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-1- UNSATURATED FATTY ACID SYNTHASE GENE ORIGINATING IN
MARCHANTIALES PLANT AND UTILIZATION OF THE SAME 5
TECHNICAL FIELD The present invention relates to Marchantiales
(Marchantia polymorpha)-derived unsatugated fatty acid synthetase
genes, i.e. genes of AS fatty acid desaturase, A6 fatty acid desaturase,
and A6 fattyyarSiahRATED F ATTIO ACTDeSYNRAMASE GINVE
ART Polyunsaturated fatty acids (PUFAS) such as arachidonic acid,
eicosapenORDEINA THA 6énhNe ITAR €& N TIAL EBAPEANT AND
appropriate) are contained in lipids of the cell membrane of humans,
notably in the nervous SEHMZAEIOPbIQRsTH BB AIEacids act as a
precursor of a bioactive substance such as prostaglandin and
leukotoriene, and are very important pharmacological 20 substances. In
recent years, health foads containing arachidonic acid and EPA have
beeﬁrl] %J&aﬂ‘aﬁéﬁéb% In addition, fatty acids, which are used as a
source maf ial of deter?gents and biode radabf% lastics, have captur

d.
the spotlight 5s mBETEF Rbstii¥ed: Y8 Bolytifisatiited fatty AGHS ?egtlales

curr roduced by extraction.from cultured microorganisms or fish oil. .
s b e A A SHL SR, MESALH BRgipy (a1 acid

consumption,and waste. and limited fish r ces, particularly in
et 2 e B e neR of A fauiiacid devatprase, A6

beli%etq}goaocclc&lhigSaastq{ilegsoéyr%qggogg if‘é’f’wpgég—chain elongase, and

use thereof.

BACKGROUND ART

Polyunsaturated fatty acids (PUFAs) such as
arachidonic acid, eicosapentaenoic acid (hereinafter
referred to as "EPA" as appropriate) are contained in lipids
of the cell membrane of humans, notably in the nervous
system. These polyunsaturated fatty acids act as a
precursor of a bioactive substance such as prostaglandin
and leukotoriene, and are very important pharmacological
substances. In recent years, health foods containing
arachidonic acid and EPA have been commercially available.
In addition, fatty acids, which are used as a source material
of detergents and biodegradable plastics, have captured the

spotlight as material substances.
Polyunsaturated fatty acids are currently produced by

extraction from cultured microorganisms or fish oil. This
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desaturation, chain elongation, and AS desaturation, with linoleic acid
and a-linolenic acid being starting materials of the reactions yielding the
arachidonic acid and eicosapentaenoic acid, respectively. These
reactions are 10 catalyzed by a A6 fatty acid desaturase ("A6 desaturase”
hereinafter), A6 fatty-acid-chain elongase ("A6 chain elongase”

hereipaliery, pnd Hielally a¢ithdesatyRrg Adodesaidiasen betairaittrbnergy

respectively. A gene for the A6 desaturase is cloned from several 15

plant species porcaxanyte] thevgesteehasaedn cloned édm fish  resources

Phaeodactylum tricornutum, Physcomitrella patens, ceratodon

purpResdiis wevale iithospehads arginrgriizdn, oplimrose, and

anemone. Apart from plants, the A6 desaturase gene has also been )

cloned front M&Em&HRBE 2GRS nShaftrRs igitBbactBfadragnghdEPA  is
n-Patent Publication 1: Eur. J iocherP. 269, p410

h . N _ ’ N
008 N B Po S Mo 3. Plark 5" 8 35, 1685 HIOA P ARPIVing A6

Publication. 3; Ft o} Bé?%&ﬁq‘-e?éﬁ%%%ff%, 2009 Nenpatent, ration, with

Publication 4: Proc. Natl. Acad. Sci. USA 25’94, p4211, 1997; Non-Paterit
Publicatine i ldRifl$ 3 41412804 NoB-Ratent Bublication 6t HEB Sl @terials
542, p 100, 2003; Non-Patent Publication 7: Whitney et al., Planta Epub

-3- 2003; tthan-Pa¢erd tRublicatipneddliipigls 34 60649, 4089d deiePatetid and
Publication 9: Gene, 238, p445 1999; Non-Patent Publication 10:

BiochiEre 92380 pae 1 0 6982 dich-Petem duiblicdion Th edantelcBiolns are

22, p293 1993; 5 Non-Patent Publication 12: Biochem. Bi(:)ﬁrgs. res. ;
ConfiddR 1555 herB, 2099 afvitNioresatbri phpickiRned Jopgesaturase

Chem 224, AT, 1999 Al of these 26 depatiasey SIoped OB chain
elongase” hereinafter), and A5 fatty acid desaturase (“AS5
desaturase” hereinafter), respectively.

A gene for the A6 desaturase is cloned from several
plant species. For example, the gene has been cloned from
Phaeodactylum tricornutum, Physcomitrella patens,
ceratodon purpureous, borage, lithospermum erythrorhizon,
primrose, and anemone. Apart from plants, the A6
desaturase gene has also been cloned from filamentous
fungi, nematodes, cyanobacteria, rats, and humans (see
Non-Patent Publication 1: Eur. J. Biochem. 269, p4105,
2002; Non-Patent Publication 2: Plant J. 15, p39, 1998;
Non-Patent Publication 3: Eur. J. Biochem., 267. p3801,
2000; Non-Patent Publication 4: Proc. Natl. Acad. Sci. USA
94, p4211, 1997; Non-Patent Publication 5: Lipids 37, 417,
2002; Non-Patent Publication 6: FEBS Lett. 542, pl100,

2003; Non-Patent Publication 7: Whitney et al., Planta Epub



cyanobacteria, have a cytochrome b5 domain at their 10 N-terminus. A
gene of the A6 chain elongase was originally cloned from filamentous
fungi and nematodes (see Non-Patent Publication 14: Proc. Natl. Acad.
Sci. USA 97, p8284, 2000; and Non-Patgnt Publication 15: Proc. Natl.
Acad. Sci. USA 15 97, p6421, 2000). In plants, the gene has been cloned

only 2foans Phivese e kmpateisises NemPatent Byiklisatpn 165 6Rlant 3.999;
31, p255, 2002). In yeasts (Saccharomyces cerevisiae), there exist ELO2
prot&io and &t €3tprofairh iwbiwhi ate in@lvedGethe 2@syBthesgsdota  1999;
long-chain saturated acyl-chain of sphingolipids (see Non-Patent

PubiM¥atorPaten BiBiu Chemtior, hA73PeondormTHe Abhaip611 1998;
elongase has an amino acid sequence homoli%ous to the ELO2 protein

and "ER F@bedt. nhhicatidhant: iRlaaddekrSifkts 25, P293 1993;
0-k I-CoA synth (KCS), which js,8 t f fatty-acig-chai
clon B TR oy SR Re. elongatin et eBicna Gkided oS
and @eROHNSIUTaLed -4 Jatly agids feSMrN%?{@ﬁ%FEH?{F%*{?B #@é‘ﬂ%n 13:
Non-Patent Publication 18: Plant Cell 7, p309, 1995). However, the KCS

gengrisps Eveluianary relateht the) A chain Blooase sgens aexeasirases
ELO2 and ELO3 genes (see Non-Patent 5 Publications 15 and 16). A

gene b thedASrdasatirassevas gaginalhd sloredcikepn tilaaterdousafungl from
(Non-Patent Publication 19: J. Biol. Chem. 273, p29360, 1998; and

Non¥aert iPaplication 2bay Sick Chdowc 79 mpe00b5). Twwmsin at their
desaturase has a cytochrome 10 b5 domain at the N-terminus as does the

A6 dshRIEEI®Re AS desaturase gene has also been cloned from

A gene of the A6 chain elongase was originally cloned
from filamentous fungi and nematodes (see Non-Patent
Publication 14: Proc. Natl. Acad. Sci. USA 97, p8284, 2000;
and Non-Patent Publication 15: Proc. Natl. Acad. Sci. USA
97, p6421, 2000). In plants, the gene has been cloned only
from Physcomitrella patens (see Non-Patent Publication 16:
Plant J. 31, p255, 2002).

In yeasts (Saccharomyces cerevisiae), there exist ELO2
protein and ELO3 protein, which are involved in the
synthesis of a long-chain saturated acyl-chain of
sphingolipids (see Non-Patent Publication 17: J. Biol.
Chem., 272, p17376, 1997). The A6 chain elongase has an
amino acid sequence homologous to the ELO2 protein and
ELO3 protein. On the other hand, in plants, there exists
B-ketoacyl-CoA synthase (KCS), which is another type of
fatty-acid-chain elongase. This enzyme catalyzes the

elongation of long-chain saturated and monounsaturated
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Phaeodactylum tricornutum, nematodes, rats, humans, Physcomitrella
patens, and others (see Non-Patent Publication 1; Non-Patent Publication
21: FEBS Lett. 439, 15 p215, 1998; Non-Patent Publication 22: Arch.
Biochem. Biophys. 391, p8, 2001; Non-Ratent Publication 23: J. Biol.
Chem. 274, p37335, 1999; and Non-Patent Publication 24: J. Biol. Chem.

278,f3%145a 8983)-($everal Harisrareralassitied ibi IryopieN 88 -Patent

(Bryophyta), pteridophytes, gymnosperms, and angiosperms. Among
thesBgivlips of derréstridt jalartsC dilyGphy88 Yy el kddn tH bavevieranchedKC S
off first, and they are classified into three groups: Mosses (class

Brycgitay, isverabrevelass elepatcapssidsg drid Homewdez (dsain elongase
Marchantia polymorpha is taxonomically closest to Physcomitrella patens

amoR§ e fREgaiGSigafitMs batthe B beBRESH dass BNGad atent
while th 1formtelr belo Sﬁo?% class Marchantiidae of class

Hep%t‘ié pls?é'a.lﬁri%s c%%sgfnnt at the foregoing three groups were br_anched

off at least aboult 430 '@%éearés%&%@gée(%es %%g?ﬁ’atef?lg*k%ned from

common name "moss," the difference between 5 Physcomitrella patens

and Nie{ehaniia DAYl phaNs AVPHieranPiabige gfeshta be gallsdAs €hem.
difference, as compared with the difference, for example, between

Aralidopsip TaBaE@, and 9ie, atnitiNare bRhewatk t® hdié chrdaeheXofly. Biol.
200 million years ago (see Non-Patent 10 Publication 25: 1 1 036 15 14
143958 earhtraly. s B MEdShahtid pslyirgles détiveds polyansatueateeichrome
fatty acid synthetase g[;ene, KCS-like MpFAE2 and MpFAE3 chain

elon§asé gEneihaetbse N obt iRt decAN ot Feadht P BIid st vgase. The

Biosgis Boteetngl, Biochem, 67, P60,

also been cloned from
Phaeodactylum tricornutum, nematodes, rats, humans,
Physcomitrella patens, and others (see Non-Patent
Publication 1; Non-Patent Publication 21: FEBS Lett. 439,
p215, 1998; Non-Patent Publication 22: Arch. Biochem.
Biophys. 391, p8, 2001; Non-Patent Publication 23: J. Biol.
Chem. 274, p37335, 1999; and Non-Patent Publication 24:
J. Biol. Chem. 278, 35115, 2003).

Terrestrial plants are classified into bryophytes
(Bryophyta), pteridophytes, gymnosperms, and
angiosperms. Among these groups of terrestrial plants,
bryophytes are known to have branched off first, and they
are classified into three groups: Mosses (class Bryosida),
Liverworts (class Hepaticopsida), and Hornwortz.
Marchantia polymorpha is taxonomically closest to

Physcomitrella patens among the foregoing organisms, but

the latter belongs to class Bryosida while the former belongs
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15 2003; and Non-Patent Publication 27: Biosci. Biotechnol. Biochem.67,
pl667, 2003). However, MpFAE2 and MpFAE3 are not A6 chain
elongase genes. As described earlier, many polyunsaturated fatty acid
biosynthetic genes are cloned from varioys species of 20 organisms.
However, there is only a few reports in which polyunsaturated fatty acids

havigg 289b BYRI§Calel ciensivith @ depreed §insaBpatiobdpida. It is

greater, such as arachidonic acid and EPA, were produced in plants. As

an exanale ithastbekp répostedithgt Phaeedgetylups2were branched off
tricornutum-derived A6 desaturase gene and AS desaturase gene, and a
Physgdohsigelagdacant-deiad AB enainc alohgade. gEhe idreexpreasgédary to
in Linum_ usitatissimum to -6- produce arachidonic acid and EPA.

HowdBiIthiS RIAGR Yscitl i defBP&8e NohSatefi BEBFGEEN R§tween

As dgscribed earlier, polyunsaturated fatty acjds, such as arachidonic ,
o BRI G TS oRCuor I6Ts Rl Polymorpha is

MICroQIBRNSBYs PEISLQil- Hlys dais %R@bﬁe@c?gfl@ahf%f%“%%&%hce, as

increased energy tonsumption-and waste, and limited resources.

Polyspsaiysated fatky; aridstsieh a5 frasbideric agit-andxRfphave etween
plurality of double bonds in the molecule. This 10 unique characteristic

enablesibase patly aidslia he used inivarjoustindustaakpiodlietsde.gto have
films, biodegradable plastics, functional fabrics, lubricating oil, and

matérizd rsobstdnce for g@tgemd]1 Bypradesing sago pdyessatieredatent
fatty acids in transgenic plants, it will be 15 possible to reduce production

costBH® Hefzéonmdrs édvidfmentdily HistaiHobl&éh process.

Once the pplyunsgiurated fatty acids are mass produced with ol | ¢\ rated

fatty acid synthetase gene, KCS-like MpFAE2 and MpFAE3
chain elongase genes have been obtained (see Non-Patent
Publication 26: Biosci. Biotechnol. Biochem. 67, p605,
2003; and Non-Patent Publication 27: Biosci. Biotechnol.
Biochem.67, p1667, 2003). However, MpFAE2 and MpFAE3
are not A6 chain elongase genes.

As described earlier, many polyunsaturated fatty acid
biosynthetic genes are cloned from various species of
organisms. However, there is only a few reports in which
polyunsaturated fatty acids having 20 or more carbon
atoms with a degree of unsaturation 4 or greater, such as
arachidonic acid and EPA, were produced in plants. As an
example, it has been reported that Phaeodactylum
tricornutum-derived A6 desaturase gene and AS desaturase
gene, and a Physcomitrella patens-derived A6 chain

elongase gene were expressed in Linum usitatissimum to
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plants by genetic recombinant techniques, it will be possible to
advantageously use such oil plants as 20 inexpensive source materials for
many different purposes. However, in the expression of foreign genes in
plants, itis difficult to predict how well thg genes will function in the
plants because the gene expression involves transcription, translation,

and pesiifigatéonsr F6HNQG 1 254 ExpieasierPA merefhaneane farigis not
gene, it is envisaged that the expressed genes will function more

desithifycntivadtiey deme fr¢sea Shgte Spaaes P plbhicas appoddd.to

-7- different plant species as in the case of Non-Patent Publication 24.

Further, Makéhadlis poiyaserprea which belhigsns phyiuatBeyopayta:-tlecids,
first terrestrial plants--has been receiving attention as a model of gsigher 5

planf16hd tRsir s iate @RAectéF it iuAdtion welin & pRfgduced by

Therefqre, once Marchantia polymorpha-derived polyunsaturated fatty. .
i SRS B Rt BB (S PSS GBAE A SHkae st GhngL- This

and ﬁ?ifcé‘é‘i ‘fn%?@ﬁ?sg%?%lﬁgﬁa 3pg étt‘{"é'hb%ﬁg%,S”?b{‘?éPe]a%ed’ energy

efficiently accumulate arachidonic acid and EPA in plants by introducing

thesg ggBesHIIR RaNtsa hke Aw slgBaturasg @eng /i dasaiykase g urces.
and A6 chain elongase gene have been cloned from Physcomitrella

pateRs | whinls alserzaiedg fa iy lami Ay ophyth asdeasthMbsehiantiecid and
polymorpha. However, since Marchantia polymorpha and Physcomitrella
pateRPLérehavotuttomdiy nehit Wistaktapbdie s aidwot path o wimdacule. This
Marchantia polymorpha genes using Physcomitrella patens genes with

the ARERERVE q@&{ﬁém_czgnables these fatty acids to be used

in various industrial products (e.g. films, biodegradable
plastics, functional fabrics, lubricating oil, and material
substance for detergents). By producing such
polyunsaturated fatty acids in transgenic plants, it will be
possible to reduce production cost and realize a more
environmentally friendly production process. Once the
polyunsaturated fatty acids are mass-produced with oil
plants by genetic recombinant techniques, it will be
possible to advantageously wuse such oil plants as
inexpensive source materials for many different purposes.

However, in the expression of foreign genes in plants,
it is difficult to predict how well the genes will function in
the plants because the gene expression involves
transcription, translation, and modifications. Further, in
the expression of more than one foreign gene, it is envisaged
that the expressed genes will function more desirably when

they come from a single species of plant, as opposed to
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DISCLOSURE OF INVENTION The present invention was made in view
of the foregoing problems, and an object of the invention is to provide
Marchantiales (Marchantia polymorpha)-derived 25 unsaturated fatty acid
synthetase genes, specifically, AS desatpirase gene, A6 desaturase gene,
and A6 chain elongase gene, that can produce arachidonic acid or EPA

in highefeBe RlaNts1dAe inypRitaR gs@ proyides a ethwdof use ofsucPatent
genes. In accomplishing the present invention, the inventors of the
inveRtiohlictentifed g2Hes hatrehcade thknASh b dekatypade,A6rpha, which
desaturase, and A6 chain elongase, using cDNA clones derived from _
Mardrelsiiaks (Mepchaptisy pspmorBita)e aid/éaccébstullyfirapisferted aagtrial
expressed these genes in methylotrophic ﬁeast.s (Pichia pastoris). As a .
resul fHetifvehfoes REFQTdiffFEN ot RARE Y fo BYaf&deof higher
genes had enzyme agtivities of the AS desaturase, A6 desaturase, and .
26 P 4N Ba | EOdbn Ry e oy e it s well in
inclydlag(1) A Maggharitales-deriygd gepe,that hybrigiges. under yrq o gptia

stringent conditionis with all of or part of a DNA 15 nucleotide sequence,

or itS,eAMPISFE AR 8@MERCH SRR R A th AITd BAPOSIBER BRI Retase

having A6 fatty acid desaturating activity. (2) A gene that encodes a

Margieantiales-derivedd prodein haying Af &ty Gait desatutadiopadiivityand A6

and that 20 (a) consists of a nucleotide sequence of SEQ ID NO: 1, or (b)

hybridiresurdl@rsgagengesrditons withta Al , nitlestitle beguenss;ibile to

its comtplementary sequence, of SEQ ID NO: 1. ) )
efficiently 'accumulate arachidonic acid and EPA in plants
by introducing these genes into plants.

The AS desaturase gene, A6 desaturase gene, and A6
chain elongase gene have been cloned from Physcomitrella
patens, which also belong to phylum bryophyta as does
Marchantia polymorpha. However, since Marchantia
polymorpha and Physcomitrella patens are evolutionary very
distant species, it is not easy to obtain Marchantia

polymorpha genes using Physcomitrella patens genes with

the current level of technology.

DISCLOSURE OF INVENTION

The present invention was made in view of the
foregoing problems, and an object of the invention is to
provide Marchantiales (Marchantia polymorpha)-derived
unsaturated fatty acid synthetase genes, specifically, A5
desaturase gene, A6 desaturase gene, and A6 chain elongase

gene, that can produce arachidonic acid or EPA in higher
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(3) A gene that encodes a Marchantiales-derived 25 protein having A6
fatty acid desaturating activity, and that (a) consists of a nucleotide
sequence of from the 253rd to 1698th nucleotides of SEQ ID NO: 1, or (b)
hybridizes under -9- stringent conditions with a DNA nucleotide sequence
of from the 253rd to 1698th nucleotides, or its complementary sequence,

of SkhPNOT k4% 88RedNah Ba6OFEs vi Maschantiatesodrdvedse of such

protein having A6 fatty acid desaturating activity, and that (a) encodes a
protgjamts.an amino acid sequence of SEQ ID NO: 2, or (b) encodes a
protein with an amino acid sequence that has been modified by

substitutior), iélesrn pEeriion gatborrititontof wHe o inore nginm ventors
acids of 10 SEQ ID NO: 2. (5) A Marchantiales-derived gene that

hybritfized EinddFsEihigent caAdifdisiamn SFSF? pdftdta BPReode the AS

nucleotide sequence, or its complementary sequence, of SEQ ID NO: 3, .
g QRS SUR A aAUTG AR RAI T3S0t A QEFA Hend11ne
that eQACS BYACLaIeRAST el P e IHAYAG AR SIBL NI ia
activity, and that (a) consists of a nucleotide sequence of SEQ ID NO: 3,

or (b) NyRridiZe% tndes slingert CO8dHPNS Withha A RO Uetedtid& pressed
sequence, or its complementary sequence, of SEQ ID NO: 3. (7) A gene

that ehesdes a ey chantiatahgdoted pliotein daying ABichdvd ¢longatiig). As
activity, and that (a) consists of a nucleotide sequence of from the 194th

to 2% 1068thl hudlbetitiey ense Ih A Sovrr(d) biiertdipes teides expressed

stringent conditions with a DNA nucleotide sequence of
y these genes had enzyme activities of the A5 desaturase,

A6 desaturase, and A6 chain elongase, respectively.
Specifically, the present invention includes:

(1) A Marchantiales-derived gene that hybridizes
under stringent conditions with all of or part of a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 1, and encodes a protein having A6 fatty acid
desaturating activity.

(2) A gene that encodes a Marchantiales-derived
protein having A6 fatty acid desaturating activity, and that
(a) consists of a nucleotide sequence of SEQ ID NO: 1, or (b)
hybridizes under stringent conditions with a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 1.

(3) A gene that encodes a Marchantiales-derived
protein having A6 fatty acid desaturating activity, and that
(a) consists of a nucleotide sequence of from the 253rd to

1698th nucleotides of SEQ ID NO: 1, or (b) hybridizes under
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from the 194th to 1066th nucleotides, or its complementary - 10 -
sequence, of SEQ ID NO: 3. (8) A gene that encodes a
Marchantiales-derived protein having A6 chain elongating activity, and
that (a) encodes a protein with an aminagacid sequence of SEQ ID 5 NO:
4, or (b) encodes a protein with an amino acid sequence that has been

modifiad Ry sHstHBi tdelgdonyingerionD Rd/eaddiion @Eore gluence of
more amino acids of SEQ ID NO: 4. (9) A Marchantiales-derived gene

that frybnididies 26 Bndet stlibgEdt honditdas tidle all ofrairt pacoeha RiMAentary
nucleotide sequence, or its complementary sequence, of SEQ ID NO: 5,

and engetes ecprobin BAY MY A4ttty acid desaturating activity. (10) A

gene that encodes a Marchantiales-derived 15 protein having AS fatty

acid desatUfiting*ac®ftyCand bt () €8RS Sts 6f a Msiehd dedaenderived
f SEQ ID NO; 5, b idi tri t diti with a DN

ucIB TS LEqRaTAE DA LN atiantaly SELUAAE SEObCH S0 that

20 X . os.dert : .

fatty A i UG e ot () oo e Mt oo 5 SEQ

sequenceres from the 37sth &, 484Uk nuclspldesdf REQ IDINOaPn PhP)acid

hybridizes under stringent conditions with a DNA nucleotide sequence of

25 frosydicatit to 41829t aycleetide snordisicainple eertaryi tsetjvancel ©fetion,

SEQ ID NO: 5. (12) A gene that encodes a Marchantiales-derived - 11

protéinseaingrAs fany Aeid delditiatingdctivily, andahare amino acids of
SEQ ID NO: 2.

(5) A Marchantiales-derived gene that hybridizes
under stringent conditions with all of or part of a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 3, and encodes a protein having A6 chain
elongating activity.

(6) A gene that encodes a Marchantiales-derived
protein having A6 chain elongating activity, and that (a)
consists of a nucleotide sequence of SEQ ID NO: 3, or (b)
hybridizes wunder stringent conditions with a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 3.

(7) A gene that encodes a Marchantiales-derived
protein having A6 chain elongating activity, and that (a)
consists of a nucleotide sequence of from the 194th to
1066th nucleotides of SEQ ID NO: 3, or (b) hybridizes under

stringent conditions with a DNA nucleotide sequence of

from the 194th to 1066th nucleotides, or its complementary
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(a) encodes a protein with an amino acid sequence of SEQ ID NO: 6, or

(b) encodes a protein with an amino acid sequence that has been

modified by substitution, deletion, 5 insertion, and/or addition of one or

more amino acids of SEQ ID NO: 6. (13) 4\ protein encoded by a gene of

any one of genes (1) through (12). (14) A protein (a) consisting of an
aminagi¢ srquepges HIPTEEN PR NO: 2, or (b) consisting of an amino

acid sequence that has been modified by substitution, deletion, insertion,
and/or addit®n ahongeat enotd amineraculdcad SEQ MANOh @naiwlbavidgrived
A6 fatty acid desaturating activity. (15) A protein (a) consisting of an
amireradidiseduanda g 5\6f SERID Ndo ngsrt(is) goasisiivig vf smrsghinbat (a)
acid sequence that has been modified by substitution, deletion, insertion
and/BR&Adich Bf BRE Mol ahiATafits BIOSEE! b RRStULRAE RAVREQ 1D

A0 S SRR EOL L) S TSR R oo
SoasgE 1 e ot HERUUAAD AN BRI o

AS féﬁﬁﬁcﬁdﬁaﬁﬁﬁgﬁgép@ﬁ%- &7W@MQﬁW@@d®W§E@ID NO:

protein of any one 25 of proteins (13) through (16). (18) A recombinant

expréssion vector which comprises a gene of any one of genes (1)

through (12). - 12 (19) A transformant into which a gene of any one of

genes (1) thfugh (1M & rhreddéede 0)exipiant ingswhicht hdléashagbridizes

gene of any one of genes (1) through (12) is expressibly introduced, its

proggﬁx);ier stringent conditions with all of or part of a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 5, and encodes a protein having A5 fatty acid
desaturating activity.

(10) A gene that encodes a Marchantiales-derived
protein having AS fatty acid desaturating activity, and that
(a) consists of a nucleotide sequence of SEQ ID NO: 5, or (b)
hybridizes under stringent conditions with a DNA
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 5.
(11) A gene that encodes a Marchantiales-derived

protein having AS fatty acid desaturating activity, and that
(a) consists of a nucleotide sequence of from the 375th to
1829th nucleotides of SEQ ID NO: 5, or (b) hybridizes under
stringent conditions with a DNA nucleotide sequence of
from 375th to 1829th nucleotides, or its complementary
sequence, of SEQ ID NO: 5.

(12) A gene that encodes a Marchantiales-derived
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5 or vegetatively propagated plants having the same characteristics, or a
tissue of the plant. (21) A plant into which at least a gene of any one of
genes (1) through (12) is expressibly introduced and whose fatty acid
composition is thereby modified, its progepy or 10 vegetatively propagated
plants having the same characteristics, or a tissue of the plant. (22) A

reprogduntiimaiarial of P RNIRA Ord 2dd s (A3) A ethod fipiegucingd that
fatty acids, using a plant or a plant tissue of (21). 15 (24) A material
subg@aphecnwhide hduges st leastorte @anpolindoselectedsrqudhecgrafp SEQ
consisting of: y-linolenic acid; dihomo-y-linolenic acid; arachidonic acid;
steati@oMOacifl; eiebshtbtraamoivdiid; and eddssapewtdnokacglino acid
which are obtained by a method of (23). 20 (25) A method of modifyinga
fattySfSPEansodia, hamdPaaraseadiiie ﬁdﬁ%%l&ﬂ&m&gﬁgeletwn’

(12).1(h26%A. ene detecting instrument comprising as a probe at least a .

por N EY A HUEretid LESuAMLI GPTS CordihemRheA ey R o geids of
gen%@@ngﬁqq@t (§) through 25 (12). (27) A screening method of a

gene or Substance that regulates a protein of any one of (13) through

(16), using @ 3134 Preteie B ay @HE & (B3) @r (160-428) AAeNBPenes

substance obtained by a screening method of (27). It is to be noted that,

in thelpresardunyentibl) the 5 nucleotides A, C, G, and T indicate

adenine, cytosine, guanine, and thymine, respectively, unless otherwise

specified. (14) A protein (a) consisting of an amino acid sequence
of SEQ ID NO: 2, or (b) consisting of an amino acid sequence
that has been modified by substitution, deletion, insertion,
and/or addition of one or more amino acids of SEQ ID NO:
2, and having A6 fatty acid desaturating activity.

(15) A protein (a) consisting of an amino acid sequence
of SEQ ID NO: 4, or (b) consisting of an amino acid sequence
that has been modified by substitution, deletion, insertion,
and/or addition of one or more amino acids of SEQ ID NO:
4, and having A6 chain elongating activity.

(16) A protein (a) consisting of an amino acid sequence
of SEQ ID NO: 6, or (b) consisting of an amino acid sequence
that has been modified by substitution, deletion, insertion,
and/or addition of one or more amino acids of SEQ ID NO:
6, and having A5 fatty acid desaturating activity.

(17) An antibody which recognizes a protein of any one
of proteins (13) through (16).

(18) A recombinant expression vector which comprises

a gene of any one of genes (1) through (12).
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Other objects, features, and advantages of the invention will be made
clear by the descriptions below. 10 Benefits of the invention will also be
made clear by the description referring to the attached drawing. BRIEF
DESCRIPTION OF DRAWINGS Fig. 1 i gn_explanatory drawing
illustrating a 15 procedure of constructing a construct in which expression

cassettes qfiIM)DESG sergoMpilA] pene, aid MPRE 2 riensfugedinone of
Example 6 are joined to one another. BEST MODE FOR CARRYING OUT

THEg&WENTIQN 120oingHolld@ingswithdesctilbe esdh. embodiment of the

present invention. It is to be noted that the invention is not limited in any

way by the (Bfbwhgodesttipivie Sgusifically, he séllewggoesefitegyirone of

order of appearance, synthetic pathways of arachidonic acid and 25

eico8&pEtabhbidd QY EPA) Ageites BRAGTSIANE dRdsRiHYCRsndts progeny

invention, methods. of obtaining proteins and genes of the invention, and
RdEhess 5P, s

mettfdds (‘)’fel?s%t?uslé’fﬁ Xessl?g &7 1 oaﬁlr eins ggczl(glrging 0 the S2M€

in_vee%&@éxm%%g p%tpvaaﬁscgf@éagmmc £id,and

eicosapentaenoic acid (EPA) The biosynthesis of arachidonic acid and 5
eicosapentgengipagid{ EPAhisdalieMRhinRCeHh Kt ases el 0bEGPNS ne of
involving A6 desaturation, A6 chain elongation, and AS desaturation, with
linolgieraeidl ahp ellinolegic AR beirg piactig bistdias of thegdagtiohsyhose
yielding the arachidonic acid and eicosapentaenoic acid, respectively. 10
Thede tenctiond age vapdeidddy A6 désrelaze MediHand elormyaseogady or
AS desaturase, and are called an n-6 pathway (arachidonic acid synthetic
pathV\Pag'ﬁt@rtéﬁq”l% patﬂwépagated plants having the same

characteristics, or a tissue of the plant.

(22) A reproductive material of a plant (20) or (21).

(23) A method of producing fatty acids, using a plant
or a plant tissue of (21).

(24) A material substance which includes at least one
compound selected from the group consisting of: y-linolenic
acid; dihomo-y-linolenic acid; arachidonic acid; stearidonic
acid; eicosatetraenoic acid; and eicosapentaenoic acids,
which are obtained by a method of (23).

(25) A method of modifying a fatty acid composition,
using at least a gene of any one of (1) through (12).

(26) A gene detecting instrument comprising as a
probe at least a portion of a nucleotide sequence, or its
complementary sequence, of a gene of any one of (1) through
(12).

(27) A screening method of a gene or substance that

regulates a protein of any one of (13) through (16), using a
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(EPA synthetic pathway). Previous reports suggest that the A6
desaturase, A6 15 chain elongase, and AS desaturase are involved in
both n-6 pathway and n-3 pathway. Specifically, the A6 desaturase in the
n-6 pathway converts linoleic acid (18;2 39,12, containing 18 carbon
atoms, and two double bonds at positions 9 and 12 (the same notation

will hergsedibelodhz0 dite Yolinplesyc:aid (@A 1813 A 6,9,12). In the
n-3 pathway, the A6 desaturase converts a-linolenic acid (ALA; 18:3 A
9,12,15) inf@8paidogemacicb(STsA1 B8 A 68, 12HltF)iTbd Abychainscreening
elongase in the n-6 pathway converts GLA into dihomo-y-linolenic acid

(DGe YA {1(24)) and in the n-3 25 pathway converts STA into
eicosatetraenoic acid (ETA; 20:4A8J1,14,17). The AS desaturase in the

n-6 pathwalt dshérdPBGRALRED ARRhidoRicthisd PASaRES 1R 18P Hap, the

in - 15 the n-3 path ts ETA,infp ej taenoic acid (EPA; _.
20 REGEPLIS0N (o) Gonos dee Mg th 8 DGR BRI GacLy tosine.

desgé Ang9ENe a%ardiegé%@ﬁén,vepgg@fcff\é I(eSAUARREENE th erwise
according to the present invention is a Marchantiales-derived gene that
encedes @ rpeetein having A6 fatty acid desaturating activity. Specifically,
the gene satisfies the following conditions: 1. A gene with the nucleotide
sequence a Sic€y IDMNGe Ak ]; Aemgane shat hyhdidized wntengieisgeof the
conditions with DNA of a nucleotide sequence, or its complementary
sequentendf SEQMIOINDe1 ;18 a4l gendahat Hypritiizes daserspirigans below.
conditions 15 with part of DNA of a nucleotide sequence, or its

Benefits of the invention will also be made clear by the

description referring to the attached drawing.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an explanatory drawing illustrating a
procedure of constructing a construct in which expression
cassettes of MpDES6 gene, MpELO1 gene, and MpDESS5

gene used in Example 6 are joined to one another.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe an embodiment of the
present invention. It is to be noted that the invention is not
limited in any way by the following description.
Specifically, the following describes, in order of appearance,
synthetic pathways of arachidonic acid and
eicosapentaenoic acid (EPA), genes and proteins according
to the invention, methods of obtaining proteins and genes

of the invention, and methods of use (usefulness) of genes
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complementary sequence, of SEQ ID NO: 1; 4. A gene with a nucleotide
sequence of from the 253rd to 1698th nucleotides of a nucleotide
sequence of SEQ ID NO: 1, wherein this portion of the nucleotide
sequence is 20 translated into a protein yvith an amino acid sequence of
SEQ ID NO: 2; 5. A gene that hybridizes under stringent conditions with a

nuclgefidlepsenuance atckordig 253 d 10el 68%bn pusieotides of a

nucleotide sequence, or its complementary 25 sequence, of SEQ ID NO:

1; 6. A genélthatenaddestacprapeiniwith ps amino ackc kédoeanice cASED and
ID NO: 2; and - 16 7. A gene that encodes a protein with an amino acid
seqdnesthREndS e madifidd(BPbstitution, deletion, insertion,

and/or addition of one or more amino acids of the amino acid sequence of

SEQ ID NOFBe5 [AB ERaNEIBSGHSe geRd accBidicdisiPBisresecid  and
invention] A A6 Cgain elongase &3 cord'gleqlto the(:ip esent invention is .
2 M RN TAS L BRI SR At ehtdals B ISR nevig S 11 & Series
fatty-acid-chain el ' tiyi ifi e isfi -
kg e B Sl fegs e g ion.

3; 2.2heensthat Swbrdizesoundristinganiieendiions vl BNAIBRic acid
nucleotide sequence, or its complementary 15 sequence, of SEQ ID NO:

3; 3.bepepge thed hyhiigizes aneergtsingeht cheditionsc withpartydeDiNA gl the

a nucleotide sequence, or its complementary sequence, of SEQ ID NO:

3; arachidonic acid and eicosapentaenoic acid, respectively.
These reactions are catalyzed by A6 desaturase, A6 chain
elongase, and A5 desaturase, and are called an n-6 pathway
(arachidonic acid synthetic pathway), or an n-3 pathway
(EPA synthetic pathway).

Previous reports suggest that the A6 desaturase, A6
chain elongase, and A5 desaturase are involved in both n-6
pathway and n-3 pathway. Specifically, the A6 desaturase
in the n-6 pathway converts linoleic acid (18:2 A 9.12]
containing 18 carbon atoms, and two double bonds at
positions 9 and 12 (the same notation will be used below))
into y-linolenic acid (GLA; 18:3 A ©.9.12) In the n-3 pathway,
the A6 desaturase converts a-linolenic acid (ALA; 18:3 A
9.12,15) into stearidonic acid (STA; 18:4 A 6.9.12,15) The A6
chain elongase in the n-6 pathway converts GLA into
dihomo-y-linolenic acid (DGLA; 20:3A8:11.14) "and in the n-3
pathway converts STA into eicosatetraenoic acid (ETA;

20:4A8.11,14,17y . The AS desaturase in the n-6 pathway

converts DGLA into arachidonic acid (20:4A5.8.11.14) " and in
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4. A gene with a nucleotide sequence of from the 194th 20 to 1066th
nucleotides of a nucleotide sequence of SEQ ID NO: 3, wherein this
portion of the nucleotide sequence is translated into a protein with an
amino acid sequence of SEQ ID NO: 4;;5 A gene that hybridizes under
stringent conditions 25 with a nucleotide sequence of from the 194th to

1066thenuclgotifles il a pustertide seamance; of dsGeBBIEFEAR¥noic acid
sequence, of SEQ ID NO: 3; - 17 6. A gene that encodes a protein with

an afRlfAaciD sengehée-6f SEQ ID NO: 4; and 7. A gene that encodes a
protein with an amino acid sequence that has been modified by

substitution|Hefetiure S5 areseptich e d/or tduelitiure stavie iy raovtiamino

acids of the amino acid sequence of SEQ ID NO: 4. [A5 desaturase gene
according tYRedAehtidhFAAE Yesaft FaSd GEne é&&#amg%%ﬂonl
present in &nt§§ ﬁl Marchantiales-derived enet at enc

des
protein hav f%%lﬁugeas%?ura%%g At fcgpegliﬁzalf(;? thg gené:’resent
sansieodps fglooacopiiann 4. b A0SR BRI SEMARE Gles

SEQID NO: 5; 2. A gene that zes un er stringént conditions 15

with W&frﬁ nL}?!ﬁ%f@g seggenq@tqg,lts mlen&pé%rvu%qwﬁrgce Q&tlwty
SEQ ID NO: 5; 3. A gene that hybridizes under stringent conditions with

part 8plei#ief hucltotidgessrgueaces fikits tbamfiéoeniary sequdics) b :
SEQ ID NO: 5; 20 4. A gene with a nucleotide sequence of from the 375th
to 1829th nlicléogtaseoiral hactémtidewelpetickcos sgQance of SEQ ID NO:

1;

2. A gene that hybridizes under stringent conditions
with DNA of a nucleotide sequence, or its complementary
sequence, of SEQ ID NO: 1;

3. A gene that hybridizes under stringent conditions
with part of DNA of a nucleotide sequence, or its
complementary sequence, of SEQ ID NO: 1;

4. A gene with a nucleotide sequence of from the 253rd
to 1698th nucleotides of a nucleotide sequence of SEQ ID
NO: 1, wherein this portion of the nucleotide sequence is
translated into a protein with an amino acid sequence of
SEQ ID NO: 2;

5. A gene that hybridizes under stringent conditions
with a nucleotide sequence of from the 253rd to 1698th
nucleotides of a nucleotide sequence, or its complementary
sequence, of SEQ ID NO: 1;

6. A gene that encodes a protein with an amino acid

sequence of SEQ ID NO: 2; and
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NO: 5, wherein this portion of the nucleotide sequence is translated into a
protein with an amino acid sequence of SEQ ID NO: 6; 25 5. A gene that
hybridizes under stringent conditions with a nucleotide sequence of from
the 375th to 1829th nucleotides, or its cpgiplementary sequence, of SEQ
ID NO: - 18 - 5; 6. A gene that encodes a protein with an amino acid

sequence of SKQIENNOE 194 8nelvc Adanathak §repsles s Brof@inavith @ acid
amino acid 5 sequence that has been modified by substitution, deletion,
insediquantéer additidnao dnecar movel aiiviob lagidsudd et atiion acidletion,
sequence of SEQ ID NO: 6. As used herein, "under stringent conditions"
mealss thetinybridinationnaked Hiaer eflpwheprthaerie affuase agabywof the
identity, preferably at least 95% identity, and more preferably at least
97%ATRHER) . A RStiGE SibRHHTEY BE §§ﬁ%d]3uw:a onventional method,

as describe@l'? J.gambroolk et al. Molecular Cloning, A Laboratglg ¢
Manual, 2nd"Ed. 5 &(]inSp m%nr%frﬁgr ﬁuel?aebo?a(fgr?/%bgg), F(S)r e %p%.resen
Genfﬁ@gnm%lﬁvel of stringency increases with increase in temperature
and/or decrease in salt concentration (more difficult to hybridize), and

more homojpgeys emﬁslar&e@igme- Iybyidization reqrditiaRs @P?e”giresent
particularly limited, and hybridization 20 can be suitably carried out under

varidusyeanditiond knawh dir dhenarti & be exdstilee Hylyedizatidncarebecodes a
carried out under the following conditions: 42C, 6x SSPC, 50%
formanide] 1% SYSN RGP $alttpnapetnthrN 5« Dughbiors activity.
solution (1 x SSPE; 0.18 M sodium chloride, 10

Specifically, the gene satisfies the following conditions:

1. A gene with a nucleotide sequence of SEQ ID NO:
3;

2. A gene that hybridizes under stringent conditions
with DNA of the nucleotide sequence, or its complementary
sequence, of SEQ ID NO: 3;

3. A gene that hybridizes under stringent conditions
with part of DNA of a nucleotide sequence, or its
complementary sequence, of SEQ ID NO: 3;

4. A gene with a nucleotide sequence of from the 194th
to 1066th nucleotides of a nucleotide sequence of SEQ ID
NO: 3, wherein this portion of the nucleotide sequence is
translated into a protein with an amino acid sequence of
SEQ ID NO: 4;

5. A gene that hybridizes under stringent conditions
with a nucleotide sequence of from the 194th to 1066th

nucleotides of a nucleotide sequence, or its complementary

sequence, of SEQ ID NO: 3;
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25 mM sodium phosphate, pH 7.7, 1 mM EDTA). As the term is used
herein, "Marchantiales" is not just limited to Marchantia polymorpha, but
includes all - 19 organisms that belong to subclass Marchantiidae and
order Marchantiales. Among such Marchantiales organisms, the
following species are known to contain super long polyunsaturated fatty

acids (Progs LipiddRese 32h R28dne d893): Meprealeaforatefh an amino acid

(Monocleales), Corsinia coriandrina (March anti ales), Oximitra paleacea
(Marchcant ales)p REEIQrdipoN Qatahs dviarchantiales), Ricca

huebeneriana (Marchantiales), Ricca fluitans (Marchantiales), Ricca

duplex (MarchAngalies), thieda canalitarta (Mepdieantiaiash Riscaaroino acid
bifurca (Marchantiales), Ricca ciliifera (Marchantiales), Ricca glauca )
(MartREMENRS, Ricth BorscRRRn (Madhbitdiby, wides Winidern deletion,

Marchanti , Ri ichelij (Marchantiales), Ri ill .

(Mot GRRICIGE: ARA PGSR L IR HAICE) STeR IR0 cafihe f the
15 eahnigues.dig é@%ﬁ%g{%%%% é%‘%b‘?‘pef%gaﬁ% and AS

desaturase genes can readily be obtained from these organisms. For

example, geRSSHE s@latersnegenenerding darzyreestthat BxobH then |

same function are known to cross-hybridize. 20 Genes according to the
present invAntiorbarel eata ivnited ¢o deethle-stiandad DNA, and rihy bepthesent
sense strand or anti-sense strand of double-stranded DNA or RNA. The
anti-sersa siendimag b ased ag i plotse deaiviesbrgensorhpadng Fopdes a

DNA, cDNA or genomic DNA obtained by 25 cloning techniques, chemical
syntREQEGEBNNIGAEEBE a Lombiftibh ofdisdge dffeRshtdHiB8es AEIVItY -

be Ugerk THURAT9e1Ee AR g o e L R N S AN @ nditions:

1. A gene with a nucleotide sequence of SEQ ID NO:
S;

2. A gene that hybridizes under stringent conditions
with DNA of a nucleotide sequence, or its complementary
sequence, of SEQ ID NO: 5;

3. A gene that hybridizes under stringent conditions
with part of DNA of a nucleotide sequence, or its
complementary sequence, of SEQ ID NO: 5;

4. A gene with a nucleotide sequence of from the 375th
to 1829th nucleotides of a nucleotide sequence of SEQ ID
NO: 5, wherein this portion of the nucleotide sequence is
translated into a protein with an amino acid sequence of
SEQ ID NO: 6;

5. A gene that hybridizes under stringent conditions

with a nucleotide sequence of from the 375th to 1829th

nucleotides, or its complementary sequence, of SEQ ID NO:
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- 20 include a sequence of an untranslated region (UTR), or a vector
sequence (including expression vector sequence). (3) Proteins according

to the present invention [A6 desaturase protein according to the present 5
invention] A A6 desaturase protein accojding to the present invention is a
Marchantiales-derived protein that has A6 fatty acid desaturating activity.
Spegitically, the protein satisfies the following conditions: 10 1. A protein
encoded by the A6 fatty acid desaturase gene of the invention defined in
section (2) ébakeg2 /e pthtein aith @d esnimopacid saguentch dSEQDno acid
NO: 2; and 3. A protein with an amino acid sequence that has 15 been
modifedwysabsaiufda Adietidringsrtiondand/or addition of one or

more aming acids of the amino acid sequence of SEQ ID NO: 2. [A6 _ )
chain elongase*p@f&Hs Ad2aidiff (0 the prasBAC tientbH PR AsTeARR acid

| ding to th tinventian is a M tiales-derived. |
oo SR AhE REE AL BRTE BBt Sy & B m g K g letion,
T i i . ol
onrsdneidel Calld POEIENE b ST YElR S BIGTUMEASSCRIL of the
proteinwitlh anamine geid sequenros PESER PONG 4; and - 21 3. A

protein with an amino acid sequence that has been modified by

substitutionA deletiert ibserion, afidatder stringent conditions” means
that hybridization takes place only when there is at least
90% identity, preferably at least 95% identity, and more
preferably at least 97% identity.

Hybridization may be carried out by a conventional
method, as described in J. Sambrook et al. Molecular
Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Laboratory (1989), for example. Generally, the level of
stringency increases with increase in temperature and/or
decrease in salt concentration (more difficult to hybridize),
and more homologous genes are obtained. Hybridization
conditions are not particularly limited, and hybridization
can be suitably carried out under various conditions known
in the art. For example, hybridization can be carried out
under the following conditions: 42°C, 6x SSPC, 50%
formamide, 1% SDS, 100 pg/ml salmon sperm DNA, 5 x
Denhardt's solution (1 x SSPE; 0.18 M sodium chloride, 10
mM sodium phosphate, pH 7.7, 1 mM EDTA).

As the term is used herein, “Marchantiales” is not just

limited to Marchantia polymorpha, but includes all
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addition of one or more amino acids of the amino acid sequence of SEQ

ID NO: 4. 5 [A5 desaturase protein according to the present invention] A

AS desaturase protein according to the present invention is a
Marchantiales-derived protein that has A%, fatty acid desaturating activity.
Specifically, the protein 10 satisfies the following conditions: 1. A protein
encoslecbhyi e 43 hally 186Id desabirias® dengsollae snentomdriingtddnorder
section (2) above; 2. A protein with an amino acid sequence of SEQ ID

NO: B archinii Al pratefmith gnsamiiho Afitrséquetice dmatdigsahéems, the
modified by substitution, deletion, insertion, and/or addition of one or
moréaditioiagds sptelamin@aeid saqueice 60 SEQDIDAIM: 6.5AAe long
term is used herein, the "A6 fatty acid, 20 desaturating activ(iﬁ;‘ means

that RRIBN ARINELLGSuERE tEp &G H biFR%ic LR And&Sinofkdic P281,

id ts t ids to y-linoleni i d idoni id, .

R g B R B e R Spandrina
_ ) o e Pl ACIVI

oo EERE A, o5 YRR a0 PRUIENoY T ISE B Atthes),

eICogHtet,; 6@‘1wi%%@ﬁ%@'McﬂEW&hﬁ&l@%},e”}?i%céz His8B8eneriana
herein, the "Ab fatty acid desaturating activity" means that the enzyme

has gulstehaispeaiflicity, tRidibarih:ytbnote i€ @cithantt tidesgieRaenaicl uplex
acid, and converts these acids to arachidonic acid and 5
eicobpentdenoic abis (EPR) eespeetnvelyculata (Marchantiales), Ricca

bifurca (Marchantiales), Ricca ciliifera (Marchantiales),

Ricca glauca (Marchantiales), Ricca sorocarpa
(Marchantiales), Ricca warnstorfii (Marchantiales), Ricca
michelit (Marchantiales), Ricca papillosa (Marchantiales),
and Ricca zachariae (Marchantiales). With the current
techniques, the A6 desaturase, A6 chain elongase, and A5
desaturase genes can readily be obtained from these
organisms. For example, genes of related species encoding
enzymes that exhibit the same function are known to
cross-hybridize.

Genes according to the present invention are not
limited to double-stranded DNA, and may be the sense
strand or anti-sense strand of double-stranded DNA or RNA.
The anti-sense strand may be used as a probe or anti-sense
compound. For DNA, cDNA or genomic DNA obtained by
cloning techniques, chemical synthesis techniques, or a
combination of these different techniques may be used.

Further, genes according to the present invention may
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As used herein, "substitution, deletion, insertion, and/or addition of one or
more amino acids" means substitution, deletion, insertion, and/or addition
of preferably no more than 10, more preferably no more than 10 7, and
further preferably no more than 5 aminoggids, as enabled by a mutant
protein producing method known in the art, for example, such as a

site-glifgeted dnytagenesis deduaing methad-asHcihridaiep ieinsMeR)0t or a
limited to those intentionally mutated by a known mutant protein 15
produenigpmetbqa dtaldanrduds thysexprepardd hyvisotaiing antience).
purifying mutant proteins that exist in nature. Proteins according to the

present invealidir afechospagicakdingnttedtieldpeastbyiaieention
polypeptides consisting of amino acids forming peptide bonds. For 20
example, tHé Pro@fdahey B CoriGdetprA&ine Uiingn dfiiibha present
non- e\;,)tid structure. Non-limiting examples of such a non-peptide

stru trlljreelrrl%l& a sugar chain and isoprenoid group. Further, proteins

according tq theor i ' inc iti entides
Examples o sch(ﬁ ?fﬁt%(%ﬁ%%%:iaéiﬁgﬁ%e%{gﬁgﬁ%l o?){ess s%?fﬁ agresent

His, i NerA76 1188 t2paphic rRieing RiShe oresent iBYHQR: -tiht has A6
Further, proteins according to the present invention may be obtained by

introfhucing gends decndingdoithg presanttinyvesircidenasigncotiagprotein
proteins of the present invention) into a host cell and expressing the
genesttisidins 3 hkefrdtivalynpecomtdinsanay be obtained by isolating

and purifying from cells or tissues. Further, depending on the expression

conditions ih-tHe IR IR pfdt&iAd aEcind o A Frés¥ntimidriignaturase
maygbeerIgSioofnﬂ{%telirq%gvlilt{]igtrrl]eéeﬁned in section (2) above;

2. A protein with an amino acid sequence of SEQ ID
NO: 2; and

3. A protein with an amino acid sequence that has
been modified by substitution, deletion, insertion, and/or
addition of one or more amino acids of the amino acid
sequence of SEQ ID NO: 2.

[A6 chain elongase protein according to the present
invention]

A A6 chain elongase according to the present invention
is a Marchantiales-derived protein that has A6 chain
elongating activity. Specifically, the protein satisfies the
following conditions:

1. A protein encoded by the A6 chain elongase gene of
the invention defined in section (2) above;

2. A protein with an amino acid sequence of SEQ ID

NO: 4; and
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proteins. Further, proteins according to the present 10 invention may be
chemically synthesized. (4) Method of obtaining proteins and genes
according to the present invention A method of obtaining (producing)
proteins and genes according to the presgnt invention is not particularly
15 limited. The following describes some representative methods.

[Method of gbtaining steigieirlifis ragntignerhaboyvei @ vewaéAte that has
obtaining (producing) proteins of the present invention is not 20

partibelary tinaitedti &doiey nsattiodt iprotémns adedreing tg thegeesemh, and /or
invention are simply purified from cells or tissues expressing the proteins.

A puiflekiion mnedio@ 1s€ notrpartietfarig tirhited eitHels Fof exhmprnaiosl acid
extract prepared from cells or tissues by a known method is purified 25

by aSGOWA Bl iRy B Mfindor example. Further, proteins

according tEAthe present invention may be obtained y.a mtetho?h ¢
employing a gene i%siaﬁiuéﬁaﬁe&%% t%lc%ni&fe(?% [$&ase. for ¢ Presen
example, gvegter that has incorporated genes of the invention is
expressi%ﬁl\{lntrgduced into a host cell by a known method, and the

proteins obtainedsbydEanslatingdhe geBesin theahhaitns PUSfiethArpresent
expression vector used to introduce foreign genes into a host is suitably
seletiedefrorivan glicumofidrpidsainn vbetoiddhid bdveincosparateht has A5
different types of promoters that become functional in the host and
exprestitheaitksd €6 Atvoa s oastiiiatifyselSged ffopa tifferditeypero tein
of hosts. For the purification of the proteins, different methods are

satisfies the following conditions:

1. A protein encoded by the A5 fatty acid desaturase
gene of the invention defined in section (2) above;

2. A protein with an amino acid sequence of SEQ ID
NO: 6; and

3. A protein with an amino acid sequence that has
been modified by substitution, deletion, insertion, and/or
addition of one or more amino acids of the amino acid
sequence of SEQ ID NO: 6.

As the term is used herein, the “A6 fatty acid
desaturating activity” means that the enzyme has substrate
specificity to linoleic acid and a-linolenic acid, and converts
these acids to vy-linolenic acid and stearidonic acid,
respectively. As the term is used herein, “A6 chain
elongating activity” means that the enzyme has substrate
specificity to y-linolenic acid and stearidonic acid, and

converts these acids to dihomo-y-linolenic acid and

eicosatetraenoic acid, respectively. Further, as the term is
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used depending on the type of host or properties of the proteins used. For
example, required proteins can be purified relatively easily with use of a
tag. 15 A method of preparing a mutant protein is not particularly limited
either. For example, a mutant protein _mgy he generated by introducing a
point mutation in the nucleotide sequence using conventional mutant

prote{R dadHeipgimethees: sacthasy sitedlircied Trdagapesistisae2Omeans
Hashimoto-Gotoh, Gene 152, 271-275 (1995), for example) or PCR.
Altetriatively, slreutantproyainemay ha generatddls byset enethag ecifiicity  to
mutant strains are produced by insertion of transposons. Further, a
comghidraiang avaliiabid ekii mag Oedusea b peépareatetanpoiinsagsdy and
method of obtainin% eins of the present invention is not limited to the

prot .
foreGORY Ridihods 1BEPS chéfildht synitesis RERMIAIAAR e usettibr and

le, - 25 tei di ti ti b
AL LE R B b1 e Arb P VERSBIE LSRBIN <ol froe protei

synthesis sglutiqp [Metiad gf goraining, agRest & mefad Bl Ge rtion,

(producing) genes of the present invention is not particularly limite

eithe{nfcpr &xamrlgi di srethor employing difieyeatial aefeRNiNngcids” means
(subtraction cloning) may be used. In this method, direct hybridization is
repesiedsniavasbivbe abebrdinnhto aimedod kngwnam dQ the adddissdn of
concentrate required cDNA (genes of the invention). The differential
screpmigteiral lye sarried oat i steps Qnde tite Roadittiznslyomemlipore than

employed. The resulting clones can then be analyzed in detail by creatin
a [/, and further preferably no more than 5 amino acids, as

enabled by a mutant protein producing method known in
the art, for example, such as a site-directed mutagenesis
inducing method. Such mutant proteins are not limited to
those intentionally mutated by a known mutant protein
producing method, but also include those prepared by
isolating and purifying mutant proteins that exist in nature.

Proteins according to the present invention are not
particularly limited as long as they are polypeptides
consisting of amino acids forming peptide bonds. For
example, the proteins may be conjugated proteins with an
additional non-peptide structure. Non-limiting examples of
such a non-peptide structure include a sugar chain and
isoprenoid group.

Further, proteins according to the present invention
may include additional peptides. Examples of such
additional peptides include various epitopes such as His,

Myc, and Flag tagged to proteins of the present invention.
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15 restriction enzyme map and by sequencing the clones. By the
analysis, the presence or absence of DNA fragments including gene
sequences of the present invention can be confirmed. In another method
of obtaining genes of the present 20 invggtion, DNA fragments including
genes of the present invention are isolated and cloned by a known

method. Forexamle, 8y eORs RieRedthat hybridizep spgeifig tordvention
portion of nucleotide sequences of genes according to the present

inventialy, doeasab tseiaerndthb gennnrio dINA tilyape2bear clNA tiliarg. to the
The probe is not particularly limited and may have any sequence or

length; &sdorig iasvie een dbfigieee spesiiowdiagde et portorpdf the present
nucleotide sequences or their - 26 _complementary sequences of genes )
accdraiigbite)predent MosrierI e & PRISSdRehbs igsBiBSdh cTein.
from a region well ,conserved among different species of Marchantiales

5 schH A BF ST G EA BT tnBe (BB LA B A A & and
using {he rohs enahies selation and ¢loping kgl gaRes that sasede th
hom%logoft}gs ogana?ogoﬁs molecules ?unctionﬁygg?ni%r to ;?roteinsn tﬂg ©

inveatai: S4uthian, dbaneibrs mreipodiod oiajping e ekies HERWSEMhg to

invention, amplifying means such as PCR may be used. For example,
primehaiererepancd fromdbiod enthpant 8' €nd i ghivAskrYgsendeforother
its complementary sequence) of genes according to the present
inveptiort.eirith. thEserphiraers, POR &l barriedatr tdinggthetgendhic DN sent
(or 15 cDNA) as a template. The PCR amplifies a region of DNA flanked

by tHE BRMEI BBy PRoSiRGHE 15 Rlge HUMbBE YZSAA fragments

including g?g?sl\}l)fegl’fqeo%'eg?ngti) \{c‘f}irgiior?'g proteins and genes according
to the present invention

A method of obtaining (producing) proteins and genes
according to the present invention is not particularly
limited. The following describes some representative
methods.

[Method of obtaining a protein]

As mentioned above, a method of obtaining
(producing) proteins of the present invention is not
particularly limited. In one method, proteins according to
the present invention are simply purified from cells or
tissues expressing the proteins. A purification method is
not particularly limited either. For example, a cell extract
prepared from cells or tissues by a known method is purified
by a known method, using a column for example.

Further, proteins according to the present invention

may be obtained by a method employing a genetic
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(5) Method of use (usefulness) of genes and proteins according to the
present invention 20 (5-1) Recombinant expression vector A recombinant
expression vector according to the present invention is not particularly
limited as long as it includes genes of thgpresent invention described in
section (2) above. For example, a recombinant expression vector 25 that

has inggiRnsatecheDNARAYPedised. Thesecambingpt 4PieaHI0R VeCtPector
may be prepared using a plasmid, phage, or cosmid as non-limiting

exarmhles. termaiivety dire t&d gecorsbimfinbexpressionivectos maypbessibly
prepared by a method known in the art. The type of vector is not
partivatapdiatied dalongaab it $d explésbet i KinssweellnSpdefidallignd the
such vectors 5 are prepared by introducing genes of the present invention

in a PEShGt AP Mt G Bt sadteirEs®atinav8 HRER litdhg cell are
selected tp ensure gene expression. The promoter sequences depend on

the t%lerbﬁlﬁgs’t cell. Various markers may be used to confirm whether 10

genes of thﬁﬂ“%%é;&fé’lsvseﬂ}'&?”x}?é’teo?eﬁ% iniradueed i a.Jost sl P%

whether the genes have been successfully expressed in the host ce .nF(%eneS
example, 2Maskar (8 aans Jaakingdndbecdinst-eal) is iplearaied MR Bression
carrier, such as a plasmid, together with genes of the present invention,

15 andds intsodheadhito ¢hinhasi pelt ased eXpfessian tggiers of promoters
Successful uptake of the genes of the present invention may be

conftriretl by cheskingthe Exnedsion bhihdmaitkerinl tbshoesselivagenes.
has incorporated the expression vector. Alternatively, protein accordin

t
the praaestinventith o0 Hhap be expredsctfinane hifcsemdiby Prstet shoostS-

in the, host . . . .
Igor the purification of the proteins, different methods are

used depending on the type of host or properties of the
proteins used. For example, required proteins can be
purified relatively easily with use of a tag.

A method of preparing a mutant protein is not
particularly limited either. For example, a mutant protein
may be generated by introducing a point mutation in the
nucleotide sequence using conventional mutant protein
inducing methods, such as a site-directed mutagenesis (see
Hashimoto-Gotoh, Gene 152, 271-275 (1995), for example)
or PCR. Alternatively, a mutant protein may be generated
by a method in which mutant strains are produced by
insertion of transposons. Further, a commercially available
kit may be used to prepare mutant proteins.

A method of obtaining proteins of the present
invention is not limited to the foregoing methods, and a

chemical synthesis method may be used. For example,
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cell. For example, proteins according to the present invention may be
expressed as fusion proteins with a green fluorescence protein (GFP)
derived from Aequorea victoria. In this case, the GFP is used as a
marker. 25 The host cell is not particul_ariyslimited, and various
conventionally available cells may be used. Non-limiting examples of

suchyeejieeineide; bastetimpich 8s 2% Esshesichia coliweasts suchisy be
Saccharomyces cerevisiae or Schizosaccharomyces pombe;
Caengmhahditiszeldgdnemangeencytesf of Kenppes laevidnvymetiiot pfusing a
introducing the expression vector into the 5 host cell (method of
transfotindtion) Bredeparticursilyepitteband ivrious conventional

methods may be used, including an electroporation method, calcium
phosphate [M&tHBa digfs OB iMA, SHRATSEAE dextran method, for

example. Fyrther, when proteins. of. the present invention 10 are
ranstorred il SR T O B S S G LGhghe Present
bac i 3 A5 =.2) Transfor Tra rmants ac i

o e S B e oy LAl
incogpRrate genesmisl ehihedoresa pfdpeaniia deseredhimhsectipi{Bkraction
above. As the term is used herein, "transformants" means not only cells,
tissuely) wi wggansapubalsa dividg drgahisssndhenmse|ved radnethoodtiization
preparing (producing) transformants is 20 not particularly limited. For
exarpleep haseckli may bes transhurnaatlioy thireglusing anteddrisinimown in
expression vector described above. The organisms to be transformed

are HS&HEUIRY Amittd, aA8 FRE B HSicFSSYdRRFhHNA (genes of the

invention).

The differential screening may be carried out in steps
under the conditions normally employed. The resulting
clones can then be analyzed in detail by creating a
restriction enzyme map and by sequencing the clones. By
the analysis, the presence or absence of DNA fragments
including gene sequences of the present invention can be
confirmed.

In another method of obtaining genes of the present
invention, DNA fragments including genes of the present
invention are isolated and cloned by a known method. For
example, a probe is prepared that hybridizes specific to a
portion of nucleotide sequences of genes according to the
present invention, so as to screen the genomic DNA library
or cDNA library. The probe is not particularly limited and
may have any sequence or length, as long as it can hybridize

specific to at least a portion of nucleotide sequences or their
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animals as exemplified above. 25 Further, transformants according to the
present invention are preferably plants into which genes of the present
invention are expressibly introduced, or their - 29 progeny or vegetatively
propagated plants having the same chajagteristics. Preferably, tissues of
these plants also fall within the meaning of "transformants.” With these

trangfgpné plas R YR gaiEiated fatlyorgidssshiel a8 P A@GRIAMC present
acid and EPA can be produced at low cost by an environmentally friendly
procassekititber, as used herein, "expressibly introduce genes" means

that genes are expressibly introduced into a target cell (host cell), using

known gen®{ib engaceriag ¢gena Uomeanisuiatbng techices. arfegion well
recombinant expression vector used for the transformation of plants is not

partieQRA§ itfitdd RMBAG s HEHT EXPressTRE fissitePfendbanthantiales,
plant cell. Examples of such a.ve include a or with g promoter 15
for SXASHIR RO TALIE HLN S brarhinch 18] CopBiiLnvayc e of
SXPRSINCHIRNAR .2 HATheeland A YROh S ROMRISEINBLR cloning
inductively activated in response to™ external stimuli. Here, the plant cells

inclugle g%&%@ typag efiiadjd selis Rbexaanls. s¥Ch A EES A molecules
suspension 20 culture, protoplasts, slices of leaves, and calluses. The

recofohieaibexprpssiomyesion mayrie éiticdodeth mtmayplanieall by a

method known in the art, for example, such as a polyethylene glycol

method, eléttropbeationnntwidh amethol adingf Agkdtedatérigngengd s of the
particle gun 25 method. Reproduction of plants from the transformed cells
mayDRESSREA BTy td Mt ERIGIH i@ gans such as PCR may be

used. For example, primers are prepared from the 5’ end
and 3’ end of a cDNA sequence (or its complementary
sequence) of genes according to the present invention. With
these primers, PCR is carried out using the genomic DNA (or
cDNA) as a template. The PCR amplifies a region of DNA
flanked by the primers, thereby producing a large number
of DNA fragments including genes of the present invention.

(5) Method of use (usefulness) of genes and proteins
according to the present invention

(5-1) Recombinant expression vector

A recombinant expression vector according to the
present invention is not particularly limited as long as it
includes genes of the present invention described in section
(2) above. For example, a recombinant expression vector
that has incorporated cDNA may be used. The recombinant
expression vector may be prepared using a plasmid, phage,

or cosmid as non-limiting examples. Alternatively, the
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For example, there have been established methods of - 30 obtaining
transformed tobacco, including: a method in which a transformed
Agrobacterium is used to infect a tobacco leaf disc; a method in which
genes are introduced into a protoplast using polyethylene glycol to
reproduce 5 plants; a method in which genes are introduced into a

protelagthRy AR LIRCtiCRbRSE 18 HepirAUGs PIgAts ante a Methsidd by a
which genes are directly introduced into a cell by a particle gun method to
reprogaca pkarits dtvenpiesehte irmention can suitably employ any of these
methods. 10 Further, beside Arabidopsis thaliana, tobacco is also a

model plan?@f@aléﬁp@Iﬂ\faﬂ@@t@rng?s’gémtic%‘gth@@ﬂiﬁglmdhmqn@d as long
Once a transformant tobacco with a high arachidonic acid or EPA content

is olfA&inddif \ﬁ?ﬂmﬁe%&ggb@t@da& e ratR T hiEeRd X a B YiRbr vectors

lants. 15 In addition to transformant tob th t ti |
Do PAREBAan Aol I BB AL s LRSSt hvention

Thergfoge tf}fs ﬁf@ﬂ% aveg RYHS, rapge s ?M%ﬁg@e been

plant. For exam e, ther establlshed ethods of 20 obtaining

trangfarned lrjﬁ%é%@@'&g t® reeffed- i Y&ich §epee 858 HHIOqUEedIRmoter

a protoplast using polyethylene glycol to reproduce plants; a method in
whichegpnes aess idieqgitieedsntotd projoptasifoi as eleetical pulse to
reproduce plants; and a method in which genes are directly 25 introduced

into a cell by anpanisle muaT etisodioe ploduces pthnt Thepfesant whether
invention can suitably employ any of these methods. - 31 With a
tran&6REantcd REnRISAG Bk iHereREPBV&lave been introduced in a

host cell, or whether the genes have been successfully
expressed in the host cell. For example, a marker (a gene
lacking in the host cell) is integrated with a carrier, such
as a plasmid, together with genes of the present invention,
and is introduced into the host cell as an expression vector.
Successful uptake of the genes of the present invention may
be confirmed by checking the expression of the marker in
the host cell that has incorporated the expression vector.
Alternatively, protein according to the present invention
may be expressed in the form of fusion proteins in the host
cell. For example, proteins according to the present
invention may be expressed as fusion proteins with a green
fluorescence protein (GFP) derived from Aequorea victoria.
In this case, the GFP is used as a marker.

The host cell is not particularly limited, and various
conventionally available cells may be used. Non-limiting

examples of such cells include: bacteria such as
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of arachidonic acid or EPA, intake of these and other polyunsaturated
fatty acids is possible only by eating the seeds (grains) of the
transformant. Therefore, the 5 transformant rice is highly valuable as a
food crop, and is highly useful in food_inglgstries and agricultures. Further,
arachidonic acid or EPA can also be produced in rice bran, chaft, or tiller,

which s efteanasied] Byyediaadingfaty acignitemn dhesa pads Aerevisiae

plant, they can be efficiently used 10 as a source of health food. They can
alsode uSed esvfoad cofdamegiieanipals K2nceCuttanstdratadt plantdéegans;
obtained that has incorporated genes of the present invention in its

genémeal pasgetssobtheeanruas beobisined by reproducing the 15

plant either sexually or asexually. Further, reproductive materials, for

example, sticH& B riibT Aticd S Brib& GUsRREREI bt tboRto the
stumps, callus,.and protoplasts may be pbtained from the plant, or from
ts. BIny S LIoHBE HO%h (Rasd TERBURENVE thAtblials, (S 2ok cularly
may p6,§ Thg or invention, th ingl lants
o N TR ot ey Croe FIERIELS P o used,

progaiy19f VRgStaliMel¥ 1 PraRagstad Planis havinhide seMeium fphosphate
characteristics, tissues of the plants, and reproductive materials of the

plants.ex®hbudrtheinp theoplaatsnidieir pdggemdo TYEgeEatekyt fuepagattldod, for
plants having the same characteristics, and tissues of the plants include
plantsthm pie reProdiiced - 3vheeyapapiayngegétdfive repesduetiomigention
also known as vegetative generation or clonal expansion, and is )
comPHohIy TS TR By ARInG HVISAEEheBadBARCESHinNInGX g ssion

tube, ve%etative r.erg)roguctio of plants ma l%e carrieg
SysSi€m using baculovirus ma € use€eda.

(5 - 2) Transformants

Transformants according to the present invention are
not particularly limited as long as they incorporate genes
of the present invention described in section (2) above. As
the term is used herein, “transformants” means not only
cells, tissues, or organs, but also living organisms
themselves.

A method of preparing (producing) transformants is
not particularly limited. For example, a host cell may be
transformed by introducing a recombinant expression
vector described above. The organisms to be transformed
are not particularly limited, and may be microorganisms or
animals as exemplified above.

Further, transformants according to the present
invention are preferably plants into which genes of the

present invention are expressibly introduced, or their
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5 out by redifferentiating plants from such organs as the leaf, stem, or

root, or by using a callus. In some plant species, a unique winter bud may

form at the tip of a branch, or a succulent axillary bud may be formed. In

other cases, flowers may form a propagydg, or a tuber may be formed. 10
Further, the present invention includes plants into which genes of the
presghbipvenfif:aye expEAsSIBlY, ipirepucest andpyrhesesfaydsid the same
composition Is modified by the expression of the genes. The invention
alsodichidast ¢hesrtprageRy ef aregeiztively propagsiadpelantphaving tikso fall
15 same characteristics, tissues of the plants, and reproductive materials

of theplants. Atheedmereminghodiffcatidn anftgrasicbinposoith  these
means alterlng of a fatty acid composition of plant by way of

tran$fAMEHBATIEG exRIARIE SsuBY BV EHARGE eaR tdintfitky sy:lds such as

mtroducm 2 enes of.t epr%?g, ventio tO tran orm 1'1WhC
SI ion.

doesaﬁgt 8 Hralfidonids Igﬂlln sfal?

This lant by the productlon

of ar %@h%%%?cggégﬂaér%tyaq‘y %%?%Z?y%rggdc tgr‘s:)%loucmg method 25 The
present inven{iorhingludes asr@dyising met e@%@ﬁ'ﬁjﬁ,tyﬁﬂgl@e genes”
plant that has been transformed by genes of the present invention and

therehy smhesetailty geitle 33 reorap@attas Habybéan roddifast oirusing target
tissues of the plant. For example, food oil may be produced from a
transfotinafit @astordid)to the mesekninventicgesotathiren Biakighilegel (gene
of arachidonic acid or EPA. With the increased level of arachidonic acid or
EPAMAEVRHEA MR ) pFSEIER ¥BYE 8il can be increased. Further, various

parts of theThe

cost by

recombinant expression vector used for the
transformation of plants is not particularly limited as long
as it can express the inserted genes in the plant cell.
Examples of such a vector include a vector with a promoter
(for example, cauliflower mosaic virus 35S promoter) for
constitutively expressing genes in a plant cell, and a vector
with a promoter that is inductively activated in response to
external stimuli. Here, the plant cells include various types
of plant cells, for example, such as cells in a suspension
culture, protoplasts, slices of leaves, and calluses.

The recombinant expression vector may be introduced
into a plant cell by a method known in the art, for example,
such as a polyethylene glycol method, electroporation
method, a method using Agrobacterium, and a particle gun
method. Reproduction of plants from the transformed cells
may be carried out by a method known in the art.

For example, there have been established methods of
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transformant plant, for example, such as seeds, fruits, cuttings, tuberous
stems, and tuberous roots, can be used 10 to supply arachidonic acid- or
EPA-containing food with an increased value. (5-4) Material substance
The present invention includes a substageg obtained by a fatty acid
producing method of the invention. 15 Specifically, the invention includes

a mygralisHbstanceiiehinckigles gblgasioong fempauagd selecteta®d in
the group consisting of: y-linolenic acid, dihomo-y-linolenic acid,

aractitiania asidt steasflonin adid Agicesatattaancicn adid, arckd to infect a
eicosapentaenoic acid. As used herein, "material 20 substance” means all
subdtaheesagsdbieiad raw; neatetizid do varisus inbugeinigsupbeesitroduced
including seeds, fruits, cuttings, tuberous stems, and tuberous roots,

providd@ad B3@ R RlaekiaPsitaRelysihnisg sraghidsticteidepreduce

EPA @a;ﬁge.used togovﬁle.healt focﬁl,filmﬁbiodegradabe pastic,d int
funchoRal fiberdiuBhgant Gnddetergert. f&°EXamfecThg -rocuced nto a

polyggr}%a[tgmtgg{a%ea&gis %‘é‘%ﬁb‘&ﬁqﬁdﬁé 9609%%8H%B£g3i@nts; and

more than one dou nd within the ecule. Thus, by producing
arachiqgeicasifl ph BPA dh adeansiormantef tha present JvaolieD forto a cell
example, production cost can be reduced. Further, the invention 5

realibgs anpenviomentallydreridtydoted ueipg pcbaess p (8} Falfihacigresent
composition modifying method The present invention includes a method of
modifyingnaifatty ceid sompobitiore nsinkpgeassyobthélpessemn éibtarden.

For example, with a transformant that has 10 incorporated genes of the
present invgh’tﬂbtrhz?sraﬁb%§}‘é@I“aﬁ§73bld0p31s thaliana, tobacco is also

a model plant of plant cultivation using genetic engineering
techniques. Once a transformant tobacco with a high
arachidonic acid or EPA content is obtained, it will be
possible to obtain such transformants in all other plants.
In addition to transformant tobacco, the present invention
also provides transformant rice, as will be described later
in Examples. Therefore, the invention is able to provide
transformants in any type of plant.

For example, there have been established methods of
obtaining transformed rice, including: a method in which
genes are introduced into a protoplast using polyethylene
glycol to reproduce plants; a method in which genes are
introduced into a protoplast by an electrical pulse to
reproduce plants; and a method in which genes are directly
introduced into a cell by a particle gun method to reproduce
plants. The present invention can suitably employ any of

these methods.
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acid composition of the host cell can be modified. A target organism of
fatty acid composition modification is not particularly limited. Other than
plants, any organism may be used, including animals, microorganisms,
and yeasts. 15 (5-6) Gene detecting insiryment A gene detecting
instrument according to the present invention includes at least a portion

of a nucleotile; IsQOWEASEs [ 1itH 6RTARIEFRERERY SeAURBCE Of AGRNLRd level
the present invention as a probe. The gene detecting instrument 20 of the

inveontioracar hédisadcurderdvanousid@Aditionsafoe thd mdasseemantiorother
detection of expression pattern of genes according to the present

inve oy WnssanTsidad af géte detédingsnpmshehl aceording toahging the
present invention is a DNA chip in which a probe that 25 hybridizes

spedifCbgend 8ihe) preQint ivEntidd AHiAEEAR B on 4 BGs&isEe, the
( ier). A d herein, the t "DNA chip" Il )

SynthERE DNA TG 351 G B S REN A8 B (785 iatneand is
"ONA fhifly Aa0menth ) U eRian AR LIRS ECRur ther,
product, SL?,h as cDNA, as a probe. The probe seque’%ce may be

deteyPHEH Yot iz CRBYVENYPMBIFACHIO fISReEYIRG 8 Shd@aignsti¢ce bran,
sequence of cDNA sequences. For example, a SAGE (Serial Analysis of

Genelxfffession)leethadhasldescgbeft mrSovence: @7 BE26X tiQtiGel fatty
88: 243, 1997; Science 270: 484, 1995; Nature 389: 300, 1997; US

pateatiNbs 56981 932 sy dotiseafspdanie DNgychiphmag led fiwigaiblyaused
conventional method. For example, when a synthetic oligonucleotide is

used ¥ n&PHE sinthedifl bR {208strald By &28mbls&idtotised as food

of domestic animals.

Once a transformant plant is obtained that has
incorporated genes of the present invention in its genome,
progeny of the plant can be obtained by reproducing the
plant either sexually or asexually. Further, reproductive
materials, for example, such as seeds, fruits, cuttings,
tuberous stems, tuberous roots, stumps, callus, and
protoplasts may be obtained from the plant, or from its
progeny or clones. From these reproductive materials, the
plant may be mass produced. The present invention
therefore includes plants into which genes of the invention
are expressibly introduced, their progeny or vegetatively
propagated plants having the same characteristics, tissues
of the plants, and reproductive materials of the plants.
Further, the plants, their progeny or vegetatively
propagated plants having the same characteristics, and

tissues of the plants include plants that are reproduced



10

15

20

25

photolithography and solid phase DNA synthesis technique. 15 On the
other hand, when the oligonucleotide is cDNA, it is stuck on a substrate
using an array device. Further, as in common DNA chips, the accuracy of
gene detection can be improved by placiy a perfect-match probe
(oligonucleotide) with a mismatch probe that has 20 been prepared by

subsfiéting aisiagle nyceatiderof ther pprfeeimatdiprake. flEMekilown as
order to detect different genes simultaneously, a DNA chip may be

prepaeect traniviehg differentitypes otbbgon eleptidesiara jramdbilized anmonly
single substrate. 25 A gene detecting instrument of the present invention

is notjustikditedito e Dk np as ekemblifiedtabdvacas ohgudtingssIn a
at least a portion of a nucleotide sequence, - 36 or its complementary )
sequérite LB geHRES R Bred&RTMTHIIDI? Bs Af PRI (B-7) AhtBEdgarried
An antibady according to the present invention is a 5 polyclonal or
oGBS 4 GRS Bl B AR o SRBMAT e R SR ARG S the leaf,
protelpg,Qf the inyertion.of, fragmeyys of dheproteins QuALRIASS A% Apeci
antigen. Examr:r)]}es of the co}zver%g#al met o%{igncl!ﬁge ﬁ%ﬁlovﬁet aﬁ.; Tbecies,

Antibodies;labRiatepr MARHaLLGYId SpHNtGHarher HhLaposalora NN, or a

York (1988), and Iwasaki et al.; Monoclonal antibody, hybridoma and

ELIZA; Kodaasha 001 rihebantibady ynaydefosed éddthel deteclioer cases,
and/or measurement of a protein according to the present invention. (5-8)
Screldniwg neethioalyl 50X Btracpirepaghdd, accoeditig e thensrgsbet formed.

invention uses Proteins of the present invention to screen for genes )
Further, the present invention includes plants into

which genes of the present invention are expressibly
introduced, and whose fatty acid composition is modified
by the expression of the genes. The invention also includes
their progeny or vegetatively propagated plants having the
same characteristics, tissues of the plants, and
reproductive materials of the plants. As used herein,
“modification of fatty acid composition” means altering of
a fatty acid composition of plant by way of transformation.
For example, such a change can be induced by introducing
genes of the present invention to transform a plant which
does not contain arachidonic acid or EPA in its fatty acid
composition. This will change the fatty acid composition of
the plant by the production of arachidonic acid and EPA.

(5-3) Fatty acid producing method

The present invention includes a producing method of
fatty acids, using a plant that has been transformed by

genes of the present invention and thereby whose fatty acid
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or substances that regulate the proteins. A screening method of the
invention is not particularly limited, and a variety of conventional methods
that find the presence or 20 absence of bonding or dissociation between
substances may be used. For example gsyibstances that facilitate the
activities of proteins according to the present invention (A6 desaturase

activity i chaifvelongase Belity, ARHOrAd , desaturase ACtEYLIB3Y 6 the
screened. 25 The present invention also includes genes or proteins
obtapriednity such a screening method. While the invention is susceptible

to various - 37 modifications and alternative forms, a specific embodiment
thereof will be tescrdatidelowlinatoreodbtaingywadyof Exatpleedvitirom a
reference tq the attached drawings. It should be understood, however, =
that TR ST HEHAB RIRAT thE B ih0eHAEHREEAE PARYBR MRS containing

disclosed trary, ir tion is t . ificati

QU 15 S h NS MG T e odsb ot (i eblfoh i eased
def'ﬁ%@éﬁ tg? %‘}paeé‘ﬂ?qcﬂ?f %&E&At%\{lpk ,lt%lg @gﬁ%@oc\igm e groduct
Examples, experimental methods, unless otherwise specified, are based

on thg methad dascriged im Male@iar ClonipgHeambopioelal f0ids of the
Spring Harbour Laboratory Press, 1989). [Example 1: Isolation of

Marchantief dbnpalymopibazderifed Akdaeagilease gerte] Acosyadisonfafuits,
amino acid sequences of cloned A6 desaturases has confirmed that the
amirddichseuendesr Tys Tspelyss (Glaydspibys-elissAsa SEQCHINIDe used
37) and Trp-Phe-Thr-Gly-Gly-Leu-Asn (SEQ ID NO: 38) were .
to supply arachidonic acid- or EPA-containing food with an
increased value.
(5-4) Material substance
The present invention includes a substance obtained
by a fatty acid producing method of the invention.
Specifically, the invention includes a material substance
which includes at least one compound selected from the
group consisting of: y-linolenic acid, dihomo-y-linolenic
acid, arachidonic acid, stearidonic acid, eicosatetraenoic
acid, and eicosapentaenoic acid. As used herein, “material
substance” means all substances usable as raw materials
for various industrial purposes, including seeds, fruits,
cuttings, tuberous stems, and tuberous roots, provided as
food.
A material substance containing arachidonic acid or
EPA may be used to provide health food, film, biodegradable

plastic, functional fiber, lubricant, and detergent, for

example. The polyunsaturated fatty acids have a unique
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20 conserved. To isolate a Marchantia polymorpha-derived A6
desaturase gene, the following degenerate primers encoding the above
amino acid sequences were used: dA6DES-F: 5-TGGTGGAA(A/
G)GA(A/ GIT/ C)AA(A/ G)CA(T/ C)AA- 25,3 (SEQ ID NO: 7); and
dA6DES-R: 5'-(A/G)TTIA(A/G)ICCICCIGT(A/G)AACCA-3' (SEQ ID -38-

NO: Srdple fgpatgs drastra rambmersibang misleadide stiond within
parentheses. ) A thallus of E-line Marchantia polymorpha (see 5

Trandgenia Rexc 9] 1719 A800p was uséd asregsampteh ildolaiionsafid or EPA
poly(A)' RNA from the thallus was carried out in accordance with the

method dedarivesiinBivanit Bidtetheolp Bisshie 16%,q360%, 120031 Bigseinple,
Biotechnol. Biochem.67, p1667, 2003. 1.5 pl of isolated poly(A) RNA was

10 réVRSICAHRBNHRRAH ESNA &g@ngrafi%éaagl ToE®S thsimeth girdpvention

Strand kit Amersham PCR Wasg iledfout about 10n of the
cDNA8s 4 témplats, usm8%%} § |P{g i ag@rocess

dAGDES- R&@ %{?}:5&%? E%%H“@o@ ?tF&‘Jf}HoEﬂ gﬁ?)[g%%{%e&'&’d

recommended by the 1 manufactur r. Using a GeneA CR system

9700 (PE m%gr%@éﬂqm@eHﬁ&QRﬂ@ﬁa@@e&l ﬁ&’é%@@%@'ﬂco@lfylng

reaction solution under the following conditions: 94C for 2 minutes,
followedrayt3b cyclies otkeantion i 84C faslnginglen4sC fof 1.the present
minutes, and 72C for 2 minutes, and 20 cooling down to 4C. The resulting
PCRprotiutiavas dieetropherespdiecon avitdh (w/v)tagarefegulaartd that has
amplified fragments having a size
incorporated genes of the present invention as above, a fatty
acid composition of the host cell can be modified. A target
organism of fatty acid composition modification is not
particularly limited. Other than plants, any organism may
be used, including animals, microorganisms, and yeasts.
(5-6) Gene detecting instrument
A gene detecting instrument according to the present
invention includes at least a portion of a nucleotide
sequence, or its complementary sequence, of a gene of the
present invention as a probe. The gene detecting instrument
of the invention can be used, under various conditions, for
the measurement or detection of expression pattern of
genes according to the present invention.
An example of a gene detecting instrument according
to the present invention is a DNA chip in which a probe that
hybridizes specific to genes of the present invention is

immobilized on a substrate (carrier). As used herein, the

term “DNA chip” generally means a synthetic DNA chip
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expected from a known amino acid sequence of a conventional A6
desaturase was collected from the gel using 25 a Prep-A Gene (Bio-rad).
The collected fragments were ligated to a pT7Blue Vector (Takara) and
transformed into Escherichia coli Electrg-#nax DH 1 OB cells (Invitrogen, -
39 - Carlsbad, CA). Nucleotide sequences of all clones obtained by a

BigQysihesmainatertayalecSeauareppddt 43palipd oBiesyistemsh andawA chip”
automated sequencer ABI PRISM 377 5 (Applied Biosystems) were

deteaide dnercitheaatorzadhwes €o acrBénAd foi ar teagebgDNAsequeasea PCR
Further, to obtain a full-length cDNA sequence, 5-RACE and 3'-RACE
wer@eaded dbutsiychneshe® Netoramendecpiethe manufacturer, using a
5'-RACE 10 System for Rapid Amplification of cDNA Ends Version 2.0
(Invitrogen)l B ReRYOREGSFERHRBE FirsPEandI® (AHREFIHRATCShd PY 2

the followi i - MpDESH-02R: . . . .
AR B BRI R PR R DS (LS RPN B A G egiatic sequence
MPDESEINR: 9GGd & @Tﬁo%gs%}é fé’?%%%%ﬁsi_em{o' nalysis
10). As a result, one type of candidate homologue gene was isolated as

an MaDESEenes Ihedargdigf cRNAKBR!, 2Qncladisggapel(Ain  Science

portion) of the isolated MpDES6 gene was 2,522 bp, and an amino acid
sequEnce Epewiediyafe @pDESBgee8as eSihrates tadave 487 0: 484,
residues. The nucleotide sequence and amino acid sequence of the

MpDES3 Zeheareriegrd Ssntddty ISELY IDINDp 2 tewd tSEQ. 15, @9 AW 37 may
e Vb,

The DNA chip may be made by a conventional method.
For example, when a synthetic oligonucleotide is used, it
may be synthesized on a substrate by a combination of
photolithography and solid phase DNA synthesis technique.
On the other hand, when the oligonucleotide is cDNA, it is
stuck on a substrate using an array device.

Further, as in common DNA chips, the accuracy of
gene detection can be improved by placing a perfect-match
probe (oligonucleotide) with a mismatch probe that has
been prepared by substituting a single nucleotide of the
perfect-match probe. Further, in order to detect different
genes simultaneously, a DNA chip may be prepared in which
different types of oligonucleotides are immobilized on a
single substrate.

A gene detecting instrument of the present invention

is not just limited to the DNA chip as exemplified above, as

long as it uses at least a portion of a nucleotide sequence,
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A comparison between the estimated amino acid sequence of MpDES6
cDNA and an amino acid sequence of - 40 A6 desaturase from
Physcomitrella patens found only 47.5% identity. [Example 2: Isolation of
Marchantia polymorpha-derived A6 chaifelongase gene] 5 A comparison
of amino acid sequences of cloned A6 chain elongases has confirmed

that gie aBineAeip 1 sedeencas VakgludtheeMeifAsp-dbnYabiSkERe Doresent
NO: 39) and Lys-Tyr-Leu-Phe-Trp-Gly-Arg (SEQ ID NO: 40) were

condervech tioisalateaapdariskbantia polymorpha-derived A6 10 chain

elongase gene, the following degenerate primers coding for the above

amino acid (Seglledcetiwedyused: dAGELO-F:
5-GTIGA(A/G)TT(T/C)ATGGA(T/C)ACIGT-3' (SEQ ID NO: 11); and 15
dA6ELO RAN.GBHNCEL QAP EINAAR & eq/rtgmﬁtfclmesﬂtlon is a

NO: 12). PCR d t
(ARG AR A B GIOHAL rBLLHEHG KA BHHS Y ibrinethod
subdaneg, Nufleolgl seguiencss af e siones were Je(emned A0k, or

full-length cDNA was obtalned a target cDNA
sequeRGEmsig therfollpwing, pimanssMRELQ, & |ae?s'5 as an antigen.

5-GCGAGCTTTCTCGTTCTTTCCC-3' (SEQ ID NO: 13); and
MpEE®Apkes 4lf the conventional method include Harlow et al.;

Antibodies: A laboratory manual (Cold Spring Harbor
Laboratory, New York (1988), and Iwasaki et al.; Monoclonal
antibody, hybridoma and ELIZA, Kodansha (1991). The
antibody may be used in the detection and/or measurement
of a protein according to the present invention.

(5-8) Screening method

A screening method according to the present invention
uses proteins of the present invention to screen for genes
or substances that regulate the proteins. A screening
method of the invention is not particularly limited, and a
variety of conventional methods that find the presence or
absence of bonding or dissociation between substances may
be used. For example, substances that facilitate the
activities of proteins according to the present invention (A6
desaturase activity, A6 chain elongase activity, and/or AS
desaturase activity) may be screened.

The present invention also includes genes or proteins
obtained by such a screening method.

While the invention is susceptible to various
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5-TATGATTTTGAAGCGCAACACG-3' (SEQ ID NO: 14). Note that, the
materials and methods for the experiment were the same as for Example
1. As a result, one type of candidate homologue gene was 5 isolated as
an MpELOL1 gene. The length of cDNA (get _including a poly(A) portion) of
the isolated MpELO1 gene was 1,559 bp, and an amino acid sequence

encagderdiby die iMAR I geat was £etireaed 1R 1aue 900 EWas Hid@iment

nucleotide sequence and amino acid sequence of the 10 MpDESI gene

were reprreséntedl bylsE @ ¢3 NTh 8dnd SB®@  Hh NQ o4 eredpeetiVelyyAway of
comparison between the estimated amino acid sequence of MpELO1
cDNBsamhar esnimbtAciesegasre i Wecchsfimelbagade #orings. It should
Physcomitrella patens found 62.7% 15 identity. [Example 3: Isolation of
MaréHartia dsdipiipshaltRifcteAs esdtitaks BorteiHengsd to limit the

desaturase§.of other species have a]f éoc;Brome b5.domain at their
e

N-teHRITTURTHI8 this It aB 4PELTIERY 20%HAa MachaRRe DUt on the
polymorhaerivadas desaiasedene belonds (.2 CURENIBMAifications,

b5-domain fusion desaturase gene family, as does the A6 desaturase

gene dipwalen s PAAROEREBI WA ticesn M RBAFiNgLANENROTOIRRY of the

between the AS desaturase and A6 desaturase is very poor 25 at an
amiria aeid tével. As sl nardinamatidesequeaneteaf thka A glesaturase
and A6 desaturase were compared in a filamentous fungus (M. alpina).
The comparlsE AN EoTAl - 42 presence a contiguous conserved
sequence of 4 to 5 residues, which is at least required for the designing of

degeneratd BriniB%. $OHAYRES, tHeamii eid SeppeRbgental methods,

unless otherwise specified, are based on the method
described in Molecular Cloning (Sambrook et.al. Cold
Spring Harbour Laboratory Press, 1989).

[Example 1: Isolation of Marchantia
polymorpha-derived A6 desaturase gene]

A comparison of amino acid sequences of cloned A6
desaturases has confirmed that the amino acid sequences
Trp-Trp-Lys-(Glu/Asp)-Lys-His-Asn (SEQ ID NO: 37) and
Trp-Phe-Thr-Gly-Gly-Leu-Asn (SEQ ID NO: 38) were
conserved. To isolate a Marchantia polymorpha-derived A6
desaturase gene, the following degenerate primers encoding
the above amino acid sequences were used:

dA6DES-F:

5'-TGGTGGAA(A/G)GA(A/G/T/C)AA(A/G)CA(T/C)AA-
3' (SEQ ID NO: 7); and

dA6DES-R:

5'-(A/G)TTIA(A/G)ICCICCIGT(A/G)AACCA-3' (SEQ ID
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were more conserved between the AS desaturase and A6 5 desaturase of

the same species than between AS desaturases obtained from different
species. This suggests the presence of a species-specific conserved
sequence in the cytochrome b5-domainsfgsion desaturase gene. To
investigate on this, the nucleotide sequences of the 10 MpDES6 and the
MpD¥S ofggn unknown function, described in Genetics 159, p981, 2001,

were compared. As a result, it was found that two amino acid sequences:
(I(E/N)(G/D)HV YIDAO(SER DS 4 ¢) anth DRDYEHDIYATD) (MAVEP (SEQeotide
ID NO: 42)) were conserved. 15 Sequences of degenerate primers
corrésperidimy pratren tdspeesve amino acid sequences are as follows:
dASDES-F: 5'-AT(A/T/ C) (Al G)AIG(A/ G)IAA(A/ G)TITA(T/ C) GA(T/

C)GT-3' (SEQ [BRBUEs); %hd BoiRspEY W dherdiT/ N9 pha  (see

O AL 5 AP SRR, Rt
h ' f | ' .
e T e

clongg dBaihad e taroeh GNASegHeNLRl istid Bl Mgs 43 Biotechnol.
primers: MpDESS-02R: 5-GTGTGTACGATCCGTGGTTACC-3' (SEQ ID

NO: B7¢ic hredrd. MpDES6AHLF 2 6 0BAFEIC G GBI ECATITABLAhE M .67,
(SEQ ID NO: 18).
pl6e67, 2003. 1.5 pl of isolated poly(A)* RNA was
reverse-transcribed to cDNA using a Ready-To-Go T-primed
First Strand kit (Amersham). PCR was carried out with
about 10 ng of the cDNA as a template, using the foregoing
primers (dA6DES-F and dA6DES-R) and 0.5 U of enzyme
(Takara Ex Taq, Takara), by a method recommended by the
manufacturer. Using a GeneAmp PCR system 9700 (PE
Applied Biosystems), the PCR was carried out with 20 pl of
a reaction solution under the following conditions: 94°C for
2 minutes, followed by 35 cycles of reaction at 94°C for 1
minute, 45°C for 1.5 minutes, and 72°C for 2 minutes, and
cooling down to 4°C.
The resulting PCR product was electrophoresed on a
1% (w/v) agarose gel, and amplified fragments having a size
expected from a known amino acid sequence of a
conventional A6 desaturase was collected from the gel using
a Prep-A Gene (Bio-rad). The collected fragments were
ligated to a pT7Blue Vector (Takara) and transformed into

Escherichia coli Electro-max DH10B cells (Invitrogen,
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Note that, the materials and methods for the experiment were the same

as for Example 1. From the cDNA, clones cl and c2 of different lengths 10

(cl: 2,427 bp; c2: 2,285 bp) were isolated as candidates for the

Marchantia polymorpha-derived AS desatyrase gene. By comparing the
nucleotide sequences of the clones c 1 and c2, it was found that

alterpativies sRliging:Agd occurred in a 5' non-coding region. The

alternative splicing did not change 15 the reading frame, and both clones

c 1 and c2 bhdetkioti4B4 aminoacidsy(SkR IBDINQ:16)n¢ke cbranhetl by a
2,427 bp was used as a MpDESS gene (SEQ ID NO: 5) in the following
Examp@o Y& consarisan atan estiratbe anrrdacisagencdot 20(Applied
MpDESS cDNA with an amino acid sequence of the AS desaturase of a

filarfEHRGWESRATRRY (RP&lpfe) fURaBLA6E idsHE NS CompatifoR W 377
de, f AS desat Ph itrell tens, which.is clgsel
oS A HARTY BERIpH o i RO oA A A1 BTSS were
is avgl t i ' ism. [Example 4:
e wsona) T

examine fupetipngof the sespestiyeCDNATQf the ﬁ@%@LES@DM@EL@é uence,

and MpDESS5, a construct in which an ORF was placed downstream of a
metlEnBRATHCidenDl pram®Rey QB X ingas prepardd dor eacth gepe.dhenethod
constructs were introduced into methylotrophic yeast (Pichia pastoris) to
analyge theinfamdasid copnpddittonsnineudREFsofaDNAL siutotide S'-RACE
sequences of the MpDES6, MpELO1, and MpDES5 were PCR-amplified
usin&w%ﬂbm gﬂﬁé’gﬁmplification of cDNA Ends Version 2.0
(Invitrogen), a Ready-To-Go T-primed First Strand kit
(Amersham), and the following primers:
MpDES6-02R:
5'-AAGTTGCCTTCGATGTTTCTGG-3' (SEQ ID NO: 9);
and
MpDES6-01F:
5'-GCTCGCCTGGAGCAAGGAAATC-3' (SEQ ID NO: 10).
As a result, one type of candidate homologue gene was
isolated as an MpDES6 gene. The length of cDNA (not
including a poly(A) portion) of the isolated MpDES6 gene
was 2,522 bp, and an amino acid sequence encoded by the
MpDES6 gene was estimated to have 481 residues. The
nucleotide sequence and amino acid sequence of the
MpDESG6 gene are represented by SEQ ID NO: 1 and SEQ ID
NO: 2, respectively.
A comparison between the estimated amino acid

sequence of MpDES6 cDNA and an amino acid sequence of
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10 (Primers for the amplification of MpDES6 ORF) MpD6-17F:
5-GGAATTCGCGATGGCCTCGTCCACCACCAC-3' (SEQ ID NO: 19);
and MpD6-18F: 15 5-GGAATTCTACTTTCGCAGCGTATGCTACC-3'
(SEQ ID NO: 20). (Primers for the amplifigation of MpELO1ORF)
MpD6ELO 1-15F: 5-GGAATTCGCGATGGAGGCGTACGAGATGG-3'

(SEQ 26 éR NV rae e MPPREL@oImGFella patens found only 47.5%
5-GGAATTCTTCTGCCTTTTTGCTCTTGATC-3' (SEQ ID NO: 22).

(Priméesfoitthe amplification of MpDES5 ORF) 25 MpD5-11F:
5-GTTGAATTCGACAGTTATGCCGCCACACGC-3' (SEQ ID NO: 23);

and -45- MpEB PR 8-GTTGAATTCAGGRBECAAGCATGCTGTACCB antia
(SEQ ID NO: 24). These primers contained EcoRI recognition sequences

5 (URRIUARATBAGWLFE e R Ghe FRIINIRLPAGARS pE6&ek. Further,

PCR was carried out using 0.5 U of Pyrobest DNA polymerase (Takara
it 20 ol o rESC TR o BCETnES Wi FRelfeg O Cloed a6

reco de n ’ rer, T. ion ition was . .
foIIov{%/ﬁgé1 g?llC %OP%éI%%rﬁﬁ’l%tg? %‘E)élllov(\;é)dl;| t%/fglg%gpcle%ﬂé%d[rléa@?%n a%%ﬁlél ?or acid

1 migigue e &y Tmindganth 2@fer agipute, Andagopsnasions IRo: 39)
4C. Each of the resulting ORF fragments
and Lys-Tyr-Leu-Phe-Trp-Gly-Arg (SEQ ID NO: 40) were
conserved. To isolate a Marchantia polymorpha-derived A6
chain elongase gene, the following degenerate primers
coding for the above amino acid sequences were used:
dA6ELO-F:

5'-GTIGA(A/G)TT(T/C)ATGGA(T/C)ACIGT-3' (SEQ ID
NO: 11); and

dAGELO-R:

5'-C(G/T)ICCCCA(A/G)AAIA(A/G)(A/G)TA(T/C)TT-3'
(SEQ ID NO: 12).

PCR was carried out using the these primers
(dAGELO-F and dA6ELO-R), and the resulting DNA
fragments were subcloned. Nucleotide sequences of the
clones were determined, and a full-length cDNA was
obtained for clones that had a target cDNA sequence, using
the following primers:

MpELO1-02R:

5'-GCGAGCTTTCTCGTTCTTTCCC-3' (SEQ ID NO: 13);
and

MpELO1-01F:
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was digested with EcoRl, gel purified by the method described in
Example 1, and ligated in the sense direction 15 to an EcoRl site
downstream of a methanol-inducible promoter 5’AOX1 in a
methylotrophic yeast expression vector pPICZA (Marker: zeocin-resistant
gene, Invitrogen). In order to obtain transformants, expression constructs

and a pPICZAyacter AT 2 EaralaeEecRfAnioduced pto g EBYIHINR Of. 14).
methylotrophic yeast using a Pichia EasyComp kit (Invitrogen), using a
zeodWoitesistant ,gehe asnaearkelrs Natedhat,ehie onkthytotroghéc yegastériment
can synthesize linoleic acid and a-linolenic acid, which are substrates of

the AGedesatuease bet eanihor siraasipée 25. other precursors of

arachidonic acid or EPA. To express the introduced genes in the
transformafts, aHe faléiofhanty Rerefirk Bdidadumr B9l eey Argpne was

46 b 5 in.a minimal medi taining, 1.0% glycerol
CorthHLBLELD. T FAhsMRAHE Nerhen RbrelFA0C o] dgBiRe (not

v med s . |
ayﬁ&m?%taf%m,g?@%g&h Srmefhanolas 430 W@ 1 gene

source, unti tio eached. Here, an EasySelect P

Exprgesion KEUwinggnldvanugesiatsseng eha ene®ahcoded by the
recommended by the kit. Thereafter, fatty acid compositions of the

resphbpREIANsfgenantswsigree sidasuesdusiog a &ke M30ahdracieldiag. The
to a known method 10 (Biosci. Biotechnol. Biochem. 67, p605, 2003). In

an MpDESe tiehe-expregsing erarsfolmanm the prdidts of heexsece of the
desaturase reaction, y-linolenic acid and stearidonic acid, were contained

in 7. 200 BRI l7 @ ResPERtiGehf RifSeRphect tBYhe R FaNdeias mad SEQ

15 pﬁﬂC%\{egt,o¥én§%)gg%1e‘ge¥3e,§st used as a control,

A comparison between the estimated amino acid
sequence of MpELO1 cDNA and an amino acid sequence of
A6 chain elongase from Physcomitrella patens found 62.7%
identity.

[Example 3: Isolation of Marchantia
polymorpha-derived A5 desaturase gene]

The A5 desaturases of other species have a cytochrome
b5 domain at their N-terminus. From this, it was speculated
that a Marchantia polymorpha-derived A5 desaturase gene
belongs to a cytochrome b5-domain fusion desaturase gene
family, as does the A6 desaturase gene. However, in
Phaeodactylum tricornutum and fungi, the homology
between the A5 desaturase and A6 desaturase is very poor
at an amino acid level. As such, amino acid sequences of the
A5 desaturase and A6 desaturase were compared in a

filamentous fungus (M. alpina). The comparison found local
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y-linolenic acid and stearidonic acid were not detected. Thus, it was
shown that the MpDESG6 encoded the A6 desaturase. In an MpELO1
gene-expressing transformant, 14.1% 20 of the total fatty acids was
dihomo-y-linolenic acid when y-linolenig;acid was added. On the other
hand, 1.5% of the total fatty acids was eicosatetraenoic acid when

steaiglerie R was asiH etk b RP1e4A yesiardntrodyeasieastased to 5
as a control, dihomo-y-linolenic acid or eicosatetraenoic 25 acid was not
detectad dihels, itwiascdoien thiatlibe MpEeQdiradoded thea Abdbsigning of
elongase. In an MpDES5 gene-expressing transformant, 1. 1% of - 47 the
totaldaBeacide tead aiachidonREeriviisre bihdhe-pimckeniGicldswasiences
added. On the other hand, 0.1% of the total fatty acids was

eicoSAPERtABIGIE ERIEPKS hh&s EE6satettAéndicadld fatHRRE. Al A6

pPICZA 5 vector-introduced yeast used as a control, araﬁchidoni%a id or

eico éepse%gerr?osl‘g acid Wa§ ot dStB&Ed. THES it Was % & thafinecen AS
MpD h I f fi
P a%%%ﬁ’seé’st 85’%%&‘?%% to&g‘géf@?{? Qé?seg:fi% y W%IQ%H ggests

Marchantia polymorpha can be use ain MpD MpELO1, an

10 MpRESR: ¥eiheasT gespse diakerenae; file A8 HissalEasee HRECARE in the
elongase, and AS desaturase, respectively. [Example 5: Reconstruction of
Marchantiehnaymerphaspdligunaaturatéd fdtyacidl biosyothasis sygtemen To
a methylotrophic yeast (P. pastoris)] 15 To co-express the MpDESS6,
MpHEIOE sing MpeDESS, EboRi-didestedarnpiifdddeRFseagreenessf of the
MpELO1 and MpDESS5 prepared in Example 4 were ligated to a )
metA\IBIRISRE was-Bxprdéeibi R @bdipicak madrkefunction, described

in Genetics 159, p981, 2001, were compared. As a result,

it was found that two amino acid sequences:

(I(E/N)(G/D)KVYDV (SEQ ID NO: 41) and

DPDI(Q/D)(Y/T)(M/V)P (SEQ ID NO: 42)) were conserved.

Sequences of degenerate primers corresponding to the

respective amino acid sequences are as follows:
dASDES-F:

S5'-AT(A/T/C)(A/G)AIG(A/G)IAA(A/G)TITA(T/C)GA(T/
C)GT-3' (SEQ ID NO: 15); and

dASDES-R:

S'-GGIA(T/C)[(G/T)(A/T)IT(G/C)(A/G/T)AT(A/G)TCIG
G(A/G)TC-3' (SEQ ID NO: 16).

PCR was carried out using these primers (dASDES-F
and dASDES-R), and the resulting DNA fragments were
subcloned. Nucleotide sequences of the clones were
determined, and a full-length cDNA was obtained for clones

that had a target cDNA sequence, using the following
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HIS4 gene, Invitrogen) and a methylotrophic 20 yeast-expression vector
PIC6A (Marker: blasticidin-resistant gene, Invitrogen), respectively. In
each vector, the ligation was made in the sense direction at the EcoRl
site downstream of a 5’AOX1 promoter. f-gr the MpDES6, the expression
vector prepared in Example 4 was 25 used. Hereinafter, the expression
vectgysi farcthe: MPDES6, MpELO1, and MpDESS are referred to as
pPICZA-MpDES6 vector, pPIC3K-MpELO1 vector, and pPIC6A-MpDES5
- 48 - vectoM relSiesitre2 Rhe pPICZA-MpDESG6 vector was transferred
into a methylotrophic yeast PPY12 line (his4, arg4) having the same fatty
acid compositienlds The TietHylbtFspRiecasi 5 PR Cuded T Qah @ 17);
As a control, a pPICZA vector was also transferred. Transformants were
obtaftied using a zeocin-resistance marker. Then, the pPIC3K-MpELO1

vector Was]%téféj#%eg_iatg he transformant that has incorporated the
pPICZA-Mp in Tfts genome and the 10 transformant that has

incorporatedthe AR @(Zr/é;i@, %A@%@%AT%WA?M@t%% 38PNO: 18).

introduced as a control into the transformants in the same manner.

Trangiormaitis tvetd ebiained Hging the Rishedinghdihagzinghabiiyy gé@ment
marker. Finally, the pPIC6A-MpDESS5 vector was introduced 15 into the
transferneanhibas hasdnasrora@sd she kel GZA-MpDES6 and

pPIC3K-MpELO1 in its genome, and to the transformant that has
incorporatedtheprRlcz AIRMA priE3kein itslgemsme2Thé pRfGsrendclemgths

was also introduced as a control into the transformants in the same 20
mantfet.: Haf=tdriRitS weré-SStanRR L¥sg thésmbatiediR yesrpmhidates for

a macli'%gr'Marchantia polymorpha-derived A5 desaturase gene. By

comparing the nucleotide sequences of the clones c1 and c2,
it was found that alternative splicing had occurred in a 5'
non-coding region. The alternative splicing did not change
the reading frame, and both clones c1 and c2 coded for 484
amino acids (SEQ ID NO: 6). The clone c1 of 2,427 bp was
used as a MpDESS gene (SEQ ID NO: 5) in the following
Examples.

A comparison of an estimated amino acid sequence of
MpDESS cDNA with an amino acid sequence of the AS
desaturase of a filamentous fungus (M. alpina) found 31.4%
identity. No comparison was made for the A5 desaturase of
Physcomitrella patens, which is closely related to
Marchantia polymorpha, because no sequence information
is available for the AS desaturase of this particular
organism.

[Example 4: Functional analysis using methylotrophic
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Using the transformants that have incorporated two or three kinds of
genes, an experiment was conducted to reconstruct the arachidonic
acid/EPA biosynthesis system 25 of Marchantia polymorpha. First, using
the transformants that have incorporategl the two types of genes
(MpDES6 and MpELO1), an MpDES6 gene and an MpELO1 gene were -

49 sa-axiressetinthemeshylgirophic yeasts. As a result, y-linolenic
acid and stearidonic acid, which are the products of A6 desaturation,

were contaiheddr 2rA%mandut 4% onespedtivaly, withpespécetabhdtbtalof the
fatty acids, 5 whereas dihomo-y-linolenic acid and eicosatetraenoic acid,

whicM e Biid Gu cbirdy §e Ichain didMgaidnSod the  gainsitritcdcidiamchich an
stearidonic acid, respectively, were contained in 2.8% and 0.2%,

respEciiVelyWaith r@dpcGdo” thedta 1589 Btidefinthe Bt flebgducible

fatty acids were 10 detected. In the transformants that h
incolPT RS Ghr S pb ot SaEERRITIE S WRETOAC B NS tructs

L T

confirneth M peleiiare (@ teryyinQieaicacitp b SEFHAONIRCIBRFs of cDNA
dihomo-y-linolenic acid, and eicosatetraenoic acid, which were contained

in 2.8%c0ca96i dE 5% eandehl%s resifectivedy, With DeBiSE1 toMhp Bitad fafty and
acids. In the controls, these fatty acids were not detected. This result

shoWén IhEiSecursteidiieRokpolpliisad ratetioy faty delddavosystisisners.
system is indeed possible in_organisms_ other than Marchantia
polymorphdPBynespredsing Meremardaf poRiiorid-ddied R ORF)
desaturase, gene, A6_chain elongase gene, and AS desaturase gene

therein. NPpBaAl il 9 J

5'-GGAATTCGCGATGGCCTCGTCCACCACCAC-3' (SEQ
ID NO: 19); and

MpD6-18F:

S5'-GGAATTCTACTTTCGCAGCGTATGCTACC-3' (SEQ
ID NO: 20).

(Primers for the amplification of MpELO 10RF)

MpD6ELO1-15F:

S5'-GGAATTCGCGATGGAGGCGTACGAGATGG-3' (SEQ
ID NO: 21); and

MpD6ELO1-16F:

S'-GGAATTCTTCTGCCTTTTTGCTCTTGATC-3' (SEQ ID
NO: 22).

(Primers for the amplification of MpDESS5 ORF)

MpD5-11F:

S'-GTTGAATTCGACAGTTATGCCGCCACACGC-3' (SEQ

ID NO: 23); and
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25 [Example 6: Construction of a vector for rice, and transfer of the vector
into rice] To express the MpDESG6 gene, MpELO1 gene, and - 50
MpDESS5 gene in rice, expression constructs were prepared in the
following steps (i) to (iv). Figure 1 shows,the_ procedure. In PCR using
primers that were designed between a 5 cauliflower mosaic virus (CaMV)
35S promotgrang a¥Q@S terminator of pBI221 (TOYOBO), an expression
vector p35S-NOS not including a (3-Glucuronidase (GUS) gene portion
was prepardt: (NaMmen ARG GGITIOAA AGE ATGEATRTCRCACG-3' (SEQ
MKOO1(F): 5-CGGGATCCTCTCCTGGCGCACCATCGTC-3' (SEQ ID
NO:3)NfAd A&DO2 (R):
5-GGGGTACCAACGCGCTTTCCCACCAACG-3' (SEQ ID 15 NO: 26).

Note that, tﬁéﬁﬁmwm%ﬁ%ﬁ@aimu rREBEMIibIPBegGaHE N CES

derlined led to the. 3 GUS Th
ko e e B L S i e LR Sess.

UpStﬁe&P{H]e%o ﬁbéﬁn(l?%e‘léﬁt?ﬁeﬁ‘%ﬁF%@ﬁ? ?(‘f r“‘jdtf’%é‘”ﬁgarag;oéé’{ DNA

reaction solution, using 0.5 U of Pyrobest DNA p&lymerase

the 'ﬁ%ﬁiﬂ%é@%@m{fﬁﬁ%?ﬁ}hwu@@tlgﬁﬁ onhQ‘é%?@f'ithCO;@ngPﬂ%n, in
were as follows: 96C for 5 minutes, followed by 30 cycles of reaction at
94Cdoic3r deannds and 25 68htor 4rménties] andexoolingdevded 4Gy the
The resulting ORF fragments were digested with BamHlI, gel purified by

the meahod fdesioribed . inlBvampiect i andaverd sdlpfigated as follows: 94°C

for 2 minutes, followed by 25 cycles of reaction at 94°C for
1 minute, 57°C for 1 minute, and 72°C for 1 minute, and
cooling down to 4°C. Each of the resulting ORF fragments
was digested with EcoRI, gel purified by the method
described in Example 1, and ligated in the sense direction
to an EcoRI site downstream of a methanol-inducible
promoter 5'AOX1 in a methylotrophic yeast expression
vector pPICZA (Marker: zeocin-resistant gene, Invitrogen).

In order to obtain transformants, expression
constructs and a pPICZA vector as a control were
introduced into a PPY1-line of methylotrophic yeast using
a Pichia EasyComp kit (Invitrogen), using a zeocin-resistant
gene as a marker. Note that, the methylotrophic yeast can
synthesize linoleic acid and o-linolenic acid, which are
substrates of the A6 desaturase, but cannot synthesize
other precursors of arachidonic acid or EPA.

To express the introduced genes in the transformants,

the transformants were first cultured until OD (600 nm)
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- 51 (ii) Next, the ORFs of the MpDES6 gene, MpELO 1 gene, and
MpDESS5 gene were ligated to the Xbal site of p35S-NOS. For the
amplification of ORFs, the following primers containing an Xbal
recognition sequence (underlined) were % used. (Primers for the
amplification of MpDES6 ORF): MpD6-21 F:

5-GCEed AR EGAT & Glrnl afal G A& 8 BER I HENL024) g1y cerol
and 10 MpD6-11R: 5-GCTCTAGACTATACTTTCGCAGCGTATGC-3'

(SE@sIDaNGB028). (arithets fardie amplifitationref Mdfor@la@RE):were then
MpDG6ELO 1-18F: 15

5-GCTOMEAGEGATECAGECETRECAGYG G ¢SEDIDNG! 29)edium
and MpD6ELO 1-13R: 5-GCTCTAGATTATTCTGCCTTTTTGCTC-3' )
(SEGIB IREN RS, So PrinttioribeladplifcatpttormpbersREEe, until
N %;ﬁ&@;;gg@gc CHHATHEESCUACAGESTETES Dichia

> CELGIECAAECRACAMATIRN] S A8 Qale i T the

PCR was carried out with 20 pl o tion, - 52 using 0.5

PyrobestiiNA RelyBiei 886k Brkarap py e methodracampreeed fvtie acid

manufacturer. The reaction
compositions of the respective transformants were

measured using a GC-MS and according to a known method
(Biosci. Biotechnol. Biochem. 67, p605, 2003).

In an MpDES6 gene-expressing transformant, the
products of the A6 desaturase reaction, y-linolenic acid and
stearidonic acid, were contained in 7.4% and 0.7%,
respectively, with respect to the total fatty acids. In a
pPICZA vector-introduced yeast used as a control,
y-linolenic acid and stearidonic acid were not detected.
Thus, it was shown that the MpDES6 encoded the A6
desaturase.

In an MpELO1 gene-expressing transformant, 14.1%
of the total fatty acids was dihomo-y-linolenic acid when
y-linolenic acid was added. On the other hand, 1.5% of the
total fatty acids was eicosatetraenoic acid when stearidonic
acid was added. In a pPICZA vector-introduced yeast used
as a control, dihomo-y-linolenic acid or eicosatetraenoic
acid was not detected. Thus, it was shown that the MpELO1
encoded the A6 chain elongase.

In an MpDESS gene-expressing transformant, 1.1% of
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conditions were as follows: 94C for 2 minutes, followed by 25 cycles of
reaction at 94C for 1 minute, 57C for 1 minute, 5 and 72C for 1 minute,
and cooling down to 4C. The resulting ORF fragments were digested with
Xbal, gel-purified by the method describegd in Example 1, and were used
for cloning. (iii) By taking advantage of the fact that all of the 10 resulting

gengigxpressiall costtugts (epspestivalyakepresentad B A36S-MRPESGwhen
p35S-MpELO1, and p35S-MpDESS5) had a Pstl site at the 5' end of the

CaMif3bEmpremdiercrchan EcoRl sitenat theldehd @ theti@Sother hand,
terminator, expression cassettes for these three genes were 15 ligated to

one Gnbtlerofirth POR teds Eatizd agidsinge giarsebsiowagndac acid
p35S-MpDESS as a template, so as to, amplify an expression cassette

portidhlofMn & MEBESE §&id € THRedifridfidgient fdsiedn LRnagPPICZA

into the Pstl site_ at the 5' end of the CaMV35S terofthe . .. . .
3B RS S (S R A B (PR Is T T Stk afio gpidomic acid

MpDcES%ﬂ%@a )éq{%g%.%?éséle'éé%% Mv%t%R'n(_)t _etecfted. Thus, it was
5'-CAGGAAACAGCTATGACC-3"(SEQ ID NO: 33); and 25

NOSREWR Tt pafAhE TREAEATT Caeodd & thE TAR\ R EAPHT 43EQ
ID NO: 34). - 53 Note that, the M13R primer was annealed to a vector

sequence Upstream ©f thelaYSHS praroeiéir frigther, tleat  Marchantia
NOS-R4-PST primer contained a Pstl recognition sequence (underlined)

and mefaneegbdie gre dendssfdneNOB B gV E $ihe BdpRl sl , and

at the 3' end of the NOS
MpDESS, which are genes that encode the A6 desaturase,

A6 chain elongase, and A5 desaturase, respectively.

[Example 5: Reconstruction of Marchantia polymorpha
polyunsaturated fatty acid biosynthesis system in a
methylotrophic yeast (P. pastoris)]

To co-express the MpDES6, MpELO1l, and MpDESS5,
EcoRI-digested amplified ORF fragments of MpELO1 and
MpDESS prepared in Example 4 were ligated to a
methylotrophic yeast-expression vector pPIC3K (Marker:
HIS4 gene, Invitrogen) and a methylotrophic
yeast-expression vector PIC6A (Marker:
blasticidin-resistant gene, Invitrogen), respectively. In each
vector, the ligation was made in the sense direction at the
EcoRI site downstream of a 5'AOX1 promoter. For the
MpDESG6, the expression vector prepared in Example 4 was
used. Hereinafter, the expression vectors for the MpDES®6,
MpELO1, and MpDESS are referred to as pPICZA-MpDES6

vector, pPIC3K-MpELO1 vector, and pPIC6A-MpDESS
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terminator was not contained. The PCR was carried out with 20 pl of

reaction solution, using 0.5 U of Pyrobest DNA polymerase (Takara) by

the method recommended by the manufacturer. The reaction 10

conditions were as follows: 94C for 2 migutes, followed by 25 cycles of
reaction at 94C for 1 minute, 57C for 1 minute, and 72C for 1 minute, and
coolingdewn a4 ethey éggulting DNA fragments were digested with

Pstl, gel-purified by the method described in Example 1, and 15 cloned

into the Psiléite @b Fi€@asMp(PITSeMpPESH) eoatirtingtisferred into a
MpDES6-gene expression cassette. (iv) To the resulting construct in

whicm thehexioressiphicassaaet df hHel2pDdEss ghne AndavigbEd6agames the
were ligated (represented by "p35S-MpDES5/35S-MpDES6"), an 20
expreddih daddette 6 theaMpER 051 deRe Aas HithdPidaddo tseRrRigs yeast

carri t using,the primers below, gnd a p35$S-MpELO mplate,

o o S At BRI bede Bt ap e MRE B et ra Was
amplifeq TRYRTLYRS e Ggatinie g FORISIE Al Bt 28dhe
the NOS terminator in the MpDES6-gene expression cassette. (Primers

for the gER|ificaloatafiiREL @lagener: S4TIeXpressi®iecasspite)3K-MpELO 1
35S-F3-El: 5'-CCGGAATTCGCATGCCTGCAGGTCCCCAGA-3' (SEQ

ID N &)+ andosM 18k 1 b i EBRAAAACO A GCAGIF3r(BRQID f¥@t has
36). Note that, the 35S-F3-El primer contained an EcoRI recognition
sequerwer@adetinédyhnd pREGAAcNED RHRS in its genome and the

transformant that has incorporated the pPICZA in its
genome. The pPIC3K vector was also introduced as a control
into the transformants in the same manner. Transformants
were obtained using the histidine synthesizing ability as a
marker. Finally, the pPIC6A-MpDESS vector was introduced
into the transformant that has incorporated the
pPICZA-MpDES6 and pPIC3K-MpELO1 in its genome, and to
the transformant that has incorporated the pPICZA and
pPIC3K in its genome. The pPIC6A vector was also
introduced as a control into the transformants in the same
manner. Transformants were obtained using the blasticidin
resistance as a marker.

Using the transformants that have incorporated two
or three kinds of genes, an experiment was conducted to
reconstruct the arachidonic acid/EPA biosynthesis system
of Marchantia polymorpha. First, using the transformants
that have incorporated the two types of genes (MpDES6 and

MpELO1), an MpDES6 gene and an MpELO1l gene were
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5' end of the CaMV35S promoter. Further, the M 13F primer 10 was
annealed to a vector sequence downstream of the NOS terminator. The
PCR was carried out with 20 pl of reaction solution, using 0.5 U of
Pyrobest DNA polymerase (Takara) by thg method recommended by the
manufacturer. The reaction 15 conditions were as follows: 94C for 2

minutes cfeowad b 35 Cxales ohEaiIBEOHG forylominuge, BAC for desult,
minute, and 72C for 1 minute, and cooling down to 4C. The resulting
DNA/fHgméatsiwere digested dithsEeaRRid gelipuritied dy thelmiethodare the
described in Example 1, and 20 cloned into the EcoRI site of the construct
(p35SENIBDE 55/35 SAMpDE S8} inthicnthemapb ESBgena eskpiasslol % and
cassette and the MpDESG6-gene expression cassette were ligated. By )
thes® ptdtedifé RACEXBRIYsiol EhsEGePsst to the total fatty acids,

(p35S;MpDES5/35S-MpDES6/p35S-MpELO1) was prepared in which.the .
hred R A ST B CC IR o M LS IS SRl WiREPaLc acid,
were i in,this o - h n t sg.obiaine i c
into?c%ﬂ?gg&ht%r w#ﬁ%?gss?n%d ﬁ%%?n;tt ialap(i?\t})%itgls a%ggg%ﬁgr?ﬂirgg{, the
using g Rasie!R QU @ kaewn MetheddGanes feenet. shdSiiRelY, were
1998). As a result, a transformed rice 5 was obtained. [Example 7:
Recenstuciins df Mazhetiaapalyroofsitg pelypssatiraied fatlylacidspect to
synthesis system in tobacco (N. tabacum SR-1)] This Example confirmed

that theeféregoinpMarchaidia. 1 pdhenogshtrdésivédessafabtyddatigs were

acid synthetase genes, i.e. the MpDESG6 gene, MpDESS5 gene, and
MpE‘E@)tl detected. In the transformants that have incorporated

three types of genes (MpDES6, MpELO1l, and MpDESS),
production of arachidonic acid (0.1% in the total fatty acids)
and eicosapentaenoic acid (EPA, 0.03% in the total fatty
acids) was confirmed, in addition to the y-linolenic acid,
stearidonic acid, dihomo-y-linolenic acid, and
eicosatetraenoic acid, which were contained in 2.8%, 0.5%,
1.5%, and 0.1%, respectively, with respect to the total fatty
acids. In the controls, these fatty acids were not detected.
This result showed that reconstruction of polyunsaturated
fatty acid biosynthesis system is indeed possible in
organisms other than Marchantia polymorpha, by
expressing Marchantia polymorpha-derived A6 desaturase
gene, A6 chain elongase gene, and A5 desaturase gene
therein.

[Example 6: Construction of a vector for rice, and
transfer of the vector into rice]

To express the MpDES6 gene, MpELO1l gene, and
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gene were indeed well functional in plants. More specifically, by
introducing the MpDES6 gene, MpDES5 gene, and MpELO1 gene into
tobacco, production 15 of arachidonic acid and other fatty acids were
confirmed. For comparison, a tobacco_wag prepared into which
filamentous fungus (M. alpina)-derived A6 desaturase gene (MaDES®6),

AS dasaturass ganedMAaDESS), er@ Abs daliyracisheain elengasee prepared
(MaELO) were introduced. 20 (i) Construction of a vector (pSPB1519)

contamminig élafiedhtowsdgngaseqesivéd) gemes (The pE2g1d-éMitbuhsihaets the
al. Plant Cell Physiol. 37, 45-59 1996) has a cauliflower mosaic virus 35S
(E12368) egtomoter, having repeating enhancer sequences, and a 25

nopaline synthase (nos) terminator. The pE2113 was digested with SnaBlI

and then lig@eH ¢&Ran XHBIIMEITEARARY to'bBtin AGagmi TReLBEen 2

Iti I id di d.with l, d li BamHI
ke L TAICRORS o DA U O d BN (a6 SR e BB ) s NOS
digesip.oLRYE{ WiR 'Eﬂiﬁq'#é"id E?@’@éréﬁmeﬁhha}é@ ANELERO S ector

toap nsfo

promoter 5 was ligated ant-tr rmation binary vector pBINPLUS
(\{ar(;[.IJEJBSmN el Jrnsgenic tesearch 45D@%c%ﬁﬁ!&?§£€q Giths) gene
Hindlll and EcoRI. As a result, pPSPB505 was obtained. Meanwhile, a

plasmig pidiD&CIscpitajning:the 10 MaDES6 gene was digested with

Xhol followed by partial digestion with BamHI, so as to obtain an about

1.6 kb DNAN fragalent.thie DL Wagmept 5o obminedt wasdigdtéa tPe R:

DNA fragment of a binary vector obtained by the digestion of pSPB505

with Xhol aNSEEXAHE Ks a result, pSPB559 was

5'-CGGGATCCTCTCCTGGCGCACCATCGTC-3' (SEQ ID
NO: 25); and

MKOO2(R):

5'-GGGGTACCAACGCGCTTTCCCACCAACG-3' (SEQ ID
NO: 206).

Note that, the primer MKOO1(F) contained a BamHI
recognition sequence (underlined) and was annealed to the
3' end of the GUS gene. The primer MKOO2(R) was annealed
to the 5' end of the GUS gene. (BamHI site is upstream of
the annealed site.) The PCR was carried out with 50 pl of
reaction solution, using 0.5 U of Pyrobest DNA polymerase
(Takara) by the method recommended by the manufacturer.
The reaction conditions were as follows: 96°C for 5 minutes,
followed by 30 cycles of reaction at 94°C for 30 seconds and
68°C for 4 minutes, and cooling down to 4°C. The resulting
ORF fragments were digested with BamHI, gel purified by

the method described in Example 1, and were self-ligated.
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15 obtained. The pUCAP (van Engelen et al. Transgenic research 4,
p288, 1995) was digested with Ascl, blunted, and ligated to a Pacl linker
to obtain pUCAPP. The pE2113 was digested with SnaBl and ligated to a
20 BamHl linker (TAKARA) to obtain pUE$. This pUE6 was digested with
Sacl, blunted, and ligated to a Sall linker (TAKARA) to obtain pUES8. Of

the DNA fraginerés ebtained iow 16 tigestivh 0§ UESwieHINIENG 1 gene,
EcoRl, a fragment having an E1235S promoter was inserted into the 25

Hindilh EchRI Bite 5 pt $0veP® e ADNgftaginent hletdiiedlbyi theodigesi® NO S.
of this plasmid with BamHI and Sall was ligated to a DNA fragment

obtalfret byhite digestiohiedDNA -G7 6 EMarb® gdrélaithi Bgm@Irimers
and Xhol, so as to obtain pSPB1130. The pSPB1130 was digested with

Pact R4 B IRGATTONA F5GAGRIEIAB0HE 139D FabiitdrElimEs lawere

Pacl site of pBINPLUS. A plasmid having the same 5 transcription
direction for the MaELO gene and the nptll gene on the pBINPLUS were

selected ag ppfiBel15¢5% ﬁvét%gﬁé%&ﬁ%?? &’Pixg@ﬁﬁ%%“@@a'ﬁﬁ“?"
blunted, and an Ascl linker was insetted to prepare pSPB599A. The
pSP8599AM/§§3(Bngﬁq with Ascl, and a DNA fragment 10 containing

the MaDES6 gene, obtained from the digestion of pPSPB599A with Ascl,

was insertesl' HEOTEAICCA G T PSPE G CTPACHEM PSR CI573AN (SEQ
about 1.3 kb DNA fragment obtained from the digestion of pCGP 1364
(PlahbPCRICPhZSil. 3811023, 1995) 15 with Hindlll and Sacll was ligated

to an about 2.9 kb DNA fragment obtained by digesting pCGP1364 with

Pstl, quntiP@Péﬁ& éligésting it with SacTT. These DNA

5'-GCTCTAGACTATACTTTCGCAGCGTATGC-3' (SEQ
ID NO: 28).

(Primers for the amplification of MpELO1 ORF):

MpD6ELO1-18F:

5'-GCTCTAGAGCGATGGAGGCGTACGAGATGG-3'
(SEQ ID NO: 29); and

MpD6ELO1-13R:

S'-GCTCTAGATTATTCTGCCTTTTTGCTC-3' (SEQ ID
NO: 30).

(Primers for the amplification of MpDESS5 ORF):

MpDS5 22F:

5'-GCTCTAGAGACAGTTATGCCGCCACACGC-3' (SEQ
ID NO: 31); and

MpD5S 23R:

5'-GCTCTAGAAGGCCCAAAGCATGCTGTCAC-3' (SEQ
ID NO: 32).

The PCR was carried out with 20 pl of reaction solution,
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fragments were further ligated to an about 2.7 kb DNA fragment obtained
by digesting pUCAPA with Sacl, blunting 20 it, and digesting it with Hindlll.
As a result, pPSPB184 was obtained. Meanwhile, from a pCRII vector into

which the MaDESS5 gene was subcloneg,,2 DNA fragment containing the
MaDES5 gene was excised by digesting with Xbal and 25 Kpnl. The

resuiisgr NG fraamesit s srligséad tm@N@ofryamév@t@gﬁ@yameby the
digestion of the pSPB184 with Xbal and Kpnl, so as to obtain pSPB

1519Ae AHINA fragoramh e bl edtdiyed hy digestiorf at therpSPB1b&9Acaction
with Ascl was inserted into the Ascl site of pSPB 1 157 to obtain pSPB
151%0TitH HoPB 18¢96vas digblaesmwitiAse lnd theeited! e tHelkwsled by

site of pPSPB1157 to obtain pSPB1519. The MaDES6 5 geng, MaDESS
gene A5y MASLES JEROHGE Rn24Kedor IhadaHd Siraction 6R%ne minute,

nstitutive

I t lled by th
prortbis (i Coneitetn B WsHoRan S0 AESIVBH gbfe Josfor The
(PSRE3B%) 10 The RECAR %?&?e”&‘zte Tra&‘ﬁg@%‘tﬁe{ﬁes ?H“ Xbal,

288-290, 1995) was digested with Ascl, ligated to a S er. By further
digestnghyyiti Racligliamed by digaben 42 8d58diaken PEGMivas, and

obtained. In the same manner, INnpBINPLUS was processed to obtain
PBINGARFukke h &ddittdnihe gUC19 was digested with Hindlll and

ligated to a Pacl linker. By further digesting it with EcoRI followed by

ligation to d skl Bykdra pUc® Fadasolitagedods thsudelotinghascterll of the
Further, the pUC19 was digested with Hindlll and ligated to a Sgfl linker.

By flﬁﬁﬁé% 6?@'&tlng 26 R i< PdSRISMBwed 1'% fohabsan AdéeirReEtively

PUCE represented by p35S-MpDES6, p35S-MpELO1, and
p35S-MpDESS) had a Pstl site at the 5' end of the CaMV35S
promoter and an EcoRI site at the 3' end of the NOS
terminator, expression cassettes for these three genes were
ligated to one another. First, PCR was carried out using the
primers below, and a p35S-MpDESS as a template, so as to
amplify an expression cassette portion of the MpDESS gene.
The amplified fragment was then cloned into the Pstl site
at the 5' end of the CaMV35S promoter of the p35S-MpDES
(see Figure 1).

(Primers for the amplification of MpDESS5-gene
expression cassette)

M13R:

5'-CAGGAAACAGCTATGACC-3' (SEQ ID NO: 33); and

NOS-R4-PST:

S'-AAACTGCAGATTCCCGATCTAGTAACATAG-3' (SEQ

ID NO: 34).
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was obtained. A vector in which E1235S was inserted into the Hindlll-Xbal
site of pUCSAPF, and in which a mannopin synthetase (mas) gene
terminator was inserted into the Sacl-EcoRlI site of pUCSAPF was
digested with Xbal and 25 Sacl and blurged to obtain pSPB2353A. To a
blunt end of pSPB2353A, a DNA fragment containing the MpDES6 gene

which was spgisedirem hedd M MeRESe withwdal ajthealebluried vector
was ligated. As a result, pSPB2353 was obtained. A vector in which

E12355 was tsairted tintatine olflind M- Xizelid 6pd Cody,cetred inFvhirchar, the
mannopin synthetase (mas) gene terminator was inserted into the 5
SacNRERRA pIEE pwias digesied aiithexdbal diritEasiao gbtbian sequence
pSPB2355A. Meanwhile, using the p35S-MpELOL1 as a template, PCR

was QAR RETLR GsihgaRelolisivming BrRials dxbanvigit of: 1gnd of the NOS

5-AGTCTCTAGAGCGATGGAGGHCGTACG-3' (SEQ NO: 43);
Sac%%Eﬁ?zgkqﬁAgﬁth%‘ggefétfcﬁA%gc? E@?Bt NOS
44). g%%ﬁg é{"t%srrk’;@a@iﬁ%? gi(gﬁl,é/aq%cgaa}te KOD-plus-DNA polymerase

obo) a

(Toy s an enzyme. The reaction was carried out at a maintained

temperatuenQf §4GIQE HuodRINHiEs. ofatowechby @3.aystesf Feashodatution,
94C for 15 seconds and at 68C for 1 to 3 minutes. An MpELO1DNA

fragmenhgo Q0PprépasédMyasodigesteD With Xbal and:Sant, ¢Mdwasa) by the
ligated to the pSPB2355A to obtain pSPB2355. Further, a DNA fragment
obtained by ther digestiomest gSRBD Y55 Indthr8 gfih afalotsot evas Tduted esiction

pSPB2353 digested with Sgfl and )
conditions were as follows: 94°C for 2 minutes, followed by

25 cycles of reaction at 94°C for 1 minute, 57°C for 1 minute,
and 72°C for 1 minute, and cooling down to 4°C. The
resulting DNA fragments were digested with PstlI,
gel-purified by the method described in Example 1, and
cloned into the Pstl site of the plasmid (p35S-MpDES6)
containing the MpDES6-gene expression cassette.

(iv) To the resulting construct in which the expression
cassettes of the MpDESS gene and MpDES6 gene were
ligated (represented by "p35S-MpDESS5/35S-MpDES6"), an
expression cassette of the MpELO1 gene was further ligated.
PCR was carried out using the primers below, and a
p35S-MpELO1 as a template, so as to amplify an expression
cassette portion of the MpELO1 gene. The amplified
fragment was then cloned into the EcoRI site at the 3' end
of the NOS terminator in the MpDES6-gene expression
cassette.

(Primers for the amplification of MpELO1l-gene
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Ascl. As a result, pPSPB2361 was obtained. 25 A vector in which E1235S
was inserted into the Hindlll-Xbal site of pUCPF, and in which a mannopin
synthetase (mas) gene terminator was inserted into the -60- Sacl-EcoRl
site of pUCPF was digested with Xbal agg; Sacl to obtain pSPB2352A.
Meanwhile, using the p35S-MpDESS as a template, PCR was carried out

using ihe- tllovyng PagREst §)XbaMpD5f:
5-AGCTTCTAGAGCCATGCCGCCACACGCCC-3'(SEQ ID NO: 45); and
SacMpD5r35SCACGTEAGCTCTCAGCCATCCAGTCGT-3'(SEQ ID 10

NO: 46). The PCR conditions were the same. An MpD5 DNA fragment
prepared by the @ CiovidsT digdste 4 WA XDA G Sa(l£nE fifareEify-3' (SEQ
pSPB2352A to obtain pSPB2352. 15 A DNA fragment obtained by the
dlgey@onNQp RIS K with Pacl and Fsel was ligated to a DNA fragment
containing ]\}gﬁ DES5 gene which was excised from pSPB2352 with

Pacl and Fs S aresult, pSPB2368A was obtained. Further,

PSPB23684 wagige kﬂ&v@&g&%@é’g@@né-Z@é*@%ﬁeﬂﬁolﬁc@”%)

fragment contalnlng t e MpDES6 and MpELO 1 genes which were

excised fropePBR3e]1 Wik S98 ERant As-aniesulb PRREZA3ES WS EcoRI
obtained. The MpDES6 gene, MpDESS5 gene, and MpELO1 gene were

transerinegrint ibe sesreudiiectounndlee [lasi)dpSPR2368a antewieee] 25 the

controlled by the same constitutive promoter. (iii) Gene introduction into

tobaccend of the CaMV35S promoter. Further, the M13F primer
was annealed to a vector sequence downstream of the NOS
terminator.

The PCR was carried out with 20 pl of reaction solution,
using 0.5 U of Pyrobest DNA polymerase (Takara) by the
method recommended by the manufacturer. The reaction
conditions were as follows: 94°C for 2 minutes, followed by
25 cycles of reaction at 94°C for 1 minute, 57°C for 1 minute,
and 72°C for 1 minute, and cooling down to 4°C. The
resulting DNA fragments were digested with EcoRI,
gel-purified by the method described in Example 1, and
cloned into the EcoRI site of the construct
(p35S-MpDESS5/35S-MpDES6) in which the MpDESS5-gene
expression cassette and the MpDES6-gene expression
cassette were ligated.

By these procedure, an expression construct
(p35S-MpDESS5/35S-MpDES6/p35S-MpELO1) was
prepared in which the three genes-expression cassettes of

MpDESS, MpDES6, and MpELO1 were ligated in this order.
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Next, according to a known method (Plant J. 5, 81, - 61 1994),
Agrobacterium turnefaciens (strain: AglO (Lazo et al. 1991, Biotechnology
9: 963-967)) was transformed using pSPB2368 or pSPB1519. The
transformed Agrobacterium having pSP82368 or pSPB 1519 was used to
infect a tobacco 5 leaf disk. From the transgenic tobacco leaf so obtained,

RNA was exacteshiisine atRNgagpPiam Mnikils(Qiageni @b da iiReo rice,
expressing the introduced gene was selected by RT-PCR using an

ordinayanhthodwitdm sheptichseciallehfdthanh hadbirdepdrateddbe d0selection
pSPB 1519 containing the filamentous fungus-derived enzyme gene
(pSPBaske ranstimgeditopastoly ang rombtheaokarew leafiedited (Genes
incorporated the pSPB2368 containing the Marchantia

polyfi6mR4-daYivéd eRzyRtelgend ABSPB2S6B-EEhEdmadiBBaiQymed rice

lipids Wer%’é tracted 15 according to known methods (Yasuhiko FUJINO,
"SeibUtsu-Kagakl Sikken-ho (Method of Biochemical Experiment) 9",

Gakkai Sh @ggﬁéﬁ%?ge%l%@b KB Y ANARAY GEREHHRAEY morpha

Jikken-ho ( Biochemical Experiment) 24", Gakkai Shuppan

Centes R HRDh rthe iPiels Mere anelyzadipegas drematedraPiybacco (NV.
(Hewlett Packard, HP-6800). The result of analysis is shown in Table 1.

Notet thiat; ¢hersa@ie-analysis was carried out using, as a control, a
tobacco leaf into which no gene was introduced. -62- [Table 1] Control

Control pSRBI86HsPBI8E sSRE16Mes) (hglyrWesfvprgadgo) archantia
Linoleic acid 9.55 1.17 1.37 0.2 9.51 .
polymorpha-derived unsaturated fatty acid synthetase

genes, i.e. the MpDES6 gene, MpDESS gene, and MpELO1
gene were indeed well functional in plants.

More specifically, by introducing the MpDES6 gene,
MpDESS gene, and MpELO1 gene into tobacco, production
of arachidonic acid and other fatty acids were confirmed.
For comparison, a tobacco was prepared into which
filamentous fungus (M. alpina)-derived A6 desaturase gene
(MaDES6), AS desaturase gene (MaDESS5), and A6
fatty-acid-chain elongase (MaELO) were introduced.

(i) Construction of a vector (pSPB1519) containing
filamentous fungus-derived genes

The pE2113 (Mitsuhara et al. Plant Cell Physiol. 37,
45-59 1996) has a cauliflower mosaic virus 35S (E1235S)
promoter, having repeating enhancer sequences, and a
nopaline synthase (nos) terminator.

The pE2113 was digested with SnaBI and then ligated

to an Xhol linker (TAKARA) to obtain a plasmid. The
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a.-linolenic acid 49.99 6.12 17.83 2.58 39.24 y-linolenic acid 0 0 4.06 0.59
3.37 llihomo-y-linolenic 0 0 10.85 1.57 3.09 acid Arachidonic acid 0 0
10.27 1.49 0 Eicosatetraenoic 0 0 4.89 0.71 0 acid Eicosapcntacnoic 0 O
2.68 0.39 0 acid Total amount of 12.25 5 £4.48 - lipids In this Example,
gas chromatography analysis was 5 made under the following conditions:

(Gag eRionpatogrankys anadysig £andiipes EOHIMP; Hpslse SP#2R83Ated, and
Fused Silica Capillary Column, 30 m x 0.32mm ID, 0.2 pm; Temperature:
Inj: 2496t &xbtt @5 @ v 1 18AR éar (TAK AR AYBOEL 0 B2ACN(A0/MRIT); Of the
and Column flow rate: 30 cm/sec, Pressure: 200 kPa, - 63 - Detector: FID.
EaclPpedk fir dgrepmvsatofpbmimed deferiireddigs sidention tim& &7 with
met | ester of normal fatty acids and GC-MASS (Hewlett Packard,

S HaRsiE, :Ermﬁits%r AIDHEdt tﬁe‘féelgeeﬂte%%téé&deromoter

were deter ined in acgpordance |th eak ar a. In Table 1, Contr ["

indicates a gﬁt 8Id" BB2368Pi r?on Catesthe p(gﬁ%%&rtranslfgr%éfd vector
pBINPLUS (van Engelen et al. Transgenic research 4, p288,

1995) digested with HindIIl and EcoRI. As a result, pSPB505
was obtained.

Meanwhile, a plasmid pMLD101 containing the
MaDES6 gene was digested with Xhol followed by partial
digestion with BamHI, so as to obtain an about 1.6 kb DNA
fragment. The DNA fragment so obtained was ligated to a
DNA fragment of a binary vector obtained by the digestion
of pSPB505 with Xhol and BamHI. As a result, pSPB559 was
obtained.

The pUCAP (van Engelen et al. Transgenic research 4,
p288, 1995) was digested with Ascl, blunted, and ligated to
a Pacl linker to obtain pUCAPP.

The pE2113 was digested with SnaBI and ligated to a
BamHI linker (TAKARA) to obtain pUEG6. This pUE6 was
digested with Sacl, blunted, and ligated to a Sall linker
(TAKARA) to obtain pUES8. Of the DNA fragments obtained
by the digestion of pUES8 with HindIIl and EcoRI, a fragment
having an EI235S promoter was inserted into the
HindIII-EcoRI site of pUCAPP. A DNA fragment obtained by
the digestion of this plasmid with BamHI and Sall was

ligated to a DNA fragment obtained by the digestion of cDNA
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tobacco, "pSPB 1519" indicates the pSPB 1519-transformed tobacco. 10
The results shown in Table 1 confirmed accumulation of
dihomo-y-linolenic acid in the tobacco that has incorporated the
pSPB1519 containing the filamentous_ fyngus-derived genes
(pSPB1519-transformed tobacco), but no accumulation of arachidonic

acido®n e athar hand; énm 5 Wie plRegen thpthag incRgRrajeddReto obtain

pSPB2368 containing the Marchantia polymorpha-derived enzyme genes
(pSRExZBESLH a3 folhhed tobRED)] 3Ccunadatidn of tot owlit larRehidoramd the
acid but also eicosatetraenoic acid and eicosapentaenoic acid was

conflreriad! tines Y By tEr eugygest Pothat bin talgReSplkhtswihe Narteitid into
polymorpha-derived enzymes are functionally superior to the filamentous

fungBs-H&fkedihgyndds IREHEEHHH o sfntidaranichchiadii Scithhgsame
th | tyrated fatt id ing Jinolej i d a-linoleni id

s SLDRAE Bb R B Sl s 18 orEa A oy AT Ph B G P

o o ¢ |

Py A S S e B 7.

(Linum usitgtisstRem) + ke % Sparhiglonic A¢id was acanmiiatethipla seetted,
of tobacco, and 1.0% arachidonic acid was accumulated in a flax (Amine
Abbadi ét ah Plasd ICEth ks 12 634 2 TA8,€2004). tol pitepereseptIPBFPRA. The
by introducing each gene of Marchantia polymorpha-derived A6
desasB$dS A8 Adewataradég entiachaimidlbngeselinta todaecoD10% dragment
greater arachidonic acid was accumulated in a tobacco leaf. This result
sugdsit it 1R pdrB Med Fan Sratsiag 10DRES e L0 the preaRt digestion

Exargpl?)gﬁg%aé)berf“rﬂ?Le le&‘];lc(::lﬁnt‘lxas inserted into the Ascl site of

pSPB1157P to obtain pSPB1157.

An about 1.3 kb DNA fragment obtained from the
digestion of pCGP1364 (Plant Cell Physiol. 36, p1023, 1995)
with HindIIl and Sacll was ligated to an about 2.9 kb DNA
fragment obtained by digesting pCGP1364 with PstI,
blunting it, and digesting it with SaclIl. These DNA
fragments were further ligated to an about 2.7 kb DNA
fragment obtained by digesting pUCAPA with Sacl, blunting
it, and digesting it with HindIII. As a result, pSPB184 was
obtained.

Meanwhile, from a pCRII vector into which the
MaDESS gene was subcloned, a DNA fragment containing
the MaDESS5 gene was excised by digesting with Xbal and
Kpnl. The resulting DNA fragment was ligated to a DNA
fragment obtained by the digestion of the pSPB184 with

Xbal and Kpnl, so as to obtain pSPB1519A. A DNA fragment
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synthesizing polyunsaturated fatty acids, as compared with the foregoing
report. Further, it has been reported that as a result of lipid modification of
Arabidopsis thaliana using three types of 15 genes: Isochrysis
galbana-derived A9 chain elongase, EngJgna gracilis-derived AS
desaturase, and filamentous fungus-derived AS desaturase, 6.6 mol% of

arachisloniaaeid wynd 2ize §198A OLRIMACIASSRENGADN MEererraoRl was
atoms with respect to the total lipids were contained in the 20 leaf (Baoxiu

Qi eiak dateite iBiotechrology 28] tA38{783 PADA)S Th this tepwity pSPB1519.
polyunsaturated fatty acids are synthesized through a modification

pathWhay diffePdnl fpdil Wa pathgestesing ihh Asgdsandasesasted into the

desaturase, and chain elongase, and it was_found that more

polyfiighupdicd oF RRFARHL 2AultPre Ré@imuRRRRhad Riartig i aDES6

I ha-deri d,alt h a simpl i .
AT PR A A TR S ca i
or pgeL il faity Agld content W e SRRl IGIAPIBEL f90Sand were
showed no morphological abnormalities. Further, since the

PSPBgAG8JIanefapathiobaserdas i BT eRIaRd Npx isf et fertility and

bore a lot of seeds, It is believed that the ectopical increase of the
polyunsatu(aipd Gty sarasc tiasmnoodignificanheffegloongbeéygroovip aadd erived
development of plants. In the transgenic plants reported so far, up to

aboge & 206t b rofa TipiB2is 8lyunsaturated fatty acids having 20 or

more carbon atoms. The value reduces to about 6% when only

arachidoniclata R e AdiaéYed! Honasis nas firthe T R &g RS g ch 4,

use BfS%qgg%r]ﬁ%B(a)gvowgg-dc?{ggveegted with Ascl, ligated to a Sgfl

linker. By further digesting it with Pacl followed by ligation

to a Fsel linker, pUCSAPF was obtained. In the same
manner, InpBINPLUS was processed to obtain pBINSAPF.

In addition, the pUC19 was digested with HindIII and

ligated to a Pacl linker. By further digesting it with EcoRI

followed by ligation to a Fsel linker, pUCPF was obtained

as a subcloning vector. Further, the pUC19 was digested

with HindIIl and ligated to a Sgfl linker. By further digesting

it with EcoRI followed by ligation to an Ascl linker, pUCSA

was obtained. A vector in which EI1235S was inserted into

the HindIII-Xbal site of pUCSAPF, and in which a mannopin

synthetase (mas) gene terminator was inserted into the

Sacl-EcoRI site of pUCSAPF was digested with Xbal and

Sacl and blunted to obtain pSPB2353A. To a blunt end of

pSPB2353A, a DNA fragment containing the MpDES6 gene

which was excised from the p35S-MpDES6 with Xbal and
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fatty acid synthetases makes it possible to go beyond this 15 limitation
and produce more polyunsaturated fatty acids in plants. Specific
embodiments or examples implemented in the best mode for carrying out
the invention only show technical featureg of the present invention and
are not 20 intended to limit the scope of the invention. Variations can be

effegied WHOID {h8 SNITE 9 &iE PKesent bwaNtioh I IRNE SEOREQf BBtained.
following claims. INDUSTRIAL APPLICABILITY 25 The present invention

provides a AS desatirasmngend) ialf\6 Bélatorasengene, iargkagichaito the
elongase gene, which are obtained from a single species of

Mardhamddids Xithel- 66 tthred g@rlé§; Shen argredsedwdyistheran arplannopin
function more desirably in the plant as compared with the case where

gendyY SamERSFontBRBhiFRN6: difcRRhSIiesRe diptested into the
Further, si hanti b idered . | nlant
oA AL oBhel HrTeh s RS SRE o SRclof RfrSacl o

desiably, in,p ?ﬁ?@s@&es derived from non-plants. Further, with a
transformant according to the present invention, polyunsaturated fatty

acids such grearaehicaeic 4QacH ehRICORENRAIRIC @cid &PA) ¢ambSlate,
produced. More advantageously, a transformant according to the present
iNnVeMOR pratkicesthise fatiy ackisiat kdvecost lyam gnyviranrestally

friendly process. The product arachidonic acid or EPA can be
inexpensivefpmitidtddHs a material 15 with different purposes. When

used as food, the transformant can increase the value of the product with

its high arathidShicatld bAEPGEME GGAGGCGTACG-3' (SEQ 1D
NO: 43); and

SacMpELOr:

5'-CAGTGAGCTCGGTGTCTTATTCTGCC-3' (SEQ 1ID
NO: 44).

PCR was run using a highly accurate KOD-plus-DNA
polymerase (Toyobo) as an enzyme. The reaction was carried
out at a maintained temperature of 94°C for two minutes,
followed by 25 cycles of reaction at 94°C for 15 seconds and
at 68°C for 1 to 3 minutes. An MpELO1DNA fragment so
prepared was digested with Xbal and Sacl, and was ligated
to the pSPB2355A to obtain pSPB2355. Further, a DNA
fragment obtained by the digestion of pSPB2355 with Sgfl
and Ascl was ligated to pSPB2353 digested with Sgfl and
Ascl. As a result, pSPB2361 was obtained.

A vector in which EI235S was inserted into the
HindIII-Xbal site of pUCPF, and in which a mannopin

synthetase (mas) gene terminator was inserted into the
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As described above, genes and proteins of the present invention are
useful in producing arachidonic acid and EPA. 20 Further, transformants
that have incorporated genes of the present invention are highly useful in
the arachidonic acid or EPA productiongdppharmaceutical industry, food
industry, and various other material industries. The usefulness of the

transferananids RariGyryrng@dlen dpagiiGyises avhentheXbal and Sacl
transformant is a plant, because the transformation increases arachidonic

acidtand EPA teveBRB PREBA-67- SEQUENCE LISTLNG <110> Suntory
Limited <120> MARCIIANTIALES-DERIVED UNSATURATED FATTY

ACID SYNMEmsih teENES i ARDIDSEMSP PHM s8I 2130> &16emplate,
JP 2003-425673 <151>2003-12-22 <160> 46 <170> Patentln Ver. 2.1
<21BCRIMAs s67gied1 90U bNABE $hodRHAWE R IPHIREES <220>

<221> CD%(Qi%aF é%%?..(%%) <400> 1 atagatccaa tttcataagt
egacgagaaalﬁﬁ 8 aggt gagaagcggce aggcagcgag 60 cgcgagegcc

agagctctty gicce eiege EHRSICE, PAHAFBLAMIARAALE Gcce-3' (SEQ
gtoggactgateactcagte cgtcactgca aacgegagcg agcgagagtg cgagtgagcg
1801D NO: 45); and

SacMpD5r:

5'-CAGTGAGCTCTCAGCCATCCAGTCGT-3'(SEQ ID
NO: 40).

The PCR conditions were the same.

An MpDS5 DNA fragment prepared by the PCR was
digested with Xbal and Sacl and ligated to pSPB2352A to
obtain pSPB2352.

A DNA fragment obtained by the digestion of pBINSAPF
with Pacl and Fsel was ligated to a DNA fragment containing
the MpDESS gene which was excised from pSPB2352 with
Pacl and Fsel. As a result, pSPB2368A was obtained.
Further, pSPB2368A was digested with Sgfl and Pacl and
ligated to a DNA fragment containing the MpDES6 and
MpELO1 genes which were excised from pSPB2361 with Sgfl
and Pacl. As a result, pSPB2368 was obtained. The MpDES6
gene, MpDESS5 gene, and MpELO1 gene were transcribed in
the same direction on the plasmid pSPB2368, and were
controlled by the same constitutive promoter.

(iii) Gene introduction into tobacco

Next, according to a known method (Plant J. 5, 81,



on

20

agggagcgag cgagagccgc ggtgtgtctg tgagatccaa tectttttct getttgecgeg 240
ctgtggggcg cg atg gcc tcg tee acc acc ace gcc gtg aag caa tet tcg 291 Met
Ala Ser Ser Thr Thr Thr Ala Val Lys GIn Ser Ser 15 10 ggt ggg ctg tgg
tcg aaa tgg ggc ace ggc agc aac ttg age ttc gtg 339 Gly Gly Leu Trp Ser
Lys Tip Gly Thr Gly Ser Asn Lou Ser Phelval 15 20 25 tcg cge aag gag

cag g gag.cag cag cag age tet ccc gag gcg 387. S er A s Glu

o B8 R P BB SR e =1
gcg p§g @@9&@9&%@@@1&9@@9 agh 3 §aR/iGC Y8 ¢33 et IR RA R sing
Ala Gin GLu Glu Lys Ser lle"Ser Arg Glu Senile 50 55 60 (1) -68- ccc gag

ggCits B acr®J 8098 P Blydamaag Eac gag Rateeaddd Ry Ghbeherium
Phe Leu Thr Val Glu Glu Val Ser Lys His Asp Asn Pro 65 70 75 age gac

tge tggate gic A28 g8caagp §iDBacybe gtgiage grd 53lirSercAsp Byfsacco
Trp He Val lle Asn Asp Lys Val Tyr Asp Val Ser Ala 80 85 90 ttc ggg aag

acgleaticdggyclgye et hig aratts aeg tad gbegge 378 Rive Ghtaig adr RNA
His Pro Gly Gly Pro Val Ille Phe Thr GIn Ala Gly 95 100 105 ego gac gcc

acg'yastct ¥Eragy g tlesdapdce ded 68§y cH Ry 63 Aghidp(RNaaEfspand
Ser Phe Lys Val Phe His Ser Ala Liys Ala Trp 110 115 120 125 cag ttt etc
cabal Bl W HE G B cif (ne AP G BGboR 676 A PhOTIRFERT BY

ASPLPURIRIR Gly, A5 1O Ty EASY Al Gl fg0 130 135 140 gtg tog
gag ctg gtg aag gat tac ega gac ctg %gg acg geg ttc atg 723
From the tobacco leaf that has incorporated the
pSPB1519 containing the filamentous fungus-derived
enzyme gene (pSPB1519-transformed tobacco), and from
the tobacco leaf that has incorporated the pSPB2368
containing the Marchantia polymorpha-derived enzyme gene
(pSPB2368-transformed tobacco), lipids were extracted
according to known methods (Yasuhiko FUJINO,
"Seibutsu-Kagaku Jikken-ho (Method of Biochemical
Experiment) 9", Gakkal Shuppan Center (1978); Akihiro
YAMADA, "Seibutsu-Kagaku  Jikken-ho (Method  of
Biochemical Experiment) 24", Gakkai Shuppan Cecnter
(1989)). The lipids were analyzed by gas chromatography
(Hewlett Packard, HP-6800). The result of analysis is shown
in Table 1.
Note that, the same analysis was carried out using, as

a control, a tobacco leaf into which no gene was introduced.



Val Ser Gin Lou Val Lys Asp Tyr Arg Asp Lou Arg Thr Ala Phe Met 145
150 155 cqgt tot cag eta ttc aag age agt aaa atg tae tac gtg ace aag tge
771 Arg Ser Gin Lou Phe Lys Ser Ser Lys Met Tyr Tyr Val Thr Lys Cys
160 165 170 gtc aca aat ttt gca att qttfﬁc_gcc agt etc gca gte ate gcg tgg
819 Val Thr Asn Phe Ala lle Lou Ala Ala Ser Lou Ala Val lle Ala Trp 175
1@@}&%@@91 oag acg tat ctg gcg gtt ttg tgc tee agt ttc otg ttg get etc 867
Ser GIn Thr Tyr Lou Ala Val Lou Cys Ser Ser Phe Leu Lou Ala Lou 190
195 200 205 ttc tgg cag caa tgt gga tgg tta tog cac gat ttt etc cac cac cag

915 Phe Trp GImGin Cys Gly Trp tou Ser His Asp Phie tou His His Gin
210 215 220 gig acc gag-aae¢:cga tagoeltraac|agg tantie 006 89BAWIC HSPB1S
tgg 963 Val Thr Glu Asn Arg Set/Lou Asn Thy Tyr Phe Gly Gly Lou Phe

Trp 225 230 235 ggt aac ttzgcc cag gocitadc agetgiggoa tgg tgg aag acels (%)

aag cac 1011 Gly Asn Phe Ala GIn Gly Tyr Slcr Val Gly Trp Trp Lys Thr
Lys Hiso24@ 245250 aat §tg &ac, caclgt§ gec acg a@c gaa tge@ac gag  9.51

aag tat cag ccc 1059 (2)-69- Asn val His His Ala Ala Thr ASn GIu Cys
Asp Aspylsid Wc&In Pro 252260 263 atg gat ccg gassate|gaoagg gty ccgg 4

ctg-ete-gee-tgg-ageaag-gaa1104-He Asp-Pro-Asp-He-AsprFhrVal Pro-Leu

= )
Lcu_,?\llg(;lic{%ﬁ:er |C_P/S Glu 270 278 280 285 ate ttglgcc acc|gte %géﬁgna;yf:a&w

ttc tic'€da‘tcy até ate age q% 1155 Ileq_eu Ala Thr %I Asp As

Dihomo-y-linolenic

Phe Arg Ser Be lle Set[Val 290 295 300

0 ¢] 10.85 1.57 | 3.09
acid
Arachidonic acid 0 0 10.27 1.49 0
Eicosatetraenoic
0 0 4.89 0.71 0
acid
Eicosapcntacnoic
0 0 2.68 0.39 0]
acid
Total amount of
- 12.25 - 14.48 -
| lipids |

In this Example, gas chromatography analysis was
5 made under the following conditions:
(Gas chromatography analysis condition)
Column: Supelco SP-2330, Fused Silica Capillary
Column, 30 m % 0.32mm 1D, 0.2 nm;
Temperature: Inj: 240°C, Det: 250°C, Oven: 180°C for
10 3 min, 180°C — 220°C (2°C/min}; and

Column flow rate: 30 cm/sec, Pressure: 200 kPa,



10

15

20

25

cag cac ctt ctg ttc ttc ccg etc etc ttc ttg gca aga tte age tgg 1203 GIn His

Leu Leu Phe Phe Pro Leu Leu Phe Leu Ala Arg Phe Ser Trp 305 310 315

ctg cat tcg agt tgg gee cac gee ago aac ttc gag atg ect egg tac 1251 Leu

His Ser Set Trp Ala His Ala Ser Asn Phg;Glu Met Pro Arg Tyr 320 325

330 atg aga tgg geg gag aag gcc tog etc etc ggg cac tac ggc gcc tea 1299

Met At £ AMa @ludys Ala Ser Lcu Leu Gly His Tyr Gly Ala Set 335 340

345 ate ggc gcc gcc tte tac att ttg ccc ate ccc cag gec ate tge tgg 1347 lle

Gly Ala AlaBhetT ys dlelt du Prh dlecProoGim Adezite KysvEp 360350 3660d by a
365 etc ttc ttg tog caa ctg ttt tgc ggc get etg etc age att gte ttc 1395 Leu
Phe1&ie8¢i @ LEn PheiC g Wladsz reaSetoeval Platt37378s and

380 gtg ate age cac aat ggc atg gat gtg tac aac gac ccc egg gac ttc 1443
Val fe M ﬁsr{léml?%msﬁ%ﬁtwﬁ\s#xg BrodArPAp phEs gggnd the

390 395 gt t t t ttc tt .
140 P P TR SRR T SBEFH Vg ALY 1B QR G Adn P rbned in
400 402 418 26 93gtEQ tic %ar?a‘? £19 284,709 a1 939 Pac LAt cates
ctg 1539 Asn Asp Trp Phe Thr Gly Gly Leu Asn Arg Gin lle Glu His His

Leu A AZ204125 BiS1es (08 IR CCthNe 486 936 81H GICRAG 815368 B&Formed
cac gte 1587 Phe Pro Ser Lou Pro Arg His Asn Leu Ala Lys Val Ala Pro

His Yab 43@ 435 48PBIb3ag 'ydn dictgtegce hag p8PHI 8] fattacgfdrmed
gaa ttg agt etg 1635 Lys Ala Leu Cys Ala Lys His Gly Lea His Tyr Glu Glu
Lou BEp&000450 455 460 (3)

The results shown in Table 1 confirmed accumulation
of dihomo-y-linolenic acid in the tobacco that has
incorporated the pSPB1519 containing the filamentous
fungus-derived genes (pSPB1519-transformed tobacco), but
no accumulation of arachidonic acid. On the other hand, in
the tobacco that has incorporated the pSPB2368 containing
the  Marchantia polymorpha-derived enzyme  genes
(pSPB2368-transformed tobacco), accumulation of not only
arachidonic acid but also eicosatetraenoic acid and
eicosapentaenoic acid was confirmed. These results suggest
that, in higher plants, the Marchantia polymorpha-derived
enzymes are functionally superior to the filamentous
fungus-derived enzymes in the ability to synthesize
arachidonic acid and other polyunsaturated fatty acids
using linoleic acid and a-linolenic acid as substrates.

Abbadi has reported that by introducing
Phaeodactylum tricornutum-derived A6 desaturase and AS

desaturase, and a Physcomitrella patens chain elongase
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-70- ggc acg gga gtc tgt cgt gte ttc aat egg eta gta gag gta gea tac 1683
Gly Thr Gly Val Cys Arg Val Phe Asn Arg Leu Val Glu Val Ala Tyr 465 470
475 gut gcg aaa gta tag ategaegaga gtttcccacc aacacagtta gaacaaggga
1738 Ala Ala Lys Val 480 atagtacgag ggaaggagac agcaacctgg actttttgtt
cctgatgttg catacttict 1798 cgaatatacg tctccacgcc ttcaagtttc agcttcaact

gatigistieagiap6Cais 868 oIt elCqa-Aetqaustam lacAdaaltaandaingot 1.5%
tttactgagt ttgtaccgag 1918 agtttcccaa attttgttgt aggctgatga cccaatecta

gcatacacthibdigadtaag 1@ i acagictnaatataatdgnh crateaitca fitaditega, and
tacagcgcct gggattegae 2038 gagtttacac gatgagtatg gettgtaactggcettetca
aggthglétt gueacstbdcto2098 ajgbcresy cearacall batedaategeaddastgbmine
gtetceaacc ftttetggaa 2158 gttetcaatetgtaacetet gitgtagaggata catacgc
cacdhBR@Biggtchiyid 2218 SiddchGieqtdddcarnad 8gcaliitht-gtggattgge
atctaaataa gegectetqqg 2278 tcaagtaaca gc ttc cgcagtitcc
aggaacataéeﬁltgﬁflc?g&%‘556@0%3%‘%3%’ %?:eg’gt%%%%gm%u%mg each gene of
OtaagaePARNPACRCAICHGNAYIN AIO0RIGORl FUIOIRK 2598 JaFagadil s
ccagatttca cccatcagtc tctcacttgc ttgtatgtcc ctgacgtget 2458 tcaaaatttt

gcocges8 R fepdeaadal Acilaasalidiansnsdad Arsasaea P19 @ ¥xl8reater
<210> 2 <211> 481 <212> PRT <213> Marchantia polymorpha <400> 2

Met Atan St enTbr Abid hwAle YaldiyysmGihaSedSim Gly (elphevolz40. This
15 Tip Sur Lys Trp Gly Thr Gly Ser Asn Leu Sur Phe Val Ser Arg Lys 20
25 3066 G I @g S GIh@In in BHPSL 08Pt Bis Mg SwdriipPrcco in

the present Example is capable of more efficiently
synthesizing polyunsaturated fatty acids, as compared with
the foregoing report.

Further, it has been reported that as a result of lipid
modification of Arabidopsis thaliana using three types of
genes: Isochrysis galbana-derived A9 chain elongase,
Englena gracilis-derived A8 desaturase, and filamentous
fungus-derived A5 desaturase, 6.6 mol% of arachidonic acid
and 22.5 mol% of fatty acids having 20 or more carbon
atoms with respect to the total lipids were contained in the
leaf (Baoxiu Qi et al. Nature Biotechnology 22, 739-745,
2004). In this report, polyunsaturated fatty acids are
synthesized through a modification pathway different from
the pathway using the A6 desaturase, AS desaturase, and
chain elongase, and it was found that more polyunsaturated
fatty acids could be accumulated when Marchantia
polymorpha-derived enzymes were used, although a simple

comparison cannot be made.
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3540 45 (4) -71- Ala Ala GIn GIn Glu Lys Ser lle Ser Arg Glu Ser lle Pro
Glu Gly 50 55 60 Phe Lou Thr Val Glu Glu Val Ser Lys His Asp Asn Pro
Ser Asp Cys 65 70 75 80 Trp lle Val lle Asn Asp Lys Val Tyr Asp Val Ser
Ala Phe Gly Lys 85 90 95 Thr His Pro g Gly Pro Val Be Phe Thr GIn Ala
Gly Arg Asp Ala 100 105 110 Thr Asp Ser Phe Lys Val Phe His Ser Ala

Lys Ala TrprGie RieHRe 3148 12 AT S3mAs tob dye Jerdy 48P k0B 0% or
Tyr Asn Ala Glu Pro Val Ser Glu 130 135 140 Lou Val Lys Asp Tyr Arg

Asp g oeifrgr TircAdafidne Keattérg Siat Glnn tdh 150 1E5rkaleat Rbethys total
Ser Ser Lys Met Tyr Tyr Val Thr Lys Cys Val Thr Asn 165 170 175 Phe
Ala lepics Alsbreavser Log Al veboigTiaEeabmoTinalgoiess 15orther,

Tyr Lou Ala Val Lou Cys Ser Ser Phe Lou Lou Ala Lou Phe Trp Gin 195 )
200 3Gt e PEY BHI 08 dernRirssmsik (Rkass R anmpaprrblem in

iy AShTBRE? 538 SI0 U0 A nFely i St ULt oh 1 i LGeed that
T ki His A5 Wl i, 205,290 255 His ARNATHG AT BN GYSHATey acids

Asp Lys Tyr GIn Pro lle Asp Pro 260 265
has no significant effect on the growth and development of

plants.

In the transgenic plants reported so far, up to about
20% of total lipids is polyunsaturated fatty acids having 20
or more carbon atoms. The value reduces to about 6% when
only arachidonic acid is considered. However, as in the
present Example, the use of Marchantia polymorpha-derived
fatty acid synthetases makes it possible to go beyond this
limitation and produce more polyunsaturated fatty acids in
plants.

Specific embodiments or examples implemented in the
best mode for carrying out the invention only show
technical features of the present invention and are not
intended to limit the scope of the invention. Variations can
be effected within the spirit of the present invention and the

scope of the following claims.

INDUSTRIAL APPLICABILITY
The present invention provides a AS desaturase gene,
a A6 desaturase gene, and a A6 chain elongase gene, which

are obtained from a single species of Marchantiales. The
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Asp lle Asp Thr Val Pro Lou Lou Ala Trp Ser Lys Glu lle Lou Ala 275 280
285 Thr Val Asp Asp GIn Phe Phe Arg Ser lle lle Ser Val GIn His Lou 290
295 300 Lou Phe Phe Pro Lou Lou Phe Lou Ala Arg Phe Ser Trp Lou His
Ser 305 310 315 320 Ser Trp Ala His AlggSet Asn Phe Glu Met Pro Arg
Tyr Met Arg Tip 325 330 335 Ala Glu Lys Ala Ser Lou Leu Gly His Tyr Gly

Ala $airBe GlrAla, 34h3a4b 35 AasBhe Tas dledkaitPra lle Bia&in Alanction
lle Cys Trp Lou Phe Lou 355 360 365 Ser GIn Lou Phe Cys Gly Ala Lou

Lou erite Vab BlzebValinet Ber pd a3 7s380 His shsadGlyi Met Aspcdaldwhere
Asn Asp Pro Arg Asp Phe Val Thr Ala 385 390 395 400 GIn Val Thr Ser

Thr Bassn G GhdAdH e PhgABAsABS TAS 4B eIents PReTins are
Gly Gly Lou Asn Arg Gin lle Glu His His Lou Phe Pro Ser 420 425 430

Leu P¥RAFS RSAIHOI AR LSENRS ALaprliARNAI € 5s9RR LG aagsidered

440445(5#&? @ t 1J—I1? %_gLeu |sT E nGlulLeuS rLeu%yf

Thr &) A562L468 = S SRPER VSTV Trom

Tyr %’9’91'&’%1%@179%5@90\{%62&1%% a%Js]iraH?F; in plants than
genes derived from non-plants.

Further, with a transformant according to the present
invention, polyunsaturated fatty acids such as arachidonic
acid or eicosapentaenoic acid (EPA) can be produced. More
advantageously, a transformant according to the present
invention produces these fatty acids at low cost by an
environmentally friendly process. The product arachidonic
acid or EPA can be inexpensively marketed as a material
with different purposes. When used as food, the
transformant can increase the value of the product with its
high arachidonic acid or EPA content.

As described above, genes and proteins of the present
invention are useful in producing arachidonic acid and EPA.
Further, transformants that have incorporated genes of the
present invention are highly useful in the arachidonic acid
or EPA production in pharmaceutical industry, food
industry, and various other material industries. The
usefulness of the transformant is particularly notable in
agricultures when the transformant is a plant, because the
transformation increases arachidonic acid and EPA levels in

plants.



<212> DNA <213> Marchantia polymorpha <220> <221> CDS <222>
(194)..(1066) <400> 3 etcaacgctetctctcgecc gecectetlLtcttccgetgeg
cettcttctc ggegectett 60 tctgtegaga ggagcggcag ctgcagetct cgagagaggg
gagcaggaeg agagegaggg 120 cgaatccgcc
gagagtcgategggattgggtagaaggagg agaaggagga gaagaggaggl80
aggaggagca geg atg gag geg tac gag atg gtg gat agt ttt gtg tcg 229 Met
Glu Ala Tyr Glu Met Val Asp Ser Phe Val Ser 15 10 aag acg gtt tte gaa
acg etg cag aga ctg agg gge gga gtc gt_gégg_Z?? Lys Thr Val Phe Glu Thr
Leu GIn Arg Leu Arg Gly Gly Val Val Leu” 15 20 25 acg gaa tot gcg ate
ace aaa ggt ttyFeENEdE R ge ceg acg 325 Thr Glu Ser Ala He Thr
Lys eu Prg Cys Val Asp Ser Pro Thr 30 35 40 cog ate gttett ggg ttg
tcgﬂgéxtg%nﬁg afl’lemélJ C gtg ttt etc ggg 373 Pro He Val Lea Gly Leu Ser Ser
TYE 104 NIk PRRVBA DEE ey (A 3810400 B I8t @it sae BEeANE GENES
gat ctt aag ccc cgc tee aag gag ccc 421 Leu lle Val He Lys Ser Leu Asp

_ Lou LysNPYO S QISTHE $8138 Pro 65 70 75 gcec att ttg aac ctg ttt gtg ate ttc
cac aac tic gtc tge tte gea 469 Ala lle Leu Asn Len Phe Val lle Phe His
Asit#Fe Val Cys Phe Ala 80 85 90 etc agt ctg tae atg tgc gtg gga att gtc
coLLaa gelptesigAaac 517 Lea Ser Leu Tyr Met Cys Val Gly He Val Arg

Gila Alaki heAsn (6) -73-
<160> 46
<170> Patentln Ver. 2.1

<2101

<211> 2519

<212>DNA

<213> Marchantia polymorpha

<220>
<221> CDS
<222> (253)..(1698)

<400> 1 _
atagatccaa tttcataapt cgacgagaaa ggcagaaggc gagaagegec aggeagegag 60

cpegagegec agagetettg ctocootege teategeteg cattgocgea tittgtgagt 120
gteggactga teactcagte cgteactgea aacgepageg agegagagtg cgagtgageg 180
agegapcgag ceagageoge petetptetg tgagatceaa toctttttct getitgegeg 240

ctgtegpecg og atg gee teg tee ace ace ace goe gtg aag caa tet tog 291
Met Ala Ser Ser Thr Thr Thr Ala Val Lys Gln Ser Ser
1 5 10

got geE ot tgg tog aaa tgg pEC ace gge age aac ttg age tie gty 339
Gly Gly Leu Trp Ser Lys Trp Gly Thr Gly Ser Asn Leu Ser Phe Val
15 20 25 :

fog Cge aag gag cag cag cag cag cag cag cag agce tet ceo gag geg 387
Ser Arg Lys Glu Gln Gln Gl Gln Gin Gln Gln Ser Ser Pro Glu Ala
30 35 40 45

tog act cee gog gCE cag cag gag aaa toc ate agt aga gaa tcc ate 435
Ser Thr Pro Ala Ala Glu Gln Glu Lys Ser lle Ser Arg Glu Ser lle
50 55 60
(D



95 100 105 agg tac tct ctg tgg ggc aat gcg tac aat ccc aaa gaa gtt caa atg
565 Arg Tyr Ser Lou Trp Gly Asn Ala Tyr Asn Pro Lys Glu Val Gin Met
110 115 120 ggc cac ctg etc tac all ttc tac atg tea aag tac ate gag tttatg
613 Gly His Lou Lou Tyr He Phe Tyr Met Ser Lys Tyr He Glu Phe Met
125 130 135 140 gac acg gte att atg att ttg aag ego aac acg ego cag ate
act gtg 661 Asp Thr Val lle Met He Lou Lys Arg Asn Thr Arg Gin lle Thr
Val 145 150 155 ttg cat gtg tac cac cac gca tee ate tee ttc ate tgg tgg ate
ate 709 Lou His Val Tyr His His Alagger lle Ser Phe lle Trp Trp lle lle 160
165 170 gee tac cat get ect gge ggt gaa get tat ttc tct gcc gea ttg aac 757
q&@?&rﬁ&ﬁ&%& 9oF }I}?&%ﬁz BGCA14%8 a Lou Asn 175 180
{%qgl% ﬁg?f?: t\é%l gfélré%}féfd"éﬁ 88 gea act 805 Ser

Gly Val'His Val Lou Met Tyr Lou Tyr Tyr Lou Lou Ala Ala Thr 190 195 200

Gl 03338 3AGHAE 3RA8ELC960AC326: 136518, 198 199 gga aaa 853

KOUAGHCLYSA 88 Giub ysAaAre Asg ¥ dyvelTan Trp Gly Lys 205
210 285 220 taezftg aca cagoctg cag atg ttc cag tttgte ctt aac atg attcag
901 Tyr Lou Thr Gin Lou Gin Met Phe Gin Phe Val Lou Asn Met lle GIn

$9BER 305 28S (G EEARECEHE @fttatsa St azie SHEEe gt XHL cca caa tit ttg ate
8 GMAYN?’%ESR%% ARG S BIIPSEOS Gin Phe Lou Ile

24 245 250 cag attttg ttc c tae atg ate tog ctttta gcg eta tttgga aac 997

%{ég‘al@ 0U-L06 TYHI W Meh!IE.S8E Lo ke Ala; Lgy;Phe Gly Asn 255

ia Thr Asp Ser Phe Lys Val Phe Iis Ser Ala Lvs Ala Trp
110 115 120 125

cag ttt cte cag gac ctg tac atc gga gat ctg tac aat gce gag cca 675
GIn Phe Leu Gln Asp Leu Tyr Ile Gly Asp Len Tyr Asn Ala Glu Pro
130 135 140

glg teg gag ctg glg aag gat tac cga gac ctg agg acg geg ttc atg 723
Val Ser Glu Len Val Lys Asp Tyr Arg Asp Leu Arg Thr Ala Phe Met
145 150 155

cgt tot cag cta tic aag age agt aaa atg tac tac gtg acc aag tge 771
Arg Ser Gln Leu Phe Lys Ser Ser Lys Met Tyr Tyr Val Thr Lys Cys
160 165 170

gtc aca aat ttt gea att ctt gec gee agt cte gea gte ate geg tgg 819
Val Thr Asn Phe Ala e Leu Ala Ala Ser Leu Ala Val e Ala Trp
175 180 185

age cag acg tat ctg geg ptt ttg tge tee agt tie ofg ttg get cte 867
Ser Gln Thr Tyr Leu Ala Val Leu Cys Ser Ser Phe Leu Leu Ala Leu
190 195 200 205

tte tgg cag caa it ppa tge tta teg cac gat ttt cte cac cac cag 915
Phe Trp Gln Gln Cys Gly Trp Leu Ser His Asp Phe Leu His His Gin
210 215 220

glg acc gag aac cga tcg cte aac acg tac tte gge gge ctg tte tge 963
Val Thr Glu Asn Arg Ser Leu Asn Thr Tyr Phe Gly Gly Leu Phe Trp
225 230 235

get aac ttc gee cag gee tac age gtg goa tgg tgg aag acc aag cac 1011
Gly Asn Phe Ala Gin Gly Tyr Scr Val Gly Trp Trp Lys Thr Lys His

240 245 250

aat gtg cac cac geg gec acg aac gaa tge gac gac aag tat cag cec 1059

2



ttttae gtt cac aaa tac gta tca gcg ccc gca aaa cot gcg aag ate 1045 Phe
Tyr Val His Lys Tyr Val Ser Ala Pro Ala Lys Pro Ala Lys He 270 275 280
aag age aaa aag gca gaa taa gacaccaccc tagtgacaag aagattttae 1096
Lys Ser Lys Lys Ala Glu 285 290 (7) -74- actaaactgt agttttagca cccatcgttg
acacgaatac attctggtte tgcctgtctt 1156 ggaagagtcg aagcattcag gagetotcee
gttccatega tcaaactcgg aacgaagtgc 1216 accttttagctgegatgaga gtetttactt
cctgagcecgtegttcttgat gtggtctgta 1276 gcfcagcecatacgtgtagcatagctggaac
atetggcttt tcaggaaagtcggcaaggca 1336 agaattcgac ccttgaacta gaeaaggtte
tgeteaiteldigtisctattdagingaddn 1396 spdunbeaiy Sledeagtittgggecctta
gttagitfaca accadteta acactfityat 1456 acacgagttatcgticgcga gtggaagtgt

aag aatgtgettteccaatc ate gtt 151 cctttt g aaaattetat
gaﬁ gg ﬁ%}a@ iﬁ%%@g fi >4 <211> 290
<2A> archg.ggla polymggpha <400>'4 Met Glu Ala Tyr Glu
Met Val Asp Ser Phe Val Ser Lys Thr Val Phe 15 10 15 Cu Thr Leu GIn
Argrd ©lsfd gcopycGly MakMatd icddregia Hesgblas 20125 30 He Thr Lys Gly
LclieP r BlsTV AV AFSespRin Fhy IProABeSvald eiS85/40 45 Gly Lcu Scr
Ser Tyr Le?PThr Phe VE&PPhe Leu38ly Lcu He Val He 50 55 60 Lys Ser

Leu Asp Leu Lys Pro Arg Ser L¥s Glu Pro Ala He Leu Asn
cag cac ctt ctg ffc ttc ceg ctc cte tic tig gea aga tic age tgg 1203

Gln His Leu Leu Phe Phe Pro Leu Lew Phe Len Ala Arg Phe Ser Trp
305 310 315

ctg cat teg agt tgg gee cac gee age aac tte gag atg cet cggtac 1251
Leu His Ser Ser Trp Ala His Ala Ser Asn Phe Glu Met Pro Arg Tyr
320 325 330

atg apa tgg geg gag aag gee teg cte cte geg cac tac gge gectea 1299
Met Arg Trp Ala Glu Lys Ala Ser Leu Leu Gly His Tyr Gly Ala Ser
335 340 345

atc pgc gee goo tte tac att tg cee ate cee cag gece ate tgo tgg 1347
Ile Gly Ala Ala Phe Tyr Ile Leu Pro Ile Pro Gln Ala e Cys Trp
350 355 360 365

cte tte ttg tog caa ctg ttt tge gge got ctg cte age att gte tte 1395
Leu Phe Leu Ser Gln Leu Phe Cys Gly Ala Leu Leu Ser [le Val Phe
370 375 380

gtg atc age cac aat gge atg gat gtg tac aac gac ccc cgg gac tic 1443
Val e Ser His Asn Gly Met Asp Val Tyr Asn Asp Pro Arg Asp Phe
385 390 395

etg acg poc caa gie acc tog acc aga aac ate gaa gec aac tte ttc 1491
Val Thr Ala Gln Val Thr Ser Thr Arg Asn lle Glu Gly Asn Phe Phe
400 405 410

aac gac tgg ttc ace gga ggc ctg aac agg cag att gag cac cat ctg 1539
Asn Asp Trp Phe Thr Gly Gly Leu Asn Arg Gln Ile Glu His His Leu
415 420 425

ttt ceg tet cit ceg agg cac aac cte gee aag gte gog cea cac gic 1587
Phe Pro Ser Leu Pro Arg His Asn Leu Ala Lys Val Ala Pro His Val
430 435 440 445

aag geg cte tge gee aag cac ggt ttg cat tac gaz gaa ttg agt ctg 1635
Lys Ala Leu Cys Ala Lys His Gly Leu His Tyr Glu Glu Leu Ser Leu
450 455 460

(3)



65 70 75 80 Lou Phe Val lle Phe His Asn Phe Val Cys Phe Ala Leu Ser
Leu Tyr 85 90 95 Met Cys Val Gly lie Val Arg Gin Ala He Leu Asn Arg Tyr
Ser Lou 100 105 110 Trp Gly Asn Ala Tyr Asn Pro Lys Glu Val Gin Met
Gly His Leu Leu 115 120 125 Tyr lle Phe Tyr Met Ser Lys Tyr He Glu Phe
Met Asp Thr Val He 130 135 140 Met lle Leu Lys Arg Asn Thr Arg GlIn lle
Thr Val Leu His Val Tyr 145 150 155 160 His His Ala Ser He Ser Phe He
Trp Trp lle lle Ala Tyr His Ala 165 170 175 Pro Gly Gly Gin Ala Tyr Phe
Set Ala Ala Leu Asn Ser Gly Val His ;480 185 190 Val Leu Met Tyr Leu
Tyr Tyr Leu Leu Ala Ala Thr Leu Gly Lys Asn (8) -75- 195 200 205 Glu

L%ﬂ@g%ﬁ é&ggk‘y Ecxrttlc%hlt IéE cld @tgéyglg‘{§g-£¥ Fakel}%g—f]r Gln 210 215

2281} ei G MecRhe Gla BheAdakkeueAsniMet e Gimida Tyr Tyr Asp
225 2304285 240 He'loys Asn AgisSer Pro Tyr Pro Gin Phe Leu He Gin He
Leu Phe 245 250 255 Tyr Tyr Met lle Ser Leu Leu Ala Leu Phe Gly Asn
PHSUEGR 37810188 2B B eR DR IESCrF AT S SRATIAEHD AfALys Pro Ala Lys
ety 480&ﬁi§’/§1|_ys 275 280 285 Ala Glu 290

atagtacgag agaaggagac agcaacctgg acttttigtt cetgatgtte catactttet 1798
cgaatatacg tetecacgee teaagttte agettcaact gatigtette agtaaccate 1858
gettgcteca actgggegac ctacagaatt gaagatcagt tttactgagt ttgtacegag 1918
agtttcceaa attttgtiet aggctgatga ceeaatecta geatacactt taggaataag 1978
cagtetcaac ataattaggt ccateattea geaatitcga tacagegect gggattegac 2038
gagfitacac gatgagtatg gettptaact pgecttetea aggtageett ggateteece 2098
gppcctettg ceateecatt cacecaateg agattetpea gtetccaace tittetggaa 2158
gltcteaate tgtaacctct gitgtagaga tageatacge cacaagacaa ggtetttgtg 2218
aacacagtcg, tctaacaaac agcaagttpt ptggattgge alctaaataa cegectetgg 2278
tcaagtaaca geagetgiic cgeagtttec aggaacatac titgtttctg teacageeag 2338
pegoteaata ptasapecaa ttcaacacat acggpapaag atgggtegat atttgtattt 2398
gecaggstgt ccagatttea cecateagte totcacttge ttgtatgtee clgacgtget 2458

tcaaaatitt gegegggpeaa teatcaatat acttaccatt tgtaagasaa aaaaaaaaaa 2518

a 2519
<210> 2
<211> 481
<212>PRT
<213> Marchantia polymorpha
<400> 2
Met Ala Ser Ser Thr Thr Thr Ala Val Lys Gln Ser Ser Gly Gly Leu
1 5 10 15
Trp Ser Lys Trp Gly Thr Gly Ser Asn Leu Ser Phe Val Ser Arg Lys
20 25 30
Glu Gln Gin Gln Gln Gln Gln Gla Ser Ser Pro Glu Ala Ser Thr Pro
35 40 45

(4)



<210>5 <211> 2307 <212> DNA <213> Marchantia polymorpha <220>
<221> CDS <222> (375)..(1829) <400> 5 tcacattgct agtcgtegga
gggaggtgca caatctgggg ggctgtcatc aatgcgacgg 60 tgtttcgaag agategetgc
gagtggcget gagtttcttg ccgctttcta cetgagctga 120 tgectgetgc tgctgcctag
agctgettgg tgctgettgg ggotgetata agagegcgto 180 gacagegagt gtetctcgcg
gtcetcattc gtggggtgct gtcgttccag tttagagccc 240 gctggacgta
cagccggtgctggaaattgattitgtgaaa agegagcecta cctetatcca 300 tcatcgtcge

ccgtggtggce agatettceg gattcctcat gcgcggateg tggtcgcettt 360 gaaggtegac
agtlarycoip cda Chd geter e oo e d gdiedtg 41D Met Pro Pro His
Asp Ser’fhr Gl Le@PGIy 15 10 ecc gaa gtt tte ego ctg cot gat

Ala PY9
a6 e T ferehe A SRRy Lo o
ASBg\f% %%5%46}@' PASRIAY Ak Bes agaial 8ca gag aag aaa tac tcg

ctttea gac gle age aagygac aac 5@ Arg Ser Thu Gin Lys Lys Tyr Ser Len
Sersiks Yal SerdiyshlisAsprRO135dA £9) sT6Aaches@aat gat tge tgg etc
gta att tgghggg sag gigstac gat gitt654 Thr Pro Asn Asp Cys Trp Lou Val
Hellir g @ §et §se\at Vo RsiliderdS 505516 0radtitchhtgerygtt aag gtc cat

cea ggtlgga agt et&8te ttt gtg &g 602 Thr Ser Trp Val Lys Val His Pro
G|§3]gl33|%sgif:q_ 1%@%sg§qgg§r égnfdaﬁlu Pro VaPS er Glu

Leu Val Lys Asp Tyr Arg Asp Leu Arg Thr Ala Phe Met Arg Ser Gln
145 150 155 160
Leu Phe Lys Ser Ser Lys Met Tyr Tyr Val Thr Lys Cys Val Thr Asn
165 170 175
Phe Ala lle Leu Ala Ala Ser Leu Ala Val lle Ala Trp Ser Gln Thr
180 185 180
Tyr Leu Ala Val Leu Cys Ser Ser Phe Leu Leu Ala Leu Phe Trp Gln
195 200 205
Gln Cys Gly Trp Leu Ser His Asp Phe Leu His His Gln Val The Glu
210 215 220
Asn Arg Ser Leu Asn Thr Tyr Phe Gly Gly Leu Phe Trp Gly Asn Phe
225 230 235 240 _
Ala Gln Gly Tyr Ser Val Gly Trp Trp Lys Thr Lys His Asn Val His
245 250 255
His Ala Ala Thr Asn Glu Cys AspAsp Lys Tyr Gln Pre Ilc Asp Pro
260 265 270
Asp Ile Asp Thr Val Pro Leu Leu Ala Trp Ser Lys GluIle Leu Ala
275 280 285
Thr Val Asp Asp GIn Phe Phe Arg Ser Ile Ile Ser Vai Gln His Leu
2580 295 300
Leu Phe Phe Pro Leu Leu Phe Leu Ala Arg Phe Ser Trp Leu His Ser
305 310 315 320
Ser Trp Ala His Ala Ser Asn Phe Glu Met Pro Arg Tyr Met Arg Trp
325 330 335
Ala Giu Lys Ala Ser Leu Leu Gly His Tyr Gly Ala Ser Ile Gly Ala
340 345 350
Ala Phe Tyr Ile Leu Pro Ile Pro Gln Ala lle Cys Trp Leu Phe Leu
355 360 365
Ser Gln Leu Phe Cys Gly Ala Leu Leu Ser Ile Val Phe Val [le Ser
370 375 380
His Asn Gly Met Asp Val Tyr Asn Asp Pro Arg Asp Phe Val Thr Ala
385 390 395 400 :
Gln Val Thr Ser Thr Arg Asn lle Glu Gly Asn Phe Phe Asn Asp Trp
405 410 415
Phe Thr Gly Gly Leu Asn Arg Gln Ile Glu His His Leu Phe Pro Ser
420 425 430
Leu Pro Arg His Asn Leu Ala Lys Val Ala Pro His Val Lys Ala Leu
435 440 445
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gCg gga cag gat tea aca caa etc ttt gat tet tat cac ccc etc tat 650 Ala Gly
GIn Asp Ser Thr GIn Lou Phe Asp Ser Tyr His Pro Lou Tyr 80 85 90 gtc
aga aag eta ett gca cag ttc tge aft ggt gaa etc caa acg agt 698 Val Arg
Lys Lou Leu Ala GIn Phe Cys He Gly Glu Lou Gin Thr Ser 95 100 105
gcg gga gat gag aag ttc aag tot tea acg ttg gag tat get ggt gaa 746 Ala
Gly Asp Glu Lys Phe Lys Scr Scr Thr Lou Glu Tyr Ala Gly Glu 110 115
120 gaa cat gaa gta ttt tae cac act etc aag cag ego gtg gaa acg tac 794
Glu His Glu Val Phe Tyr His Thr Lou i¥s GIn Arg Val Glu Thr Tyr 125 130
%g 16,360 @99 i 60 813 opl Al SHRdaE KA Rg,Cad alg it 01g

rg Lys£5In Lys HgpAsn Pro Arg Tyr His Pro Gin Met Leu Vall
145a 155 eagHea goegigatRlaligyalade Titotletsldiae tat tttggc 890
LysSer AIa VélMHe He GH/Thr Lou Lé&&PLou Cys Tyr Tyr Phe Gly 160 165
17@aitc no tgg tot caa aat gta etc etc tog atg ttt ctg gca age ate 938 Phe
Phe Trp Ser Gin Asn Val Lou Lou Ser Met Phe Lou Ala Ser Be 175 180
185 atg ggg ttc tgc act gcg gag gtg ggc atg tee ate atg cac gat ggt 986
Met Gly.Phe Cys Thr Ala Glu Val Gly Met Ser He Met His Asp Gly 190

g%{ |@&¢ cac gga tcg tac aea caa tot acc ttg cttggt tac gte atg ggc

1034 +MispHis Gly Ser Tyr Thr Gin Ser Tlir Lou Lou Gly Tyr Val Met Gly
205 2400215220 geeractieit gat ctg gtg gga get age agt ttc atg tgg agg
cag cag 1082 Ala Thr Lou Asp Lou Val Gly Ala Ser Ser Phe Met Trp Arg
Gif2@ln 225 230 235 cat gig gcc ggg cac cac tcg ttc acc aac ate gac cat

tac¥arddas1130
<222> (194)..(1066)

<400>3
ctcaacgcte tetetegece geeetetgte ticegetgeg cettettete ggegeetett 60

tcipgtegaga peagoggcag ctgeagetet cpagapagas gageaggacg agagegages 120
cgaatcegee gagagtegat cgppatigee tagaaggagy agaaggarrga gaagageape 180

aggaggagca geg atg gag gog tac gag atg gtg gat agt ttt ptgteg 229
Met Glu Ala Tyr Glu Met Val Asp Ser Phe Val Ser
1 5 10

aag acg git ttc gaa acg ctg cag aga ctg agg gec gea gte gtg ttg 277
Lys Thr Val Phe Glu Thr Leu Glo Arg Leu Arg Gly Gly Val Val Leu
15 20 25

acg gaa tct gog ate ace aaa ggt ttg cea tge gte gat age ceg acg 325
Thr Glu Ser Ala lle Thr Lys Gly Leu Pro Cys Val Asp Ser Pro Thr
30 35 40

cog ate git cit peg tg teg tee tac ttg aca tte gtg tit cte ggg 373
Pro Ile Val Leu Gly Leu Ser Ser Tyr Leu Thr Phe Val Phe Leu Gly
45 50 55 60

ctc att gt atc aag age ctg gat cft aag cee cge tee aag gag coe 421
Leu Ile Val Tie Lys Ser Leu Asp Leu Lys Pro Arg Ser Lys Glu Pro
65 70 75

gec att ttg aac ctg ttt gig ate tic cac aac ttc gte tge tte gea 469
Ala lie Leu Asn Leu Phe Val lle Phe His Asn Phe Val Cys Phe Ala
80 85 90

ctc agt ctg tac atg tge gt gga att ptc cgt caa get ate cic aac 517
Leu Ser Leu Tyr Met Cys Val Gly Ile Val Arg Gln Ala Ile Leu Asn

(6)



His Val Ala Gly His His Ser Phe Thr Asn Be Asp His Tyr Asp Pro (10)
-77- 240 245 250 gac att egt gtg aag gat cot gat tta cga egg gtt act tot caa
caa 1178 Asp lle Arg Val Lys Asp Pro Asp Lou Arg Arg Val Thr Ser Gin
GIn 255 260 265 ccc ega aga tgg ttt cac gag tat cag cat ate tac tta gga
gta etc 1226 Pro Arg Arg Trp Phe His Glu Tyr GIn His lle Tyr Lou Gly Val
Lou 270 275 280 tat ggc gtt ctt gcc tta aaa agt gtg ttg att gat gat ttc age
gee 1274 Tyr Gly Val Lou Ala Leu Ly%:icr Val Leu lle Asp Asp Phe Ser
Ala 285 290 295 300 ttc ttc agt ggt get'ate ggc cca gta aag ata get caa
atg acavsca 1322 18the Phe SeeGly Ala lle Gly Pro Val Lys lle Ala Gin Met
Thr Pro 305 310 315 etc gag atg ggc gte ftc tgg gga ggg sag gtt gtg tac
gCcABtH s I3 HY age praNE e tbAFOPaT PSS @g{ &y Lys Val Val Tyr
AT S0 63 B St i ca o aac o
ou

ctt adt ttc 1418 Mét Phe L ou Pro Met Met Tyr Gly Gin Tyr Asn lie Leu

ThpEhe. 33340 st ALaeale B AllgiGHen Cagstia gltgca ggg tgg act
Ctigae o6y HeuGhy hosnb il erbait3et Slme@tMakAle:Gly Trp Thr Leu
Ala 2850 355 360 etc ttc tth gaa gta gcasgac gtt gte gac gat gca gta ttt ccc
gtt 1514 Leu Phe Phe GIn Val Ala His Val Val Asp Asp Ala Val Phe Pro
Vata@6%; 37G1B7E 88Mgey Waaaneeagat Rt agretia §6a aag attcct tct ggt
tgeer Aty s detdla e iAo afp Bigiaryslle Pro Ser Gly Trp
AlaGlu 388%390395 0 - 153

ftg cat gtg tac cac cac gea tec ate tec tte ate tgg tgg atc ate 709
Leu His Val Tyr His His Ala Ser [le Ser Phe Ile Trp Trp Ile Ile
160 165 170

gcc tac cat get cet gge ggt gaa get tat tte tet gec gea ttg aac 757
Ala Tyr His Ala Pro Gly Gly Glu Ala Tyr Phe Ser Ala Ala Leu Asn
175 180 185

tee gga pta cat gtg cte atg tac cte tac tac ctt ttg gea gea act 805
Ser Gly Val His Val Leu Met Tyr Leu Tvr Tyr Leu Leu Ala Ala Thr
190 195 200

cig pga asg aac gag aaa get oge oge aag tac cta igg tgg gga aaa 853
Leu Gly Lys Asn Glu Lys Ala Arg Arg Lys Tyr Leu Trp Trp Gly Lys
205 210 215 220

tac ttg aca cag ctg cag atg ttc cag tit gte cft aac atg att cag 901
Tyr Leu Thr Gln Leu Gln Met Phe Gln Phe Val Leu Asn Met lle Gln
225 230 235

get tac tac gat att aag aac aac teg cct tac cca caa it ttg atc 949
Ala Tyr Tyr Asp lle Lys Asn Asn Ser Pro Tyr Pro Gln Phe Leu Ile
240 245 250

cap att ttg tte tac tac atg atc teg ctt tta geg cta ttt gga aac 997
Glr Ile Leu Phe Tyr Tyr Met Ile Ser Leu Leu Ala Leu Phe Gly Asn
255 260 265

ttt tac gtt cac aaa tac gta tea geg ccc gea aaa cot geg aag ate 1045
Phe Tyr Val His Lys Tyr Val Ser Ala Pro Ala Lys Pro Ala Lys Ile
270 275 280

aag agc aaa aag gea gaa taa gacaccacce tagtgacaag aagattttac 1096

Lys Ser Lys Lys Ala Giu
285 250
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atg cag gtc aga acc act ace aat ttc age tea cga tea atg ttc tgg 1610 Met
GIn Val Arg Thr Thr Thr Asn Phe Ser Ser Arg Ser Met Phe Trp 400 405
410 aca cat att agt ggc ggt ctg aac cat cag ate gag cac cat ctt ttc 1658
Thr His lle Ser Gly Gly Leu Asn His GIn lle Glu His His Leu Phe 415 420
425 cog ggt gtc tgt cat gtt cac tac cca age ata cag cca ate gtg aag 1706
Pro Gly Val Cys His Val His Tyr Pro Ser lle Gin Pro lle Val Lys 430 435
440 (11) -78- get ace tgt gac gag ttc aac gtg ect tat act tee tac ccc act ttc
1754 Ala'l'hr Cys Asp Glu Phc Asn valPro Tyr Thr Ser Tyr Pro Thr Phe
445 450,455 460 t ee ctta ttc aaa aac gtc
gg%"*é‘t‘%"ﬁ%&%‘ %%%égﬁ%%gﬂa%?ﬁlg?ﬁ?%%é%m ncﬁts@égu Lys Asn Val
Glydaid A6 20400 42 6301001 HOGRE REAGIGDALGEEIaAGIgIgacag
catgctttgg 1849 GIn Asp Gly Leu Arg Leu Asp Gly 480 485 gcctgcactt

tcagetitttety (RBizasmgtitecftcrtepany ) astinttetiegatatadadgit 1909
gtaagtaacg ttcaggagga gagca%:%ac attgatgag tgtccatttg tgaggcttcc 1969

actireadt as dgadretatig Ate e NS REataY CeaRS e Seagcegt2029
cttctccttg gecatcatgt gttectect agcttcqg gtttttggaa gt agc 2089
e R B s e A T Aottt 2149
cegalagala Sogaleagadioraatanc.clorcacald raiGaotdargatgtaa 2209
ttccagtaatccacgtatgtggctccagtgtctgctgaaatcagcaeagg cagetatatc 2269

atgeicgitaateitigaaagaagrasaaasgaanaaaaca8fidag? 1066 <211> 484

<212> PRT
ggttcetttt paagtaaage aaaatictat gattgitpag tccaaaanaa asanaaaaaa 1576

a 1577

<210>4

<211>290

<212>PRT

<213> Marchantia polymorpha

<400> 4
Met Glu Ala Tyr Glu Met Val Asp Ser Phe Val Ser Lys Thr Val Phe
1 5 10 15
Glu Thr Leu Gln Arg Leu Arg Gly Gly Val Val Lea Thr Glu Ser Ala
20 25 30
Ile Thr Lys Gly Leu Pro Cys Val Asp Ser Pro Thr Pro Ile Val Leu
35 40 45
Gly Leu Ser Ser Tyr Leu Thr Phe Val Phe Leu Gly Leu Ile Val e
50 55 60
Lys Ser Leu Asp Leu Lys Pro Arg Ser Lys Giu Pro Ala Ile Leu Asn
65 70 75 80
Leu Phe Val Ile Phe Iis Asn Phe Val Cys Phe Ala Len Ser Leu Tyr
85 %0 95
Met Cys Val Gly lle Val Arg Gln Ala Ile Leu Asn Arg Tyr Ser Leu
100 105 110
Tip Gly Asn Ala Tyr Asn Pro Lys Glu Val Gin Met Gly His Leu Leu
115 120 125
Tyr Ile Phe Tyr Met Ser Lys Tyr Ile Glu Phe Mct Asp Thr Val Tie
130 135 140
Met Iie Leu Lys Arg Asn Thr Arg Gln Ile Thr Val Leu His Val Tyr
145 150 155 160
His His Ala Ser Ile Ser Phe Ile Trp Trp lle lle Ala Tyr His Ala
165 170 175
Pro Gly Gly Glu Ala Tyr Phe Ser Ala Ala Leu Asn Ser Gly Val His
180 185 190
Val Leu Met Tyr Leu Tyr Tyr Leu Leu Ala Ala Thr Leu Gly Lys Asn

&



<213> Marchantia polymorpha <400> 6 Met Pro Pro His Ala Pro Asp Ser
Thr Gly Leu Gly Pro Glu Val Phe 15 10 15 Arg Leu Pro Asp Asp Ala lle
Pro Ala GIn Asp Arg Arg Scr Thr GIn 20 25 30 Lys Lys Tyr 5er Lou Ser
Asp Val Ser Lys His Asn Thr Pro Asn Asp 35 40 45 Cys Trp Leu Val lle
Trp Gly Lys Val Tyr Asp Val Thr Ser Trp Val 50 55 60 Lys Val His Pro Gly
Gly Ser Leu lle Phe Val Lys Ala Gly GIn Asp 65 70 75 80 Ser Thr GIn Leu
Phe Asp Ser Tyr His Pro Leu Tyr ValArg Lys Leu 85 90 95 Leu Ala Gin
The Cys lle Gly Glu Leu Gin Thr Ser Ala Gly Asp Glu 100 105 110 Lys
Phe Ly85Ser Ser BRP Lea GluZyr Ala Gly Glu Glu His Glu Val (12) -79-
11614 s 5P ATELyHIY TN ﬂ“mﬁ.@&@lhﬁ\?ﬂ&v@mﬁ*ﬁr Tyr Phe Arg
Lys 8fh 130 13313140 Lygs I—?@%sn Pro Arg Tyr His Pro Gin Met Leu Val

QSESQM‘Y&G\? %-’é)li% W‘ﬂ"i‘r LeuyfeupLou Cys Tyr Tyr

Eéf ENe R S8 e H0dF 1 % f2AsR¢alpkhou Leu Ser Met Phe
Leu 1 Se gr {le Met G Fne Cys 440 185 190 Thr Ala Glu Val Gly Met

SefHeWVetHis S%‘Emé&hye&\&ﬂhlﬂbi ﬁiy Serad0%200- 25 Fyr Thr Gln Scr Thr
Lou Leuzaty Tyr Vabkktet Gly Ala7Dhr Leu Asp
Lys Tyr Val Ser Ala Pro Ala Lys Pro Ala Lys Ile Lys Ser Lys Lys
275 280 285
Ala Glu
290

<210>5

<211> 2307

<212> DNA

«<213> Marchantia polymorpha

<220>
<221>CDS
<222> (375)..(1829)

<400> 5
tcacattget getegtegga pegagpteca caatctpegg goctsteate aatgegacgg 60

tatttcgaag agatcgctge gagtegegct gagittcttg cegetticta cetgagetga 120
tgcetgetge toctgectag agetgettgg tgctgettpg ggetgetata agagegegte 180
gacapgegagt gictctegeg glecteatte giggggtact gtegttecag titagageee 240
getgpacgta cageepptpe tggaaattga tittgigaaa agepageota cetetateca 300
tcatcgtege cogtggtpgc agatettecg gattecteat gegeggateg tggtegettt 360
gaaggicgac agft atg ccg cca cac gee cet gac tec aca ggt ctt ggg 410
Met Pro Pro His Ala Pro Asp Ser Thr Gly Leu Gly
1 5 10
cece gaa git tte cge ctg cct gat gac geg ate cog goe cag gat cge 458
Pro Glu Val Phe Arg Leu Pro Asp Asp Ala Ile Pro Ala Gln Asp Arg
15 20 25
aga tct aca cag aag 2aa tac teg ctt tea gac gic age aag cac aac 506

Arg Ser Thr Gln Lys Lys Tyr Ser Leu Ser Asp Val Ser Lys His Asn
30 35 40

)]



210 215 220 Leu Val Gly Ala Ser Ser The Met Trp Arg GIn GIn His Val Ala
Gly 225 230 235 240 His His Ser Phe Thr Asn lle Asp His Tyr Asp Pro
Asp lle Arg Val 245 250 255 Lys Asp Pro Asp Leu Arg Arg Val Thr Ser
GIn Gin Pro Arg Arg Trp 260 265 270 Phe His Glu Tyr Gin His lle Tyr Leu
Gly Val Leu Tyr Gly Val Lcu 275 280 285 Ala Leu Lys Ser Val Leu lle Asp
Asp Phe Ser Ala Phe Phe 5er Gly 290 295 300 Ala lle Gly Pro Val Lys He
Ala GIn Met Thr Pro Lou Glu Met Gly 305 310 315 320 Val Phe Tip Gly
Gly Lys Val Val Tyr Ala Lou Tyr MétPhe Leu Leu 325 330 335 Pro Met
Med: To¢ £l pdoit Togl ooSital it LU P e talepta iyl 8aTyr 340 345 350 lle
LethSes Gin AUCYalsla-Cly:Tp TrhidigUsdlaal Byt Rgevizhe Gin 355 360
36%5Val Ala Hig Val Val A§p Asp Al@®&al Phe Pro Val Ala Glu Thr Asp 370
375 380 Gly Gly Lys Ala Lys lle Pro Set Gly Trp Ala Glu Met Gin Val Arg
38089 ATEIFE 8t Bp2&r$%Ber Met Phe Tip Thr
H@ﬂé%érfp @!slztfié’%i 58359 @K/ E%&ﬁu»lﬁ%%?n e His His Leu Phe

Pro Gly Vaq Cys 420 425 430 His"Val His Tyr Pro Ser lle GIn Pro He Val

% 8a LR SYRARP 43244 QA o fe i Fhe Asa: V@ddPro Tyr Thr Scr Tyr
Prax Ty%ﬂ@ﬂéipséd&lﬁ\l@lhﬁblu AR08 AGYr His Pro Leu Tyr
85 90

gtc aga aag cta ctt pea cag tic tge att get paa ctc caa acg agt 698
Val Arg Lys Leu Leu Ala Gln Phe Cys Ile Gly Glu Len Gln Thr Ser
95 100 105

geg pea gat gag aag tte aag tet tca acg tig gag tat get get gaa 746
Ala Gly Asp Glu Lys Phe Lys Ser Ser Thr Leu Glu Tyr Ala Gly Glu
110 115 120

gaa cat paa gta it tac cac act ctc aag cag cge gig gaa acg tac 794
(lu His Glu Val Phe Tyr His Thr Leu Lys Gln Arg Val Glu Thr Tyr
125 130 135 140

ttc cpc aag cag aag ata aat cot ofa tac cat cog caa atg ctt gtg 842
Phe Arg Lys Gln Lys Ile Asn Pro Arg Tyr His Pro Gln Met Leu Val
145 150 155

aag tca gec gig ate att goa ace ctt ctt cic tgt tac tat tit gpe 890
Lys Ser Ala Val Ile lle Gly Thr Leu Leu Leu Cys Tyr Tyr Phe Gly
160 165 170

tic ttc tgg tct caa aat gta ctc cfc teg atg tit ctg gea age ate 938
Phe Phe Trp Ser Gln Asn Val Leu Leu Ser Met Phe Leu Ala Ser Ile
175 180 185

atg gep ttc tge act gog gag gtg pec atg tee ate atg cac gat ggt 986
Met Gly Phe Cys Thr Ala Glu Val Gly Met Ser Ie Met His Asp Gly

190 195 200

aac cac gga tcg tac aca caa tct acc tig ctt ggt tac gte atg gge 1034
Asn His Gly Ser Tyr Thr Gln Ser Thr Leu Leu Gly Tyr Val Met Gly
205 C210 215 220

gec act ctt gat cfg gtg pea get age agt ttc atg tgg agg cag cag 1082
Ala Thr Leu Asp Leu Val Gly Ala Ser Ser Phe Met Trp Arg Gln Gln
225 230 235

cat ptg goc ggg cac cac teg tic ace aac atc gac cat tac gat cea 1130
His Val Ala Gly His His Ser Phe Thr Asn Ile Asp His Tyr Asp Pro
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Arg Ala His Phe Gin His Leu Lys Asn Val Gly Leu Gin Asp Gly Leu 465
470 475 480 Arg Leu Asp Gly <20?7 (13 -80- <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <220> <221>n <222> (12) <400> 7 tggtggaarg
anaarcayaa <210> 8 <211>21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:Primer <220> <221>
modified-base <222> (4) <223> i <g;0> <221> modified bc:ie <222> (7)
<223>i <220> i

240 245 250

gac att cgt gtg aap gat cot gat tta cga cgg gtt act ict caa caa 1178
Asp Ile Arg Val Lys Asp Pro Asp Leu Arg Arg Val Thr Ser Gln Gln
255 260 265

cce cga aga tgg ttt cac pag tat cag cat atc tac tta gga gta cte 1220
Pro Arg Arg Trp Phe His Glu Tyr Gln His Ile Tyr Leu Gly Val Leu
270 275 280

tat gge git ctt goo tta aaa agt gtp ttg att gat gat tic age gee 1274
Tyr Gly Val Leu Ala Leu Lys Ser Val Leu Ile Asp Asp Phe Ser Ala
285 290 285 300

ttc ttc apt get get ate gee cca gta aag ata get caa atg acacea 1322
Phe Phe Ser Gly Ala lle Gly Pro Val Lys Ile Ala Gln Met Thr Pro
305 310 315

cte gag atg ggc gte tte tgg ppa gep aag git gig tac gea ctgtac 1370
Leu Glu Met Gly Val Phe Trp Gly Gly Lys Val Val Tyr Ala Leu Tyr

320 325 330

- atg it ttg cte cot atg atg tat gpt caa tac aac att ctt act ttc 1418
Met Phe Leu Leu Pro Met Met Tyr Gly Gln Tyr Asn Ile Leu Thr Phe
335 340 T 345

att ggt ctc tac att cte tca cag tta git gea pgg tgg act ctt gee 1466
e Gly Leu Tyr He Leu Ser Gln Leu Val Ala Gly Trp Thr Leu Ala
350 355 360

cic tte ttt caa gta gea cac git gte gac gat gea gta tit coo gtt 1514
Leu Phe Phe Gln Val Ala His Val Val Asp Asp Ala Val Phe Pro Val
365 370 375 380

gCg gaa aca gat gpt pea aaa gea aag att cct tet ggt tgg gea gaa 1562
Ala Glu Thr Asp Gly Gly Lys Ala Lys lle Pro Ser Gly Trp Ala Glu
385 390 395

atg cag gtc aga acc act acc aat ttc age tea cga tea atg tic tgg 1610
Met GIn Val Arg Thr Thr Thr Asn Phe Ser Ser Arg Ser Met Phe Trp
400 405 410

aca cat att agt gge got ctg aac cat cag atc gag cac cat ctt ttc 1658
Thr His lle Ser Gly Gly Leu Asn His Gln Ile Glu His His Leu Phe
415 420 425

ceg get gte tgt cat git cac tac cca apc ata cag cca ate gtg aag 1706

Pro Gly Val Cys His Val His Tyr Pro Ser Ile Gln Pro Ile Val Lys
430 435 440

(i1



<221> modified base <222> (10) <223>i <220> <221> modified base
<222> (13) <223> 1 <400> 8 rttnarnccn ccngtraacc a 21 <210> 9 <21 1>
22 <212> DNA (14) -81- <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Primer <400> 9 aagttgcctt cgatgtttct gg
22 <210> 10 <211> 22 <212> DNA <213> Atrtificial Sequence <220>
<223> Description of Artificial Sequence:Primer <400> 10 gctcgectgg
agcaaggaaato 22 <210> 11 <211> 20 <212> DNA <213> Atrtificial
Sequence - 18-

gct ace tgt gac gag tte aac gtg cct tat act tee tac cec act tie 1754

Ala Thr Cys Asp Glu Phe Asn Val Pro Tyr Thr Ser Tyr Pro Thr Phe
445 450 455 460

tgg geg geo ctt agg gea cat ttt caa cat cig aaa aac gtc gga cta 1802
Trp Ala Ala Leu Arg Ala His Phe Gln His Leu Lys Asn Val Gly Leu
465 470 475

caa gat gea cta cga ctg gat gge tga actgtgacag catgettigs 1849
Gln Asp Gly Leu Arg Leu Asp Gly
480 485

gectgeactt teagatiteg gatcgaaget geppecgatg gaaataatca gataagagtt 1909
gtaagtaacg ttcaggagga gapcagaacy gattgatgag tgteeatitg tpaggettee 1969
acctttcagg aacagaagtt gaticgaatg cgaaacctee aatgageatt teacageegt 2029
cttetectty geeateatgt pttectecta gggageticg gtttttpoaa gitagtcage 2089
ttactttcga agatcgtica acgetecaagg ctagattttg tcgacactat ttagttaggt 2149
ccgatapata goteataaga ttecggtgee cteacacatg titcatcagt tgegatgtaa 2208
ticcagtaat ccacgtatgt ggctecagte tetpetpaaa teageacagg cagetatafe 2269

atpctccitg atctctaaaa aaaaaaaaaa aaaaaaaz 2307

<210> 6

<211> 484

<212> PRT

<213> Marchantia polymorpha

<400> 6
Met Pro Pro His Ala Pro Asp Ser Thr Gly Leu Gly Pro Glu Val Phe
1 5 10 15
Arg Leu Pro Asp Asp Ala Ile Pro Ala Gln Asp Arg Arg Ser Thr Gln
20 25 30
Lys Lys Tyr Ser Leu Ser Asp Val Ser Lys His Asn Thr Pro Asn Asp
35 40 45
Cys Trp Leu Val Tle Trp Gly Lys Val Tyr Asp Val Thr Ser Trp Val
50 55 60
Lys Val His Pro Gly Gly Ser Leu Tle Phe Val Lys Ala Gly Gln Asp
65 70 75 80
Ser Thr Gln Leu Phe Asp Ser Tyr His Pro Leu Tyr Val Arg Lys Leu
85 90 g5
Leu Ala Gln Phe Cys Ile Gly Glu Leu Gln Thr Ser Ala Gly Asp Glu
100 105 110
Lys Phe Lys Ser Ser Thr Leu Glu Tyr Ala Gly Glu Glu His Glu Val

(12)



<220> <223> Description of Artificial Sequence:Primer <220> <221>
modified-base <222> (3) <223>i <220> <221> modified base <222>
(18) <223>i <400> 11 gtngarttyatggayacngt 20 <210> 12 <211> 20
<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequcncc:Primer (15) -82- <220> <221> modified-base <222>
(3) <223> i <220> <221> modified base <222> (12) <223>i <400> 12
cknccccara anarrtaytt 20 <210> 13

115 120 125
Phe Tyr His Thr Leu Lys Gln Arg Val Glu Thr Tyr Phe Arg Lys Gln
130 135 140
Lys Tle Asn Pro Arg Tyr His Pro Gln Met Leu Val Lys Ser Ala Val
145 150 155 160
Ile le Gly Thr Leu Leu Leu Cys Tyr Tyr Phe Gly Phe Phe Trp Ser
165 170 175
Gln Asn Val Leu Leu Ser Met Phe Leu Ala Ser Ile Met Gly Phe Cys
180 185 190
Thr Ala Glu Val Gly Met Ser lle Met His Asp Gly Asn His Gly Ser
195 200 205
Tyr Thr Gla Ser Thr Leu Leu Gly Tyr Val Met Gly Ala Thr Leu Asp
210 215 220
Leu Val Gly Ala Ser Ser Phe Met Trp Arg Gin Gln His Val Ala Gly
223 230 235 240
His His Ser Phe Thr Asn Ile Asp His Tyr Asp Pro Asp Ile Arg Val
245 250 255
Lys Asp Pro Asp Leu Arg Arg Val Thr Ser Gl Gln Pro Arg Arg Trp
260 265 270
Phe His Glu Tyr Gin His Ile Tyr Leu Gly Val Leu Tyr Gly Val Leu
275 280 285
Ala Leu Lys Ser Val Leu lle Asp Asp Phe Ser Ala Phe Phe Ser Gly
290 295 300
Ala Jle Gly Pro Val Lys llc Ala Gln Met Thr Pro Leu Glu Met Gly
305 310 315 320
Val Phe Trp Gly Gly Lys Val Val Tyr Ala Leu Tyr Met Phe Leu Leu
325 330 335
Pro Met Met Tyr Gly Gln Tyr Asn lle Leu Thr Phe fle Gly Leu Tyr
340 345 350
Iie Leu Ser Gln Len Val Ala Gly Trp Thr Leu Ala Leu Phe Phe Gln
355 360 365
Val Ala His Val Val Asp Asp Ala Val Phe Pro Val Ala Glu Thr Asp
370 375 380
Gly Gly Lys Ala Lys Ile Pro Ser Gly Trp Ala Glu Met Gln Val Arg
385 390 395 400
Thr Thr Thr Asn Phe Ser Ser Arg Ser Met Phe Trp Thr His [le Ser
405 410 415
Gly Gly Leu Asn His Gln Ile Glu His His Leu Phe Pro Gly Val Cys
420 425 430
His Vel His Tyr Pro Ser lle Gln Pro Ile Val Lys Ala Thr Cys Asp
435 440 445 '
Glu Phe Asn Val Pro Tyr Thr Scr Tyr Pro Thr Phe Trp Ala Ala Leu
450 455 460
Arg Ala His Phe Gln His Len Lys Asn Val Gly Lea Gln Asp Gly Leu
465 470 475 480
Arg Leu Asp Gly

<210=7



<211> 22 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Primer <400> 13 gcgagctttc tcgttctttc cc
22 <210> 14 <211> 22 <212> DNA <213> Atrtificial Sequence <220>
<223> Description of Artificial Sequcnce:Primer <400> 14 tatgattttg
aagcgcaaca cg 22 <210> 15 <211> 22 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial Sequence:Primer <220>
<221> modified_base <222> (6) (16go<223> I <220> <221> modified
base <222> (9) <223>i <220> 77

<211>20

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>
<221>n’
<222> (12)

<400> 7
tggtpgaarg anaarcayaa 20

<210> 8

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>

<221> modified base
<222>(4)

<223>1

<220>

<221> modified base
<222>(7)

<223>1

<220>

<221> modified base
<222> (10)

<223>1

<220>

<221> modified_base
<222> (13)

<223>1

<400> &
ritnarncen congtraace a 21

<210>9
<211>22
<212>DNA

(14)



<221> modified base <222> (14) <223> i <400> 15 athrangrna
artntaygay gt 22 <210> 16 <211> 23 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial Sequence:Pruner <220>
<221> modified base <222> (3) <223>i <220> <221> modified hais;a
<222> (6) <223>i <220> <221> modified base <222> (9) <223> i
<220> <221> modified base <222> (18) <223>i <400> 16 ggnaynkwnt
sdatrtcngg rtc 23 <210> 17 <211> 2281

<213> Artificial Scquence

<220>
<223> Description of Artificial Sequence:Primer

<400> 9
aagttgectt cgatgtitet gg 22

<210> 10

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Prnimer

<400> 10
getegeetgg ageaaggaaa te 22

<210> 11

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>

<221> modified_base
<222> (3)

<223>i

<220>

<221> modified_base
<222> (18)

<223>1

<400> 11
gngarttya tggayacngt 20

<210> 12

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

(15)



-84- <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Primer <400> 17 gtgtgtacga tccgtgg to ¢ 22 <210> 18
<211> 22 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Primer <400> 18 aaggcgggac
aggattc:<w tti 22 <210> 19 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Primer <400>
19 ggaattcgcg atggcectcgt ccaccaccac 3r <210> 20 <211> 29 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequcnce:Primer <400> 20 ggaatt(:t%% tttcgcagcg tatgctacc 29

<220>

<221> modified base

<222>(3)

<223>i

<220>

<221> modified_base
<2225 (12)

<223>1

<400> 12
cknceccara anarrtaytt 20

<210>13

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 13 ‘
gegagettte tegttettic cc 22

<210> 14

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<3223> Description of Artificial Sequence:Primer

<400> 14
tatgattitg aagcgeaaca cg 22

<210>15

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>
<221>modified base
<222> (6)

(16)



<210> 21 <211> 29 <212> DNA <213> Artificial Sequence -85- <220>
<223> Description of Artificial Sequence:Primer <403> 21 ggaattcgcg
atggaggcgt acgagatgg 29 <210> 22 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <400> 22 ggaattcttc tgcctttttg ctettgatc 29 <210> 23
<211> 30 <212> DNA <213> Artificial Sequence <220><223>
Description of Artificial Sequence:Primer <400> 23 gttgaattcg acagttatgc
egccacacgc 30 <210> 24 <211> 30 <2%2> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Primer

<220>

<221> modified base
<222>(9)

<223>1i

<220>

<221> modified_base
<222> (14)

<223>1

<400> 15
athrangrna artntaygay gt 22

<210> 16

<211>23

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>

<221> modified base
<222> (3)

<223>1

<220>

<221> modified_base
<222> (6)

<223>1

<220>

<221> modified base
<222> (9)

<223>1i

<220>

<221> modified base
<222> (18)

<223>1

<400> 16
genaynkwnt sdatrtengg rte 23

<210> 17
<211> 22
(17)



<400> 24 gttgaattca ggeccaaagc atgctgtcac 30 <210> 25 <211> 28
<212> DNA <213> Artificial Sequence <220> -86- <223> Description of
Artificial Sequencc:Primer <400> 25 cgggatcctctcctggcgca ccatcgtc 28
<210> 26 <211> 28 <212> DNA <213> Atrtificial Sequence <220> <223>
Description of Artificial Sequcnce:Primer <400> 26 ggggtaccaa cgcgctttcc
caccaacg 28 <210> 27 <211> 29 <212> DNA <213> Atrtificial Sequence
<220> <223> Description of Artificial Sequence:Primer <400> 27
gctctagage gatggcectcgtecaccacce 29_ 210> 28 <211> 29 <212> DNA

<233» Avificial Sequence

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 17
gtetatacga teegtggtia co 22

<210>18

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 18
aaggcggeac aggaticaac ac 22

<210>19

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 19
geaattcgep atggecetegt ceaccaccac 30

<210 20

<211>28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 20
gegaattctac tttegeageg tatgetace 29

<210> 21
<211>29
<212> DNA
<213> Artificial Sequence
(18)



<220> <223> Description of Artificial Sequence:Primer <400> 28
gctctagact atactttcgc agcgtatge 29 <210> 29 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer (20) 8 <400> 29 gctctagagc gatggaggcg tacgagatgg 30
<210> 30 <211> 27 <212> DNA <213> Artificial Sequence <220><223>
Description of Artificial Sequence:Primer <400> 30 getctagatt attctgcett
tttgctc 27 <210> 31 <211> 29 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial S&guence:Primer <400> 31

gctctagaga cagttatgcc gecacacgc 2 <210> 32
<220>
<223> Description of Artificial Sequence:Primer

<400> 21
ggaattcgeg atgpaggegt acgagatgg 29

<210> 22

<211> 29

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 22
geaattette tgectttttg cicttgate 29

<210>123

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 23
gitgaattcg acagltatge cgecacacge 30

<210>24

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 24
gitgaattca ggeecaaage atgetgteac 30

<210> 25

<211>28

<212> DNA

<213> Artificial Sequence

220>
(13)



<211>29 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Primer <400> 32 gctctagaag
gcccaaagca tgctgtcac 29 <210> 33 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <400> 33 caggaaacag ctttgaec S (21) -88- <2I10> 34
<211> 30 <212> DNA <213> Artificial Sequence <220><223>
Description of Artificial Sequence:Prigier <400> 34 aaactgcaga ttcccgatct
agtaacatag 30 <210> 35 <211> 30 <212> DNA <213> Artificial
SequencRsRatr oF 23k eseriptier ehértificial Sequence:Primer

<400> 25
cgggatecte tectggepea ceategtc 28

<210>26

<211>28

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 26
gepotaceaa cgegettice caccaacg 28

<210>27

<211>29

<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence:Primer

<400> 27
getctagage gatpgccteg teccaccace 29

<210>28

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 28
Ectctagact atactttcge agegtatge 29

<210>29

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

(20)



<400> 35 ccggaattcg catgcctgca ggtccccaga 30 <210> 36 <211> 18
<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Primer <400> 36 tgtaaaacga cggecagt 18 <210> 37
<211>7 <212> PRT <213> Unknown Organism <220> <221> Xaa
<222> (4) <223> Description of Unknown Organism: conserved amino
acid sequence <400> 37 (22) -89- Trp Trp Lys Xaa Lys His Asn 1 5
<210> 38 <211>7 <212> PRT <213> Unknown Organism <220> <223>
Description of Unknown Organism:coh@nged amino acid sequence

<400> 29

getetagage gatgoagpep tacgagatge 30

<210> 30

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description: of Artificial Sequence:Primer

<400> 30
gctctagatt attetgectt tttgete 27

<210> 31

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 31
gctetagaga cagttatgee gecacacge 29

<210> 32

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 32
gotctapaag gecccaaagea tgetgteac 29

<210> 33

<211>18

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 33
caggaaacag ctatpace 18

(21)



<400> 38 Trp Phc Thr Gly Gly Leu Asn 15 <2|0> 39 <211>7 <212>
PRT <213> Unknown Organism <220> <223> Description of Unknown
Organism: conserved amino acid sequence <400> 39 Val Glu Phe Met
Asp ThrVal 15 <210>40 <211>7 <212> PRT <213> Unknown
Organism <220> <223> Description of Unknown Organism: conserved
amino acid sequence <400> 40 Lys TyrLeuPheTrpGlyArg 15 <210> 41
<211> 8 <212> PRT <213> Unknown Organism -90- <220> <223>
Description of Unknown Organism:conserved amino acid sequence

- 88 -

<210> 34

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 34
aaactgeaga ttcecpatet agtaacatag 30

<210>35

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 35
ccggaatteg catgoefgea ggtececaga .30

<210> 34

<211> 18

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 36
tptaaaacga cggeeagt 18

<210> 37

<211>7

<212> PRT

<213> Unknown Organism

<220>

<221> Xaa

<222> (4)

<223> Description of Unknown Organism:conserved amino
acid sequence

<400> 37
(22)



<220> <221> Xaa <222> (2) <223> Glu or Asn <220> <221> Xaa
<222> (3) <223> Gly or Asp <400> 41 lle Xaa Xaa Lys Val Tyr Asp Val 1
5<210> 42 <211>8 <212> PRT <213> Unknown Organism <220>
<223> Description of Unknown Organism:conserved amino acid
sequence <220> <221> Xaa <222> (5) <223> GIn or Asp <220> <221>
Xaa <222> (6) <223> Tyr or Thr <220> <221> Xaa <222> (7) <223>
Met or Val <400> 42
-89 -
Trp Trp Lys Xaa Lys His Asn
| 5

<210> 38

<211>7

<212>PRT

<213> Unknown Organism

<220>
<223> Description of Unknown Organism:conserved amino
acid sequence

<400> 38
Trp Phe Thr Gly Gly Leu Asn
1 5

<210> 139

<211>7

<212>PRT

<213> Unknown Organism

<220>
<223> Description of Unknown Organism:conserved amino
acid sequence

<400> 39
Val Glu Phe Met Asp Thr Val
1 5

<210> 40

<211>7

<212> PRT

<213> Unknown Organism

<220>
<223> Description of Unknown Organism:conserved aming
acid sequence

<400> 40
Lys Tyr Len Phe Trp Gly Arg
1 5

<210> 41
<211>8§
<212>PRT
<213> Unknown Organism
(23)



Asp Pro Asp lle Xaa Xaa Xaa Pro 15 <210>43-91- <211> 26 <212>
DNA <213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence:primer XbaMpELOf <400> 43 agtctctaga gcgatggagg cgtacg
26 <210> 44 <211> 26 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:primer SacMpELOr <400> 44
cagtgagctc ggtgtcttat tctgec 26 <210> 45 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Description of Atrtificial Sequcnce:primer
XbaMpD5f <400> 45 agettctaga geegfgecge cacacgecce 29 <210> 46
<211> 26

220>

<223> Description of Unknown Organism:conserved amino

acid sequence

<220>

<221> Xaa
<222>(2)

<223> Glu or Asn

<220>
<221>Xaa
<222>(3)

<223> (Gly or Asp

<400> 41
lle Xaa Xaa Lys Val Tyr Asp Val
1 5

<210> 42

<211>8

<212>PRT

<213> Unknown Organism

<220>
223> Description of Unknown Organism:conserved amino
acid sequence

<220>

<221> Xaa
<222> (5)

<223> Glnor Asp

<220>

<221> Xaa
<222> (6)

<223> Tyr or Thr

<220>

<221> Xaa
<222>(7)

<223> Met or Val

<400> 42
Asp Pro Asp lle Xaa Xaa Xaa Pro
1 5

<210> 43
(24)



<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:primer SacMpD5r <400> 46 cagtgagctetcagccatcc
agtcgt 26 (25) 92- CLAIMS : 1. A Marchantiales-derived gene that
hybridizes under stringent conditions with all of or part of a DNA
nucleotide sequence, or its complementary sequence, of SEQ ID NO: 1,
and encodes a protein having A6 fatty acid desaturating activity. 2. A
gene that encodes a Marchantiales-derived protein having A6 fatty acid
desaturating activity, and that (a) coridlsts of a nucleotide sequence of
SEQID-N®: 1, or (b) hybridizes under stringent conditions with a DNA
nucieédtrl®Naguence, or its complementary sequence, of SEQ ID NO: 1.
3. Kyeneiidciehewiesca Marchantiales-derived protein having A6 fatty
aC|d desaturating activity, and that (a) consists of a nucleotide sequence
of fit ﬂﬁe§(§3rd to f'ng%t ) CL%QE'Q%? of SEQ ID NO: 1, or (b)
hybridiges, Hgﬁ% rlngent conditions with a DNA nucleotide sequence of
from the 253rd to 1698th nucleotides, or its complementary sequence, of
SEQa-MO: 1. 4. A gene that encodes a Marchantiales-derived protein
havipgt&&sfiaityaanigbglegatgrating activity, and #at (a) encodes a protein
with an amino acid sequence of SEQ ID NO: 2, or (b) encodes a protein
with an amino acid sequence that has been modified by substitution,
deléﬁéﬁi fzfgsertlon and/or addition of one or more amino acids of SEQ ID
NO%b DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer
SacMpELOr

<400> 44
cagtgagctc getgtettat tetgee 26

<2]10> 45

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223%> Description of Artificial Sequence:primer XbaMpD5{

<400> 45
agettctaga geeatpecge cacacgecc 29

<210> 46

<211> 26

<212>DNA

<213> Artificial Scquence

<220>
<223> Description of Artificial Sequence:primer SacMpD5r

<400> 46
cagtgagcte tcagecatcee agtegt 26

(25)



- 93 5. A protein encoded by a gene of any one of claims 1 through 4. 6.
A protein (a) consisting of an amino acid sequence of SEQ ID NO: 2, or
(b) consisting of an amino acid sequence that has been modified by
substitution, deletion, insertion, and/or addition of one or no more than 10
amino acids of SEQ ID NO: 2, and ha9iag-A6 fatty acid desaturating
activity. 7. An antibody which recognizes a protein of any one of claims 5
Hraddh'B. :8. A recombinant expression vector which comprises a gene of
any one of claims 1 through 4. 9. A transformant into which a gene of any
one of claims 1 through 4 is introduced. 10. A plant into which at least a
gene of any one of claims, 1 through 4 is expressibly introduced, its
progerly of* vé4ertltay bogied brats 8BNSy %easfarﬂ?é/brldlzes under

characteristics, cgiia.tissue of.the plant. 11. A plant into.whi t least a

YA EF By GREBT LIRS 1ifbuBH 4% eRpre2dbly Hirdaodlyhrgucleotide
Juhase foy asit compazan R esshy mofed s BPEIM YD NO: 1, and

etatively propagated plants havin me characteristics, or a
disséRie4a ¥ ibBeAlanh 4¢i AdeperdustiveJeateriat ohaplatiof £laidtilty .
or 11. 13. A method of producing fatty acids, using a plant or a plant
tissue of claim 11. 14. A gene detecting instrument comprising as a probe
at least a portion of a nucleotide sequence, or its complementary
sequefce fofgegemet bfanyeoreoofataims M dnolign 4 dis # dengeridg protein
method of a gene or substance that
having A6 fatty acid desaturating activity, and that (a) consists
of a nucleotide sequence of SEQ ID NO: 1, or (b) hybridizes
under stringent conditions with a DNA nucleotide sequence, or

its complementary sequence, of SEQ ID NO: 1.

3. A gene that encodes a Marchantiales-derived protein
having A6 fatty acid desaturating activity, and that (a) consists
of a nucleotide sequence of from the 253rd to 1698th
nucleotides of SEQ ID NO: 1, or (b) hybridizes under stringent
conditions with a DNA nucleotide sequence of from the 253rd to
1698th nucleotides, or its complementary sequence, of SEQ ID

NO: 1.

4. A gene that encodes a Marchantiales-derived protein
having A6 fatty acid desaturating activity, and that (a) encodes
a protein with an amino acid sequence of SEQ ID NO: 2, or (b)
encodes a protein with an amino acid sequence that has been
modified by substitution, deletion, insertion, and/or addition

of one or more amino acids of SEQ ID NO: 2.



regulates a protein of any one of claims 5 through 6, using a protein of
any one of claims 5 through 6.

- 93 -
5. A protein encoded by a gene of any one of claims 1

through 4.

6. A protein (a) consisting of an amino acid sequence of
SEQ ID NO: 2, or (b) consisting of an amino acid sequence that
has been modified by substitution, deletion, insertion, and/or
addition of one or no more than 10 amino acids of SEQ ID NO:

2, and having A6 fatty acid desaturating activity.

7. An antibody which recognizes a protein of any one of

claims 5 through 6.

8. A recombinant expression vector which comprises a

gene of any one of claims 1 through 4.

9. A transformant into which a gene of any one of claims

1 through 4 is introduced.

10. A plant into which at least a gene of any one of claims
1 through 4 is expressibly introduced, its progeny or
vegetatively propagated plants having the same characteristics,

or a tissue of the plant.

11. A plant into which at least a gene of any one of claims
1 through 4 is expressibly introduced and whose fatty acid
composition is thereby modified, its progeny or vegetatively

propagated plants having the same characteristics, or a tissue



- 94 -

of the plant.

12. A reproductive material of a plant of claim 10 or 11.

13. A method of producing fatty acids, using a plant or a

plant tissue of claim 11.

14. A gene detecting instrument comprising as a probe at
least a portion of a nucleotide sequence, or its complementary

sequence, of a gene of any one of claims 1 through 4.

15. A screening method of a gene or substance that
regulates a protein of any one of claims 5 through 6, using a

protein of any one of claims 5 through 6.





