-1- METHOD OF BREEDING LIPID-PRODUCING STRAIN AND
UTILIZATION OF THE SAME TECHNICAL FIELD The present invention
relates to a breeding method of lipid producing fungi and use of such a
method. The invention particularly relates to a method for breeding lipid
producing fungi whereby gene expression is suppressed by transforming
lipid producing fungi that belong to genus Mortierella, and use of such a
method. BACKGROUND ART There have been ongoing developments

and actual applications of techni ues for rodumgf useful compounds
METGH A 204 SBREEDB DY Ga &Rﬂ}b%&&w BT RAIN AND

techniques). In one ;ﬁnéﬂf C ﬁ%%;l are known that
have the ability to pro %%%i%%@ég t%:ﬁﬁlg (#s]g h metabolism.
Representative examples of such lipid producing fungi include Mortierella
alpina and other species of genus Mortierella. The Mortierella are known
to produce arachidonic acid and other polyunsaturated fatty acids
(PUFA), and for this reason Mortierella are highly useful in industrial

T ExppliddtioAd. ($8&RdA0ent Document 1, for example). -2- In a variety of

useful organisms including microorganisms such as the lipid producin
fungl kgs pPresent invention relates to a breeding method of

lipid producing fungi and use of such a method. The invention
particularly relates to a method for breeding lipid producing
fungi whereby gene expression is suppressed by transforming
lipid producing fungi that belong to genus Mortierella, and use

of such a method.

BACKGROUND ART

There have been ongoing developments and actual
applications of techniques for producing useful compounds
through metabolism of microorganisms (broadly, fermentation
techniques). In one specific example, lipid producing fungi are
known that have the ability to produce a large amount of
lipids through metabolism. Representative examples of such
lipid producing fungi include Mortierella alpina and other
species of genus Mortierella. The Mortierella are known to
produce arachidonic acid and other polyunsaturated fatty
acids (PUFA), and for this reason Mortierella are highly useful
in industrial applications (see Patent Document 1, for

example).



common practice to breed the organisms, i.e., modify the genetic
characteristics of the organisms to achieve more desirable characteristics
(breed improvement). This is particularly important in fermentation
techniques, in which efficient production of compounds by the
microorganisms is sought for to red@e manufacturing cost. Breeding is
basically a two-step process. In the first step, a population with genetic
variations is prepared (simply "population preparing step"). In the second
step, a breed or strain with desirable characteristics is screened for
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sought for to reduce manufacturing cost.

Breeding is basically a two-step process. In the first step,
a population with genetic variations is prepared (simply
“population preparing step”). In the second step, a breed or
strain with desirable characteristics is screened for (simply
“screening step”). The population preparing step and
screening step can be carried out in a variety of ways
depending on the type of microorganism used. In the case of
microorganisms such as the lipid producing fungi, (1)
mutation or (2) transformation is generally employed in the
population preparing step.
(1) Method employing mutation

In a population preparing step employing mutation, a
population of microorganisms is prepared by introducing
mutation in a variety of ways. However, the mutation occurs
randomly and many different types of mutations result. As
such, while it may be possible to obtain a breed (strain) with

a target trait in the screening step, there is always a



in the case of the lipid producing fungi, a change in the type of produced
lipid may accompany reduced proliferating ability or spore forming ability,
among other things. Therefore, it is not necessarily the case that a strain
with good productivity is obtained in the population preparing step
employing mutation. Further, in the @ethod employing mutation, many
different kinds of mutations randomly occur in the individuals making up
the population. Thus, if a suitable screening method is not available, it
takes a tremendous effort to find a mutant (strain) with a target trait

P osesddidét yn thi Eadd eR PifakAdLARsR MBS dsulatsrsssePd Eenes other
screened for each different kind of mutation. (2) Method emplqying

thathJiBim &R £5STARGS Prephrhg Bep @hBRYinG HdnslorhatdA TP e

- ation of . . . e
T iy LA B L A h AGE e type
of OpgYHSR 88 af9R1 Fhalisa @PEpUyOredl BraetsRasHicgenss iability

controlled in the population. As such, in the next screening step, it is only
orrexpired tbosareengfoa b désyrabderboeeg (Gtlamy fténrtkhs . tritstomiants, it is

Screening is therefore easier, and other genes are prevented from
nojfnéxeeftrdaladss /298 fedilathe-AlaabR rétllikedgepthelresdisg ivity
is Cag%%%\jiﬁ gliéica({lftlly rtegléce%oﬁf)suqeastcirci)t%led %?’%Vpeé}*r%% gOpg !caé[ilg) " employing

pr Y
mutation.

Further, in the method employing mutation, many
different kinds of mutations randomly occur in the individuals
making up the population. Thus, if a suitable screening
method is not available, it takes a tremendous effort to find a
mutant (strain) with a target trait because, in this case, all
individuals of the population need to be screened for each
different kind of mutation.

(2) Method employing transformation

In a population preparing step employing transformation,
a population of transformants is obtained by introducing DNA
fragments required for acquiring a target trait
(transformation), using the bred organism as a host. That is,
expression of only target-specific genes is controlled in the
population. As such, in the next screening step, it is only
required to screen for a desirable breed (strain) from the

transformants. Screening is therefore easier, and other genes

are prevented from unexpected damages. As a result, the



breeding is more desirably carried out by way of transformation. For
example, there have been many reports concerning transformation
methods for filamentous fungi including genus Mortierella. Specifically, (a)
Non-Patent Documents 1 through 3 and other publications disclose
techniques for transforming filamentous fungi such as Aspergillus
nidulans or Neurospora crassa by a particle delivery method. In these
techniques, a uracil auxotrophic strain is used as a transformed host
strain, and a transformed strain is screened for by using the
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-5- method em ﬁ)&/}in u tion_ s described in section (]1)a ove, the
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other publications disclose techniques for transforming
filamentous fungi such as Aspergillus nidulans or Neurospora
crassa by a particle delivery method. In these techniques, a
uracil auxotrophic strain is used as a transformed host strain,
and a transformed strain is screened for by wusing the
complementary gene as a marker gene.

As to a transformation method of M. alpina, a technique
disclosed in Non-Patent Document 4 has been known. In this
technique, the spore is turned into a protoplast, and genes
are introduced into the cell by an electroporation method. For
the screening of transformants, hygromycin B resistance gene
(hpt) from E. coli is used as a marker gene, and transformants
that can grow in a hygromycin-containing medium are
screened for.

In modifying genetic characteristics of useful organisms
to more desirable characteristics, there are cases where
functions of specific genes are intentionally removed either

partially or completely. While this can be achieved by the



Therefore, there is a need for a technique of breeding mutant strains with
the method employing transformation as described in section (2) above,
so that functions of specific genes can be partially or completely removed
both easily and reliably. In one known technique of obtaining such a
mutant strain with the partial or complete functional removal of specific
genes, expression of specific genes is suppressed. Some of the
examples of such a technique include an RNAi method, a gene deletion
method in which genes on the chromosome are deleted by homologous
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In one known technique of obtaining such a mutant
strain with the partial or complete functional removal of
specific genes, expression of specific genes is suppressed.
Some of the examples of such a technique include an RNAIi
method, a gene deletion method in which genes on the
chromosome are deleted by homologous recombination, a
co-suppression method, and an antisense method. Among
these methods, the method employing homologous
recombination is known to provide stable results. The RNAi
method, which is fairly new, has been reported in many
organisms, and is known to be highly effective.

[Patent Document 1]

Japanese Examined Patent Publication No. 34752/1995
(Tokukouhei 7-34752, published on April 19, 1995), Japanese
Laid-Open Patent Publication No. 44891/1988 (Tokukaisho

63-44891, published on February 25, 1988)



Herzog R. W. et al. Appl. Microbiol. Biotechnol., 45, 333-337, 1996
[Non-Patent Document 3] Armaleo, D. et al. Curr. Genet., 17, 97-103,
1990 [Non-Patent Document 4] Mackenzie D. A. et al. Appl. Environ.
Microbiol., 66, 4655-4661, 2000 DISCLOSURE OF INVENTION
However, there has been no report-aé to a method of suppressing
expression of specific genes in lipid producing Mortierella. Further, while
the gene expression repressing effects of the RNAiI method have been
well-documented in many organisms for example, whether or not the
methdPRitiRt @FéRGH B§atkifid organism cannot be known until the

method is actually carried out, FQr example, there has been no report that
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333-337, 1996
[Non-Patent Document 3]
Armaleo, D. et al. Curr. Genet., 17, 97-103, 1990
[Non-Patent Document 4]

Mackenzie D. A. et al. Appl. Environ. Microbiol., 66,
4655-4661, 2000

DISCLOSURE OF INVENTION

However, there has been no report as to a method of
suppressing expression of specific genes in lipid producing
Mortierella.

Further, while the gene expression repressing effects of
the RNAi method have been well-documented in many
organisms for example, whether or not the method will be
effective in a specific organism cannot be known until the
method is actually carried out. For example, there has been
no report that suggests the effectiveness of the RNAi method
in lipid producing Mortierella.

Many PUFAs are essential fatty acids, and are involved

in complex physiological functions in the body. Thus, the



breeding Mortierella, which are known to produce lipids reliably. The

present invention was made in view of the foregoing problems, and an

object of the invention is to provide a breeding method for effectively and

efficiently breeding lipid producing Mortierella by suppressing expression

of specific genes. The invention alsd7provides use of such a method. In

accomplishing the invention, the inventors resorted to the RNAi method to

obtain a Mortierella mutant strain in which expression of MAELO gene or

A12 fatty acid desaturase gene was suppressed. A functional analysis of
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rel{AdHYn the RNAI step

The present invention was made in view of the foregoing
problems, and an object of the invention is to provide a
breeding method for effectively and efficiently breeding lipid
producing Mortierella by suppressing expression of specific
genes. The invention also provides use of such a method.

In accomplishing the invention, the inventors resorted to
the RNAi method to obtain a Mortierella mutant strain in
which expression of MAELO gene or A12 fatty acid desaturase
gene was suppressed. A functional analysis of the mutant
strain revealed that the mutant strain produced very
long-chain saturated fatty acids in reduced proportions in the
case of the MAELO gene, and that the mutant strain produced
mead acid in the case of the A12 fatty acid desaturase gene.

Specifically, the invention provides industrially useful
method or substances as defined in (1) through (15) below.

(1) A breeding method of lipid producing fungi that
belong to genus Mortierella, the method including an

expression suppressing step of suppressing expression of a



includes a transformation step of introducing a recombinant expression
vector into the lipid producing fungi, wherein the recombinant expression
vector causes expression of double stranded RNA corresponding to all of
or part of a nucleotide sequence of the specific gene. (4) A method as set
forth in (3), wherein the RNAI step figther includes an expression vector
constructing step of constructing the recombinant expression vector. (5) A
method as set forth in (3) or (4), wherein the transformation step is
carried out by an electroporation method or a particle delivery method. (6)
S P& ¢hER oRcds s e ikl dhifoRe @A AT B UGHY8), wherein the lipid
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~gene or MAELO gene. (11) A method as set forth in (9), wherein the gene
ingatdarfcodetiha sy aeat HeBamitase Ria grHotcdh®desgrombinant

expression vector into the lipid producing fungi, wherein the
recombinant expression vector causes expression of double
stranded RNA corresponding to all of or part of a nucleotide
sequence of the specific gene.

(4) A method as set forth in (3), wherein the RNAi step
further includes an expression vector constructing step of
constructing the recombinant expression vector.

(5) A method as set forth in (3) or (4), wherein the
transformation step is carried out by an electroporation
method or a particle delivery method.

(6) A method as set forth in any one of (1) through (5),
wherein the lipid producing fungi are Mortierella alpina.

(7) A method as set forth in any one of (1) through (6),
wherein the specific gene is a lipid metabolism gene.

(8) A method as set forth in (7), wherein the lipid
metabolism gene is a fatty acid metabolism gene.

(9) A method as set forth in (8), wherein the fatty acid
metabolism gene is a gene that encodes a fatty acid chain

elongase or a fatty acid desaturase.



enzyme selected from the group consisting of: A5 fatty acid desaturase,

A6 fatty acid desaturase, AS fatty acid desaturase, A9 fatty acid

desaturase, A12 fatty acid desaturase, A15 fatty acid desaturase, A17

fatty acid desaturase, and ca3 fatty acid desaturase. (12) A breeding kit

for carrying out the method of any oBe-of (1) through (11). (13) A

breeding kit as set forth in (12), which includes at least one of: (a) a
recombinant expression vector for causing expression of double stranded
RNA corresponding to all of or part of a nucleotide sequence of the

spedifi® hehentisith pchrt fottcdRsttiictimy (R revdrsBintnt thgrasdich that
vector of (3); (c).a reagent fqr in od,ucinrg the recombinalné?;iéﬁr&eJ sion
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recombinant expression vector of (a) have been introduced. (14) Lipid

producing fungi oiiyaed By dke methed onthey 1Q/breeding kit asgiefiredhat
in any one of (1) through (13). (15) A lipid producing method for producing
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BEST MODE FOR CARRYING OUT THE INVENTION
enzyme selected from the group consisting of: A5 fatty acid
desaturase, A6 fatty acid desaturase, A8 fatty acid desaturase,
A9 fatty acid desaturase, A12 fatty acid desaturase, A15 fatty
acid desaturase, A17 fatty acid desaturase, and »3 fatty acid
desaturase.

(12) A breeding kit for carrying out the method of any
one of (1) through (11).

(13) A breeding kit as set forth in (12), which includes at
least one of:

(a) a recombinant expression vector for causing
expression of double stranded RNA corresponding to all of or
part of a nucleotide sequence of the specific gene;

(b) a reagent for constructing the recombinant
expression vector of (a);

(c) a reagent for introducing the recombinant expression
vector of (a) into lipid producing fungi; and

(d) a reagent for culturing the lipid producing fungi
and/or a transformant strain into which the recombinant

expression vector of (a) have been introduced.

(14) Lipid producing fungi obtained by the method or the



The following will describe one embodiment of the present invention. It
should be noted however that the invention is not limited in any way by
the following description. The present invention provides a method
including an expression suppressing step of suppressing expression of
specific genes, particularly genes inva@lved in lipid metabolism, whereby
lipid producing fungi with desirable characteristics (traits) are bred. The
invention also provides use of such a breeding method. The following will
describe Mortierella, a breeding method, and use of the method in this

bree@ingderting téﬁiénﬁfésléhtwm@ﬁ pfi Kdrtférepareie Motierella
breed thod to th nt t
artbby i .ti‘dgli‘%%oc’ar.é‘éigﬁwu%é’sm:n?é%a% Dot gendatoducing
P[WA“%I’(?Hl ?131 I\/ﬁg% ld(éewﬁrylogﬂ%rql %H\@c %gq{&errl%l defined

Mortiere romucor. The fungi tha ng to su nus

in I\(Iq)r4| rella all -11- produce fatty acids with 20 carbon atoms, such as
arachldonlc acid, whereas those belonging to subgenus Micromucor
produce fatty acids with 18 or less carbon atoms. The Mortierella used in
theaPresent invention may belong to either Mortierella or Micromucor.
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eIon%%tg, Ivl'ollowing will describe one embodiment of the
present invention. It should be noted however that the
invention is not limited in any way by the following
description.

The present invention provides a method including an
expression suppressing step of suppressing expression of
specific genes, particularly genes involved in lipid metabolism,
whereby lipid producing fungi with desirable characteristics
(traits) are bred. The invention also provides use of such a
breeding method.

The following will describe Mortierella, a breeding
method, and use of the method in this order, according to the
present invention.

[1] Mortierella

The Mortierella used in a breeding method according to
the present invention are not particularly limited, and various
kinds of filamentous fungi of genus Mortierella can be used.
Genus Mortierella include two subgenera, Mortierella and

Micromucor. The fungi that belong to subgenus Mortierella all



exigua, M. hygrophila, M. isabellina, M. turficola, M. gamsii, M. cogitans,

M. capitata, and M. vinacea. Among these examples, Mortierella alpina,

common lipid producing fungi, is particularly preferable in the present

invention. Some strains of M. alpina are known to store arachidonic acid

(ARA) and other PUFAs. For this rengon, M. alpina has been widely used

not only for the research of PUFA biosynthesis but also in industries

producing PUFA. The source of M. alpina or other Mortierella are not

particularly limited. For example, the fungi can be obtained from various
PreftYsRganBit Yepasitaty instditbns 30ch 88 the hstiitoms, such as

Fermentation or ATCC (American Type Culture Collection). In the case of
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National Institute o vanced Industrial Science and ogy.
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natural environment by a known screening method. - 12 [2] Breeding
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breeding method according to the present invention is not particularly
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the method js not just limited to. particylar steps, materials, or conditions, .
expdydn 'ejé#gf hz'lrg, M 1£o%eﬁlna, Ei turficola, M. gamsii,

cogitans, M. capitata, and M. vinacea. Among these examples,
Mortierella alpina, common lipid producing fungi, is
particularly preferable in the present invention. Some strains
of M. alpina are known to store arachidonic acid (ARA) and
other PUFAs. For this reason, M. alpina has been widely used
not only for the research of PUFA biosynthesis but also in
industries producing PUFA.

The source of M. alpina or other Mortierella are not
particularly limited. For example, the fungi can be obtained
from various microorganism depositary institutions such as
the Institute for Fermentation or ATCC (American Type
Culture Collection). In the case of strains for which patent
applications have been filed, the organisms can be obtained
from the International Patent Organism Depositary in the
National Institute of Advanced Industrial Science and
Technology. Alternatively, an unknown strain of Mortierella
may be obtained from natural environment by a known

screening method.



"expression suppressing step” is not particularly limited as long as
expression of specific genes in the lipid producing fungi is suppressed. As
such, the step can be carried out by conventional methods. Examples of
such methods include: a gene deletion method in which genes on the
chromosome are deleted by homelagous recombination, a
co-suppression method, an antisense method, and an RNAiI method.
Among these methods, the RNAI method is particularly preferable since
it is simple and yields good results, for example. That is, it is preferable
that tReé &peestioRsuppibath@ islépidcipaedH RNAi swpgr according to
thsu pressin?1 expression of specific genes. More specifically, DNA
ﬁa%ﬁwee%‘?& APCHURE BNAI are introduced into lipid producing Mortierella.
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. suppressing step in detail. [2-1] RNAi step The RNA| step according to
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long as expression of specific genes in the lipid producing
fungi is suppressed. As such, the step can be carried out by
conventional methods. Examples of such methods include: a
gene deletion method in which genes on the chromosome are
deleted by homologous recombination, a co-suppression
method, an antisense method, and an RNAi method. Among
these methods, the RNAi method is particularly preferable
since it is simple and yields good results, for example.

That is, it is preferable that the expression suppressing
step include an RNAi step of suppressing expression of
specific genes. More specifically, DNA fragments that cause
RNAi are introduced into lipid producing Mortierella. With the
resulting expression of double stranded RNA, expression of
specific genes is suppressed and therefore lipid producing
fungi with desirable characteristics are bred.

It is preferable that the RNAi step include a
transformation step and an expression vector constructing

step. It is to be noted that a breeding method of lipid



particularly limited as long as expression of specific genes in lipid
producing fungi is suppressed by an RNAiI method. As such, the step is
not just limited to particular methods, conditions, or materials. As used
herein, the "RNAI method" refers to a method in which gene expression is
suppressed by a phenomenon knowr@ as RNAI. The "RNAI" refers to the
situation where the presence of double stranded RNA ("dsRNA") in the
cell promotes degradation of mMRNA that hybridizes with the dsRNA, and
thereby suppresses expression of genes corresponding to the mRNA.
PTPREISHINE tHARIGAI ASS edf HeSegRdethls® aRtES 8N IntrbAYGRGion may
. d RIEA complementary to the nucleotiti sequence rﬁhat codes fqr th .
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limited as long as it can suppress expression of a target gene. For this
deldrRose, techniques of conventional RNAI methods can be suitably
used. - 14 The method of introducing RNA into the lipid producing fungi is
[2 bt FaNiAudlartye imited either, and can be carried out according to
conventional RNAI methods. In one specific example of introducing
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codes for RNAi-inducépg RNA is introduced into the ce}l, and is expressed .
particlarly limited "as long as expression of specific’ genes in

lipid producing fungi is suppressed by an RNAi method. As
such, the step is not just limited to particular methods,
conditions, or materials.

As used herein, the “RNAi method” refers to a method in
which gene expression is suppressed by a phenomenon known
as RNAi. The “RNAi” refers to the situation where the presence
of double stranded RNA (“dsRNA”) in the cell promotes
degradation of mRNA that hybridizes with the dsRNA, and
thereby suppresses expression of genes corresponding to the
mRNA.

Therefore, the RNAi step can be regarded as a step of
introducing dsRNA complementary to the nucleotide sequence
that codes for the entire part or some part of a gene whose
expression is to be suppressed. The nucleotide sequence or
length of introduced RNA is not particularly limited as long as
it can suppress expression of a target gene. For this purpose,
techniques of conventional RNAi methods can be suitably

used.



suppress gene expression, as will be described later in Examples. Other
examples include a liposome method, an electroporation method, and a
microinjection method. That is, the RNAi method preferably includes an
expression vector constructing step and a transformation step, as

described below. [2-1-1] Expression gector constructing step The

expression vector constructing step according to the present invention is

a step of constructing a recombinant expression vector in Mortierella (lipid
producing fungi), wherein the recombinant expression vector is used to
exprése dat8 eflamderRNRBsAEI oMY ththe ditfe pRidbrRbpfbucing
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expression of double stranded RNA that causes RNAI. In other words, in
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type of gene whose expression should be syppressed, is not particularly .
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Examples. Other examples include a liposome method, an
electroporation method, and a microinjection method. That is,
the RNAi method preferably includes an expression vector
constructing step and a transformation step, as described
below.

[2-1-1] Expression vector constructing step

The expression vector constructing step according to the
present invention is a step of constructing a recombinant
expression vector in Mortierella (lipid producing fungi),
wherein the recombinant expression vector is used to express
double stranded RNA corresponding to the entire part or some
part of the nucleotide sequence of a predetermined gene
whose expression should be suppressed. That is, the step is
not particularly limited as long as a recombinant expression
vector is constructed in Mortierella such that the recombinant
expression vector, with a suitable sequence of DNA ligated
under the control of a promoter, brings about expression of

double stranded RNA that causes RNAi. In other words, in the



of Mortierella depending on its purpose. As to specifics of the gene,

detailed description will be given in conjunction with the transformation

step in section [2-1-2] below. The method of constructing a recombinant

expression vector for RNAI is not particularly limited, and conventional

methods can be used therefor. For ex@mple, gene cassettes ligated via a

linker sequence or other sequences are transcribed in vivo in such a

manner that both the sense strand and antisense strand of a gene whose

expression should be suppressed are transcribed, so as to generate RNA
CXM\%‘?@&Féﬁé%ﬂ@%‘)@ﬁh‘é?6%%@6%@@%%‘%@%%@%@%Slon

this manner, expression qf a host gene corresponding to the RNA can be
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extended time perio te that, the provision 0 er sequence Is

co@ftinablius preferablee 11 one specific example of the expression vector
constructing step, reverse cDNA of the target gene, a linker - 16

sequEheet ppa forfivgroheD WA oksthectarget gerenaretigathd] inethisipdeessed
and inserted downstream of a t)rdjromoter that can be expressed in the host
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gene, detailed description will be given in conjunction with
the transformation step in section [2-1-2] below.

The method of constructing a recombinant expression
vector for RNAi is not particularly limited, and conventional
methods can be used therefor. For example, gene cassettes
ligated via a linker sequence or other sequences are
transcribed in vivo in such a manner that both the sense
strand and antisense strand of a gene whose expression
should be suppressed are transcribed, so as to generate RNA
(inverted repeat RNA) that forms a double strand within the
molecule. In this manner, expression of a host gene
corresponding to the RNA can be suppressed. The method
enables RNAi to be continuously generated in the cell, and
therefore suppresses expression of the target gene over an
extended time period. Note that, the provision of a linker
sequence is optional but preferable.

In one specific example of the expression vector

constructing step, reverse cDNA of the target gene, a linker



molecule. Note that, the order or direction of the antisense strand and
sense strand incorporated in the RNAI plasmid is not particularly limited
as long as it allows the RNA (inverted repeat RNA) generated by
transcription in vivo in the host to form double stranded RNA within the
molecule. Further, the length of the nécleotide sequence of the double
stranded RNA is not particularly limited as long as it can efficiently cause
RNAI. Further, in the case of double stranded RNA corresponding to only
some part of the gene, a portion of the gene is suitably selected

segahRRGifg 8 PuisisE aTRe pFOMOLe? s Hot pErdERArg filhfted Ethdgad ed in
long ag it can effectively express the gene thartL]encodes the doul%le
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vector. Some of the examples include a plasmid, phage, and cosmid,
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Mortierella) or the employed method of introduction. Specific examples
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vectors. The recombinant expression vector may include DNA segments

me ﬁ&lﬁﬁm the promoter and the gene encoding the

Note that, the order or direction of the antisense strand
and sense strand incorporated in the RNAi plasmid is not
particularly limited as long as it allows the RNA (inverted
repeat RNA) generated by transcription in vivo in the host to
form double stranded RNA within the molecule.

Further, the length of the nucleotide sequence of the
double stranded RNA is not particularly limited as long as it
can efficiently cause RNAi. Further, in the case of double
stranded RNA corresponding to only some part of the gene, a
portion of the gene is suitably selected depending on purpose.

The promoter is not particularly limited either as long as
it can effectively express the gene that encodes the double
stranded RNA in Mortierella (lipid producing fungi). As such,
conventional promoters can be suitably used. A non-limiting
example of such conventional promoters is hisH4.1 promoter.

Various types of conventional vectors can be used to
provide the recombinant expression vector. Some of the

examples include a plasmid, phage, and cosmid, which are



double stranded RNA. Non-limiting examples of such DNA segments
include a terminator, a selection marker, an enhancer, and a nucleotide
sequence for improving translation efficiency. The type of terminator is
not particularly limited as long as it serves as a termination site of
transcription. As such, conventionalitgrminators can be used. The
terminator is placed at a suitable position in the recombinant expression
vector, so as to prevent synthesis of an excessively long transcript in the
vector-introduced cell. A non-limiting example of the terminator is the trpC

s fatop akeatindne eridibRgThe sttt Pearkdr hay bectdt (type of
exampl gene that complements auxotrophy, or a drug-resistant gene. . ..
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complements auxotrophy for - 18 vitamins. In this way, a medium depleted
with Blspearte onuthéntesuth as pbogs (mediveotiinoutrspeciiia oltreébatsD N A
can be easily screened for transformed strains that have incorporated the

S egEstiRaAt BRATTeSRRA VERPIPSpERMEC Examplesst Bagfesimtaading the
adEfEe Iclude genes pegigtaniyo, ampiciin, ygromyciy dlearait e, pa
segments include a terminator, a selection marker, an
enhancer, and a nucleotide sequence for improving
translation efficiency.

The type of terminator is not particularly limited as long
as it serves as a termination site of transcription. As such,
conventional terminators can be used. The terminator is
placed at a suitable position in the recombinant expression
vector, so as to prevent synthesis of an excessively long
transcript in the vector-introduced «cell. A non-limiting
example of the terminator is the trpC terminator used in the
invention.

The selection marker may be, for example, a gene that
complements auxotrophy, or a drug-resistant gene. Specific
examples of genes that complement auxotrophy include: genes
that complement auxotrophy for amino acid such as leucine,
histidine, methionine, arginine, tryptophan, or lysine; a gene
that complements auxotrophy for nucleic acid such as uracil

or adenine; and a gene that complements auxotrophy for



chloramphenicol. In this way, transformed strains that have incorporated

the recombinant expression vector can be selected by simply screening

an antibiotic-containing medium for the strains that grow in the medium.

The enhancer is not particularly limited as long as it is a DNA nucleotide

sequence that promotes transcription®f-an adjacent gene on a single

DNA strand, i.e., in a cis position. For example, a repeating sequence of

72 base long near the replication origin of monkey-derived simian virus

40 (SV 40) can be used as an enhancer. Other conventional enhancers
Vitampe fisedhs WP \With Yhe 8seBEaH @Ahastep e dranstilptich specific

activity can be improved even when the promoter region alone is
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recombinant expression vector depending on intended use of the vector
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recombinant expression vector is not particularly limited either. Generally,
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optionally other DNA segments are introduced in a predetermined order
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. tranded NA_ang the promoter (optionally, an enhancer, terminator, ang
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incorporated the recombinant expression vector can be
selected by simply screening an antibiotic-containing medium
for the strains that grow in the medium.

The enhancer is not particularly limited as long as it is a
DNA nucleotide sequence that promotes transcription of an
adjacent gene on a single DNA strand, i.e., in a cis position.
For example, a repeating sequence of 72 base long near the
replication origin of monkey-derived simian virus 40 (SV 40)
can be used as an enhancer. Other conventional enhancers
can be used as well. With the use of an enhancer, the
transcription activity can be improved even when the
promoter region alone is insufficient to obtain a sufficient
level of desired gene expression. As described above, various
types of DNA segments can be included in the recombinant
expression vector depending on intended use of the vector or
the type of vector-introduced cell.

The method of constructing the recombinant expression

vector is mnot particularly limited either. Generally, the



which is then introduced into the vector. In the construction of the
expression cassette, the order of DNA segments can be specified by
providing each DNA segment with complementary staggered ends, and
by joining the segments with a ligase. When the expression cassette
includes a terminator, the terminatorig positioned downstream of the
promoter and the gene encoding double stranded RNA in this order.
When the expression cassette includes an enhancer, the enhancer is

positioned downstream of the promoter and upstream of the gene
Prefeading dotbrR staREed RNR difety e vt Rigge st srBilasithdRNA, and
restrictign enz e or Ilgai% used to construct the recombingn
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In the construction of the expression cassette, the order
of DNA segments can be specified by providing each DNA
segment with complementary staggered ends, and by joining
the segments with a ligase. When the expression cassette
includes a terminator, the terminator is positioned
downstream of the promoter and the gene encoding double
stranded RNA in this order. When the expression cassette
includes an enhancer, the enhancer is positioned downstream
of the promoter and upstream of the gene encoding double
stranded RNA. The type of reagent, such as the restriction
enzyme or ligase, used to construct the recombinant
expression vector is not particularly limited, and can be
selected from commercially available products.

The proliferation method (producing method) of the
recombinant expression vector is not particularly limited, and
conventional methods can be wused therefor. Generally,
Escherichia coli are used as a host to proliferate the vector.

Here, Escherichia coli may be suitably selected according to



nucleotide sequence of a specific gene is introduced into the lipid
producing fungi. As such, the procedure, condition, or material used in
the step is not particularly limited. That is, in the transformation step, the
recombinant expression vector constructed in the expression vector
constructing step is introduced into #edipid producing fungi
(transformation). By carrying out the transformation step, a large amount
of double stranded RNA corresponding to the entire part or some part of
a desired gene whose expression is to be suppressed can be expressed

thig, HPIpiAIpFSRMIgWHRA In the resulting transformed lipid producing
fungj,.expr zsi%p of the desired gene is efficiently suppressed by RNAI.
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material used in the step is not particularly limited. That is,
in the transformation step, the recombinant expression vector
constructed in the expression vector constructing step is
introduced into the lipid producing fungi (transformation).

By carrying out the transformation step, a large amount
of double stranded RNA corresponding to the entire part or
some part of a desired gene whose expression is to be
suppressed can be expressed in the lipid producing fungi. In
the resulting transformed lipid producing fungi, expression of
the desired gene is efficiently suppressed by RNAi.

As described above, a gene whose expression is to be
suppressed may be any gene of Mortierella (lipid producing
fungi), and is suitably selected according to purpose. For
example, in the case of Mortierella often used as the lipid
producing fungi, it is preferable to suppress expression of
lipid metabolism genes (genes involved in lipid metabolism) by

RNAi. Among different lipid metabolism genes, a fatty acid



acid desaturase gene (GB accession No. AY464949, AF067654,
AF054824), A6 fatty acid desaturase gene (GB accession No. AB070557,
ABO070556, AB070555, AF307940, AF110510, AB020032), AS fatty acid
desaturase gene, A9 fatty acid desaturase gene (GB accession No.
AJ278339, AF085500, Y18554, Y18353, AB015612, AB015611), A12
fatty acid desaturase gene (GB accession No. AF417244, AF110509,
ABO020033, Eur. J. Biochem. 261, 812-820 (1999)), A15 fatty acid
desaturase gene, A17 fatty acid desaturase gene, and ca3 fatty acid
m gEIRQFESEIGERE BYSSUDESEME [xpPaddioh L HENEL AfvEEPRaipig fatty
metaholism, the yield of desired lipids can be increased or decreased.
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acid (DGLA, 20:3n-6) via y-linolenic acid (GLA, 18:0n-6) (Japanese PCT
anditiafehCR 2eRPublicaibra bloe 2608:5 28098\ FHOoL 0Ot 1if .iskreliened ¢lsabf a
a gene that plays a principal role in this reaction is the GLELO gene,

gensichimas bé@ﬁ@é@)%g& Af@gtﬁeh,a&ifér_ fleeadhy eppel MARIAS gee fatty
AL ORI e LA b RE MMt Hoo S or Sk e
Aﬂ%tglﬁgjf—st)?rA6 fatty acid desaturase gene (GB accession No.
AB070557, ABO70556, ABO70555, AF307940, AF110510,
AB020032), A8 fatty acid desaturase gene, A9 fatty acid
desaturase gene (GB accession No. AJ278339, AF085500,
Y18554, Y18553, ABO15612, ABO15611), Al12 fatty acid
desaturase gene (GB accession No. AF417244, AF1105009,
AB020033, Eur. J. Biochem. 261, 812-820 (1999)), A15 fatty
acid desaturase gene, A17 fatty acid desaturase gene, and ®3
fatty acid desaturase gene. By suppressing expression of
genes involved in lipid metabolism, the yield of desired lipids
can be increased or decreased. Further, the type or
composition of produced lipids can be modified.

In the Examples below, MAELO gene and Al12 fatty acid
desaturase gene are used as examples of genes involved in
lipid metabolism.

The MAELO gene is known to exhibit a weak activity for
generating dihomo-y-linolenic acid (DGLA, 20:3n-6) via
y-linolenic acid (GLA, 18:0n-6) (Japanese PCT Laid-Open



monounsaturated fatty acids has been suggested. However, there has
been no report that suggests functions of the MAELO gene in Mortierella
(lipid producing fungi), and particularly in M. alpina (Mortierella alpina).
Accordingly, there is a need to analyze functions of the MAELO gene in
M. alpina. As will be described laterdfd Examples, the inventors of the
present invention analyzed functions of the MAELO gene in M. alpina
using yeasts. It was found as a result that the MAELO gene is involved in
the catalysis of the chain-elongating reaction of very long-chain saturated
Pt aéien Fiher B SupeNiBlexbHessRvFsT thé NMEL O e ifhet a
alping by the RNAi method, a strain with a reduced proportion of very
2B g ehAIn BRIt R SI0E In 1p{fs el Hiteh S RS Teblis GLELO
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RNAI method as in the Examples below, a strain (mutant strain) can be
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mOB oD eaty e de Tty el F DA 2 B ATEY However,
there has been no report that suggests functions of the
MAELO gene in Mortierella (lipid producing fungi), and
particularly in M. alpina (Mortierella alpina). Accordingly,
there is a need to analyze functions of the MAELO gene in M.
alpina.

As will be described later in Examples, the
inventors of the present invention analyzed functions of the
MAELO gene in M. alpina using yeasts. It was found as a
result that the MAELO gene is involved in the catalysis of the
chain-elongating reaction of very long-chain saturated fatty
acids. Further, by suppressing expression of the MAELO gene
in M. alpina by the RNAi method, a strain with a reduced
proportion of very long-chain saturated fatty acids in lipids
was obtained. These results revealed, for the first time, that
the MAELO gene is involved in the biosynthesis of very
long-chain saturated fatty acids in M. alpina.

The A12 fatty acid desaturase gene encodes an enzyme

that catalyzes the reaction of converting oleic acid (18:1) to



whose expression is to be suppressed is not specified. For example,

when only a nucleotide sequence of EST with unknown functions is

known, an expression vector that encodes double stranded RNA

corresponding to the EST is constructed. By obtaining transformant

strains with the expression vector-apg analyzing functions of the

transformed strains, functions of the gene with the EST can be analyzed.

In this manner, with a breeding method of the present invention, unknown

functions of a gene can be predicted. A transformation method (gene
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A 1£ ed and con ntional methods suc

3\1 ‘%E;oratlo mc?thod or h

%Fet&e'ﬁ\?éﬁ]; &ﬁ%&%’éﬁsof‘e &GitabI l}’set as in the

E-RenguPingd o Morefplad isprefeeafly (Bakine JupsdRnca in
int

use orm of protopla sts non-limiting exa the particle

wigRlIMErY NpRibp@ ia PoRarbEe YNt Metnod clg e Eﬁamplsg baleW.@ acid, is
particle delivery method was used for the transformation. [2-2] Other
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example, when only a nucleotide sequence of EST with
unknown functions is known, an expression vector that
encodes double stranded RNA corresponding to the EST is
constructed. By obtaining transformant strains with the
expression vector and analyzing functions of the transformed
strains, functions of the gene with the EST can be analyzed.
In this manner, with a breeding method of the present
invention, unknown functions of a gene can be predicted.

A transformation method (gene introducing method) used
in the transformation step is not particularly limited, and
conventional methods such as an electroporation method or
particle delivery method can be suitably used. When using an
electroporation method in Mortierella, it is preferable that the
fungi be used in the form of protoplasts. A non-limiting
example of the particle delivery method is a particle gun
method. In the Examples below, a particle delivery method
was used for the transformation.

[2-2] Other steps, other methods



A screening method is not particularly limited. For example, after culturing
and growing transformant strains, a strain may be selected based on
predetermined genetic characteristics. That is, a specific method of the
screening step is not particularly limited. Depending on the purpose of
breeding, such conditions are set thatallow a transformant strain with
desirable characteristics to be selected, and a conventional method is

used to select such a transformant strain. For example, selection can be
made using a conventional auxotrophic marker or drug resistant marker.
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the Individual procedures of transformation, ‘culturing, and selection as
sudngcifienlly deseiibac abaveplnsiead, ther drvention slspinghidesdlecting a
breeding method employing other procedures. -25- [3] Use of the present
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breeding method of lipid producing fungi according to the present
pripdergiondsiabagied to suppress expression of a specific gene and

thereby provide a breed with improved characteristics._ (traits). Thus, wijth
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example, after culturing and growing transformant strains, a
strain may be selected based on predetermined genetic
characteristics. That is, a specific method of the screening
step is not particularly limited. Depending on the purpose of
breeding, such conditions are set that allow a transformant
strain with desirable characteristics to be selected, and a
conventional method is used to select such a transformant
strain. For example, selection can be made using a
conventional auxotrophic marker or drug resistant marker.

It should be noted here that a gist of the present
invention is to provide a method for breeding a novel strain of
desired characteristics (traits) by suppressing expression of a
predetermined gene in Mortierella (lipid producing fungi).
Accordingly, the present invention is not just limited to the
individual procedures of transformation, culturing, and
selection as specifically described above. Instead, the
invention also includes a breeding method employing other

procedures.



method, a novel breed (novel strain) can be efficiently and effectively
produced by using lipid producing fungi of genus Mortierella as an original
breed. The Mortierella are well known lipid producing fungi, and include
highly reliable species such as M. alpina. Thus, for example, a strain with
improved lipid productivity can be p@8uced both easily and efficiently.
Further, with a breeding method according to the present invention,
expression of any gene in the transformed lipid producing fungi can be
suppressed. Thus, by suppressing expression of a specific gene in the
origihal Bised afiddaerdiee seanihvéhion Biovides a transformant strain

(transfor. t), i.e., a nqvel strain, capable of producing more lipids,
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effectively produced by using lipid producing fungi of genus
Mortierella as an original breed. The Mortierella are well
known lipid producing fungi, and include highly reliable
species such as M. alpina. Thus, for example, a strain with
improved lipid productivity can be produced both easily and
efficiently.

Further, with a breeding method according to the
present invention, expression of any gene in the transformed
lipid producing fungi can be suppressed. Thus, by
suppressing expression of a specific gene in the original breed
Mortierella, the invention provides a transformant strain
(transformant), i.e., a novel strain, capable of producing more
lipids, and/or modifying the type or composition of the lipids
it produces. That is, the present invention includes lipid
producing fungi produced by the breeding method.

Further, by obtaining suitable DNA fragments (cDNA
fragments, EST, etc.) from the original breed Mortierella, and

by causing RNAi using an expression vector that encodes



method of predicting unknown functions of a gene. As described above, a

transformant strain obtained by a breeding method of the present

invention is highly useful, and a transformant strain obtained by a

breeding method of the present invention also belongs to the present

invention. Use of the present inventi#-also includes, for example, a

breeding kit for implementing the invention, as described below. [3-2]

Breeding kit A breeding kit according to the present invention is not

particularly limited as long as it is for implementing the breeding method
dogelteibed Tin seteign BNabo¢@ 148 s digegifiestriie@rdd Natdragments,

devices, and the like included. in the bree(fing kit are noj.ég)articularly
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As described above, a transformant strain obtained by a
breeding method of the present invention is highly useful, and
a transformant strain obtained by a breeding method of the
present invention also belongs to the present invention. Use
of the present invention also includes, for example, a breeding
kit for implementing the invention, as described below.

[3-2] Breeding kit

A breeding kit according to the present invention is not
particularly limited as long as it is for implementing the
breeding method described in section [2] above. As such,
specific structures, materials, devices, and the like included
in the breeding kit are not particularly limited. Specifically, a
breeding kit according to the present invention is adapted to
carry out the respective steps of the breeding method.

For example, in order to carry out the transformation
step, the breeding kit may include (a) a recombinant
expression vector for expressing double stranded RNA

corresponding to the entire part or some part of the



into lipid producing fungi. Further, the breeding method may additionally

include (d) reagents for culturing the lipid producing fungi and/or a

transformant strain into which the recombinant expression vector (a) have

been introduced. As used herein, the term "reagents” include various

types of reagents, experiment equippient, devices, or the like. For

example, for the transformation, conventional reagents can be used.

Specific forms of the reagents are not particularly limited. For example,

enzymes or buffers can be used depending on the type of transformation
nyegeRétd OstsHafyL ap expeinfoReftbsl steh as e{‘y ickb eentifygarder to

tube may be used. Further, competent cell-preparing drugs, or devices
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as exemplified above, a breeding method according to the present
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the breeding kit is for carrying out the breeding method of the present
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additionally include (d) reagents for culturmg the lipid
producing fungi and/or a transformant strain into which the
recombinant expression vector (a) have been introduced.

As used herein, the term “reagents” include various
types of reagents, experiment equipment, devices, or the like.
For example, for the transformation, conventional reagents
can be wused. Specific forms of the reagents are not
particularly limited. For example, enzymes or buffers can be
used depending on the type of transformation required.
Optionally, an experimental tool such as a micro centrifugal
tube may be used. Further, competent cell-preparing drugs,
or devices such as a heat block can be used as required.
Further, in order to carry out the expression vector
constructing step, various materials (carrier vector,
restriction enzymes, etc.), various reagents, experimental
equipment, detecting devices, etc. may be included.

With the breeding kit as exemplified above, a breeding

method according to the present invention can be carried out



In a producing method of lipids according to the present invention,
PUFA-containing lipids are produced from the lipid producing fungi
described in section [3-1] above. For example, PUFA-containing lipids
can be conveniently produced by culturing the lipid producing fungi. In the
following, lipids produced by Mortierea-are described. The
PUFA-containing lipids are one of many useful products produced by
Mortierella. A wild-type strain with good PUFA productivity is known to
produce a large amount of cab PUFA that contains mostly arachidonic
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herein, "VLSA" refers to saturated fatty acids having 20 or greater carbon

thgtanie dite HagisusEd. Some of the representative examples of

VLSA containedq in Mortierella incl Pgtielco anoic acid, (arachidic acid),
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invention, PUFA-containing lipids are produced from the lipid
producing fungi described in section [3-1] above. For example,
PUFA-containing lipids can be conveniently produced by
culturing the lipid producing fungi.

In the following, lipids produced by Mortierella are
described.

The PUFA-containing lipids are one of many useful
products produced by Mortierella. A wild-type strain with good
PUFA productivity is known to produce a large amount of w6
PUFA that contains mostly arachidonic acid, and very
long-chain saturated fatty acids (VLSA) are also produced as a
byproduct. (Higashiyama K. et al. J. Am. Oil Chem. Soc., 75,
1501-1505, 1998). As used herein, the ©6 PUFA refers to
those fatty acids containing 18 or greater carbon atoms with
two or more double bonds, wherein the first double bond
occurs at the sixth carbon from the carbon of the methyl
terminus. Some of the representative examples of w6 PUFA

contained in Mortierella include linoleic acid, y-linolenic acid,



acid), and hexacosanoic acid (cerotic acid). Since these VLSAs are all
biosynthesized from stearic acid, which is the precursor of arachidonic
acid and other cab PUFAs, the VLSA biosynthetic pathway can be
regarded as an alternative pathway of the cab PUFA biosynthetic
pathway. Generally, saturated fatty 289ds have considerably higher
melting points than unsaturated fatty acids containing the same number
of carbon atoms. For example, by comparing fatty acids containing 18
carbon atoms, oleic acid and linoleic acid, which are monounsaturated
dikensciv das dremnsatdraied famydadise Edspdeiidlyarade melting points

of 13.4C and -5.2C, which are significantly loyer than the melting point
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(cerotic acid) have melting points 79.9C, 84.2C, and 87.7C, respectively.
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by the melting point of the constituting fatty acids, and therefore the
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precursor of arachidonic acid and other @6 PUFAs, the VLSA
biosynthetic pathway can be regarded as an alternative
pathway of the @6 PUFA biosynthetic pathway.

Generally, saturated fatty acids have considerably higher
melting points than unsaturated fatty acids containing the
same number of carbon atoms. For example, by comparing
fatty acids containing 18 carbon atoms, oleic acid and linoleic
acid, which are monounsaturated fatty acid and
diunsaturated fatty acid, respectively, have melting points of
13.4°C and -5.2°C, which are significantly lower than the
melting point 69.6°C of stearic acid, an example of saturated
fatty acids. As to VLSA, these fatty acids have considerably
high melting points, since the melting point increases with an
increasing chain length. Docosanoic acid (behenic acid),
tetracosanoic acid (lignoceric acid), hexacosanoic acid (cerotic

acid) have melting points 79.9°C, 84.2°C, and 87.7°C,

respectively. The melting point of lipids such as triglycerides



oil, procedures employing a wintering method or emulsion separation
method are commonly used (Oils and Fats Handbook, SAIWAI SHOBO
(1988) P. 261). An oil or fat produced by Mortierella contains several %
VLSA, through the proportion varies depending on the culturing
conditions. For food use, it is often-@eferable that the oil or fat be stably
provided as a transparent liquid even under low temperature conditions.
While such lipids can be obtained by separating and removing a solid fat
by the wintering method or emulsion separation method, the method
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separation method are commonly wused (Oils and Fats
Handbook, SAIWAI SHOBO (1988) P. 261). An oil or fat
produced by Mortierella contains several % VLSA, through the
proportion varies depending on the culturing conditions.

For food use, it is often preferable that the oil or fat be
stably provided as a transparent liquid even under low
temperature conditions. While such lipids can be obtained by
separating and removing a solid fat by the wintering method
or emulsion separation method, the method involves complex
procedures and therefore requires increased manufacturing
time and increased cost.

Further, since the production of oil or fat favors the
VLSA biosynthetic pathway which constitutes an alternative
pathway of lipid biosynthesis, it is difficult to improve the
yield of desired PUFA.

The ®6 PUFA containing mostly arachidonic acid
constitutes most of the PUFA produced by a wild-type strain

having good PUFA productivity. Mutation has created various



accumulation of dihomo-y-linolenic acid. In this manner, while different

PUFAs can be produced by mutational modification, a mutant strain

cannot be obtained without damaging genes of the PUFA-producing

wild-type strain other than the genes associated with the target traits.

These problems can be solved by -agdipid producing method according to

the present invention. That is, the lipid producing method according to the

present invention can reduce the amount of VLSA-containing lipids, which

easily solidify to form fats. Therefore, with the method, liquid oil suitable
ty R S084 EaH BRIpFoditicetnfithatitirfeled8uMRG: BSd @5ty Blctadwwésains

such as the wintering met r emulsion separation method. Further,
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The present invention also includes lipids produced by the lipid producing
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In this manner, while different PUFAs can be produced
by mutational modification, a mutant strain cannot be
obtained without damaging genes of the PUFA-producing
wild-type strain other than the genes associated with the
target traits.

These problems can be solved by a lipid producing
method according to the present invention. That is, the lipid
producing method according to the present invention can
reduce the amount of VLSA-containing lipids, which easily
solidify to form fats. Therefore, with the method, liquid oil
suitable for food can be produced without time-consuming
and costly procedures such as the wintering method or
emulsion separation method.

Further, because the lipid producing method does not
favor the alternative VLSA biosynthesis pathway, a target
PUFA can be produced with improved productivity. Further, a
PUFA-producing strain can be obtained without damaging

genes other than the gene associated with desired traits.



acid in a proportion of not less than 1.3%, or more preferably not less
than 1.6%. Further, it is preferable that the lipids contain arachidonic acid
in a proportion of not less than 10% with respect to total fatty acids, and
very long-chain saturated fatty acids in a proportion of not more than
0.1% with respect to total fatty acidgaMore preferably, the lipids contain
arachidonic acid in a proportion of not less than 20% with respect to total
fatty acids, and very long-chain saturated fatty acids in a proportion of not
more than 0.1% with respect to total fatty acids. That is, the present

inveRtivh Ay ffiidd mMecBléAihg lipRisin eipigkesrobdidesbptdipred by
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more than 0. 1% with respect to total fatty acids of the lipids. While the

inveﬁﬂbﬁtilé%ﬁscébtiﬁe@r\ﬁiﬁ’d@k that the lipids contain mead

acid in a proportion of not less than 1.3%, or more preferably
not less than 1.6%.

Further, it 1is preferable that the Ilipids contain
arachidonic acid in a proportion of not less than 10% with
respect to total fatty acids, and very long-chain saturated
fatty acids in a proportion of not more than 0.1% with respect
to total fatty acids. More preferably, the lipids contain
arachidonic acid in a proportion of not less than 20% with
respect to total fatty acids, and very long-chain saturated
fatty acids in a proportion of not more than 0.1% with respect
to total fatty acids.

That is, the present invention may include the following
lipids:

- Lipids produced by the lipid producing method,
containing ®9 PUFA in a proportion of not less than 8% with
respect to total fatty acids of the lipids.

- Lipids produced by the lipid producing method,
containing mead acid in a proportion of not less than 1.3%

with respect to total fatty acids of the lipids.



modifications and alternative forms, a specific embodiment thereof will be
described below in more detail by way of Examples. It should be

understood, however, that it is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and altergatives falling within the scope of the
invention as defined in the appended claims. [Examples] (Example A)
Functional analysis of MAELO gene A plasmid for expressing MAELO

gene in yeasts was prepared according to the following procedure. First,

M. aningl\Dagéultﬁ’r@aqb\@éay§M GYhfedliri2opgiRdaseing, yeagthod,

extract, pH = 6.0), and total RNA was extracted using RNeasy plant mini
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10 AkgQ-HE imel wasweed. By Hpintclg ehcND Aspa fefaatef P& more
was carried out with primer MAELO-H1, -34- primer MAELO-S1, and
thBxlraq (PakeRd). fdeRCR poodothwds tdigestad withf réebteictigri @azyme
Hindlll and restriction enzyme Spel, and a DNA fragment of about 950 bp
was Wjaiéd to VBR&or pYESAGiRRroger®) digdstes et Plstrictibp enXgddous

Hindlll and restriction enzyme Xbal. As.a result, plasmid 2MEL was .
m%éﬁ{[ﬁ?&&ps anéI a@lernatﬂfe forms, g specPf}(c em oalment

thereof will be described below in more detail by way of
Examples. It should be understood, however, that it is not
intended to limit the invention to the particular forms
disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternatives falling within the
scope of the invention as defined in the appended claims.

[Examples]

(Example A) Functional analysis of MAELO gene

A plasmid for expressing MAELO gene in yeasts was
prepared according to the following procedure.

First, M. alpina was cultured for 5 days in GY medium
(2% glucose, 1% yeast extract, pH = 6.0), and total RNA was
extracted using RNeasy plant mini kit (QIAGEN). Then, a
reverse transcription reaction was carried for 1 pg of total
RNA, using SuperScript First-Strand Synthesis System for
RT-PCR (Invitrogen), so as to synthesize cDNA. For the
reaction, oligo-dT primer was used. By using 1 png of cDNA as

a template, PCR was carried out with primer MAELO-H1,



MAELO-H 1: 5'-gcaagcttatggccgccgcaatcttggac-3' (SEQ ID NO: 15)
MAELO-S 1: 5'-gcactagtttagatgtgcttgctgttggag-3' (SEQ ID NO: 16) The
plasmid pY2MEL was used to transform a S. cerevisiae INVScl strain,
and strains that grew on a uracil-deficient plate (2% glucose, 0.17%
Yeast Nitrogen Base w/o Amino Acgls and Ammonium Sulfate (Difco),
0.5% ammonium sulfate, histidine (20 mg/1), leucine (60 mg/1),
tryptophan (40 mg/1), 2% Bacto agar) were selected as transformed
strains. These strains were then inoculated once with ae%Iatinum loop on

PrimrbiMAdbhdmng, 28dv@ s e o (TaK e Bt NikbgRBRse g uct was
Amino Acids.apnd Ammonium Sulfate (Difco), %]3% onium sulfate, .
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downstream of the GAL1 promoter in the - 35 plasmid pY2MEL, and the
Himddilm avad culbsred at REEC fem 4 incurskiiyadhaldiyy. ahertsgityerplasmid

collected by centrifugation, and freeze-dried. After inducing the fatty acid
pYadbEd ivvme ngisdimetstlester by a hydrochloric acid/methanol
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NO: 15)

MAELO-S1: 5’-gcactagtttagatgtgcttgctgttggag-3° (SEQ ID
NO: 16)

The plasmid pY2MEL was wused to transform a S.
cerevisiae INVScl strain, and strains that grew on a
uracil-deficient plate (2% glucose, 0.17% Yeast Nitrogen Base
w/o Amino Acids and Ammonium Sulfate (Difco), 0.5%
ammonium sulfate, histidine (20 mg/l), leucine (60 mg/l),
tryptophan (40 mg/l), 2% Bacto agar) were selected as
transformed strains. These strains were then inoculated once
with a platinum loop on a medium containing 2% raffinose,
0.17% Yeast Nitrogen Base w/o Amino Acids and Ammonium
Sulfate (Difco), 0.5% ammonium sulfate, 1% Tergitol Type
NP-40, histidine (20 mg/1), leucine (60 mg/l), tryptophan (40
mg/l), and 0.05% stearic acid (18:0), and the medium was
cultured for 6 hours by shaking. Then, 2% (w/v) galactose
was added to the medium so as to induce expression of

MAELO gene ligated downstream of the GAL1 promoter in the



hexane was analyzed by gas chromatography. Table 1 below represents

the yields of very long-chain saturated fatty acids in each broth. [Table 1]

Yields of very long-chain saturated fatty acids (mg/1) 20:0 22:0 24:0 26:0

YES2-introduced strain 0.78 0.06 0.06 0.65 pY2MEL-introduced strain

0.63 0.12 0.34 1.4 As shown in Tablgsl-the pY2MEL-introduced strain

produced more 22:0, 24:0, and 26:0 very long-chain saturated fatty acids

as compared with the pYES2-introduced strain (control). The result

suggests the chain elongating activity of the MAELO gene for very
Pleswaédain B3t Btk fét%ﬁadi%@. (BRAIPIEB)Brsedivy B MAELZD géReC for

expression suppressi train AcgQrding to the following procedure, a
A2 ASTIRER catbing SROMEU B proatloh of HOEL ety RRALISELed by
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uescTiptlISK+ was digeste restriction enzymes Spel and Ba

redndiRe ends weee biuitied with the, &iWA blupting Kit pkaKaRah\Byrochloric
allowing for self-ligation, plasmid pBluescriptlISK+(BamHI-) was

a cédnstnedtbeh e miey husthg phessmmimppdd Dy As Mackenzie dt afifipphexane.
Environ. Microbiol., 66, 4655-4664, 2000) as a template, PCR was

The resulting fatty acid methyl ester after the removal of
hexane was analyzed by gas chromatography. Table 1 below

represents the yields of very long-chain saturated fatty acids

in each broth.

[Table 1]
Yields of very long-chain saturated
fatty acids (mg/l)
20:0 22:0 24:0 26:0
pYES2-introduced strain 0.78 0.06 0.06 0.65
pY2MEL-introduced strain 0.63 0.12 0.34 1.4

As shown in Table 1, the pY2MEL-introduced strain
produced more 22:0, 24:0, and 26:0 very long-chain saturated
fatty acids as compared with the pYES2-introduced strain
(control). The result suggests the chain elongating activity of
the MAELO gene for very long-chain saturated fatty acids.

(Example B) Breeding of MAELO gene expression
suppressing strain

According to the following procedure, a plasmid for

causing excess expression of double stranded RNA




carried out with LA Tag (TaKaRa). As the primers, primer HisProFX and
primer TrpCRX were used. The reaction was carried out in 30 cycles at
94C for 1 minute, 55C for 1 minute, and 72C for 2 minutes. The amplified
DNA fragments were digested with restriction enzyme EcoRI, and the
resulting DNA fragments were inser®gl -at the EcoRl site of the plasmid
pBluescriptllISK+(BamHI-), so as to construct plasmid pBlueHpt.
HisProFX: 5'-tacgaattcaagcgaaagagagattatgaa-3' (SEQ ID NO: 1)
TrpCRX: 5'-gaagaattccctctaaacaagtgtacctgt-3' (SEQ ID NO: 2) M. alpina
COWBRRRMEHHE M%peaawnéw@z%e@@c@%@ﬂ%mucted-

extract, pH = 6.0), From the resulting fungi, genomic DNA was prepared | .
R the ISERS L E Sk i GUBEELRS). B RerESgsetion
216, : S e a .
TR s thired B i L P el A okt SRGPRECIEAh the
D WK\ELQRNAIR oL aretpriprey R4 ORRAIS-4 Weteiwsed fdhe seactBation,
was carried out in 30 cycles at 94C for 1 minute, 55C for 1 minute, and
pl@dénfat IpBihutes dihig ahhflKied BiNA Hiagmenatsofcahost Oibdktle wasIhen, by
cloned into the pTBlueT-Vector (TaKaRa). After confirming the nucleotide

usdagieRda stal fhaghhemit Whs digestttpwiieresifictivh enlzynigaPhicoFdngiron.
MG Oblo [N ERUNEBEAEIT LY BN K template, PCR was
carried out with LA Taq (TaKaRa). As the primers, primer
HisProFX and primer TrpCRX were used. The reaction was
carried out in 30 cycles at 94°C for 1 minute, 355°C for 1
minute, and 72°C for 2 minutes. The amplified DNA fragments
were digested with restriction enzyme EcoRI, and the
resulting DNA fragments were inserted at the EcoRI site of the
plasmid pBluescriptIISK+(BamHI-), so as to construct plasmid
pBlueHpt.

HisProFX: 5’-tacgaattcaagcgaaagagagattatgaa-3’ (SEQ ID
NO: 1)

TrpCRX: ©5’-gaagaattccctctaaacaagtgtacctgt-3° (SEQ ID
NO: 2)

M. alpina was cultured at 28°C for 5 days in GY broth
(2% glucose, 1% yeast extract, pH = 6.0). From the resulting
fungi, genomic DNA was prepared according to the procedure
of E. Sakuradani et al. Eur J. Biochem., 260, 208-216, 1999.

By using the genomic DNA of M. alpina as a template,

PCR was carried out with LA Taq (TaKaRa). As the primers,



was inserted in the Ncol-BamHI site of the plasmid pBlueHpt, so as to
construct plasmid pBlueMEi3. MAELORNAI 1-1:
5'-ctggatcctatggccgcecgcaatcttggaca-3' (SEQ ID NO: 3) MAELORNAI3- 1:
5'-aaccatggtcatccctaggtggaagtaatg-3' (SEQ ID NO: 4) By using the
genomic DNA of M. alpina as a template, PCR was carried out with LA
Taq (TaKaRa). As the primers, primer MAELORNAIl and primer
MAELORNAI5 were used. The reaction was carried out in 30 cycles at

94C for 1 minute, 55C for 1 minute, and 72C for 1 minute. The resulting
prmArfMg%%hﬂbRab%ul 017 RBAaB mmmmé@ﬁéﬂ%@%ﬁi%@r y&dprused.

(TaKaR . After confirming the nucleot ence, the fr; e
i EC R R BB N I Pt TSRl Thinute,
t of 7 t nith | |
SSROTRR 8 AHGPE! Qntios Sl fo L iR AR AR AV DA

fr g HISAIECaAFHCCAIHLAAICTIGACAIS (SRRSS- IPANO ) NAERQRNAIS: the
5-tgatctcctaggtggaacactgatagccac-3' (SEQ ID NO: 6) A fragment of

p Tdbbut I \kbadhtain¢®@ dhi d BegtingAtite plasmdfpBin e iStieh tleucleotide
restriction enzyme EcoRI was inserted in the EcoRlI site of plasmid
S eAMRAS S0 dsaof Ip@Bet plamidpResdSMEBIth restriction enzymes

Ncol and BamHI. The resulting DNA fragment of about 0.9 kb
was inserted in the Ncol-BamHI site of the plasmid pBlueHpt,
so as to construct plasmid pBlueMEi3.

MAELORNAil1-1:
5’-ctggatcctatggccgecgecaatcttggaca-3’ (SEQ ID NO: 3)

MAELORNAi3-1:
S’-aaccatggtcatccctaggtggaagtaatg-3’ (SEQ ID NO: 4)

By using the genomic DNA of M. alpina as a template,
PCR was carried out with LA Taq (TaKaRa). As the primers,
primer MAELORNAil and primer MAELORNAIiS were used. The
reaction was carried out in 30 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute. The resulting DNA
fragment of about 0.7 kb was TA cloned into the
pTBlueT-Vector (TaKaRa). After confirming the nucleotide
sequence, the fragment was digested with restriction enzymes
Ncol and Blnl. The resulting DNA fragment of about 0.7 kb
was inserted in the Ncol-Blnl site of the plasmid pBlueMEi3,
so as to construct plasmid pBlueMEi5.

MAELORNAil: 5’-ttggatccatggccgccgcaatcttggaca-3’ (SEQ



By using the genomic DNA of M. alpina as a template, PCR was carried
out with LA Taq (TaKaRa). As the primers, primer MAELORNAI 1-1 and
primer MAELORNAI2 were used. The reaction was carried out in 30
cycles at 94C for 1 minute, 55C for 1 minute, and 72C for 1 minute. The
amplified DNA fragment of about 0.3&b was then TA cloned into the
pT7Blue T-Vector (TaKaRa). After confirming the nucleotide sequence,
the fragment was digested with restriction enzymes Ncol and BamHI. The
resulting DNA fragment of about 0.7 kb was then inserted in the
IDNNSEBaHI site of the plasmid pBlueHpt, so as to construct plasmid

pBlueME] QRNAI2: 5'-tgccat aaatatgccctaggccatgce-3' (SEQ

1o NS R RIS She e hBAMG IR o 41 EHAA 36 LB AMEA g (SEQ
1DVR ag'ed out with LA Taq (TaKaRa). As the primers, primer

MAELORNAI1 and primer MAELORNAI4 were used. The reaction was

carrigd pri bh30:€ycles af 84 foral mindte, odta farcmiswited afelst2fg the

for 1 minute. The amplified DNA -39- fragment of about 0.5 kb was TA
plalenediintoBiepMWBiike F-Méctah@akaReyi AfierrcortrmymgdehdicoRI was

nucleotide sequence, the fragment was digested with restriction enzymes
infestadd Binlthrae fesafdg BN& frafméresiandut 0B s aRs tiseh as  to

inserted in the Ncaol-B1nl site of the plasmid pBlueMEi2, so as to
ML PRIGATT Ho NI IMNE L BRNA

5I'Ca§§a%§q%g£g{:ﬂ8m§%g§8%§c'(%l@AlDof M. alpina as a template,
PCR was carried out with LA Taq (TaKaRa). As the primers,
primer MAELORNAil-1 and primer MAELORNAi2 were used.
The reaction was carried out in 30 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute. The amplified
DNA fragment of about 0.7 kb was then TA cloned into the
pT7Blue T-Vector (TaKaRa). After confirming the nucleotide
sequence, the fragment was digested with restriction enzymes
Ncol and BamHI. The resulting DNA fragment of about 0.7 kb
was then inserted in the Ncol-BamHI site of the plasmid
pBlueHpt, so as to construct plasmid pBlueMEi2.
MAELORNAi2: 5’-tgccatggggaaatatgccctaggccatge-3' (SEQ
ID NO: 17)
By using the genomic DNA of M. alpina as a template,
PCR was carried out with LA Taq (TaKaRa). As the primers,
primer MAELORNAil and primer MAELORNAi4 were used. The
reaction was carried out in 30 cycles at 94°C for 1 minute,

55°C for 1 minute, and 72°C for 1 minute. The amplified DNA



NO: 18) A fragment of about 2.9 kb obtained by digesting the plasmid

pBlueMEi4 with the restriction enzyme EcoRI was inserted in the EcoRlI

site of plasmid pDurab, so as to construct plasmid pDura5Mei4l. The

plasmid pDura5Mei51 allows for excess expression of double stranded

RNA corresponding to about 700 bgofthe MAELO gene. In the case of

plasmid pDura5Meidl, double stranded RNA corresponding to about 500

bp of the MAELO gene can be expressed in excess. Using the plasmid

pDura5MEi51 or pDura5Meidl, transformation was carried out by a
fr%%ﬁl@@ﬁeﬁ\fer?‘ﬁ@tﬁooo Rs b heet sM Tapied Quesl 1168 meraﬁ)Tde?t,lue

ed. Fortij |on transfor dstralns C agar_medium was used
T- bt ¥ RELEE WRTARE e DA RGNS Sthaken ce.

thP'f¢) i'n%ﬂtc’fx%ngg&f%?étgg 9,91 A1ucOse: 7% % 0L dzgaﬂlﬂ 390k nd

tyrosm 1.0go Ine, 2.0 mg of arginine, 2.0 mg ne 4.0

B1MY, ofrAe- Wémlﬁﬁgnmwm@ﬁmﬁp g aftﬂaﬁ@@nmes 61Mg/afs then

isoleucine, 6.0 mg of leucine, 6.0 mg of phenylalanine, and agar (20 g/1)).
inSeveeal ten tthresiNroedd Bimihs oitacedier edeals mplednp@Blveed Ei2, so as

inoculated on GY medium. For each plasmid used, two of the
totepBRieaisiPAmsWHkPRABIg Mdld the marker ura5 gene were

Sele%}IAEipOeﬁi\?glilyl:tr%nsggrcntetcallcctaggggcttcttcttgagg -3’ (SEQ ID
NO: 18)

A fragment of about 2.9 kb obtained by digesting the
plasmid pBlueMEi4 with the restriction enzyme EcoRI was
inserted in the EcoRI site of plasmid pDura5, so as to
construct plasmid pDuraSMei41l. The plasmid pDuraSMei51
allows for excess expression of double stranded RNA
corresponding to about 700 bp of the MAELO gene. In the
case of plasmid pDuraSMei4l, double stranded RNA
corresponding to about 500 bp of the MAELO gene can be
expressed in excess.

Using the plasmid pDuraSMEiS1 or pDuraSMei4l,
transformation was carried out by a particle delivery method.
As the host, M. alpina Aura-1 strain (Aura5) was used.

For the selection of transformed strains, SC agar
medium was used (5.0 g of Yeast Nitrogen Base w/o Amino
Acids and Ammonium Sulfate (Difco), 1.7 g of (NH4)2SO4, 20 g
of glucose, 20 mg of adenine, 30 mg of tyrosine, 1.0 g of

methionine, 2.0 mg of arginine, 2.0 mg of histidine, 4.0 mg of



strains #1 and #2 were used for cultures transformed by pDura5Mei51,
and transformed strains #3 and #4 were used for cultures transformed by
pDura5Mei4l. The transformed strains #1 and #2 are for expressing
double stranded RNA corresponding to about 700 bp of MAELO gene.
The transformed strains #3 and #4 age-for expressing double stranded
RNA corresponding to about 500 bp of MAELO gene. For each of the
transformed strains #1 through #4, the presence or absence of the gene
was confirmed by PCR. Specifically, genomic DNA was prepared from
ly ebeR, trﬁr@fdﬁﬁe@&trﬁ”ﬁp&mpﬂm@m wgs Caiietl Bt Witheoxamag, 6.0 mg of

aKaRa) us th [c DNA as a plat the pri rimer
is A B o Rk i 16aq O e Tokeion RBS RATHABARR ag
ﬁ\é gﬁfj for 1 minute, 54C for 1 minute, and 72C for 1 minute. As a
resu sence of amplified DNA fragment of about 1.5 kb was

configrmeda Bl ekine tiansiyrBeddi@inssi 4oy ghotssaMhetease? each
amplification of DNA fragment was observed in the -41- Aura-1 strain. It

plavamtiereioreconfivoed tatdheoDNAfragmendtiwas . inEodueasicdhropgasmid
recombination of pDura5MEi51 or pDura5Mei41l in the 18SrDNA region of

uspd trdErabdt BRaiksa shRsmaR 4 sPrmeRONpKeh stably held the
m%r%a%%{gﬁeégggg‘ BW(é]I":%QI%Q NO ! P%%c?Pcéfﬁy, transformed
strains #1 and #2 were used for cultures transformed by
pDuraSMei51l, and transformed strains #3 and #4 were used
for cultures transformed by pDuraSMei41l. The transformed
strains #1 and #2 are for expressing double stranded RNA
corresponding to about 700 bp of MAELO gene. The
transformed strains #3 and #4 are for expressing double
stranded RNA corresponding to about 500 bp of MAELO gene.
For each of the transformed strains #1 through #4, the
presence or absence of the gene was confirmed by PCR.
Specifically, genomic DNA was prepared from each
transformed strain, and PCR was carried out with EX Taq
(TaKaRa) using the genomic DNA as a template. As the
primers, primer RDNA1l and primer RDNA2 were used. The
reaction was carried out in 35 cycles at 94°C for 1 minute,
54°C for 1 minute, and 72°C for 1 minute. As a result, the
presence of amplified DNA fragment of about 1.5 kb was
confirmed in all of the transformed strains #1 through #4,

whereas no amplification of DNA fragment was observed in the



Each transformed strain was then inoculated in a test tube containing 10
ml of GY broth. The sample was cultured at 28C for 12 days by shaking,
and the fungi were collected by filtration. From a removed portion of fungi,
total RNA was extracted using the RNeasy plant mini kit (QIAGEN).
Then, a reverse transcription reactigrl was carried for 1 pg of total RNA,
using SuperScript First-Strand Synthesis System for RT-PCR
(Invitrogen), so as to synthesize cDNA. For the reaction, a random
hexamer was used as a primer. By using 1 pg of cDNA as a template,
AureRrlwasi@ed out with primer MAELO 1, prlmer MAELO-2, and ExTaq

(TaKaRa). The, reaction was ¢ rled 20 cy 4C for 1 minute,
mC o b AR BARITE R A S G BN RagMent was

in r8‘8‘8%aet89a‘3{‘%9}t891 ﬁﬁccaﬁeé%EQ'Re{\E?oﬁ) Priper: é\#;%% ME{oL or

-cggtgtcagccaactcccagtactt-3 ID NO: 10) -42-

p D\@peipateaphoraged, and flugtesaenes intensities were ¢prapafednsformed
between the bands of about 340 bp fragments. The result showed a

s tdestimst andhr theghuradl strain, while no band was observed in any of
the transformed strained #1 through #4. 1t was therefore confirmed that

exprB&&ioe b RIRNA bf thé-maEE g geRc it stpsrsséd (PR ID NO: 7)
e R BN 43 LoD it ol AT g 295 EQ 1D NoO: 8)

Each transformed strain was then inoculated in a test
tube containing 10 ml of GY broth. The sample was cultured
at 28°C for 12 days by shaking, and the fungi were collected
by filtration.

From a removed portion of fungi, total RNA was
extracted using the RNeasy plant mini kit (QIAGEN). Then, a
reverse transcription reaction was carried for 1 pg of total
RNA, using SuperScript First-Strand Synthesis System for
RT-PCR (Invitrogen), so as to synthesize cDNA. For the
reaction, a random hexamer was used as a primer. By using 1
pg of cDNA as a template, PCR was carried out with primer
MAELO-1, primer MAELO-2, and ExTaq (TaKaRa). The
reaction was carried out in 20 cycles at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute.

Primer: MAELO-1: 5’-agtccatcgactccttcgtcttcca-3’ (SEQ
ID NO: 9)

Primer: MAELO-2: 5’-cggtgtcagccaactcccagtactt-3° (SEQ
ID NO: 10)



dried, and the fatty acid residue in the fungi was induced to methyl ester

by a hydrochloric acid/methanol method. After extraction with hexane, the
resulting fatty acid methyl ester was analyzed by gas chromatography.

The results are shown in Table 2 below. [Table 2] Control Transformed
strains Aura-1 #1 #2 #3 #4 Proportighs-in total fatty acids (%) y-linolenic

acid 4.2 4.9 4.3 3.7 3.3 Dihomo-y-linolenic acid 3.0 2.8 2.7 3.0 2.9
Arachidonic acid 23.2 22.6 26.7 25.1 25.2 22:01.30.00.0 0.6 0.6 24:0
3.40.10.10.30.3 26:00.00.00.00.0 0.0 -43- As can be seen from
TablEpetHGRogoreshut veRas nglerdinciapar s gaty 2kids dreppegcence

AR T FSTEome R SRR SRR S0 50 v
AT S L0 (o Eig ROV FRE e
stPhM 2 Ay 1eCid depatHi@se 88N8 bXPresioMSURRKeSSINgIsEaiRansformed
strained #1 through #4. It was therefore confirmed that
expression of mRNA of the MAELO gene was suppressed in the
transformed strains #1 through #4. The remaining fungi were
dried, and the fatty acid residue in the fungi was induced to
methyl ester by a hydrochloric acid/methanol method. After
extraction with hexane, the resulting fatty acid methyl ester

was analyzed by gas chromatography. The results are shown

in Table 2 below.

[Table 2]
Control Transformed strains
Aura-1 #1 #2 #3 #4
Proportions in total
fatty acids (%)
y-linolenic acid 4.2 4.9 4.3 3.7 3.3
Dihomo-y-linolenic
acid 3.0 2.8 2.7 3.0 2.9
Arachidonic acid 23.2 22.6 26.7 25.1 25.2
22:0 1.3 0.0 0.0 0.6 0.6
24:0 3.4 0.1 0.1 0.3 0.3

26:0 0.0 0.0 0.0 0.0 0.0




For the excess expression of double stranded RNA corresponding to a
portion of the A12 fatty acid desaturase gene, a vector was constructed
according to the following procedure. By using plasmid pMOD210 (Eur. J.
Biochem. 261, 812-820 (1999)) as a template, PCR was carried out with
primer A12-1, primer A12-2, and LA4[xg (TaKaRa), so as to amplify a

DNA fragment of about 670 bp. The reaction was carried out in 30 cycles

at 94C for 1 minute, 55C for 1 minute, and 72C for 1 minute. Primer

Al12-1: 5'-gcggatccatggcacctcccaacacta-3' (SEQ ID NO: 11) Primer

Al2/38 5 cRjagdRettcRtSMadggicgdafees {SEC D R poy i of very
amplified DNA fra

di ted. wit tricti A B HI.
o2t cha 1B, BALTALRSH 105 aB6AtS 7HEOPRALrR SUALEaBy Y in the

' ing t id -44 . ith Msel, using _ .
B (TEVHES), 2b ot bl i SHA LSRN Srhg fe-chain
s aRli@sanid PBALZRNAL wasdhew digesteshwitherestyiction pRzyeRe EGORIn  the

and the ends were blunted with the DNA blunting kit (TaKaRa). By
traigeStingawith e sdstsctibh esmyingt Banwh,ea feegmérstiof alyoutlielskb was
was obtained. The plasmid pBlueHpt was digested with restriction
Pagit3 e NebP RRESRE @nids Wefe thRAIP RSN BRIftiAgamd #4.

(Taﬁ%!:\;(a.nl? ldeig?l%ti@rvevgkc]ling of A12 fatty acid desaturase gene
expression suppressing strain

For the excess expression of double stranded RNA
corresponding to a portion of the Al12 fatty acid desaturase
gene, a vector was constructed according to the following
procedure.

By wusing plasmid pMOD10 (Eur. J. Biochem. 261,
812-820 (1999)) as a template, PCR was carried out with
primer Al12-1, primer A12-2, and LA Taq (TaKaRa), so as to
amplify a DNA fragment of about 670 bp. The reaction was
carried out in 30 cycles at 94°C for 1 minute, 55°C for 1
minute, and 72°C for 1 minute.

Primer A12-1: 5’-gcggatccatggcacctcccaacacta-3’ (SEQ ID
NO: 11)

Primer A12-2: 5’-agaggccttcataataaggtacgcaggc-3’ (SEQ
ID NO: 12)

The amplified DNA fragment was digested with
restriction enzymes BamHI and Stul, and was ligated to an

about 3.7 kb fragment obtained by digesting the plasmid



the restriction enzyme BamHI, a DNA fragment of about 4.7 kb was
obtained. These two fragments were ligated to each other with the
ligation high (TOYOBO), so as to obtain plasmid pBlueA12RNAI. The
plasmid pBlueA12RNAI was digested with the restriction enzyme EcoRl,
and the resulting DNA fragment of &lgout 2.8 kb was inserted in the EcoRI
site of plasmid pDura5, so as to obtain plasmid pDura5AI2RNAI. The
plasmid pDura5AI2RNAI was used to transform the M. alpina Aura-1
strain, using a particle delivery method. For the selection of transformed

P Medihd OstraiasthabBamgtdw andC Abaf neditiiveeret bdectégasiv@rahigh
formed strains were inoculated on.GY _medi nd ins that .
(R R LB LR WA ottt AL AR TR STas mia
f trains. ( trai
P R T, e TR R AA e Ecorl,

arf@combinatiang ¥ the e:3SrBNATespn of the chirBosoNa Eaglinting kit
transformed strain -45- was cultured at 28C for 5 days in a flask

(Tadadraing BOPO whi gef STnigothi Hor the breadingof dhre AwrayhstraBamHI, a
(control), uracil was added (50 mg/1) to the SC broth. From a removed

fr pgremnsf tedhijit tDNA & Y%yﬁtr@gtz@idl&&oﬂihg @hﬁélpr&ela&prt
RN e BT (e
b1{%%48%5‘%’}15?%0%“8{%r?ﬂ%?gz'ﬁif@r(%m%a). By digesting with
the restriction enzyme BamHI, a DNA fragment of about 4.7
kb was obtained. These two fragments were ligated to each
other with the ligation high (TOYOBO), so as to obtain
plasmid pBlueA12RNAi. The plasmid pBlueAl12RNAi was
digested with the restriction enzyme EcoRI, and the resulting
DNA fragment of about 2.8 kb was inserted in the EcoRI site
of plasmid pDura5, so as to obtain plasmid pDura5A12RNAI.
The plasmid pDura5A12RNAi was used to transform the
M. alpina Aura-1 strain, using a particle delivery method. For
the selection of transformed strains, strains that can grow in
SC agar medium were selected. Several ten transformed
strains were inoculated on GY medium, and strains that
stably held the marker wuradS gene were selected. As in
Example B, it was confirmed that three of the selected strains
(transformed strains #5 through #7) had incorporated the
plasmid pDura5A12RNAi, through recombination, in the

18SrDNA region of the chromosome. Each transformed strain



Primer A12-3: 5'-ttgctattgatctgacctgggcctc-3' (SEQ ID NO: 13) Primer
Al2-4: 5'-tgggaacaaagacctggtccttgg-3' (SEQ ID NO: 14) The PCR
product was electrophorased, and fluorescence intensities were
compared between the bands of about 310 bp fragments. The result
confirmed a distinct band in the Aur&g3 -strain, whereas no band was
observed in any of the transformed strains #5 through #7. It was therefore
confirmed that expression of mMRNA of the A12 fatty acid desaturase gene
was suppressed in the transformed strains #5 throu f3<B#7 The fatty acids

W t08UEEH B§ the furdgh Werd tihaly 8% iR Eakaﬂfp COR pd&Lis2are00 ml
Table 3 bel 6- [Tahle 3] C formed st
of Aita DA Ut 4 ropBiche %ﬁ%aésfaaﬁ < i s § PR hatgRntrol),
w4 B0 Q00 y0inglenin 460 3,4 A2 00,6, Dihomo-y.finaleric
Cc aci

aci 240202 1 Ara 1191511 3 Total of @6 fatty
acidg38m 2.3 1.3 3/ $HPUFbrtion of the fungi, cDNA was

synthesized according to the procedure of Example B, and
PCR was carried out using primer A12-3, primer A12-4, and
Ex Taq (TaKaRa). The reaction was carried out in 20 cycles at
94°C for 1 minute, 55°C for 1 minute, and 72°C for 1 minute.

Primer A12-3: 5’-ttgctattgatctgacctgggcctc-3° (SEQ 1ID
NO: 13)

Primer A12-4: 5’-tgggaacaaagacctggtccttgg-3° (SEQ 1ID
NO: 14)

The PCR product was electrophorased, and fluorescence
intensities were compared between the bands of about 310 bp
fragments. The result confirmed a distinct band in the Aura-1
strain, whereas no band was observed in any of the
transformed strains #5 through #7. It was therefore confirmed
that expression of mRNA of the A12 fatty acid desaturase gene
was suppressed in the transformed strains #5 through #7.

The fatty acids produced by the fungi were analyzed as

in Example B. The results are shown in Table 3 below.



18:2 @9 0.26.36.95.9 20.2@9 0.00.90.9 0.8 Mead acid 0.0 1.6 1.6
1.3 Total of @9 fatty acids 0.2 8.8 9.4 8.0 As can be seen from Table 3,
the proportion of cab PUFA dropped in the transformed strains, but there
was a significant increase in the proportion of ca9 PUFA. Specifically,
while a considerable amount of meatizacid was present in the

transformed strains, the Aura-1 strain did not contain any mead acid. That
is, it was found that the ability to produce mead acid and other ca9
PUFAs can be obtained by suppressing expression of the A12 fatty acid
desdtlifdategdhe. INDUCTRIAL APPLICABILITY With a breeding method
of I|p|d producing fungl accordlng to the present invention, a mutant straln

expressmn of aspecmcgene IS sup@msseid That IS, ’Dmumutrﬂmirams

producing fungi of genus Mortierella asvuaa-driginal breéd, a nével breed?
Prqpryvielnstinirdtelifattiessiidel characteristics can be produced both efficiently
(“and effectively. Further, since the invention allows for self-cloning,
expression of a specific gene can be suppressed by carrying out an RNAI
© onkEtRdd using DNA fragments suitably obtained from the original breed
lijvinigereilfa. The invention therefore provides a transfékhant str@ifi - 0.1

v{lirshsioraradt), i.e., a novel 3.4 0.2 0.0 0.5
Dihomo-y-linolenic acid 2.4 0.2 0.2 0.1
Arachidonic acid 11.9 1.5 1.1 2.3
Total of @6 fatty acids 32.5 2.0 1.3 3.0
®9 PUFA
18:2 @9 0.2 6.3 6.9 5.9
20.2 @9 0.0 0.9 0.9 0.8
Mead acid 0.0 1.6 1.6 1.3
Total of @9 fatty acids 0.2 8.8 9.4 8.0

As can be seen from Table 3, the proportion of w6 PUFA
dropped in the transformed strains, but there was a
significant increase in the proportion of ®9 PUFA. Specifically,
while a considerable amount of mead acid was present in the
transformed strains, the Aura-1 strain did not contain any
mead acid. That is, it was found that the ability to produce
mead acid and other ©9 PUFAs can be obtained by

suppressing expression of the A12 fatty acid desaturase gene.

INDUCTRIAL APPLICABILITY
With a breeding method of lipid producing fungi

according to the present invention, a mutant strain of lipid



strain, capable of producing more lipids and/or modifying the type or

composition of the lipids it produces. The Mortierella are well known lipid

producing fungi, and include highly reliable species such as M. alpina.

Thus, with the present invention, a strain with improved lipid productivity,

modified lipid composition, and/or inggreved productivity of specific lipids

can be produced both easily and efficiently. As described, a breeding

method of lipid producing fungi according to the present invention can be

used to efficiently and effectively produce lipid producing fungi of genus
produieidR. frHegavehisiing thddasteedsilicapritolsdastfiasnethtddtgv hich

various.kinds of fermentation techniques using Mortierel|a, in addition to

X3S ShAFAdetic Sl Gttt Hal iSRS felMBhidfon®y Using

. hni -48- - < > | D < >
1 B N B TR B R B PR E U IO BT AR a8 DR eed
a ACHl AMEIHPRIE0% PAHA30 At b031.&R BRA-EREdctdbistics can

2004-3-31 <160> 18 <170> Patentln Ver. 2.1 <210>1

be produced both efficiently and effectively.

Further, since the invention allows for self-cloning,
expression of a specific gene can be suppressed by carrying
out an RNAi method using DNA fragments suitably obtained
from the original breed Mortierella. The invention therefore
provides a transformant strain (transformant), i.e., a novel
strain, capable of producing more lipids and/or modifying the
type or composition of the lipids it produces.

The Mortierella are well known lipid producing fungi, and
include highly reliable species such as M. alpina. Thus, with
the present invention, a strain with improved lipid
productivity, modified lipid composition, and/or improved
productivity of specific lipids can be produced both easily and
efficiently.

As described, a breeding method of lipid producing fungi
according to the present invention can be used to efficiently
and effectively produce lipid producing fungi of genus
Mortierella. The invention is therefore applicable to industries
related to various kinds of fermentation techniques using
Mortierella, in addition to food, pharmaceutical, and other

industries using such fermentation techniques.



<211> 30 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: HisProFX <400> 1 tacgaattca
agcgaaagag agattatgaa 30 <210> 2 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
TrpCRX <400> 2 gaagaattcc ctctaa@g8aa gtgtacctgt 30 <210> 3 <211> 31
<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: MAELORNAI1-1 -49- <400> 3 ctggatccta tggccgcecgce

aatcttggac a 31 <210> 4 <211> 30
SEQUENCE LISTING
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<120> CULTIVATION METHOD OF LIPID PRODUCING FUNGI AND USE OF SUCH
AMETHOD

<130> P160307

<150> JP 2004-107512
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<160> 18
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<210>1

<211>30

<212> DNA

<213> Artificial Sequence

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

<400>1
tacgaattca agcgaaagag agattatgaa 30

<210>2

<211> 30

<212> DNA

<213> Artificial Sequence

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

<400> 2
gaagaattcc ctctaaacaa gtgtacctgt 30

<210>3

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI1-1



<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: MAELORNAI3 <400> 4 aaccatggtc atccctaggt
ggaagtaatg 30 <210>5 <211> 30 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: MAELORNAI1 <400> 5
ttggatccat ggccgcecgcea atcttggaca 3@6<210> 6 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: MAELORNAI5 <400> 6 tgatctccta ggtggaacac tgatagccac 30

<408@3@> 7 <211> 20 <212> DNA <213> Atrtificial Sequence

ctggatccta tggccgecgc aatcttggac a 31

<210>4

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI3

<400> 4
aaccatggtc atccctaggt ggaagtaatg 30

<210>5

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI1

<400>5
ttggatccat ggccgecegcea atcttggaca 30

<210>6

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELORNAI5

<400> 6
tgatctccta ggtggaacac tgatagccac 30

<210>7

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: RDNAL1

<400>7
acaggtacac ttgtttagag 20



<220> <223> Description of Artificial Sequence: RDNA1 <400> 7
acaggtacac ttgtttagag 20 -50- <210> 8 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
RDNAZ2 <400> 8 cgctgcgttc ttcatcgatg 20 <210> 9 <211> 25 <212> DNA
<213> Atrtificial Sequence <220> <ZZB= Description of Artificial
Sequence: MAELO-1 <400> 9 agtccatcga ctccttcgtc ttcca 25 <210> 10
<211> 25 <212> DNA <213> Artificial Sequence <220>

<210>8

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: RDNA2

<400> 8
cgctgcgttc ttcatcgatg 20

<210>9

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELO-1

<400>9
agtccatcga ctccttcgtc ttcca 25

<210>10

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: MAELO-2

<400>10
cggtgtcagc caactcccag tactt 25

<210>11

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: d12-1

<400> 11
gcggatccat ggcacctccc aacacta 27



<223> Description of Artificial Sequence: MAELO-2 <400> 10 cggtgtcagc
caactcccag tactt 25 <210> 11 <211> 27 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial Sequence: d12-1 <400>
11 gcggatccat ggcacctccc aacacta 27 -51- <210> 12 <211> 28 <212>
DNA <213> Artificial Sequence <229p <223> Description of Artificial
Sequence: d12-2 <400> 12 agaggccttc ataataaggt acgcaggc 28 <210>
13 <211> 25 <212> DNA <213> Artificial Sequence <220> <223>

<2[¥escription of Artificial Sequence: d12-3

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: d12-2

<400> 12
agaggccttc ataataaggt acgcaggc 28

<210>13

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: d12-3

<400> 13
ttgctattga tctgacctgg gectc 25

<210> 14

<211>24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: d12-4

<400> 14
tgggaacaaa gacctggtcc ttgg 24

<210>15

<211>29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELO-H1
<400> 15
gcaagcttat ggccgccgca atcttggac 29

<210> 16



<400> 13 ttgctattga tctgacctgg gcctc 25 <210> 14 <211> 24 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: d12-4 <400> 14 tgggaacaaa gacctggtcc ttgg 24 <210> 15
<211> 29 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Pither MAELO-H 1 <400> 15
gcaagcttat ggccgccgca atcttggac 29 <210> 16 -52- <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial

<28e@ence: Primer

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELO-S1

<400> 16
gcactagttt agatgtgctt gctgttggag 30

<210>17

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELORNAI3

<400> 17
tgccatgggg aaatatgccc taggccatge 30

<210>18

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
MAELORNAI4

<400> 18
cacttaccta ggggcttctt cttgagg 27



MAELO-S 1 <400> 16 gcactagttt agatgtgctt gctgttggag 30 <210> 17
<211> 30 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer MAELORNAI3 <400> 17
tgccatgggg aaatatgccc taggccatge 30 <210> 18 <211> 27 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer MAELORNAI4 <800> 18 cacttaccta ggggcttctt cttgagg
27 -53- Claims: 1. A breeding method of lipid producing fungi that belong
to genus Mortierella, said method comprising an expression suppressing

Claims:

1. A breeding method of lipid producing fungi that
belong to genus Mortierella,

said method comprising an expression suppressing
step of suppressing expression of a specific gene in the

lipid producing fungi.

2. A method as set forth in claim 1, wherein said
expression suppressing step includes an RNAi step of
suppressing expression of the specific gene by an RNAi

method.

3. A method as set forth in claim 2, wherein said
RNAi step includes a transformation step of introducing a
recombinant expression vector into the lipid producing
fungi, wherein the recombinant expression vector causes
expression of double stranded RNA corresponding to all of

or part of a nucleotide sequence of the specific gene.

4. A method as set forth in claim 3, wherein said
RNAi step further includes an expression vector
constructing step of constructing the recombinant

expression vector.



step of suppressing expression of a specific gene in the lipid producing
fungi. 2. A method as set forth in claim 1, wherein said expression
suppressing step includes an RNAI step of suppressing expression of the
specific gene by an RNAI method. 3. A method as set forth in claim 2,
wherein said RNAI step includes a transformation step of introducing a
recombinant expression vector inte fb Hipid producing fungi, wherein the
recombinant expression vector causes expression of double stranded
RNA corresponding to all of or part of a nucleotide sequence of the
specific gene. 4. A method as set forth in claim 3, wherein said RNAI step
further includes an expression vector constructing step of constructing the
recom 'naRt e@rﬁ%séon vectqtr. . S%h.5'iﬁ rgFthod set I}ort‘%'}rllecrlaim 3

. S'S o) ajm 0 €in the
or 4, whereinthé ransi%rmaﬁon strep is carrlec} outby an eflectropora{llon

MelPEOF BRI @%@‘E?VY@%@PFi@dAdﬁchBQ a8 SeEIVE 0 At QRfon

of claims 1 through 5, wherein the lipid producing fungi are Mortierella
alpnaé.od A methed e skt faehiineay eretbfoadaims 1 through 6, wherein
the specific gene is a lipid metabolism gene.

6. A method as set forth in any one of claims 1

through 5, wherein the lipid producing fungi are

Mortierella alpina.

7. A method as set forth in any one of claims 1
through 6, wherein the specific gene is a lipid metabolism

gene.

8. A method as set forth in claim 7, wherein the

lipid metabolism gene is a fatty acid metabolism gene.

9. A method as set forth in claim 8, wherein the
fatty acid metabolism gene is a gene that encodes a fatty

acid chain elongase or a fatty acid desaturase.

10. A method as set forth in claim 9, wherein the
gene that encodes the fatty acid chain elongase is GLELO

gene or MAELO gene.



8. A method as set forth in claim 7, wherein the lipid metabolism gene is a
fatty acid metabolism gene. 9. A method as set forth in claim 8, wherein
the fatty acid metabolism gene is a gene that encodes a fatty acid chain
elongase or a fatty acid desaturase. 10. A method as set forth in claim 9,
wherein the gene that encodes the fatty acid chain elongase is GLELO
gene or MAELO gene. - 55 11. A methed as set forth in claim 9, wherein
the gene that encodes the fatty acid desaturase is a gene that encodes
an enzyme selected from the group consisting of: Abfatty acid
desaturase, A6 fatty acid desaturase, AS fatty acid desaturase, A9 fatty

acid debdturAsemErRRty agidsabsiafbRe 1R15 fakPacl duTakR, the

A17 fatty acid desaturas, agp 3 fatt c('hfd desaturase. 12. A breedi
BER A e AR 8 YRy AL e CRIRE 16 e EEPF AHat

breeding Kitas 6197 & slaigr {2 aWhieningdes-ahieat ons i {akaof:

recombinant expression vector for causing expression of double stranded
RBAxcosrespoddingstatallef ser, pag dha tiucleotide ssquencese thes fatty
specific gene; (b) a reagent for constructing the recombinant expression
verdr de@dt(ey aseagdt fhaitrodudithgdies edeonatsieanf 12 fatty acid
desaturase, Al1l5 fatty acid desaturase, Al17 fatty acid

desaturase, and »3 fatty acid desaturase.

12. A breeding kit for carrying out the method of any

one of claims 1 through 11.

13. A breeding kit as set forth in claim 12, which
includes at least one of:

(a) a recombinant expression vector for causing
expression of double stranded RNA corresponding to all of
or part of a nucleotide sequence of the specific gene;

(b) a reagent for constructing the recombinant
expression vector of (a);

(c) a reagent for introducing the recombinant
expression vector of (a) into lipid producing fungi; and

(d) a reagent for culturing the lipid producing fungi
and/or a transformant strain into which the recombinant

expression vector of (a) have been introduced.



expression vector of (a) into lipid producing fungi; and (d) a reagent for
culturing the lipid producing fungi and/or a transformant strain into which
the recombinant expression vector of (a) have been introduced. - 56 14.
Lipid producing fungi obtained by the method or the breeding kit as
defined in any one of claims 1 through 13. 15. A lipid producing method
for producing PUFA-containing lipids@rem the lipid producing fungi
defined in claim 14.

14. Lipid producing fungi obtained by the method or
the breeding kit as defined in any one of claims 1 through
13.

15. A lipid producing method for producing

PUFA-containing lipids from the lipid producing fungi

defined in claim 14.



