-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 ggnus 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
MBT#HOeJ). 0 PFnBREEDRINGNDIPIPRRODUGING 8T RAIN) AND
have the ability to produce a large amount of lipids through metabolism.
Representative exathpEel# ATHOMNi @t od kB gS&Mi Bhclude 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). -2- In a variety of

T RSN proepnismgingluding microorganisms such as the lipid producing
fung'll"ll;[flzs 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 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 reduce manufacturing cost. Breeding is
basically a two-step process. In the figst 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
steplean beacarriech oit iy a vasifty olvgayfsi ldepeodiggrors the typeiafcluding
microorganism used. In the case of microorganisms such as the lipid
mistoe0digg Ningh $1) Stwthtioa dr () addithatiorod yeraallyfemgoyedt is
in the population preparing}rﬁtep. (15 Method employing mutation In
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(strain) with a target trait in the screening step, there is always a -3-
p apassibilty thatinnpxpectad damafga s eaitsed on geseh nilpn ebanithewhich
genes associated with the target trait. For example,

efficient production of compounds by the microorganisms is
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 method employing mutation, many
different kinds of mutations randomlysoccur 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
p oxcsebinHdyfort hadh wdiffexgrd kirdlotiautative. {2) Methoederoplogieaes other
transformation In a population preparing step employing transformation, a
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uired for ac ng a target trait (transformation), using the bred
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is obtained in the population preparing step employing

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 aparticle 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
complementary gene as a marker gene. As to a transformation method of
1abb alpranartedhfiique hdisbiosed im Y araPateat Senifient dthgstetnced.
known. In this technique, the spore is turned into a protoplast, and genes
are iffBodlieed ftatle edliaean EleetroypaticH iesthdelr epatiiag step of
screening of transformants, hygromycin B resistance gene (f;%';)]from E.
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removed either partially or completely. While this can be achieved by the

in SurdéthgempleyiMy ntudatidicas described in section (1) above, the
method poses some disadvantages as noted above.

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 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
recombination, a co-suppression method, and an antisense method.
métheny ¢hnepd oyeihgdm thearethod encjeyingbwindtogoeistion (1) above,
recombination is known to provide stable results. The RNAI method,
th@hidh &Haf ndy $28 beehReporti® dHamt Bgganisms, aﬁ@tﬂhowrbove-
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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 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 as to a method of suppressing
expression of specific genes in lipid gyoducing 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
method will be effective in a specific organism cannot be known until the
metlidibin detuadiy cddisoiante Ror ekample, there has been no report that
suggests the effectiveness of the RNAi method in lipid producing
Mortieretgavan)PUEAS dre bsdentas fanyaivdsiaind atd invdRed2 h3-297,
complex physiological functions in the body. Thus, the -7- importance of
A as an important nutrient has won the recognition in the last years.

[NTh|s§g§ cgkeﬁ for %rm[eat tion technique that allows for more efficient

BUF productlon owever, such a fermentation technique cannot be

achigyer,WithoRt a gchnique,of efigently and-efesbelyBiotechnol., 45,
333-337, 1996
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[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 also provides use of such a method. In
accomplishing the invention, the inveptors resorted to the RNAiI 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
imeug-thainsatfiaied Ay asidain redijsedtpraportions ie the hase efthe the
MAELO gene, and that the mutant strain produced mead acid in the case
regpg ikiQrat} Acidtdesatd@st gamaSpecifically, the afventiehlpdvidesr a
industrially useful method or substances as defined in (1) through (15)
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wherein the RNAI step
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 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 further includes an expression vector
constructing step of constructing thegrecombinant 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

s prrotiicingefupgi are Mottt eriell gpalpiha.oit) & fuatlpdd as set forth in any one
of (1) through (6), wherein the specific gene is a lipid metabolism gene.
(8) Aethothad Bedors i £1), ininékeianthé lipidwhempbisthgemxigre ssion
fatty acid metabolism gene, (9) A method as set forth in (8), wherein the
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that encodes the fatty acid desaturase is a gene that encodes an
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
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 one of (1) through (11). (13) A

breeding kit as set forth in (12), whicl 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

vectoi Of) (&); (n)raheat)ent fardntisittding the 9¢combimpaiexphessieme that

vector of (a) into lipid producing fungi; and (d) a reagent for culturing the
enfipidgrddidisg atiyandtoda wdnefermahe steds tntd whied#h&O gene or

recombinant expression vector of (a) have been introduced. (14) Lipid
MAEEGigS Rifgi obtained by the method or the - 10 breeding kit as defined
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PUFA-containing Tip fom the hpid pr fungi defined 'in (12).
enRBdEMPRE EQB}Q%WIN@SQQEJA@%INQ/EA\IE% that encodes an

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 involved in lipid metabolism, whereby

lipid producing fungi with desirable chgracteristics (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

b resetl inga bieedingl sféthed decerdingda ethef pféserii roaegtior 888 .not

particularly limited, and various kinds of filamentous fungi of genus
Mortidrella cah be lisdidl Gepug Mogievslla inalatle eflo subgener@roducing
Mortierella and, Micrgmucor. The fungi tfiat long tQ subgenus
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a¢ gildonlc acid, whereas those belonging to subgenus Micromucor

oduce fatty acids with 18 or less carbon atoms. The Mortierella used in
the present invention may belong to either Mortierella or Micromucor.
Specifically, non-limiting examples of Mortierella include: M. alpina, M.

BESTgMEOME FOR CARRYING OUT THE INVENTION

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 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 reason, M. alpina has been widely used
not only for the research of PUFA bipgynthesis 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
prbermeatatifmt oy ATEE Americirh TyE0 CuttanebGallectiarmis fthe sasehof as
strains for which patent applications have been filed, the organisms can
arpe bt fraeitle InelioAal PaleasOrghfisaBépasitaiy in shebgenus
National Instituteé(ﬁkAdv ced Induystrial Scjence and Technology.
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limited as long as it includes the expression suppressing step. As such,
exthmmedzodos nbiqusidingiled tonpadviddar steps; ipataiialsfor edodigents,, M.
As used herein, the
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 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 homologous recombination, a
co-suppression method, an antisengg 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
suppekding: extiregsiore oh sfeoifid igeik $ Mata sprgifitatyy DiAcording to
fragments that cause RNAI are introduced into lipid producing Mortierella.
theyip gee s iitiFg @kippdssion of double stranded RNA, expression of

specific genes.is suppressed and therefore lipid producing fungi with .
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“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 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 known as RNAI. The "RNAI" refers to the

situation where the presence of doupie 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.

Therefore, the RNAI step can be regarded as a step of introducing
prosRivAcgmlemgitarciodhd nugleaiide Hequepce stbattcotles darttien may

entire part or some part of a gene whose expression is to be suppressed.
inThe decledtid issgabnasad sleagthweidtrodied RNAvE Aat patibutbelycribe

limited as long as it can suppress expression of a target gene. For this .
th5urb68® € RidNfiqids Bcotlehfishaf RRIES AR MBdSERINE Sitakyy step in

g¢l. - 14 The method of introducing RNA into the lipid producing fungi is
not particularly limited either, and can be carried out according to

[ch?gvgmyqpagﬂ%l}yb\i methods. In one specific example of introducing
dsRNA into the cell, plasmid DNA (recombinant expression vector) that

codeBifer RNAViinsltieinga B thinggodacet éntpthe ealt, ane isrvipressednot
pa:?ttihceuclgi‘igr 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 vector constructing step The

expression vector constructing step pgcording 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 Dhisemedlrotidleofednenoel ofcd prededeAminetbgehe Wimisk producing

expression should be suppressed. That is, the step is not particularly
fuprgitels ab Wn i as td eedembihahndkprbssith lecton § esdtrbeterpinried out

Mortierella such that the recombjnant _expression vector, with a suitable
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expression vector constructing step, a recombinarit pression
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double stranded RNA is expressed under the control of a promoter. The

R Nybd sf igenedhasedeiprassitresbelld benslippresspede isseal dartichiartyell to
limited and is suitably selected from genes

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 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 example, gene cassettes ligated via a

linker sequence or other sequencesgge_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
exthiemsimer vexpressonms ta hesti ggne tegreapoadmmtoithe RINAgandssion

suppressed. The method enables RNAI to be continuously generated in
vegioodelli ang ohelatoret SubptBssesielpressiBhedt BT tatded fefe @ast@nthat

exte dedﬂ?me p riggl?. Note that, the pravision of a linker sequence is
COGROASI b Pre .em%wea{pie ¢ SAMpIESof HPSGRESSortREGF the
Co%otnsgﬁugt%ng%?g,rﬁeov [se cDNA of the target gene, a linker - 16

seqruence, and forward cDNA of the target gene are ligated in this order

and ingerte ;sﬂ@vmsg%@w Qb a HEUNRLEH %*é%ts‘i"i‘jh% 1’?6@1%155}%' i@d*ﬂﬁp@%%‘sed
cell, so as to prepare a construct (RNAIi plasmid). The RNAI plasmid is

is thert inteochicad intdylididmptedl cingdungi sndtwdniscriedd ot vtvofisorasgene s
generate inverted repeat RNA that forms a double strand within 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 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 nucleotide sequence of the double

stranded RNA is not particularly limitggl 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
selpng as dt can dfféctivedyrexprBas e fetiedhth egeadge the dawblEgated in

stranded RNA in Mortierella (lipid producing fungi). As such, conventional
thpsomotas candd BsieaBlydiséa wsdadipmtingf exapislesteicthat can be

conventional promoi%sfri}s hisH4.1 promoter. Various types of
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suitably selecte Ing to the type of hos cell(lt pe o
priatiesel )Pﬁgﬂgieraﬂayef%H&%E!’@HB@&“QQU%i%,S%if@se%%“@@%erate

include pBR322, pBR325, pUC-type, pBluescript-type, and pBl-type
inveetossl ThepreaomRiNaNt elprestiamyectar chay inbiudst PINAd segitkits the
other than the promoter and the gene encoding the
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 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, conventional terminators can be used. The
terminator is placed at a suitable pogition 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
sugxampje, sejenedhataceropléinents auxhicopipp or afdrhg-sesistarit geppe of
Specific examples of genes that complement auxotrophy include: genes

M eraieord preneht Hugosophy dscamimedbia due d1birthactistidingepecific
methiﬁ)nine, arginini, t%/ptophan, or lysine; a gene_that complements
EXZRENSGShy for NBAERLCId such BRutadl or addMhB->maa genethar ~typPe,
B:lomeolg S QuX tr%p}pé(f Bl vitgmin%.tlnthjs way, a medium depleted
PSyith gs%ﬁ%l icoutrient sur§1 as a%gve‘frcﬁed%r?l without specific nutrients)
can %635H¥§85ﬁ%%fﬁ“{ tr%@?ﬁ?"@l‘?ﬂ sthairRs:has hayg a'?coirﬁ%'lfﬂ%th@ NA
recombinant expression vector. Specific examples of drug-resistant
segenesitncludé geneh sasisthet or ampicdin, dydrorhycigehleomycinding the
kanamycin, gentamicin, or
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,
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 of an adjacent gene on a single
DNA strand, i.e., in a cis position. Fpgexample, 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
vitetivity canlibe itipievesdeyen avhendiéupromibégylkegiah aldnéisa specific
insufficient to obtain a sufficient level of desired gene expression. As
nasdeibedsabole, agirielo Kot DN egrthehnseatfided iattients)
recombinant i;}(pression vector depending on intended use of theﬂ¥beactor
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promoter, the gene encoding dou strande A, an
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into a suitably selected carrier. For example, the gene encoding double

ansipaodladrB NAyan ey g mbter daptienally kamenfancat,, tefetinatori ehd, or
the like) are ligated to one another to construct an expression cassette,

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 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 terminator is positioned downstream of the
promoter and the gene encoding doylle 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
preesiaditan etizymegerdigasenussditogondtrudiibe reoombitedit RNA, and
expression vector is not particularly limited, and can be selected from
o pdaamdryally @Maiable Pductss FEENSBIfRratidfiemethbdpebdaeidlg in a
method) of the recombinant expression vector is not particularly limited,
prgrifmﬁ‘cfﬁﬁal?ﬁ ﬁ6dsl<‘§‘a¥ﬁb@uséalfﬁ@1&%£é’r. éSh%Féﬁ‘;g ES8f&hthia FoT
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prosfemMayen e TRe rapsfermalian step aseaidingdgtheqiepertte like)
invention is not particularly limited as long as the recombinant expression

areetigafor @xpoessireg anwhik stranded idNAworespoadipgde sheentites sette,
part or some part of 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 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 the lipid producing fungi
(transformation). By carrying out thejigansformation 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
thiungipexpessenof theetbsired gene is efficiently suppressed by RNA..
As described above, a gene whose expression is to be suppressed may
be al¥-derd of MorsdraTm@pie@ Bréded@ng fungi), and is suitably selected
acc%lgng to purpose. For example, in the case of Mortierella often used
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acid desaturase is particularly preferable. Examples of a gene that
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No. AF206662) and MAELO gene (GB accession No. AF268031).
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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 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, Y18553, AB015612, AB015611), A12
fatty acid desaturase gene (GB accggsion No. AF417244, AF1105009,
ABO020033, Eur. J. Biochem. 261, 812-820 (1999)), A15 fatty acid
desaturase gene, Al7 fatty acid desaturase gene, and ca3 fatty acid
desaturase gene. By suppressing expression of genes involved in lipid
m etetblodiismm, heryeeltsopdesited bpels acad ke graneaséchor ercedseda fatty
Further, the type or composition of produced lipids can be modified. In the
aciEstapplastbefdWNEAEEOQeni@ 4t A1 ¢hitd} aBRit WesaErdse gaidpelarly
used as examples of genes._involved in _lipid metagflism. The MAELO
|
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which has been isolated. As such, other functions of the MAELO gene
geare stispectetl.odetesding fa atyarnoidtiaheafdba raeeBank,laithie ohthefatty
MAELO gene in the catalysis of the chain-elongating reaction of saturated
aciadndggadvrase gene (GB accession No. AY464949, AF067654,
AF054824), A6 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 Al2 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 later in Examples, the inventors of the

present invention analyzed functions gf 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.
Puaidiealtydhe RNAI 2:0bd; 230816 Wwithla veclueed jiroporbeniiefuady that a

long-chain saturated fatty acids in lipids was obtained. These results
gemoebivalt forl hesfirgt friridl eharathe NIAEDOtddse 1€ Awbload s e GLELO

biosynthesis qf very long-chain saturated fatty acids jn M. alpina, The Al12
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obtained in which a proportion of ca9 fatty acids, such as mead acid, is
chindreasksh gheiprgsent éaveriiban is appliceblueveredherfatggne acids  or
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 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 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
lidioli¢ed, anci Cov8nynallvheibhodd guchugspare elentrgperatiop seéthwnd of the

particle delivery method can be suitably used. When using an
Aldleérbpyrativelnibasatianokicgaiae ithy ptérerddAdantied faghiae in the

used in the form of proto%as_ts. A non-limiting example of the particle,
I

EXfIRBIY hetifdd 18a Paitidie GunTHeibaL 1P & ExhrfifiBs BélogPLained in
IR YR O AT LA i,
intveRti@ry may include steps other than the transformation step or
recombinant vector constructing step. One specific example of such an
addiitnal siepds a sciesrdng step fos salpetingaeb btitakle transformant gene
strain from a group of transformed lipid producing fungi.
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 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 that allow a transformant strain with
desirable characteristics to be selecteqd, 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
methodbereki@admnga ateldtraivcs rdésiredtchathetenstices € aitd)bye ntion
suppressing expression of a predetermined gene in Mortierella (lipid

m apodiiinbfdegi)s tagoromidiyg thd pesserthvettion Bipstatipilited tep  or
the individual procedures of transformation, culturing, and sﬁfllgection as
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sulieasiegtethorbetipid progugsing g acerding 18 the-RseAtmed lipid
invention is adapted to suppress expression of a specific gene and
priveérebimgoftided . breed with improved characteristics (traits). Thus, with
theA 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 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 produced both easily and efficiently.
Further, with a breeding method accggding 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
(trans¥priviamt)ot et h& novekstraini wapallisoef producing more lipids,
and/or modifying the type or composition of the lipids it produces. That is,
the dreskhtlinpédtion artiugss gipit ipeoduraitefuldigrdduced by the
breeding methad. F r%ﬁgr, by obtaining suitable DNA fragments (cDNA .
fragrﬁénf%?%_%lﬁrl,% ) AR e Brightf B8t MG hntP by BRRHgCine
RNAI ysin expression yector that encodes -26- double strand N
o B e B A e R e oy o Sintat, o
subpprRfarmay siaindm Wich RSN gbthe tataldeng h%frtB%ide a
e

NA fragments is suppressed. Through a functional analysis of t

b reaasfaritdnt Stngim.ourddowh Arotioasiet the géneadas)be Tiiiedictedith the
That is, the present invention is applicable to a
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 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 invention also includes, for example, a
breeding kit for implementing the inggntion, 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,
d odevicess and titbelike RNIAdacb i1r daplreeding kitare het gaNiduldilggments,
limited. Specifically, a breeding kit according to the present invention is
thgdapteendiearrp baviskerasgoativxaapp bt the Breedinpmathsd. Sérain in
example, in order. to carry out the transformation step, the breedin

g
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reagents for constructing the recombinant expression vector (a). Further,

priedircies do caiy uishetransoresdian sieyy ding iweedisg &ip pldy iicledeto a
(c) reagents for introducing the recombinant expression vector (a)
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 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 equipment, devices, or the like. For

example, for the transformation, conyentional 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

required. Optionally, an experimental tool such as a micro centrifugal
nuebeondy desused elrgthes fcampeteni fiell-greparing dittdse ror davioesler to

such as a heat block can be used as required. Further, in order to carry
Caém’thecékbreé,h@n v@&ﬁ@f@(ﬁﬁiﬁﬁmaiﬁg et@y, varions thsetithe(casiier, the

ctor, restrlche n enzymes, e c) var ous reagents, %penmental
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invention, a novel breed of lipid producmg fungi obtained with the use of

rethedieediog Kihisraldaiotiugadhia thecpresienh binentiam {83 iBieduetigr (a)
method of lipid, and lipids obtained by the producing method
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 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 Mortierella are described. The
PUFA-containing lipids are one of magy 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
acid, and very long-chain saturated fatty acids (VLSA) are also produced
b caha elaypiioduch Higalkdhidma K.ogtealt HaAm.sOn Gheth.eSbhaxeédling kit is
1501-1505, 1998). As used herein, the cab PUFA refers to those fatty
foncder evntaghing 18 BeghesteddarBomatndyvirh the dv reeretodbeention,

bonds, hereln the first double bond occurs at the sixth carbo the
a P4ESh Brfedng %Prb‘?ni?ﬁl?sd%mb‘%of‘ﬂn‘%%b&@éé‘dféﬁ%‘&rh} fhegnse of
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hererg,_ '—%o'&?{?&ﬂ%swﬁf%’daw anflsihaying 2995&5(%%%%1&@98 by
atoms with no double bond. Some of the representative examples of

th¥LiSfochntdingdrine Mostierella include eicosanoic acid (arachidic acid),
docosanoic acid (behenic acid), tetracosanoic acid (lignoceric

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 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 acids have considerably higher
melting points than unsaturated fatty,gcids 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
dihio 304§ -did 052 cwhichl ara sig nificaotty dowerdhaaiidie melting point
69.6C of stearic acid, an example of saturated fatty acids. As to VLSA,
thesE tattihadid Atavesesmhsiverably, hiyH-Maltingeheirts tsinta the ataidngatty

paint increases with an increasing chain length. Docgsanoic acid
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melting point of oil or fat containing VLSA is generally high. For this
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deposit and turn turbid or solidify when stored at a low temperature. For

acith sepachtionsma yembvdlcobs sdlitcfar ed sbtaipie lighignce these VLSAs

are all biosynthesized from stearic acid, which is the
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 preferable that the oil or fat be stably
provided as a transparent liquid evegginder 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
is manutaglyring flimeranednbreatsied anstl Hurthgypsincedthe hrodustianidfuting
oil or fat favors the VLSA biosynthetic pathway which constitutes an
fatiternacid spathngy diipiccbiveynthiasis, it &l tifigulie improve thél yield fat

of desired PUFA. The cab PUFA(Lcontain'ng mostly arachidonic acid .
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strains, and a large number of mutant’strains ~producing’modifie
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deactivating the A12 desaturase activity either completely or partially

F deadsdos apeumuiationaai dheadrecich biod thag cdidpleie oo patiglin a liquid
deactivation of the A5 desaturase activity leads to

oil, procedures employing a wintering method or emulsion

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 a lipid producing method according to

the present invention. That is, the lipig 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
typech af thenvintarisgrmaéthod on ¢nulsion separatios mefhaduEariltestrains

because the lipid producing method does not favor the alternative VLSA
Priidsypinasis pealidy d targel PuUrA @ankdepkatiucdinvaly isprovel these

productivit){. Further, a PUFA-producing strain can be obtained without
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less than 9.4%, with respect to total fatty acids in the lipids. Further, it'is
d epretétabledhat theflipidh eontadid medésaturase activity leads to
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 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 acids. More preferably, the lipids contain

arachidonic acid in a proportion of ngbless 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

prodiibing pretbed t containingwad AYbAiin el prdpertiap od soplessithand by

8% with respect to total fatty acids of the lipids. - Lipids produced by the
thipidiprstiusing eehio® eostdirty nldadacliinig prédertibh af nbhiesdipids

than 1.3% with respect to total fatty acids, of the lipids. -33- - Lipids o
coprbiiRedby th%ﬁ{&f)é\prbaucm %m%ﬂairm@ lnid6ie adiidfa 8%
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lipids, and very long-chain saturate S In a proportion of not
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invention is susceptible to various
Further, it is preferable 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 alternatives falling within the scope of the

invention as defined in the appended glaims. [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, bip+ds0), pnoldetaklNAbyas téwradigel dsing Rieasyrpdantmirtihod

kit (QIAGEN). Then, a reverse transcription reaction was carried for 1 pg
cogrtiaiali REIAA TRING IGWeiSchpt HirsnSaaikd SpehtisiaSodtenpforless than

RT-PCR (Invitrogen), so as t%ié/athesize cDNA. For the reaction,

[
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a .
aka C prgduc?was est restriction enzyme
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was ligated to vector pYES2 (Invitrogen) digested with restriction enzyme
HindWllail@ restricion einzysetkbal. As a resuylt, qdasmid leY 2Miol wasarious
constructed.
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 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 Acids and Ammonium Sulfate (Difco),
0.5% ammonium sulfate, histidine_(3Q 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 a platinum loop on
a medium containing 2% raffinose, 0.17% Yeast Nitrogen Base w/o
prAmzo MAdS a6d BmhmanidnE Stikaje ((Difke) RabYldremPadRnsudfdiect was
1% Tergitol Type NP-40, histidine (20 mg/1), leucine (60 mg/1),
diggptophanydbhmgrey tare 6.98% steaseneid Hw) [ Hnd srednedrmitiasion
cultured for 6 hours by shakinglgThen, 2% ((%/\h(/v) galactgse was added to

eng¥me Rk So a8 AdddY bipREEHd MAR O dere fylBgwas ligated
d L1 in the -.35. pl id pY2ME dth
o ST R s A A S gl S me

scu rs by shaking. ungi were

Hi¢Rieried b Ceus gt anddiaaefsdned Aftenigducingbg falty §eid mid
residue in the fungi to methyl ester by a hydrochloric acid/methanol

pYoauod, the satopie wasepdrhcted with hexane. The resulting fatty acid
methyl ester after the removal of

MAELO-H1: 5’-gcaagcttatggccgccgcaatcttggac-3’ (SEQ ID
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 Table 1, the pY2MEL-introduced strain
produced more 22:0, 24:0, and 26:04¢ry 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
plaxpraskigrny Bl essiag diraineAatordingrio theatollowintgiprodedure2 8°C for
plasmid for causing excess expression of double stranded RNA -36-
4 Zcorreeponglinghy a pehisk 6t MAEID gendwagconsteicted. Prasatided by
pBluescriptl|SK+ was digested with restriction enzymes Spel and BamHI,
g tHR B O Rerd Biintad W h6 BRALIEAEn H%%ﬁ%?s tty acid

re%’S"x‘fﬁJ@(’:t‘c@éf Iklégati%nﬂ llas[mid B%%%S%Cf(lgtég{( y B%&HI_-&W%S %\B%Ehloric

cons en, by using plasmi ackehzié et at’

acEaYirRR+ WHs 8Rioh &6, 953 1E64 20k a% 8 LeBRIBR cCPER Wa8Sh hexane.

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/])
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 inserted at the EcoRI site of the plasmid
pBluescriptlISK+(BamHI-), so as to ggpstruct plasmid pBlueHpt.
HisProFX: 5'-tacgaattcaagcgaaagagagattatgaa-3' (SEQ ID NO: 1)
TrpCRX: 5'-gaagaattccctctaaacaagtgtacctgt-3' (SEQ ID NO: 2) M. alpina
was cultured at 28C for 5 days in GY broth (2% glucose, 1% yeast

coextaqi optdl Fri0} oF rop dine ikesutin M AVRJL QY enomec AN wea prepareed .
according to the procedure of E. Sakuradani et al. Eur J. Biochem., 260,
2081211.@%9'931?. B%&ugiﬂg eHeRfdhomit DMASofql/igﬂﬁmdas%itémmaget,riction

xSRBS R 2 LA T (TpGR) A e PN 2T BT, e

Do 30 S BRSO e I N 09 6o

plidadhe Bﬁﬁ%@'&ﬁ%@fﬁm@@nfﬁ{?[ﬁ%ﬁ@niEBH&PH@?@H@GThen, by
sequence, the fragment was digested with restriction enzymes Ncol and

u sBagHp THwmésultinD HNEragmervlefcbentd Wt al. Appl. Environ.

Microbiol., 66, 4655-4664, 2000) as a 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
Tag (TaKaRa). As the primers, primgf 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
DNA fragment of about 0.7 kb was TA cloned into the pTBlueT-Vector
prihakaRdA Bi«d BdiAriming the dugledticker IdqUENL® RhAi8grmentevasused.
digested with restriction enzymes Ncol and BInl. The resulting DNA
Theagwent 0P abBIR D.7Abr 108k Maéried FhencdesBi Stk 6F therplhsmitnute,
§Blu MEi3, so as to constétuct lasmid pBlueMEIS. MAF%LORNAi 1.
55t o

clatiyityééocat &35 Y NO BEVIBRBRRAIP NA

S'-tgatctcctaggtg ctgataggcac;3. (SEQ. ID 6) Afr nt of
fr%%%%%%é ) s g/digaés,gting%a;oe pl‘gsarﬁidp L vt hto  the

pTBiHetonezyRe ko MRa ) inserted in the ELIRA SHe oftHasMifucleotide
pDurab, so as to construct plasmid pDura5MEi5I.

sequence, the fragment was digested with 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 MAELORNAiS 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 0.7 kb was then TA cloned into the
pT7Blue T-Vector (TaKaRa). After_cggfirming 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
[DpBl@eNVEBi2. MAELORNAIZ2: 5'-tgccatggggaaatatgccctaggccatge-3' (SEQ
ID NO: 17) By using the genomic DNA of M. alpina as a template, PCR
was VeideR O Wt DA Tad gpdkaralags g panast garimeecac-3° (SEQ
MAELORNAIl and primer MAELORNAI4 were used. The reaction was
ID.¥d @t in 30 cycles at 94C for 1 minute, 55C for 1 minute, and 72C

for 1 mipute, The amplified DNA -395 fragment of t Q.5 kb,was TA
cIoneAd %%[lé’%hr%egjr BﬁJPe %ﬁj\%lc or‘g’(‘l%Ka a)?rﬁﬁ%?rggrgﬁﬁ%'ng%ﬁ%aes-[mg the
plﬁgm'd%ﬁmiSth%{@ﬁmﬁﬁ‘éw%g'ﬁ%@%\ﬂ'%'i% KON ERBRESwa s
Ncol and B1nl. The resulting DNA fragment of about 0.5 kb was then
insettad inthe Noel-Blad Rie ofitte pleSnid pBinedIEiZDaoras5i0 so as  to
construct plasmid pBlueMEi4. MAELORNAI4:

cosLgtratcrigjgart Ryt M 5840 1D

By using the genomic DNA of 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 bp of the MAELO gene. In the case of

plasmid pDuraSMei4l, double strandgg 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

particle delivery method. As the host, M. alpina Aura- 1 strain (Auras) was
fragede har ibe setectian Of Barsorweds stiascEdhaghr imediuth wap isddlue

(5.0 g of Yeast Nitrogen Base w/o Amino Acids and Ammonium Sulfate
T-\Oilety 1. (Te BraRAK) 2884 20 gndi gaebse, thoema eebelehide 3temigonce,

tyrgsine, 1.0 g of methionine, 2.0 mg_of arginine, 2.0 mg of histiding, 4.0
thﬁ]g?ﬁ?gd@-el in® 350 HESF 5 BophER, ET°H oHRPedritey 8§ Snd'so] and

BI§?'® '”ee’Pe%lT%)fr‘l' “SNEAGt‘%é“ méglhe%\f‘a'e}?%‘&taﬂdsa%% (R0 en

everal ten trans d strains o or each plasmid were

o SR TSR g s gm0 o
to setacted\Bpegiiealiy iidapdtdued Ei4 .

MAELORNAi4: 5’-cacttacctaggggcttcttcttgagg -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 pDuraS5Mei4l, 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 are for expressing double stranded
RNA corresponding to about 500 bps@f 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
ly §TakaRh)using tlod ganygmic piNngs 3. @mplgte fAslite quiinners, Grineng of
RDNAL and primer RDNA2 were used. The reaction was carried out in 35
iselelesiat 948 M8 @, lsaCTael Mindtanghdof2e ksyimaming a and
result, the presence of amplified DNA fragment of about 1.5 kb was
ag@cfnﬁ%?e@iﬁgll of the transformed strains #1 through #4, whereas no

amp |caét§)n of I?NA fl’E—tl ?w ?erv%génrghe 4]bfAur1§ll str;lun It cach
att

was therefore conflrme fragment was Introduce throu h

plERSRIRINGHOROfipRIHAIMEaL 8 D@YaﬁM@&M&ﬁheﬁéﬁrQuéﬂe%qagfmd
the transformed strains #1 through #4. Primer RDNAL:

u sEdicaggiacaditgitiagag:sh SoQnie MO tha Biismew RDNAZs tably held the
5'-cgctgcgttcttcatcgatg-3' (SEQ ID NO: 8)
marker uraS gene were selected. Specifically, transformed
strains #1 and #2 were used for cultures transformed by
pDuraSMei51, 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 reaction was carried for 1 pg of total RNA,
using SuperScript First-Strand Synthgsis 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

AUifaKaRa) dihe. reaction was carried out in 20 cycles at 94C for 1 minute,
55C for 1 minute, and 72C for 1 minute. Primer: MAELO- 1 :

5'-adfccitegadib@tafieiec 9N SEQ 9D Nbag) phee MAELGRgMent was
. 5'-cggtgtcagccaactcccagtactt-3' (SEQ 1D NO: 10) -42- The PCR product
in}racids phdMAE8H &id fGERIRRRER iRt OherP AR 1oL or

tw t ands of gbout Rtlr gments. The result show:
P B (B ARG, Srht DA nd BRIt e bbAdibedty gy g med
stig trangfprpeeh sisaingd #1 through #4. It was therefore confirmed that
expression of MRNA of the MAELO gene was suppressed in the

tran$foimmest SRS A1 thBougbdide Theaenaning fungt 3/e(SEQ ID NO: 7)
Primer RDNA2: 5’-cgctgcgttcttcatcgatg-3’ (SEQ ID NO: 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 Proportions in total fatty acids (%) y-linolenic

acid 4.2 4.9 4.3 3.7 3.3 Dihomo-y-ligglenic 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 26:00.00.00.00.00.0 -43- As can be seen from

Table 2, the proportion of very long-chain saturated fatty acids dropped

signifibantl @'Rhe rivahstarnved stecins t Spptiiinadly esynthesis ffwvenescence

long-chain saturated fatty acids was completely suppressed in the
intensfdrnedsramsAIERg el whetsasaReflsgntesid svad pareany 340 bp

suppressed in the transformed strains #3 and #4. (Example C) Breeding
frag R ¥hfty doitfddsi &&&we@p?es%ﬁeaﬁ @g@{h@ siifhe Aura-1

strain, while no band was observed in any of the transformed
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 LA Taqg (TaKaRa), so as to amplify a
DNA fragment of about 670 bp. Theggaction 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
Al12-2: 5'-agaggccttcataataaggtacgcaggc-3' (SEQ ID NO: 12) The
amphified A tvegnserdwasrdigestEd bith estrittion enayoesiBamidlf very
and Stul, and was ligated to an about 3.7 kb fragment obtained by
Lo gigiestiig thesplumat el- fsMOD aoidith BaaPPadd Meeliligegitly in the
ligation high_ (TOYQOBO), so as tg obtain plasmid pBA12RNAI. Tge .
tr%%%ﬁ%anb%é\lszﬁwa,a&ﬂsaH‘ﬁg&ﬁ@&,mr}éaﬁéﬁan%ﬁﬂﬁﬁx e&vg; chain

nd the end re blunted with the DNA blunting kit (TaKaRa). B )
saflL AT DROIAL VDAL Tmietagy SIFRALRY i the

tr 338 RRANGY. JheplasmiciPBIHeHRIoway digesied WilkiestEiGithesis was
enzyme Ncol, and the ends were blunted with the DNA blunting kit
pa(dkaRa) By pligestiad Withthe transformed strains #3 and #4.

(Example C) Breeding 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, 355°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 about 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
strains, strains that can grow in SC agar medium were selected. Several
p MeD Dartsformiett siBana Weéredanoduldiecodn GYsiediutihandlsgyairisthathigh
stably held the marker ura5 gene were selected. As in Example B, it was

(TELNEHRAEY thapthpee bPthrebsadtien Misinsd(tRBHdrARY stkainkty® plasmid
through #7) had incqorporated the plasmid pDura5A12RNAI, through
PR Mo 35 tHe? ABSIBRAS ot the' @ brAGEHME. Eaghme EcoRI,

arféﬁnsgﬁ%megﬁ an '4%2’55’%‘:‘18%%&%"%“ goeror Pl ySlﬂA\?Aﬂa%“lunting kit

S .
containing ml o or the breeding of the Aura-1 strain

(TéorAteY) . uneilas adred (RAMAO/L) 1o thesBG brth RIAPARRMBYER HI, a

portion of the fungi, cONA was synthesized according to the procedure of
frdxameple Bfand cRERIwWaslchrried Ol hisirig pdmer Ad 2o3apimiel AR eHpt

and Ex Taq (TaKaRa). The reaction was carried out in 20 cycles at 94C
waer diginsite G5 iy T esihtieltp 2ziorenieed, and the ends were

blunted with the DNA blunting kit (TaKaRa). 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 uradS 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 Aura-1 strain, whereas no band was
observed in any of the transformed giyains #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 through #7. The fatty acids
produced by the fungi were analyzed as in Example B. The results are

w s owunlinufalzle Btbel8WC-4@1{ Tabiea3] Lontral TrasHorvert siminsg SO0 ml
Aura-1 #5 #6 #7 Proportions in total fatty acids (%) ca 6 PUFA linoleic

of a8 1kt .0 Barl thinbeaiedigig3af0the. 008 ihofid-giholesatrol),

acid.2.4 0.2 0.2 0.1 Arachidonjc acid 11.9 1.51.1 2.3 Total of @6 fatty
uracih w08 26 dedh (P B0 the SCbioth.

From a removed portion 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 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 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 mead acid was present in the
transformed strains, the Aura-1 straipglid 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
desaturase gene. INDUCTRIAL APPLICABILITY With a breeding method
of ligi#tgbdéuBipg fungi according to the present invention, a mutant strain
of lipid -47- producing fungi of genus Mortierella can be obtained, in which

P;;%‘?Ht’é‘ﬁédﬂ\féfﬁ.l iRt Since the invention allows for self-cloning,

( 0)expression of a specific gene can be suppressed by carrying out an RNAI
method using DNA fragments suitably obtained from the original breed

@ O\liiRrella. The invention therefore provides a transformant strain

lipelisfsithant), i.e., a novel 14.8 0.1 0.0 0.1
y-linolenic acid 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 improved productivity of specific lipids
can be produced both easily and effigiently. 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
p reatiousikinds ofgerofe gations tddlonitjees Lisinga M dvitereba ainadtljtion twhich
food, pharmaceutical, and other industries using such fermentation
ex@Ehfigies. Afg8aSEPDUHENCEIEBTING SEHPrsyNTORYhMITIED RY2@sing
i CgLTIV TION METHOD OF LIPID PRODUCIN%%FUNGI AND USE O
HROd KMETOD B0 P8ssdnT {865 5Es064A 10951 225731 breed,

a %O(Qéé?i"aolréelgofnlc?vfevg?cr%a}tﬁpﬂxr)‘v}ﬁ{' ads 2 dharacteristics 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 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 ctctaaacaa gtgtacctgt 30 <210> 3 <211> 31
<212> DNA <213> Artificial Sequengg <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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<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 ggccgecgca 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

<400> 3
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> Artificial Sequence <220> <223> Description of Artificial
Sequence: MAELO-1 <400> 9 agtcggfcga ctccticgtc 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
cgctgegttc 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 <220> <223> Description of Artificial
Sequence: d12-2 <400> 12 agaggcgtic ataataaggt acgcaggce 28 <210>
13 <211> 25 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: d12-3

<210>12

<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: Primer MAELO-H 1 <400> 15
gcaagcttat ggccgecegea atcttggac 2955210> 16 -52- <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer

<211>30
<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
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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.



