Gly Lys Lys Tyr Thr Arg Lys Ala Ser Ala Pro Val
50 55 60

Phe Asp Leu Glu Glu lie Glu Glu Gly Leu Glu Gly Tyr Glu Glu Leu
65 70 75 80

Glu Lys Ser Ser Leu Met Ser Gin Lys Ser Leu Glu Lys Arg Phe Gly
85 90 95

Gin Ser Pro Val Phe lie Ala Ser Thr Leu Met Glu Asn Gly Gly Val
100 105 110

Pro Glu Gly Thr Asn Ser Gin Ser His lie Lys Glu Ala lie His
115 120 125

<210> SEQ ID NO 24
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<211> LENGTH: 129
<212> TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 24

Tyr Asp Pro Pro Val Ser Glu Lys Arg Pro Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Ser Trp Cys Cys Cys Cys Cys Gly Gly Ser Arg Lys Lys Ser
20 25 30

Lys Lys Lys Gly Glu Lys Lys Gly Leu Leu Gly Gly Leu Leu Tyr Gly
35 40 45

Lys Lys Lys Lys Met Met Gly Lys Asn Tyr Val Lys Lys Gly Ser Ala
50 55 60

Pro Val Phe Asp Leu Glu Glu H e Glu Glu Gly Leu Glu Gly Tyr Glu
65 70 75 80

Glu Leu Glu Lys Ser Thr Leu Met Ser Gin Lys Asn Phe Glu Lys Arg
85 90 95

Phe Gly Gin Ser Pro Val Phe lie Ala Ser Thr Leu Met Glu Asn Gly
100 105 110

Gly Leu Pro Glu Gly Thr Asn Ser Thr Ser Leu lie Lys Glu Ala lie
115 120 125

His

<210> SEQ ID NO 25
<211> LENGTH: 129
<212> TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 25

Tyr Asp Pro Pro Val Ser Glu Lys Arg Pro Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Lys Trp Cys Cys Phe Cys Cys Gly Ser Arg Lys Thr Lys Ser
20 25 30

Lys Lys Lys Ser Gly Thr Asn Gly Arg Ser Leu Phe Ser Arg Leu Tyr
35 40 45

Lys Lys Lys Lys Met Gly Gly Lys Asp Tyr Val Arg Lys Gly Ser Gly
50 55 60

Ser Met Phe Asp Leu Glu Glu lie Glu Gin Gly Leu Glu Gly Tyr Glu
65 70 75 80

Glu Leu Glu Lys Ser Ser Leu Met Ser Gin Lys Ser Phe Glu Lys Arg
85 90 95

Phe Gly Gin Ser Pro Val Phe lie Ala Ser Thr Leu Met Glu Asn Gly
100 105 110

Gly Leu Pro Glu Gly Thr Asn Thr Gin Ser Leu Val Lys Glu Ala lie
115 120 125

His

<210> SEQ IE) NO 26
<211> LENGTH: 139
<212 > TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 26

Tyr Glu Pro Pro Val Ser Glu Lys Arg Lys Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Ser Trp lie Cys Cys Cys Cys Gly Gly Gly Asn Arg Asn His
20 25 30
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Lys Ser Asp Ser Ser Lys Lys Lys Ser Gly lie Lys Ser Leu Phe Ser
35 40 45

Lys Leu Lys Lys Lys Thr Lys Lys Lys Ser Asp Asp Lys Thr Met Ser
50 55 60

Ser Tyr Ser Arg Lys Arg Ser Ser Thr Glu Ala lie Phe Asp Leu Glu
65 70 75 80

Asp lie Glu Glu Gly Leu Glu Gly Tyr Asp Glu Leu Glu Lys Ser Ser
85 90 95

Leu Met Ser Gin Lys Asn Phe Glu Lys Arg Phe Gly Met Ser Pro Val
100 105 110

Phe lie Ala Ser Thr Leu Met Glu Asn Gly Gly Leu Pro Glu Ala Thr
115 120 125

Asn Thr Ser Ser Leu H e Lys Glu Ala lie His
130 135

<210> SEQ ID NO 27
<211> LENGTH: 155
<212 > TYPE: PRT
<213> ORGANISM: PtrCesA3

<400> SEQUENCE: 27

Tyr Asp Pro Pro Arg Pro Glu Lys Arg Pro Lys Met Thr Cys Asp Cys
1 5 10 15

Trp Pro Ser Trp Cys Cys Cys Cys Cys Cys Phe Gly Gly Gly Lys Arg
20 25 30

Gly Lys Ser His Lys Asn Lys Lys Gly Gly Gly Gly Gly Glu Gly Gly
35 40 45

Gly Leu Asp Glu Pro Arg Arg Gly Leu Leu Gly Phe Tyr Lys Lys Arg
50 55 60

Ser Lys Lys Asp Lys Leu Gly Gly Gly Ala Ala Ser Leu Ala Gly Gly
65 70 75 80

Lys Lys Gly Tyr Arg Lys His Gin Arg Gly Phe Glu Leu Glu Glu lie
85 90 95

Glu Glu Gly Leu Glu Gly Tyr Asp Glu Leu Glu Arg Ser Ser Leu Met
100 105 110

Ser Gin Lys Ser Phe Glu Lys Arg Phe Gly Gin Ser Pro Val Phe lie
115 120 125

Ala Ser Thr Leu Val Glu Asp Gly Gly Leu Pro Gin Gly Ala Ala Ala
130 135 140

Asp Pro Ala Ala Leu lie Lys Glu Ala lie His
145 150 155

What is claimed is:
1. A method for enhancing expression of secondary cell 

wall cellulose synthases in a plant comprising introducing 
into the plant a first polynucleotide encoding a polypeptide 55 
having at least 80% identity to SEQ ID NO:2 (PtrCesAl), a 
second polynucleotide encoding a polypeptide having at least 
80% identity to SEQ ID NO:4 (PtrCesA2), and a third poly
nucleotide encoding a polypeptide having at least 80% iden
tity to SEQ ID NO:6 (PtrCesA3), wherein the expression of 60  

secondary cell wall cellulose synthases is enhanced.
2. The method of claim 1, wherein the first polynucleotide 

encodes a polypeptide having at least 95% identity to SEQ ID 
NO:2 (PtrCesAl), the second polynucleotide encodes a 
polypeptide having at least 95% identity to SEQ ID NO:4 65 
(PtrCesA2), and the third polynucleotide encodes a polypep
tide having at least 95% identity to SEQ ID NO: 6 (PtrCesA3).

3. The method of claim 1, wherein the first polynucleotide 
encodes a polypeptide of SEQ ID NO:2 (PtrCesAl), the 
second polynucleotide encodes a polypeptide of SEQ ID 
NO:4 (PtrCesA2), and the third polynucleotide encodes a 
polypeptide of SEQ ID NO: 6 (PtrCesA3).

4. The method of claim 1, wherein the plant is a woody 
plant.

5. The method of claim 4, wherein the woody plant is a tree.
6. The method of claim 1, wherein the plant is selected 

from a alfalfa, cotton, maize, rice, tobacco, pine, eucalyptus, 
poplar, fir, maple, oak and acacia plant.

7. The method of claim 1, wherein the first, second and 
third polynucleotides are operatively linked to a promoter.

8. The method of claim 7, wherein the promoter is a con
stitutive promoter.
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9. The method of claim 7, wherein the promoter is natively 
associated with a polynucleotide encoding a secondary cel
lulose synthase.

10. The method of claim 1, wherein the plant comprises a 
bifurcated stem.

11. The method of claim 1, wherein the plant exhibits 
increased growth or reduced seed production when compared 
to a control plant.

12. A plant produced by the method of claim 1 .

13. The plant of claim 12, wherein the plant is a woody 
plant.

14. The plant of claim 13, wherein the plant is a tree.
15. The plant of claim 12, wherein the plant is selected 

from an alfalfa, cotton, maize, rice, tobacco, pine, eucalyptus, 
poplar, fir, maple, oak and acacia plant.

61
16. A plant comprising at least three exogenous polynucle

otides encoding secondary cell wall cellulose synthases, 
wherein three exogenous polynucleotides encode a polypep
tide having at least 80% identity to SEQ ID NO:2 (PtrCesAl),

5 a polypeptide having at least 80% identity to SEQ ID NO:4 
(PtrCesA2), and a polypeptide having at least 80% identity to 
SEQ ID NO:6 (PtrCesA3).

17 . The plant of claim 16, wherein the plant is a woody 
plant.

to
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