(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

oo comnsesmoemeroe O MMM
CUC SO HUU TRi TUE
1-0027907

(51  CI2N 15/82; AOTH 1/00; AO1H 5/04 (13) B
(21) 1-2014-03356 (22) 05/03/2013
(86) PCT/SE2013/050191 05/03/2013 (87) WO 2013/133753 A1 12/09/2013
(30) 61/607,404 06/03/2012 US
(45) 25/04/2021 397 (43) 25/12/2014 321A

(73) SWETREE TECHNOLOGIES AB (SE)

P.O. Box 4095, S-904 03 Umea (SE)
(72) ERIKSSON, Maria (SE); TAKATA, Naoki (JP); JOHANSSON, Mikael (SE).
(74) Cong ty Co phan So hitu cong nghiép INVESTIP (INVESTIP)

(54) PHUONG PHAP SAN XUAT THUC VAT DUGQC BIEN BOI GEN VA THUC
VAT BIEN BOI GEN CO CAC PAC TINH SINH TRUONG PUGC CAI THIEN
(57) Sang ché dé cap dén phuong phéap san xut thuc vat duoc bién dbi gen c6 cac dic tinh
sinh trudong duge cai thién so véi thyc vat kiéu dai khong duoc bién doi gen tuwong ung,
phuong phap niay bao gdm viéc lam giam hodc lam mat lugng hodc hoat tinh cia
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27907

Linh vie ki thuét dwoe dé cap

Sang ché dé cap dén phuong phap san xuét thuc vat dugc bién dbi gen c6 cac
ddc tinh sinh truong dugc cai thién so véi thuc vat kiéu dai khong dugc bién dbi gen
tuwong tmg, phwong phap nay bao gdm viéc 1am gidm hoic lam mét luong hoic hoat
tinh cta polypeptit EBI1 hodc EBI2 trong t€ bao thuc vat, thuc vat hoic mot phén
cua no.

Tinh trang k§ thuit ciia sing ché

Céc thuc vat sit dung tin hiéu sang-t6i va khoang nhip thoi gian 24 gid (tun
hoan ngdy) d& dinh huéng chiing trong méi trudng cuc bd cia chiing va ddng bd héa
su trao dbi chét cua chung theo d6. Nhip tuan hoan ngdy clia cdy hoa cai mé hinh
(Arabidopsis thaliana) dugc tao nén tir hang loat vong phan hdi twong tac phirc tap
ma nhd d6 céc protein diéu tiét sy biéu hién ciia ching qua ngay va dém. Thirc day
som (early bird-ebf) 1 dot bién tudn hoan ngay ma lam cho nhip ndy chay nhanh:
cac thuc vat ebi c6 giai doan tudn hoan ngay ngén, pha biéu hién nhip sinh hoc sém,

va som no hoa.

Gen chiu trach nhiém v& phenotyp ebi-1, AtNFXL-2, 14 nhan t§ phién md méng
tay k&m, thé twong ddng cua protein NF-X1 ngudi. G ngudi, NF-X1 gén két voi X-
box dugc phat hién trong gen MHC 16p II. CAy hoa cai c6 hai thé twong dong NF-
X1, AINFXL-1 va AtNFXL-2, ma duoc cho ring tic dong dbi khang dé diéu tiét cac
gen lién quan dén 4p luc chiu min, ngép ting va khé han, véi cac gen cam ung ap luc
hoat héa AtNFXL-1 va ngin chin AtNFXL-2. AtNFXL-1 cling dugc goi y 1a chat
didu tiét &m tinh cta céc gen lién quan dén sy bao vé va 4ap luc nhiét do. Theo do,
phenotyp nhip ciia thd dot bién AINFXL-2 tao ra lién két hap din gifta cic dap ung
ap luc nhip va séng va khong song. Lién két ndy dugc 4m chi trong viéc can nhic
gin day va trong viéc nhan dién vai trd c6 thé dbi véi protein GI nhip trong sy dung

nap ap luc lanh.
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Phenotyp tudn hoan ngiy cta thé dot bién ebi-1 dugc mé ta dic diém bai
Johansson, M. va cic ddng tac gia. (2011) Partners in Time: EARLY BIRD
Associates with ZEITLUPE and Regulates the Speed of the Arabidopsis Clock.
Plant Physiol. 155(4): 2108-2122.

Cay duong (Populus) c6 hai gen EBI1: EBIla (SEQ ID NO: 1) va EBIlb
(SEQ ID NO: 3) ciing nhu hai gen EBI2: EBI2a (SEQ ID NO: 6) va EBI2b (SEQ ID
NO: 8). Xem tuong tu trong Johansson va cic ddng tic gia. (2011), Bang b sung I
va Hinh v& b sung 1.

Sy tao ra thyc vat cua sinh khdi gia tang, cu thé 1a trong nong nghiép va lam
nghiép c6 tAm quan trong 16n d6i véi thuc phim va 13 ngudn tai tao ning luong va
céc vat liéu 1am thoa man nhu ciu vé quin thé gia ting va 1am ving triing nhan CO
dé 1am ting muc d6 cac khi nha kinh. Hién nay, viéc trdng rimg 16n nhit dya trén
viéc tréng cac rimg phuong bic noi ma cy duoc tiép xic véi su thay ddi mua 16n vé
d6 dai ngdy va nhiét d6 din dén cac mua sinh trudng khéa ngin. P 1am ting ning
sut clia rimg ndy va cac rimg khéc, can thiét phai thu duoc dong mam ma phat trién
manh & cic cép tinh trang theo chiéu ngang m¢ rong va tao ra sb luong sinh khéi 16n

trong thoi gian trong 16n nhét.
M5 ta viin tit cdc hinh vé

Fig.1A minh hoa sy biéu hién hing ngdy ctia EBI1 cta ciy dwong tir sy sao
chép sinh hoc PCR trong thoi gian thuc t¢ 1. Truc Y 13 su bidu hién lién quan
(PttEBI1a/Ptt18S)

Fig.1B minh hoa su bidu hién hing ngay dugc cim tmg biang 4nh sing clia
EBI2 ctia cdy duong tir su sao chép sinh hoc PCR trong thoi gian thuc té 1. Truc Y
13 su biéu hién lién quan (PttEBI2a/Ptt18S).

Fig.1C minh hoa sy biéu hién hing ngay dugc cim tmg biang 4nh sing ctia
EBI1 ciia cdy dwong tir su sao chép sinh hoc PCR trong thoi gian thuc té 2. Truc Y
13 su biéu hién lién quan (PttEBI1a/Ptt18S)

Fig.1D minh hoa su biéu hién dugc cam ung béng anh sang cua EBI2 cua cay

duong tir sy sao chép sinh hoc PCR trong thoi gian thuc t€ 2. Truc Y 13 su biéu hién
lién quan (PttEBI2a/Ptt18S).
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Fig.1E minh hoa sy biéu hién hing ngdy ctia EBII cla ciy dwong. Hai truc Y
12 mirc biéu hién 14n lugt cia EBIla va EBI1b. Dit liéu LDHH thu duoc tir co s& dit
liéu hing ngay [http://diurnal.cgrb.oregonstate.edu/]*

Fig.1F minh hoa su biéu hién hing ngay ciia EBI2a clia cdy duong. Hai truc Y
12 mirc biéu hién 14n lugt cua EBI2a va EBI2b. Dit liéu LDHH 13 tir co s& dit liéu

hing ngay.

Trong c4c hinh v& tir Fig.1A dén 1F, truc X 13 thoi gian tinh theo gid. Liy miu
trong khi nhiét 6 khong dbi va chu ky séang va t8i dugc biéu thi 14n lot boi thanh

mau trang va mau xam.

Fig.1G minh hoa su biéu hién cia EBII trong cic md ciy duong khic nhau (dit
liéu tir Poplar eFP Browser at http://bar.utoronto.ca/).

Fig.1H minh hoa sy biéu hién cta EBI2 trong cic md cdy duong khic nhau

(Poplar eFP Browser).

Trong céc hinh v& tir Fig.1G dén 1H, cic md 1a 14 truéng thanh (M); 14 non (L);
ré (R); cdy con trdng trong tdi bi Ga (S); cdy con tréng trong t6i, bi via, tiép xuc véi
4nh sang trong 3 gi® (S3); ciy con trdng trong sang lién tuc (CS); hoa dudi séc céi
(FC); hoa dudi séc duc (MC) va chét gb (X). Truc Y 14 mirc biéu hién.

Fig.2 thé hién su sinh trudng kéo dai va tda tron trong cdy dwong chuyén gen
trong d6 EBI1 (Fig.2A) va EBI2 (Fig.2B), duoc tich xudng bdi ARN can thiép. T89
diung dé chi cay kiéu dai. Truc Y bén tri 1a d6 cao tinh theo cm. Truc Y bén phai 1a
duong kinh tinh theo mm. Truc X 14 thoi gian tinh theo ngay.

Fig.3 minh hoa ti 1& (thé d6t bién/trong lwong) cia su biéu hién EBI1 (Fig.3A)
va EBI2 (Fig.3B) cua ciy duong trong céc ciy chuyén gen, trong d6 EBI1 va EBI2,
1an Iugt dwgc tach xubng boi ARN can thiép.

Fig.4 thé hién mAu sinh truéng theo mua (ti 18 d4t chdi & truc Y, 3= sinh trudng
hoat tinh, 0= ngd d6ng) trong céc ciy duong chuyén gen, trong d6 EBI1 (Fig.4A) va
EBI2 (Fig.4B), duoc tach xudng boi ARN can thiép. Truc X 14 thoi gian tinh theo

ngdy trong cac ngly ngan.
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MO ta chi tiét sing ché

Bt ngd phat hién ra ring céc ciy c6 cac mic d6 thirc diy sém 1 (EARLY
BIRD1-EBI1) va thttic ddy sém 2 (EARLY BIRD2-EBI2) gidm sinh trudng phién ma
t6t hon so voi cac cay kiéu dai. Phenotyp sinh trudng ti 18 nghich do véi mic phién
ma duoc thé hién (sinh trudng cang hon néu phién ma cang it) chi ra ring tac dung la
do su diéu tiét giam cua cac phién ma dich. Goi ¥ ring cac gen EBI 13 hitu dung 1am
dich cho su diéu tiét giam dé thu dugc sy sinh truéng ting va tao ra nhiéu sinh khéi

rung cdy hon.

Do d6, theo mot khia canh, sang ché dé& xuét phuong phap san xut thuc vat
duoc bién d6i gen c6 cac dic tinh sinh trudng dugc cai thién so véi thue vat kiéu dai

khong duoc bién dbi gen twong tmg, phuong phép ndy bao gom:

(a) 1am giam hodc 1am mét luong hodc hoat tinh cta polypeptit EBI1 hoic EBI2

trong t€ bao thuc vét, thuc vat hodc mot phan cta no; va

(b)tao ra va/hoac chon loc thuc vat dugc bién ddi gen cO cac ddc tinh sinh trudng
duoc cai thién so véi thuc vat kiéu dai khong dugc bién dbi gen twong ting va
sinh trudng trong cac didu kién ma cho phép su phat trién ciia thuc vat.

A~

Thuat ngit “cac dac tinh sinh trudng duge cai thi€n” nén dugce hiéu 14 su sinh

truéng so cAp, bao gdm s dai ctia than va r&, ciing nhu sy sinh truong thit cip cta
thuc vét, bao gém viéc tao ra mo thi cép, “gd”, tir téng phét sinh g va su ting vé
chu vi ctia than va ré. M6t cach theo ddi su sinh trudng cé thé 1a b'?mg cach do d6 cao
va duong kinh cta than va ty ¥ tinh thé tich ctia than va so sénh né véi quin thé

kiéu dai hodic véi cac cdy me dbi chirng cta thuc vat dugc ua thich.
Trong mdt khia canh bd sung, phuong phép theo sang ché bao gém cic budc
bd sung nhu sau:
(c) tu thu phén hodc lai thuc vat duoc bién dbi gen 14n luot v6i chinh né hodc thuc
vat khac, dé tao ra hat; va
(d) sinh trudng thuc vat doi con tir hat nay, trong d6 thuc vét doi con c6 cac dic tinh

sinh trudng dugc cai thién.
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Tét hon 13, polypeptit EBI1 nay bao gdm mién c6 it nhit khoang 161 axit amin,
mién ndy it nhét 13 gidng 75%, nhu gidng 80%, 85%, 90%, 95% hoic 100%, véi
trinh tu axit amin dugc thé hién nhu 13 SEQ ID NO: 5. Tét hon nita 13, polypeptit
EBII nay c6 trinh tu axit amin ma it nhit 13 giéng 75%, nhu 80%, 85%, 90%, 95%
hodc 100%, véi trinh tu dwoc thé hién nhu 1a SEQ ID NO: 2 (EBIla) hoic SEQ ID
NO: 4 (EBI1b).

T6t hon 13, polypeptit EBI2 nay bao gdm mién c6 it nht khoang 191 axit amin,
mién nay it nhit 13 gibng 75%, nhu 80%, 85%, 90%, 95% hodc 100%, véi trinh t
axit amin dugc thé hién nhu 1a SEQ ID NO: 10. Tét hon nita 13, polypeptit EBI2 nay
c6 trinh ty axit amin ma it nhit 14 gidng 75%, nhur 80%, 85%, 90%, 95% hodc 100%,
v6i trinh tu duoc thé hién nhu 13 SEQ ID NO: 7 (EBI2a) hoic SEQ ID NO: 9
(EBI2b).

Trong mét khia canh khac, séng ché dé xuat phuong phép nhu dugc mé ta trén
day, bao gém lam gidm hodc lam mét sy bidu hién cua it nhit mot phén tr axit
nucleic, trong d6 phan t ndy duoc chon tir: (a) phdn tir axit nucleic ghi ma
polypeptit EBI1 hodc polypeptit EBI2; va (b) phan tir axit nucleic cé trinh tu axit
nucleic duoc chon tir nhom bao gém SEQ ID NO: 1 (EBIla), SEQ ID NO: 3
(EBI1b), SEQ ID NO: 6 (EBI2a); va SEQ ID NO: 8 (EBI2b).

Tuong tmg véi sang ché, phuong phép bao gbm budc bién nap thém cac té bao
tai tao duge cla thuc vat voi ciu tao axit nucleic hodc cAu tao ADN tai t5 hop va tai
tao thuc vét chuyén gen tir té bao duoc bién nap nay. Khi dua cAu tao ADN néu trén
hodc vecto vao té bao thuc vat, mot sb su xem xét phéi dugc tinh dén, 12 d3 duoc
biét 13 di véi cac chuyén gia trong linh vuc k¥ thuit chuyén nganh. Axit nucleic
dugc thém vao nén duge tap hop trong ciu tao ma chira cac thanh phén diéu tiét hitu
hiéu ma diéu khién sy phién mi, nhu duoc mo ta trén day. Cén phai c6 sin phuong
phép véan chuyén cAu tao nay vao t€ bao. Mot khi cu tao nay nam trong t& bao, su
hop nhit vao chit nhidm séc noi sinh c6 thé xay ra hoic khong xay ra.

Céc k¥ thuat bién nap, da duoc biét 13 dbi voi ngudi ¢6 hiéu biét trung binh
trong linh vuc k§ thut nay, c6 thé dwoc sir dung dé dua céc ciu tao ADN va vecto
vao cac té bao thuc vat dé tao ra cac thuc vat chuyén gen, cu thé 13 cac cay chuyén

gen, c6 cac dic tinh sinh trudng dugc cai thién.
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Ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuat nay biét rd ring nhiéu té
bao vat chu khac nhau c6 thé dugce st dung nhu 1a céc thé nhan cho c4c ciu tao ADN
va vecto theo sang ché. Cac vi du khong giéi han v& cac t& bao vét chil bao gdm cac
té bao trong md phoi thai, mé thé sin typ I, II, va III, cAc tru dudi 14 mdm, mo phan
sinh, mé &, cdc md cho sy biéu hién trong libe, cac tan 14, cuéng la va céc giéng

than.

Nhu dugc liét k€ trén day, su bién nap Agrobacterium 1a mot phuong phap
duoc st dung rong rdi boi cac ngudi cé hiéu biét trung binh trong linh vuc k§ thut
ndy dé bién nap céc loi cdy, cu thé 13 cac loai gb ctmg nhu cdy dwong. Viéc tao ra
cac thuc vat chuyén gen dn dinh, phi nhiéu 1a thuong 1€ trong linh vuc k¥ thuat
chuyén nganh. Cac phuong phép khac, nhu bén vi gen hoic ban hat, xung dién, vi
tiém, kénh dn ADN truc tiép, kénh din ADN qua trung gian liposom, hozc phuong
phép xody c6 thé dugc st dung néu viéc bién nap Agrobacterium 13 khong higu qua

hodc khong hiru hi€u, vi dy, trong mot so loai cdy hat tran.

Theo mét cach khéc, t6 hop ciia cac k¥ thuat khac nhau c6 thé duoc st dung dé
ting cudng hiéu qua cla quy trinh phién m3, vi dyu, bin céc vi hat dugc phu
Agrobacterium hodc bén vi gen d& cam tmg cudn sau d6 1a két hop gieo tréng véi

Agrobacterium.

Nén hiéu ring, lya chon cu thé v& cong nghé phién mi s& dugc xac dinh bing
hidu qua ctia né dé bién nap mét sb loai thuc vét ciing nhw kinh nghiém va sy wu tién
cta chuyén gia thuc hién sang ché phuong phép luan lya chon cu thé. S& 13 r5 rang.
v6i mot chuyén gia ring lya chon cu thé vé& hé bién nap dé dua axit nucleic vao céc
té bao thuc vat 1a khong can thiét hoic gigi han cla sang ché, ciing khong 13 lua

chon vé& k§ thuéat dé tai tao thuc vat.

Theo su bién nap, cac thuc vat chuyén gen t5t hon 13 dugc chon bang cach sir
dung may dénh d4u chon loc troi dugc két hop vao vecto bién nap. Cu thé 13, may
danh ddu nay s& tao tinh chéng khéng sinh hodc thubc diét co trén cac thuc vat duge
bién nap va viéc chon loc céac thé bién nap co thé duoc hoan thanh bing cach tiép
xuc cac thuc vat vao néng d6 khang sinh hodc thubc diét co thich hop. Méy danh dau

chon loc méi sir dung dang D ctia axit amin va dya trén thuc t€ 13 cac thuc vat chi c6
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thé dung nap dang L tao ra hé chon loc nhanh, hi€u qua va than thién véi moi trudng.

Dau hiéu wa thich vé hé chon loc nay 1a n6 cé thé chon loc va chon loc nguoc.

Tiép theo, thuc vat c6 thé duoc tai tao, vi duy, tir cac t€ bao don, mo thé san
hodc cac tan 14, nhu 13 tiéu chudn trong linh vuc k¥ thudt chuyén nganh. Hau hét
thuc vat bat ky co thé dugc tai tao hoan toan tir t& bao, mé va co quan cia thuc vit.
Sau khi c4c thuc vat dugc bién nap dugc chon lgc va sinh trudng dén khi truéng
thanh, cac thuc vat nay thé hién phenotyp céc dic tinh sinh truéng dugc thay thé
dwoc nhén dién. Ngoai ra, d& x4c nhan ring phenotyp nay 1a do cac thay dbi vé mirc
bidu hién hoic hoat tinh ctia polypeptit hodic polynucleotit dugc bdc 16 & day c6 thé
duogc xac dinh béng cach phan tich sy biéu hién mARN bﬁng cach st dung céc thdm
tach Bic, RT-PCR hoic dan siéu nho, hoic su biéu hién protein béng cach str dung

cac thAm tach mién dich hoic thim tach Tay hodc thir nghiém dich chuyén gel.

Do d6, trong mot khia canh khac phuong phap theo séng ché bao gbém it nhat

mot budc duogc chon tur:

(a) dwa phén tir axit nucleic ghi m trinh tw axit ribonucleic vao it nhit mot té bao
thuc vat, ma c6 thé tao ra phén tr axit ribonucleic sgi d6i, nhd d6 manh c6 it
nhit 17 nucleotit (nhw 18, 19, 20 hodc 21 nucleotit) clia phin tir axit
ribonucleic soi d6i ndy c6 trinh ti axit nucleic c6 muic d6 tvong ddng vé trinh
tur it nhét 13 50% (vi du 60%, 70%, 80%, 90%, hodc 95%) so v6i trinh tyr axit
nucleic cia phan tir axit nucleic EBI (tc 1a EBIla, EBI1b, EBI2a, hodc
EBI2b);

(b) dua ARNi hodc phén tr axit nucleic dbi nghia vao it nhit mot té bao thuc vit,
nh& d6 ARNi hoic phan tir axit nucleic d6i nghia bao gdm manh c6 it nhat 17
nucleotit (nhu 18, 19, 20 hodc 21 nucleotit) cé trinh tu axit nucleic c6 mirc 4o
tuong ddng vé trinh tu it nhit 50% (vi du 60%, 70%, 80%, 90%, hodc 95%)
0 véi trinh ty axit nucleic clia phén tir axit nucleic EBI;

(c) dua cAu tao axit nucleic c6 thé tai tb hop véi va loai bo, lam bét hoat, hoic
lam giam hoat tinh cta gen ndi sinh bao gdm phan tir axit nucleic EBI vao it

nhit mot t& bao thuc vat; va
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(d) dwa vao hodc phat hién dot bién khong cam trong gen ndi sinh bao gdm phan

tu axit nucleic EBI.

Trong mot khia canh khac, sang ché d& xuit phuong phép trong d6 lam giam
hoic 1am mét lugng hoic hoat tinh ctia polypeptit EBI1 hodc polypeptit EBI2 giy ra

bdi bat ky trong so cac yeu to sau:

(a) dot bién tu nhién hoic duge cam tmg trong gen ndi sinh clia t€ bao thuc vat,

thuc vat hoac mot phén cda no;
(b) su bAt hoat T-ADN cua gen ndi sinh;
(c) gy dot bién gen tryc tiép didm hodc nhan giéng truc tiép clia gen ndi sinh,
trong d6 gen ndi sinh ndy bao gdm phan tir axit nucleic EBL
Trong mdt khia canh dugc uu ti€n, phuong phap theo sang ché bao gdm:

(a) cung cip vecto bao gém: (i) phan tir axit nucleic dé dua vao it nhat mot té bao
thuc vat; (ii) phan tir axit nucleic bén sudn bao gdm mot hodc nhiéu thanh
phin diéu tiét dugc hop nhét vao phan tir axit nucleic, trong d6 thanh phin

diéu tiét kiém sodt sy bi€u hién ciia phan tlr axit nucleic nay; va

(b) bién nap it nhét mot t& bao cua thuc vat ndy véi vecto d8 tao ra thuc vat duoc
bién nap c6 cac dic tinh sinh truéng duge cai thién so véi thuc vat kiéu dai

khéng dugc bién nap twong tng.

Trong mdt khia canh khéc, sdng ché @& xuét thuc vat duoc bién ddi gen, cu thé
13 chuyén gen, duoc tao ra bing phuong phap nhu dugc mo ta trén ddy. Twong ing
véi sang ché, thuc vat chuyén gen co thé 1 thuc vat 1du nim ma t6t hon 1a thuc vat
14y g8 hoic loai 14y gd. Trong mét phuong 4n hitu dung, thuc vat 1iy gd la cay gb
cling ma c6 thé duoc chon tir nhém bao gdm cAy keo, ciy bach dan, cy trin, ciy dé,
cay gu, cdy 6c chd, cay sOi, cay tAn bi, cay lidu, cAy mai chau, ciy bach duong, cdy
hat dé, cay duong, cdy duong tia, cdy thich, cay tiéu huyén, cdy bach qua, cdy co va
cay 14y nhua ngot. Cac thuc vat gd cung tir ho Salicaceae, nhu cay lidu, cay duong
va cay duong l4 rung bao gém céc bién thé cua nd, dugc ua thich mot cach cu thé,
nhu 13 hai nhém nay bao gdm lodi ciy hodc cay bui liy g6 sinh truéng nhanh ma

dugc sinh truong dac hiéu détaora gd xay dung va nhién liéu sinh hoc.
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Trong cac phuong an khac, thyc vat léy g0 12 cay 14 kim ma c6 thé duoc chon
tir nhém bao gdm cay béach, cdy linh sam dograt, ciy linh sam, ciy cii ting, cay doc
can, ciy tuyét ting, cdy bach xu, cdy théng rung 14, ciy thong, cdy gd do, cay van
sam va cdy thily ting. Trong cc phuong 4n hitu dung, thuc vat 1iy gb 1a thuc vat c6
qua ma cé thé dwoc chon tir nhém bao gém t40, man, 18, chudi, cam, kiwi, chanh,
anh dao, dtra va sung. Cac thuc vat 14y gd khac ma c6 thé 13 hitu dung trong phuong
phép nay c6 thé ciing dwoc chon tir nhém bao gdm ciy bdng, ciy tre va ciy cao su.
Céc thuc vat khac, ma c6 thé 13 hitu dung 1a co sinh trudéng d8 tao ra sinh khéi, vi du,
c6 voi va cé may.

Sang ché m& rong pham vi dén cac t& bao thuc vat bét ky trong s6 cac thuc vat
chuyén gen néu trén thu dwoc bing cac phuong phap dugc mé ta & ddy, va dén cic
bd phén cua thyc vat, bao gém cac bd phén thu hoach dugc cia thyc véat, hat va chdi
mam cua nd, va mod céy cua thuc vat hodc moé thuc vat. Sang ché cling bao ham thuc
vat, mot phﬁn clia no, té bao thuc vat hodc ddi con thuc vat bao g@)m ciu tao ADN
theo sang ché. Sang ché con mé rong pham vi d& bao ham doi con cua té bao dugc
bién nap hoic chuyén nhiém so cép, mo, co quan hodc toan bd thuc vat ma dugc tao
ra bing phuong phép bt k¥ trong sé cac phuong phap néu trén, yéu ciu duy nhét 1a
doi con cé cung (cac) dic tinh genotyp va/hodc phenotyp nhu doi con dugc tao ra tir

cay me bing cic phuong phap theo sang ché.

Do do, sang ché d& xuit thuc vat duoc bién dbi gen c6 cac ddc tinh sinh trudng
duoc cai thién so voi thyuc vat kiéu dai khong dugc bién dbi gen tuong tmg, trong d6
thue vat nay c6 luong hodc hoat tinh cta polypeptit EBI1 hodc EBI2 dugc lam giam,
va trong d6 h€ gen cua thuc vét nay bao gém su bién d6i gen dugc chon tir bét ky

trong sO cac y€u t0 sau:

i) dot bién khong cAm trong gen ndi sinh bao gdm phén tir axit nucleic ghi ma

polypeptit EBI1 hodc EBI2;

ii) gen chuyén dugc thém vao hé gen nay, gen chuyén bao gdm phén tir axit nucleic
ghi m trinh tu axit ribonucleic, ma c6 thé tao ra phan tir axit ribonucleic sg1 doi,
nhd d6 méanh c6 it nhit 17 nucleotit ctia phén tir axit ribonucleic soi d6i nay c6
tinh twong ddng it nhat 1a 50% vé&i phan tir axit nucleic ghi ma polypeptit EBI1
hoidc EBI2;
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iii) dot bién trong gen ndi sinh bao gdm phan tr axit nucleic ghi ma polypeptit EBI1
hodc EBI2, dugc cam tng bing cach dua ciu tao axit nucleic c6 thé tai td hop
véi va loai bo, 1am bat hoat, hoic lam gidm hoat tinh ctia gen nfi sinh vao it nhét

mot t€ bao thuc vat,

trong d6 polypeptit EBI1 niy c6 trinh tw axit amin c6 mtc d9 tuong déng vé
trinh ty it nhét 13 80% so v6i trinh ti axit amin duoc chon trong s6 SEQ ID NO: 2, 4
va 5, hodc trong do6 polypeptit EBI2 nay c6 trinh ty axit amin c6 mtc d tuong ddng
v& trinh ty it nht 13 80% so vdi trinh ty axit amin duoc chon trong s6 SEQ ID NO:
7,9 va 10.

Trong mdt phuong 4n khac, sang ché dé xuat viéc st dung cic gen EBI1 va
EBI2 d& nhan dién cac thuc vét c6 su sinh trudng ting so véi kiéu dai.

Trong mdt phuong 4n khac, sang ché dé xuit viéc st dung cac gen EBI1 va
EBI2 va polypeptit d& nhan dién c4c chét hitu dung trong viéc trc ché hoat tinh EBI1
hodc EBI2, theo d6 hitu dung dé cai thién sy sinh truéng ciia thuc vét.

Trong mot phuong 4n khac nita, sing ché dé xuét viéc st dung cac gen EBII va
EBI2 lam c4c gen tiéu bidu trong may d4nh déu duoc hd tro lai giéng.

Vi du thue hién sing ché
Vi du 1: mé hinh biéu hién ctia EBI1 va EBI2

EBI1 va EBI2 xuét hién d& c6 anh sang duoc cam tmg va su biéu hién hing
ngay v4i mé hinh chu ky ngay, vi du, EBI2, EBII ciing it 3 rang hon, khi duoc thir
nghiém mdi bbn gidr trong 48 gid trong ché d6 d6 dai ngay 18 gid sang/ 6 gior t6i
(18°C/18°C) bét du tir 3 gitr trude khi binh minh (Fig.1, hang 1 va 2; M&i sao chép
sinh hoc PCR trong thoi gian thuc t& 1 va 2, chua 14 duoc léy mAu & 7-9 dbt tir bbn
cdy doc 1ap & mdi diém thoi gian) v trong mot ngdy dém (Fig.1, hang 3;
http://diurnal.cgrb.oregonstate.edu/).

Nhu duoc thé hién trén Fig.1, hang 4, EBI1 va EBI2 duoc biéu hién trong cic
mé khiac nhau nhu dugc phat hién trong Poplar eFP Browser
(http://bar.utoronto.ca/efppop/cgi-bin/efpWeb.cgi).

Vi du 2: su chuan bi va su sinh truong ctia cac thuc vat chuyén gen
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Khuéch dai cac ving tao ARNi tir Populus tremula x tremuloides cADN béng
PCR sir dung platin pfx ADN polymeraza (Invitrogen, Carlsbad, CA, USA) theo sO

tay san xuét voi cc thiét 1ap co ban sau:

PtEBI2

Xubi: 5’-CACCGCGGCCGCCCATCTCGTGTGATTGGC-3’ (SEQ ID NO: 11);
Ngugc: 5’-CTTCCACGAAGTTCCCTTCAGAG-3’ (SEQ ID NO: 12);

PttEBII

Xudi: 5’-CACCGCGGCCGCGGACTTGGACTTCTTCCT-3’ (SEQ ID NO: 13);
Ngugce: 5°-GATTCGTGGATGTCTTCTTCTGTG-3’ (SEQ ID NO: 14).

Sir dung c4c cdu tao EBI1 dé diéu tiét giam EPIla va EPI1b, va s dung céc
cAu tao EBI2 dé diéu tiét giam EBI2a va EBI2b.

Tach dong céc san phdm PCR trong vecto pENTR™/SD/D-TOPO®
(Invitrogen, Carlsbad, CA, USA). P& loai bé ving tao khong hiru hi€u tir vecto
pENTR™/SD/D-TOPO®, phan loai céc vecto ndy bang Nofl va tu that. Pua céc
vecto vao vao tao trinh ty dideoxy-nucleotit va sir dung trong phan g LR-Gateway
(Invitrogen, Carlsbad, CA, USA) véi vecto dich, pANDA35HK. Tiép theo, sir dung
su bién nap qua trung gian Agrobacterium dé bién nap cay duong 14 rung lai,
Populus tremula L. x P. tremuloides Mich. Bién nap dong v6 tinh T89 va téi tao theo
phuong phap d3 duge biét trong linh vie ki thuat nay.

Trdng dong cdy dwong chuyén gen ciing véi cac cdy ddi chimg hoang dai cua
chung, trong budng sinh truéng trong chu ky sang 13 18 gidy va nhiét d6 1a 18°C/18°C
(ngay/dém). Lam mau m& cac thuc vat nay hing tudn bang Weibulls Rika S NPK 7-
1-5 dugc pha lodng tir 1 dén 100 (ndng do cubi ciing NOs, 55g/1; NHy, 29g/1; P,
12g/1; K, 56g/1; Mg 7,2¢g/1; S, 7,2¢/1; B, 0,18¢g/1; Cu, 0,02g/1; Fe, 0,84g/1; Mn, 0,42¢/1;
Mo, 0,03g/l; Zn, 0,13g/L). Po d§ cao va dudng kinh va sir dung dé phén tich su sinh

trudng.

Viéc tach EBI1 va EBI2 ra din dén viéc cc cdy chuyén gen gia ting vé ca 4o

dai ciling nhu sinh trudng toa tron so vai T89 kiéu dai (Fig.2 va Bang I).
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Nhu duge thd hién trén Bang I, mot sé ciy chuyén gen EBI1 thé hién chi 5O

sinh trudng khéi luong ting 25-28% va do cao ting 5-13%. Mot sd cay chuyén gen

EBI2 thé hién chi sb sinh trudng khdi lwong 15-36% va d6 cao ting 6-14%.

Béang I

Céc ti 18 13 trung binh cua cac sao chép dong chuyén gen chia cho trung binh

céc tri sO trong lugng.

Chi s6 khéi luong duogc tinh 1a (dudng kinh x dudng kinh x d9 cao). Cac tri s6

thir nghiém t thé hién tri sb p-

Chi s6
khoi b6 cao
Ti 1€ chi 1A 2A o Tilg Puong
Genotyp sbkhéi | uomg | Tiledo | tht - pl | Kinh the
thir cao nghi€ém , i n
luong in kinh nghiém t
nghiém t
t
ARNIEBI1 #1 1,12 |0,14875| 1,02 |0,25863 1,05 0,1909
ARNIEBI1 #2 1,12 0,099 1,05 0,0016 1,03 0,31235
ARNIEBI1 #3 1,25 |0,01158 | 1,13 | 0,00015 1,05 0,17114
ARNIEBI1 #4 1,28 |0,01273 | 1,11 | 0,00427 1,07 0,06444
ARNIEBI2 #10 0,95 1]0,50156 | 0,93 0,0123 1,01 0,70251
ARNIEBI2 #11 1,01 |0,95361| 1,00 |0,86388 1,00 1,0000
ARNIEBI2 #5 0,98 [0,81686 | 1,02 |0,51223 0,98 0,62944
ARNIEBI2 #6 1,36 |0,00414 | 1,14 |0,00024 1,09 0,03644
ARNIEBI2 #7 1,00 |0,99839 | 1,05 |0,20109 0,97 0,5426
ARNIEBI2 #8 1,15 |0,17487 | 1,06 |0,01953 1,04 0,36861

Mitc biéu hién gen #n nhap t6t véi phenotyp dugc quan sat (Fig.3). Khong quan
sat théy c6 tac dung tiéu cuc vé& md hinh sinh truéng theo mua, vi du, sy dat chdi

(Fig.4)
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YEU CAUBAO HQ

1. Phuong phép san xuét thuc vat dugc bién di gen c6 cac dic tinh sinh trudng duoc
cai thién so véi thuc vat kidu dai khong duogc bién dbi gen tuong Ung, trong do
phuong phép ny bao gdm cic bude:

a. 1am giam hozc 1am mAt lwong hoic hoat tinh ctia polypeptit EBI1 hodc EBI2
trong t€ bao thuc vat, thuc vat hoic mot phﬁn cua nd; va

b. tao ra va/hodc chon loc thuc vat dugc bién ddi gen c6 cac dic tinh sinh
trudng duogc cai thi€n so vdi thuc vat kiéu dai khong duoc bién dbi gen tuong Ung va

sinh trudng trong cac didu kién ma cho phép su phét trién ctia thuc vat.
2. Phuong phap theo diém 1, cac budc ctia phuong phép ndy con bao gbm:

c. tu thu phén hoic lai thuc vat duoc bién dbi gen voi 14n luot chinh n6 hoic
thuc vat khéc, dé tao ra hat; va
d. sinh trudng thyc vat doi con tir hat nay, trong d6 thuc vat doi con nay cé cac

dac tinh sinh trudng duoc cai thién.

3. Phuong phép theo diém 1 hoic 2, trong d6 polypeptit ndy 1a polypeptit EBI1 bao
gdm mién c6 it nhit khoang 161 axit amin, mién ndy it nhit 14 gidng 80% véi trinh

ty axit amin dugc thé hién nhu 13 SEQ ID NO: 5.

4. Phuong phap theo diém 3, trong d6 polypeptit EBI1 ndy c6 trinh ty axit amin c6
muc do tuong d(“)ng vé& trinh ty it nhit 12 80% so véi trinh ti axit amin dugc chon tir
SEQID NO: 2 va 4.

5. Phuong phép theo diém 4, trong d6 polypeptit EBI1 nay c6 trinh tw axit amin
duoc chon tir SEQ ID NO: 2 va 4.

6. Phuong phap theo diém 1 hoic 2, trong d6 polypeptit ndy 1a polypeptit EBI2 bao
gdm mién c6 it nhit khoang 191 axit amin, mién niy gidng it nhat 13 80% véi trinh
tw axit amin dugc thé hién nhu 13 SEQ ID NO: 10.

7. Phuong phép theo diém 6, trong d6 kiéu phu nay 1a polypeptit EBI2 va trong d6
trinh ty axit amin cta polypeptit c6 muc d6 tuong ddng vé trinh tu it nhét 13 80% so
voéi trinh tu axit amin dugc chon tr SEQ ID NO: 7 va 9.
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8. Phuong phép theo diém 7, trong d6 polypeptit EBI2 nay c6 trinh tu axit amin
duoc chon tr SEQ ID NO: 7 va 9.

9. Phuong phép theo diém bét ky trong sb cac diém tir 1 dén 8, bao gdm viéc lam
giam hodc 1am mét su biéu hién cua it nhit mét phan tir axit nucleic, trong d6 phan

tir nay dugc chon tu:

a. phan tir axit nucleic ghi mé polypeptit EBI1 hodc polypeptit EBI2; va

b. phin tit axit nucleic c6 trinh ty axit nucleic dugc chon tr nhém bao gdm
SEQIDNO: 1, 3,6 va 8.

10. Phuong phap theo diém 9, trong d6 phwong phap nay bao gdm it nhit mot bude
dugc chon trong sb:

a. dua phan tir axit nucleic ghi mé trinh ty axit ribonucleic vao it nhit mot té
bao thuc vat, ma cé thé tao ra phan tir axit ribonucleic sgi d6i, nho 6 méanh c6 it
nhét 17 nucleotit ctia phan tit axit ribonucleic sgi d6i nay c6 trinh tu axit nucleic c6
muc 4o tuong déng vé trinh ty it nhat 14 50% so véi trinh tu axit nucleic nhu dugc
md ta trong diém 9;

b. dua ARNi hodc phén tir axit nucleic di nghia vao it nhit mot t& bao thuc
vat, nho d6 ARNi hodc phan tir axit nucleic d6i nghia nay bao gdm manh c6 it nhat
17 nucleotit ¢6 trinh tu axit nucleic c6 mic 4 tuong déng v& trinh tu it nhit 14 50%
so vdi trinh tu axit nucleic nhu duge mo ta trong diém 9;

c. dua clu tao axit nucleic c6 thé t4i td hop v6i va loai bo, lam bét hoat, hoic
lam giam hoat tinh cua gen ndi sinh bao gbm phan tir axit nucleic nhu dugc moé ta
trong diém 9 vao it nhit mot t& bao thuc vat; va

d. dua vao hodic phat hién dot bién khong cAm trong gen ndi sinh bao gdm phan
tir axit nucleic nhu dwoc mé ta trong diém 9.

11. Phwong phép theo diém 9, trong d6 viéc lam giam hodc 1am mét lwgng hodc hoat
tinh ctia polypeptit EBI1 hodc polypeptit EBI2 giy ra boi yéu t§ bat ky trong s cac
yéu td sau:

a. dot bién tu nhién hodc duoc cdm tmg trong gen ndi sinh cla té bao thuc vat,
thuc vat hodc mot phﬁn cua no;

b. su bit hoat T-ADN ctia gen ndi sinh;
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c. sy dot bién gen tryc tiép diém hodc nhan gibng truc tiép clia gen ndi sinh,
trong d6 gen ndi sinh nay bao gdm phan tir axit nucleic nhu duge mo t trong diém
9.

12. Phuong phap theo diém 9 hodc 10, phuong phdp nay bao gdm:

a. tao ra vecto bao gdm: (i) phan tit axit nucleic d8 dua vao it nhit mot t& bao
thuc vat; (i) phan tir axit nucleic bén suon bao gdm mot hoic nhiéu thanh phan diéu
tit duoc hop nhét vao phan tir axit nucleic ndy, trong d6 cac thanh phan diéu tiét nay
kiém soét sy biéu hién ctia phan tit axit nucleic; va

b. bién nap it nhét mot t& bao cta thuc vat ndy véi vecto d8 tao ra thuc vat dugc
bién nap c6 cac dic tinh sinh trudng dugc cai thién so voi thuc vét kiéu dai khong
dwoc bién nap tuong tng.

13. Phuong phap theo diém bét ky trong sé cac diém tir 1 dén 12, trong d6 thyc vat
1a thuce vat léy g0 1au nim.

14. Phuong phép theo diém 13, trong d6 thuc vat 1a cay g0 ctmg dugc chon tir nhom
bao gém cay keo, cdy bach dan, cy tran, cdy dé, cay gu, cdy oc chd, cay s, cay tAn
bi, ciy liu, cdy mai chau, cdy bach duong, ciy hat dé, cdy duong, cay duong tia, ciy
duong 14 rung, cdy thich, cay tiéu huyén, cdy bach qua, cay co va ciy 14y nhwa ngot.
15. Thuc vat duoc bién ddi gen dugce tao ra bdi phwong phap theo diém bat ky trong
sb cac diém tir 1 dén 14.

16. Thuc vat dugc bién dbi gen c6 cac dic tinh sinh truong duge cai thién so voi
thuc vat kiéu dai khong duge bién dbi gen tuong (mg, trong d6 thuc vat nay c6 luong
hoic hoat tinh cia polypeptit EBI1 hodc EBI2 dugc lam gidm, va trong d6 hé gen

ctia thyc vat ndy bao gdm su bién ddi gen dugc chon tir yéu td bat ky trong sd:

i) dot bién khong cAm trong gen ndi sinh bao gdm phan tir axit nucleic ghi ma

polypeptit EBI1 hodc EBI2;

ii) gen chuyén duoc thém vao hé gen nay, gen chuyén nay bao gdm phén ti
axit nucleic ghi ma trinh ty axit ribonucleic, ma c6 thé tao ra phan tlt axit ribonucleic
soi d6i, nh¢g d¢6 manh c6 it nhét 17 nucleotit cia phan ti axit ribonucleic soi d6i nay
¢6 tinh tvong ddng it nhat 12 50% voi phan tir axit nucleic ghi ma polypeptit EBI1
hodc EBI2;
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iii) dot bién trong gen ndi sinh bao gbm phan tir axit nucleic ghi mi polypeptit
EBI1 hoic EBI2, dugc cam {mg bing cich dua chu tao axit nucleic ma c6 thé tai tb
hop véi va loai bo, lam bét hoat, hodc 1am giam hoat tinh ctia gen ndi sinh vao it nhét
mot t& bao thuc vit,
trong d6 polypeptit EBI1 nay c6 mirc 46 tuong ddng vé trinh ty axit amin it nhét
80% so véi trinh ty axit amin dugc chon tir trong s6 SEQ ID NO: 2, 4 va 5, hodc
trong d6 polypeptit EBI2 nay c6 mirc 46 tuong ddng v& trinh ty axit amin it nhét
80% so v6i trinh ty dugc chon tir trong s6 SEQ ID NO: 7, 9 va 10.
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<110>

<120>

LAY

GO

<130>

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>
cagccaaatc aaacccacca cccccgaaat cggaaa

tac
Tyr

aaa
Lys

acc
Thr

aaa
Lys
55

cac
His

gct
Ala

acc
Thr

atc
Ile

tcc
Ser
135

cac
His

ccc
Pro

aac
Asn
40

tcc
Ser

gac
Asp

cta
Leu

tgg
Trp

caa
Gln
120

acg
Thr
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SWETREE TECHNOLOGIES AB

Danh muc trinh tv

PHUONG PHAP SAN XUAT THUC VAT LAY GO PUQC BIEN POI GEN VA THUC VAT
BIEN POI GEN CO CAC PAC TINH SINH TRUONG PUQC CAI THIEN

P41201461

1

4

PatentIn phién bdn 3.5

1
2

709

ADN
Populus trichocarpa

CDS
(37)..(2706)

1

cat
His

ttc
Phe
25

agc
Ser

tac
Tyr

cta
Leu

tca
Ser

tct
Ser
105

tcc
Ser

cgc
Arg

cac
His
10

tcc
Ser

caa
Gln

ttc
Phe

acc
Thr

tgt
Cys
90

tgc
Cys

tgg
Trp

ctc
Leu

cac
His

gac
Asp

aac
Asn

gaa
Glu

aaa
Lys
75

ctc
Leu

act
Thr

gct
Ala

cct
Pro

cac
His

tcc
Ser

caa
Gln

cac
His
60

atc
Ile

atc
Ile

tct
Ser

cgc
Arg

atc
Ile
140

cta
Leu

gat
Asp

cac
His
45

gcc
Ala

aaa
Lys

tgt
Cys

ctc
Leu

caa
Gln
125

tcc
Ser

caa
Gln

tcc
Ser
30

tcc
Ser

aac
Asn

tcc
Ser

ctc
Leu

tgc
Cys
110

gcc
Ala

tct
Ser

caa gaa
Gln Glu
15

tac tcc
Tyr Ser

gca gat
Ala Asp

cac caa
His Gln

ttc cta
Phe Leu
80

gaa cgc
Glu Arg
95

tac gcc

Tyr Ala

tcec gat
Ser Asp

gat aaa
Asp Lys
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atg
Met

caa
Gln

gac
Asp

ctc
Leu

tcc
Ser
65

acc
Thr

atc
Ile

gtt
Val

ctc
Leu

gcc
Ala
145

tcc
Ser

caa
Gln

tcc
Ser

aca
Thr
50

tta
Leu

tcc
Ser

aaa
Lys

ttc
Phe

tcc
Ser
130

gct
Ala

tcc
Ser

caa
Gln

gac
Asp
35

aac
Asn

caa
Gln

tcc
Ser

acc
Thr

cac
His
115

gct
Ala

gaa
Glu

gcc
Ala

caa
Gln
20

tcc
Ser

tca
Ser

cca
Pro

tcc
Ser

tcc
Ser
100

ctt

Leu

ctt
Leu

tcc
Ser

ctt
Leu

caa
Gln

gac
Asp

atc
Ile

acg
Thr

tct
Ser
85

gat
Asp

atc
Ile

cga
Arg

tcc
Ser

ggc
Gly

cag
Gln

acc
Thr

ttc
Phe

caa
Gln
70

ggc
Gly

ccg
Pro

tgt
Cys

gcc
Ala

acc
Thr
150

54

102

150

198

246

294

342

390

438

486



tgg
Trp

aga
Arg

cct
Pro

aag
Lys

tgc
Cys
215

acg
Thr

att
Ile

tgt
Cys

tgt
Cys

ttt
Phe
295

gtg
Val

caa
Gln

gct
Ala

ttg
Leu

tgc
Cys
375

999
Gly

aat
Asn

aat
Asn

tgg
Trp

aat
Asn
200

cca
Pro

acg
Thr

tgt
Cys

cac
His

tca
Ser
280

aga
Arg

tgt
Cys

999
Gly

tgt
Cys

agt
Ser
360

att
Ile

atg
Met

tgc
Cys

tac
Tyr

att
Ile
185

aac
Asn

tct
Ser

gat
Asp

aaa
Lys

gat
Asp
265

tgt
Cys

tgt
Cys

gag
Glu

aag
Lys

gat
Asp
345

tgt
Cys

gag
Glu

aag
Lys

cct
Pro

ctc
Leu
170

tta
Leu

tgc
Cys

tgc
Cys

gtt
Val

aaa
Lys
250

gga
Gly

gga
Gly

gag
Glu

agg
Arg

aga
Arg
330

att
Ile

ggt
Gly

act
Thr

aaa
Lys

aaa
Lys
155

tgt
Cys

tcc
Ser

ggt
Gly

ccg
Pro

aag
Lys
235

tca
Ser

ccc
Pro

agg
Arg

aat
Asn

999
Gly
315

gca
Ala

gtt
Val

ttc
Phe

tgt
Cys

gag
Glu

tgc
Cys

ttc
Phe

cat
His

cat
His

aaa
Lys
220

cgt
Arg

tta
Leu

tgc
Cys

aaa
Lys

ccc
Pro
300

tgc
Cys

tgt
Cys

gtg
Val

cat
His

cga
Arg
380

gtt
Val

cgc
Arg

tgt
Cys

tct
Ser

tgc
Cys
205

ctt
Leu

tgc
Cys

gat
Asp

ccg
Pro

gtt
Val
285

tgt
Cys

cat
His

cca
Pro

ccg
Pro

agg
Arg
365

att
Ile

cct
Pro

27907

tct
Ser

ggc
Gly

tgc
Cys
190

tgt
Cys

gtc
Val

ggt
Gly

tgc
Cys

ccg
Pro
270

gag
Glu

gag
Glu

ttt
Phe

tgc
Cys

ctt
Leu
350

tgc
Cys

gtt
Val

tgc
Cys

gat
Asp

aaa
Lys
175

ggt
Gly

ttg
Leu

aaa
Lys

tac
Tyr

999
Gly
255

tgt
Cys

gag
Glu

aaa
Lys

999
Gly

999
Gly
335

tgt
Cys

cac
His

gtc
Val

tat
Tyr

tat
Tyr
160

gtc
Val

gaa
Glu

tta
Leu

gcg
Ala

aaa
Lys
240

att
Ile

aat
Asn

agg
Arg

ttg
Leu

gag
Glu
320

aag

Lys

ggt
Gly

gag
Glu

acc
Thr

caa
Gln

-19-

tct
Ser

gaa
Glu

atc
Ile

ctt
Leu

aca
Thr
225

tta
Leu

cat
His

gcc
Ala

gag
Glu

tta
Leu
305

tgt
Cys

aga
Arg

ggt
Gly

aga
Arg

aag
Lys
385

gat
Asp

aga
Arg

aat
Asn

tgt
Cys

tgc
Cys
210

tgt
Cys

ttt
Phe

agc
Ser

cgc
Arg

tgt
Cys
290

gcc
Ala

gga
Gly

ctc
Leu

acc
Thr

tgt
Cys
370

ttg

Leu

ttg
Leu

tct
Ser

cca
Pro

aac
Asn
195

cat
His

ttt
Phe

tct
Ser

tgt
Cys

999
Gly
275

tgt
Cys

tgc
Cys

gat
Asp

tat
Tyr

tgt
Cys
355

cat

His

tgt
Cys

gca
Ala

aaa
Lys

cca
Pro
180

cgt
Arg

ccc
Pro

tgc
Cys

tgt
Cys

aaa
Lys
260

gtt
Val

gag
Glu

gga
Gly

tgt
Cys

gaa
Glu
340

gat
Asp

cga
Arg

agg
Arg

tgt
Cys

atc
Ile
165

aat
Asn

cag
Gln

ggt
Gly

ggc
Gly

aac
Asn
245

caa
Gln

tat
Tyr

aga
Arg

aaa
Lys

cct
Pro
325

gga
Gly

aaa
Lys

999
Gly

tgt
Cys

gag
Glu

ccc
Pro

gat
Asp

ttg
Leu

ccc
Pro

aaa
Lys
230

aat
Asn

att
Ile

aaa
Lys

gaa
Glu

cat
His
310

ctt
Leu

atg
Met

atg
Met

cct
Pro

999
Gly
390

agg
Arg

534

582

630

678

726

774

822

870

918

966

1014

1062

1110

1158

1206

1254



aag
Lys

tgc
Cys

ctt
Leu

tgt
Cys
455

act
Thr

aaa
Lys

gat
Asp

ttg
Leu

tgc
Cys
535

aag

Lys

tgc
Cys

att
Ile

tgt
Cys

aca
Thr
615

caa
Gln

aag

tgt
Cys

tgt
Cys

cgg
Arg
440

tct
Ser

cat
His

tgt
Cys

tct
Ser

ctt
Leu
520

cac

His

aaa
Lys

cct
Pro

gga
Gly

gaa
Glu
600

aaa
Lys

cat
His

gaa

caa
Gln

gat
Asp
425

tgt
Cys

cct
Pro

ttt
Phe

cgt
Arg

aag
Lys
505

tgt
Cys

ggc
Gly

aag
Lys

cct
Pro

gca
Ala
585

aat
Asn

act
Thr

aaa
Lys

cgg9

aga
Arg
410

999
Gly

aag
Lys

tgt
Cys

gag
Glu

aaa
Lys
490

cca

Pro

gat
Asp

ccc
Pro

aaa
Lys

tgc
Cys
570

gag
Glu

ctg
Leu

tgc
Cys

aga
Arg

aaa

395

atg
Met

gac
Asp

aat
Asn

cct
Pro

gtt
Val
475

tca
Ser

cac
His

gaa
Glu

aga
Arg

cca
Pro
555

cct

Pro

aga
Arg

tgt
Cys

cat
His

agc
Ser
635

cct

aga
Arg

tgt
Cys

cac
His

gta
Val
460

ccc
Pro

tgt
Cys

aaa
Lys

gaa
Glu

cca
Pro
540

aat

Asn

gaa
Glu

atg
Met

999
Gly

gca
Ala
620

gag
Glu

gct

gat
Asp

ccg
Pro

aag
Lys
445

atg
Met

tgt
Cys

gga
Gly

tgc
Cys

tac
Tyr
525

cct

Pro

cat
His

ctt
Leu

atg
Met

agc
Ser
605

ctg
Leu

tct
Ser

tgt

27907

tgt
Cys

cca
Pro
430

tgt
Cys

ttt
Phe

ggc
Gly

ata
Ile

cat
His
510
cca

Pro

cct
Pro

cag
Gln

gtt
Val

gtc
Val
590

cct
Pro

aag
Lys

tgt
Cys

cga

gga
Gly
415

tgt
Cys

cct
Pro

aca
Thr

act
Thr

tct
Ser
495

tat
Tyr

tgc
Cys

aat
Asn

agt
Ser

tgg
Trp
575

tgc
Cys

ctt
Leu

agc
Ser

gaa
Glu

cat

400

cga
Arg

gga
Gly

gcc
Ala

att
Ile

gag
Glu
480

cct
Pro

999
Gly

agc
Ser

cca
Pro

gaa
Glu
560

agg
Arg

tca
Ser

tct
Ser

cag
Gln

gag
Glu
640

tct

-20-

cat
His

gag
Glu

ccg
Pro

tca
Ser
465

aaa
Lys

tta
Leu

gca
Ala

cat
His

gat
Asp
545

agt

Ser

cca
Pro

aac
Asn

tgt
Cys

tct
Ser
625

tgt
Cys

tgc

gct
Ala

att
Ile

tgt
Cys
450

tgt
Cys

gac
Asp

tgc
Cys

tgc
Cys

aag
Lys
530

ttc
Phe

aca
Thr

tgt
Cys

aga
Arg

ggc
Gly
610

tca
Ser

cat
His

cct

tgt
Cys

tgc
Cys
435

cat
His

gct
Ala

caa
Gln

cga
Arg

cct
Pro
515

tgc
Cys

aca
Thr

cca
Pro

ctt
Leu

acc
Thr
595

aat
Asn

act
Thr

ctt
Leu

cta

aaa
Lys
420

ggc
Gly

cga
Arg

tgt
Cys

aag
Lys

cat
His
500
cct

Pro

aaa
Lys

ttg
Leu

gga
Gly

ggc
Gly
580

caa
Gln

cat
His

tca
Ser

cct
Pro

cca

405

cgt
Arg

aag
Lys

ggt
Gly

gga
Gly

cct
Pro
485

gga
Gly

tgt
Cys

tta
Leu

agg
Arg

acc
Thr
565

cag

Gln

ttt
Phe

tat
Tyr

ttg
Leu

tgt
Cys
645

tgt

cgc
Arg

agg
Arg

gcc
Ala

gag
Glu
470

cca
Pro

tca
Ser

cga
Arg

agg
Arg

cca
Pro
550

cca

Pro

cac
His

tcc
Ser

tgt
Cys

gtt
Val
630

gaa
Glu

cat

1302

1350

1398

1446

1494

1542

1590

1638

1686

1734

1782

1830

1878

1926

1974

2022



Lys

cct
Pro

tgt
Cys

tca
Ser
695

agg
Arg

ggt
Gly

tgt
Cys

gca
Ala

cat
His
775

gca
Ala

gag
Glu

cgg
Arg

att
Ile

act
Thr
855

tcc
Ser

cat
His

Glu

gg99
Gly

ggt
Gly
680

gaa
Glu

aaa
Lys

caa
Gln

caa
Gln

gcc
Ala
760

ttt
Phe

cag
Gln

gag
Glu

cgt
Arg

gct
Ala
840

atg
Met

gat
Asp

cca
Pro

Arg

gac
Asp
665

tct
Ser

aag
Lys

ttg
Leu

tgc
Cys

tgc
Cys
745

tat
Tyr

gga
Gly

gtt
Val

aag
Lys

gaa
Glu
825

gcc

Ala

gtg
Val

tgg
Trp

cga
Arg

Lys
650

tgc
Cys

atg
Met

gag
Glu

cct
Pro

cca
Pro
730

caa
Gln

cac
His

ctt
Leu

gtg
Val

gtt
Val
810

cat
His

acc
Thr

gca
Ala

atg
Met

atc
Ile
890

Pro

cct
Pro

gtc
Val

caa
Gln

aat
Asn
715

tca
Ser

acc
Thr

aaa
Lys

gga
Gly

gat
Asp
795

cca

Pro

tta
Leu

atg
Met

gct
Ala

aat
Asn
875

taa

Ala

cct
Pro

cac
His

atg
Met
700

tgt
Cys

cct
Pro

ttg
Leu

gca
Ala

ctt
Leu
780

cag
Gln

gcc
Ala

caa
Gln

aag
Lys

gca
Ala
860

gaa
Glu

Cys

tgc
Cys

gtt
Val
685

gct
Ala

aca
Thr

gac
Asp

aaa
Lys

ggt
Gly
765

ctt
Leu

gaa
Glu

act
Thr

gaa
Glu

tgg
Trp
845

tat
Tyr

gtt
Val

27907

Arg His
655

aaa gtt
Lys Val
670

ttt gag
Phe Glu

gct cgt
Ala Arg

cat tta
His Leu

aag tgc
Lys Cys
735

aag gag
Lys Glu
750

tcec gat
Ser Asp

cct tgc
Pro Cys

ttg cat
Leu His

gaa att
Glu Ile
815

aca aag
Thr Lys
830

ctt ctt

Leu Leu

ttc ggt
Phe Gly

gaa gag
Glu Glu

-21-

Ser

ctt
Leu

tgc
Cys

tca
Ser

tgt
Cys
720

gcc
Ala

atg
Met

ccc
Pro

aat
Asn

ttg
Leu
800

cat
His

aag
Lys

gta
Val

tac
Tyr

caa
Gln
880

Cys

gtg
Val

ata
Ile

tgt
Cys
705

ccc
Pro

aaa
Lys

cca
Pro

aaa
Lys

tct
Ser
785

cgt
Arg

cca
Pro

acc
Thr

ata
Ile

aaa
Lys
865

caa
Gln

Pro

aaa
Lys

tat
Tyr
690

ggt
Gly

aag
Lys

aag
Lys

tgt
Cys

gat
Asp
770

ggt
Gly

aaa
Lys

ccg
Pro

tca
Ser

gtc
Val
850

ggt
Gly

aga
Arg

Leu

cga
Arg
675

tac
Tyr

gga
Gly

aca
Thr

gtc
Val

caa
Gln
755

ata
Ile

tgc
Cys

tcc
Ser

aag
Lys

caa
Gln
835

acc

Thr

ctc
Leu

cac
His

Pro
660

tct
Ser

aat
Asn

tct
Ser

tgt
Cys

act
Thr
740

gag
Glu

tct
Ser

aag
Lys

aaa
Lys

cgc
Arg
820

ctg
Leu

ctt
Leu

att
Ile

aga
Arg

Cys

tgt
Cys

aac
Asn

tgc
Cys

cat
His
725

gtt
Val

gtt
Val

aaa
Lys

agt
Ser

gac
Asp
805

cga
Arg

cag
Gln

atg
Met

tgg
Trp

aga
Arg
885

His

tat
Tyr

ttg
Leu

cat
His
710

cca
Pro

cgt
Arg

caa
Gln

agt
Ser

aaa
Lys
790

ctg
Leu

aaa
Lys

aaa
Lys

gtg
Val

ctc
Leu
870

aga
Arg

2070

2118

2166

2214

2262

2310

2358

2406

2454

2502

2550

2598

2646

2694

2709



<210>
<211>
<212>
<213>

<400>

2
8

90

PRT
Populus trichocarpa

2

Met Ser Ser

1

Gln

Asp

Leu

Ser

65

Thr

Ile

Val

Leu

Ala

145

Ser

Glu

Ile

Leu

Gln

Ser

Thr

50

Leu

Ser

Lys

Phe

Ser

130

Ala

Arg

Asn

Cys

Cys
210

Gln

Asp

Asn

Gln

Ser

Thr

His

115

Ala

Glu

Ser

Pro

Asn

195

His

Ala

Gln

20

Ser

Ser

Pro

Ser

Ser

100

Leu

Leu

Ser

Lys

Pro

180

Arg

Pro

Leu

Gln

Asp

Ile

Thr

Ser

85

Asp

Ile

Arg

Ser

Ile

165

Asn

Gln

Gly

Gly

Gln

Thr

Phe

Gln

70

Gly

Pro

Cys

Ala

Thr

150

Pro

Asp

Leu

Pro

Tyr

Lys

Thr

Lys

55

His

Ala

Thr

Ile

Ser

135

Trp

Arg

Pro

Lys

Cys
215

27907

His

Pro

Asn

40

Ser

Asp

Leu

Trp

Gln

120

Thr

Asn

Asn

Trp

Asn

200

Pro

His

Phe

25

Ser

Tyr

Leu

Ser

Ser

105

Ser

Arg

Cys

Tyr

Ile

185

Asn

Ser

-22-

His

10

Ser

Gln

Phe

Thr

Cys

90

Cys

Trp

Leu

Pro

Leu

170

Leu

Cys

Cys

His

Asp

Asn

Glu

Lys

75

Leu

Thr

Ala

Pro

Lys

155

Cys

Ser

Gly

Pro

His

Ser

Gln

His

60

Ile

Ile

Ser

Arg

Ile

140

Cys

Phe

His

His

Lys
220

Leu

Asp

His

45

Ala

Lys

Cys

Leu

Gln

125

Ser

Arg

Cys

Ser

Cys

205

Leu

Gln

Ser

30

Ser

Asn

Ser

Leu

Cys

110

Ala

Ser

Ser

Gly

Cys

190

Cys

Val

Gln

15

Tyr

Ala

His

Phe

Glu

95

Tyr

Ser

Asp

Asp

Lys

175

Gly

Leu

Lys

Glu

Ser

Asp

Gln

Leu

80

Arg

Ala

Asp

Lys

Tyr

160

Val

Glu

Leu

Ala



Thr

225

Leu

His

Ala

Glu

Leu

305

Cys

Arg

Gly

Arg

Lys

385

Asp

His

Glu

Pro

Ser
465

Cys

Phe

Ser

Arg

Cys

290

Ala

Gly

Leu

Thr

Cys

370

Leu

Leu

Ala

Ile

Cys

450

Cys

Phe

Ser

Cys

Gly

275

Cys

Cys

Asp

Tyr

Cys

355

His

Cys

Ala

Cys

Cys

435

His

Ala

Cys

Cys

Lys

260

Val

Glu

Gly

Cys

Glu

340

Asp

Arg

Arg

Cys

Lys

420

Gly

Arg

Cys

Gly

Asn

245

Gln

Tyr

Arg

Lys

Pro

325

Gly

Lys

Gly

Cys

Glu

405

Arg

Lys

Gly

Gly

Lys

230

Asn

Ile

Lys

Glu

His

310

Leu

Met

Met

Pro

Gly

390

Arg

Arg

Arg

Ala

Glu
470

Thr

Ile

Cys

Cys

Phe

295

Val

Gln

Ala

Leu

Cys

375

Gly

Lys

Cys

Leu

Cys

455

Thr

27907

Thr

Cys

His

Ser

280

Arg

Cys

Gly

Cys

Ser

360

Ile

Met

Cys

Cys

Arg

440

Ser

His

Asp

Lys

Asp

265

Cys

Cys

Glu

Lys

Asp

345

Cys

Glu

Lys

Gln

Asp

425

Cys

Pro

Phe

Val

Lys

250

Gly

Gly

Glu

Arg

Arg

330

Ile

Gly

Thr

Lys

Arg

410

Gly

Lys

Cys

Glu

-23-

Lys

235

Ser

Pro

Arg

Asn

Gly

315

Ala

Val

Phe

Cys

Glu

395

Met

Asp

Asn

Pro

Val
475

Arg

Leu

Cys

Lys

Pro

300

Cys

Cys

Val

His

Arg

380

Val

Arg

Cys

His

Val

460

Pro

Cys

Asp

Pro

Val

285

Cys

His

Pro

Pro

Arg

365

Ile

Pro

Asp

Pro

Lys

445

Met

Cys

Gly

Cys

Pro

270

Glu

Glu

Phe

Cys

Leu

350

Cys

Val

Cys

Cys

Pro

430

Cys

Phe

Gly

Tyr

Gly

255

Cys

Glu

Lys

Gly

Gly

335

Cys

His

Val

Tyr

Gly

415

Cys

Pro

Thr

Thr

Lys

240

Ile

Asn

Arg

Leu

Glu

320

Lys

Gly

Glu

Thr

Gln

400

Arg

Gly

Ala

Ile

Glu
480



Lys

Leu

Ala

His

Asp

545

Ser

Pro

Asn

Cys

Ser

625

Cys

Cys

Val

Ile

Cys

705

Pro

Asp

Cys

Cys

Lys

530

Phe

Thr

Cys

Arg

Gly

610

Ser

His

Pro

Lys

Tyr

690

Gly

Lys

Gln

Arg

Pro

515

Cys

Thr

Pro

Leu

Thr

595

Asn

Thr

Leu

Leu

Arg

675

Tyr

Gly

Thr

Lys

His

500

Pro

Lys

Leu

Gly

Gly

580

Gln

His

Ser

Pro

Pro

660

Ser

Asn

Ser

Cys

Pro

485

Gly

Cys

Leu

Arg

Thr

565

Gln

Phe

Tyr

Leu

Cys

645

Cys

Cys

Asn

Cys

His

Pro

Ser

Arg

Arg

Pro

550

Pro

His

Ser

Cys

Val

630

Glu

His

Tyr

Leu

His

710

Pro

Lys

Asp

Leu

Cys

535

Lys

Cys

Ile

Cys

Thr

615

Gln

Lys

Pro

Cys

Ser

695

Arg

Gly

27907

Cys

Ser

Leu

520

His

Lys

Pro

Gly

Glu

600

Lys

His

Glu

Gly

Gly

680

Glu

Lys

Gln

Arg

Lys

505

Cys

Gly

Lys

Pro

Ala

585

Asn

Thr

Lys

Arg

Asp

665

Ser

Lys

Leu

Cys

Lys

490

Pro

Asp

Pro

Lys

Cys

570

Glu

Leu

Cys

Arg

Lys

650

Cys

Met

Glu

Pro

Pro

-24-

Ser

His

Glu

Arg

Pro

555

Pro

Arg

Cys

His

Ser

635

Pro

Pro

Val

Gln

Asn

715

Ser

Cys

Lys

Glu

Pro

540

Asn

Glu

Met

Gly

Ala

620

Glu

Ala

Pro

His

Met

700

Cys

Pro

Gly

Cys

Tyr

525

Pro

His

Leu

Met

Ser

605

Leu

Ser

Cys

Cys

Val

685

Ala

Thr

Asp

Ile

His

510

Pro

Pro

Gln

Val

Val

590

Pro

Lys

Cys

Arg

Lys

670

Phe

Ala

His

Lys

Ser

495

Tyr

Cys

Asn

Ser

Trp

575

Cys

Leu

Ser

Glu

His

655

Val

Glu

Arg

Leu

Cys

Pro

Gly

Ser

Pro

Glu

560

Arg

Ser

Ser

Gln

Glu

640

Ser

Leu

Cys

Ser

Cys

720

Ala



Lys

Pro

Lys

Ser

785

Arg

Pro

Thr

Ile

Lys

865

Gln

Lys

Cys

Asp

770

Gly

Lys

Pro

Ser

Val

850

Gly

Arg

<210>
<211>

<212>

<213>

<220>
<221>
<222>

<400>
atg ctc acg

Met
1

tct
Ser

agt

Leu

tca
Ser

cca

3
1

Val

Gln

755

Ile

Cys

Ser

Lys

Gln

835

Thr

Leu

His

692

ADN

Thr

740

Glu

Ser

Lys

Lys

Arg

820

Leu

Leu

Ile

Arg

725

Val

Val

Lys

Ser

Asp

805

Arg

Gln

Met

Trp

Arg
885

Arg

Gln

Ser

Lys

790

Leu

Lys

Lys

Val

Leu

870

Arg

Cys

Ala

His

775

Ala

Glu

Arg

Ile

Thr

855

Ser

His

Populus trichocarpa

CDs
(1)..(1689)

3

Thr

atg
Met

gct

tgg
Trp

cca
Pro
20

ccc

ata
Ile

gcc
Ala

caa

aca
Thr

gaa
Glu

att

cgt
Arg

cca
Pro

ctg

27907

Gln

Ala

760

Phe
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gcg
Ala

tgg
Trp

att
Ile

ttg
Leu

gag
Glu
225

cac
His

gcc
Ala

aca
Thr

gat
Asp

gtt
Val
305

tgc
Cys

gga
Gly

gga
Gly

Gln

tgt
Cys
130

tgt
Cys

ccg
Pro

cgg
Arg

cgg
Arg

tat
Tyr
210

aag
Lys

aat
Asn

ttt
Phe

aga
Arg

aag
Lys
290

ggt
Gly

aag
Lys

gaa
Glu

aag
Lys

Glu
115

tat
Tyr

ttc
Phe

acg
Thr

tgt
Cys

tat
Tyr
195

ttg
Leu

gag
Glu

tgt
Cys

gct
Ala

tgt
Cys
275

ctt
Leu

ccc
Pro

aag
Lys

gtg
Val

gtt
Val
355

Ile

gat
Asp

tcg
Ser

tct
Ser

ccg
Pro
180

gtt
Val

acc
Thr

gtt
Val

gtc
Val

cca
Pro
260

gct
Ala

ctg
Leu

tgc
Cys

aac
Asn

aaa
Lys
340

ctg
Leu

Gln

atg
Met

att
Ile

gtt
Val
165

gga
Gly

tgc
Cys

ccg
Pro

cct
Pro

ttg
Leu
245

cca
Pro

gat
Asp

gaa
Glu

aat
Asn

acg
Thr
325

gct
Ala

ggt
Gly

Glu

gtt
Val

ttt
Phe
150

gat
Asp

tgt
Cys

ttt
Phe

cat
His

ggt
Gly
230

cag
Gln

agt
Ser

cg9
Arg

tgt
Cys

cct
Pro
310

gag
Glu

gaa
Glu

tgt
Cys

Lys

cgg
Arg
135

cac
His

ttg
Leu

caa
Gln

tgt
Cys

tca
Ser
215

gct
Ala

tgt
Cys

ctg
Leu

aag
Lys

tgg
Trp
295

tgt
Cys

gtt
Val

gat
Asp

gga
Gly

27907

Leu
120

agg
Arg

ttg
Leu

att
Ile

tct
Ser

999
Gly
200

tgt
Cys

gat
Asp

cac
His

tgt
Cys

tcc
Ser
280

cgt
Arg

cag
Gln

gtt
Val

ggt
Gly

aat
Asn
360

Leu

tct
Ser

aat
Asn

gcg
Ala

gtg
Val
185

aag
Lys

999
Gly

999
Gly

cct
Pro

cct
Pro
265

gtt
Val

cat
His

gta
Val

cta
Leu

gtt
Val
345

cat
His

-32-

Lys

gcg
Ala

tgt
Cys

gag
Glu
170

cag
Gln

agg
Arg

gaa
Glu

agt
Ser

999
Gly
250

tgt
Cys

ctt
Leu

cga
Arg

ttg
Leu

tgt
Cys
330

ttt
Phe

att
Ile

Ser

cct
Pro

atc
Ile
155

aag
Lys

ctt
Leu

acg
Thr

ccg
Pro

agg
Arg
235

cca
Pro

999
Gly

acc
Thr

tgt
Cys

att
Ile
315

999
Gly

tct
Ser

tgt
Cys

Thr

gtt
Val
140

aag
Lys

aat
Asn

acg
Thr

gat
Asp

tgt
Cys
220

gag
Glu

tgt
Cys

aag
Lys

tgt
Cys

gag
Glu
300

aat
Asn

gat
Asp

tgc
Cys

ggt
Gly

Val
125

tgg
Trp

aaa
Lys

caa
Gln

tcg
Ser

ccg
Pro
205

gga
Gly

ggt
Gly

cct
Pro

aaa
Lys

999
Gly
285

cag
Gln

gct
Ala

atg
Met

aac
Asn

gaa
Glu
365

Glu

tct
Ser

tgg
Trp

ggt
Gly

ttg
Leu
190

cct
Pro

aaa
Lys

ctt
Leu

cct
Pro

aga
Arg
270

caa
Gln

att
Ile

tca
Ser

gca
Ala

tca
Ser
350

act
Thr

Cys

tgt
Cys

gct
Ala

ttt
Phe
175

aag
Lys

tcg
Ser

cag
Gln

tgt
Cys

tgt
Cys
255

atc
Ile

cga
Arg

tgc
Cys

tgt
Cys

gtg
Val
335

aca
Thr

tgt
Cys

Met

tcg
Ser

cgt
Arg
160

aat
Asn

gat
Asp

gat
Asp

ctt
Leu

ccg
Pro
240

aag
Lys

aca
Thr

tgt
Cys

cat
His

ttc
Phe
320

aag

Lys

tgt
Cys

cat
His

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104



cca
Pro

tgc
Cys
385

gat
Asp

999
Gly

tgt
Cys

act
Thr

gac
Asp
465

gag
Glu

tgg
Trp

gga
Gly

tgt
Cys

tcc
Ser
545

ctc
Leu

tgc
Cys

tgt
Cys

gat
Asp

ggt
Gly
370

tat
Tyr

cca
Pro

atg
Met

ttg
Leu

gtg
Val
450

aag
Lys

cga
Arg

gat
Asp

caa
Gln

ctt
Leu
530

atc
Ile

cca
Pro

cac
His

gtt
Val

atc
Ile
610

gat
Asp

tgt
Cys

att
Ile

cac
His

gtt
Val
435

gag
Glu

cct
Pro

tgc
Cys

cca
Pro

cac
His
515

gaa
Glu

cct
Pro

tgc
Cys

ttc
Phe

ggt
Gly
595

aga
Arg

tgc
Cys

gga
Gly

cca
Pro

caa
Gln
420

tct
Ser

tgt
Cys

tgt
Cys

tgc
Cys

cat
His
500

tct
Ser

aca
Thr

cct
Pro

tca
Ser

gga
Gly
580

999
Gly

tgc
Cys

999
Gly

aaa
Lys

acg
Thr
405

tgt
Cys

gtc
Val

tac
Tyr

ggt
Gly

cct
Pro
485

ttt
Phe

tgt
Cys

att
Ile

cca
Pro

gtt
Val
565

gac

Asp

cat
His

aac
Asn

gat
Asp

aca
Thr
390

tgt
Cys

aaa
Lys

acc
Thr

aaa
Lys

cga
Arg
470

ctt
Leu

tgt
Cys

gaa
Glu

ttc
Phe

ttg
Leu
550

cct
Pro

tgc
Cys

gtg
Val

aaa
Lys

tgt
Cys
375

agt
Ser

gca
Ala

gag
Glu

caa
Gln

act
Thr
455

aag
Lys

tcc
Ser

caa
Gln

tca
Ser

act
Thr
535

ccg
Pro

cag
Gln

cca
Pro

att
Ile

ctc
Leu
615

27907

gag ttt
Glu Phe

ttg cag
Leu Gln

caa ata
Gln Ile

gtg tgc
Val Cys
425

aaa tgc
Lys Cys
440

act tca
Thr Ser

aag aac
Lys Asn

aac tct
Asn Ser

atg gct
Met Ala
505

ctg tgt
Leu Cys
520

gat ttg
Asp Leu

tgc ggc
Cys Gly

cca tgt
Pro Cys

cct tgt
Pro Cys
585

ctg ggg
Leu Gly

600

tgt ggg
Cys Gly

-33-

atg
Met

gag
Glu

tgt
Cys
410

cat
His

cgc
Arg

gag
Glu

tgt
Cys

aac
Asn
490

tgt
Cys

cac
His

aca
Thr

acg
Thr

ggc
Gly
570

tcg

Ser

aac
Asn

aag
Lys

cct
Pro

gaa
Glu
395

ggc
Gly

tca
Ser

tgc
Cys

aat
Asn

gga
Gly
475

aat
Asn

999
Gly

agt
Ser

tgt
Cys

cct
Pro
555

cat

His

gtg
Val

ata
Ile

acc
Thr

ggc
Gly
380

aga
Arg

aaa
Lys

999
Gly

gga
Gly

gaa
Glu
460

agg
Arg

cag
Gln

aag
Lys

ggc
Gly

gca
Ala
540

ccc
Pro

cca
Pro

cct
Pro

ccc
Pro

agg
Arg
620

agg
Arg

aat
Asn

tcc
Ser

gat
Asp

tca
Ser
445

aaa
Lys

cat
His

ttc
Phe

aag

Lys

cat
His
525

tgt
Cys

cct
Pro

gct
Ala

gta
Val

tgc
Cys
605

caa
Gln

gtc
Val

agt
Ser

ctt
Leu

tgt
Cys
430

acc
Thr

ttc
Phe

agg
Arg

tct
Ser

tta
Leu
510

tgt
Cys

999
Gly

tca
Ser

tct
Ser

gct
Ala
590

999
Gly

tgt
Cys

aag
Lys

tgt
Cys

cct
Pro
415

gct
Ala

tcc
Ser

ctg
Leu

tgc
Cys

999
Gly
495

agg
Arg

cct
Pro

aga
Arg

tgt
Cys

cat
His
575
aaa

Lys

tca
Ser

ggt
Gly

tca
Ser

ttg
Leu
400

tgc
Cys

cct
Pro

cga
Arg

tgt
Cys

agc
Ser
480

gat
Asp

tgt
Cys

cct
Pro

act
Thr

cag
Gln
560

agc

Ser

gag
Glu

agg
Arg

ttg
Leu

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

1824

1872



cat
His
625

gga
Gly

cct
Pro

gct
Ala

tct
Ser

aat
Asn
705

ttg
Leu

ctt
Leu

cgg
Arg

gaa
Glu

gat
Asp
785

tgc
Cys

aag
Lys

agg
Arg

gag
Glu

cca
Pro

gca
Ala

act
Thr

agg
Arg

cct
Pro

tgc
Cys
690

ggt
Gly

cca
Pro

ggc
Gly

aaa
Lys

gct
Ala
770

ctg
Leu

aaa
Lys

att
Ile

cta
Leu

cca
Pro
850

tct
Ser

tgt
Cys

gaa
Glu

aga
Arg

tgt
Cys
675

ggc
Gly

ggt
Gly

gcg
Ala

cag
Gln

agg
Arg
755

ctt
Leu

tac
Tyr

tat
Tyr

cat
His

att
Ile
835

aag

Lys

cgt
Arg

gga
Gly

act
Thr

gat
Asp
660

cct
Pro

agg
Arg

tat
Tyr

cct
Pro

aga
Arg
740

gtt
Val

cat
His

agg
Arg

ttg
Leu

gtt
Val
820

gct
Ala

cgt
Arg

gtg
Val

aga
Arg

ggc
Gly
645

tgc
Cys

gat
Asp

atg
Met

aat
Asn

ctt
Leu
725

aag
Lys

ctt
Leu

ttt
Phe

cgc
Arg

gtt
Val
805

ttc
Phe

gag
Glu

ttt
Phe

att
Ile

act
Thr
630

tca
Ser

cgg
Arg

gtc
Val

aca
Thr

gat
Asp
710

caa
Gln

ttt
Phe

gca
Ala

ggt
Gly

gat
Asp
790

ctt

Leu

tgc
Cys

agg
Arg

att
Ile

ggc
Gly

tgt
Cys

aga
Arg

cat
His

aga
Arg

gca
Ala
695

act
Thr

cca
Pro

atg
Met

gat
Asp

gag
Glu
775

cca
Pro

agc
Ser

cca
Pro

tgg
Trp

gta
Val
855

att
Ile

27907

cat tca
His Ser

gct tct
Ala Ser

act tgc
Thr Cys
665

tgt gag
Cys Glu
680

tet gtt
Ser Val

att tta
Ile Leu

gtg gaa
Val Glu

tgt gat
Cys Asp
745

gct ttt
Ala Phe
760

aat tct
Asn Ser

aaa tgg
Lys Trp

aag agc
Lys Ser

atg ctg
Met Leu
825

aag gtt
Lys Val
840

atc cat

Ile His

aag ggt
Lys Gly

-34-

ccg
Pro

tgt
Cys
650

act
Thr

ttc
Phe

cct
Pro

gaa
Glu

tca
Ser
730

gat
Asp

gat
Asp

tcc
Ser

gtg
Val

aga
Arg
810

aag

Lys

gca
Ala

gct
Ala

acg
Thr

cct
Pro
635

999
Gly

gca
Ala

cct
Pro

tgt
Cys

gca
Ala
715

tct
Ser

gaa
Glu

atc
Ile

gtg
Val

ctt
Leu
795

gga
Gly

gat
Asp

att
Ile

aca
Thr

aca
Thr

tgt
Cys

cag
Gln

ctt
Leu

gtc
Val

gat
Asp
700

tcc
Ser

gga
Gly

tgt
Cys

aac
Asn

aca
Thr
780

gct
Ala

acc
Thr

aaa
Lys

tat
Tyr

cca
Pro
860

act
Thr

gat
Asp

aca
Thr

tgt
Cys

aca
Thr
685

gct
Ala

att
Ile

aag
Lys

gcc
Ala

cct
Pro
765

gag
Glu

gtg
Val

aca
Thr

aga
Arg

tct
Ser
845

aaa

Lys

tta
Leu

acc
Thr

tgc
Cys

cat
His
670

att
Ile

gga
Gly

ctc
Leu

aag
Lys

aag
Lys
750

cca
Pro

ttg
Leu

gag
Glu

agt
Ser

gat
Asp
830

gct
Ala

tcc
Ser

agt
Ser

tct
Ser

ggt
Gly
655

cct
Pro

act
Thr

999
Gly

cac
His

att
Ile
735

ttt
Phe

aat
Asn

att
Ile

gag
Glu

ggt
Gly
815

gca

Ala

ggt
Gly

aaa
Lys

gcc
Ala

cct
Pro
640

gcc
Ala

tat
Tyr

tgc
Cys

agc
Ser

aag
Lys
720

cct
Pro

gag
Glu

ttg
Leu

ggt
Gly

agg
Arg
800

ctt

Leu

gtt
Val

tgg
Trp

acc
Thr

tcc
Ser

1920

1968

2016

2064

2112

2160

2208

2256

2304

2352

2400

2448

2496

2544

2592

2640



865

cat
His

gtt
Val

ctt
Leu

gcc
Ala

agg
Arg

945
aat

Asn

gca
Ala

tgg
Trp

ggt
Gly

tct
Ser

cga
Arg

gcc
Ala

ctt
Leu

tca
Ser

gat
Asp

cca
Pro

tct
Ser

agg
Arg

ctg
Leu
930

ttg
Leu

agc
Ser

ggc
Gly

aag
Lys

gat
Asp
1010

gca
Ala
1025

tgg
Trp
1040

tct
Ser
1055

tcc
Ser
1070

gtg
Val
1085

tta
Leu
1100

cca
Pro

ttt
Phe

ttt
Phe
915

gct
Ala

gat
Asp

ggt
Gly

act
Thr

aaa
Lys
995

gaa

Glu

tgg
Trp

agt
Ser

gtc
Val

agt
Ser

caa
Gln

tct
Ser

gtt
Val

cta
Leu
900

ggt
Gly

gta
Val

cat
His

gca
Ala

gca
Ala
980

gct
Ala

gag
Glu

aaa
Lys

gta
Val

agg
Arg

tca
Ser

act
Thr

gag
Glu

ttt
Phe
885

gat
Asp

999
Gly

ttc
Phe

gga
Gly

tcc
Ser
965

aag
Lys

gta
Val

tgg
Trp

999

870
gat
Asp

ttg
Leu

gaa
Glu

aat
Asn

tca
Ser
950

atg
Met

gaa
Glu

gtg
Val

tct
Ser

aaa

Gly Lys

ctg
Leu

atc
Ile

ggt

gac
Asp

gag
Glu

ttg

Gly Leu

gcg atg

Ala

gtg
Val

Met

gtg
Val

27907

gct ctc gta
Ala Leu Val

CCg agg gag
Pro Arg Glu

905

tgc gaa cta
Cys Glu Leu
920

gat cct gct

Asp
935

Pro Ala

gta tat tat
Val Tyr Tyr

gga tca cca
Gly Ser Pro

ggg acg atc
Gly Thr Ile

cag gag tct ggt tgg agg gaa
Gln Glu Ser Gly Trp Arg Glu

985

gac
Asp
890

gcg
Ala

gtt
Val

cga
Arg

gga
Gly

gct
Ala
970

aca
Thr

875

atg
Met

gat
Asp

tgg
Trp

gca
Ala

gct
Ala
955

acc
Thr

gct
Ala

gat
Asp

ata
Ile

ttg
Leu

gca
Ala
940

gcg
Ala

aat
Asn

ctg
Leu

ccc
Pro

agc
Ser

aat
Asn
925

acc

Thr

gtg
Val

gcc
Ala

aag
Lys

agg
Arg

tca
Ser
910

gat
Asp

gct
Ala

gtt
Val

tgg
Trp

gga
Gly
990

1000 1005
ggt ggt ggt tct gca gat gtt
Gly Gly Gly Ser Ala Asp Val
1015 1020
gaa cat cca atc tcc act tca
Glu His Pro Ile Ser Thr Ser
1030 1035
tcc gat aag gct gac agt tca
Ser Asp Lys Ala Asp Ser Ser
1045 1050
gat cct gca aaa cga gtt gca
Asp Pro Ala Lys Arg Val Ala
1060 1065
gaa tca aat gta agc act tcg
Glu Ser Asn Val Ser Thr Ser
1075 1080
caa cct gga ggg gtt tca agt
Gln Pro Gly Gly Val Ser Ser
1090 1095
gat gac tgg gag aag gcc tat
Asp Asp Trp Glu Lys Ala Tyr
1105 1110

tgagaacatg cgtgtggagt catctgattt tttgaacatg cttccagggt

-35-

ctt
Leu
895

ctg
Leu

aag
Lys

atg
Met

cct
Pro

gga
Gly
975

act
Thr

cag
Gln

att
Ile

tct
Ser

gaa
Glu

aat
Asn

gaa
Glu

gat
Asp

atcttttggt

880

gtt
Val

gtc
Val

aat
Asn

agg
Arg

caa
Gln
960

acg
Thr

tcg
Ser

gat tca tgg
Asp Ser Trp

gct
Ala

aac
Asn

gct
Ala

att
Ile

ata
Ile

gaa
Glu

2688

2736

2784

2832

2880

2928

2976

3024

3069

3114

3159

3204

3249

3294

3336

3396



ctatacctat
atgaaaagct
tttcttettt
agagagcata
atctaggaaa
gcattctatg
tgctctattt
<210> 7

<211> 1112
<212> PRT
<213>

<400> 7

Met Ser
1

Phe

Arg Ser Arg

Leu
35

Pro Ser

Asn Pro

50

Pro

Gly Gly His

Gly Gly Val

Arg Gly Val

Ala Gln Glu

115

Ile Cys

130

Tyr

Ser Phe

145

Cys

ttcactttaa
atatcatcca
tttttttccg
catctttgct
aaaacatcgc
tgtacagaga

tggcatgaca

Gln Pro

Phe
20

Pro

Leu

Pro

Pro

Asn

Ser

Ser

Ala
85

Asn

Glu
100

Thr
Ile Gln
Met

Asp

Ser Ile

Arg

Thr

Asn

Pro

His

70

Pro

Arg

Glu

Val

Phe

27907

acattttggc
cccctattga
gctctctact
gtatgggaga
ggcctcgtca
aaaactgaga

ggtgtttctt

Populus trichocarpa

Asn Asp

Arg Gln

Gly Asp

Ser Ser

55

Gly Thr

Arg Gly
Glu

Val

Leu
120

Lys

Arg
135

Arg

His Leu

150

gtttgcagga
tgcttgatgg
tgaaatccca
atacttgtta
gcgggttttg
tttcgctact

cgttttettt

Gly Gly

10

Asp

Thr Val

25

Trp

Val Asn Pro

Phe Ser Ser

Val Ala

75

Gly

Gln
90

Gly Met

Lys Pro

105

Asp

Leu Lys Ser

Ser Ala Pro

Ile
155

Asn Cys

-36-

gtattttacc
tgggtgtttc
ttaatttcgg
ctgtagaact
ttgatatatt
tttgattcca

tc

Asn Asn Asn

Pro Arg Gly

Pro Asn

45

Asn

Arg Asn Asn

60

Asp Tyr Arg

Gly Arg Gly

Pro
110

Asn Leu

Val
125

Thr Glu

Val
140

Trp Ser

Lys Lys Trp

cgttattttt
ttcttcttece
cggagactgg
ttgtcaaaga
ttcgagaaag

atgaaatatc

Gly Ser

15

Ser Asn

Pro Asn

Gly Asn

Tyr Lys

80

Lys Glu

95

Gln Leu

Cys Met

Cys Ser

Ala Arg

160

3456

3516

3576

3636

3696

3756

3798



Ala

Trp

Ile

Leu

Glu

225

His

Ala

Thr

Asp

Val

305

Cys

Gly

Gly

Pro

Cys

385

Asp

Pro

Arg

Arg

Tyr

210

Lys

Asn

Phe

Arg

Lys

290

Gly

Lys

Glu

Lys

Gly

370

Tyr

Pro

Thr

Cys

Tyr

195

Leu

Glu

Cys

Ala

Cys

275

Leu

Pro

Lys

Val

Val

355

Asp

Cys

Ile

Ser

Pro

180

Val

Thr

Val

Val

Pro

260

Ala

Leu

Cys

Asn

Lys

340

Leu

Cys

Gly

Pro

Val

165

Gly

Cys

Pro

Pro

Leu

245

Pro

Asp

Glu

Asn

Thr

325

Ala

Gly

Gly

Lys

Thr
405

Asp

Cys

Phe

His

Gly

230

Gln

Ser

Arg

Cys

Pro

310

Glu

Glu

Cys

Asp

Thr

390

Cys

Leu

Gln

Cys

Ser

215

Ala

Cys

Leu

Lys

Trp

295

Cys

Val

Asp

Gly

Cys

375

Ser

Ala

27907

Ile Ala Glu

Ser

Gly

200

Cys

Asp

His

Cys

Ser

280

Arg

Gln

Val

Gly

Asn

360

Glu

Leu

Gln

Val

185

Lys

Gly

Gly

Pro

Pro

265

Val

His

Val

Leu

Val

345

His

Phe

Gln

Ile

-37-

170

Gln

Arg

Glu

Ser

Gly

250

Cys

Leu

Arg

Leu

Cys

330

Phe

Ile

Met

Glu

Cys
410

Lys

Leu

Thr

Pro

Arg

235

Pro

Gly

Thr

Cys

Ile

315

Gly

Ser

Cys

Pro

Glu

395

Gly

Asn

Thr

Asp

Cys

220

Glu

Cys

Lys

Cys

Glu

300

Asn

Asp

Cys

Gly

Gly

380

Arg

Lys

Gln

Ser

Pro

205

Gly

Gly

Pro

Lys

Gly

285

Gln

Ala

Met

Asn

Glu

365

Arg

Asn

Ser

Gly

Leu

190

Pro

Lys

Leu

Pro

Arg

270

Gln

Ile

Ser

Ala

Ser

350

Thr

Val

Ser

Leu

Phe

175

Lys

Ser

Gln

Cys

Cys

255

Ile

Arg

Cys

Cys

Val

335

Thr

Cys

Lys

Cys

Pro
415

Asn

Asp

Asp

Leu

Pro

240

Lys

Thr

Cys

His

Phe

320

Lys

Cys

His

Ser

Leu

400

Cys



Gly

Cys

Thr

Asp

465

Glu

Trp

Gly

Cys

Ser

545

Leu

Cys

Cys

Asp

His

625

Gly

Pro

Met

Leu

Val

450

Lys

Arg

Asp

Gln

Leu

530

Ile

Pro

His

Val

Ile

610

Ala

Thr

Arg

His

Val

435

Glu

Pro

Cys

Pro

His

515

Glu

Pro

Cys

Phe

Gly

595

Arg

Cys

Glu

Arg

Gln

420

Ser

Cys

Cys

Cys

His

500

Ser

Thr

Pro

Ser

Gly

580

Gly

Cys

Gly

Thr

Asp
660

Cys

Val

Tyr

Gly

Pro

485

Phe

Cys

Ile

Pro

Val

565

Asp

His

Asn

Arg

Gly

645

Cys

Lys

Thr

Lys

Arg

470

Leu

Cys

Glu

Phe

Leu

550

Pro

Cys

Val

Lys

Thr

630

Ser

Arg

Glu

Gln

Thr

455

Lys

Ser

Gln

Ser

Thr

535

Pro

Gln

Pro

Ile

Leu

615

Cys

Arg

His

27907

Val

Lys

440

Thr

Lys

Asn

Met

Leu

520

Asp

Cys

Pro

Pro

Leu

600

Cys

His

Ala

Thr

Cys

425

Cys

Ser

Asn

Ser

Ala

505

Cys

Leu

Gly

Cys

Cys

585

Gly

Gly

Ser

Ser

Cys
665

-38-

His

Arg

Glu

Cys

Asn

490

Cys

His

Thr

Thr

Gly

570

Ser

Asn

Lys

Pro

Cys

650

Thr

Ser

Cys

Asn

Gly

475

Asn

Gly

Ser

Cys

Pro

555

His

Val

Ile

Thr

Pro

635

Gly

Ala

Gly

Gly

Glu

460

Arg

Gln

Lys

Gly

Ala

540

Pro

Pro

Pro

Pro

Arg

620

Cys

Gln

Leu

Asp

Ser

445

Lys

His

Phe

Lys

His

525

Cys

Pro

Ala

Val

Cys

605

Gln

Asp

Thr

Cys

Cys

430

Thr

Phe

Arg

Ser

Leu

510

Cys

Gly

Ser

Ser

Ala

590

Gly

Cys

Thr

Cys

His
670

Ala

Ser

Leu

Cys

Gly

495

Arg

Pro

Arg

Cys

His

575

Lys

Ser

Gly

Ser

Gly

655

Pro

Pro

Arg

Cys

Ser

480

Asp

Cys

Pro

Thr

Gln

560

Ser

Glu

Arg

Leu

Pro

640

Ala

Tyr



Ala

Ser

Asn

705

Leu

Leu

Arg

Glu

Asp

785

Cys

Lys

Arg

Glu

Pro

865

His

Val

Leu

Pro

Cys

690

Gly

Pro

Gly

Lys

Ala

770

Leu

Lys

Ile

Leu

Pro

850

Ser

Pro

Ser

Arg

Cys

675

Gly

Gly

Ala

Gln

Arg

755

Leu

Tyr

Tyr

His

Ile

835

Lys

Arg

Pro

Phe

Phe

Pro

Arg

Tyr

Pro

Arg

740

Val

His

Arg

Leu

Val

820

Ala

Arg

Val

Val

Leu

900

Gly

Asp

Met

Asn

Leu

725

Lys

Leu

Phe

Arg

Val

805

Phe

Glu

Phe

Ile

Phe

885

Asp

Gly

Val

Thr

Asp

710

Gln

Phe

Ala

Gly

Asp

790

Leu

Cys

Arg

Ile

Gly

870

Asp

Leu

Glu

Arg

Ala

695

Thr

Pro

Met

Asp

Glu

775

Pro

Ser

Pro

Trp

Val

855

Ile

Ala

Pro

Cys

27907

Cys

680

Ser

Ile

Val

Cys

Ala

760

Asn

Lys

Lys

Met

Lys

840

Ile

Lys

Leu

Arg

Glu

Glu

Val

Leu

Glu

Asp

745

Phe

Ser

Trp

Ser

Leu

825

Val

His

Gly

Val

Glu

905

Leu

-30-

Phe

Pro

Glu

Ser

730

Asp

Asp

Ser

Val

Arg

810

Lys

Ala

Ala

Thr

Asp

890

Ala

Val

Pro

Cys

Ala

715

Ser

Glu

Ile

Val

Leu

795

Gly

Asp

Ile

Thr

Thr

875

Met

Asp

Trp

Val

Asp

700

Ser

Gly

Cys

Asn

Thr

780

Ala

Thr

Lys

Tyr

Pro

860

Thr

Asp

Ile

Leu

Thr

685

Ala

Ile

Lys

Ala

Pro

765

Glu

Val

Thr

Arg

Ser

845

Lys

Leu

Pro

Ser

Asn

Ile

Gly

Leu

Lys

Lys

750

Pro

Leu

Glu

Ser

Asp

830

Ala

Ser

Ser

Arg

Ser

910

Asp

Thr

Gly

His

Ile

735

Phe

Asn

Ile

Glu

Gly

815

Ala

Gly

Lys

Ala

Leu

895

Leu

Lys

Cys

Ser

Lys

720

Pro

Glu

Leu

Gly

Arg

800

Leu

Val

Trp

Thr

Ser

880

Val

Val

Asn



27907

915 920 925

Ala Leu Ala Val Phe Asn Asp Pro Ala Arg Ala Ala Thr Ala Met Arg
930 935 940

Arg Leu Asp His Gly Ser Val Tyr Tyr Gly Ala Ala Val Val Pro Gln
945 950 955 960

Asn Ser Gly Ala Ser Met Gly Ser Pro Ala Thr Asn Ala Trp Gly Thr
965 970 975

Ala Gly Thr Ala Lys Glu Gly Thr Ile Thr Ala Leu Lys Gly Thr Ser
980 985 990

Trp Lys Lys Ala Val Val Gln Glu Ser Gly Trp Arg Glu Asp Ser Trp
995 1000 1005

Gly Asp Glu Glu Trp Ser Gly Gly Gly Ser Ala Asp Val Gln Ala
1010 1015 1020

Ser Ala Trp Lys Gly Lys Glu His Pro Ile Ser Thr Ser Ile Asn
1025 1030 1035

Arg Trp Ser Val Leu Asp Ser Asp Lys Ala Asp Ser Ser Ser Ala
1040 1045 1050

Ala Ser Val Arg Ile Glu Asp Pro Ala Lys Arg Val Ala Glu Ile
1055 1060 1065

Leu Ser Ser Ser Gly Leu Glu Ser Asn Val Ser Thr Ser Asn Ile
1070 1075 1080

Ser Val Gln Thr Ala Met Gln Pro Gly Gly Val Ser Ser Glu Glu
1085 1090 1095

Asp Leu Ser Glu Val Val Asp Asp Trp Glu Lys Ala Tyr Asp

1100 1105 1110
<210> 8
<211> 3324
<212> ADN

<213> Populus trichocarpa

<220>
<221> CDS
<222> (1)..(3321)

<400> 8
atg agc ttt caa ccc cga aat gat cga aga gac aac aac aac aac agg

-40-



Met

tcg
Ser

agt
Ser

aga
Arg

aca
Thr
65

aga
Arg

act
Thr

cag
Gln

atg
Met

att
Ile
145

gtt
Val

gga
Gly

tgc
Cys

cct
Pro

cct
Pro
225

ttg
Leu

Ser

tct
Ser

cct
Pro

tgc
Cys
50

gca
Ala

ggt
Gly

cgg9
Arg

gag
Glu

gtt
Val
130

ttt
Phe

gat
Asp

tgt
Cys

ttt
Phe

cat
His
210

ggt
Gly

cag
Gln

Phe

aga
Arg

gcg
Ala
35

aat
Asn

cat
His

ctt
Leu

gaa
Glu

aag
Lys
115

cgg
Arg

cat
His

ttg
Leu

caa
Gln

tgt
Cys
195

tcg

Ser

gct
Ala

tgt
Cys

Gln

ttt
Phe
20

gtt
Val

gga
Gly

cat
His

gtg
Val

ttg
Leu
100

ctt
Leu

agg
Arg

ttg
Leu

att
Ile

tct
Ser
180

999
Gly

tgt
Cys

gat
Asp

cac
His

Pro

ccc
Pro

gat
Asp

aat
Asn

agg
Arg

ggt
Gly
85

aat
Asn

gtg
Val

tct
Ser

aat
Asn

gcg
Ala
165

gtg
Val

aag
Lys

gga
Gly

999
Gly

cct
Pro
245

Arg

acc
Thr

gca
Ala

ggt
Gly

tat
Tyr
70

cgg
Arg

gac
Asp

aag
Lys

gtg
Val

tgt
Cys
150

gag
Glu

cag
Gln

agg
Arg

gaa
Glu

agt
Ser
230

999
Gly

Asn

cag
Gln

aac
Asn

999
Gly
55

aat
Asn

cct
Pro

ccg
Pro

agt
Ser

cct
Pro
135

atc
Ile

aag
Lys

ctt
Leu

agg
Arg

cct
Pro
215

aag

Lys

cca
Pro

27907

Asp Arg Arg
10

aag tgg gtt
Lys Trp Val
25

acc aaa ccg
Thr Lys Pro
40

ggt ggt gct
Gly Gly Ala

aaa ggt ggt
Lys Gly Gly

agg aag 999
Arg Lys Gly
90

aat ttg ccg
Asn Leu Pro
105

acg gtt gag
Thr Val Glu
120

att tgg tct
Ile Trp Ser

aag aaa tgg
Lys Lys Trp

aat caa ggt
Asn Gln Gly
170

acg acg ttg
Thr Thr Leu
185

gat cca cct
Asp Pro Pro
200

tgt gga aag
Cys Gly Lys

gag gat ctt
Glu Asp Leu

tgt cct cct
Cys Pro Pro
250

-41-

Asp

ccg
Pro

cct
Pro

gct
Ala

atg
Met
75

ata
Ile

cag
Gln

tgt
Cys

tgt
Cys

gct
Ala
155

ttt
Phe

aat
Asn

tcg
Ser

cca
Pro

tgc
Cys
235

tgc
Cys

Asn

aga
Arg

tcg
Ser

cat
His
60

gct
Ala

gag
Glu

ctt
Leu

atg
Met

tcg
Ser
140

cgt
Arg

aat
Asn

gat
Asp

gat
Asp

ctt
Leu
220

cct
Pro

aag
Lys

Asn

gga
Gly

agt
Ser
45

999
Gly

gtg
Val

agg
Arg

gca
Ala

att
Ile
125

agt
Ser

gcc
Ala

tgg
Trp

att
Ile

ttg
Leu
205

gag
Glu

cat
His

gcc
Ala

Asn

gct
Ala
30

tcc
Ser

tgg
Trp

aat
Asn

agt
Ser

caa
Gln
110

tgt
Cys

tgt
Cys

ccg
Pro

cg9
Arg

€99
Arg
190

tat
Tyr

aag
Lys

aat
Asn

ttt
Phe

Asn
15

aat
Asn

aac
Asn

tca
Ser

gca
Ala

gag
Glu
95

gat
Asp

tat
Tyr

ttc
Phe

act
Thr

tgt
Cys
175

tat
Tyr

ttg
Leu

gag
Glu

tgt
Cys

gct
Ala
255

Arg

tct
Ser

tct
Ser

gga
Gly

cct
Pro
80

aag
Lys

att
Ile

gat
Asp

tcg
Ser

tct
Ser
160

ccg
Pro

gtt
Val

act
Thr

gct
Ala

gtc
Val
240

cca
Pro

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768



cca
Pro

gat
Asp

gaa
Glu

gat
Asp
305

acg
Thr

gct
Ala

ggt
Gly

ggc
Gly

aaa
Lys
385

aca
Thr

tgt
Cys

gta
Val

tac
Tyr

ggt
Gly
465

cct

Pro

ttt
Phe

cgc
Arg

cgg
Arg

tgt
Cys
290

tct
Ser

gag
Glu

gaa
Glu

tgt
Cys

gat
Asp
370

aca
Thr

tgt
Cys

aaa
Lys

acc
Thr

aaa
Lys
450

cga

Arg

ctt
Leu

tgt
Cys

ctg
Leu

atg
Met
275

tagg
Trp

tgt
Cys

gtt
Val

gat
Asp

gga
Gly
355

tgt
Cys

agt
Ser

aca
Thr

999
Gly

caa
Gln
435

att
Ile

aag
Lys

tcc
Ser

caa
Gln

tgt
Cys
260

tct
Ser

cgt
Arg

cag
Gln

gtt
Val

ggt
Gly
340

aac
Asn

gag
Glu

ttg
Leu

caa
Gln

gtg
Val
420

aaa
Lys

act
Thr

aag
Lys

aac
Asn

atg
Met
500

cct
Pro

gtt
Val

cat
His

gtg
Val

ctg
Leu
325

gtt
Val

cat
His

tta
Leu

cag
Gln

ata
Ile
405

tgc
Cys

tgc
Cys

tca
Ser

aac
Asn

act
Thr
485

gcc
Ala

tgt
Cys

gtt
Val

cga
Arg

ttg
Leu
310

tgt
Cys

ttt
Phe

atg
Met

atg
Met

gag
Glu
390

tgc
Cys

cat
His

cgt
Arg

gag
Glu

tgt
Cys
470

aac
Asn

tgt
Cys

999
Gly

acc
Thr

tgt
Cys
295

gtc
Val

ggt
Gly

tct
Ser

tgt
Cys

cct
Pro
375

gaa
Glu

ggc
Gly

tct
Ser

tgt
Cys

aat
Asn
455

gga
Gly

aat
Asn

999
Gly

27907

aag aaa ata
Lys Lys Ile

tgt
Cys
280

gag
Glu

aat
Asn

gac
Asp

tgc
Cys

gat
Asp
360

gcc
Ala

aga
Arg

aaa
Lys

999
Gly

gga
Gly
440

gaa

Glu

agg
Arg

cag
Gln

aag
Lys

265

gga
Gly

cgg
Arg

gct
Ala

atg
Met

aat
Asn
345

gaa
Glu

agg
Arg

aag
Lys

tca
Ser

gat
Asp
425

tca
Ser

aaa
Lys

cac
His

ttc
Phe

aag
Lys
505

-42-

cac
His

att
Ile

tca
Ser

gca
Ala
330

tct
Ser

act
Thr

gtc
Val

agt
Ser

ctt
Leu
410

tgc
Cys

acc
Thr

ttc
Phe

agg
Arg

tct
Ser
490

tta
Leu

atc
Ile

cca
Pro

tgc
Cys

tgt
Cys
315

gtg
Val

aca
Thr

tgt
Cys

agg
Arg

tgt
Cys
395

cct
Pro

gca
Ala

tct
Ser

ttg
Leu

tgt
Cys
475

ggt
Gly

agg
Arg

aca
Thr

tgt
Cys

cat
His
300

ttc
Phe

aag
Lys

tgt
Cys

cat
His

tct
Ser
380

ttg
Leu

tgc
Cys

cct
Pro

caa
Gln

tgt
Cys
460

agc

Ser

gat
Asp

tgt
Cys

aca
Thr

gat
Asp
285

gtt
Val

tgc
Cys

gga
Gly

gga
Gly

cca
Pro
365

tgc
Cys

gat
Asp

g99
Gly

tgt
Cys

att
Ile
445

gag
Glu

gag
Glu

tgg
Trp

gga
Gly

aga
Arg
270

aag
Lys

ggt
Gly

aag
Lys

gaa
Glu

aag
Lys
350

ggt
Gly

tat
Tyr

cca
Pro

atg
Met

ttg
Leu
430

gtg
Val

aag
Lys

cga
Arg

gat
Asp

cag
Gln
510

tgt
Cys

ctt
Leu

ccc
Pro

aaa
Lys

gtg
Val
335

atg
Met

ctt
Leu

tgt
Cys

att
Ile

cac
His
415

gtt
Val

gag
Glu

cct
Pro

tgc
Cys

ccg
Pro
495

cat
His

gct
Ala

ctt
Leu

tgc
Cys

aag
Lys
320

aaa
Lys

ctg
Leu

tgt
Cys

gga
Gly

cca
Pro
400

caa
Gln

tct
Ser

tgt
Cys

tgt
Cys

tgc
Cys
480

cac

His

tct
Ser

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536



tgt
Cys

att
Ile

cca
Pro
545

gtc
Val

gac
Asp

cat
His

aac
Asn

aga
Arg
625

ggc
Gly

tgc
Cys

gat
Asp

atg
Met

aat
Asn
705

ctt

Leu

aag
Lys

ctt
Leu

gat
Asp

ttc
Phe
530

ttg
Leu

cct
Pro

tgc
Cys

gtg
Val

aaa
Lys
610

act
Thr

acg
Thr

agg
Arg

gtc
Val

aca
Thr
690

gac
Asp

caa
Gln

ctt
Leu

gct
Ala

gat
Asp
515

act
Thr

cct
Pro

cag
Gln

cca
Pro

att
Ile
595

cta
Leu

tgt
Cys

aga
Arg

cat
His

aga
Arg
675

gca
Ala

act
Thr

cca
Pro

atg
Met

gat
Asp

ctt
Leu

gat
Asp

tgt
Cys

cct

Pro-

tct
Ser
580

ctc
Leu

tgt
Cys

cat
His

gct
Ala

act
Thr
660

tgt
Cys

tct
Ser

gtt
Val

gtg
Val

tgt
Cys
740

gct
Ala

tgt
Cys

ttg
Leu

ggt
Gly

tgt
Cys
565

tgt
Cys

999
Gly

ggt
Gly

tca
Ser

tct
Ser
645

tgc
Cys

gag
Glu

gtt
Val

tta
Leu

gaa
Glu
725

gat
Asp

ttt
Phe

cac
His

aca
Thr

aca
Thr
550

ggc
Gly

ttg
Leu

aac
Asn

aag
Lys

ctg
Leu
630

tgt
Cys

act
Thr

ttc
Phe

cct
Pro

gaa
Glu
710

tca

Ser

gat
Asp

gat
Asp

agt
Ser

tgt
Cys
535

cct
Pro

cat
His

gtg
Val

ata
Ile

aca
Thr
615

cct
Pro

999
Gly

gca
Ala

ctt
Leu

tgt
Cys
695

gct
Ala

act
Thr

gaa
Glu

atc
Ile

27907

ggc
Gly
520

gcg
Ala

ccc
Pro

cca
Pro

cct
Pro

ccc
Pro
600

agg
Arg

tgt
Cys

cag
Gln

ctt
Leu

gtc
Val
680

gat
Asp

tcc
Ser

gga
Gly

tgt
Cys

acc
Thr

cat
His

tgt
Cys

cct
Pro

gct
Ala

gta
Val
585

tgt
Cys

caa
Gln

gat
Asp

aca
Thr

tgt
Cys
665

aca

Thr

gct
Ala

att
Ile

aag
Lys

gcc
Ala
745

cct
Pro

-43-

tgt
Cys

agg
Arg

tca
Ser

tct
Ser
570

gct
Ala

999
Gly

tgt
Cys

acc
Thr

tgt
Cys
650

cat
His

att
Ile

999
Gly

ctc
Leu

aag
Lys
730

aag

Lys

cct
Pro

cct
Pro

aga
Arg

tgt
Cys
555

cat
His

aag
Lys

tca
Ser

ggt
Gly

tca
Ser
635

ggt
Gly

cct
Pro

agt
Ser

999
Gly

cac
His
715
att
Ile

ttg
Leu

aat
Asn

cct
Pro

act
Thr
540

cag
Gln

agc
Ser

gag
Glu

agg
Arg

ctg
Leu
620

tct
Ser

gcc
Ala

cat
His

tgc
Cys

agc
Ser
700

aag

Lys

cct
Pro

gag
Glu

ctg
Leu

tgt
Cys
525

tcc
Ser

ctc
Leu

tgt
Cys

tgt
Cys

gat
Asp
605

cat
His

gga
Gly

cct
Pro

gct
Ala

tct
Ser
685

aat
Asn

ttg
Leu

ctt
Leu

agg
Arg

gaa
Glu

ctt
Leu

atc
Ile

cca
Pro

cac
His

gtt
Val
590

atd

Ile

gca
Ala

aac
Asn

aag
Lys

cct
Pro
670

tgt
Cys

ggt
Gly

cca
Pro

ggc
Gly

aaa
Lys
750

gct
Ala

gaa
Glu

cct
Pro

tgc
Cys

ttc
Phe
575

ggt
Gly

aga
Arg

tgt
Cys

gaa
Glu

aga
Arg
655

tgt
Cys

ggc
Gly

gct
Ala

gca
Ala

caa
Gln
735

agg
Arg

ctt
Leu

aca
Thr

cct
Pro

tca
Ser
560

gga
Gly

999
Gly

tgc
Cys

gga
Gly

act
Thr
640

gat
Asp

cct
Pro

agg
Arg

tat
Tyr

tct
Ser
720

aga

Arg

gtt
Val
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His

1584

1632

1680

1728

1776

1824

1872

1920

1968

2016

2064

2112

2160

2208

2256
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cgt
Arg
785

gtt
Val

ttt
Phe

gag
Glu

ttt
Phe

att
Ile
865

gat
Asp

ttg
Leu

gaa
Glu

aat
Asn

tca
Ser
945

gtg
Val

gaa
Glu

gtg
Val

tct

ggt
Gly
770

gat
Asp

ctt
Leu

tgc
Cys

agg
Arg

ttt
Phe
850

999
Gly

gtt
Val

ccg
Pro

tgt
Cys

gat
Asp
930

tta
Leu

gca
Ala

gga
Gly

cag
Gln

gat

755

gag
Glu

cca
Pro

ggc
Gly

cct
Pro

tgg
Trp
835

gta
Val

att
Ile

ctt
Leu

agg
Arg

gaa
Glu
915

cct
Pro

tat
Tyr

tca
Ser

aca
Thr

gag
Glu
995

ggt ggt tct gca gat

aat
Asn

aag
Lys

aag
Lys

atg
Met
820

aag
Lys

gtt
Val

aag
Lys

gta
Val

gag
Glu
900

tta
Leu

gct
Ala

cat
His

cca
Pro

gtt
Val
980

act
Thr

tct
Ser

tgg
Trp

agc
Ser
805

ctg
Leu

ctt
Leu

cat
His

ggt
Gly

gac
Asp
885

gca
Ala

gtt
Val

cga
Arg

gga
Gly

gct
Ala
965

gca

Ala

ggt
Gly

gca
Ala

gtg
Val
790

aga
Arg

aag
Lys

gca
Ala

gct
Ala

acg
Thr
870

atg
Met

gat
Asp

tgg
Trp

gca
Ala

gca
Ala
950

aat

Asn

gct
Ala

tgt
Cys

gtg
Val
775

ctt
Leu

gga
Gly

gat
Asp

att
Ile

aca
Thr
855

aca
Thr

gat
Asp

ata
Ile

ttg
Leu

gct
Ala
935

tct

Ser

aat
Asn

ttg
Leu

aag
Lys
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760

aca
Thr

gct
Ala

acc
Thr

aaa
Lys

tat
Tyr
840

tcc
Ser

act
Thr

ccc
Pro

agt
Ser

aat
Asn
920

act

Thr

gtg
Val

gcc
Ala

aag
Lys

aaa
Lys

gag
Glu

gtg
Val

act
Thr

agg
Arg
825

tct
Ser

aaa
Lys

tta
Leu

agg
Arg

tca
Ser
905

gat
Asp

gct
Ala

gtt
Val

tgg
Trp

gga
Gly
985

tat tca tgg agt ggt
Tyr Ser Trp Ser Gly Glu Glu Trp

1000

ttg
Leu

gag
Glu

agt
Ser
810

gat
Asp

gct
Ala

tcc
Ser

agt
Ser

ctt
Leu
890

ctg
Leu

aag
Lys

atg
Met

cct
Pro

gca
Ala
970

act
Thr

att
Ile

gaa
Glu
795

ggt
Gly

gca

Ala

ggt
Gly

aaa
Lys

tcc
Ser
875

gtt
Val

gtc
Val

aat
Asn

aga
Arg

caa
Gln
955

gtg
Val

tcg
Ser

ggt
Gly
780

agg
Arg

ctt
Leu

gtt
Val

tgg
Trp

cct
Pro
860

cat
His

gta
Val

ctt
Leu

gca
Ala

agg
Arg
940

aat
Asn

gca
Ala

tgg
Trp

765

gat
Asp

tgc
Cys

aag
Lys

agt
Ser

gaa
Glu
845

cca

Pro

cca
Pro

tct
Ser

agg
Arg

ctg
Leu
925

ctg
Leu

act
Thr

999
Gly

aag
Lys

10

gtt cag gct tct gca

ctg
Leu

aaa
Lys

att
Ile

ctg
Leu
830

cca
Pro

cct
Pro

cca
Pro

ttt
Phe

ttt
Phe
910

gct
Ala

gat
Asp

ggt
Gly

act
Thr

aaa
Lys
990

05

tac
Tyr

tat
Tyr

cat
His
815

att
Ile

aag
Lys

cgt
Arg

gtt
Val

cta
Leu
895

ggt
Gly

gta
Val

cat
His

gca
Ala

gca
Ala
975

gct
Ala

agg
Arg

ttg
Leu
800

gtt
Val

gct
Ala

cgt
Arg

gtg
Val

ttt
Phe
880

gat
Asp

gg99
Gly

ttc
Phe

gga
Gly

tct
Ser
960

atg
Met

gta
Val

gaa gag tgg

tgg aaa ggg

2352

2400

2448

2496

2544

2592

2640

2688

2736

2784

2832

2880

2928

2976

3024

3069
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Ser Asp Gly Gly Ser Ala Asp Val Gln Ala Ser Ala Trp
1010 1015 1020
aaa gaa gct cca att gtg gct tcg att aac cga tgg agt
Lys Glu Ala Pro Ile Val Ala Ser Ile Asn Arg Trp Ser
1025 1030 1035
gac tct gag aag gct gac agt tca tct gct gcc tct gtc
Asp Ser Glu Lys Ala Asp Ser Ser Ser Ala Ala Ser Val
1040 1045 1050
gaa gat ccc gca aaa caa gtt gca gga agc ctt tcc agt
Glu Asp Pro Ala Lys Gln Val Ala Gly Ser Leu Ser Ser
1055 1060 1065
ttg gaa tca aat gca agc act tcc agt gca tca agg cag
Leu Glu Ser Asn Ala Ser Thr Ser Ser Ala Ser Arg Gln
1070 1075 1080
atg caa tct gga gga gtt tca aga gaa gaa gat tta tct
Met Gln Ser Gly Gly Val Ser Arg Glu Glu Asp Leu Ser
1085 1090 1095
gtg gat gat tgg gag aag gct tat gat tga
Val Asp Asp Trp Glu Lys Ala Tyr Asp
1100 1105
<210> 9
<211> 1107
<212> PRT
<213> Populus trichocarpa
<400> 9
Met Ser Phe Gln Pro Arg Asn Asp Arg Arg Asp Asn Asn Asn
1 5 10
Ser Ser Arg Phe Pro Thr Gln Lys Trp Val Pro Arg Gly Ala
20 25 30
Ser Pro Ala Val Asp Ala Asn Thr Lys Pro Pro Ser Ser Ser
35 40 45
Arg Cys Asn Gly Asn Gly Gly Gly Gly Ala Ala His Gly Trp
50 55 60
Thr Ala His His Arg Tyr Asn Lys Gly Gly Met Ala Val Asn
65 70 75
Arg Gly Leu Val Gly Arg Pro Arg Lys Gly Ile Glu Arg Ser
85 90
Thr Arg Glu Leu Asn Asp Pro Asn Leu Pro Gln Leu Ala Gln
100 105 110
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Lys

gtc
Val

aag
Lys

tca
Ser

cct
Pro

gtg
Val

Gly

cta
Leu

atg
Met

ggt
Gly

gca
Ala

gtg
Val

Asn Arg

15

Asn Ser

Asn Ser

Ser Gly

Ala Pro

80

Glu Lys

95

Asp Ile

3114

3159

3204

3249

3294

3324



Gln

Met

Ile

145

Val

Gly

Cys

Pro

Pro

225

Leu

Pro

Asp

Glu

Asp

305

Thr

Ala

Gly

Glu

Val

130

Phe

Asp

Cys

Phe

His

210

Gly

Gln

Arg

Arg

Cys

290

Ser

Glu

Glu

Cys

Lys

115

Arg

His

Leu

Gln

Cys

195

Ser

Ala

Cys

Leu

Met

275

Trp

Cys

Val

Asp

Gly
355

Leu

Arg

Leu

Ile

Ser

180

Gly

Cys

Asp

His

Cys

260

Ser

Arg

Gln

Val

Gly

340

Asn

Val

Ser

Asn

Ala

165

Val

Lys

Gly

Gly

Pro

245

Pro

Val

His

Val

Leu

325

Val

His

Lys

Val

Cys

150

Glu

Gln

Arg

Glu

Ser

230

Gly

Cys

Val

Arg

Leu

310

Cys

Phe

Met

Ser

Pro

135

Ile

Lys

Leu

Arg

Pro

215

Lys

Pro

Gly

Thr

Cys

295

Val

Gly

Ser

Cys
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Thr Val Glu

120

Ile

Lys

Asn

Thr

Asp

200

Cys

Glu

Cys

Lys

Cys

280

Glu

Asn

Asp

Cys

Asp
360

Trp

Lys

Gln

Thr

185

Pro

Gly

Asp

Pro

Lys

265

Gly

Arg

Ala

Met

Asn

345

Glu
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Ser

Trp

Gly

170

Leu

Pro

Lys

Leu

Pro

250

Ile

His

Ile

Ser

Ala

330

Ser

Thr

Cys

Cys

Ala

155

Phe

Asn

Ser

Pro

Cys

235

Cys

Ile

Pro

Cys

Cys

315

Val

Thr

Cys

Met

Ser

140

Arg

Asn

Asp

Asp

Leu

220

Pro

Lys

Thr

Cys

His

300

Phe

Lys

Cys

His

Ile

125

Ser

Ala

Trp

Ile

Leu

205

Glu

His

Ala

Thr

Asp

285

Val

Cys

Gly

Gly

Pro
365

Cys

Cys

Pro

Arg

Arg

190

Tyr

Lys

Asn

Phe

Arg

270

Lys

Gly

Lys

Glu

Lys

350

Gly

Tyr

Phe

Thr

Cys

175

Tyr

Leu

Glu

Cys

Ala

255

Cys

Leu

Pro

Lys

Val

335

Met

Leu

Asp

Ser

Ser

160

Pro

Val

Thr

Ala

Val

240

Pro

Ala

Leu

Cys

Lys

320

Lys

Leu

Cys



Gly

Lys

385

Thr

Cys

Val

Tyr

Gly

465

Pro

Phe

Cys

Ile

Pro

545

Val

Asp

His

Asn

Asp

370

Thr

Cys

Lys

Thr

Lys

450

Arg

Leu

Cys

Asp

Phe

530

Leu

Pro

Cys

Val

Lys
610

Cys

Ser

Thr

Gly

Gln

435

Ile

Lys

Ser

Gln

Asp

515

Thr

Pro

Gln

Pro

Ile

595

Leu

Glu

Leu

Gln

Val

420

Lys

Thr

Lys

Asn

Met

500

Leu

Asp

Cys

Pro

Ser

580

Leu

Cys

Leu

Gln

Ile

405

Cys

Cys

Ser

Asn

Thr

485

Ala

Cys

Leu

Gly

Cys

565

Cys

Gly

Gly

Met

Glu

390

Cys

His

Arg

Glu

Cys

470

Asn

Cys

His

Thr

Thr

550

Gly

Leu

Asn

Lys

Pro

375

Glu

Gly

Ser

Cys

Asn

455

Gly

Asn

Gly

Ser

Cys

535

Pro

His

Val

Ile

Thr
615

27907

Ala Arg Val

Arg Lys Ser

Lys Ser Leu
410

Gly Asp Cys
425

Gly Ser Thr
440

Glu Lys Phe

Arg His Arg

Gln Phe Ser
490

Lys Lys Leu
505

Gly His Cys
520

Ala Cys Arg

Pro Pro Ser

Pro Ala Ser
570

Pro Val Ala
585

Pro Cys Gly
600

Arg Gln Cys
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Arg

Cys

395

Pro

Ala

Ser

Leu

Cys

475

Gly

Arg

Pro

Arg

Cys

555

His

Lys

Ser

Gly

Ser

380

Leu

Cys

Pro

Gln

Cys

460

Ser

Asp

Cys

Pro

Thr

540

Gln

Ser

Glu

Arg

Leu
620

Cys

Asp

Gly

Cys

Ile

445

Glu

Glu

Trp

Gly

Cys

525

Ser

Leu

Cys

Cys

Asp

605

His

Tyr

Pro

Met

Leu

430

Val

Lys

Arg

Asp

Gln

510

Leu

Ile

Pro

His

Val

590

Ile

Ala

Cys

Ile

His

415

Val

Glu

Pro

Cys

Pro

495

His

Glu

Pro

Cys

Phe

575

Gly

Arg

Cys

Gly

Pro

400

Gln

Ser

Cys

Cys

Cys

480

His

Ser

Thr

Pro

Ser

560

Gly

Gly

Cys

Gly



Arg

625

Gly

Cys

Asp

Met

Asn

705

Leu

Lys

Leu

Phe

Arg

785

Val

Phe

Glu

Phe

Ile

Thr

Thr

Arg

Val

Thr

690

Asp

Gln

Leu

Ala

Gly

770

Asp

Leu

Cys

Arg

Phe

850

Gly

Cys

Arg

His

Arg

675

Ala

Thr

Pro

Met

Asp

755

Glu

Pro

Gly

Pro

Trp

835

Val

Ile

His

Ala

Thr

660

Cys

Ser

Val

Val

Cys

740

Ala

Asn

Lys

Lys

Met

820

Lys

Val

Lys

Ser

Ser

645

Cys

Glu

Val

Leu

Glu

725

Asp

Phe

Ser

Trp

Ser

805

Leu

Leu

His

Gly

Leu

630

Cys

Thr

Phe

Pro

Glu

710

Ser

Asp

Asp

Ala

Val

790

Arg

Lys

Ala

Ala

Thr

Pro

Gly

Ala

Leu

Cys

695

Ala

Thr

Glu

Ile

Val

775

Leu

Gly

Asp

Ile

Thr

855

Thr
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Cys

Gln

Leu

Val

680

Asp

Ser

Gly

Cys

Thr

760

Thr

Ala

Thr

Lys

Tyr

840

Ser

Thr

Asp

Thr

Cys

665

Thr

Ala

Ile

Lys

Ala

745

Pro

Glu

Val

Thr

Arg

825

Ser

Lys

Leu
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Thr

Cys

650

His

Ile

Gly

Leu

Lys

730

Lys

Pro

Leu

Glu

Ser

810

Asp

Ala

Ser

Ser

Ser

635

Gly

Pro

Ser

Gly

His

715

Ile

Leu

Asn

Ile

Glu

795

Gly

Ala

Gly

Lys

Ser

Ser

Ala

His

Cys

Ser

700

Lys

Pro

Glu

Leu

Gly

780

Arg

Leu

Val

Trp

Pro

860

His

Gly

Pro

Ala

Ser

685

Asn

Leu

Leu

Arg

Glu

765

Asp

Cys

Lys

Ser

Glu

845

Pro

Pro

Asn

Lys

Pro

670

Cys

Gly

Pro

Gly

Lys

750

Ala

Leu

Lys

Ile

Leu

830

Pro

Pro

Pro

Glu

Arg

655

Cys

Gly

Ala

Ala

Gln

735

Arg

Leu

Tyr

Tyr

His

815

Ile

Lys

Arg

Val

Thr

640

Asp

Pro

Arg

Tyr

Ser

720

Arg

Val

His

Arg

Leu

800

Val

Ala

Arg

Val

Phe
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865 870 875 880

Asp Val Leu Val Asp Met Asp Pro Arg Leu Val Val Ser Phe Leu Asp
885 890 895

Leu Pro Arg Glu Ala Asp Ile Ser Ser Leu Val Leu Arg Phe Gly Gly
900 905 910

Glu Cys Glu Leu Val Trp Leu Asn Asp Lys Asn Ala Leu Ala Val Phe
915 920 925

Asn Asp Pro Ala Arg Ala Ala Thr Ala Met Arg Arg Leu Asp His Gly
930 935 940

Ser Leu Tyr His Gly Ala Ser Val Val Pro Gln Asn Thr Gly Ala Ser
945 950 955 960

Val Ala Ser Pro Ala Asn Asn Ala Trp Ala Val Ala Gly Thr Ala Met
965 970 975

Glu Gly Thr Val Ala Ala Leu Lys Gly Thr Ser Trp Lys Lys Ala Val
980 985 990

Val Gln Glu Thr Gly Cys Lys Lys Tyr Ser Trp Ser Gly Glu Glu Trp
995 1000 1005

Ser Asp Gly Gly Ser Ala Asp Val Gln Ala Ser Ala Trp Lys Gly
1010 1015 1020

Lys Glu Ala Pro Ile Val Ala Ser Ile Asn Arg Trp Ser Val Leu
1025 1030 1035

Asp Ser Glu Lys Ala Asp Ser Ser Ser Ala Ala Ser Val Lys Met
1040 1045 1050

Glu Asp Pro Ala Lys Gln Val Ala Gly Ser Leu Ser Ser Ser Gly
1055 1060 1065

Leu Glu Ser Asn Ala Ser Thr Ser Ser Ala Ser Arg Gln Pro Ala
1070 1075 1080

Met Gln Ser Gly Gly Val Ser Arg Glu Glu Asp Leu Ser Val Val
1085 1090 1095

Val Asp Asp Trp Glu Lys Ala Tyr Asp
1100 1105
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<210>
<211>
<212>
<213>

<400>

Pro

Glu

Val

Thr

Arg

65

Ser

Lys

Leu

Pro

Ser

145

Asn

Thr

Pro

Leu

Glu

Ser

50

Asp

Ala

Ser

Ser

Arg

130

Ser

Asp

Ala

<210>
<211>
<212>
<213>

<220>
<223>

10
191
PRT

Populus trichocarpa

10

Asn

Ile

Glu

35

Gly

Ala

Gly

Lys

Ala

115

Leu

Leu

Lys

Met

11
30

ADN
Nhéan

Leu

Gly

20

Arg

Leu

Val

Trp

Thr

100

Ser

Val

Val

Asn

Arg
180

tao

Glu

Asp

Cys

Lys

Arg

Glu

85

Pro

His

Val

Leu

Ala

165

Arg

PCR co ban

Ala

Leu

Lys

Ile

Leu

70

Pro

Ser

Pro

Ser

Arg

150

Leu

Leu

Leu

Tyr

Tyr

His

55

Ile

Lys

Arg

Pro

Phe

135

Phe

Ala

Asp

27907

His

Arg

Leu

40

Val

Ala

Arg

Val

Val

120

Leu

Gly

Val

His

Phe

Arg

25

Val

Phe

Glu

Phe

Ile

105

Phe

Asp

Gly

Phe

Gly
185
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Gly

10

Asp

Leu

Cys

Arg

Ile

90

Gly

Asp

Leu

Glu

Asn

170

Ser

Glu

Pro

Ser

Pro

Trp

75

Val

Ile

Ala

Pro

Cys

155

Asp

Val

Asn

Lys

Lys

Met

60

Lys

Ile

Lys

Leu

Arg

140

Glu

Pro

Tyr

Ser

Trp

Ser

45

Leu

Val

His

Gly

Val

125

Glu

Leu

Ala

Tyr

Ser

Val

30

Arg

Lys

Ala

Ala

Thr

110

Asp

Ala

Val

Arg

Gly
190

Val

15

Leu

Gly

Asp

Ile

Thr

95

Thr

Met

Asp

Trp

Ala

175

Ala

Thr

Ala

Thr

Lys

Tyr

80

Pro

Thr

Asp

Ile

Leu

160

Ala



<400>

27907

11

caccgcggcc gcccatctecg tgtgattgge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

23

ADN
Nhé&n tao

PCR co ban

12

cttccacgaa gttcccttca gag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

30

ADN
Nhan tao

PCR co ban

13

caccgcggcce gcggacttgg acttcttcect

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

24

ADN
Nhé&n tao

PCR co ban

14

gattcgtgga tgtcttcttc tgtg
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