UNSATURATED FATTY ACID SYNTHASE GENE ORIGINATING IN
MARCHANTIALES PLANT AND UTILIZATION OF THE SAME TECHNICAL
FIELD 5 The present invention relates to Marchantiales (Marchantia
polymorpha) -derived unsaturated fatty aici]d ‘synthetase genes, i.e. genes of
A5 fatty acid desaturase, A6 fatty acid desaturase, and A6 fatty-acid-chain

elongase, andus ATFERA TEDAEKERYUNDI DBRSYVYHISS B &6l BNTBtty
acids (PUFAs) such as arachidonic acid, eicosapentaenoic acid (hereinafter

referred to as CHRGINABHNETERE ARG HANIT ALEESPIBAN (heAEP
membrane of humans, no [ ryous_s, T

polyunsaturated fatty acid?ig[‘gg gel#rg)gﬁ rg)zl? o¥§eéro%mz§su bstance such
as prostaglandin and leukotoriene, and are very important pharmacological
substances. In recent years, health foods containing 20 arachidonic acid and
EPA haye:lbegn commercigilyyavailable. In addition, fatty acids, which are
used as a source material of detergents and biodegradable plastics, have
gaptured the gpo#light ssseateriahsidistaones retytensatusatetf tattyhacidtales
are currently produced by 25 extraction from cultured microorganisms or fish
oil. This({ eaisles ptoblenw virgh beoddetionesbsy inspdased ederfgtty acid
consumption and waste, and limited fish resources particularly in methods

using fis Sit e Bloghtisssid 61 FaOGaoM Latitrdhy BpiAl id o5 BERERRF10A©

occur ina series .of reactions involving A . :
fatty acid desaturase, ang A% fatty-acid-chain elongase, and

use thereof.
10
BACKGROUND ART
Polyunsaturated fatty acids (PUFAs) such as
arachidonic acid, eicosapentaenoic acid (hereinafter
referred to as "EPA" as appropriate) are contained in lipids
15 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
20 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

25 extraction from cultured microorganisms or fish oil. This



desaturation, chain elongation, and A5 desaturation, with linoleic acid and
a-linolenic acid being starting materials of the reactions yielding the
arachidonic acid and eicosapentaenoic a?'d, respectively. These reactions
are 10 catalyzed by a A6 fatty acid desatufase ("A6 desaturase" hereinafter),
A6 fatty-acid-chain elongase ("A6 chain elongase" hereinafter), and AS fatty
acid desatigaserobldasatust gheieinafieckimspestvelin brgere rethergy
A6 desaturase is cloned from several 15 plant species. For example, the
gene hasosesarabhied fromn Phaweddetylumitdcolattita dPhiisdominesigurces
patens, ceratodon purpureous, borage, lithogpermum erythrorhizon,
primrosé’,ae{ﬁélcﬂ n I.lﬂ{ﬂgtttl'fr%%r’?p gtﬁgs%@ég']desaturase gene has

also been clongd drop} jlameniousfuag, REMARESS &YREPACIEHR rEPA is
and humans (see Non-Patent Publication 1: Eur. J. Biochem. 269,p4105,

3002; NbniRatedt Roblicationr 2iflant detbe 936f138B;NivmRatamtolving A6
Publication 3: Eur. J. Biochem., 267.p3801, 2000; Non-Patent Publication 4:
Proc. N&t¢ S8daty aépysph a5l pnzetiang A N ndPaftat Publightm.swith

Lipids 37, 417,.2002; Non-Patent Publication 6:.FEBS Lett, 542, p100, 2003;
Non-pa%éﬂtojﬁ%ﬁic%‘fﬁool‘: ?%h‘ﬁ#é?% T PRGE EpiB S iB%é?zlﬁ‘D&fﬁgtéenﬁla“S

Publicatign &Hdpidse34tPEAR, 1998iaNeg-Patant Rublicatien giGeneid38and
p445 1999; Non-Patent Publication 10: Biochem J. 330, p611 1998;
Non-PatanoRalpicationridiPlantiNMol rBabs 20 ve293 199856 Nem-fPatems are
Publication 12: Biochem. Biophys. res. Commun. 255, ps73, 1999, and ,
IRon-PafchitPuBhichtd £3:A9 BRI 29435474 2550d) M Srapate ke e

desaturgses j¢laned romABese IgANRMS. GXEER AL QYA N chain

elongase” hereinafter), and A5 fatty acid desaturase (“A5
desaturase” hereinafter), respectively.

A gene for the A6 desaturase is cloned from several

15 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

20 fungi, nematodes, cyanobacteria, rats, and humans (see

Non-Patent Publication 1: Eur. J. Biochem. 269, p4105,

2002; Non-Patent Publication 2: Plant J. 135, p39, 1998;

Non-Patent Publication 3: Eur. J. Biochem., 267. p3801,

2000; Non-Patent Publication 4: Proc. Natl. Acad. Sci. USA

25 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-Patent Publication™15: Proc. Natl. Acad. Sci. USA 15
97, p6421, 2000). In plants, the gene has been cloned only from

Physcomiiefia patanspiseedYor-atesi Beblicationilid £lay J. $649955,999;
2002). In yeasts (Saccharomyces cereuisiae), there exist ELO2 20protein
and ELO®prdieite athicParelimadiied in fHe sﬁﬁﬁ@sis 238, p445 1999;

g;algngB haln e%&ur%tgg&ﬁ@chamof s%ng;%(ﬁ eeN Ongggnt Péjg icaltlgg 8
amino aﬁ'géeﬁl&?@ﬁ? pomeledensHo the F/LGO2 M%@"B%‘ﬂ BlO3,p9%INg 93

On the other hand, in plants, there exists 25 (3-ketoacyl-CoA synthase
G<CS), whieh Paanather Pypieldf ofeiitynacid-2hairBelorigase. THisiepyse res.
catalyzes the elongation of long-chain saturated and monounsaturated 4

fatty acif® BERWNontterit P(BlchHS? 15 BANH-Baterit tFuphéigahias: 13:
Plant C 995) e h ote o ar related
%ﬂ 7ﬁaln e 2|:7|0W Er?lt eltélzg%Z and’ IEL 4 g( sgturase

to the ongase gene or yeas genes see

Non-Patgrin 8 Publsatianele apesk)i &ngeneetbstABHIesat W ASEWAS from

originally cloned from
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-Patent Publication 15: Proc. Natl. Acad. Sci. USA

15 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
20 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
25 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



filamentous fungi (Non-Patent Publication 19: J. Biol. Chem. 273, p29360,
1998; and Non-Patent Publication 20: J. Biol. Chem. 273, p19055). The AS
desaturase has a cytochrome 10 b5 domain at the N-terminus as does the
A6 desaturase. The AS desaturase gene T]ia's also been cloned from
Phaeodactylum tricornutum, nematodes, rats, humans, Physcomitrella

patens, andptheid éseecoNdiatentt Fublmatorc it Nan-Patent P abbeatantent
21: FEBS Lett. 439, 15 p215, 1998; Non-Patent Publication 22: Arch.
Biochenk.uBidpays0 891 8 p&12001CRBnP &8 B ubfatiortbaw g vRiol t Ith& k.S
274, p37335, 1999; and NTn-Patent Publjcation 24: J. Bio Cl%em. 2718,
35115, 8605). P&y PS8R SaEEIEE thibbiybpHytes 2t clongase

(Bryophy(a) <DtesifdopRyles, g;Menospaims @ng ?”%@é—’l?@é’m@e AMQpg LS n t

groups of terrestrial plants, bryophytes are known to have branched off first,
and theywabdiclassified infodréelgrpups: Mosses (class Bryosida),

Liverworts (class Hepaticogi:aé,:and Hornwortz. 25 Marchantia polymorpha
is taxonomicalfy 8RIBE td Endscemmpdie pae e uiig the kbregsingd from

organisis, but e [atiet belogs olass Bruosida whie the foymey beloags

-5tosu n class Hepaticopsida. It I1s certain t

foregoingbreg Boaips, wese Branghes o1 - plleast abepl A3 HigyeRArsiol.
ago. Therefore, contrary to their common name "moss," the difference

betweerCh Phys@onditrel b adems dHveMEbcharstiet polyseotpha is eyubutlonamye
far too great to be called as a difference, as compared with the difference,

1R exaniple pBtER A A6 b pSEH AP & Artrscet vhtR Sessdirtto The
have br@QChecge%f:Lngargwiongeer%s agloagseeﬂggpaigee@n cloned from

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-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
20 (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.
25 Marchantia polymorpha is taxonomically closest to
Physcomitrella patens among the foregoing organisms, but

the latter belongs to class Bryosida while the former belongs



10 Publication 25: 11 036 1 5 14 1 439 68_0.html). As a Marchantia
polymorpha-derived polyunsaturated fatty acid synthetase gene, KCS-like
MpFAE2 and MpFAE3 chain elongase geﬁes have been obtained (see
Non-Patent Publication 26: Biosci. Biotechinol. Biochem. 67, p605, 15 2003;
and Non-Patent Publication 27: Biosci. Biotechnol. Biochem.67, p1667,

2003). Heweves cMpFAB2anrt WMipFiARde atg nel Al ClIABYRIONRGRSE ganest is
As described earlier, many polyunsaturated fatty acid biosynthetic genes are
cloned feet ¢ariotis apddies iofr o@dm@aribmee HowaRs, tere idoalyhfed off

ts in which ted fatty acids having 2 b t
i & GRS 8F T HBHLTabAG 450 HAGE SUCH BG. A BUNE AR Y Lo

EPA, weig.produged inglants . As.an «gxgaiple, it has hepRdroREed Between

Phaeodactylum 25 tricornutum-derived A6 desaturase and AS desaturase,
and a Phygcamittédle Hatenseterived Af éhail elehgase averpoéyprespedin is
Linum usitatissimum to produce arachidonic -6 acid and EPA. However, this

is not dEQIBEd R a&haiftdedoRontPatehPPRBIIEadbH RS /s dékiGisace, as

earlier, %))|X{Jg§?%u atedi@%ty ;?ﬁlgs, dsilf:fgr%% g(raachgc%nlce@(cgf{d anld 7EP€\eg§Veeen
produced by "5 extraction from cultured microorganisms or fishroil.’ This

raises PrORIBMesY 18N RLORHEIOTh eRE!  IRETEASRESNGIBY BeNRUIBRLIQB alkle
waste, and limited fish resources. Polyunsaturated fatty acids such as

arachiddmigacideahd cEPAZ e arplirality of choubledgmdd s ¢he Nuoledidéent
This 10 unique characteristic enables these fat%;ﬁlcids to be used in various

Ihdustridl pRIEERIEQE & Rims! BdBgraddiste PrislshidRttional fabrics,

lubricating Oil’ggdamﬁltg;@lantia polymorpha-derived polyunsaturated
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,
15 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
20 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
25 tricornutum-derived A6 desaturase and A5 desaturase, and
a Physcomitrella patens-derived A6 chain elongase were

expressed in Linum usitatissimum to produce arachidonic



substance for detergents). By producing such polyunsaturated fatty acids in
transgenic plants, it will be 15 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 use such oil
plants as @ inexpempine sooveeventerials iy manyidisferept purpogesail (see
However, in the expression of foreign genes in plants, it is difficult to predict
how welN e -diatenwil bt ia thédlants because the gene expression
involves transf%ripti n, translagion, apd modifiietions. Further, in 25 the

expression of MorethaR RS for&ight bdhe, RADSHIRAGAEAHESE tHE EXprasdsts
genes vl fupction mare desiEaRlY WheRq they gomerdiom 2,single SReEies Ofy

plant, as opposed to - 7 different plant species as in the case of Non-Patent
Bublicatéort 24c fothér ovarchantiaqad lynietahs; gandh nbelengSitahplylunThis
Bryophyta-the first terrestrial plants-has been receiving attention as a model
of highef& pantRr aRyehsr @grl@garévéseﬁéeféa% faRstiori WAIERASBEheinergy

plants. Therefore, onge Marchania Relymorpha-ferlyed poyunsauraied. o .
fatt acias n%ﬁg]tgse enes, |.e.‘§5\% esaturase ene,s\ desaturase gene,
y Y g g g

and A6 mhRin 8loAgass weNe areyohieinadsihwill he possitlede Afefficiant d
accumulate arachidonic acid and EPA in plants by introducing these genes
into plakt® A kb degdturase genedAb Uesdivmade ganehanh Ak @hbin This
elongase gene have been cloned from Physcomitrella patens, which also

1Belong WO pHYIMABHSSBN Er S8t i el cHartia pBMALRASHOWRGet sed

since M%CWE%us 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

15 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 use such oil plants as

20 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

25 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



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. 20 DISCLOSURE OF
INVENTION The present invention was made in view of the foregoing
problems, and an object of the invention is to provide Marchantiales
(Marchanifaspelyimokpika) rdeypeci 26 uasaturatechfatty-aeiel symthstase Patent
genes, specifically, A5 desaturase gene, A6 desaturase gene, and A6 chain
elongasBuddiea thancahdprobiycd arachidbric Aeit dr EPAlhiyidt ag plelish
The inventjon also provides a methodﬁf use of such . gene

. | .
accomph$hitig&ie pheserk INEAHbN, (REYRGEHSH “5Pthe irf{fe%tiontﬁ%ﬁﬁigdal
genes thatenqodg the Ae  deIalfase: AR dasaiHase aNthARENQYP higher

elongase, using cDNA clones derived from Marchantiales (Marchantia
polymorpha)tandesudcessfitlydeansiered anxipexpredsed thesetgenessinll in
methylotrophic yeasts (Pichia pastoris). As a result, the inventors have found
that profiR€ Expresdt@ 29y thesd §&i€ Mt enzynf&&ivities dfare/ngntia

desaturase, A6 desaturase, and A6 chain elongase, ectively.
Smeat B (PR ae SRS SMIRRE. [SIPEed synthetase

that hybgidizes, yndep stringent¢erdiionswithall @f 95 Pare@fa MR, Ind A6
nucleotide sequence, or its complementary sequence, of SEQ ID NO: 1, and
encodes hpiotethdragingra défattpecic llesatediing aestiVityb €2)pd geitele to
that encodes a Marchantiales-derived ) ) ) )
10 efficiently accumulate arachidonic acid and EPA in plants
by introducing these genes into plants.

The A5 desaturase gene, A6 desaturase gene, and A6
chain elongase gene have been cloned from Physcomitrella
patens, which also belong to phylum bryophyta as does

15 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.

20
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, A5

desaturase gene, A6 desaturase gene, and A6 chain elongase

gene, that can produce arachidonic acid or EPA in higher



protein having a A6 fatty acid desaturating activity, and 20 that (a) consists
of a nucleotide sequence of SEQ ID NO: 1, or (b) hybridizes under stringent
conditions with a DNA nucleotide sequenge, or its complementary sequence,
of SEQ ID NO: 1. (3) A gene that encod’ega'Marchantiales-derived 25
protein having a A6 fatty acid desaturating activity, and that (a) consists of a

nucleotigeasegpiense ahfvem then2bBsd 3 46888 nuelrdlides of SEQ B NGQch
1, or (b) hybridizes -9 under stringent conditions with a DNA nucleotide
sequené&e ot $rom the 253rd to 1698th nucleotides, or its complementary

sequence, of SEQ ID NO: 1. (4) A gene that encodes a . .
Marchantialej ef&ES %%ﬁoﬁ%&‘ﬁ%ﬁh@ BTAS FAHy 'Ac§ RESRur i BRAYOTS
and thaf fa)gacogdes aRisieiniith prRming asidksemgnce gt REQ R NOAs
2, or (b) encodes a protein with an amino acid sequence that has been
Bodifiedl by stibstituipn) 6ledetiont uinaskion,rah diar addition efongasrenareing

amino acids of 10 SEQ ID NO: 2.£) A Marchantiales-derived gene that _
hybridiz€® Nifide £ soitentoridiens WRktall M erslarrdtalphA (Mersdetia

e A R T BRI g
Marchaptialgs-gerived Rrotgi having a6 shainglangating actlyitv:ardthat s
() consists of a nucleotide sequence of SEQ ID NO: 3, or (b) hybridizes
under stingent ldonidittons vethta BSNAE@ ngclendidehsdqpentejos itsxpressed
lgomplerggn‘;g%rgssee%%%necse’hoa{dsgr(lgzgf?nNeoa:lgfivities 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
15 nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 1, and encodes a protein having a A6 fatty acid
desaturating activity.
(2) A gene that encodes a Marchantiales-derived
protein having a A6 fatty acid desaturating activity, and
20 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
25 protein having a 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



(7) A gene that encodes a Marchantiales-derived protein having a A6 chain
elongating activity, and that (a) consists of a nucleotide sequence of from the
194th to 25 1066th nucleotides of SEQ IDé\IO: 1, or (b) hybridizes under
stringent conditions with a DNA nucleotide’sequence of from the 194th to
1066th nucleotides, or its complementary - 10 sequence, of SEQ ID NO: 1.

(8) A gena that sacadesrt MarchanbaleswieivadDIvateim baydigdeAfe ghtdh ce
elongating activity, and that (a) encodes a protein with an amino acid .
sequen&d of TEM IDHRO: 24581 (h) eitcodks 2Sdfateim Witheariginimo aeld  its

sequence that has been modified by substjtuti eletion, insertion, and/or
cition ST O 16 B S A 61 Sec TN A65) A
Marchantialesydgrived gene the bybridiesy 40 underIFRRER FANUNT iveq
with all of or part of a DNA nucleotide sequence, or its complementary
Sequengs;aife SEQ 4DING: &, AGd frttgdes adprdéain hanangragASdeitty §cidand
desaturating activity. (10) A gene that encodes a Marchantiales-derived 15
protein hBfhd 3 ARG dURLEIRING HetivRy 2RI A csiftisedsract

nucleoti ence of, SE NO: 5, ,or (b) hybridizes under stringent .
g%%%&%%ﬁ@ %’]’U(?%JB(} encdodes a?d%o{el tg al%mo acid

.. n VYI atn
conditions tide sequence, ItS complementary sequence,

of SEQJE,NOhee2hdd)A 9enecthakrneasies & Yarehantialessierivedetion,

protein having a AS fatty acid desaturating activity, and that (a) consists of a
nucleotidessedqiuenceaat fronr thel 87 5ithntco1828#h nuckestidesof BEQIDIN©: of
5, or (b) hybridizes under stringent conditions with a DNA nucleotide

equen 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 a A6 chain

15 elongating activity.

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

20 nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 3.

(7) A gene that encodes a Marchantiales-derived
protein having a A6 chain elongating activity, and that (a)
consists of a nucleotide sequence of from the 194th to

25 1066th nucleotides of SEQ ID NO: 1, or (b) hybridizes under
stringent conditions with a DNA nucleotide sequence of

from the 194th to 1066th nucleotides, or its complementary



25 of from 375th to 1829th nucleotides, or its complementary sequence, of
SEQ ID NO: 5. (12) A gene that encodes a Marchantiales-derived - 11

protein having a A5 fatty acid desaturating activity, and that (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,
deletions &qnsatiier), énd/Bradditiioef bne or more amino acids of SEQ ID
NO: 6. (13) A protein encoded by a gene of any one of genes (1) through
(12). (14) A prbBainfa) gensistifgadf apnrrideacitl séfuepeartirdesEtyTived

NO: 2, or (b) consisting of ino acid that has b dified
by subsHURSHHABOR Sretor 4067 SHEROH S B4167 Word A2 ()

acids ol HEQARINE pRoRBELIAEY A AGRIN BCId9gsab AU KDL D
A protein (a) consisting of an amino acid sequence 15 of SEQ ID NO: 4, or
) consstingiofan (ammnocacid seqpeante i that hasdheemmadified &ysequence
substitution, deletion, insertion, and/or addition of one or more amino acids

of SEQ tbaNd1258 haghaving 4188 chamEsiytity BetRyctionAipretdition.
coneisti 731 STUARLLGIS Sbdines Tt BULR Sty SRR
deletionginsertion, and/or addition of one or more amino acids of SEQ ID

NO: 6, and having a A5 fatty acid desaturating activity. (17) An antibody
which recogniz@$ afroféimrofaarytombe 25l of protbing €13) tHinagh HyE)r{@8kes

Jfrecombinent expression vector which comprises, A 9ene Of ey one of
nucleotide sequence, or its complementary sequence, of
SEQ ID NO: 5, and encodes a protein having a A5 fatty acid
desaturating activity.

(10) A gene that encodes a Marchantiales-derived

15 protein having a 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.

20 (11) A gene that encodes a Marchantiales-derived
protein having a 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

25 of from 375th to 1829th nucleotides, or its complementary
sequence, of SEQ ID NO: 5.

(12) A gene that encodes a Marchantiales-derived



- 12 (19) A transformant into which a gene of any one of genes (1) through
(12) is introduced. (20) A plant into which at least a gene of any one of
genes (1) through (12) is expressibly introduced, its progeny 5 or
vegetatively propagated plants having the sijar_ne characteristics, or a tissue
of the plant. (21) A plant into which at least a gene of any one of genes (1)

through 13} és expressidy intrasluced pnslamnoge statly raaitngomReesitien,isand
thereby modified, its progeny or 10 vegetatively propagated plants having the
same cHagdctenistios ot estissie ofdhe prabh @R) Anéproduile afaiat ofof

a plant or 23) A method of producing fatty acids, using a plant or .
2 plant SCEKD U MG 18 (57 T hSter o S8 SAICH THE Rt i
one corpQyidh selegiad Hom INeHouR APNYSIIRG Py ipAlERIG ACle1etion,
dihomo-y-linolenic acid; arachidonic acid; stearidonic acid; eicosatetraenoic
acid; antheieosapentaaigio acidbd ivilinh @f ecabtae chiyra naethiecbob (A8)s of
20 (25) A method of modifying a fatty acid composition, using at least a gene
of any oRE ®f {D tidudh (12). (26) A gene detecting instrument comprising

as a probe at t a portion.of a nucleotjde sequence, or its complementar
otuence. o 4 hdoP AR e SRR boh SETIE, L7 s e gPets
method @f)atgﬁ%gthsypgtpnce that regulates a protein of any one of (13)
through (16), using a - 13 protein of any one of (13) through (16). (28) A
gene or substdndg dbtainédily(ajscreenisging of an amino acid sequence

10 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 a A6 fatty acid desaturating activity.

(15) A protein (a) consisting of an amino acid sequence

15 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 a A6 chain elongating activity.

(16) A protein (a) consisting of an amino acid sequence

20 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 a A5 fatty acid desaturating activity.

(17) An antibody which recognizes a protein of any one

25 of proteins (13) through (16).

(18) Arecombinant expression vector which comprises

a gene of any one of genes (1) through (12).



method of (27). It is to be noted that, in the present invention, the 5
nucleotides A, C, G, and T indicate adenine, cytosine, guanine, and thymine,
respectively, unless otherwise specified. Other objects, features, and
advantages of the invention will be made ¢tear by the descriptions below. 10
Benefits of the invention will also be made clear by the description referring

to the attacheq 9awiAngr BRYEGTRESE RIPHTIONHEWDRAAWINGSY Righyl e of
explanatory drawing illustrating a 15 procedure of constructing a construct in
which eggieesida kabsetestof MpDESBI§ene WpELO1 gene, and MpDES5

di le 6 are joined t ther. BEST MODE.FOR
CARRYING OUP N AE R ENFIEN B0 T T dGte) v Lenh &Ry one of

embom%‘@ﬁkgf(ﬁ‘?tﬁ%ﬁ? hinyentiane {£4s 42 b, notae el the VEIRR d$eny

not limited in any way by the following description. Specifically, the following
8escribes; inwrder af apigargnoep syatleetic pddmays dfarachidotticacisame
and 25 eicosapentaenoic acid (EPA), genes and proteins according to the
inventiofN#EATEES ISt ébtaifinFptbteing fHdtgen®dastthe invention, and

methods of us (P eful ss)t aof qenesﬁ.14 andlgrot ins accordi?g to the
. . i PLATLG, L0 W 1cﬁ1 at.l€as agene of“any one of
invention. (1) Synthe |(Ppa ways of arachidonic acid and® eicosapéntaenoic

acid (ERALERe (hipsyibasis Qharpehidanic acidmndi 21 6QsARANIARROIG hose
acid (EPA) is believed to occur in a series of reactions involving A6
desaturasioty A6 ohadv slgngsEtionn dndtAf debaturetidintindh litoleiceagicdy or
and a-linolenic acid .
vegetatively  propagated 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).

15 (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).

20 (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

25 (12).

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

regulates a protein of any one of (13) through (16), using a



being starting materials of the reactions yielding the arachidonic acid and
eicosapentaenoic acid, respectively. 10 These reactions are catalyzed by A6
desaturase, A6 chain elongase, and AS (iv%saturase, 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 15
chain elppgasen asw AS;desatwase ayetinvelved inlegth n-6 pathway and

n-3 pathway. Specifically, the A6 desaturase in the n-6 pathway converts
linoleic acid (1628D9/ 2gedrtaining B® hsrratehis iarriitweydcubichoatsng
at positions.9 and il%é e same notation will be used below)) 20 into
y-IinoIeﬁfbeé[aa‘(%LA, }3D6,9,12). In the n-3 pathway, the A6 desaturase

converts a-linglenic agidALAy, (163012, 1R) M Sieaudeniciacid{Bity, the
18:4D6,9,12,15). The A6 chain elongase in the n-6 pathway converts GLA

mto dihnmolyditiolenicAacid(DGLA2043A8'ihd4daand adieind, 2T-ytosine,
pathway converts STA into eicosatetraenoic acid (ETA; 20:4A8'11,14,17).
The AS #éa&tingse inse ntby@RHay E6SRGTSIYEIA intrdeschidekiteasydse

(20:4A538'lel(.:}€.1)é é\nd in - 15 the n-3 pathway converts ETA into
eicosapeﬁtaenmc acid (EPA; 20:5A5'8'11'14'17) (2) Genes according to the

present inventiopn A6 despterase gene@eserdinga thedivamtiopt 8 A0 the
desaturase gene according to the present invention is a

Marchantizlesdernvedigjereethat @dcodésar proteihbhaving @ At fattysadidlow.
desaturating activity. Specifically, the gene satisfies the following conditions;

19 A gerddsiffite RiclebtidevsdtidAce B8 f9 Nts: 1pade clear by the

description referring to the attached drawing.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is an explanatory drawing illustrating a
15 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

20 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

25 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



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 15 Wiih part of DNA of a nucleotide
sequence, or its complementary sequehcle, of SEQ ID NO: 1; 4. A gene with
a nucleotide sequence of from the 253rd to 1698th nucleotides of a

nucleotide geguetemef SE€ HAiND 1, tureieindhisipartion of the nucleotide
sequence is 20 translated into a protein with an amino acid sequence of

SEQ ID NO: 2{ B. Agyjenehhathyridibesantiecdtringaritishelitions agith aand

nucleotide se%uence of from the, %ﬁ% 1698th nucleotides of a nucleotide
sequen&e 8P P EOHPRINARAY ence, of SEQ ID NO: 1; 6. A gene

that encodes arproteinyyh ¢R @eiQ acid, sequencefi@:ID NQ:id andip q
16 7. A gene that encodes a protein with an amino acid sequence that has
Been medifiethlpe sithstitdtiona dade(iBR Anserten earetiot @ddition dhoneserrie s
more amino acids of the amino acid sequence of SEQ ID NO: 2. 5 [A6 chain
elongaseigeircAte BRIy © HE Bre8ehe SAVERRIAP A ABCREIR EdHgdsgation,
gene acg(r)lrgliﬂ% ta érS\% plrlersetnt inv%rilﬁplr_]js allggarchalratiglgﬁ-derived ene that

encodes a protein having% }féjfatty-audl-% alnce%%gatlng agﬁ\lllltr)}.ol pic acid

Specificallynthe gexe saisfigsthe-fallowipg canditiopgclidngengiwithiag the
nucleotide sequence of SEQ ID NO: 3; 2. A gene that hybridizes under
stringendcantitibmeic acid and eicosapentaenoic acid, respectively.
10 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
15 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 (18:2D912,
containing 18 carbon atoms, and two double bonds at
positions 9 and 12 (the same notation will be used below))
20 into y-linolenic acid (GLA; 18:3D¢.9.12). In the n-3 pathway,
the A6 desaturase converts a-linolenic acid (ALA;
18:3D9:12.15) into stearidonic acid (STA; 18:4D6.9.12.15) 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
25 pathway converts STA into eicosatetraenoic acid (ETA;
20:4A8:11,14,17) . The AS desaturase in the n-6 pathway

converts DGLA into arachidonic acid (20:4A5.8:11,14) " and in



with DNA of the nucleotide sequence, or its complementary 15 sequence, of
SEQ ID NO: 3; 3. A gene that hybridizes under stringent conditions with part
of DNA of a nucleotide sequence, or its Cﬁ plementary sequence, of SEQ

ID NO: 3; 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 ehthennaclpatitiensgruaieedst i apglatech oA qsetet withaoamineid
acid sequence of SEQ ID NO: 4; 5. A gene that hybridizes under stringent
conditio8P25 With autiébtide Sequence of from the 194th to 1066th

leotides of leotid , Or it I t , of
SEQ ID NO: 3 21 7 W15 GBRE YR BECHUALS AESahm A AR acia

sequence of SAQ PN a0d £ A gens Bial SNEqdes i PIRTEIR Wibh fn

amino acid sequence that has been modified by substitution, deletion, "5
Msertion, and/ar adlditiateskane as enope amina @cidsloh the tamitioeacigresent
sequence of SEQ ID NO: 4. [A5 desaturase gene according to the invention]

A A5 dedaYsiatiogens fcci@ncd e isesent irvdngsnes khat encodes a
Marchantiales-derived gene that.encqQdes a 10 protein having a AS fatty aci
dosatirRi bty SHLBichiy: thelGULE A 2hes TS FAIMILY SonditoraLy
1. A gengpwithracpugieotide sequenrca IREQHR NOswin aaiediabns:

hybridizes under stringent conditions 15 with DNA of a nucleotide sequence,
or its complementarge sequanbef ot SEQ1Dotidessequence of SEQ ID NO:
10 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

15 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

20 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

25 sequence, of SEQ ID NO: 1;
6. A gene that encodes a protein with an amino acid

sequence of SEQ ID NO: 2; and



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; 20

4. A gene with a nucleotide sequence of fram the 375th to 1829th

nucleotides of a nucleotide sequence of 'ID NO: 5, wherein this portion

of the nucleotide sequence is translated into a protein with an amino acid
sequence of SEQIRNR: 6h3d% 2rigdes thaphyhedizesivndaenstingent acid
conditions with a nucleotide sequence of from the 375th to 1829th
nucleotidesusitiseccsmptehenthgesedqueddticst SEG Vb NOtutigrs: gefetion,

that encod tein wi inp acid f SEQ ID.NO: 6;
o7, RSP Ra) CRPGLEE £ LI AT 48 fnd A & QLROGEIhgY e

has beepmogifigd Ry suhstiution delgtion; phagiyion, and/or addition of one

or more amino acids of the amino acid sequence of SEQ ID NO: 6. As used
Berein, "under[atéingdn nonditiong seagsniabkyluidizagon takdseplaoe sent
only when there is at least 10 90% identity, preferably at least 95% identity,
and moi@ Ysrefdrbly at least 97% identity. Hybridization may be carried out

by a conventioKaIAtgweCt oqhas Flescribed inJ. Sambroc&( et al M?Ecular
a

Cloning, A Laboratory %nuaﬁ fr?dgéa.e, C%ia%parli%%q-rlar%ltﬁ 1t§L Sreﬁgsysent

(1989), foreampe-iSeneialdychedeusl of - skingerrysibaeasestitcodes a
increase in temperature and/or decrease in salt concentration (more difficult

to hybrigize}.e emdimwign gjomolbgolistggnesiatrechiztameel ddridizgtiare tivity .
B O S e P e Yeme satie ey Y 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

15 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

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 1066th

nucleotides of a nucleotide sequence, or its complementary

sequence, of SEQ ID NO: 3;



20 can be suitably carried out under various conditions known in the art. For
example, hybridization can be carried out under the following conditions:
42C, 6x SSPC, 50% formamide, 1% SDS,_100 pg/ml salmon sperm DNA, 5
x Denhardt's solution (1 x SSPE; 0.18 M $8dium chloride, 10 25 mM sodium
phosphate, pH 7.7, 1 mM EDTA). As the term is used herein, "Marchantiales"

is not just limigd A0 déarehetntia pelyneea, Pudneindes el =49 Ofgiandsmsid
that belong to subclass Marchantiidae and order Marchantiales. Among such
Marchafitales s mst thd ToNéwirty spaeies are known to contain super

long polyunsaturated fatty acids (Prog, Lipid Res. 32, p281, 5 1993):. .
oot forefer B DAL (ST bt it afaipo acid

Oximitra, pgleacea (MAIehaRtalss) n RIGHNGALR0E Palans (M Ehantialesdtion,

Ricca huebeneriana (Marchantiales), Ricca fluitans (Marchantiales), Ricca
8uplex {Msechbntiales)l Riaca ddidkbaulafaoiiamhantisdesnRicea d ikifofda e
(Marchantiales), Ricca ciliifera (Marchantiales), Ricca glauca

(MarchaHies) arict £ sardeaa AvakRahtalls): Hicca warnstorfii

(Marchantiales), Ricca michelii (March anti al sg{Rcc apillosa . .
Marchantiaod a8 fatin sae ene scddarhe I REREonl 1o

techniques, thg AG desaiyasa A8 £haipelongase N6 AS tdesatidaseresent
genes can readily be obtained from these organisms. For example, genes of

related speeinsiomcdding Aheymiesthatl exhibitritve dagefanthion ara kndesm a
to cross-hybridize. 20 Genes according to the present invention are not

Lfimited tB'dtfRe-sB&NdBE DRA Ahd fdbe 3rébse ke RHARRALER BntRSEHEHY -
strand %88%%&%@@%9@‘&@ %ﬁes the following conditions:

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

2. A gene that hybridizes under stringent conditions

15 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;

20 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;

25 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:



The anti-sense strand may be used as a probe or anti-sense compound. For
DNA, cDNA or genomic DNA obtained by 25 cloning techniques, chemical
synthesis techniques, or a combination 04 g1ese different techniques may be
used. Further, genes according to the present invention may - 20 include a
sequence of an untranslated region (UTR), or a vector sequence (including
express®n vector sequence). (3) Proteins according to the present invention
[A6 desaturase protein according to the present 5 invention] A A6

desaturase pré&teift &2eprlitigad teqrdsent iv@rigdn igvath an amino acid
Marchantiales-derive in.that has a A6 fatty acid desaturating activity.
Specific%ﬁﬁliﬁélB?o?egnggéﬁsiésﬁ[@ 8ol conditions: 10 1. A protein
encoded by the AR faty acid desafiuase Jene ph thednyartion AefiRethih acid
section (2) above; 2."A protein with an amino acid sequence of SEQ ID NO:

3; and 3 qgpretate wiih arhamibe acidrsediféadelihat has tibuhéen mbeliietbn,
by substitution, deletion, insertion, and/or _addition of one or more amino

acids ofitheediHing atiddefurAcE 4P M RIOF MpLS @EiGIGRjskseof the

protein accordingcttl:)dthe %rr]egent ig\fe§ I ]ﬁél) ﬁé@ 8hain elongase
] .

accordir?gn%(l)ntﬁe presesnef Wenfion isa chantiales-derived protein that

has a A6 chain, glengatingadivity <Spegificallyyithe areteis satisfiss dhemeans

following conditions: 1. A protein encoded by the A6 chain elongase gene of

25 the inverttidry befidezhin sectielk €2) albave; only when there is at least

10 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

15 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

20 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

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



2. A protein with an amino acid sequence of SEQ ID NO: 4;and -21 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: 4.5 [A5 dé%{slturase protein according to the
present invention] A A5 desaturase protein according to the present

inventiopsig advienebaiates dlenived protaie that s ackm Aatlyiaeithnd order
desaturating activity. Specifically, the protein 10 satisfies the following
conditioAbanciragrtiele endoaeariigy eChS %ﬂyc&md@dﬁaramag@m,th@le

inventiogg?fflned in section 2) above; 2 rotejin with an amino acid

sequen g’llz’?lesﬁéc’é and 1% 3k/£18F§Hem With SRR aigPer  long
sequengg iRl as iegRdROqUied by substitsion, delglion. ipgastiogoan %1,

addition of one or more amino acids of the amino acid sequence of SE
BlO: 6. ADHB tevois arded: heresne Hig VRt iadtye atic )Z@desammmgmmmw ha
means that the enzyme has substrate specificity to linoleic acid and

a-linolef¥ @Erlt @R& E6ATerts tREIEEEEs to wﬁ%@ﬁ@acud(émr%aﬁdmew

acid, %pectlve As the lerm IS 'ﬁf %gren ha| eIongﬁ\tl %a%té\g}

means t (f%e enfyme Has SUgSt spemflc% t’oy inolenic acufand
stearldonm%ﬁaan@awyy%fcmm%stmmmmﬂmmcm@@%pzex

eicosatetraenoic acid, respectively. Further, as the term is - 22
(Marchantiales), Ricca canaliculata (Marchantiales), Ricca

10 bifurca (Marchantiales), Ricca ciliifera (Marchantiales),
Ricca glauca (Marchantiales), Ricca sorocarpa
(Marchantiales), Ricca warnstorfii (Marchantiales), Ricca
michelii (Marchantiales), Ricca papillosa (Marchantiales),
and Ricca zachariae (Marchantiales). With the current

15 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.

20 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

25 cloning techniques, chemical synthesis techniques, or a
combination of these different techniques may be used.

Further, genes according to the present invention may



used herein, the "A5 fatty acid desaturating activity" means that the enzyme
has substrate specificity to dihomo-y-linolenic acid and eicosatetraenoic
acid, and converts these acids to arachidﬁ)§ic acid and 5 eicosapentaenoic
acid (EPA), respectively. As used herein, “substitution, deletion, insertion,
and/or addition of one or more amino acids" means substitution, deletion,

insertionnandi@e agdiiepueipreferably normepse t1andd, regie preteradly re a
more than 10 7, and further preferably no more than 5 amino acids, as
enabledvisy tomstaatysrotsn( preduciig Srexives RAbW e dheraefpaence).

le, such gs g site-directed is_inducing method. Such
ot protein e AR50 HUSLE A MUAStad b kB

mutant protein Ag Predusingrasthod BYE IS0 include figseRyenared Byesent

isolating and purifying mutant proteins that exist in nature. Proteins
according te theqi¢sent invention are not particularly limited as long as they

are polypeptides consisting of amino acids forming peptide bonds. For 20
example, the protefhs AfAHE tdRfugRied piBteROREH digad@itidha present

non-pepide. sifucture Nogimiting Gxameles.gf.2ueh,2 fon-peRtide pucirges
include a’sugar chain an isoprenouﬁ group. urtﬁer,ppr&eins according to

the presentinveptign 423 Mavr alHde additional peptides cExamples 0bsvkin
additional peptides include various epitopes such as His, Myc, and Flag
tagged toapietens tih théotesent gneemibitio 83 : Further, proteins according

to the present invention may be obtained by introducing genes according to

Ihe present inverflioR @S BREOSAG pPoteiRg of thdgbsettid desatlirase

gene of the invention defined 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

15 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]

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

1. A protein encoded by the A6 chain elongase gene of

25 the invention defined in section (2) above;

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

NO: 4; and



invention) into a host cell and expressing the genes therein. 5 Alternatively,
the proteins may be obtained by isolating and purifying from cells or tissues.
Further, depending on the expression co%q[itions in the host cell, proteins
according to the present invention may b& fusion proteins with other

proteins. Further, proteins according to the present 10 invention may be
chemically syrghesizpdo(4)i Vekiat oh abtainirgbproteinssandigenas that has
according to the present invention A method of obtaining (producing)
proteinsbafthganed i Hecbraihg bt prdsent il stioatls Aosgatiemargnds or
limited. Tgae following. describes some representative metEooE;. [Method of .
obtaining d&é?e%]o%s ?ﬁ’e%tu‘&ﬁe%ﬁSv§%%8th%8%‘f%b% ifing (PdHingyid

proteinss@f e RELSSH FWeNtipn ifdrol 20 particularly limited. In one method,

proteins according to the present invention are simply purified from cells or
Bssues expresding tHe paaieinss A puriditaition awethod ia gnot particelayresent
limited either. For example, a cell extract prepared from cells or tissues by a
known rifeuatt i€ Blirified 25 by a known method, using a column for

example. Further, proteins according to the present invention, may be
e by e B e e T 2 present

this casen {RIepampie. & W2eln Al kas nePRaies 86 NemOf e Ieatiom s
is expressibly introduced into a host cell by a known method, and the

proteinsfabtginadidy ttanslatimg thegyenes mtthe Salleardidaplyifieth@Arprotein
1P e TR er (e followins condrones
1. A protein encoded by the AS 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
15 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
20 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
25 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



into a host is suitably selected from a group of expression vectors that have
incorporated different types of promoters that become functional in the host
and express the genes. 10 A host is also ?itably selected from different

types of hosts. For the purification of th’e% oteins, different methods are

used depending on the type of host or properties of the proteins used. For
example; sequiieddiioiaine cat e tovrdiertralatively eashyovdidt sk ¢f antagn s
15 A method of preparing a mutant protein is not particularly limited either.
For exatipid, a mibfant pestelimay Beageneratdeisty atgodusingipeiny  to
mutatiogr)éi the nucleotide sequenc}:ﬁeusin conventional mutant protej

inducing ETRBAEY SUAP LT GinéiflboBl thuAGeReLE (e R acid, and
HashimelgGelel. GengeLe2, 25kA75 (1995), farexamplsier PSRid  and

Alternatively, a mutant protein may be generated by a method in which
futant stransagrerpradunedd by iidsEion) pirirapspaseasy Further, a
commercially available kit may be used to prepare mutant proteins. 25 A
method of obtdifiing pPsteiRs B¢ the presdttitvéieibn islifde fififed t& Bfation,
foregoingnr‘gzetggds 3&%90 gher@ical s%/ntcr)lresi§n mleéhogl rnle%}/obeausi%%,,lzo&l cans
example, - é pro?elns accordﬁ)ng {0 the presen? invefition may be

synthesizgd iQm RNeS OLIBR PI6RENt IMENIGBAUSINGad pel-freedRInialh  of
synthesis solution. [Method of obtaining genes] 5 A method of obtaining

(producingy iganadd yfilve prese rithimme hfionoisomet partfeuladyylimivetheitieethan
For example, a method employing differential screening gsubtraction

laoningﬂmavt%_agéahﬁﬂmg %Yﬁéﬂ?’d_f?é’cfﬂ%ﬁdﬁgl‘iﬂn i8S, as
test t”b%ﬁg%qredél”%yé’H%Q%%“BW&Mn 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

15 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

20 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

25 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.



10 the art, so as to concentrate required cDNA (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 15 restriction enzyme map aﬁd%% sequencing the clones. By the
analysis, the presence or absence of DNA fragments including gene

sequences of theqiesentprvesiing cadche daerdirrsedh i prethas maikedhefon
obtaining genes of the present 20 invention, DNA fragments including genes
of the ptagenht biavertisr arslisbatéa tirmrlalenag bgeniatovas anstHbagree the

example, a probe js prepared that hybridizes specific to a_portion of

ocloO B rELe-oF §ae RPN 18 BB CpAsart veRboH SchIE 5™
screen e, a¢n9Ns BING UPFSK 28 a1 ShAURSREs ke RIRPSISTA therein.
particularly limited and may have any sequence or length, as [ong as it can
Bybridiza 1 speaiiti te bt |adst @ portion Ohnagléetide sequed deg wdhetin@tnd
complementary sequences of genes according to the present invention.

When alprdbey s8gubit@is sblechad o1 e fegiohthef f'eaheBR/ed iaHong the

different §(pe0|es of Marchf% nales_,. 5 ﬁré-:'%mgg ggpgnomlc DNA or cDNA of

expres n con ions.in roteins according to
other specPes ofsﬁ}?arc%an es using the prope ena |éjs |so?aﬂon anaoc oni

of geneshatgrcodethomalegeys oranalegous, Belacyes tiynatiopally other

similar to proteins of the invention. Further, in another method of obtaining
genes op ted e10 predent ihventiop rarglifinganeand sugh 4s PCRemayrbeent
used. For example, primers are prepared from the 5' end and 3' end of a

10bNA sbRUeRiEdr iadohpishemirg!ly synthesized.

(4) Method of obtaining proteins and genes according
to the present invention
A method of obtaining (producing) proteins and genes
according to the present invention is not particularly
15 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
20 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
25 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



sequence) of genes according to the present invention. With these primers,
PCR is carried out using the genomic DNA (or 15 cDNA) as a template. The
PCR amplifies a region of DNA flanked by the primers, thereby producing a
large number of DNA fragments includfngéehes of the present invention. (5)
Method of use (usefulness) of genes and proteins according to the present

inventionr2@i (e & )} RECANONRIY @EPIEsStoN yecioA Reombianlexpiessiotor
vector according to the present invention is not particularly limited as long as
it includéxdehas dhperresate hagiion eésdribda iesdéaonig2gapoeesibly
For example, a recombinant expression yector 25 that has incorporated

cONA A R AGHTHE ocbmtiant ‘Lpraesion TREtdh il HeSlopdhdy the
using a plasypidh PRAYE i RE OB ASTARAHENGLXYBRIES- AGINALVELY. are
the - 27" recombinant expression vector may be prepared by a method

Bnown ip the faetd The type of vector is not particularly limited as long as it is

expressed in a host cell. Specifically, such vectors 5 are prepared by
introducing geft®s BXHE Bra8ahiRvERTIoRSA S pradimtd lBHeeWieT pisiaotsines

sequences thatﬁaveg been suitgpea/ sellectted tCtl ensure gene ex(g){ession. The
INto a Nnost 1s suita selec rom,a, grou Xpression
promoter” sequences osepen on the ?ype oef%ost cel*Variou8 markers may

be usedyogantirmuhethare 10 08089 P4 the RIegRRERYaRMsharg bEab ters

introduced in a host cell, or whether the genes have been successfully
expresstdan thedvostecéllrfdi eramhple, thhmdrkert (agénex facking ih¢thedosts .
cell) is integrated with a carrier, such_as a plasmid, together with genes of

1he pre it Heltiahs 25 BAtAR K PEd6EEaIntE L HEIE e hEHARESPIRLRIT-

VECWOr- por 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.

15 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

20 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.

25 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,



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. Alt??gi\_/ely, protein according to the
present invention 20 may be expressed iri the form of fusion proteins in the
host cell. For example, proteins according to the present invention may be

expresspdae fusionqetaiasngth @orear flperaseance pradain @FPhay be
derived from AeqgLtorea uictoria. In this case, the GFP is used as a marker.
25 The Rusttdedisizact pactvulaen fimirdd thied asfisas tconvemionally using a

available ﬁil}lf may be used. Non-Iimiting% egqcm les of such cells include:
bacteriaCSUCH HeC. BEOESIhSHARL ESHSy 23 K3h as Saccharomyces

cerevisiae or ﬁ@@igﬁg@p%@{gggw%@gégt]aenorhabditis elegans; and

oocytes of XenopLts laeuis. A method or introducing the expression vector

mto the 5 hosAcelkfrheltiad oftitansfoimationilia ciat gagtcudarlyf limidgorand n t
various conventional methods may be used, including an electroporation
method  BXRUHCFhéS phate PREtHOA! Aipbsdireiksetnoid haid DeAE deriRle, a

method, for, example, Eyrer, when protens of the present ivention A0 afe,
transferreg and expresge IN IASECLS, an expression system-using

baculovisusHTay)Penused dSrsdl ransiermsantis tHaasferpapis rEeeidingiQon
the present invention are not particularly limited as long as they incorporate

genes 15 ottheqimsant iaversiondbscrbed il segtion 2)rabbhedAkthevn in
term is used herein, "transformants” means not only cells, tissues, or organs,

100t alsotmﬁnﬁbtrgﬁﬂsﬁ% tRehdafrditrate required cDNA (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

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 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

25 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



A method of preparing (producing) transformants is 20 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, ahd may be microorganisms or
animals as exemplified above. 25 Further, transformants according to the

present cigeption are prgfarehlydarts sigwhich gesesdiidbe drgseplresent
invention are expressibly introduced, or their - 29 progeny or vegetatively
propagatedgitdi®having the same characteristics. Preferably, tissues of
these plants alsq fall within the meaning of "tran formaéﬂ " With these

transformant plaRts pRINUIPEAEUPREY FAHE Fatias G &€ ATaHbRdbiRd aRidvell
and EPA £20 & pepduced AldowGest iy, an epdraaensally figpdhantiales,

process. Further, as used herein, "expressibly introduce genes" means that
genes ase ex@nassibly fingeduwcaddntD K Aarget cBIN(Aosifcal)hesing kaoies of
genetic engineering (gene 10 manipulation) techniques. The recombinant
expressiYA et 16da o+ ShB etidrBRFMRARGTSIantsRIAd parfBslashp ning
imited asylong, & fcan express.the nseted genes i he Banteel o ccyjes
Examples Such a véctor mdlide aVector mith a promoﬁer f&?ld‘or exampfé,

cauliflowghResaic Yiks 389 Rromeoier) fer rronstituivaly wRigssing genes in
a plant cell, and a vector with a promoter that is inductively activated in
response to eKternalestjmuli aterth éremplahih odll® inoluteivangug ¢ypss of the
1Elant cells, for example, such as cells in a suspension 20 culture

rotopldRtS Wis! BRI arRIRIISE & B fadbBlngHt BRpFeSSomay be
vector ”ﬂ@’e*&‘? Iﬁ%?dg%%qnple, 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
15 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
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 the present invention described in section
(2) above. For example, a recombinant expression vector
25 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



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 25 met% d. Reproduction of plants from
the transformed cells may be carried out g a method known in the art. For
example, there have been established methods of - 30 obtaining

transformad talbaecon thchidyig s ethad it ovhiehatrapsfoppegared by a
Agrobacterium is used to infect a tobacco leaf disc; a method in which genes
are introsigdd dntorep protapldst aiging. polyethylene glycol to reproduce 5

plants; a methqd in which genes are introduced into a _prqtoplast by an
Clectioal pulsd BraSBAVEL BRHHES ot 6 nREH FrAMHOK QEiLiehs lone
drectly introducedipipa celh B & PRUIe QN regBadiie APRIOEEIP RS or
The present invention can suitably employ any of these methods. 10 Further,
Beside Anabipoppisitbdliagaj tabadaocizaglsge a esodltpland of ptant cukivationn
using genetic engineering technigues. Once a transformant tobacco with a
high ardenidBhrsSaeid epE sorite it 16 Brrafied SRWANSE HbB&ibIE 2 BUSRN
such transformants In all gherplants, 19 in.addiien fo transionnant (obaceg..,
the presen% invention also provi&es {ransformant rlge, 58 Wilt be a&sBfibe

later in Exgmpies J kerpiaie the ig}ygmﬁ‘éis)@k}ll%gq previde transformants

in any type of plant. For example, there have been established methods of
20 obtaining trdasfarmedmies knckidingya imethoddad wihicht @efiesmarsrhether
introduced into a pratoplast using polyethylene glycol to reproduce plants; a

1hethod & WhcIP ks RS dtREaMO R pl?sﬁsa&g%w dRHiedHCA bR
to reprodyce plaps; apdgmethod ipyhich genes are. difeclly o ccessfully

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,

15 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

20 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.

25 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



25 introduced into a cell by a particle gun method to reproduce plants. The
present invention can suitably employ any of these methods. - 31 With a
transformant rice containing an increased Jevel of arachidonic acid or EPA,
intake of these and other polyunsaturat'eg %at‘ty acids is possible only by
eating the seeds (grains) of the transformant. Therefore, the 5 transformant
rice is highbyh@luable asoaifogd £Ls0p, endis aRighlycdseinomipeeinckistiesiae
and agricultures. Further, arachidonic acid or EPA can also be produced in
rice brafr clafigptiere Marchnye ofteh waded. By erwaburydtity adegans;

from thesd%Parts of glant ct){ng can be efficiently used 10 as a source of
health fE3H, TRSYEGR AL IEHP LY of domestic animals. Once a

transformant piapt i RBRIBeA AL Ba%iIRERAraled 98es QIBEHIESATD the

invention in its genome, progeny of the plant can be obtained by reproducing
the 15 ptant teithell s¢xuatly od aséxtiaiyn Honthestieprodctive t matariataa farly
example, such as seeds, fruits, cuttings, tuberous stems, tuberous roots,
stumps, 881§ Sarftn Brotapiasts niR e Bbiginad Bt samtar ffin tsed,

progeny. or clones. From these reprodyctive materials, the 20 plant may b
gt AR s et e b G ot g R

genes of{BeHBVENiIQHL SbRRXRIRSGIV INHAUGSH AReid PXA98RY Rlethod, for
vegetatively propagated plants having the same characteristics, tissues of

the plantxaamg teprédudtivermatériais pf tie plants! 25 Fupthescthe plagstion
their progeny or ve%etatively propagated plants having the same

10haract@rnéicd amet Hei fbs VR the FIRAESHE L g p R TS fsr afdreprRtfifcEtion

system using baculovirus may be used.
(5 - 2) Transformants
Transformants according to the present invention are
not particularly limited as long as they incorporate genes
15 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
20 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.
25 Further, transformants according to the present
invention are preferably plants into which genes of the

present invention are expressibly introduced, or their



- 32 vegetatively. Vegetative reproduction is also known as vegetative
generation or clonal expansion, and is commonly carried out by making a
plant or herbaceous cutting. In a test tube, vegetative reproduction of plants
may be carried 5 out by redifferentiating ;gnt—s from such organs as the leaf,
stem, or root, or by using a callus. In some plant species, a unique winter

bud may forge afthe tipegkarandl, e apsucstdeniaxilagy bhudingythe: same
formed. In other cases, flowers may form a propagule, or a tuber may be
formed. clloararetier,ittépreSummipnehiivn iheiuides plapbscintoPhhicts (liies isfll

the present.invention are expressibly intrgduced, and whose, fatty acid
composb ot T 8 BforeLbion SRS GEHBE ™ie invahiidh adese
i”C'Udescr_%?ﬁ'%Mﬂ%%{wtoFYﬁﬂ%@“\b%Xﬁﬁm‘%gfé@”tﬁa'?%Y_i'&Q:i'a% 1osaMe s
characteristics, tissues of the plants, and reproductive materials of the

plants. As asaddwenen,a dinbditichtioRr Af ¢atty deidppondposiibri'tnieanscost by
altering of a fatty acid composition of plant by way of transformation. For

examplé@ BfdhvA HaRyedan Ief bR iARB8SCcing 20 genes of the

present invent'iplq rt tgarnsgorrgs% Hl%ntrvgglich“ g)gesenogi%qnta}ptar Qi:déjnignes”
acid or EPA in'its fatty acid composﬁlon.nThis Wil cﬁangeythe fra?ty Acid®
composifien Al the Dlagt Rk she Rrogkiptien ofirachideninadd antkERAtarget

(5-3) Fatty acid producing method 25 The present invention includes a

producieg hethod bf datly acits,usinigreoptant geat dis beergtransformged gyne
1aenes of the present invention and thereby whose fatty acid - 33 composition

as bedM AOEREE toP BdingHREIELE 6Fthe plant.

The 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

15 (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

20 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

25 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



For example, food oil may be produced from a transformant according to the
present invention containing 5 a high level of arachidonic acid or EPA. With
the increased level of arachidonic acid or EPA, the value of the product food
oil can be increased. Further, various parts of the transformant plant, for
example, such as seeds, fruits, cuttings, tuberous stems, and tuberous roots,
can be usedh iRiiogSuUpRIY SfachitdanictatidcebEPAredAatEiNkg feodivithan in
increased value. (5-4) Material substance The present invention includes a
substan@ddbtairedt ieyns fatingsd pydueRRfaTéthoy of tHesaderitoninisct a

Specifically, the i ion includ ial sybst hich includ t
et on PSRN otbctor hACHA® Groll EDhERAEG 17y AL St

dihomoy;§Bolgnisr aith rreEhidonic agidh MeadeRIE 3] BICaRRIUpEOR ce
acid, and eicosapentaenoic acid. As used herein, "material 20 substance"
Beans all snhstancemesald asraw materigksn tor variousindudtiatd into a

purposes, including seeds, fruits, cuttings, tuberous stems, and tuberous
roots, piVAded ks toBY. AmalefAr kedstBNds L dmtaisiRgetadRdBhdsid and

25 EPA&“%QE“ ed to provide health food, film, biodegradable glastic, . cen
functional fiber, RJ ricant, an(lj1 cﬁﬁergenat, For examgle. ﬁe polyunsa urateoC

fatty acigg haye.a4eigue n 34nRIPREHYSf sepwEiNINE Mgie e onedouwhigent

bond within the molecule. Thus, by producing arachidonic acid or EPA in a
transformmaret rofithe p@seﬂum‘eﬂéliwon@pb)mmplg, oﬁrbbastiaom@aﬂa:@a.be

fuced. Further the ivention s realies an envignmentaly fendY . atso

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.

15 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

20 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

25 introduced into a cell by a particle gun method to reproduce

plants. The present invention can suitably employ any of

these methods.



(5-5) Fatty acid composition modifying method The present invention
includes a method of modifying a fatty acid composition using genes of the
present invention. For example, with a Er%n]rsfprmant that has 10 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 particulaviyt hiiteda éMer tham plarys, @y traaitigmmay die ased, level
including animals, microorganisms, and yeasts. 15 (5-6) Gene detecting

instrument Atpeleidetaéting tistrurmert Bocording ks thefprdsese invedtioiher
includes at least a portion of a nucleotide sequence, or its complementar
soquenE BT TR ORHTe St hUhiom S S ghBeOTIE e ALaRiAg e
instrumelcefl of fag Iyeniion gan i usqda s iaHRYS CORFtiaNG ol e
measurement or detection of expression pattern of genes according to the
present inu@rtionr nfvrexaiceld oftai ghie cdefleciibfdnstrnésd dccoogdingatal is

the present invention is a DNA chip in which a probe that 25 hybridizes
specific id gfehedisrih pre damdnieAtior 14 smmsslized sratsisstrafa i rther,

(carrier). As ysed herein, the term "DNA chip" generally means a synthetic
oA o S e el S LR B BE A AN P,

also means &) adhgsien DMARICToAEraf that UsestaLCRy RIQekebisHEh @Sty
cDNA, as a probe. The probe sequence may be determined by a 5

conventiorial smiethod df spe gifyirtg @ Ehdracteridtieysequetce edficDdiAly used
sequences. For example, a SAGE (Serial Analysis of Gene Expression)

Ihethod 2s HeXeHBES iRiskieatdh A da6Bhegorageltis® 2 rsy;as food
SCIenceo%7(96rAt§éstic 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

15 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

20 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.

25 Further, the plants, their progeny or vegetatively
propagated plants having the same characteristics, and

tissues of the plants include plants that are reproduced



1995; Nature 389: 300, 1997; US patent No. 5,695, 937 may 10 be used.
The DNA chip may be made by a conventional method. For example, when
a synthetic oligonucleotide is used, it maégh%e synthesized on a substrate by
a combination of photolithography and solit phase DNA synthesis technique.
15 On the other hand, when the oligonucleotide is cDNA, it is stuck on a

substrateelgsingtanclkray deyieea fivdhale psdd gerinan RNA pskihewn as
accuracy of gene detection can be improved by placing a perfect-match

probe (OlRRPRIEHEES WItRAl Alisarhy probeXhathzieo 20 Bash isrevarad oply
substituting a si %Ie nucleotide of the ﬁfrfect-ma}tgch Brobe. Further, in ord(fr
to detect AfféFéht én §fﬁfﬁ§ﬂ£’%€u AR DRA CAPORSS DR HrephtEygn 10 @
which  diffefenth ypes of HigPUCRIlides Ate 1BIMBPIASH P & SPHE carried
substrate. 25 A gene detecting instrument of the present invention is not just
Bmited touhebNA Eiife asrediarmiplifiqo aboverasnlcng-asdt gyaessad deelsedeaf,
portion of a nucleotide sequence, - 36 or its complementary sequence, of a
gene of $hePreSént dAveioR B prche. G iusntibbdieAncaRdpadyspecies,
according to the present invention is a 5 polyclonal or monqclonal antibod
ctained 1y A S P i o A LB B (b viraB o o 2
fragmenys et the RIOtGIRS RIREPHHRS 38 AP antigesr frxamplgs etther cases,

conventional method include Harlow et al.; Antibodies: A laboratory manual
(Cold Springdtaribor $0fbaboratomnq egu Yorko (1 a88Y, tead g aie efcaimed.

18 OO e e Decuent invention moudss 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

15 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

20 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
25 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



antibody may be used in the detection and/or measurement of a protein
according to the present invention. (5-8) Screening method 15 A screening
method according to the present inventiog uses proteins of the present
invention to screen for genes or substan e?é that regulate the proteins. A
screening method of the invention is not particularly limited, and a variety of
conventiyalgoetiosls thed §ind deer piesanicecer, 20 abagnag ot Randing of the
dissociation between substances may be used. For example, substances

that faciif@t@the activities of proteins according to the present invention (A6

desaturase activity, A6 chain elongase actjvity, and/or A5 desaturase
activity) may b%oslt):/reee}ﬁ%]al.%’rh%g&gse?ﬁ in ﬁtYon%ol‘fsoﬁ)r{&gé]ecs%sengéoé? a

proteins, QRIIRSELRY;PHSh BSiSieRANG MRS Wihile e dMEBIPR R raining

susceptible to various - 37 modifications and alternative forms, a specific
émbodimenigthéracfinill e dekdtloed belondiro marE Aletaii tty way ohcreased
Examples with reference to the attached drawings. It should be understood,

howeveleitfdt RisaiaihitaBict ARt ¢k B Merddoh triteepattithargsadaict

disclosefd, b&‘t ori the contrary, the inventi istﬁ) cover all modifications
. 00 oa ﬁan € 1¥1(f|rease%. %nurt er Xf?ﬁmus Harts of the
equivalents, and alternatives falling within the scopé of the " inveftion as

defined indhe appended gaims,; [EXAMREER)140 lodbe following Examples:s,
experimental methods, unless otherwise specified, are based on the method
describedhirt MgleculabEtonirsg {Bambr cok dttal bEotd1 Sprarnd Hacbaoube used
1baboratggysﬂg?)sl&lggg%lyizé(grgpclea]é:ilcfp lg}*iOEE]POAM:%rIC{Pg{E?ng 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.
15 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
20 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
25 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



15 polymorpha-de rived 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- hs-Asn (SEQ ID NO: 37) and
Trp-Phe-Thr-Gly-Gly-Leu-Asn (SEQ ID NO: 38) were 20 conserved. To

isolate a Marchantia polymorpha-derived A6 desaturase gene, the following
degeneiie pemersenceding iheghave arhomeie sequeisrs Wereiusedhin
dABDES-F: 5-TGGTGGAA(A/G)GA(A/G/TIC)AA(A/G)CA(T/C)AA- 25 3!

(SEQ IDNOn1ylaad ¥A6DRESR by producing arachidonic acid or EPA
5'-(AIG)TTIA(A/G)ICCICCIGT(A/G)AACCA-3' (SEQ ID -38.NO: E‘Zs "
denotes ThoRind, A PR ANIné T CRGTRHE Exidt VS PAFRRthE¥esSRR ™ PLE,

thallus of fling-Marehapta RO RN §eE &4 TaRSIERIGRES: & Pd¥ention

2000) was used as a sample. Isolation of poly(A)' RNA from the thallus was
Garried outilzascatdancei withriihenmethpddesodibe g o Biosth @Biptectad.
Biochem. 67, p605, 2003; Biosci. Biotechnol. Biochem.67, p1667, 2003. 1.5
pl of isolated poyAF RINA fekd1 0GevRrsEaRsEipedits BBNREGSAg a

Ready-To-Go J;:primed First.Strand kit (Amersham). PCR was carried out .
e 1o T BEE CUE RN RO e ABA S hee lfyine

(dA6DES-Frapd, dARDES-E0 A 9i%i kPl enavie (Takara BX Tage Takaradnt
by a method recommended by the 15 manufacturer. Using a GeneAmp PCR
system B70€r{P6 nApdiied Bigsystpias), Wid IPCR wasgafvedieut witth2@ phas
18 2 O porated Bencs ol the DLesant Tavention 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.
15 (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
20 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
25 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



2 minutes, followed by 35 cycles of reaction at 94C for 1 minute, 45C for 1.5
minutes, and 72C for 2 minutes, and 20 cooling down to 4C. The resulting
PCR product was electrophoresed on a 1% (w/v) agarose gel, and amplified
fragments having a size expected from a’Khown amino acid sequence of a
conventional A6 desaturase was collected from the gel using 25 a Prep-A
Gene (Bigiagd) aTsernollectechiagmetigengsea ligatasktormup TitBueDestehip”
(Takara) and transformed into Escherichia coli Electro-max DH10B cells
(Invitrogeks 0 39eanfsbad adhe dacleBiNA sedgeness ay athadnes eptainBg R

by a BiglDye Terminator Cycl guencing kit (Applied Biosystems) and an
automa%ﬁgéiﬁﬁ%é&c&?gﬁféﬁe%??% 60\9859 d Biosystems) were
determined, ang,the ¢Jopgs Wele, srered for g taget RNA SEQUEICE,y o
Further, to obtain a full-length C|§NA sequence, 5-RACE and X-RACE were
garried eotrbyea nethwdnrechimdneided bif tha gharmtactuce s isitig aequence
5'-RACE 10 System for Rapid Amplification of cIDNA Ends Version 2.0 '
(Invitrogeh R IR agigareea 6 e pArRE R PSSt an d kit ARife Sedid! dhgakesis
following primers: MOPDES6-02R: . 5'-AAGTTGCCTTCGATGTTTICTGG:3.
(SEQIéﬁO: 8?%5@%8“65%-0&6&0&; as gescrl ed Tin c\émence
5'-GCTGGE GHHACLANGCANNTERS' (BRD) IDING. 1@)cifa Seresylb ones 4,

type of candidate homologue gene was isolated as an MpDES6 gene. The
length of BIDNAN@tt 1203i8AQudifiPa pBIY([A) Poriareaf ttieo sl bEbMPBESBay
lgene be used.

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.

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 placing a perfect-match
probe (oligonucleotide) with a mismatch probe that has

20 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.

25 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,



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 MpDES6 gene are ]ge resented by SEQ ID NO: 1 and
SEQ ID 25 NO: 2, respectively. A comparison between the estimated amino
acid sequence of MpDES6 cIDNA and an amino acid sequence of - 40 A6

desaturase fromeBhystomiietiaateny taunckonhf4d . Pénidestity hiExarplent
2: Isolation of Marchantia polymorpha-derived A6 chain elongase gene] 5 A
comparisoyeattaaine siddseeences of cloned A6 chain elongases has
confirmed that g1e7 ming.acid sequences Val-Glu-Phe-Met-Asp-Thr-Val

(SEQ ID NO: 38y néIﬁ%-?grYLeu-Phe-Trp-GIy-Arg (SEQ ID NO: 40) were

conserved. ToAsplgte i MarEhaptia ReiwporBhareryadAf 49 £08ltion is a

elongase gene, the following degenerate primers coding for the above amino
acid sequelyeds wetearsetlodA6E xR F.antibody obtained by a method
5-GTIGA(A/G)TT(T/C)ATGGA(T/C)ACIGT-3' (SEQ ID NO: 11); and 15
dAGELCGKRO BUC (G THET CEA AISAR AR IS ) T (THEFT TRV B EOND O
NO: 12) rPCIrien\(/eva Scagr%ed Blét using the ghegle prirenetrlsd é%AGESLOéF argldn ticen
dA6EL6-I3)(”, and the resul‘img oR Ebnfragmen]?s were sub&onéd” gen.

NUCEOti@ﬁa?B%B’l%@C%ff ehihe slones wera deterpHaedi Ao tulllepash, cONA .

was obtained for clones that had a target cDNA sequence, using the
followind ptitherdies: A laboratory manual (Cold Spring Harbor

10 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

15 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

20 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 A5
desaturase activity) may be screened.

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

While the invention 1is susceptible to various



MpELO 1-02R: 25 5-GCGAGCTTTCTCGTTCTTTCCC-3' (SEQ ID NO: 13);
and MpELO 1-01 F: - 41 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 (not including a

poly(A) postiamcefthmisdataddVipirhQtigent nies, 1a560 dfpifan@ abamifte n t
acid sequence encoded by the MpDES1 gene was estimated to have 290

residue$ TRri€ ohuwiébtithe sdgsentl ethdbatino agidBeqaeded afltHeyiovay of
MpDES], gene were represented by SEQ ID NO: 3 and SEQ |D NO: 4,
respectialg AL Sm B Lo GERHGRT e PaR RAES A 2 REdutnsbsp1d
MpELO}, cDN and3a amingvacick sequence: ofs Ak ehainelonanss fTamit the
Physcomitrella patens found 62.7% 15 identity. [Example 3: Isolation of
Blarchaitia epalysnorpbatderived A désatufasemgenkl theskd ddsaturasesthe

of other species have a cytochrome b5 domain at their N-terminus. From
this, it weRsgediNateth 20 tRateVigiehdstiatSolyiRdiphadidriv@pagications,

desaturase gene belongs t tochrome h5-domain.fysion desaturase e
oy SRRSO € R B A S e ST

tricornutig ane S0 gisthe herealagy thetwgsikthg AB desaliwase and A6
desaturase is very poor 25 at an amino acid level. As such, amino acid
sequences of {ieX ABl8édafiirase and A6 desaturase were compared in a
10 In the following Examples, experimental 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
15 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

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/G/T/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



filamentous fungus (M. alpina). The comparison found local - 42 presence a
contiguous conserved sequence of 4 to 5 residues, which is at least required
for the designing of degenerate primers. %grprisingly, the amino acid
sequences were more conserved between the A5 desaturase and A6 5
desaturase of the same species than between A5 desaturases obtained from
different\apecdgs. This suggests the presence of a species-specific

conserved sequence in the cytochrome b5-domain fusion desaturase gene.
To investigatd 'dn tHienwiee futieotiteese qurthcEsaTethE VP DE SBURIE gHéd e
MpDES of .an unknown function, described in Genetics 159, p981, 2001,

were cofpafet P4 F8IHE St Was found that two amino acid sequences:

(I(E/N)(G/ID)KRY D, (3RS IDNOFAN 20d ERIQIPIY TYMNNN (B3R Qs ce

NO: 42)) were conserved. 15 Sequences of degenerate primers
gorrespanding ge thie rRspective pmit®,adid8ejguenceswase @s dallowvssample.
dASDES-F: 5'-AT(A/T/C)(AIG)AIG(A/IG)IAA(A/G)TITA(T/C)GA(T/ C)GT-3'
(SEQ ||jsp\q@a‘g@)1’n£fa o |ra)D) A-from the thallus was carried out in

S- GGG GIINCTIN ORI COGICHSEQ R,

NO: 16). was carrie using these primers

dASDE$R)e A& respBos DN dragmestversi o4 SHREPN@lochem . 67,
Nucleotide sequences of the clones were determined, and a full-length cDNA

was obtpihéé Tor cRA6S .that Had atargdt cBNAadsequemsa yisijig theNA  was
lgllowmgéviis%rjrprgiscribed 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
15 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

20 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
25 a Prep-A Gene (Bio-rad). The collected fragments were

ligated to a pT7Blue Vector (Takara) and transformed into

Escherichia coli Electro-max DHI10B cells (Invitrogen,



MpDES5-02R: 5'-GTGTGTACGATCCGTGGTTACC-3' (SEQ ID NO: 17);

and 5 MpDES5-01F: 5-AAGGCGGGACAGGATTCAACAC-3' (SEQ ID NO:
18). Note that, the materials and methodgéor the experiment were the same
as for Example 1. From the cDNA, clones ¢l and c2 of different lengths 10

(cl: 2,427 bp; c2: 2,285 bp) were isolated as candidates for the Marchantia
polymorghaiderived @A )desaturase. By comparing the nucleotide sequences
of the clones c | and c2, it was found that alternative splicing had occurred in
a5' non-codifjueltoiidne aftatharnve splitingHid pstehangdigimed by a

reading frame, and hoth clones cl and c2 coded for 484 . amino, acids (SEQ .

ID NO: ?%X%Ion BB 3 bp :g\?jé’s‘:%ﬁsed%gesqér‘%ﬁ%S géé (Sé%)iﬂled
NO: 5) in fhe fallewing Examples, Ay compa/is e ah ALeIliMAIBH aRiNO\RCiSY 7
sequence of 20 MpDESS5 cDNA with an amino acid sequence of the AS
8esaturgae pliz dlanenious furgus bt dptranioued 3hA4% tidentitynNe were
comparison was made for the AS desaturase of Physcomitrella patens,

which isS968eRGE 4R 2ot MEeh&IN foRFASIPR& Sbecause no sequence
information 25Fls a)clﬁllable tfor tQ% él?nde%attir e.of thi pa(r:tBK]I%r or%anlsm.

[Example 4: Furlllc]fion%]f’ana?ysis using methy}%) rblpﬁ‘ﬁrl1 : 4 yeast (P?c ca ¢

pastorisy TR gxamingfynctionsaef the yaspective sRINA f the, MPPESG thod
MpELO1, and MpDESS5, a construct in which an ORF was placed
downstrearo of @ eredleghobipdudilsle manufacturer, using a 5'-RACE
10 System for Rapid Amplification 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);
15 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
20 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
25 NO: 2, respectively.
A comparison between the estimated amino acid

sequence of MpDES6 cDNA and an amino acid sequence of



5 promoter AOX1 was prepared for each gene. The constructs were
introduced into methylotrophic yeast (Pichia pastoris) to analyze their fatty
acid compositions. The ORFs of cDNA ng leotide sequences of the
MpDES6, MpELO1, and MpDESS5 were PCR-amplified using the following
primers. 10 (Primers for the amplification of MpDES6 ORF) MpD6-17F:

5-GGAARTELe A HSE GO B G EA I AMNAG A tEFRQo hNG nlIS) 4and %
MpD6-18F: 15 5-GGAATTCTACTTTCGCAGCGTATGCTACC-3' (SEQ ID
NO: 20)i¢PHiéys for the amplification of MpELO1ORF) MpD6ELO1-15F:

5'-GGAATTC§§GATGGAGGC TACGAGATGG-3 (SEQ 20 ID NO: 21
and MpD6ELOTABE PASGGAATTCTTETREC P TTG Y cTTaAf R gantia

(SEQ'%M%ﬁ%ﬁfﬁ%ﬁ@@%@&%@s%@ﬂ%% MpRESR ORF) 25
MpD5-11F: 5-GTTGAATTCGACAGTTATGCCGCCACACGC-3' (SEQ 1D

BlO: 23); and -MxdppPodri2& of amino acid sequences of cloned A6
5-GTTGAATTCAGGCCCAAAGCATGCTGTCAC-3' (SEQ ID NO: 24). _
These (AR cOARINERPERORT fscoGRidH S2gHentledts iiRledimet) @andcid

e e Bl S R T S SR o
solutiongifd Lys-Tyr-Leu-Phe-Trp-Gly-Arg (SEQ ID NO: 40) were
conserved. To isolate a Marchantia polymorpha-derived A6
10 chain elongase gene, the following degenerate primers
coding for the above amino acid sequences were used:
dAGELO-F:
5'-GTIGA(A/G)TT(T/C)ATGGA(T/C)ACIGT-3' (SEQ ID
NO: 11); and
15 dA6ELO-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
20 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:
25 5'-GCGAGCTTTCTCGTTCTTTCCC-3' (SEQ ID NO: 13);
and

MpELO1-01F:



accordance with the method recommended by the manufacturer. The
reaction condition was as follows: 94'C 10 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 VC. Each bﬁ e resulting ORF fragments was
digested with EcoRl, gel purified by the method described in Example 1, and

ligated in the sengadieationTi®de AGEWRIASKE doyhsrepSET D NO: 14).
methanol-inducible promoter 5’AOX1 in a methylotrophic yeast expression
vector pPIEZ A INArkéh e evdhaeigidtaty@nel dhbirdge I brlaxp obmant
transformants, expression cogstrﬁ%s and a pPICZA vector as a control were

20 introd{ftEd A6 S PBY 123 EtHiBtophic yeast using a Pichia
EasyComp kit £lavjtragem Using Wg?i%ﬂg?@ét%eﬁ@ﬁ%?o@é@(geﬁp%as

that, the methylotrophic yeast can “synthesize linoleic acid and a-linolenic
acid, whishlare substrates M fiielABldegatirasad Haut bangth syrftheBI2NA 2pnot
other precursors of arachidonic acid or EPA. To express the introduced

genes inMsduditorinRaly (the RantiBihants Wsrd fitdpdarurMrdntiPdpeene

(600 nm) - 46 e 0.5 in,a minimal medium containin 1.0%é;£llcyc rol
e s JEBTD e U e g e SRUATHI R By The

days in grmininm] mediimyeeatainingQ:6da methandlasmeoleca®aRs. The
source, until 5 saturation was reached. Here, an EasySelect Pichia
Expressiondkitqtnditrogenueascasedrat carding to theidethogrenommendet e
by the kit. Thereafter, fatty acid compositions of the respective transformants

10ere m¥RDIES Lskig s BEMS SRISRTBIGAGRS SRR nibthod 2d SEQ
(Biosci. ﬁgo}@gjngl; pé%(ipeegehﬁgl,ymo& 2003).

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%
15 identity.
[Example 3: Isolation of Marchantia
polymorpha-derived AS desaturase gene]
The AS desaturases of other species have a cytochrome
bS5 domain at their N-terminus. From this, it was speculated
20 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
25 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



In an MpDESG6 gene-expressing transformant, the products of the A6
desaturase reaction, g-linolenic acid and stearidonic acid, were contained in
7.4% and 0.7%, respectively, with respecé %o the total fatty acids. In a 15
pPICZA vector-introduced yeast used as a¢ontrol, y-linolenic acid and
stearidonic acid were not detected. Thus, it was shown that the MpDES6

encodegh e Abcdesaturasesi uauMpkbQd genatexpegsssigckansformant 5
14.1% 20 of the total fatty acids was dihomo-y-linolenic acid when
y-linolenie Helt o wdvied: On thé defeythasd Wised of ket inaldfafigading of
was eicosatetraenoic acid when stearidonic acid g/as added. In.?dpPICZA

vector-intfiItetAERE S Sa® EBARI Ghoni 65 HRIBRIC 550 T bt e
sate tragnayic 2p AGId wasatAciegety LRYS. thwag shawadbat eMpELOA6

encoded the A6 chain elongase. In an MpDES5 gene-expressing
Bansforohast thirh%e of ofl7 the totabfatty acigs wias arathidonid acideglen A5

dihomo-y-linolenic acid was added. On the other hand, 0.1% of the total fatty
acids waserbisperfasitieiagd fcem) diéprsearmReid avidlbds sduReeHis
2 PPICZA 5 yedtorntiodied yeastused asa control, araghidonic.acid of i1
eicosapen?agnmc acid was ndt detected, THUS, it was: shown That the
MpDESgancadeshihe A degatwass. It was sherefge senfiumed thatne. To
Marchantia polymorpha can be used to obtain MpDES6, MpELO1, and 10
MpDESH wdithgareegenss thiat encode the Wél desaterasesqaécham of the
elongase, and AS desaturase, respectively. [Example 5: Reconstruction of

1Q1archaMiB BEIRRGR I tBEINRIN Satd PRMHERPHES fHREEIS By denariRed

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.
15 Sequences of degenerate primers corresponding to the
respective amino acid sequences are as follows:
dASDES-F:
5'-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
20 dASDES-R:
5'-GGIA(T/C)[(G/T)(A/TIT(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
25 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



methylotrophic yeast (P. pastoris)] 15 To co-express the MpDES6, MpELOL1,
and MpDES5, EcoRI-digested amplified ORF fragments of MpELO1 and
MpDESS5 prepared in Example 4 were Iig%t d to a methylotrophic
yeast-expression vector pPIC3K (Marker:  'HIS4 gene, Invitrogen) and a
methylotrophic 20 yeast-expression vector PIC6A (Marker:
blasticidbriessstant gene, Invitrogen), respectively. In each vector, the
ligation was made in the sense direction at the EcoRI site downstream of a
5'A0X1 promdttp IH65thel RIRDESG, the expression vector prepared in

Example 4 wag 2 r,ij re| r ion yegtor t%% ) )
MPDESS, MpBLOT SIS TADES e G TG e AR AR ERE0" 17):
vector, pRIG3K-MpELOL1 vector, and pPIC6A-MpDESS - 48 vector,
respectively. The pPICZA-MpDESG6 vector was transferred into a
Bethylotrophidyp&st BBY(Q 2Hine (his4, arg4) having the same fatty acid

composition as the methylotrophic yeast 5 PPY1 used in Example 4. As a
control, a pPICZANEEE L aS %&@ﬁ%féﬁ@@%&é@r%é%@e?@dﬁ%mb@)-

using al\;§9gin{rea§ist§ﬂce mggker.%'i%eghtge rgg{%%ﬁéhﬁgcg%%%v%%ﬁ% \év‘%%%n ¢

introduced ihto the transfofmant that has Incorporate Z

in its gepRpe ehd emh@ transirmantifigtdas incorporated the pPICZA in its
genome. The pPIC3K vector was also introduced as a control into the

transformants Rr the sdmeahahAercliraesfarinasl were bistaifaduging tiegths

histidine synthesizing ability as a marker. Finally, the pPIC6A-MpDES5
0ector wd infrchiodeRRB 5o e FarBRIHEREhaP oA M@rpordtdddases for

PPICZANPO&RE 8d REACSKMPROMD S 9PRES: R Wesaturase. 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

15 the reading frame, and both clones c1 and c2 coded for 484

amino acids (SEQ ID NO: 6). The clone cl1 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

20 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

25 is available for the A5 desaturase of this particular
organism.

[Example 4: Functional analysis using methylotrophic



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 20 manner. ‘[ra{r}}sfprmants 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

reconstipeh the(@rehid@niaacsiEA biosynthesis system 25 of Marchantia
polymorpha. First, using the transformants that have incorporated the two
types of genesTVpRESGAd UNMSEELaNy, ah NSDES®E0tEIS atldMAs of the

MpELO] pratein were - co-expr ' methylotrophic yeasts. A a
rosult, DUMOIENE a0 P A e Lo i LR o f e b cts BPAG: 2
desaturgfigh, WetesCopiained Ingg, %4 a1¢ %6, feSPeqiivaly Wit 1asRactio e
the total fatty acids, 5 whereas dihomo-g-linolenic acid and eicosatetraenoic
acid, whichraret prodar¥d bydhepetegin sdohfeii@a ohthye reelinbDlenicacit andt s
stearidonic acid, respectively, were contained in 2.8% and 0.2%,

respectiV@yevii redpees tol i@ torsitiaticderB i thie 28 htrBic e Jedatyris)

acids were 10 not detected..In the transformants.that have.inc ate
B e R s TR SRS B cowa

three typesac?f% nes uction o
arachidenic-acit {@e 1% &y thedetal fally agils) angdBicespeniaanpo acidand
(EPA, 0.03% in the total fatty acids) was confirmed, in addition to the
g-linoleNerd2id S 16 wisaridnR-agidp tifiemhoaslimgléhie dcidparichg primers.
eicosatetraenoic acid, which were contained in 2.8%, 0.5%, 1.5%, and 0.1%,

LR:spectively, with FESTSCERT thE SorIPRIF L SRIAS N PhMRRERS H&E) fatty

acids were not]\ézlsﬁsgt_efl7 g.his result showed that reconstruction of
polyunsaturate '

5'-GGAATTCGCGATGGCCTCGTCCACCACCAC-3' (SEQ
ID NO: 19); and
MpD6-18F:
15 5'-GGAATTCTACTTTCGCAGCGTATGCTACC-3' (SEQ
ID NO: 20).
(Primers for the amplification of MpELO 10RF)
MpD6ELO1-15F:
5'-GGAATTCGCGATGGAGGCGTACGAGATGG-3"' (SEQ
20 ID NO: 21); and
MpD6ELO1-16F:
5'-GGAATTCTTCTGCCTTTTTGCTCTTGATC-3"' (SEQ ID
NO: 22).
(Primers for the amplification of MpDESS ORF)
25 MpD5-11F:
S5'-GTTGAATTCGACAGTTATGCCGCCACACGC-3' (SEQ

ID NO: 23); and



20 fatty acid biosynthesis system is indeed possible in organisms other than
Marchantia polymorpha, by expressing Marchantia polymorpha-derived A6
desaturase gene, A6 chain elongase geng and AS desaturase gene

therein. 25 [Example 6: Construction of a vgctor for rice, and transfer of the
vector into rice] To express the MpDES6 gene, MpELOL1 gene, and - 50
MpDESS5 genevip [ice, EXRression constructs were prepared in the following
steps (i) to (iv). Figure 1 shows the procedure. In PCR using primers that
were designePbetldeaAAT EAiNfloweiGhasAit Gikud TEAMB BES Gramot&E Q
andaN Sﬁtg?rm' tor of p131221 (TOYOBO), an expression vector

p35S-N ding a P-Glucuronidase (GUS) gene portion was

prepared. Namgly, dbe,fallgwing R5imers,ware ised 'Pe’:():ggm]cpo%%ehces
5-CGGGATCCTCTCCTGGCGCACCATCGTC-3' (SEQ ID NO: 25); and

BKO02(Rn &= 1GE &M TAHECAACGGEeA ThTTEEGATOCKAC B (SR Do tbss.
NO: 2 6). Note that, the primer MKOO1(F) contained a BamHI_recognition

sequen éﬂ({ﬁ‘]fb@ﬂlrrbe@}?aﬂtﬁﬁ/af?saéﬁh‘éﬁléﬁ%%@ &he dFtied @wsé:ﬁé DNA

The prlmer MKOO éR) i?{a%ann aled to 5 fthe(?C genfle %BamHl
site is uBstn‘éam 01 20 theafiex e&v S|te ) RwaStarried NithBY pf

of reactien selutiar.cUSIRgE a5 UtﬁfePyrﬁmfﬁ&a\lA ﬂ@dﬁHH?ﬁ@éﬁd(J@kaf@} bythe
the method recommended by the manufacturer.
manufacturer. The reaction condition was as follows: 94°C

10 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

15 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

20 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 a-linolenic acid, which are
substrates of the A6 desaturase, but cannot synthesize

25 other precursors of arachidonic acid or EPA.

To express the introduced genes in the transformants,

the transformants were first cultured until OD (600 nm)



The reaction conditions were as follows: 96'C for 5 minutes, followed by 30
cycles of reaction at 94'C for 30 seconds and 25 68'C for 4 minutes, and
cooling down to VC. The resulting ORF f%sl ments were digested with

BamHlI, gel purified by the method described in Example 1, and were
self-ligated. - 51 (ii) Next, the ORFs of the MpDES6 gene, MpELO 1 gene,
and MpbE&brgene. were ligatac tenthe xieal isite) of P3SHRAE. 1Forthglycerol
amplification of ORFs, the following primers containing an Xbal recognition
sequen@s (Uhderitfed)avdrens aeed.qPrimérs fér gesdaiphffration ere then
MpDES6 QRF): MpD6- , . . :
5'-GCT6?‘C/1%1 & é‘&Téé&T@éTEE&EC%@ﬂS@Q THNG& 7l e

MpD6-11K, 1317 ECHALACLATREA I T G CAGGHE TALEE {sER D N1
28). (Primers for the amplification of MpELO1 ORF): MpD6ELO1-18F: 15

5'-GCTChAGAGIOBA WA GG CHALCGAGA TG Gad (FHEQ VS &lOc29)Paridia
MpD6ELO1-13R: 5-GCTCTAGATTATTCTGCCTTTTTGCTC-3' (SEQ ID
NO: 30)EZProafieR fdf the AMPIHFIQERR) of MPDESSSORRSCRIFDB g2ito  the

5'-GCTCTAt A ACAGTTATGgngéJ,A CqSC-S'é%IEF ID.NO: g andacid
pDs 24K 56 & L RS ARG OB CARR GO AT GTR A JaE
compositions of the respective transformants were
measured using a GC-MS and according to a known method
10 (Biosci. Biotechnol. Biochem. 67, p605, 2003).

In an MpDES6 gene-expressing transformant, the
products of the A6 desaturase reaction, g-linolenic acid and
stearidonic acid, were contained in 7.4% and 0.7%,
respectively, with respect to the total fatty acids. In a

15 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%

20 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-g-linolenic acid or eicosatetraenoic

25 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



ID NO: 32). The PCR was carried out with 20 1x1 of reaction solution, - 52
using 0.5 U of Pyrobest DNA polymerase (Takara) by the method
recommended by the manufacturer. The Eg?c_tion 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 fragmentsoyeale digasied withddal wael-pusifiedibyitheimetkadd  when
described in Example 1, and were used for cloning. (iii) By taking advantage
of the fadiliieanalt vflinwolrmies g geies egstdssion@onsthetother hand,

(respectively, represented by p355-MpDES6, p35S-MpELO1, and . .
0355 MORA57 hatl6 PLHEle e SERFORAS CVARES BrotfBeIGRe1d
an EcoRfgitg)atiige3, eQdof theiRS IRIAINGIQLs SHUBSION FASSEUSHIRE ZA
these three genes were 15 ligated to one another. First, PCR was carried out
gsing thee ptinrei s hedow, it peERESIMPD BS rasmiteraplaieash éddaic acid

amplify an expression cassette portion of the MpDESS gene. The amplified
fragmer W& GREA BRMEVGARItherPEY sffé sattRé Sletrréfthe Eame3ss was

promoterf 1 PRS- WEPES, 38 (sec Flaye D (BINera 01 B

amplifica expression casset

5'-CAGGAAAGAGGI A GAGe R {SEQ IR disXiBdleand A9NOSMRARRENtia

5'-AAACTGCAGATTCCCGATCTAGTAACATAG-3' (SEQ ID NO: 34).-53
polymorpha can be used to obtain MpDES6, MpELO1, and

10 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)]

15 To co-express the MpDES6, MpELO1, 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

20 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
MpDES®6, the expression vector prepared in Example 4 was

25 used. Hereinafter, the expression vectors for the MpDESG6,
MpELO1, and MpDESS are referred to as pPICZA-MpDES6

vector, pPIC3K-MpELO1 vector, and pPIC6A-MpDESS



Note that, the M13R primer was annealed to a vector sequence upstream of
the CaMV35S promoter. Further, the NOS-R4-PST primer contained a Pstl
recognition sequence (underlined) and_wé?% annealed to the 3" end of the

NOS 5 terminator. The EcoRI site at the 3" end of the NOS terminator was

not contained. The PCR was carried out with 20 pl of reaction solution, using
0.5 U ofiRwahest YA palysigrase (Takara) by the method recommended

by the manufacturer. The reaction 10 conditions were as follows: 94'C for 2
minutes, followdeebyp PG dleM pREszfory o€ barC Y sl tiamafgredointo a

minute, and 72'C for 1 minute, an lj own to VC. The resulting DNA
ragmer B TG BEEGt Bah. O b 1aH oy TH o RER HedtREbaRN the
Example 1, AN 45 ¢lonerhing e Bstt itg of therlasmidKp3s S MPRESPLast
containing the MpDESG6-gene expression cassette. (iv) To the resulting
éonstru@my whiche the reXpreasipihe chsgeites of the MpBESH getre aadtor was

MpDES6 gene were ligated (represented by _ '
"p35S-MpBESH/85SiKpsEseNr an Y erpressiotGiseft® iRe MipEting 2

gene as ther Igaisd, POR was garred pLysing e prpprs el aid

1 as a‘template, so as fo amplify’ an expression “cassette

portion ot MPEEQ1 gene dineampkiied tReMern MasheR sloneddRtonas
the EcoRlI site at the 3' end 25 of the NOS terminator in the MpDES6-gene

expressior agssedtte Ptimerp RIGHAaMplfi¢ation iof NipEIg®kgene -&dd the
expression cassette) 35S-F3-El:

18 ccoErRrferrarGieseAsceerefetal(slg 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

15 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

20 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

25 of Marchantia polymorpha. First, using the transformants
that have incorporated the two types of genes (MpDES6 and

MpELO1), an MpDESG6 protein and an MpELO1 protein were



ID NO: 35); and 5 M 13F: 5-TGTAAAACGACGGCCAGT-3' (SEQ ID NO:
36). Note that, the 35S-F3-El primer contained an EcoRI recognition
sequence (underlined) and was annealgd4t§ the 5'end of the CaMV35S
promoter. Further, the M13F primer 10 was annealed to a vector sequence
downstream of the NOS terminator. The PCR was carried out with 20 pl of

reactioncspletipn e sis8ty @5 Wd Pyrebiest Noolymeeasa {Takayah by dkeilt,
method rec_ommended by the manufacture_r. The reacti_on 15 co_nditions were
as followsl9nedetor @ nainides afplowetty iderieles oideactidrich 94CHorthe

inute, 57'C.for 1 mi d 72'C for 1 minute, d ling d t C.
The oda AN Ha e A T AT Rec Rt Coti e i bt By arand

method gleser ib‘?@é’bgé‘?ﬁ@lgz 1,020 cloned Intg the £GoRL$ite0t e, cidss,
construct (p35S-MpDES5/35S-MpDES6) in which the MpDES5-gené

éxpressioh eassetidi AndribedibDhEGhijena ekpiestioic cassetieaweareic acid,
ligated. By these procedure, an expression construct 25 '
(pBSS—Mb{IJEQSI%S-MBUEBBSLﬁ%SWpEtL@) WhS iBrefARI9A WARh e the
three genes-expression casseligs of MPDESS, MODESS, and MPELO L 1o
were Iig%te iR this order. 55" the’construet'so obtamed wak iftroduced hto
rice, togethes witua Rlasmidhavirg bialaphes s a-saleaonymarkess eing to

a particle gun by a known method (Genes Genet. Syst. 73, p2 19, 1998). As

a resultth ¢ransforfed yicec Blwasdmbtamed. ] Ex@rmplehz sRetotistractids ofere

lg/larcharrlltj)qtpg(la){crgg){ggé In the transformants that have incorporated
three types of genes (MpDES6, MpELO1l, and MpDESSY5),
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 g-linolenic acid,

15 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

20 fatty acid biosynthesis system 1is 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.

25 [Example 6: Construction of a vector for rice, and

transfer of the vector into rice]

To express the MpDES6 gene, MpELO1l gene, and



polyunsaturated fatty acid synthesis system in tobacco (N. tabacLtm SR-1)]
This Example confirmed that the foregoing Marchantia 10
polymorpha-derived unsaturated fatty acid synthetase genes, i.e. the
MpDES6 gene, MpDESS5 gene, and MpELO gene were indeed well

functional in plants. More specifically, by introducing the MpDES6 gene,
MpDESHgINE s8¢ MPE LD gere kg tehanen peduetior of Wb araschidomie d
acid and other fatty acids were confirmed. For comparison, a tobacco was
preparethintthghiénlfifriergous enagus) (Moalpifd)-deiradeacldesheiese the
gene (MaDESG6), A5 desaturase gene (MaDESS5), and A6 fatty-acid-chain
elongasB'(MAELOf were introduced. 20 (i) Construction of a vector

(PSPB1519) contaiping flamenipysUpgushdarived-genes iditekERtiteen a
(Mitsuhara et al. Plant Cell Physiol. 37, 45-59 1996) has a cauliflower mosaic

Birus 35&a(li PR6Ge rproodee, hidwing (€padiing @BBapcesequencas] and® S
25 nopaline synthase (nos) terminator. The pE2113 was digested with SnaBl
and thehaigaietr 18 an %hot ket ITARKRABOdbtaiila grABARESTRR - BeCtoT

resulting_pl ' s digested,with Sacl, blunted, and liggted to HI
inker (TR Ao HOEN Uit ot p et R de YL ene
digestiop 9f b Avith pHiniik-apd EcoRl, a fragment having an E1235S
promoter 5 was ligated to a plant- transformation binary vector pBINPLUS

(van Engelen &taat #Fransgenifolésedny $,pass;s 1985 digestednvRiC Rindlll
and EcoRl. As a resultﬁg)S'.PBSOS was obtained. Meanwhile, a plasmid

18MLD101 conMiiRg ¥

5'-CGGGATCCTCTCCTGGCGCACCATCGTC-3' (SEQ ID
NO: 25); and
MKOO2(R):
5'-GGGGTACCAACGCGCTTTCCCACCAACG-3' (SEQ ID
15 NO: 26).
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
20 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
25 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.



10 MaDESG6 gene was digested with Xhol followed by partial digestion with
BamHlI, so as to obtain an about 1.6 kb DNA fragment. The DNA fragment
so obtained was ligated to a DNA fragm iof a binary vector obtained by

the digestion of pSPB505 with Xhol anaqé] mHI. As a result, pPSPB559 was
15 obtained. The pUCAP (van Engelen et al. Transgenic research 4, p288,

1995) was diggisieN &t fisel Jluméedlf ehd igaE®63:Pael INKeE todbtgine,
pUCAPP. The pE2113 was digested with SnaBl and ligated to a 20 BamHlI
linker (TNKARID R Shate poR6: ThisGUEE Wiad hdigebel sifth shei3pianted S

and ligated to a Sall linker. (TAKARA) to oltain pUES. Of the DNA fragments
abtainedt By thE SHGREHBH BB it HUGH S BEGRE ITPatAG: AT
an EL2355% promaler was{psaraddninheds HindlbRarlsls AlpCHRTere
A DNA fragment obtained by the digestion of this plasmid with BamHI and
Sall wasidigdted to a DNA fragment obtained by the digestion of cDNA - 57

of the MaELO gene with BamHI and Xhol, so as to obtain pSPB1 130. The
pSPB 1130 wé%’Higb%lfédfmﬁbmraﬁélfhéaié@mm@ WBRR Fraénfeiior about

2.3 kb was insHt in ial.PacI site of pBINPLUS. A plasmid having the
same 5 transcrlp?ion direction for the MaELO gene and the nptll gene on the

PBINPLUS wese_getegied 6 ASREGIALSE B-.cleurberribe RBREA8G was  (SEQ

digested with Pacl, blunted, and an Asel linker was inserted to prepare

pSPB599A Nlbe 8P B58DA was digested with Asel, and a DNA fragment

10 containing the MaDESG6 gene, obtained from the digestion of pPSPB599A
1Qith Asel, wasHeEfsd bk the Asel site of pSPB1 157P to obtain pSPB1

157. 5'-GCTCTAGACTATACTTTCGCAGCGTATGC-3'  (SEQ
ID NO: 28).
(Primers for the amplification of MpELO1 ORF):
MpD6ELO1-18F:
15 5'-GCTCTAGAGCGATGGAGGCGTACGAGATGG-3'
(SEQ ID NO: 29); and
MpD6ELO1-13R:
S'-GCTCTAGATTATTCTGCCTTTTTGCTC-3' (SEQ ID
NO: 30).

20 (Primers for the amplification of MpDESS5 ORF):
MpDS5 22F:
5'-GCTCTAGAGACAGTTATGCCGCCACACGC-3' (SEQ

ID NO: 31); and
MpDS5 23R:
25 5'-GCTCTAGAAGGCCCAAAGCATGCTGTCAC-3' (SEQ
ID NO: 32).

The PCR was carried out with 20 pl of reaction solution,



An about 1.3 kb DNA fragment obtained from the digestion of pCGP1364
(Plant Cell Physiol. 36, p1023, 1995) 15 with Hindlll and Saell was ligated to
an about 2.9 kb DNA fragment obtained b% digesting pCGP1364 with Pstl,
blunting it, and digesting it with Saell. The % DNA fragments were further
ligated to an about 2.7 kb DNA fragment obtained by digesting pUCAPA with

Sacl, bluninge20 it aud sigesting & withNindi ofsradesulé, PELIBLSH) Was the
obtained. Meanwhile, from a pCRIl vector into which the MaDES5 gene was
subelonatt DN A fragment sotidinky the MapESEgéHe ovas EReisegdstion

digesting with, Xbal and 25 Kpn e resylting DNA fragment was ligated t
oA, 1SS REAE A 1Sy el BlgESton £F e HEr B TRMMIF XHA IR DY
Kpnl, 0,35 {9 ORIZIA PRRBIRIIA A RNA fIAIMAN: P8 0BRIRSHRYI minute,
digestion of the pSPB1519A with Asel was inserted into the Asel site of

pSPB lamdtorbtain fi5PB 1h1i% uthe pERB16ASlWwes digestedtwitiASel The

and inserted into the Asel site of pSPB1157 to obtain pSPB1519. The
MaDESBSS YeH@E svaOEdS gérrg BHINVRELDCGEne NigesttafscribEidin theal,

same direcition IQr}.thg q%?ysngigepSPBE]F}SCéLﬁ?l,\ﬁQg cﬂ?%% d:oiwr{rojg(;(d R}’ e same | |

constituﬁ\?e_yg’r%rﬁoltgr. @ constriictio archantia po ymorpﬁa— erived

gene veglor dppERP2368) 118 A e PUCAP (van Engelen et al. Transgenic
Research 4, 288-290, 1995) was digested with Asel, ligated to a Sgfl linker.

By further digdsting Rywita Pact falldwed tagkgatiorthte d4sel limér,all of the
UCSAPF was obtained. In the same manner, InpBINPLUS was processed

1D obtaif PEIISABF. 185 SHRRIRTE IREPUCLFRES thy&ded withSSiRaRtLREY
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
15 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
20 (see Figure 1).
(Primers for the amplification of MpDESS5-gene
expression cassette)
M13R:
5'-CAGGAAACAGCTATGACC-3' (SEQ ID NO: 33); and
25 NOS-R4-PST:
5'-AAACTGCAGATTCCCGATCTAGTAACATAG-3' (SEQ

ID NO: 34).



ligated to a Pacl linker. By further digesting it with EcoRI followed by ligation
to a Fsel linker, pUCPF was obtained as a subeloning vector. Further, the
pUC19 was digested with Hindlll and lig §d to a Sgfl linker. By further
digesting 20 it with EcoRlI followed by ligation to an Asel linker, pUCSA was
obtained. A vector in which E1235S was inserted into the Hindlll-Xbal site of

PUCSAPF, ani §tevhich 3 Maanapic Bymiheiasevwaa s gaee leamidatorwasor
inserted into the Sacl-EcoRl site of pUCSAPF was digested with Xbal and 25
Sacl and HiHrEd fo Bb RSP RE3EBA CrVh\bhint arip st dSPBPBs8Acs, the

DNA fr nt c ining the MaDESG6 gene which was excised from the
35S MRS G S ARACTE OB thls hAtoE A TRl Secruence
PSPB2353,was ehiaiedn A Vgslor ihwhighG12358was inseried ingben o s
Hindlll-Xbal site of pUCSA, and in which a mannopin synthetase (mas) gene
erminatermnaishiasertedlinte the GR3adlifEeoRtoftpldCSA wasddigdsted avitNO S

Xbal and Sacl to obtain pSPB2355A. Meanwhile, using the p35S-MpELO1
as a tentpETEINPER WascaPieE 8Dt AR the following primers:

XbaMpELOf: é")'- TCECTAGAQ{%G%T&S{%@%ﬁ%?TACG-S' (SEg IP tion
NO: 43); and SacMp SRS TAGTGAEC (?'F f&‘?ﬁ'&?& onkcy ’
(SEQ IR, N Pz 40tk 16 RiZRpyas uR Sy & hignasercate RQRpUIS-PNAhe
polymerase (Toyobo) as an enzyme. The reaction was carried out at a
maintaimed ttbowerattwenohe4i@ddr fwo hiieutes; nfolfewedrwyr 25Tdyelesattion
reaction at 94'C for 15 seconds and )

10 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 PstI,
gel-purified by the method described in Example 1, and

15 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

20 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

25 of the NOS terminator in the MpDES6-gene expression

cassette.

(Primers for the amplification of MpELO1l-gene



at 68'C for 1 to 3 minutes. An MpELO DNA fragment so 20 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 Asel was ligated to pSPB2353 digested with Sgfl and Asel. As
a result, pPSPB2361 was obtained. 25 A vector in which E1235S was inserted

into the elipedk Xiwah stefa§PF, and in which a mannopin synthetase
(mas) gene terminator was inserted into the - 60 Sacl-EcoRI site of pUCPF
was digested witexbar&id Sacl to obtain pSPB2352A. Meanwhile, using

the p355-MPDESE a5 A epIAte, EPR NS RS USR8 (g Aoy e s

primers: 5 XbaMp

5'-AGCTHCIAGAGLCATECCGCCACACGCCC-3'(SEQ ID NO: 45); and
SacMpD5r: 5-CAGTGAGCTCTCAGCCATCCAGTCGT-3(SEQID 10N O0: 4
6). The PCR chhditions were the same. An MpD5 DNA fragment prepared by
the PCR was digested with Xbal and Sacl and ligated to pSPB2352A to
obtain pSPB2352T ¢ A ARG @dréntsbtaied by t e&idh@f 36).

PBINSAPF. wig acl and Fagl wasggtedo a DNA fragment copaining, the

MpDESS5 gene which was’excised from p act and sa

result, peRB2368A Waseehiained. (FHidheni R BB 23RBAVWaSGigrsiedavith the
Sgfl and Pacl and 20 ligated to a DNA fragment containing the MpDES6 and
MpELO Yearsl wiith ev€raMitiked roonmpSRB2381nwitkiSgfhe M13F 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 the
method recommended by the manufacturer. The reaction

15 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

20 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

25 (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.



and Pacl. As a result, pPSPB2368 was obtained. The MpDES6 gene,
MpDESS5 gene, and MpELO gene were transcribed in the same direction on
the plasmid pSPB2368, and were 25 cor%rglled by the same constitutive
promoter. (iii) Gene introduction into tobatc¢o Next, according to a known
method (Plant J. 5, 81, - 61 1994), Agrobacterium tumefaciens (strain: Ag10

(Lazo et al. 19%¢ Bioteskhralogy8: 863060} Was §ransfesned &8ingito rice,
pSPB2368 or pSPB1519. The transformed Agrobacterium having pSPB2368
or pSPBPRES heis usddr tarinfd esantbbabey 5igabdsla Frorm the tansgieidion

tobacco leaf so obtained, RNA tracted using a RNeasy Plant Min Kit
(OlagorS hECA LA ESBr kst e il bk WY Eofifan b (0 enes

RT-PCRyysing _ag%rgjnﬁgy meted; bieg) thestabacen leal Al Raformed rice

incorporated the pSPB1519 containing the filamentous fungus-derived
énzymevwgeseo(pGRB&819-transformed tobacco), and from the tobacco leaf

that has incorporated the pSPB2368 containing the Marchantia polymorpha-
derived enzynl&gemerlsSPBR868R&sH Y fblteny ipidéivepdymorpha

extracted 36 agcording e knpun methads (asuliko ELAING. 1) opacen (v
"Seibutdl’ 3é\gaku ikkén-ho (%%e%fhogo Blochemical é’xperlment)% ,aéalgkgl '
ShuppapGenteh{19r8) yikihiro YAMADA, "Seibutsu-Kagaku Jikken-ho
(Method of Biochemical Experiment) 24", Gakkai Shuppan Center 20

(1989)). The lipidsswersanplyz ed tii gas dhtbmatdyeafsine gblevgeM @adkard,ia
HP-6800). The result of analysis is shown in Table 1. Note that, the same

IQna|ysim&@gﬁ%%mr§mﬁi asU& 88hH6R EbbdeddYealint wikR Hactase
gene W%Sewgg,dq(.:g.d'the MpDES6 gene, MpDESS5 gene, and MpELO

gene were indeed well functional in plants.
More specifically, by introducing the MpDES6 gene,
MpDESS gene, and MpELO gene into tobacco, production of
15 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),
A5 desaturase gene (MaDESS5), and A6 fatty-acid-chain
elongase (MaELO) were introduced.
20 (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
25 nopaline synthase (nos) terminator.
The pE2113 was digested with SnaBI and then ligated

to an Xhol linker (TAKARA) to obtain a plasmid. The



25 - 62 [Table 1] ControControlpSPB236pSPB236pSPB15 1 (%)(mg/gFW8
(%)819 (%) Linoleic acid9.551.171.370.29.51 a-linolenic
acid49.996.1217.832.5839.24 y-linolenic Oggdom .060.593.37
Dihomo-y-linoleni 0010.851.573.09 c aci achidonic acid0010.271.490
Eicosatetraenoic 004.890.710 acid Eicosapentaenoic 002.680.390 acid Total

amount&f sh2t2h d 4A8slinids W ahis Ex@prepial gas hr@aaiQyrany @alysis d
was 5 made under the following conditions: (Gas chromatography analysis

conditiohggbfsmir SupelcotSPlxaRor Histl ARt @a;ﬂh%(@i@@IUrﬁﬁ -30Hhthe
0.32mm D, 0.2 pm; Temperature; Inj: 240C, »0C, Ove 0 10.3
min, 1:3%{?% Zg&zgfﬁéﬂﬁf’n)a& E}m]@flo%g?até §55c1i+19§]ec r8§5€|§ ¥6h
kPa, - 6; R EI%CORI, a fragment having an E1235S promoter
S was ligated to a plant-transformation binary 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
10 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
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 SnaBI and ligated to a
20 BamHI linker (TAKARA) to obtain pUE6. 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 pUE8 with HindIIl and EcoRI, a fragment
having an EI235S promoter was inserted into the
25 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



Each peak in the chromatogram was determined by a retention time of
methyl ester of normal fatty acids and GC-MASS (Hewlett Packard,
HP-5973) analysis, and the 5 proportionsg the respective fatty acids were
determined in accordance with a peak area. In Table 1, "Control" indicates a
control, "pSPB2368" indicates the pSPB2368-transformed tobacco,

"pSPB161Y'HisdMaES. thegeSRBAS 18- Bnsiormed dokacen. 40 Ehe tesokbsain
shown in Table 1 confirmed accumulation of dihomo-y-linolenic acid in the

tobacconfaihas hcofgvrartitBd p SOBYBRo EignaiitifgwisHilZaehtoigd the
fungus-derived.genes (nSPB1519-transformed tobacco), but no .
eSO B B T B et ot hand, RASTHS BHEES heto
has incoypgsatad the PSEB23ESePNBIGINIAthE MafrhaNtiRayving the same
polymorpha-derived enzyme genes (pSPB2368-transformed tobacco),
accumutatiars o not ienly ddracttittomid @cid theit Blad eiCogatetraamaic dee apd 11
eicosapentaenoic acid was confirmed. These results suggest 20 that, in

higher pI&its, Bt Wi PBANE poIBipHa-delfee b/ med & kdnchonally

superior to the filamentoys fungussderived enzymes in.the gbility t
synthesize a(raz-Flfc {g%r%{:’;{g}g é,n%kij%%%fa’was gt (5:?((1-1f‘étvt]tfeh Bgcf) Shgnted,

her po yunsaﬁjr?i y acids using

linoleic acidh and aleolenikacidassubstaies. 25 pbbadideas smpeEedatrhe
by introducing Phaeodactylum tricornutum-derived A6 desaturase and AS
desaturasel BiiP& Rhyseomitrgta fzatensi thaih stdngasel - 84 8Ae imogment
tobacco and flax (Linum usitatissimum), 1.5% arachidonic acid was

19ccumufitBdan i B&e bt tYRRES ang e 0o e itfshiéradh Wag digestion
accumulgteddn g 8% (ming, Ahadi &1l FlaRtCel 16187342 K PRA: of

pSPB1157P to obtain pSPB1157.
An about 1.3 kb DNA fragment obtained from the
digestion of pCGP1364 (Plant Cell Physiol. 36, p1023, 1995)
15 with HindIIl and Sacll was ligated to an about 2.9 kb DNA
fragment obtained by digesting pCGP1364 with PstlI,
blunting it, and digesting it with Sacll. These DNA
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 HindIIl. As a result, pSPB184 was
obtained.
Meanwhile, from a pCRIl vector into which the
MaDESS5 gene was subcloned, a DNA fragment containing
the MaDESS gene was excised by digesting with Xbal and
25 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



5 In the present Example, by introducing Marchantia polymorpha-de rived A6
desaturase, A5 desaturase, and chain elongase into tobacco, 10% or greater
arachidonic acid was accumulated in a t gcco leaf. This result suggests
that the pSPB2 3 6 8 -transformed tobacco In the present 10 Example is
capable of more efficiently synthesizing polyunsaturated fatty acids, as

comparet vdih e fokegeing srapert. Surther, is Bapheengapariatthatas avas
result of lipid modification of Arabidopsis thaliana using three types of 15
genes: isveprysid Faltsatacddnedd e eHarPEbrighsd, PngletrigraéiRB1519.

derived A8 d d fil t f -derived A5 desat ,6.6
moi% of A1SCHMBHA 364 SAA 23 E-S1h B 1) SEIE RehARG S0 B B the
carbon RIOms\ith (espeebi91the 10t8) igidswRre, sPIRIReYN P 2QeddEse
(Baoxiu Qi et al. Nature Biotechnology 22, 739-745, 2004). In this report,

polyunsgtiiate dfaEg il g aree synilkedivel doggh a mediticatianseatiivealy in
different from the pathway using the A6 desaturase, A5 desaturase, and

chain elbh§aséBAd tifrcHOuhdRat Rfor® oot akrREH 25 fttypdxddsvere
could be aC(%li!g'ilﬂaaéeg wtgﬁg I\S/Ig{%hagg% H9 n,gPVrgha-deriv%d enzymes were

used, alﬁ?orhgh a S|mpP(’a comparls%n cannot be mafle -85 Trie pSPB2 3 68

-transformed tplgpcedhRvpg & A0 oF W@h@ﬁ@ﬁﬂe%wm%ﬁ%@@ﬁved

with respect to the total lipids showed no morphological abnormalities.
Further,gsimeevihetp8 B2 BB336&)sformed tobacco has no problem in 5
terms of fertilitg/r and bore a lot of seeds, it is believed that the ectopical

Icrease of the' BoyRHSGAF BT 861 1idsHo SkmiRaRPifREdRAREN 4
growth %q%@&p%%?fwas digested 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.
15 In addition, the pUC19 was digested with HindIIl 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 HindIII and ligated to a Sgfl linker. By further digesting
20 it with EcoRI followed by ligation to an Ascl linker, pUCSA
was obtained. A vector in which E1235S 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
25 Sacl and blunted to obtain pSPB2353A. To a blunt end of
pSPB2353A, a DNA fragment containing the MaDES6 gene

which was excised from the p35S-MpDES6 with Xbal and



plants. In the transgenic plants reported so far, up to about 10 20% of total
lipids is polyunsaturated fatty acids having 20 or more carbon atoms. The
value reduces to about 6% when only ar% idonic acid is considered.
However, as in the present Example, the*use of Marchantiapo ly morpha-
derived fatty acid synthetases makes it possible to go beyond this 15
limitation andte@duas meretpdlyunsaturatag fatlyseries 36 plands Speeaificed.
embodiments or examples implemented in the best mode for carrying out the
invention only 8hdie cteehnical fedtieds df A8 presara invimsiontand artaotthe

20 intended tq limit.the scope of the i tion. Variations can be effected .
it 118 SHHE PR brotihe RUCR S 8 LogBe B o RouGh nopin
claims. INQUSTRIAL ARRIJCABILTY 23.Hhe, pesepL VAo Rividas 3 he
A5 desaturase gene, a A6 desaturase gene, and a A6 chain elongase gene,
which a3eobtBioeR frah aEieHA species of ddacchaniidle X The ab6l tBeeel to
genes, when expressed together in a plant, function more desirably in the
plant asoddtApareP WP the tAse where genes obtained from organisms of

different species are_expressed. Further, si C [ales can he
considered 5 z§§ %anr%gj%ﬂglan¥%%Iﬁ‘?ghereplgr%%estw e%ir]ené%eﬁ\?ec? fr%?nmplate’

Marchapi@es,cag funatier naere desiiabbnio plashan genes.derived from

non-plants. Further, with a transformant according to the present invention,
polyunsaturatetifai=eid® Such as arachidonic 10 acid or eicosapentaenoic
a0 (EPA) o e B A AR AR g
the present
NO: 43); and
SacMpELOr:
5'-CAGTGAGCTCGGTGTCTTATTCTGCC-3' (SEQ 1ID
NO: 44).

15 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 MpELO DNA fragment so

20 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.

25 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



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 15 with different purposes. When used as food, the
transformant can increase the value of t’hgg)réduct with its high arachidonic
acid or EPA content. As described above, genes and proteins of the present
inventioB ace-ISedR infiteducipgjaachitetc sigld st R AL 2Q1artherd Sacl
transformants that have incorporated genes of the present invention are

highly utefalitahe ardBdshicdcid or EPA production in pharmaceutical

industry, food _industry, and varipus oﬂgr m iaM’n ies. The

estuiass of 1S BRI R e TS e AL RS
the trangloiant s auplaniaeEaUse g HANSIOBAoN NARSAS
arachidonic acid and EPA levels in plants. -67 SEQU E LISTING <110>
Suntory Limite’ ssdRO>IMARCHANTIALES-DERIVED UNSATURATED
FATTY ACID SYNTHETASE GENES AND USE OF THE SAME <130>

<150> JP 2003-2256%3 T BAGIHRG-GAD S C L6 46 €105 Phiknth (VErQ
2.1 <2195 ]1\162;14‘5)-25;11r?d<212> DNA <213> Marchantia polymorpha <220>

SacMpD5r:

5'-CAGTGAGCTCTCAGCCATCCAGTCGT-3'(SEQ ID

10 NO: 46).

The PCR conditions were the same.

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

15 A DNA fragment obtained by the digestion of pBINSAPF
with Pacl and Fsel was ligated to a DNA fragment containing
the MpDESS5 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

20 ligated to a DNA fragment containing the MpDES6 and
MpELO genes which were excised from pSPB2361 with Sgfl
and Pacl. As a result, pSPB2368 was obtained. The MpDES6
gene, MpDESS gene, and MpELO gene were transcribed in
the same direction on the plasmid pSPB2368, and were

25 controlled by the same constitutive promoter.

(iii) Gene introduction into tobacco

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



<221> CDS <222> (253)..(1698) <400> 1 atagatecaatttcataagtegacgagaaa
ggcagaaggc gagaagcggc aggcagcgag 60 cgegagcgcc agagctcttg ctceectege
tcategetcg cattgccgca ttttgtgagt 120 gtcgg ctga tcactcagte cgtcactgca

aacgcgageg agcgagagtg cgagtgagceg 180" agcgagegag cgagagccgce
ggtgtgtctg tgagatccaa tcctttttct getttgecgeg 240 ctgtggggeg cg atg gee tog tcc

ace acela@eggeAedograithiceiRefMelMs $eroenThdir [ha Adacahl.
Lys GIn Ser Ser 15 10 ggt ggg ctg tgg tcg aaa tgg ggc ace ggc agc aac ttg
agc ttc dt§ 339 Bip Giealvgyse: L963rp G THGIytSanAsarineadarsing

Phe Val 0.25 tog cgc cag cag cag cag.cag cag cag age tet ccc
026 oo PR g SO T s e B e aeio e
Ala 30 g5 48145 eda0h SeRAGH 8P BAOSCRY ARG 428G B AYIA9R BAZIEE o
ate 435 Ser Thr Pro Ala Ala GIn'Gin Glu Lys Ser lle Ser Arg Glu Ser lle 50

55 60 (1e«aBdickgdty gge ticdigracesgignjag gbg gty thepdan aals (ga @ adt Ry A
483 Pro Glu Gly Phe Leu Thr Val Glu Glu Val Ser Lys His Asp Asn Pro 65

70 75 ajergaetGEaghcatcyidnic adt N vad g tadlgnd ditageiges sl and

Ser Asp Cys Trp lle Val lle Asn Asp Lys Val Tyr Asp Val Ser Ala 8Q 85, 90 tt
o i P CEp R AT P S LRSS AL SHle0isd By

Lys Thrktis PeorGlysGhePaa ValdisRhe The@laAla Gly 95 100 105 cge gac
gcc aeg gat tet ttc aag gtt tte cac We gec aag geg tgg 627

From the tobacco leaf that has incorporated the
10 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
15 according to known methods (Yasuhiko FUJINO,
"Seibutsu-Kagaku Jikken-ho (Method of Biochemical
Experiment) 9", Gakkai Shuppan Center (1978); Akihiro
YAMADA, "Seibutsu-Kagaku Jikken-ho (Method of
Biochemical Experiment) 24", Gakkai Shuppan Center
20 (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.

25



Arg Asp Ala Thr Asp Ser Phe Lys Val Phe His Ser Ala Lys Ala Trp 110 115
120 125 cag ttt etc cag gac ctg tac ate gga gat ctg tac aat gcc gag cea 675
GIn Phe Leu GIn Asp Leu Tyr lle Gly Aspé,cgu Tyr Asn Ala Glu Pro 130 135
140 gtg tcg gag ctg gtg aag gat tac cga gac¢ ctg agg acg geg ttc atg 723 Val
Ser Glu Leu Val Lys Asp Tyr Arg Asp Leu Arg Thr Ala Phe Met 145 150 155
cgt tct cag eta[tfe1Bag age agt aaa atg tac tae gtg ace aag tgc 771 Arg Ser
GIn Leu Phe Lys Ser Ser Lys Met Tyr Tyr Val Thr Lys Cys 160 165 170 gtc
aca aat ttt gea att ett gcc gcc agt etc gca gtc ate gcg tgg 819 Val Thr Asn

Phe Ala lle Leu Ala Ala Ser|Leu Ala Val lle Ala Trp 175 180 (185 age cag ae%
tat ctg geg gt ttg tge tee agt O RIGUy JEXERC 867 BEEMOThPRretPAIPSTB 1S

Val Leu Cys Ser Ser Phe Leu J_(F%Ala (Ifnegu/gjﬂg 195 g?rg )205 ttc tgg cag caa, (%)

t t ey oty A~ At e AEA T AAA A ClaCve vy
gt ggartgg tiatcg cac gattiretc cac ¢accag = Phe TP Gin-Gin CyS Oty

Trp Leu Sefr;HisAsp Bhe Leu HlisHis Gln 210 215 22Q gtg dce gag aac|cga s,

tcg etclaac acg tac-ttc aoc-ggc-cta-tic-tag-963 Val Thr Glu-Ash Arn Ser ey
33 v \Ilv 99 tvv A AY4 V UAT —rn TOA

AT o

Asn Thr Toyli PhFe%'é/ GlydLeu E@%er 22g g;o 285 ggt c t1c g cggg 99C 54 54

tac agc-gtg gga tgg tgg aaglacc aag cac 1011 (‘Iv Asn la_Gln (‘I\/ Tyr

IJI TII

Ser Val GIy Trp Trp Lys (;rhr Lys His 40 245 250 aat %A cag cacgeggac .
acg aac gad T9egat §5¢aag tat’cag ccc 1959 (2) -65Asn Vial HisHis Ala >
Ala Thr Asn Glu Cys Asp Asp Lys Tyr GIn Pro 255 260 265
Dihomo-y-linoleni
0 0 10.85 1.57 3.09
c acid
Arachidonic acid 0 0 10.27 1.49 0
Eicosatetraenoic
0 0 4.89 0.71 0
acid
Eicosapentaenoic
0 0 2.68 0.39 0
acid

Total amount of
- 12.25 - 14.48 -

lipids

In this Example, gas chromatography analysis was
S made under the following conditions:
(Gas chromatography analysis condition)
Column: Supelco SP-2330, Fused Silica Capillary
Column, 30 m x 0.32mm ID, 0.2 pm;
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,



ate gat ccc gac atc gac acc gtg ccc etg ctc gcc tgg agc aag gaa 1107 lle Asp
Pro Asp lle Asp Thr Val Pro Leu Leu Ala Trp Ser Lys Glu 270 275 280 285
ate ttg gcc acc gtc gac gac caa ttc ttc cgapt g atc atc agc gtg 1155 lle Leu

Ala Thr Val Asp Asp GIn Phe Phe Arg Ser Be lle Ser Val 290 295 300 cag

cac ctt ctg ttc ttc ccg etc etc ttc ttg gca aga ttc age tgg 1203 GIn His Leu Leu
Phe PheRte tesrtauiBhe Leu Ala Arg Phe Ser Trp 305 310 315 ctg cat teg
agt tgg gee cac gee age aac ttc gag atg cct egg tac 1251 Leu His Ser Ser

Trp Ala His Al&8ehABaFhe1GIhRattrromeg agraz20vees d3deitagadghy a

gcg gag aag gee tcg etc etc cac tac ggc gee.tea 1299 Met Arg Trp, Ala
Gie Lys R A R M Bir oty HRTE I Na06r T 1D la48 hle fEedand
gee Mc igeatitideec e wee G2Peek 3181106199 394 4 6"'&&41/ iR AIRRAe the
Tyr lle Leu Pro lle Pro GIn Ala lle Cys Trp 350 355 360 365 efc ttc ttg tcg

6aa etg it dgroggtoget oif) thie age pHic Hd4 885 deidRhedreudaeGinibheid in

Phe Cys Gly Ala Leu Leu Ser lle Val Phe 370 375 380 "'géz?ate age cac aat
ggc atg JaE Qi aR Ry iHR: ace ey gasdcluda g lle S MisAsATshanées

P VO AR P RO B0 I SR OO R s ges AR B Ak

teg ace aga aac ate gaa ggc aac f a

Arg AsneRe Ll Sly fspiB s Phe 1400 A0k 410r26, 830396 1to aGe 8939h ed
ctg aac agg cag att gag cac cat etg 1539 Asn Asp Trp Phe Thr Gly Gly Leu

Asn ArgtGlrmBedGlu His His Leu 415 420 425 ttt ceq tct ctt ccg agg cac aac

18tC gee aag gt%lgggrg(s:%ftasc gﬁco]x%er?Zn 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

15 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

20 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.

25 Abbadi has reported that by introducing

Phaeodactylum tricornutum-derived A6 desaturase and AS

desaturase, and a Physcomitrella patens chain elongase



Phe Pro Ser Leu Pro Arg His Asn Leu Ala Lys Val Ala Pro His Val 430 435
440 445 aag gcg etc tgc gcc aag cac ggt ttg eat tac gaa gaa ttg agt ctg 1635
Lys Ala Leu Cys Ala Lys His Gly Leu His gxrr Glu Glu Leu Ser Leu 450 455
460 (3) -70 ggc aeg gga gte tgt cgt gte ttc aat cgg eta gta gag gta gca tac
1683 Gly Thr Gly Val Cys Arg Val Phe Asn Arg Leu Val Glu Val Ala Tyr 465
470 A75:geiqgCthasa gid tag ategacgaa-gtitcerans aneacagita Jracapddus %
1738 Ala Ala Lys Val 480 atagtacgag agaaggagac agcaacctgg actttttgtt
cctgatgtey eatakdeatit7agi ¢ grattrgutiataiget ikgagrrdagéttodaeco, and

gattgtctt aaccatc 1858 .gcttgctcca actgggcgac ctgcagaatt gaggatcagt .
Hactoag R U8 8 ot Lo ARTBHGE ISR Fhchaldets (Amine
geatacagth aogpaipag 1878, ¢agiolcaas, asaaliage gepicagiea peaatttcga
tacagcgcct gggattcgac 2038 gagtttacac gatgagtatg gcttgtaact ggccttctca

aggtagcctt ggdtetadee 2086 @ggcBirtigneRiccbgttdacecantey magafifigeshantia
gtctccaaccttttctggaa 2158 gttctcaatctgtaacctet gttgtagagatagcatacgce
cacaagRAY GHERIEy 2018 g Efidbdas o aé\%a&t?@t@fg’gﬁtﬁfgc and

actaaatan, ceoCelelng 2276, leaagiiaca geagdlolic cocaoliloe AU0RRCHIAF 1 c
tttgtttctg tcacagccag 338 geggtgaata gtadagccaa ficafcala acgggagaag
atgggtcgati atieiatth ¢38%n 095288919 LE80RIEES TeaatcPRls IIGRAHA I ggests
ttgtatgtcc ctgacgtgct 2458 tcaaaatttt gegeggggaa tcatcaatat acttaccatt
tgtaaaadha iathaaaRRP338 & P519s€R10rc? <RH2c4B1 kP1PhePRTFesent

<213> Marchantia polyinorpha o o
10 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
15 genes: Isochrysis galbana-derived A9 chain elongase,
Englena gracilis-derived A8 desaturase, and filamentous
fungus-derived AS 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
20 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, A5 desaturase, and
chain elongase, and it was found that more polyunsaturated
25 fatty acids could be accumulated when Marchantia
polymorpha-derived enzymes were used, although a simple

comparison cannot be made.



<400> 2 Met Ala Ser Ser Thr Thr Thr Ala Val Lys GIn Ser Ser Gly Gly Leu 1
510 15 Trp Ser Lys Trp Gly Thr Gly Ser Asn Leu Ser Phe Val Ser Arg Lys
20 25 30 Glu GIn GIn GIn GIn GIn GiIn Glréger Ser Pro Glu Ala Ser Thr Pro
35 40 45 (4) -71 Ala Ala GIn GIn Glu Lys Ser Ile Ser Arg Glu Ser lle Pro Glu
Gly 50 55 60 Phe Leu Thr Val Glu Glu Val Ser Lys His Asp Asn Pro Ser Asp

Cys 65 70 75BRel pseD/28 ks AsuAspdys ¥al Tyb AspoValSenslaPhe%ly r
Lys 8590 95 Thr His Pro Gly Gly Pro Val Be Phe Thr GIn Ala Gly Arg Asp
Ala 10108 tEIOMRAALSE Géa Fived Sisi\e PHaH sV St Afs bps Al T Gl tal

Phe Ley. 115 120 125 GIn Asp Leu Tyr lle Gly Asp Leu Tyr Asn Ala Glu Pro
Val Sor T CEsG TARTERD (80, JAPERLIRLB RS A ARG LA AT e A iR
Met Arg$RE Eith d o F82Lp58L40 e U B NG kYS ¥l e ML TYF I MAlin
Thr Lys Cys Val Thr Asn 165 170 175 Phe Ala lle Leu Ala Ala Ser Leu Ala

Val He Atarhip SérfetniTihy k304185 A0 TiyrtLefl #de Vs LeuCipeSer&Serthat

Phe Leu Leu Ala Leu Phe Trp GIn 195 200 205 Gin Cys Gly Trp Leu Ser His
Asp Phéleuaqionicainipsrersei@2ibomsoiyynsaturated fatty acids

has no significant effect on the growth and development of
plants.

In the transgenic plants reported so far, up to about

10 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

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 features of the present invention and are not

20 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
25 The present invention provides a A5 desaturase gene,
a A6 desaturase gene, and a A6 chain elongase gene, which

are obtained from a single species of Marchantiales. The



Asn Arg Ser Leu Asn Thr Tyr Phe Gly Gly Leu Phe Trp Gly Asn Phe 225 230
235 240 Ala GIn Gly Tyr Ser Val Gly Trp Trp Lys Thr Lys His Asn Val His

245 250 255 His Ala Ala Thr Asn Glu Cys({%sp Asp Lys Tyr Gin Pro He Asp
Pro 260 265 270 Asp lle Asp Thr Val Pro Leu Leu Ala Trp Ser Lys Glu He
Leu Ala 275 280 285 Thr Val Asp Asp GIn Phe Phe Arg Ser lle Be Ser Val

GIn His {iete 2 %2295 300H et BRY R Po tqieltbe Pha LepAa ArgiPhetion
Ser Trp Leu His Ser 305 310 315 320 Ser Trp Ala His Ala Ser Asn Phe Glu
Met Protaeg T graistadrly Tirp tB25rdam 835 Alrahargd Avatbetiegase @here

His Tyr Gly Ala Ser lle Gly Ala 340 345 350 Ala P yr.He Leu Pro He P
o R FEPESs ST T J5EEdet S S 2 CHITE e ChETPARTe

Leu Leu201-He &al Phe Val Up SEh 3 WAL PoASDhiAIg BNl MetéspsYakred
Tyr Asn Asp Pro Arg Asp Phe Val Thr Ala 385 390 395 400 GIn Val Thr Ser

Thr Arg dsraBer &die GlylAsn PieRad Asrphsnp tErp tARS gddedl bl Phie dtir {Bym
Gly Leu Asn Arg GIn lle Glu His His Leu Phe Pro Ser 420 425 430 Leu Pro
Arg His Hsir ebanitalgs vaANEPYS R VE 253 ARSiEablgs naplasy gsyhan
-72 Cysg'%'%é‘élsdié”rsi%ﬁ Lf‘%‘érﬂi%-gﬂ_%ﬁ%g{% _Leu Ser Leu Gly Thr Gly
Further, with a transformant according to the present
invention, polyunsaturated fatty acids such as arachidonic
10 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
15 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.
20 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
25 agricultures when the transformant is a plant, because the

transformation increases arachidonic acid and EPA levels in

plants.



450 455 460 Val Cys Arg Val Phe Asn Arg Leu Val Glu Val Ala Tyr Ala Ala
Lys 465 470 475 480 Val <210> 3 <211> 1577 <212> DNA <213>
Marchantia polymorpha <220> <221> CDS <222> (194)..(1066) <400> 3
ctcaacgctc tetctegecc gccctctgte ttccgetgeg ccttcttetc ggcgcctctt 60
tctgtcgaga ggageggcag ctgcagctct cgagagaggg gaggaggagg agagcgaggg
120 cgaatcc%gggmﬁgggattggg tagaaggagg agaaggagga
gaagaggagg aggaggagca geg atg gag gcg tac gag atg gtg gat agt ttt gtg
teg P293Meb G iuAiRdTYr Glu Met Val Asp Ser Phe Val Ser 15 10 aag aeg gtt
tte gaa acg ctg cag aga ctg agg gge gga gtc gtg ttg 277 Lys Thr Val Phe Glu
Thar1eWGIRFIg NEIAAES-DEROIED AINSA TERATFEPF2T B A gt SAFEGREASE GENES
acc aaa ggt ttg cea tgc gtc gat age ccg acg 325 Thr Glu Ser Ala lle Thr Lys
Gly L&NPruSB/QHEIBEAMEr Pro Thr 30 35 40 ccg atc gtt ett ggg ttg tcg tee
tac ttg aca ttc gtg tttetc ggg 373 Pro lle Val Leu Gly Leu Ser Ser Tyr Leu Thr
PREYAI Phe Leu Gly 4550 55 60 etc att gtc ate aag age ctg gat ett aag ccc
C C 421 Leu lle Val He Lys Ser Leu Asp Leu Lys Pro Arg
S%Tfisg‘gg %;F%éggg%o 75 gcc att ttg aac ctg ttt gtg atc ttc cac aac Ito gte tgc
tte gea

<160> 46

<170> PatentIn Ver, 2.1

<210>1

<211> 2519

<212>DNA

<213> Marchantia polymorpha

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

<400>1 :
atagatccaa tttcataagt cgacgagaaa ggeagaagec gagaageggo aggeagegag 60

cgegagegee agagetettg ctecoctege teategeteg cattgecgea tttgtgagt 120
gtegeactga teactcagte cgteactgea aacgegageg agegagagtg cgagtgageg 180
agegagegag cgagageege gatatgtetg tgagatecaa teetttttet getttgogeg 240

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

get gge ctg tgg tog aaa tgg gae ace gge age aac ttg age tie gtg 339
Gly Gly Leu Trp Ser Lys Trp Gly Thr Gly Ser Asn Leu Ser Phe Val
15 20 25 :

fcg cge aag gag cag cag cag cag cag cag cag age tef ceo gag geg 387
Ser Arg Lys Glu Gln Gln Gln Gln Gln Gln Gin Ser Ser Pro Glu Ala
30 35 40 45

tcg act cee geg gog cag cag gag aaa tec atc agt aga gaa tec ate 435
Ser Thr Pro Ala Ala Gln GIn Glu Lys Ser Ile Ser Arg Glu Ser Ile
50 55 60

1



Ala lle Leu Asn Leu Phe Val lle Phe His Asn Phe Val Cys Phe Ala 80 85 90
etc agt ctg tac atg tgc gtg gga attgtc cgt caa get ate ctc aac 517 Leu Ser Leu
Tyr Met Cys Val Gly lle Val Arg GIn Ala lle Leu Asn (6) -73 95 100 105 agg
tac tct ctg tgg ggc aat gcg tac aat ccc aaa gaa gtt caa atg 565 Arg Tyr Ser
Leu Trp Gly Asn Ala Tyr Asn Pro Lys &fival Gin Met 110 115 120 ggc cac
g gﬁ%@%g@%@tgf&ﬁ@g@% 26 SR Ala-6d 3443l His Leu Leu Tyr
e wivet serhySal v etalv &t Rer Vg Hi2 A 3Rk 3Ro1 40 gac acg gte att
atg att g aag cgc aac acg cgcmag ate act gtg 661 Asp Thr Val lle Met lle

Lou Lys Arg Asn Thr Arg Gin lle Thr Val 145 150 155 ttg cat gtg tac cac cac

agoglectgiegicatitgtatecigs gg ade gtetadghcl gy ddisputal I3 His His Ala Ser Be
SarARhCBeTTpld el Bellesil 86p165 VADTjraac\eaSgedct gge ggt gaa get
tat ft&fict gcc gcadtig aac 757Qla Tyr His Ala Pro Gly Gly Glu Ala Tyr Phe
Ser Ala Ala Leu Asn 175 180 185 tcc gga gta cat gtg etc atg tac etc tac tac ctt
%&ﬁa@ BCECEBOT B2 SN/ CHABIMONEI 18 $MMEETERLEY Tyr Tyr Leu Leu Ala
Ghr Lys@hrdtiskyg &ty Gimbia gy ableddyy Aha¢Brtigyc aag tac cta tgg

tgggé;ga aaa 8490 Leu Gly L9§ Asn Glu Lys Ala Arg Arg Lys Tyr Len Trp Trp

Gly Lys 205 210&%15 220 tat(% ‘%? aca ca? ct ca%gatg éﬁ@{;ag ttt gte ctt aac atg
bl L BT ol Lo Ao et
120 125

cag ttt ctc cag gac ctg tac atc gga gat ctg tac aat gee gag cca 675
GIn Phe Leu Gin Asp Leu Tyr Ile Gly Asp Leu Tyr Asn Ala Glu Pro
130 135 140

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

145 150 155

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

gtc aca aat ttt gea att ctt gee gee agt cte gea gte ate gegtgg 819
Val Thr Asn Phe AlaIle Leu Ala Ala Ser Leu Ala Val Ile Ala Trp
175 180 185

agc cag acg tat ctg geg gtt ttg tegc tee agt tte ctg 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 tgt gea tgg tta teg cac gat tit cic cac cac cag 915
Phe Trp Gln Gln Cys Gly Trp Leu Ser His Asp Phe Leu His His Gln
210 215 220

gtg acc gag aac cga teg cfc aac acg tac ttc gge gge ctg tte tgg 963
Val Thr Glu Asn Arg Ser Leu Asn Thr Tyr Phe Gly Gly Leu Phe Trp
225 230 233

get aac ttc gee cag gge tac age gtg gga tgg tgg aag ace aag cac 1011
Gly Asn Phe Ala Gln Gly Tyr Ser Val Gly Trp Trp Lys Thr Lys His
240 245 250

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

)



get tac tac gat att aag aac aac tog cot tac cca caa ttt ttg ate 949 Ala Tyr Tyr
Asp He Lys Asn Asn Ser Pro Tyr Pro Gin Phe Leu He 240 245 250 cag att ttg
ttc tac tac atg ate tcg ctt tta gcg cta ttt gga aac 997 Gin lle Leu Phe Tyr Tyr
Met lle Ser Leu Leu Ala Lou Phe Gly Asn®255 260 265 ttt tac gtt cac aaa tac

gta t c gca te 10 Y/ is Lys Tyr Val
TAITISAR SRRSO Faabeliaic Ly T val
taa gacaccaccc tagtgacaag aagattttac 1096 Lys Ser Lys Lys Ala Glu 285
290 £4) cdfsRGIRIAC AN ERAGR SecRICElinAcaRIRAariatictgtic tgcctgtett
115G ;g 93393016 AGOTRICAPIRUSICLCECAiITeRRgd eagactegg aacgaagtgc
124® accttttaggsgcgatgagaggtctitactt ceggagceegt cgttcttgat gtggtetgta 1276
gctcagccatacgtgtagcatagctggaac atctggcttt tcaggaaagtcggcaaggca 1336
agRaticgracctiganacigagacangytticds igattcacgeratgatthsgtgagtcact 1396
gttdacada Bhicatadisptggy CdoRagblzgtga SerdbeHaSectdahcactttgat1456
acacgagtta%egttcgcga fgaagtgt &faatgtgc tttcccaate atcttgagtt 1516
ggttcctttt gaagtaaagg aaaattctat gattgttgag tccaaaaaaa aaaaaaaaaa 1576 a
159E7°a0qh i@ tte g psgptpete Sie 3t pR78asRENEgcaMia polymorpha <400>
4G bé LakenRhe RhsfovarAsp Bis pheMptedheeriiPyval Phe 15 10
15 Glu PAP Leu GIn ;&\}8 Leu Arg §I§/ Gly Val Val Leu Thr Glu Ser Ala

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

atg aga tgg gog gag aag gee teg cte cte ggg cac tac gge gec tea 1299
Met Arg Trp Ala Glu Lys Ala Ser Leu Leu Gly His Tyr Gly Ala Ser
335 340 345

atc gge gee gee tte tac att ttg cce atc cee cag gee ate tge tgg 1347
Ile Gly Ala Ala Phe Tyr Ile Leu Pro Ile Pro Gln Ala Ile Cys Trp
350 355 360 365

cte tte ttg teg caa ctg ttt tge gge get ctg cte age att gtc ttc 1395
Leu Phe Leu Ser Gln Leu Phe Cys Gly Ala Leu Leu Ser Ile Val Phe
370 375 380

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

gtg acg gee caa gte ace teg ace aga aac atc gaa gge aac ttc ttc 1491
Val Thr Ala Gin Val Thr Ser Thr Arg Asn Ile Glu Gly Asn Phe Phe
400 405 410

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

ttt ccg tet ctt cog agg cac aac cte gee aag gte geg cca 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 gaa gaa ttg agt ctg 1635
Lys Ala Leu Cys Ala Lys His Gly Leu His Tyr Glu Glu Leu Ser Leu
450 455 460

€)



20 25 30 lle Thr Lys Gly Leu Pro Cys Val Asp Ser Pro Thr Pro lle Val Leu 35
40 45 Gly Leu Ser Ser Tyr Leu Thr Phe Val Phe Leu Gly Leu lle Val lle 50 55
60 Lys Ser Leu Asp Leu Lys Pro Arg Ser Lys Glu Pro Ala Re Leu Asn 65 70
75 80 Leu Phe Val lle Phe His Asn Phe Val Cys Phe Ala Leu Ser Leu Tyr 85
90 95 Met Cys Val Gly lle Val Arg GIn KfaHe Leu Asn Arg Tyr Ser Leu 100
105 110 Trp Gly Asn Ala Tyr Asn Pro Lys Glu Val GIn Met Gly His Leu Leu
1154 2@ £25 g taHeePiie o aat/REESH 3ty SR 4N EBACPAERet Asp Thr Val lle
13814 Bhr Glg Vet Cxs et Y ?hﬁ@%ﬁ@ﬁﬁ%“l%ﬁ'ﬁﬂ%&u His Val Tyr

145 15046555 160 His¥i% Ala Ser 82 Ser Phe He Trp Trp Be lle Ala Tyr His

Ala 165 170 175 Pro Gly Gly Glu Ala Tyr Ph? Ser Ala Ala H_E?USAsn Ser Gly
V&%gfgﬁ) %%W%&W@Fﬁcﬁraﬁéﬁ PRI TCERPE U AT Ala Thr Leu

Glﬁll";‘;%l ) ¥ (8%-75 195 200 205 Glu Lys Ala Arg Arg Lys Tyr Leu Trp Trp Gly
Lys Tyr Leu Thr GIn 210 215 220 Leu GIn Met Phe GIn Phe Val Leu Asn Met

1 SRR SR sndenses Pro i P
cgaatatacg tctecacgec tteaagtttc agettcaact gattgtette agtaaccatc 1858
gettgeteca actgggegac ctgcagaatt gaagatcagt tttactgagt ttgtacegag 1918
agtttcccaa attttgttot agpetgatga cccaatecta geatacactt taggaataag 1978
cagtctcaac ataattaggt ccatcattca geaatttcga tacagegect gggattegac 2038
gagtttacac gatgagtatg gcttgtaact ggecttctca aggtagectt ggatcteeee 2098
ggeccetettg ceatcecatt cacceaateg agattetgea gictecaacc tittotggaa 21 58
gttcteaate tgtaacctet gitgtagaga tageatacge cacaagacaa ggtctttgtg 2218
aacacagtcg tctaacaaac agcaagttgt gtggattggc atctaaataa cegeetetgg 2278
tcaagtaaca geaggtetic cgeagtttce aggaacatac titgttictg toacagecag 2338
goggtgaata gtaaageeaa tfcaacacat acgggagaag atgggtegat atttgtattt 2398
gocagggtgt ccagatttca ceeatcagte tetcacttge ttgtatgtee ctgacgtget 2458

tcaaaatttt gecgeggggaa teatcaatat acttaccatt tgtaaaaaaa 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 Gln Gln Gln Gln Gln Gln Ser Ser Pro Glu Ala Ser Thr Pro
35 40 45

(4)



Tyr Tyr Met lle Ser Leu Leu Ala Leu Phe Gly Asn Phe Tyr Val His 260 265
270 Lys Tyr Val Ser Ala Pro Ala Lys Pro Ala Lys lle Lys Ser Lys Lys 275 280
285 Ala Glu 290 <210>5 <211> 2307 <212> DNA <213> Marchantia
polymorpha <220> <221> CDS <227% (375)..(1829) <400> 5

R Pl eq0R,194R90'96A.CAAIAN0A SR AL patd°gacyg 60
tgtticgaag agatcgetge gagtggegct gagtticttg ccgctttcta ccigagetga 120

9Ll CIOPHO0IACHiRE ROAIISHOGIGHCALY Agaige tRlaagagrgcgtc 180
gg@agcgagt gtgjctcgeg gtesteattc gtggggtgct gtegttccag tttagagecec 240
O¢iIgIRCUR TQASRINP EigoAA G AlEHOIgRSE AGCERECHA §etetatcca 300
tcatcgtegcgrgtggtggc @patcttecg gattcctcat gcgecggateg tggtegcettt 360
OTROPIEFas @HIGHIPeLY ddk Che The Ght 4aoGhbeAagaigotiditggg 410 Met Pro
Pro His K& Pro Asp1®é8r Thr Gly Li¥u Gly 1 5 10 ccc gaa gtt ttc egc ctg cct
gahgaspoty Ble tyg Yadbadlpdieddabs Mol inatiedenrg Leu Pro Asp
Asp Alddle Pro Ald28in Asp Ard235 20 25 aga tct aca cag aag aaa tac tcg eft
t@lydsntendvrdaBad anbmobr Ay 2dt Fhr LmVaSenfsltyr Ser Leu Ser

Aspt$l Ser Lys!Bs Asn 30148 40 (9)-76
Leu Val Lys Asp Tyr Arg Asp Leu Arg 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 Ile Leu Ala Ala Ser Leu Ala Val Ile Ala Trp Ser Gln Thr
180 185 190
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 Thr 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 Asp Asp Lys Tyr Gln Pro Ile Asp Pro
260 265 270
Asp lle Asp Thr Val Pro Leu Leu Ala Trp Ser Lys Glu Ile Leu Ala
275 280 285
Thr Val Asp Asp GIn Phe Phe Arg Ser Ile Ile Ser Val Gln His Leu
290 295 300
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 Glu Lys Ala Ser Leu Leu Gly His Tyr Gly Ala Ser Ile Gly Ala
340 345 350
Ala Phe Tyr Hle Leu Pro Iie Pro Gln Ala Ile Cys Trp Leu Phe Leu
355 360 365
Ser Gin Leu Phe Cys Gly Ala Leu Leu Ser Ile Val Phe Val Ile 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 Tie 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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act ccg aat gat tgc tgg etc gta att tgg ggg aag gtg tac gat gtt 554 Thr Pro Asn
Asp Cys Trp Leu Val He Trp Gly Lys Val Tyr Asp Val 45 50 55 60 act tcg tgg
gtt aag gtc cat cea ggt gga agt etc ate ttt gtg aag 602 Thr Ser Trp Val Lys
Val His Pro Gly Gly Ser Leu lle Phe Valtys 65 70 75 gcg gga cag gat tca
aca caa etc ttt gat tot tat cac ccc etc tat 650 Ala Gly Gin Asp Ser Thr GIn Leu
PliyAs] Bes nggmmwwﬁm@l@éw@t&s@élaéa% ¥itt gca cag ttc tgc
att gtfttyaa etc ¢ cg Oval Arg Lys Leule GIn Phe Cys lle Gly
GIMaL&iysGireTYrl She éﬁnl%@ 1om ¥l g a&é@ tct tea acg ttg
ga#%at get ggtﬂga 746 AI4% ély Asp GIU"Lys Phe Lys Ser Ser Thr Leu Glu
Ala Gly Glu 110 115 120 gaa cat gaa gta ttt tac cac act etc aag cag cgc
gtg gaa acg tac 794 Glu His Glu Val Phe Tyr His Thr Leu Lys GIn Arg Val
Glu Thr Tyr 125 130 135 140 ttc cgc aag cag aag ata aat cot cga tac cat ccg
cag, tt gtg 842 Phe Arg Lys GIn Lys lle Asn Pro Arg Tyr His Pro Gin Met
L yzip) 150 155 aag tca gcc gtg atc attgga ace ctt ctt ctc tgt tac tat tttggc
lz)gs X Ala Val lle lle Gly Thr Leu Leu Leu Cys Tyr Tyr Phe Gly 160 165
1792t1t§>ttplggglggﬁggglﬁ%%ctc ctc tcg atg ttt ctg gca agc atc 938 Phe Phe
Trp Ser Gin Asn Val Leu Leu Ser Met Phe Leu Ala Ser He 175 180 185 atg
gogutig:tgc act gcg gag gtg ggc atg tcc ate atg cac gat ggt 986 Met Gly Phe
Cy=22 ¢ BfasGlu Val Gly Met Ser lle Met His Asp Gly 190 195 200 aac cac
goazp-ta®4cai 0aa) tet acc ttg ctt ggt tac gte atg ggc 1034

<400> 3
ctcaacgete tetetegeee geeetetgte tiocgetgeg cettettete ggegeetcett 60

fctgtegaga ggageggeag ctgeagetet cgagagaggg gagcaggoacg agagegages 120
cgaatcegee gagagtcegat cgggattgge tagaaggagg agaaggagea gaagaggagy 180

agpaggagcea geg atg gag gog tac gag atg gtg gat agt tit gtg teg 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 gee gea gt gtg tig 277
Lys Thr Val Phe Glu Thr Leu GIn Arg Leu Arg Gly Gly Val Val Leu
15 20 25

acg gaa tct geg atc acc aaa ggt ftg cca tge gic gat age ccg acg 325
Thr Glu Ser Ala Ile Thr Lys Gly Leu Pro Cys Val Asp Ser Pro Thr
30 35 40

ccg ate git ctt geg ttg teg tee tac ttg aca tic gtg fit cte ggg 373
Pro Ile Val Leu Gly Leu Ser Ser Tyr Leu Thr Phe Val Phe Leu Gly
45 50 55 60

cte att gte atc aag age ctg gat cit aag cce cge tec aag gag cec 421
Leu Ile Val Tle Lys Ser Leu Asp Leu Lys Pro Arg Ser Lys Glu Pro
65 70 75

gec att ttg aac ctg ttt gig atc tic cac aac ttc gtc tge tic gea 469
Ala Ile Leu Asn Leu Phe Val Ile Phe His Asn Phe Val Cys Phe Ala
80 85 90

ctc agt ctg tac atg tge gtg gga att gto cgt caa get ate ctcaac 517
Leu Ser Leu Tyr Met Cys Val Gly Ile Val Arg Gln Ala Ile Leu Asn

(6)



Asn His Gly Ser Tyr Thr GIn Ser Thr Leu Leu Gly Tyr Val Met Gly 205 210
215 220 gee act ctt gat ctg gtg gga get age agt ttc atg tgg agg cag cag 1082
Ala Thr Leu Asp Leu Val Gly Ala Ser Ser Phe Met Trp Arg Gin GIn 225 230
235 cat gtg gcc ggg cac cac tcg ttc acc/&Ahe atc gac cat tac gat cca 1130 His
Val Al Gly His Hi &er Phe T%ﬁsn lle Asp His Tyr Asp Pro (10) -77 240
245 2 gac att cgt gtg aag gat Cct gat tta cga cgg gtt act tct caa caa 1178

&A&gct\é aﬁ%é&%?{g% Q038 E@&fﬁ%ﬁr&t\éﬂl 365 GIn Gln 255 260

JORG QUPT: SRoratLaoat slesacdr@gama etc 1226 Pro
Argﬁbg Trp Pheg u Tyr1@¢n His lle Tyr'Leu Gly Val Leu 270 275 280 tat

ggc gtt ctt gcc tta aaa agt gtg ttg att gat gat ttc age gcc 1274 Tyr Gly Val Leu

Ald gi¢ bigsclencs hetdladep AsRbhe S8 hl@g2853290 295 300 ttc ttc agt
gl getialeguencta UsPaag atdiges @dayalyeita GhoPhda2:tPhe Phe Ser Gly
AlaBe Gly Pro3gal Lys lle 3 GIn MetTHAr Pro 305 310 315 ctc gag atg ggc
gtc ttc tgg gga ggg aag gtt gtg tac gca ctg tac 1370 Leu Glu Met Gly Val Phe
Teec@be Gy dtlyad/zl Wahdgestlznt acg Tye 20618268 380 &6 tit ttg ctc cct atg atg
tah gyt lvadaldicddet dg beabvstdnmAs bt Mgl lie Eir Mad Met Met Tyr Gly
Gin Tyr Adile Leu Tht¥Phe 335 348 345 att ggt ctc tac att ctc tca cag tta

gtt gca ggg tgg act ctt gec 1466 lle Gly Leu Tyr lle Leu Ser Gin Leu Val Ala

g’fgﬁap_g@p Ak 288 ira s tigdtc atctgg tgg ate atc 709
Leu is Val Tyr His His Ala Ser Ile Ser Phe Ile Trp Trp Ile Ile

160 165 170

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

tcc gga gta cat gtg cte atg tac cte tac tac ctt ttg gea gea act 803
Ser Gly Val His Val Leu Met Tyr Leu Tyr Tyr Leu Leu Ala Ala Thr
190 195 200

ctg gga aag aac gag aaa get cge cge aag tac cta tgg tgg gga aaa 8353
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 ttt gtc ctt aac atg att cag 901
Tyr Leu Thr Gln Leu Gln Met Phe Gln Phe Val Leu Asn Met Ile Gln
225 230 235

gct tac tac gat att aag aac aac tcg cct tac cca caa tit ttg atc 949
Ala Tyr Tyr Asp Ile Lys Asn Asn Ser Pro Tyr Pro Gln Phe Leu Ile
240 245 250

cag att ttg ttc tac tac atg atc teg ctt tta geg cta ttt gga aac 997
Gln 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 tca geg cco gea aaa cct geg aag atc 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 Glu
285 290
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etc ttc tttcaa gta gca cac gtt gtc gac gat gca gta ttt ccc gtt 1514 Leu Phe Phe
Gin Val Ala His Val Val Asp Asp Ala Val Phe Pro Val 365 370 375 380 gcg
gas aca gat ggt gga aaa gca aag att cct tet ggt tgg gca gaa 1562 Ala Glu Thr
Asp Gly Gly Lys Ala Lys Be Pro Ser Gly7#p Ala Glu 385 390 395 atg cag gtc
aga acc act acc aat ttc age tca cga tca atg ttc tgg 1610 Met GIn Val Arg Thr
ThcEhactgn@ie SerSeaicity BeedudaRitetTeicagowost4106aca cat att agt
ggc ggt ctg aac cat cag ate gag cac cat cttttc 1658 Thr His He Ser Gly Gly

L eREARSASS ABsae SR adidqaieeitesioprtcanastagsn 0B ag Yt Sic tgt cat gtt
cac tac cca age ata cag cca ate gtg aag 1706 Pro Gly Val Cys His Val His
Tyelage R Ersais el SPIEgSCHB OIS ERM 8R4 2 0%t ace tgt gac gag
ttc aac gtg cct tat act We tac ccc act t%ﬁ 754 Ala Thr C%sgmglu Phe Asn

4

vl Hﬁ%%aegr“r&argﬁ%af‘ﬁf‘ H%c aﬁgﬁﬁ%agg%ﬁa geg gcc ctt agg
ttt Arg Ala Hi
R L Ay

92t 406 103 ACRIYACAL LU UARIBER SRS Ll Mgd-eu Asp Gly
480 485 gcetgcactt teagattteg gaicgaaggt gcgggcgatg gaaataatca gataagagtt

1999 ghaaotaatddieaggnagaadsasRa taceaiigiangdaicoalstg tgaggetice
1969 acctttcagg aacagaagtt gattcgaatg cgaaaeetec aatgageatt tcacagccgt
202 etteteciihgoenicaigiglierigetagogageliegnuiiggad Jitagtcage 2089
ttactttega agatcgttca acgetcaagg ctagattttg tcgacactat ttagttaggt 2149

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 Leu 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 Ile
50 55 60
Lys Ser Leu Asp Leu Lys Pro Arg Ser Lys Glu Pro Ala Ile Leu Asn
65 70 75 80
Leu Phe Val Ile Phe His Asn Phe Val Cys Phe Ala Leu Ser Leu Tyr
85 90 95
Met Cys Val Gly lle Val Arg Gin Ala lle Leu Asn Arg Tyr Ser Leu
100 105 110
Trp Gly Asn Ala Tyr Asn Pro Lys Glu Val Gln Met Gly His Leu Leu
115 120 125
Tyr Ile Phe Tyr Met Ser Lys Tyr Ile Glu Phe Met Asp Thr Val Ile
130 135 140
Met Ile 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 Ile 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

8



ccgatagata ggtgataagattccggtgec ctcacacatg tttcatcagttgcgatgtaa 2209
ttccagtaatccacgtatgtggctccagtgtctgctgaaatcagcacagg cagctatatc 2269
atgeteettg atetetaaaa aaaaaaaaaa aaaaaaaa 2307 <210> 6 <211> 484
<212> PRT <213> Marchantia polym ha <400> 6 Met Pro Pro His Ala Pro
Asp 8 Thr Gly Lz% GIy Pro 6 Val Phe 15 10 15 Arg Leu Pro Asp Asp

' [Q /;zg%%% Gopofd 010 29 AR I S Tyt Ser e

p “35 40 45 Cys Trp Leu Val He
%ﬁu (& VAL Gt M@ I@A@?mfmé/@ n20:55,8kyssl/al His Pro Gly
sSer Leu HegPhe Val LyssAla Gly GliagAsp 65 70 75 80 Ser Thr Gin Leu
Rhe ASR S hWeFis P rorlres G phaliAtdieysiA By 186 B:95 Leu Ala GIn Phe
Cys lle Ghy6lu Leu Giusd hr Ser Alzs&ly Asp Glu 100 105 110 Lys Phe Lys
Sek $oF Mt llestlied veidaGhuGhe Gly Ais BleTalVal Bis79 115 120 125
Phe Typslis Thr Lewz&ys Gin Ar@¥al Glu Thr Tyr Phe Arg Lys GIn 130 135
1646 Tys Vel BanRa®Rrd1T YrysHsakda Gis Nedtseienatsllyis Ser Ala Val 145
150 155 160 lle 11888ly Thr Led35%u Leu Cys Tyr Tyr Phe Gly Phe Phe Trp

Siela Glu
290

<210>5

<211> 2307

<212> DNA

<213> Marchantia polymorpha

<220>
<221> CDS
<222> (375)..(1829)

<400> 5
tcacattget getegtegga ggeaggteca caatctgggg gectgteate aatgegacgg 60

tgtttcgaag agatcgetge gagtggeget gagittottg cegettteta cctgagetga 120
tgectgetge tgetgectag agetgettgg tgotgettgg ggctgetata agagegegte 180
gacagcgagt gictetegeg gicetcatte giggggtgct gtegttecag tttagageee 240
getggacgta cagecggtec tggaaattga tittgtgaaa agegageceta cetctateca 300
tcatcgtege cegtggtgge agatcttecg gattecteat gegeggateg tggtogettt 360
gaaggtcgac agtt atg ceg cea cac gee cet gac tee aca ggt ctt ggg 410
Met Pro Pro His Ala Pro Asp Ser Thr Gly Leu Gly
1 5 10
cec gaa git tte cge ctg cct gat gac geg ate ceg gee 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 aaa tac teg ctt tca gac gte age aag cac aac 506

Arg Ser Thr Gin Lys Lys Tyr Ser Leu Ser Asp Val Ser Lys His Asn
30 35 40

®



165 170 175 GIn Asn Val Leu Leu Ser Met Phe Leu Ala Ser lle 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 T hr GIn Ser Thr Leu Leu Gly Tyr Val Met Gly Ala
Thr Leu Asp 210 215 220 Leu Val Gly7ala Ser Ser Phe Met Trp Arg GIn GIn
His Val Ala Gly 225 230 235 240 His His Ser Phe Thr Asn lle Asp His Tyr
A§ %%&@FI@N@%@?@ 2818 Fhspteu Arg Arg Val Thr
&EFB VasHo e Velid & 5?5( %in His lle Tyr Leu
Glys\/al LeuT GIy Val L 275 280 5 AIa Leu Lys Ser Val Leu He Asp
Asp Phe Ser Ala Phe Phe S 90.2 ly Pro Val Lys He
A B %ﬁ‘ i@@ %@gﬁg‘%ﬁ%@? | Phe Trp Gly Gly
a yr aley yr Met Leu Leu 325 330 335 Pro Met Met Tyr
GIy GIn Tyr Asn lle Leu Thr Phe IIe Gly Leu Tyr 340 345 350 lle Leu Ser GIn

LeldValaRlR: Sl tdd Bl Rhd-8H 2.t 04 BNAFRE &adRa3F3E60 365 Val Ala His
VallY&lhsmAsp SaMRIEHe.RrPhY alsplseBSiyriins AspLar @375 380 Gly Gly
Lys Ala Lges lle Pro Sgg Gly Tip Ada Glu Met GIn Val Arg 385 390 395 400 Thr
Thr Thr Asn Phe Ser Ser Arg Ser Met Phe Trp Thr His He Ser 405 410 415
gic aga aag cta ctt geca cag ttc tge att ggt gaa ctc caa acg agt 698
Val Arg Lys Leu Leu Ala Gln Phe Cys Ile Gly Glu Leu GIn Thr Ser
95 100 105

gcg gea gat gag aag ttc aag tet tca acg ttg gag tat get ggt gaa 746
Ala Gly Asp Glu Lys Phe Lys Ser Ser Thr Leu Glu Tyr Ala Gly Glu
110 115 120

gaa cat gaa gta ttt tac cac act ctc aag cag cgce gtg gaa acgtac 794
Glu His Glu Val Phe Tyr His Thr Leu Lys Gln Arg Val Glu Thr Tyr
125 130 135 140

ttc cge aag cag aag ata aat cct cga tac cat ccg 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 gee gtg ate att gga acc ctt ctt cte tgt tac tat tit ggc 890
Lys Ser Ala Val Ile Ile Gly Thr Leu Leu Leu Cys Tyr Tyr Phe Gly
160 165 170

ttc ttc tgg tct caa aat gta cte cte teg atg ttt ctg gea age atc 938
Phe Phe Trp Ser Gln Asn Val Leu Leu Ser Met Phe Leu Ala Ser Ile
175 180 185

atg ggg ttc tge act geg gag gtg ggo atg tee ate atg cac gat ggt 986
Met Gly Phe Cys Thr Ala Glu Val Gly Met Ser Ile Met His Asp Gly

190 195 200

aac cac gga tcg tac aca caa fct ace ttg ctt ggt tac gte atg gge 1034
Asn His Gly Ser Tyr Thr Gln Ser Thr Leu Leu Gly Tyr Val Met Gly
205 - 210 215 220

gee act ctt gat ctg gtg gga get age agt tte atg tgg agg cag cag 1082
Ala Thr Leu Asp Leu Val Gly Ala Ser Ser Phe Met Trp Arg Gin Gln
225 230 235

cat gtg gce ggg cac cac teg tte ace aac atc gac caf tac gat cca 1130
His Val Ala Gly His His Ser Phe Thr Asn Ile Asp His Tyr Asp Pro
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Gly Gly Leu Asn His GIn He Glu His His Leu Phe Pro Gly Val Cys 420 425
430 His Val His Tyr Pro Ser He GIn Pro lle Val Lys Ala Thr Cys Asp 435 440
445 Glu Phe Asn Val Pro Tyr Thr Ser Tyr Pro Thr Phe Trp Ala Ala Leu 450
455 460 Arg Ala His Phe GIn His Leurldys Asn Val Gly Leu Gin Asp Gly Leu
465 470 475 480 Arg Leu Asp GI¥ <210> 7 (13) -80 <211> 20 <212> DNA
<213> affificial Sequ e <220>%2923> Description of Artificial

Segge{'nce P |mer < %O>ga‘szl> n <2 2> %E} <400> 7 gtggaarg

a%%’ 240 855 = ig %1?@ rEficial Sequence
Pon o) ri icial Se %ence Primer <220> <221>
mOdIerd base <222> (4)

cce cga aga tgg ttt cac gag tat cag cat atc tac tta gga gta ctc 1226
Pro Arg Arg Trp Phe His Glu Tyr Gln His Ile Tyr Leu Gly Val Leu
270 275 280

tat ggc git ctt geo tta aaa agt gtg ttg att gat gat ttc age gee 1274
Tyr Gly Val Leu Ala Leu Lys Ser Val Leu lle Asp Asp Phe Ser Ala
285 290 295 300

ttc ttc agt ggt get atc gge cca gta aag ata get caa atg aca cca 1322
Phe Phe Ser Gly Ala lle Gly Pro Val Lys Ile Ala Gln Met Thr Pro
305 310 315

ctc gag atg ggc gt tic tgg gga ggg aag gtt gtg tac gea ctg tac 1370
Leu Glu Met Gly Val Phe Trp Gly Gly Lys Val Val Tyr Ala Leu Tyr

320 325 330

- atg ttt ttg ctc cct atg atg tat ggt 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 " 345

att ggt cte tac att ctc tca cag tta gtt gea ggg tgg act ctt gec 1466
Nle Gly Leu Tyr Ile Leu Ser Gln Leu Val Ala Gly Trp Thr Leu Ala
350 355 360

cte tte ttt caa gta gea cac gtt gte gac gat gea gta tit ccc git 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 ggt gga aaa gea aag att cot tot ggt tgg gea gaa 1562
Ala Glu Thr Asp Gly Gly Lys Ala Lys Ile Pro Ser Gly Trp Ala Glu
385 390 395

atg cag gtc aga acc act ace aat ttc agc tca cga tca atg tic tgg 1610
Met Gln Val Arg Thr Thr Thr Asn Phe Ser Ser Arg Ser Met Phe Trp
400 405 410

aca cat att agt ggc get ctg aac cat cag atc gag cac cat ctt tte 1658
Thr His Ile Ser Gly Gly Leu Asn His GIn He Glu His His Leu Phe
415 420 425

ccg get gle tgt cat gtt cac tac cca age ata cag cca atc gtg aag 1706

Pro Gly Val Cys His Val His Tyr Pro Ser Ile Gln Pro Ile Val Lys
430 435 440

(11)



<223>1<220> <221> modified-base <222> (7) <223>i<220> <221>
modified base <222> (10) <223>i<220> <221> modified base <222> (13)
<223>i <400> 8 rttnarnccn ccngtraacc a2l <210> 9 <21 1> 22 <212> DNA
(14) -81 <213> Artificial Sequence <220¥8<223> Description of Artificial

Segy z?c@qgt @5‘([%‘?1 ttc aac gtg cet tat act tee tac cce act tte 1754

g
Ala Thr Cys Asp Ghu Phe Asn Val Pro Tyr Thr Ser Tyr Pro Thr Phe
445 450 455 460

tgg geg gee cft agg gea cat tit caa cat ctg aaa aac gte ggacta 1802
Trp Ala Ala Leu Arg Ala His Phe Gln His Leu Lys Asn Val Gly Leu
465 470 475

caa gat gga cta cga ctg gat gge tga actgtgacag catgetttgg 1849
Gln Asp Gly Leu Arg Leu Asp Gly
480 485

geetgeactt tcagatttcg gategaaggt geggecgatg gaaataatca gataagagtt 1909
gtaagtaacg tfcaggagga gageagaacg gattgatgag tgtecatitg tgaggottce 1969
acctttcagg aacagaagtt gattcgaatg cgaaacctce aatgagcatt tcacageegt 2029
cttctecttg gecatcatgt gttectecta gggagetteg gitittggaa gitagtcage 2089
ttactttcga agatcgttca acgetcaagg ctagattitg tcgacactat ttagttaggt 2149
ccgatagata ggigataaga ttccggtgee cteacacatg tticatcagt tgegatgtaa 2209
ttccagtaat ccacgtatgt ggctecagtg tetgetgaaa teageacagg cagetatate 2269

atgctecttg afctctaaaa aaaaaaaaaa aaaaaaaa 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 lle Trp Gly Lys Val Tyr Asp Val Thr Ser Trp Val
50 55 60
Lys Val His Pro Gly Gly Ser Leu Ile 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 95
Leu Ala Gln Phe Cys Ile Gly Glu Leu Gin 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
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<400> 9 aagttgcctt cgatgtttet gg 22 <210> 10 <211> 22 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:Primer
<400> 10 gctcgcectgg agcaaggaaa tc 22 <210> 11 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223x®escription of Artificial

Sequence Primer <220> <221> odified-base <222> (3) <223> i <220>

<221 40 a tggayacngt 20
<f ¥ 1§ﬁ1r]¥ ? ¥2 %’ié‘% ﬁﬁ"?‘r T fging g £Jg?|§cfg <22(g)>y )
Lys Ile Asn Pro Arg Tyr His Pro Gln Met Leu Val Lys Ser Ala Val
145 150 155 160
Ile Ile 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 Gtu Val Gly Met Ser Ile Met His Asp Gly Asn His Gly Ser
195 200 205
Tyr Thr Gln 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 Gln Gln His Val Ala Gly
225 230 235 240
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 Gln Gln Pro Arg Arg Trp
260 265 270
Phe His Glu Tyr Gln His Ile Tyr Leu Gly Val Leu Tyr Gly Val Leu
275 280 285
AlaLeu Lys Ser Val Leu Ile Asp Asp Phe Ser Ala Phe Phe Ser Gly
290 295 300
Ala Ile Gly Pro Val Lys lle Ala GIn 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 Ile Leu Thr Phe Ile Gly Leu Tyr
340 345 350
Tie Leu Ser Gin Leu 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 lle 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 Ile Ser
405 410 415
Gly Gly Leu Asn His Gln Ile Glu His His Len Phe Pro Gly Val Cys
420 425 430
His Val His Tyr Pro Ser Ile Gln Pro Ile Val Lys Ala Thr Cys Asp
435 440 445
Glu Phe Asn Val Pro Tyr Thr Ser Tyr Pro Thr Phe Trp Ala Ala Leu
450 455 460
Arg Ala His Phe Gln His Leu Lys Asn Val Gly Leu Gln Asp Gly Leu

465 470 475 480
Arg Leu Asp Gly
<210>7

(13)



<223> Description of Artificial Sequence: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 <211> 22 <212> DNA
<213> Artificial Sequence <220> <2230Description of Artificial
Segyeneg:Primer <400> 13 gcgagctttc tegttctttc cc 22 <210> 14 <211> 22

<2545 DO <213> Artificial Sequence <220> <223> Description of Artificial
SegyenogiRimessfieice 14 tatgatittg aagcgcaaca cg 22 <210> 15 <21 1>
22

<220>
<223> Description of Artificial Sequence:Primer

<220>
<221>n’
<222>(12)

<400>7
tggtggaarg 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>1i

<220>

<221> modified base
<222> (13)

<223>1i

<400> 8
rttnarncen cengtraace a 21

<210>9
<211> 22
<212>DNA

(14)



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <220> <221> modified-base <222> (6) (16) -83 <223> i
<220> <221> modified-base <222> (9) <223> i <220> <221> modified base
<222> (14) <223> 1 <400> 15 athrangrigg artntaygay gt 22 <210> 16 <211>

<1?3J>2 M%@en&rtmmal Sequence <220> <223> Description of
Art| C|al equence:Primer <220> <221> modified-base <222> (3) <223> i

<2207

<223> Description of Artificial Sequence:Primer

<400>9
aagttgecett cgatgtttet gg 22

<210>10

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400>10
gctegeetgg agecaaggaaa tc 22

<210> 11

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<220>

<221> modified base
<222> (3)

<223>1i

<220
<221>modified base
<222> (18)

<223>1i

<400> 11
gingarttya tggayacngt 20

<210>12

<211>20

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

(15)



<221> modified-base <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 <21 1> 22 (17) <212> DNA <213>
Artificial Sequence -84 <220> <223> Description of Atrtificial
Sequence:Primer <400> 17 gtgtgtacgas@cgtggtta cc 22 <210> 18 <21 1> 22
<2343 DNA <213> Artificial Sequence <220> <223> Description of Artificial
SegpenceBrmess400> 18 aaggcgggac aggattcaac ac 22

<922> (3) B

<223>1

<220>

<221> modified_base
<222>(12)

<223>1i

<400> 12
cknccecara anarrtaytt 20

<210>13

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 13
gegagcettte tegttettic ce 22

<210> 14

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 14
tatgattttg aagcgcaaca 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>19 <211> 30 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:Primer <400> 19 ggaattcgcg
atggcctcgtccaccaccac 30 <210> 20 <21 1> 29 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:Primer <400> 20
ggaattctactttcgcagcgtatgctacc 29 <2105%1<211> 29 <212> DNA <213>
Artifidtal iSequence (18) -85 <220> <223> Description of Atrtificial

Se uence:Primer <400> 21 ggaattcgcg atggaggcgt acgagatgg <210> 22

20>9 <2{-‘|12d> DNA <213> Atrtificial Sequence <220>
<221> mod1 base

<222> (9)
<223>i

<220>

<221> modified_base
<222> (14)

<223>1i

<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>1

<220> :
<221> modified base
<222> (18)

<223>1

<400> 16
genaynkwnt sdatricngg rtc 23

<210> 17
<211>22

)



<223> Description of Artificial Sequence:Primer <400> 22 ggaattcttc tgcctttttg
ctcttgatc <210> 23 <211> 30 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:Primer <400> 23 gttgaattcg
acagttatgc cgccacacgc <210> 24 <211> 30 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of&tificial Sequence:Primer <400> 24
gtigdatt&Ndyeccaaagc atgctgtcac <210> 25 <211> 28 <212> DNA <213>
ARHIGRSEREhReI9NR) 30 30 <220> (19) -86 <223> Description of Artificial
Sgggg)nce:Primer

<223> Description of Artificial Sequence:Primer

<400> 17
gtotetacga toegtggtta cc 22

<210>18

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 18
aaggcggeac aggattcaac ac 22

<210>19

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 19
geaattcgeg atggectegt ccaccaccac 30

<210>20

<211>29

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 20
ggaattctac tttcgeageg tatgetace 29

<210> 21

<211>29

<212>DNA

<213> Artificial Sequence

(18)



<400> 25 cgggatcctctcctggcgcea ccatecgte 28 <210> 26 <211> 28 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <400> 26 ggggtaccaa cgcgctttcc caccaacg 28 <210> 27
<21 1> 29 <212> DNA <213> Artificial gequence <220> <223> Description
of Artificial Sequence:Primer <400> 27 gctctagagc gatggcctcgtccaccacc 29

<2<‘5%>28 <21 1> 29 <212> DNA <213> Artificial Sequence <220> <223>

D%ﬁ@Q@&&fﬁﬁWWE&%E‘E@%@?ﬁﬁﬁé@W 28 gctetagact atactttcge
agcgtatge 29 <210> 29 <211> 30 <212> DNA <213> Artificial Sequence

<2200> 21

ggaatfcgeg atggaggegt acgagatgg 29

<210> 22

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 22
ggaattcttc tgectttitg ctettgate 29

<210>23

<211>30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 23
gitgaattcg acagttatge cgecacacge 30

<210>24

<211>30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 24
gttgaattca ggeccaaage atgetgteac 30

<210> 25

<211>28

<212> DNA

<213> Artificial Sequence

<220>
(19



<223> Description of Artificial Sequence:Primer (20) -87 <400> 29
gctctagagc gatggaggceg tacgagatgg 30 <210> 30 <21 1> 27 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <400> 30 gctctagatt §@ctgectt tttgctc 27 <210> 31 <211>
29 <212> DNA <213> Artificial Sequence <220> <223> Description of
AR ReSGTRARR 5 il 569751° f&f’éﬁaga cagttatgcc gccacacgc 29
<21%> 3% <21 1> 29 <212> DNA <213> Artificial Sequence <220> <223>
HB’[IOI’] of fA\I‘tIfICIal Sequence:Primer <400> 22 gctctagaag
gcc%ggaagcatg ét@accfé1 0> 33 <211> 18

<210> 26

<211>28

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 26
ggggtaceaa cgegettice caccaacg 28

<210>27

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 27
gctctagage gatggecteg tecaccace 29

<210>28

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 28
getctagact atactttege agegtatge 29

<210> 29

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

20)



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence:Primer <400> 33 caggaaacag ctatgacc 18 (21) -88 <210> 34 <21
1> 30 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Primer <400> 34 aaagtgcaga ttcccgatct agtaacatag 30

<2194>08>52§211> 30 <212> DNA <213> Artificial Sequence <220> <223>

Descrition of Artificial Se :Primer <400> 35 ggggaattcg catgcctgca
SRl £

ggtgcccca 18 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:Primer <400> 36

<210> 30

<211>27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 30
gcictagatt attctgectt fitgetc 27

<210>31

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 31
gctetagaga cagttatgee gecacacge 20

<210>32

<211>29

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 32
getetagaag geeccaaagea tgetgteac 29

<210>33

<211> 18

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 33
caggaaacag ctatgace 18

€2y,



tgtaaaaega cggccagt 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 15 <210> 38 <211>7 <212> PRT <213> Unknown
Organism <220> <223> Description % nknown Organism: conserved
amino acid sequence <400> 38 Trp Phe Thr Gly Gly Leu Asn 15 <210> 39
<21Q2>1(7> §4212> PRT <213> Unknown Organism <220> <223> Description
of L}g}lﬁg\g@ Organism: conserved amino

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 34
aaactgcaga ttceccgatet agtaacatag 30

<210> 35

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 35
ccggaatteg catgectgea ggteeccaga 30

<210>36

<211> 18

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 36
tgtaaaacga cggecagt 18

<210> 37

<L11>7

<212>PRT

<213> Unknown Organism

<220>

<221> Xaa

<222>(4)

<223> Description of Unknown Organism:conserved amino
acid sequence

<400> 37
(22)



acid sequence <400> 39 Val Glu Phe Met Asp Thr Val 15 <210> 40 <211>
7 <212> PRT <213> Unknown Organism <220> <223> Description of
Unknown Organism: conserved amino acid sequence <400> 40 Lys Tyr Leu
Phe Trp GIy Arg 15<210>41 <211>89<212> PRT <213> Unknown

Or, anis L Q 0> <223> Description of Unknown

Org nlsripn o ST amlno acid sequence <220> <221> Xaa <222> (2)
<223> Glu or Asn <220> <221> Xaa <222> (3) <223> Gly or Asp

<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>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 Thr Val
1 5

<210> 40

<211>7

<212> PRT

<213> Unknown Organism

<220>
<223> Description of Unknown Organism:conserved amino
acid sequence

<400> 40
Lys Tyr Leu Phe Trp Gly Arg
1 5

<210>41

<211>8

<212> PRT

<213> Unknown Organism

23)



<400> 41 lle Xaa Xaa Lys Val Tyr Asp Val 15 <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 Va<400> 42 Asp Pro Asp lle Xaa Xaa
Xag Pro 15<210> 43 (24) -91 <211> 26 <212> DNA <213> Artificial

<D2(0>
Seéﬁggcﬁescﬁption 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
Tle Xaa Xaa Lys Val Tyr Asp Val
1 5

<210>42

<211>38

<212> PRT

<213> Unknown Organism

<220>
<223> Description of Unknown Organism:conserved amino
acid sequence

<220>

<221> Xaa
<222>(5)

<223> Gln or 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)



<220> <223> Description of Artificial Sequence:primer XbaMpELOf <400>
43 agtctctaga gcgatggagg cgtacg 26 <210> 44 <21 1> 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> Atrtificial Sequence <220> <223>
De?ér@tﬂ?n of Artificial Sequence:primer XbaMpD5f <400> 45 agcttctaga
g‘:%}ggi%%a%iﬁg"“ 29 <210> 46 <21 1> 26 <212> DNA <213> Artificial
Seduen VAV s Description of Artificial Sequence:primer SacMpD5r
<4%>46 cagtgagctc tcagccatcc agtcgt 26 (25)

<223> Description of Artificial Sequence:primer
XbaMpELOf

<400> 43
agtctctaga gegatggagg cgtacg 26

<210> 44

<211> 26

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer
SacMpELOr

<400> 44
cagtgagcic ggtgtettat tetgee 26

<210>45

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer XbaMpD35f

<400> 45
agcttctaga gecatgeege cacacgece 29

<210> 46

<211>26

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer SacMpD5r

<400> 46
cagtgagctc tcagecatee agtegt 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 a
A6 fatty acid desaturating activity. 2. A gene that encodes a
Marchantiales-derived protein havinga 73 fatty acid desaturating activity,
ancb %t[ﬁ)s 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 a A6 fatty acid desaturating activity,
and that (a) conaizisdi @aniiakotidi:seacienge akfromahelAo3rildiz2698thder
nucleotides of SEQ ID NO: 1, or (b) hybridizes under stringent conditions
witl§ B D& it creutid et segse it bf fImotheo?5Birfo afegsth Nuklabdabeo bide
its complementary sequence, of SEQ ID NO: 1. 4. A ge t &es a
e AL T G BTSN &AR S B0 JEbst il Moy, and
and thad (HLUCRIBT APIVMIMNI AHARING agid Seaencs Of (PR AR NSty .
2, or (b) encodes a protein with an amino acid sequence that has been - 93
modified by substitution, deletion, insertion, and/or addition of one or more
amino acids of SEQ ID NO: 2. 5. A Marchantiales-derived gene that _
hybridize2untieB&fndéi oiarriheswith icocdgiitves IGAINGE eBfigéein
sequenee, or s complementanysequence, of SEQ ID NG 3, and, enepdes ,)
protein ha ing a A6 cﬁan?’elongating activity. 6. A%gene that'éncodes a
Marchasfiles-slerived rateiti davivg e ebaiprelgngating agtiwity, and hab)
(a) consists of

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 a 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 a 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



a nucleotide sequence of SEQ ID NO: 3, or (b) hybridizes under 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 a A6 chain elongating activity, and that (a) consists of a nucleotide
sequence of from the 194th to 1066th nddeotides of SEQ ID NO: 1, or (b)
hyiidiger LACR sungenrcandHong. YA ONATAIRRNS 8eAHeR S lition
from the 194th to 1066th nucleotides, or its complementary sequence, o
SERfIBMNGs A 1B ofAcyaneithat erchses sMaydmmiaeszderived protein

having a A6 chain elongating activity, and that (a) encodes a protein with an
amino acid sequence of SEQ ID NO: 4, or (b) encodes a protein with an

amino acid seguence that has been - 94 modified by substitytion, deletion,
ertion. Smor WAL ABH SHE G r Ao Hoidt B SEEPD NG, BTk er

Magghaptalgs-deylygae aene thatyhyidizes ypdsy Stripgent sAaditigng YWitide

all of or part of a DNA nucleotide sequence, or its complementary sequence,
of SEQUPNG; braind entosiemadirotain baving a5 ity BQd Dedaturatjngn d
activity. 10. A gene that encodes a Marchantiales-derived protein having a

A5 $a608kG6 dePn0ESsiiRghRiRg, andahak e e e etébiioe
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 ggneghgtencadesiadirichantialegdeuyeRialein- 4a¥iRg @ ARotein

fatty acid desaturating activity, and that (a) consists of a nucleotide
seduencefdrat thie SizbthltonkBA9tng nuctéotides oh 8BQ 4D NQ: &oeib)s of
hybridizes under stringent conditions with a DNA nucleotide sequence of

from (RE QPR S BSOS REEISHEER IRIDBmplefehblrEbgddires ginder

SEQtIrEl)ngent 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 a A6 chain elongating activity, and that (a) consists of
a nucleotide sequence of from the 194th to 1066th nucleotides
of SEQ ID NO: 1, or (b) hybridizes under stringent conditions
with a DNA nucleotide sequence of from the 194th to 1066th

nucleotides, or its complementary sequence, of SEQ ID NO: 1.

8. A gene that encodes a Marchantiales-derived protein
having a A6 chain elongating activity, and that (a) encodes a
protein with an amino acid sequence of SEQ ID NO: 4, or (b)

encodes a protein with an amino acid sequence that has been



NO: 5. 12. A gene that encodes a Marchantiales-derived protein having a AS
fatty acid desaturating activity, and that (a) encodes a protein with an amino
acid sequence of SEQ ID NO: 6, or (b) - 95 encodes a protein with an amino
acid sequence that has been modified by substitution, deletion, insertion,
and/or addition of one or more amino aids of SEQ ID NO: 6. 13. A protein

engaded Ry ) %%F%be%%%r{‘?ooﬁF'éié‘féééﬁro‘i'ﬂ'é élér:iéﬁaf %Ht?&_(@ddit'on

consisting of an-amino acid sequénce of SEQ ID'N consisting o

an amiweacifl sestence ihal Aaikeen swdifiEd byulstitution, deletion,
insertion, and/or addition of one or more amino acids of SEQ ID NO: 2, and
having a A6 fatty acid desaturating activity. 15. A protein (a) consisting of an

amino acid seguence of SEQ ID NQO: 4, or, (b) consisting of an amjno acid
equencetnal MLBERE ORI B SIS ARAE Qb PRI SrayBrie™

additipfofone o AW[E ALNQAEIS Al SEQJIP Y& 4oand NBYiNg A6 ChaiRe

elongating activity. 16. A protein (a) consisting of an amino acid sequence of

SEQelipuNQc 6, o (b)sconsigtingnoé Anatyise guickhsaeguenSHQal hasdebn and
modified by substitution, deletion, insertion, and/or addition of one or more
amfdcadds A SEOtBND g1 ARdhAvIntR H A S $attydasa Hesatirdime tivity .
activity. - 96 17. An antibody which recognizes a protein of any one of

claims 13 through 16. 18. A recombinant expression vector which comprises

a gene of ppy ang of claimstl dosabd 2z IaAdransiesmandeia vhiCh fotein
gene of any one of claims
having a A5 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 a 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 the 375th to
1829th nucleotides, or its complementary sequence, of SEQ ID

NO: 5.

12. A gene that encodes a Marchantiales-derived protein
having a A5 fatty acid desaturating activity, and that (a) encodes

a protein with an amino acid sequence of SEQ ID NO: 6, or (b)



1 through 12 is introduced. 20. A plant into which at least a gene of any one
of claims 1 through 12 is expressibly introduced, its progeny 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 claims 1 through 12 is
expressibly introduced and whose fatty dad composition is thereby modified,

1S RIOgsRY Or Y é?@ﬁ%{f)’r{%ﬁ’&%%%%%”@c*lﬁ"@(ﬁiﬁ%ﬁ%@echa has been

characteristics, or a tissue e plant. 22. A’ reproductive material of a plant

of chaiya B9eer Bk 3% ¥smethad of pledeting fattysagitin nising a panNb@Etion
plant tissue of claim 21. - 97 24. A material substance which includes at least
one> fcompovihdrseteceset fromahédgr UpTBAXIEBh Y 6F: \linolenic acid;
dihomo-y-linolenic acid; arachidonic acid; stearidonic acid; eicosatetraenoic
acid; and eicosapentaenoic acids, which are obtained by a method of claim

23. 25. A methgd of modifying & [alty anjd Lomnesitign USing AL IGASIAALRE 1

of any one of claims 1 through 12. 26. A gene detecting instrument
conphtisinglasi@probe at least a portion of a nucleotide sequence, or its
complementary sequence, of a gene of any one of claims 1 through 12. 27.
A screening method of a gene or substance that regulates a protein of any

one of claijms 13 through 16, using a protein of any one of claims 13 through
6. 28, A G o LS B o e Uy  Sr s A S 1 Qg7 ce 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

a 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

a 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

a AS fatty acid desaturating activity.
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17. An antibody which recognizes a protein of any one of

claims 13 through 16.

18. A recombinant expression vector which comprises a

gene of any one of claims 1 through 12.

19. A transformant into which a gene of any one of claims

1 through 12 is introduced.

20. A plant into which at least a gene of any one of claims
1 through 12 is expressibly introduced, its progeny 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 claims
1 through 12 is expressibly introduced and whose fatty acid
composition is thereby modified, its progeny or vegetatively
propagated plants having the same characteristics, or a tissue

of the plant.

22. A reproductive material of a plant of claim 20 or 21.

23. A method of producing fatty acids, using a plant or a

plant tissue of claim 21.
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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 claim 23.

25. A method of modifying a fatty acid composition, using

at least a gene of any one of claims 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 claims 1 through 12.

27. A screening method of a gene or substance that
regulates a protein of any one of claims 13 through 16, using

a protein of any one of claims 13 through 16.

28. A gene or substance obtained by a screening method

of claim 27.





