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BIOMASS PRODUCTIVITY REGULATOR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of priority under 35 U.S.C. §119(¢) to U.S. Serial
No. 61/922,388 filed December 31, 2013, the entire content of which is incorporated herein
by reference in its entirety.
FIELD OF THE INVENTION
[0002] The present application relates generally to the field of molecular biology and
genetics. Specifically, this application relates to methods and materials involved in
genetically modifying microorganisms to improve productivity. This application further
provides recombinant microorganisms such as microalgae having increased productivity.
INCORPORATION OF SEQUENCE LISTING
[0003] The material in the accompanying sequence listing is hereby incorporated by
reference into this application. The accompanying sequence listing text file, named
SGI1770 1WO_Sequence Listing ST25.txt, was created on 30-December-2014 and is 26kb.
The file can be accessed using Microsoft Word on a computer that uses Windows OS.
BACKGROUND OF THE INVENTION
[0004] Microalgae have recently attracted considerable interest owing to numerous
consumer products and applications that can be produced from these organisms. The
microalgae-based product portfolio strezches from biomass production for food and animal
feed to valuable products extracted from microalgal biomass, including lipids which can be
converted into fuel molecules. Low biomass yields are identified as a key driver of the high
cost of algal biofuels because of the high capital investment projected as necessary to achieve
commercial-scale volumes of biofuel.
[0005] Transcription factors can modulate gene expression, either increasing or
decreasing (inducing or repressing) the rate of transcription. This modulation results in
differential levels of gene expression at various developmental stages, in different growth
phases and cell types, and in response to different exogenous (e.g., environmental) and
endogenous stimuli throughout the life cycle of the organism. Because transcription factors
are key controlling elements of biological pathways, altering the expression levels of one or

more transcription factors can change entire biological pathways in an organism.
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SUMMARY OF THE INVENTION

[0006] The present application describes the discovery of gene sequences and
polypeptides encoded thereby that, when overexpressed in microorganisms such as algae,
confer increased productivity on the microorganisms.

[0007] In one aspect the present invention provides an isolated or recombinant nucleic
acid molecule that encodes a polypeptides that includes an amino acid sequence having at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to the amino acid sequence of
SEQ ID NO:2. In some examples, a polypeptide that includes an amino acid sequence having
at least 65% identity to SEQ ID NO:2 has at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4. In some examples,
the nucleic acid sequences have at least 50%, at least 55%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to the nucleotide sequence of SEQ ID NO:3 or SEQ ID NO:16.
A polypeptide encoded by a nucleic acid molecule as provided herein can comprise, for
example, a MY B-like transcription factor, e.g., a polypeptide that recruits to pfam PF00249.
The amino acid sequence of the MYB-like transcription factor in some examples can
comprise the amino acid domain of SEQ ID NO:2. The isolated or recombinant nucleic acid
molecules can encode polypeptides with at least 50%, at least 55%, at least 60%, at lecast
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to a MYB-like polypeptide of a
microbial species, such as, for example, a MYB-like polypeptide of a microalga or a
heterokont species.

[0008] Also provided herein are isolated or recombinant nucleic acid molecules that
include a nucleic acid sequence hybridizing under high stringency conditions to a nucleic
acid sequence selected from the group consisting of SEQ ID NO:1 and SEQ ID NO:3; a
complement of any thereof, or a fragment of either. Also provided herein are isolated or
recombinant nucleic acid molecules that include a nucleic acid sequence having at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity to a nucleic acid sequence selected from
the group consisting of SEQ ID NO:1; SEQ ID NO:3; a fragment of either; or a complement
of any thereof. Further provided herein are isolated or recombinant nucleic acid molecules
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that include a nucleic acid sequence encoding a polypeptide that comprises an amino acid
sequence having at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to an amino acid sequence selected from the group consisting of
SEQ ID NO:2, SEQ ID NO:4; and fragments of any thereof. Additionally provided herein are
isolated or recombinant nucleic acid molecules including a nucleic acid sequence that is an
antisense or interfering RNA to a nucleic acid sequence according any one of the preceding
aspects and embodiments.

[0009] In various examples, the isolated or recombinant nucleic acid molecules provided
herein can include one or more of the following features: The isolated or recombinant nucleic
acid molecules can have nucleotide sequences that are different from (i.e., not 100% identical
to) a nucleotide sequence of a naturally-occurring gene. The presently provided isolated or
recombinant nucleic acid molecules can comprise a cDNA sequence. The presently provided
isolated or recombinant nucleic acid molecules can comprise a vector. The provided isolated
or recombinant nucleic acid molecules can comprise a heterologous regulatory element
operably linked to a nucleic acid sequence as provided herein that encodes a polypeptide that
includes a Myb domain. Further, an isolated or recombinant nucleic acid molecule as
disclosed herein, when expressed in a host cell, can result in increased productivity of the
host cell. For example, elevated expression of a nucleic acid molecule as disclosed herein in a
microalgal or heterokont cell can result in higher productivity of the microalgal cell or
heterokont cell when compared with a control cell that does not express the nucleic acid
molecule. The higher productivity can be, for example, a higher growth rate, greater biomass
productivity, or higher rate or level of production of a biomolecule such as, for example, a
lipid, protein, polymer, pigment, or carbohydrate, including an alcohol.

[0010] In particular examples, provided herein are isolated or recombinant nucleic acid
molecules that include a nucleic acid sequence encoding a polypeptide having at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4, or to a functional fragment
of any thereof, in which the polypeptide includes a MYB-like DNA-binding domain having
at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:2.

[0011] Also provided herein is nucleic acid molecule having a nucleic acid sequence with
at least about 30%, 35%, 40%, or 45% nucleotide sequence identity, and in some examples at
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least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, or at least about 80% sequence identity, for example at least about
85%, at least about 90%, at least about 95% or at least about 97% sequence identity to the
nucleic acid sequence of SEQ ID NO:1. The nucleic acid molecule can encode a MALTA-
like polypeptide, such as any disclosed herein, for example, a polypeptide having at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to a MALTA-like polypeptide, including a microbial MALTA-like polypeptide, such
as for example, to the polypeptide of SEQ ID NO:4.

[0012] Alternatively, a nucleic acid molecule as provided herein can comprise a sequence
complementary to a sequence having at least 65%, for example, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:1
or a fragment thereof, for example a fragment of at least twenty, at least thirty, at least forty
at least fifty or at least sixty nucleotides thereof, including a complement of a portion of any
of the foregoing sequences that can be provided, for example, in an RNAI or antisense RNA
construct. Further provided are isolated or recombinant nucleic acid molecules comprising
nucleic acid sequences which are an interfering RNA to any of the nucleotide sequences
provided herein.

[0013] A nucleic acid molecule as provided herein can be a fragment of the disclosed
polynucleotides consisting of oligonucleotides of at least 12, at least 15, at least 20, at least
50, at least 100, at least 200, at least 500, or at least 1000 contiguous nucleotides, or up to the
number of nucleotides present in a full-length MALTA-like protein-encoding nucleotide
sequence disclosed herein.

[0014] Further included are nucleic acid molecules encoding variants of MALTA-like
proteins, and recombinant MALTA-like polypeptides encoded by any of the recombinant
nucleic molecules provided herein.

[0015] The invention also provides nucleic acid constructs comprising a nucleic acid
sequence as provided herein operably linked to one or more sequences that can regulate or
mediate transcription, translation, or integration of nucleotide sequences into a host genome.
Further included are vectors that comprise a nucleic acid molecule as provided herein.

[0016] Further included herein is a nucleic acid molecule comprising a promoter
sequence, where the promoter sequence includes a nucleotide sequence at least least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to at least 100, at
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least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at least 800, at least
900, or 1000 contiguous nucleotides of SEQ ID NO:7, for example, to at least 95% identical
to at least 100, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at
least 800, at least 900, or 1000 contiguous nucleotides from the 3’ end of SEQ ID NO:7. The
promoter sequence can comprise a a nucleotide sequence at least least 90% or at least 95%
identical to SEQ ID NO:7. The nucleic acid molecule can in some examples be a vector.
Alternatively or in addition, the nucleic acid molecule can be a nucleic acid molecule in
which the promoter sequence is operably linked to a nucleic acid sequence that is
heterologous with respect to the promoter sequence. The heterologous sequence can be, for
example, a nucleotide sequence encoding a polypeptide (that is not the 60S RPL24
polypeptide the promoter is operably linked to in the native organism from which it is
derived) or a functional RNA such as an antisense RNA, RNAi construct, ribozyme, efc.
[0017] Further included herein is a nucleic acid molecule comprising a terminator
sequence, where the terminator sequence includes a nucleotide sequence at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:8&. The
nucleic acid molecule can in some examples be a vector. Alternatively or in addition, the
nucleic acid molecule can be a nucleic acid molecule in which the promoter sequence is
operably linked to a nucleic acid sequence that is heterologous with respect to the terminator
sequence. The heterologous sequence can be, for example, a nucleotide sequence encoding a
polypeptide or a functional RNA such as an antisense RNA, RNAIi construct, ribozyme, efc.
[0018] Another aspect of the invention is a recombinant microorganism that includes a
non-native nucleic acid molecule encoding a polypeptide that includes an amino acid
sequence having at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to a
MYB-like DNA-binding domain of SEQ ID NO:2. The polypeptide encoded by the non-
native nucleic acid molecule is preferably a MYB-like transcription factor, such as a
polypeptide having at least 50% identity to a naturally-occurring MYB-like transcription
factor of a plant or microorganism, e.g., an alga or heterokont. In various examples, the
recombinant microorganism includes a non-native gene encoding a polypeptide having at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to the amino acid sequence of SEQ ID NO:4. The recombinant microorganism cell or
plant cell that includes a non-native gene encoding a polypeptide having a MYB-like DNA-
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binding domain-homologous sequence as disclosed herein can exhibit higher productivity
than is exhibited by a control cell substantially identical to the recombinant microorganism
cell or plant cell, with the exception that the control cell does not include a non-native gene
encoding a polypeptide having a MYB-like DNA-binding domain sequence. For example,
expression of the non-native gene in an algal or heterokont cell can result in the algal or
heterokont cell producing a greater amount of biomass or a greater amount of one or more
biomolecules, such as, without limitation, a lipid, a polymer, a polyketide, a protein, a
peptide, one or more amino acids, a carbohydrate, an alcohol, a nucleic acid, one or more
nucleotides, nucleosides, or nucleobases, a vitamin, a cofactor, a hormone, an antioxidant, or
a pigment or colorant.

[0019] A recombinant microorganism having a non-native gene encoding a polypeptide
having a MYB-like DNA-binding domain of the invention can comprise, e.g., any of the
nucleic acid molecules comprising a nucleic acid sequence that encodes a polypeptide
including a MYB-like DNA-binding domain described herein. The nucleic acid sequence can
encode a polypeptide that is heterologous (of a different species) with respect to the
recombinant host cell or organism or homologous (of the same species) with respect to the
recombinant host cell or organism. In some examples, the nucleic acid molecule can encode a
variant of a naturally-occurring polypeptide that may be either homologous or heterologous
with respect to the host cell or organism.

[0020] A host cell that includes a non-native gene as provided herein that encodes a
MY B-like polypeptide, homolog, or variant can further include one or more additional non-
native genes that may confer any trait or interest, such as, but not limited to, production of
biomolecules of interest, such as one or more proteins, pigments, alcohols, or lipids.

[0021] Suitable host cells to be modified using the materials and methods according to
the present invention include, but are not limited to, algal cells, heterokont cells, fungal cells,
insect cells, mammalian cells, and plant cells. Particularly suitable host cells are bacteria,
protists, microalgae, phytoplankton, heterokonts, fungi, and protozoa. Heterokont species
considered for use in the invention include, but are not limited to, Bacillariophytes,
Eustigmatophytes, Labrinthulids, and Thraustochytrids, such as, for example, species of
Labryinthula,  Labryinthuloides, —Thraustochytrium, Schizochytrium, Aplanochytrium,
Aurantiochytrium, Oblongichytrium, Japonochytrium, Diplophrys, or Ulkenia.

[0022] Algal species suitable for the method of the invention include microalgae such as,
for example, species of the genera Achnanthes, Amphiprora, Amphora, Ankistrodesmus,
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Asteromonas,  Boekelovia,  Bolidomonas, Borodinella,  Botrydium,  Botryococcus,
Bracteococcus, Chaetoceros, Carteria, Chlamydomonas, Chlorococcum, Chlorogonium,
Chlorella, Chroomonas, Chrysosphaera, Cricosphaera, Crypthecodinium, Cryptomonas,
Cyclotella, Desmodesmus, Dunaliella, Elipsoidon, Emiliania, Eremosphaera, Ernodesmius,
Euglena, Eustigmatos, Franceia, Fragilaria, Fragilaropsis, Gloeothamnion, Haematococcus,
Hantzschia, Heterosigma, Hymenomonas, Isochrysis, Lepocinclis, Micractinium, Monodus,
Monoraphidium, Nannochloris, Nannochloropsis, Navicula, Neochloris, Nephrochloris,
Nephroselmis, Nitzschia, Ochromonas, Oedogonium, Qocystis, Ostreococcus, Parachlorella,
Parietochloris, Pascheria, Pavlova, Pelagomonas, Pheodactylum, Phagus, Picochlorum,
Platymonas, Pleurochrysis, Pleurococcus, Prototheca, Pseudochlorella, Pseudoneochloris,
Pseudostaurastrum,  Pyramimonas,  Pyrobotrys,  Scenedesmus,  Schizochlamydella,
Skeletonema, Spyrogyra, Stichococcus, Tetrachlorella, Tetraselmis, Thalassiosira,
Tribonema, Vaucheria, Viridiella, Vischeria, and Volvox. Non-limiting examples of
particularly suitable species include, for instance, diatoms such as, for example, a species of
any of the genera Amphora, Chaetoceros, Cyclotella, Fragilaria, Fragilaropsis, Navicula,
Nitzschia, Pheeodactylum, or Thalassiosira, or ecustigmatophytes, e.g., Eustigmatos,
Monodus, Nannochloropsis, or Vischeria.

[0023] A microorganism that includes a non-native gene encoding a polypeptide having a
MYB-like DNA-binding domain as provided herein can have improved productivity when
compared with a control microorganism that does not include the non-native gene encoding a
MYB-like DNA-binding domain-containing polypeptide. Higher productivity can be
demonstrated, for example, by measuring growth rates (for example, by cell counts or optical
density of a culture) or total organic carbon (TOC) or ash free dry weight accumulation, or by
quantitating any of various biomolecules produced by the recombinant microorganism (such
as for example, one or more lipids, polymers, proteins, pigments, carbohydrates, efc.).

[0024] Also provided herein are methods for modulating a growth characteristic of a host
cell. Such methods comprise introducing into the host cell a nucleic acid molecule according
to any one of preceding aspects and embodiments of the invention, wherein the nucleic acid
molecule confers a modulated growth characteristic of the host cell as compared to a control
cell that does not contain the nucleic acid molecule of the invention. In some examples, the
modulated growth characteristic can be higher biomass productivity.

[0025] Also provided herein are methods of producing biomass or at least one bioproduct
by culturing recombinant host cells having a modulated growth characteristic, such as the
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recombinant host cells disclosed herein. The methods include culturing a recombinant host
cell as disclosed herein that includes a non-native gene encoding a MYB-like protein, such as
a nucleic acid molecule as disclosed herein that encodes a MYB-like protein, in a suitable
growth medium to produce a culture of recombinant cells, and recovering biomass or at least
one bioproduct from the culture. The method can optionally include inducing expression of
the non-native gene that encodes the MYB-like protein. The microorganism in some
examples can be an alga such as, for example, a microalga. The cell culture can be a
photoautotrophic culture. Non-limiting examples of products that can be made using the
methods of the invention include food, feed, biofuel, bio-chemical, pharmaceutical, or
medicinal products. In some examples, exemplary products that can be made using the
methods of the invention include biomass, lipids, polyketides, terpenoids, pigments,
antioxidants, vitamins, nucleotides, nucleic acids, amino acids, peptides, proteins,
carbohydrates, alcohols, hormones, cytokines, or a polymers. Exemplary lipids that can be
made using the methods of the invention include fatty acids, fatty alcohols, fatty aldehydes,
fatty acid esters, wax esters, hydrocarbons, triacylglycerides, diacylglycerides,
monoacylglycerides, phospholipids, and terpenoids. The methods can include isolating the
product from the culture.
[0026] A further aspect of the invention provides isolated or recombinant polypeptides.
The polypeptides are encoded by nucleic acid molecules having nucleic acid sequences
according to anyone of the preceding aspects and embodiments. Thus, compositions that
include at least one isolated or recombinant polypeptide of the invention are also within the
scope of the present application.
[0027] These and other objects and features of the invention will become more fully
apparent from the following detailed description of the invention and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIG. 1 illustrates the results of experiments assessing productivity level of ten
transgenic lines transformed with an overexpression construct for the Nannochloropsis
MALTA gene Myb-5256 in a constant light productivity assay. FIG. 1A provides a graph
demonstrating fatty acid methyl ester (FAME) production (GE-5385 and GE-5386 dashed
lines are coincident); FIG. 1B provides a graph demonstrating total organic carbon (TOC)
accumulation; and FIG. 1C depicts FAME/TOC ratios of Narnnochloropsis cells
overexpressing MALTA compared to wild-type control WE-03730. In each case, the two
lines that outperformed wild-type are shown as dashed lines (Myb-1, GE-5385 and Myb-2,
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GE-5386) while the remaining transgenic lines (Myb-3 to -10) are shown as solid gray lines.
The black solid lines depict the performance of wild-type cells, marked on the graph.

[0029] FIG. 2 provides a diagram of the gene structure of the MALTA gene from the
Nannochloropsis gaditana genome (SEQ ID NO:16). Introns are denoted by thin lines, and
exons by dark boxes.

[0030] FIG. 3 graphically depicts the results of experiments assessing steady-state
mRNA levels of the MALTA transgene Myb-5256 by qRT-PCR in selected
Nannochloropsis transgenic lines GE-5385 and GE-5386, as compared to a wild-type control
line. Normalized expression values were plotted on the y-axis relative to wild-type WT-3730
(WT), which was set at a value of 1. Error bars represent the standard error for 3 technical
replicates.

[0031] FIG. 4 is a schematic representation of the vector pSGE-6279, used for
overexpressing the MYB-like transcription factor MALTA c¢DNA (SEQ ID NO:3) in
Nannochloropsis.

[0032] FIG. 5 graphically depicts the results of experiments assessing steady-state
mRNA levels of the Myb-5256 transgene (cDNA) in three Nannochloropsis transgenic lines
(Myb-T1, Myb-T3, Myb-T7), wild-type control line WT-3730 (WT) and empty vector
control line (TRUC), as quantitated by qRT-PCR. Normalized expression values were plotted
relative to WT, so that expression of Myb-5256 in WT was equal to 1. Error bars represent
the standard error for 3 technical replicates.

[0033] FIG. 6 illustrates the results of experiments assessing productivity level of fatty
acid methyl esters (FAME) (FIG. 6A) and total organic carbon (TOC) (FIG. 6B) values for
three transgenic strains and controls on days 7 and 12 in a standard productivity assay. The
graphs represent the amounts of fatty acid methyl esters (FAME) and total organic carbon
(TOC) produced by three transgenic Nannochloropsis strains overexpressing MALTA (Myb-
T1, Myb-T3, Myb-T7); as well as a positive control line containing a different mutation
(5877, dashed lines) previously identified as having higher productivity levels than wild type
was included as a positive control in this experiment. Also assayed as negative controls in
these experiments were Nannochloropsis transgenic strains transformed with either an empty
cloning vector backbone (TRUC; black lines) or with an expression vector containing a
different Nannochloropsis transgene under control of the same promoter (TF 1814; gray

lines). Duplicate cultures of each line are labeled a and b.
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[0034] FIG. 7 graphically depicts the results of experiments assessing steady-state
mRNA levels of the Myb-5256 transgene in three Nannochloropsis transgenic lines (Myb-T1,
Myb-T3, Myb-T7) and wild-type control line (WT), by qRT-PCR at the end of the
productivity assay of FIG. 6. Normalized expression values were plotted relative to the wild-
type technical replicate WT-a; therefore expression of Myb-5256 in WT-a was equal to 1.
Error bars represent the standard error for 3 technical replicate. Biological duplicates of each
line are labeled a and b.

DETAILED DESCRIPTION OF THE INVENTION
[0035] The present application relates to compositions, methods and related materials for
modifying characteristics of microorganisms, particularly those associated with improved
productivity. In various aspects, the application discloses recombinant microorganisms, such
as microalgae and heterokonts that express a non-native gene encoding a regulatory protein
that affects productivity, such as, for example, biomass productivity.
[0036] Throughout this disclosure, various information sources are referred to and/or
incorporated by reference. The information sources include, for example, scientific journal
articles, patent documents, textbooks, and World Wide Web browser-inactive page addresses.
While the reference to these information sources clearly indicates that they can be used by
one of skill in the art, each and every one of the information sources cited herein are
specifically incorporated in their entirety, whether or not a specific mention of “incorporation
by reference” is noted.
[0037] Headings within the application are solely for the convenience of the reader, and
do not limit in any way the scope of the invention or its embodiments.
Some Definitions
[0038] Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by those of
skill in the art to which this invention pertains. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for ready reference, and the
inclusion of such definitions herein should not necessarily be construed to represent a
substantial difference over what is generally understood in the art. Many of the techniques
and procedures described or referenced herein are well understood and commonly employed
using conventional methodology by those skilled in the art.
[0039] The singular form “a”, “an”, and “the” include plural references unless the context
clearly dictates otherwise. For example, the term “a cell” includes one or more cells,
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including mixtures thercof. “A and/or B” is used herein to include all of the following
alternatives: “A”, “B”, and “A and B”.

[0040] “About” means plus or minus 10% of the provided value. Where ranges are
provided, they are inclusive of the boundary values.

[0041] As used herein, "amino acid" refers to naturally-occurring and synthetic amino
acids, as well as amino acid analogs and amino acid mimetics that function in a manner
similar to the naturally-occurring amino acids. Naturally-occurring amino acids are those
encoded by the genetic code, including D/L optical isomers, as well as those amino acids that
are later modified, e.g., hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino
acid analogs refer to compounds that have the same basic chemical structure as a naturally-
occurring amino acid, i.e., a carbon that is bound to a hydrogen, a carboxyl group, an amino
group, and an R group, e.g., homoserine, norleucine, methionine sulfoxide, methionine
methyl sulfonium. Such analogs have modified R groups (e.g., norleucine) or modified
peptide backbones, but retain the same basic chemical structure as a naturally-occurring
amino acid. Amino acid mimetics, as used herein, refer to chemical compounds that have a
structure that is different from the general chemical structure of an amino acid, but that
function in a manner similar to a naturally-occurring amino acid.

[0042] As used herein “attenuated” means reduced in amount, degree, intensity, or
strength. Attenuated gene expression may refer to a significantly reduced amount and/or rate
of transcription of the gene in question, or of translation, folding, or assembly of the encoded
protein. As non-limiting examples, an attenuated gene may be a mutated or disrupted gene
(e.g., a gene disrupted by partial or total deletion, or insertional mutation) or having
decreased expression due to alteration of gene regulatory sequences.

[0043] “Biofuels”, as used herein, refer to renewable energy sources from living
organisms, such as higher plants, fungi, algae, or microorganisms. As such, biofuels can be
solid, liquid or gascous fuels derived from algal, fungal, microbial or plant materials,
biomass, sugars or starches, such as ethanol or biodiesel derived from vegetable oils or algal
oil, and the like. A biofuel is a fuel in its own right, but may be blended with petroleum-based
fuels to generate a finished fuel. A biofuel may be used as a replacement for petrochemically-
derived gasoline, diesel fuel, or jet fuel.

[0044] A “cDNA” is a DNA molecule that comprises at least a portion of the nucleotide
sequence of an mRNA molecule, with the exception that the DNA molecule substitutes the
nucleobase thymine, or T, in place of uridine, or U, occurring in the mRNA sequence. A
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cDNA can be single-stranded or double-stranded, and can be the complement of the mRNA
sequence. In preferred examples, a cDNA does not include one or more intron sequences that
occur in the naturally-occurring gene (in the genome of an organism) that the cDNA
corresponds to. For example, a cDNA can have sequences from upstream of an intron of a
naturally-occurring gene juxtaposed to sequences downstream of the intron of the naturally-
occurring gene, where the upstream and downstream sequences are not juxtaposed in a DNA
molecule in nature (i.e., the sequences are not juxtaposed in the naturally occurring gene, but
are separated by an intron). A cDNA can be produced by reverse transcription of mRNA
molecules, or can be synthesized, for example, by chemical synthesis and/or by using one or
more restriction enzymes, one or more ligases, one or more polymerases (including, but not
limited to, high temperature tolerant polymerases that can be used in polymerase chain
reactions (PCRs)), one or more recombinases, efc., based on knowledge of the cDNA
sequence, where the knowledge of the cDNA sequence can optionally be based on the
identification of coding regions from genome sequences and/or compiled from the sequences
of multiple partial cDNAs.

[0045] A "control organism", "control microorganism", or “control cell” as used in the
present invention provides a reference point for measuring changes in phenotype of the
subject organism, microorganism, or cell. A control organism, microorganism, or cell may
comprise, for example, (a) a wild-type organism, microorganism, or cell, i.e., of the same
genotype as the starting material for the genetic alteration which resulted in the subject
organism, microorganism, or cell; (b) an organism or cell of the same genotype as the starting
material but which has been transformed with a null construct (i.e. a construct which has no
known effect on the trait of interest, such as a construct lacking a gene encoding the
polypeptide of interest, e.g., lacking a gene encoding a MALTA-like polypeptide); (c) an
organism or cell which is a non-transformed segregant among progeny of a subject organism
or cell; or (d) the subject organism, microorganism, or cell itself, under conditions in which
the gene of interest is not expressed. In some instances, “control organism" may in some
cases refer to an organism that does not contain the exogenous nucleic acid present in the
transgenic organism of interest, but otherwise has the same or similar genetic background as
such a transgenic organism.

[0046] "Domains" are groups of substantially contiguous amino acids in a polypeptide
that can be used to characterize protein families and/or parts of proteins. Such domains may
have a "fingerprint”, "motif", or "signature" that can comprise conserved primary sequence,
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secondary structure, and/or three-dimensional conformation. Generally, domains are
correlated with specific in vitro and/or in vivo activities. A domain can be of any size, by way
of example, a domain may have a length of from 4 amino acids to about 400 amino acids,
e.g., from 4 to about 50 amino acids, or 4 to about 20 amino acids, or 4 to about 10 amino
acids, or about 25 to about 100 amino acids, or about 35 to about 65 amino acids, or about 50
to about 100 amino acids, or about 75 to 120 amino acids, or about 200 to about 300 amino
acids, or about 300 to about 400 amino acids.

[0047] "Down-regulation" refers to regulation that decreases production of expression
products (mRNA, polypeptide, biological activity, or combinations of any thereof) relative to
basal or native states.

[0048] The term "endogenous,” within the context of the present disclosure refers to any
polynucleotide, polypeptide or protein sequence which is a natural part of a cell.

[0049] "Exogenous" with respect to a nucleic acid or gene indicates that the nucleic or
gene has been introduced (“transformed”) into an organism, microorganism, or cell by human
intervention. Typically, such an exogenous nucleic acid is introduced into a cell or organism
via a recombinant nucleic acid construct. An exogenous nucleic acid can be a sequence from
one species introduced into another species, i.e., a heterologous nucleic acid. An exogenous
nucleic acid can also be a sequence that is homologous to an organism (i.e., the nucleic acid
sequence occurs naturally in that species or encodes a polypeptide that occurs naturally in the
host species) that has been reintroduced into cells of that organism. An exogenous nucleic
acid that includes a homologous sequence can often be distinguished from the naturally-
occurring sequence by the presence of non-natural sequences linked to the exogenous nucleic
acid, e.g., non-native regulatory sequences flanking the homologous gene sequence in a
recombinant nucleic acid construct. Alternatively or in addition, a stably transformed
exogenous nucleic acid can be detected and/or distinguished from a native gene by its
Jjuxtaposition to sequences in the genome where it has integrated. A nucleic acid is considered
exogenous if it has been introduced into a progenitor of the cell, organism, or strain under
consideration.

[0050] As used herein, "expression" refers to the process of converting genetic
information of a polynucleotide into RNA through transcription, which is typically catalyzed
by an enzyme, RNA polymerase, and, where the RNA encodes a polypeptide, into protein,

through translation of mRNA on ribosomes to produce the encoded protein
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[0051] "Fragment", with respect to a polynucleotide, refers to a clone or any part of a
polynucleotide molecule, particularly a part of a polynucleotide that retains a usable,
functional characteristic. Useful fragments include oligonucleotides and polynucleotides that
may be used in hybridization or amplification technologies or in the regulation of replication,
transcription or translation. A "polynucleotide fragment" refers to any subsequence of a
polynucleotide, typically, of at least about 9 consecutive nucleotides, for example at least
about 30 nucleotides or at least about 50 nucleotides of any of the sequences provided herein.
Exemplary polynucleotide fragments are the first sixty consecutive nucleotides of the
polynucleotides listed in the Sequence Listing. Exemplary fragments also include fragments
that comprise a region that encodes a conserved B domain of a polypeptide. Exemplary
fragments also include fragments that comprise a conserved domain of a polypeptide.

[0052] Fragments may also include subsequences of polypeptides and protein molecules,
or a subsequence of the polypeptide. Fragments may have uses in that they may have
antigenic potential. In some cases, the fragment or domain is a subsequence of the
polypeptide which performs at least one biological function of the intact polypeptide in
substantially the same manner, or to a similar extent, as does the intact polypeptide. For
example, a polypeptide fragment can comprise a recognizable structural motif or functional
domain such as a DNA-binding site or domain that binds to a DNA promoter region, an
activation domain, or a domain for protein-protein interactions, and may initiate transcription.
Fragments can vary in size from as few as 3 amino acid residues to the full length of the
intact polypeptide, for example at least about 20 amino acid residues in length, for example at
least about 30 amino acid residues in length.

[0053] The term “functional homolog™ as used herein describes those molecules that have
sequence similarity and also share at least one functional characteristic such as a biochemical
activity. Functional homologs will typically give rise to the same characteristics to a similar,
but not necessarily the same, degree. Functionally homologous proteins give the same
characteristics where the quantitative measurement produced by one homolog is at least 10%
of the other; more typically, at least 20%, between about 30% and about 40%; for example,
between about 50% and about 60%; between about 70% and about 80%; or between about
90% and about 95%,; between about 98% and about 100%, or greater than 100% of that
produced by the original molecule. Thus, where the molecule has enzymatic activity the
functional homolog will have the above-recited percent enzymatic activities compared to the
original enzyme. Where the molecule is a DNA-binding molecule (e.g., a polypeptide) the
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homolog will have the above-recited percentage of binding affinity as measured by weight of
bound molecule compared to the original molecule.

[0054] A functional homolog and the reference polypeptide may be naturally occurring
polypeptides, and the sequence similarity may be due to convergent or divergent evolutionary
events. Functional homologs are sometimes referred to as orthologs, where “ortholog”, refers
to a homologous gene or protein that is the functional equivalent of the referenced gene or
protein in another species.

[0055] Variants of a naturally-occurring functional homolog, such as polypeptides
encoded by mutants or a wild-type coding sequence, may themselves be functional homologs.
As used herein, functional homologs can also be created via site-directed mutagenesis of the
coding sequence for a productivity-modulating polypeptide, for example a MALTA-like
polypeptide, or by combining domains from the coding sequences for different naturally-
occurring MALTA-like polypeptides. The term “functional homolog” is sometimes applied
to the nucleic acid that encodes a functionally homologous polypeptide.

[0056] Functional homologs can be identified by analysis of nucleotide and polypeptide
sequence alignments. For example, performing a query on a database of nucleotide or
polypeptide sequences can identify homologs of biomass-modulating polypeptides. Sequence
analysis can involve BLAST, Reciprocal BLAST, or PSI-BLAST analysis of non-redundant
databases using amino acid sequence of a biomass-modulating polypeptide as the reference
sequence. Amino acid sequence is, in some instances, deduced from the nucleotide sequence.
Typically, those polypeptides in the database that have greater than 40% sequence identity
are candidates for further evaluation for suitability as a biomass-modulating polypeptide.
Amino acid sequence similarity allows for conservative amino acid substitutions, such as
substitution of one hydrophobic residue for another or substitution of one polar residue for
another. If desired, manual inspection of such candidates can be carried out in order to
narrow the number of candidates to be further evaluated. Manual inspection can be performed
by selecting those candidates that appear to have domains present in productivity-modulating
polypeptides, e.g., conserved functional domains. As used herein a “MALTA-like
polypeptide” is a polypeptide that belongs to pfam PF00249 (MYB-like DNA-binding
domain containing proteins) as provided herein and depicted, for example, in the amino acid
sequence of SEQ ID NO:2 or amino acid residues 52 - 97 of SEQ ID NO:4 of the Sequence
Listing. This Pfam family has been reported previously to include a diverse range of mostly
DNA-binding domains that contain a helix-turn-helix motif, including DNA-binding domains
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from MY B-like proteins, as well as those of the SANT domain family (Aasland et al., Trends
Biochem. Sci. 21:87-88, 1996).

[0057] When used in reference to a polynucleotide, a gene, a nucleic acid, a polypeptide,
or an enzyme, the term “heterologous” refers to a polynucleotide, gene, a nucleic acid,
polypeptide, or an enzyme not derived from the host species, e.g., is from a different species
with respect to the host cell. For example, a transgenic Nannochloropsis microorganism
transformed with the coding sequence for a fatty acid desaturase from a Tetraselmis
microorganism or from a plant is transformed with a heterologous desaturase gene. When
referring to nucleic acid sequences operably linked or otherwise joined to one another in a
nucleic acid construct or molecule, "heterologous sequences”, as used herein, are those that
are not operably linked or are not contiguous to each other in nature. For example, a promoter
from Tetraselmis sp. is considered heterologous to a Nannochloropsis coding region
sequence. Also, a promoter from a gene encoding a sugar transporter gene from
Nannochloropsis is considered heterologous to a sequence encoding a Nannochloropsis fatty
acid desaturase. Similarly, when referring to a gene regulatory sequence or to an auxiliary
nucleic acid sequence used for maintaining or manipulating a gene sequence (e.g., a
promoter, enhancer, 5’ untranslated region, 3’ untranslated region, Kozak sequence, poly A
addition sequence, intron sequence, splice site, ribosome binding site, internal ribosome entry
sequence, genome homology region, recombination site, ezc.), “heterologous” means that the
regulatory sequence or auxiliary sequence is from a different source (e.g., different gene,
whether from the same or different species as the host organisms) than the gene with which
the regulatory or auxiliary nucleic acid sequence is juxtaposed in a construct, genome,
chromosome, or episome. When referring to a protein functional domain, such as a cellular
localization sequence or a receptor binding site, “heterologous” can also mean that the protein
functional domain is from a different source (e.g., protein) than the rest of the protein region
with which it is juxtaposed in an engineered protein. Similarly, when referring to a promoter
sequence of an engineered gene, “heterologous” means that the promoter is derived from a
different gene than that to which it is linked by genetic engineering.

[0058] When used in reference to a polynucleotide, a gene, a nucleic acid, a polypeptide,
or an enzyme, the term “homologous” refers to a polynucleotide, gene, a nucleic acid,
polypeptide, or an enzyme derived from the host species, e.g., is from the same species with

respect to the host cell, regardless of whether the homologous polynucleotide, gene, nucleic
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acid, polypeptide, or enzyme has been introduced into the host cell (exogenous) or is
endogenous with respect to the host cell.

[0059] As used herein, an “isolated” nucleic acid or protein is removed from its natural
milieu or the context in which the nucleic acid or protein exists in nature. For example, an
isolated protein or nucleic acid molecule is removed from the cell or organism with which it
is associated in its native or natural environment. An isolated nucleic acid or protein can be,
in some instances, partially or substantially purified, but no particular level of purification is
required for isolation. Thus, for example, an isolated nucleic acid molecule can be a nucleic
acid sequence that has been excised from the chromosome, genome, or episome that it is
integrated into in nature.

[0060] A “purified” nucleic acid molecule or nucleotide sequence, or protein or
polypeptide sequence, is substantially free of cellular material and cellular components. The
purified nucleic acid molecule or protein may be free of chemicals beyond buffer or solvent,
for example. “Substantially free” is not intended to mean that other components beyond the
novel nucleic acid molecules are undetectable. In some circumstances ‘“‘substantially free”
may mean that the nucleic acid molecule or nucleotide sequence is free of at least 95% (w/w)
of cellular material and components.

[0061] The term “mis-expression” refers to an increase or decrease in the transcription of
a coding region into a complementary RNA sequence as compared to the parental wild-type,
for example, alga or plant. This term also encompasses expression of a gene or coding region
for a different time period as compared to the wild-type and/or from a non-natural location
within the parental genome. The term "overexpression” or “increased expression” as used
herein refers to a greater expression level of a gene, a polynucleotide sequence, or a
polypeptide, in a host cell compared to a wild-type cell or a wild-type organism, at any
developmental or temporal stage. Methods for increasing expression of genes or gene
products are well documented in the art and include, for example, overexpression driven by
appropriate promoters (e.g. constitutive promoters), the use of transcription enhancers or
translation enhancers. Overexpression may also under control of an inducible or a growth-
phase specific promoter. For example, overexpression may occur throughout an algal cell, in
specific growth phases of the alga, or in the presence or absence of particular environmental
signals, depending on the promoter used.

[0062] The term “native” is used herein to refer to nucleic acid sequences or amino acid
sequences as they naturally occur in the host. The term “non-native” is used herein to refer to
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nucleic acid sequences or amino acid sequences that do not occur naturally in the host, or are
not configured as they are naturally configured in the host. A nucleic acid sequence or amino
acid sequence that has been removed from a host cell, subjected to laboratory manipulation,
and introduced or reintroduced into a host cell is considered “non-native.” Synthetic or
partially synthetic genes introduced into a host cell are “non-native.” Non-native genes
further include genes endogenous to the host microorganism operably linked to one or more
heterologous regulatory sequences that have been recombined into the host genome, or genes
endogenous to the host organism that are in a locus of the genome other than that where they
naturally occur.

[0063] The terms “naturally-occurring” and “wild-type” refer to a form found in nature.
For example, a naturally occurring or wild-type nucleic acid molecule, nucleotide sequence
or protein may be present in and isolated from a natural source, and is not intentionally
modified by human manipulation.

[0064] As used herein, "operably linked" is intended to mean a functional linkage
between two or more sequences such that activity at or on one sequence affects activity at or
on the other sequence(s). For example, an operable linkage between a polynucleotide of
interest and a regulatory sequence (e.g., a promoter) is a functional link that allows for
expression of the polynucleotide of interest. In this sense, the term "operably linked" refers to
the positioning of a regulatory region and a coding sequence to be transcribed so that the
regulatory region is effective for regulating transcription or translation of the coding sequence
of interest. For example, to operably link a coding sequence and a regulatory region, the
translation initiation site of the translational reading frame of the coding sequence is typically
positioned between one and about fifty nucleotides downstream of the regulatory region. A
regulatory region can, however, be positioned as much as about 5,000 nucleotides upstream
of the translation initiation site, or about 2,000 nucleotides upstream of the transcription start
site. Operably linked elements may be contiguous or non-contiguous. When used to refer to
the joining of two protein coding regions, by “operably linked” is intended that the coding
regions are in the same reading frame. When used to refer to the effect of an enhancer,
“operably linked” indicated that the enhancer increases the expression of a particular
polypeptide or polynucleotides of interest.

[0065] "Percentage of sequence identity,” as used herein, is determined by comparing two
optimally locally aligned sequences over a comparison window defined by the length of the
local alignment between the two sequences. The amino acid sequence in the comparison
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window may comprise additions or deletions (e.g., gaps or overhangs) as compared to the
reference sequence (which does not comprise additions or deletions) for optimal alignment of
the two sequences. Local alignment between two sequences only includes segments of each
sequence that are deemed to be sufficiently similar according to a criterion that depends on
the algorithm used to perform the alignment (e.g. BLAST). The percentage identity is
calculated by determining the number of positions at which the identical nucleic acid base or
amino acid residue occurs in both sequences to yield the number of matched positions,
dividing the number of matched positions by the total number of positions in the window of
comparison and multiplying the result by 100. Unless otherwise indicated, percent identity to
a given sequence (SEQ ID NO) is used herein to refer to percent identity over the entire
referenced sequence. That is, the referenced sequence or any specified segment thereof is the
comparison window. Optimal alignment of sequences for comparison may be conducted by
the local homology algorithm of Smith and Waterman (Add. APL. Math. 2:482, 1981), by the
global homology alignment algorithm of Needleman and Wunsch (J. Mol. Biol. 48:443,
1970), by the search for similarity method of Pearson and Lipman (Proc. Natl. Acad. Sci.
USA 85: 2444, 1988), by heuristic implementations of these algorithms (NCBI BLAST, WU-
BLAST, BLAT, SIM, BLASTZ), or by inspection. GAP and BESTFIT, for example, can be
employed to determine their optimal alignment of two sequences that have been identified for
comparison. Typically, the default values of 5.00 for gap weight and 0.30 for gap weight
length are used. The term "substantial sequence identity" between polynucleotide or
polypeptide sequences refers to polynucleotide or polypeptide comprising a sequence that has
at least 50% sequence identity, for example, at least 70%, at least 80%, at least 85%, at least
90%, at least 95%, or at least 96%, 97%, 98% or 99% sequence identity compared to a
reference sequence using the programs. In addition, pairwise sequence homology or sequence
similarity, as used refers to the percentage of residues that are similar between two sequences
aligned. Families of amino acid residues having similar side chains have been well defined in
the art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, wvaline, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side

chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
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[0066] Query nucleic acid and amino acid sequences were searched against subject
nucleic acid or amino acid sequences residing in public or proprictary databases. Such
searches were done using the National Center for Biotechnology Information Basic Local
Alignment Search Tool (NCBI BLAST v 2.18) program. The NCBI BLAST program is
available on the internet from the National Center for Biotechnology Information
(blast.ncbi.nlm.nih.gov/Blast.cgi). Typically the following parameters for NCBI BLAST
were used: Filter options were set to "default”, the Comparison Matrix was set to
"BLOSUMSG62”, the Gap Costs were set to “Existence: 11, Extension: 17, the Word Size was
set to 3, the Expect (E threshold) was set to 1e-3, and the minimum length of the local
alignment was set to 50% of the query sequence length. Sequence identity and similarity may
also be determined using GENOMEQUEST™ software (Gene-IT, Worcester, Mass. USA).
[0067] A "promoter” refers to a transcription control sequence that is capable of initiating
transcription in a host cell and can drive or facilitate transcription of a nucleotide sequence or
fragment thereof of the instant invention. Such promoters need not be of naturally-occurring
sequences. In addition, it will be understood that such promoters need not be derived from the
target host cell or host organism.

[0068] "Polypeptide" and “protein” are used interchangeably herein and refer to a
compound of two or more subunit amino acids, amino acid analogs, or other
peptidomimetics, regardless of post-translational modification, e.g., phosphorylation or
glycosylation. The subunits may be linked by peptide bonds or, in the case of
peptidomimetics, other bonds such as, for example, ester or ether bonds. Full-length
polypeptides, truncated polypeptides, point mutants, insertion mutants, splice variants,
chimeric proteins, and fragments thereof are encompassed by this definition. As used herein,
the expression ““substantially conserved amino acid sequences” refers to regions of amino
acid homology between polypeptides of the same type or family from different sources. One
skilled in the art could align the amino acid sequences of MALTA-like polypeptides from
different sources to identify the segments therein which are the substantially conserved amino
acid sequences. The skilled person could then determine whether the identified segments
have the characteristics disclosed and claimed in the present invention.

[0069] As used herein "progeny" means a descendant, offspring, or derivative of an
organism. For example, daughter cells from a transgenic alga are progeny of the transgenic

alga. Because certain modifications may occur in succeeding generations due to mutations or

20



WO 2015/103307 PCT/US2014/072831

environmental influences, such progeny, descendant, or derivatives may not, in fact, be
identical to the parent cell, but are still included within the scope of the term as used herein.
[0070] The terms “recombinant” or “engineered” as used herein in reference to a nucleic
acid molecule, refer to a nucleic acid molecule that has been altered through human
intervention. As non-limiting examples, a cDNA is a recombinant DNA molecule, as is any
nucleic acid molecule that has been generated by in vitro polymerase reaction(s), or to which
linkers have been attached, or that has been integrated into a vector, such as a cloning vector
or expression vector. As non-limiting examples, a recombinant nucleic acid molecule: 1) has
been synthesized or modified in vitro, for example, using chemical or enzymatic techniques
(for example, by use of chemical nucleic acid synthesis, or by use of enzymes for the
replication, polymerization, exonucleolytic digestion, endonucleolytic digestion, ligation,
reverse transcription, transcription, base modification (including, e.g., methylation), or
recombination (including homologous and site-specific recombination)) of nucleic acid
molecules; 2) includes conjoined nucleotide sequences that are not conjoined in nature; 3) has
been engineered using molecular cloning techniques such that it lacks one or more
nucleotides with respect to the naturally occurring nucleic acid molecule sequence; and/or 4)
has been manipulated using molecular cloning techniques such that it has one or more
sequence changes or rearrangements with respect to the naturally occurring nucleic acid
sequence.

[0071] The term “recombinant protein” as used herein refers to a protein produced by
genetic engineering, for example, by expression of a genetically engineered nucleic acid
molecule in a cell.

"<

[0072] The term "regulatory region" “regulatory sequence”, “regulatory element”, or
“regulatory element sequence”, as used in the present invention, refer to a nucleotide
sequence that influences transcription or translation initiation or rate, and stability and/or
mobility of a transcription or translation product. Such regulatory regions need not be of
naturally-occurring sequences. Regulatory sequences include but are not limited to promoter
sequences, enhancer sequences, response clements, protein recognition sites, inducible
elements, protein binding sequences, 5' and 3' untranslated regions (UTRs), transcriptional
start sites, termination sequences, polyadenylation sequences, introns, and combinations
thereof. A regulatory region typically comprises at least a core (basal) promoter. A regulatory
region also may include at least one control element, such as an enhancer sequence, an

upstream element or an upstream activation region (UAR).
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[0073] As used herein, "transgenic organism" refers to an organism which comprises a
heterologous polynucleotide. When applied to organisms, the terms “transgenic” or
“recombinant” or “engineered” or “genectically engineered,” used interchangeably herein,
refer to organisms that have been manipulated by introduction into the organism of an
exogenous or recombinant nucleic acid sequence. Generally, the heterologous polynucleotide
is stably integrated within the genome such that the polynucleotide is passed on to successive
generations, although it can also be present on an episome, and may be present on a synthetic
chromosome of the transgenic organism. The non-native polynucleotide may be integrated
into the genome alone or as part of a recombinant expression cassette. In additional examples,
a transgenic microorganism can include an introduced exogenous regulatory sequence
operably linked to an endogenous gene of the transgenic microorganism. Non-limiting
examples of such manipulations include gene knockouts, targeted mutations and gene
replacement, promoter replacement, deletion, or insertion, as well as introduction of
transgenes into the organism. Recombinant or genetically engineered organisms can also be
organisms into which constructs for gene ‘“knock down” have been introduced. Such
constructs include, but are not limited to, RNA1, microRNA, shRNA, antisense, and ribozyme
constructs. Also included are organisms whose genomes have been altered by the activity of
meganucleases, zinc finger nucleases, TALENs, or Crisper nucleases. As used herein,
“recombinant microorganism” or “recombinant host cell” includes progeny or derivatives of
the recombinant microorganisms of the invention. Because certain modifications may occur
in succeeding generations from either mutation or environmental influences, such progeny or
derivatives may not, in fact, be identical to the parent cell, but are still included within the
scope of the term as used herein.

[0074] For nucleic acids and polypeptides, the term “variant” is used herein to denote a
polypeptide, protein, or polynucleotide molecule with some differences, generated
synthetically or naturally, in their base or amino acid sequences as compared to a reference
polypeptide or polynucleotide, respectively, such that the variant has at least 70% sequence
identity to the reference polypeptide or polynucleotide. In other embodiments the variant can
have at least 80%, at least 95%, at least 90% or at least 95%, at least 97%, at least 98%, or at
least 99% sequence identity to the reference polypeptide or polynucleotide. For example,
these differences include substitutions, insertions, deletions or any desired combinations of

such changes in a reference polypeptide or polypeptide. Polypeptide and protein variants can
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further consist of changes in charge and/or post-translational modifications (such as
glycosylation, methylation. phosphorylation, efc.).

[0075] As used herein, “vector” refers to a nucleic acid molecule that includes at least
one of a selectable marker gene or an origin of replication or autonomous replication
sequence (ARS) that allows the vector to be replicated in a host cell, and in some examples
includes both a selectable marker gene and at least one origin of replication or ARS. A vector
in various examples includes one or more expression sequences and/or can include at least
one sequence for mediating recombination.

[0076] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference.

[0077] No admission is made that any reference constitutes prior art. The discussion of
the references states what their authors assert, and the applicants reserve the right to
challenge the accuracy and pertinence of the cited documents. It will be clearly understood
that, although a number of prior art publications are referred to herein; this reference does not
constitute an admission that any of these documents forms part of the common general
knowledge in the art.

[0078] The discussion of the general methods given herein is intended for illustrative
purposes only. Other alternative methods and embodiments will be apparent to those of skill
in the art upon review of this disclosure.

Polynucleotides and Polypeptides of the Invention

[0079] In one aspect of the present invention, the disclosure provides isolated or
recombinant nucleic acid molecules, nucleic acid molecules that interfere with these nucleic
acid molecules, and nucleic acid molecules that hybridize to these nucleic acid molecules.
Additional aspects of the present application include the polypeptides encoded by the isolated
or recombinant nucleic acid molecules of the present invention.

[0080] An isolated or recombinant nucleic acid molecule as provided herein can have a
nucleic acid sequence that encodes a polypeptide having an amino acid sequence with at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4. Alternatively or in
addition, an isolated or recombinant nucleic acid molecule as provided herein can have a
nucleic acid sequence that encodes a polypeptide having an amino acid sequence with at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
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96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:2. The encoded
polypeptide can comprise, for example, a MALTA-like polypeptide. The MALTA-like
polypeptide in some examples can have an amino acid sequence having at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO:4 (e.g., to the entire sequence of
SEQ ID NO:4) or can comprise the amino acid sequence of SEQ ID NO:4, and can further
comprise a MYB-like domain having at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO:2.

[0081] In some examples, an isolated or recombinant nucleic acid molecule as provided
herein that encodes a polypeptide having at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identity to the polypeptide of SEQ ID NO:4 can be a genomic DNA. For example,
a nucleic acid molecule as provided herein can be at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
SEQ ID NO:16.

[0082] A MYB-like domain containing polypeptide can be identified by the sequence
characteristics of a MYB-like DNA-binding domain, i.e. Pfam ID PF00249, as provided
herein and exemplified, for example, in the amino acid sequence of SEQ ID NO:2 or amino
acid residues 52 - 97 of SEQ ID NO:4 of the Sequence Listing. This Pfam family has been
reported previously to include a diverse range of mostly DNA-binding domains that contain a
helix-turn-helix motif, including DNA-binding domains from MYB-like proteins, as well as
those of the SANT domain family (Aasland et al., Trends Biochem. Sci. 21:87-88, 1996). For
example, an amino acid sequence can be searched against the pfam database (e.g., at
pfam.xfam.org or at janelia.org) to determine whether the amino acid sequence includes the
myb-DNA-binding domain (PF00249) or whether a polypeptide that includes the amino acid
sequence recruits to pfam PF00249 by having a bit score higher than the gathering cutoff of
24.4 for this family, preferably with an e-value of 0.1 or less.

[0083] An isolated or recombinant nucleic acid molecule as provided herein can encode a
polypeptide having at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identity to a naturally-occurring MYB-like domain containing
polypeptide of a plant or microbial species, such as, for example, a MYB-like domain
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containing polypeptide of a plant, a microalga, or a heterokont species. Alternatively or in
addition, the nucleic acid sequence can encode a polypeptide having at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ
ID NO:2 or SEQ ID NO:4.

[0084] In some examples, the isolated or recombinant nucleic acid molecule includes a
nucleic acid sequence encoding a polypeptide that comprises a MYB-like domain having an
amino acid sequence with at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identity to SEQ ID NO:2. The MYB-like domain containing
polypeptide can be a MALTA-like polypeptide. A MALTA-like polypeptide can in some
examples comprise an amino acid sequence with at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4.

[0085] In further examples, provided herein are isolated or recombinant nucleic acid
molecules that include a nucleic acid sequence encoding a polypeptide, such as a MALTA-
like polypeptide, having at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to
SEQ ID NO:4, in which the polypeptide includes a MYB-like domain having at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to
SEQ ID NO:2.

[0086] At the nucleotide level, a nucleic acid molecule as provided herein can in some
examples share at least about 30%, 35%, 40%, or 45% nucleotide sequence identity, and in
some examples at least about 50%, at least about 55%, at least about 60%, at least about 65%,
at least about 70%, at least about 75%, or at least about 80% sequence identity, for example
at least about 85%, at least about 90%, at least about 95% or at least about 97% sequence
identity, to one or more of SEQ ID NO:1, SEQ ID NO:3, and a region or fragment of any
thereof. For example, a nucleic acid molecule as provided herein can in some examples have
at least 50%, at least 55%, at least 60%, at lcast 65%, at least 70%, at least 75%, or at least
80% sequence identity, for example at least 85%, at least 90%, at least 95%, or at least 97%
sequence identity to one or more of SEQ ID NO:1 and SEQ ID NO:3. In further examples, a
nucleic acid molecule as provided herein can have at least 85%, at least 90%, at least 95%, or
at least 97% sequence identity to one or more of SEQ ID NO:1, SEQ ID NO:3, or a
complement of any thereof, including a complement of a portion of any of the foregoing
sequences that can be provided, for example, in an RNAi or antisense RNA construct.
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[0087] In various examples, the nucleic acid molecules disclosed herein comprise a
nucleic acid sequence that encodes a MALTA-like polypeptide, that has at least 65%
sequence identity to a naturally-occurring polypeptide of an algal or heterokont species, for
example, at least 85% sequence identity to a naturally-occurring polypeptide of an algal or
heterokont species.

[0088] An isolated or recombinant nucleic acid molecule as provided herein can in some
examples have a nucleotide sequence that is different from (i.e., not 100% identical to) a
nucleotide sequence of a naturally-occurring gene and/or the isolated or recombinant nucleic
acid molecule comprise a cDNA sequence. For example, the isolated or recombinant nucleic
acid molecules can have nucleotide sequences that are at least 65% identical to a naturally-
occurring sequence, at least 85% identical to a naturally-occurring sequence, or between 95%
and 99.9% identical to the sequence of a naturally-occurring gene. Alternatively or in
addition, in some examples an isolated or recombinant nucleic acid molecule as provided
herein can include a protein-encoding region that lacks one or more intervening non-coding
sequences (introns) that are found in the genome of the organism that includes the gene, and
can include two or more protein-encoding sequences of the gene that are continuous, where
the two or more sequences are separated by introns in the unaltered genome of an organism.
For example, the nucleic acid molecule can comprise a cDNA sequence, in which the cDNA
sequence comprises a different sequence than is found in the genome of a naturally-occurring
organism. Alternatively or in addition, the nucleic acid molecule can comprise a protein-
encoding gene that includes a 5’ untranslated region that is not contiguous with the protein-
encoding portion of the nucleic acid molecule in the genome of a non-genetically modified
organism. Alternatively or in addition to any of the above, the nucleic acid molecule can have
a sequence that has one or more nucleobase changes with respect to the sequence of a
naturally-occurring gene in the genome of an organism. For example, the nucleic acid
molecule can have a sequence that has one or more nucleobase substitutions, deletions, or
additions with respect to the sequence of a naturally-occurring gene in the genome of an
organism.

[0089] Additionally, an isolated or recombinant nucleic acid molecule as provided herein,
when expressed in a microbial host cell, can confer higher productivity on the microbial host
cell. In some examples, expression of a nucleic acid molecule as disclosed herein in a
microalgal or heterokont cell can result in the microalgal or heterokont cell having higher
productivity when compared with a control cell that does not express the nucleic acid
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molecule, for example, the microbial host cell can demonstrate a higher growth rate, greater
biomass productivity, or higher rate or level of production of a biomolecule such as, for
example, a lipid, protein, pigment, or carbohydrate, including an alcohol. For example, the
host cell can exhibit higher productivity with respect to a control cell of one or more products
the host cell is engineered to synthesize.

[0090] An isolated nucleic acid molecule of the present invention can be produced using
recombinant DNA technology (e.g., any or a combination of any of reverse transcription,
restriction, ligation, polymerase reactions, including polymerase chain reaction (PCR)
amplification, cloning, in vitro or in vivo recombination, etc.) or chemical synthesis. Isolated
nucleic acid molecules include natural nucleic acid molecules and homologs thereof,
including, but not limited to, natural allelic variants and modified nucleic acid molecules in
which nucleotides have been inserted, deleted, and/or substituted, in such a manner that such
modifications provide the desired effect on the biological activity of CCAAT-box binding
factors as described herein.

[0091] A nucleic acid molecule variant can be produced using a number of methods
known to those skilled in the art (see, for example, Sambrook et al. Molecular Cloning: A
Laboratory Manual. 2nd ed. N.Y., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, 1989). For example, nucleic acid molecules can be modified using a variety
of techniques including, but not limited to, classic mutagenesis techniques and recombinant
DNA techniques, such as site-directed mutagenesis, chemical treatment of a nucleic acid
molecule to induce mutations, restriction enzyme cleavage of a nucleic acid fragment,
ligation of nucleic acid fragments, PCR amplification and/or mutagenesis of selected regions
of a nucleic acid sequence, synthesis of oligonucleotide mixtures and ligation of mixture
groups to "build" a mixture of nucleic acid molecules, and combinations thereof. Nucleic acid
molecule homologs can be selected from a mixture of modified nucleic acids by screening for
the function of the protein encoded by the nucleic acid and/or by hybridization with a wild-
type gene.

[0092] According to some embodiments of the present application, nucleic acid
molecules of the present invention will include those nucleic acid molecules that specifically
hybridize to one or more of SEQ ID NO:1, SEQ ID NO:3, fragments of any therecof,
complements thereof and their fragments, under moderate or high stringency conditions. In
particular examples, nucleic acid molecules of the present invention can comprise a nucleic
acid sequence that hybridizes, under high stringency conditions, to a nucleic acid sequence
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selected from the group consisting of SEQ ID NO:1, SEQ ID NO:3, a complement thereof, or
a fragment of either.

[0093] As used herein, two nucleic acid molecules are said to be capable of specifically
hybridizing to one another if the two molecules are capable of forming an anti-parallel,
double-stranded nucleic acid structure. Two molecules are said to be minimally
complementary if they can hybridize to one another with sufficient stability to permit them to
remain annecaled to one another under at least conventional low-stringency conditions.
Similarly, the molecules are said to be complementary if they can hybridize to one another
with sufficient stability to permit them to remain annealed to one another under conventional
high-stringency conditions. A nucleic acid molecule is said to be the complement of another
nucleic acid molecule if they exhibit complete complementarity. As used herein, molecules
are said to exhibit complete complementarity when every nucleotide of one of the molecules
is complementary to a nucleotide of the other. Departures from complete complementarity
are permissible, as long as such departures do not completely preclude the capacity of the
molecules to form a double-stranded structure. Thus, in order for a nucleic acid molecule or
fragment thercof of the present invention to serve as a primer or probe it needs only be
sufficiently complementary in sequence to be able to form a stable double-stranded structure
under the particular solvent and salt concentrations employed.

[0094] Conventional stringency conditions are described by Sambrook et al., supra, and
by Haymes et al. In: Nucleic Acid Hybridization, A Practical Approach, IRL Press,
Washington, D.C. (1985). For example, appropriate stringency conditions which promote
DNA hybridization include, for example, 6.0% sodium chloride/sodium citrate (SSC) at about
45°C, followed by a wash of 2.0xSSC at 50°C. In addition, the temperature in the wash step
can be increased from low stringency conditions at room temperature, about 22°C, to high
stringency conditions at about 65°C. Both temperature and salt may be varied, or cither the
temperature or the salt concentration may be held constant while the other variable is
changed. These and other conditions are known to those skilled in the art, or can be found in
Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1- 6.3.6. Low
stringency conditions may be used to select nucleic acid sequences with lower sequence
identities to a target nucleic acid sequence. One may wish to employ conditions such as about
0.15 M to about 0.9 M sodium chloride, at temperatures ranging from about 20°C to about
55°C. High stringency conditions may be used to select for nucleic acid sequences with
higher degrees of identity to the disclosed nucleic acid sequences (Sambrook et al., 1989,
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supra). High stringency conditions typically involve nucleic acid hybridization in about 2x to
about 10xSSC (diluted from a 20xSSC stock solution containing 3 M sodium chloride and
0.3 M sodium citrate, pH 7.0 in distilled water), about 2.5% to about 5% Denhardt's solution
(diluted from a 50x stock solution containing 1% (w/v) bovine serum albumin, 1% (w/v)
ficoll, and 1% (w/v) polyvinylpyrrolidone in distilled water), about 10 mg/mL to about 100
mg/mL fish sperm DNA, and about 0.02% (w/v) to about 0.1% (w/v) SDS, with an
incubation at about 50°C to about 70xC for several hours to overnight. High stringency
conditions are preferably provided by 6xSSC, 5x Denhardt's solution, 100 mg/mL fish sperm
DNA, and 0.1% (w/v) SDS, with incubation at 55°C for several hours. Hybridization is
generally followed by several wash steps. The wash compositions generally comprise 0.5% to
about 10xSSC, and 0.01% (w/v) to about 0.5% (w/v) SDS with a 15 min incubation at about
20°C to about 70°C. Preferably, the nucleic acid segments remain hybridized after washing at
least one time in 0.1xSSC at 65°C.

[0095] A subset of the nucleic acid molecules of this invention includes fragments of the
presently disclosed polynucleotides consisting of oligonucleotides of at least 12, at least 15,
for example at least 16 or 17, or for example at least 18 or 19, such as at least 20 or more,
consecutive nucleotides. Such oligonucleotides are fragments of the larger molecules having
a sequence selected from the polynucleotide sequences in the Sequence Listing, and find use,
for example, as interfering molecules, probes and primers for detection of the polynucleotides
of the present invention.

[0096] The minimum size of a nucleic acid molecule of the present invention is a size
sufficient to form a probe or oligonucleotide primer that is capable of forming a stable hybrid
(e.g., under moderate, high or very high stringency conditions) with the complementary
sequence of a nucleic acid molecule useful in the present invention, or of a size sufficient to
encode an amino acid sequence having a biological activity of at least one domain of a
polypeptide according to the present invention, e.g. MALTA-like proteins or other MYB-like
domain containing proteins disclosed herein. As such, the size of the nucleic acid molecule
encoding such a protein can be dependent on nucleic acid composition and percent homology
or identity between the nucleic acid molecule and complementary sequence as well as upon
hybridization conditions per se (e.g., temperature, salt concentration, and formamide
concentration). The minimal size of a nucleic acid molecule that is used as an oligonucleotide
primer or as a probe is typically at least about 12 to about 15 nucleotides in length if the
nucleic acid molecules are GC-rich and at least about 15 to about 18 bases in length if they
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are AT-rich. There is no limit, other than a practical limit, on the maximal size of a nucleic
acid molecule of the present invention, in that the nucleic acid molecule can include a
sequence sufficient to encode a biologically active fragment of a domain of a MALTA-like
polypeptide or a MYB-like domain containing polypeptide, an entire MALTA-like
polypeptide or MY B-like domain containing polypeptide, or several domains within an open
reading frame encoding a MALTA-like or a MYB-like domain containing polypeptide.

[0097] The present invention provides, in various examples, nucleotide sequences
comprising regions that encode polypeptides that may be the complete protein encoded by the
gene represented by the polynucleotide, or may be fragments of the encoded protein. For
example, polynucleotides provided herein can encode polypeptides constituting a substantial
portion of the complete protein, for example, constituting a sufficient portion of the complete
protein to provide the relevant biological activity, e.g., the activity of a MALTA-like
polypeptide or MYB-like domain containing polypeptide. Of particular interest are
polynucleotides of the present invention that encode a MALTA-like polypeptide. Such
polynucleotides may be expressed in transgenic cells or transgenic organisms to produce cells
and organisms having higher productivity, for example, higher biomass productivity.

[0098] Nucleic acid molecules that are fragments of these MALTA- or MYB-like
protein-encoding nucleotide sequences are also encompassed by the present invention. A
“MALTA fragment” or “MYB-like protein fragment", as used herein, is intended to be a
portion of the nucleotide sequence encoding a MALTA or MYB-like domain containing
protein. A fragment of a nucleotide sequence may encode a biologically active portion of a
MALTA- or MYB-like domain containing polypeptide, or it may be a fragment that can be
used as a hybridization probe or PCR primer using methods disclosed below. Nucleic acid
molecules that are fragments of a MALTA-like nucleotide sequence comprise at least about
50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1050, 1100, 1150, 1200, 1250, 1300,
1350, 1400, 1450, 1500, 1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, 1950, 2000, 2050,
2100, 2150, 2200, 2250, 2300, 2350, 2400, 2450, 2500, 2550, 2600, 2650, 2700, 2750, 2800,
2850, 2900, 2950, 3000, 3050, 3100, 3150, 3200, 3250, 3300, 3350 contiguous nucleotides,
or up to the number of nucleotides present in a full-length MALTA- or MYB-like domain
protein-encoding nucleotide sequence disclosed herein (e.g., SEQ ID NO:3) depending upon
the intended use. In some examples, a MALTA or MYB-like protein fragment encoded by a

nucleic acid sequence as provided herein may have an N-terminal or a C-terminal truncation

30



WO 2015/103307 PCT/US2014/072831

of at least about 100 amino acids, about 120, about 130, about 140, about 150, or about 160
amino acids relative to SEQ ID NO:4.

[0099] Fragments of the nucleotide sequences of the present invention include those that
encode protein fragments that retain the biological activity of a MALTA-like or a MYB-like
protein. By "retains activity" is intended that the fragment will have at least about 30%, at
least about 50%, at least about 70%, 80%, 90%, 95% or higher of the MALTA-like or a
MY B-like protein’s activity. Methods for measuring activity of MALTA-like or MYB-like
polypeptides are well known in the art and have been extensively documented. For example,
the DNA binding activity of a MYB-like polypeptide to a consensus target nucleotide
sequence, including an inverted CCAAT-box target nucleotide sequence can be determined
by in vitro electrophoretic gel mobility shift assay (EMSA) (see, e.g., Lang and Elvira, Nucl.
Acids Res. 38(19): 6404-6417, 2010; Li and Parish, Plant J. 8(6):963-72, 1995; Konig et al.,
Nucl. Acids Res. 26 (7). 1731-1740, 1998; Feldbriigge et al., Plant J. 11(5):1079-93, 1997,
and Mohrmann et al., J. Biol. Chem. 277:47385-47392, 2002); or DNA foot-printing analyses
(see, e.g., Lang and Elvira, Nucleic Acids Res. 38(19): 6404—6417, 2010; Konig et al., Nucl.
Acids Res. 26 (7): 1731-1740, 1998). Other examples of techniques that can be used in
measuring biological activity of a MYB-like domain transcription factor include assessing
transcriptional activation of a reporter gene that is placed under control of a consensus
binding site of the MY B-like transcription factor as described in, for example, Siu et al., Mol.
Cell. Biol. 12(4):1592, 1992.

[00100] Further, a nucleic acid molecule as provided herein, including a nucleic acid
molecule that includes sequences that encode fragments of a MALTA-like or MYB-like
domain polypeptide, can be expressed in a recombinant host cell and the effects of expression
of the nucleic acid molecule on the organism’s productivity can be assayed. Productivity can
be measured, for example, by growth assays (e.g., monitoring propagation by cell counts or
optical density), by determining total organic carbon (TOC) of ash-free dry weight
accumulated over time, or by assessing the amount of any product of interest, for example,
proteins, carbohydrates, lipids, pigments, efc. using methods used in the art, including
without limitation, gas chromatography (GC), HPLC, immunological detection, biochemical
and/or enzymatic detection, etc.

[00101] Also of interest in the present invention are variants of the polynucleotides
provided herein. Such variants may be naturally-occurring, including homologous
polynucleotides from the same or a different species, or may be non-natural variants, for
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example polynucleotides synthesized using chemical synthesis methods, or generated using
recombinant DNA techniques. With respect to nucleotide sequences, degeneracy of the
genetic code provides the possibility to substitute at least one base of the protein encoding
sequence of a gene with a different base without causing the amino acid sequence of the
polypeptide produced from the gene to be changed. Hence, the DNA of the present invention
may also have any base sequence that has been changed from any polynucleotide sequence
set forth in the Sequence Listing by substitution in accordance with degeneracy of the genetic
code. References describing codon usage are readily available.

[00102] In addition, the skilled artisan will further appreciate that changes can be
introduced by mutation of the nucleotide sequences of the invention, thereby leading to
changes in the amino acid sequence of the encoded MALTA-like or MYB-like domain
polypeptides, without altering the biological activity of the proteins. Thus, variant isolated
nucleic acid molecules can be created by introducing one or more nucleotide substitutions,
additions, or deletions into the corresponding nucleotide sequence disclosed herein, such that
onc or more amino acid substitutions, additions or deletions are introduced into the encoded
protein. Mutations can be introduced by standard techniques, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Such variant nucleotide sequences are also
encompassed by the present invention.

[00103] For example, conservative amino acid substitutions may be made at one or more
predicted nonessential amino acid residues. A "nonessential” amino acid residue, as used
herein, is a residue that can be altered from the wild-type sequence of a presently disclosed
MALTA-like protein without altering the biological activity, whereas an "essential” amino
acid residue is required for biological activity. A "conservative amino acid substitution” is
one in which the amino acid residue is replaced with an amino acid residue having a similar
side chain. Families of amino acid residues having similar side chains have been well defined
in the art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, wvaline, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

[00104] In a particular non-limiting exemplification, conserved residues, domains and
motifs of a MALTA-like or MYB-like domain polypeptide disclosed herein. As discussed
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above, it will be appreciated by one skilled in the art that amino acid substitutions may be
made in non-conserved regions that retain the function of the polypeptide. In general, such
substitutions would not be made for conserved amino acid residues, or for amino acid
residues residing within a conserved motif, where such residues may be essential for protein
activity. Examples of residues that are conserved and that may be essential for protein
activity include, for example, residues that are identical between all proteins contained in an
alignment of the amino acid sequences of the present invention and known MYB-like protein
sequences. Examples of residues that are conserved but that may allow conservative amino
acid substitutions and still retain activity include, for example, residues that have only
conservative substitutions between all proteins contained in an alignment of the amino acid
sequences of the present invention and known MYB-like sequences. However, one of skill in
the art would understand that functional variants may have minor conserved or non-
conserved alterations in the conserved residues.

[00105] MALTA variants include proteins having an amino acid sequence that differs
from SEQ ID NO:4 by at least one amino acid deletion, insertion, or substitution at one or
more of the positions corresponding to the conserved amino acid residues, and combinations
of any thereof. In some preferred embodiments, such MALTA variants include proteins
having an amino acid sequence that differs from SEQ ID NO:4 by an amino acid deletion,
insertion, or substitution at one or more of the positions corresponding to the conserved
amino acid residues, and combinations of any thercof. Alternatively or in addition, variant
nucleotide sequences can be made by introducing mutations randomly along all or part of the
coding sequence, such as by saturation mutagenesis, and the resultant mutants can
subsequently be screened for ability to confer activity of an MALTA-like or MYB-like
domain protein, in order to identify mutants that retain MALTA-like or MYB-like domain
protein activity. For example, following mutagenesis, the encoded protein can be expressed
recombinantly, and the activity of the protein can be determined using standard assay
techniques as disclosed hereinabove.

[00106] Methods for such manipulations are known in the art. For example, amino acid
sequence variants of a MALTA-like or MYB-like domain protein can be prepared by
mutations in the DNA. This may also be accomplished by one of several forms of
mutagenesis and/or in directed evolution. In some aspects, the changes encoded in the amino
acid sequence will not substantially affect the function of the protein. Such variants will
possess the desired MALTA-like or MYB-like domain activity. However, it is understood
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that the ability of a MALTA-like or MYB-like domain polypeptide to confer an increase in
productivity may be improved by the use of such techniques upon the compositions of this
invention. For example, one may express a MALTA-like or MYB-like domain polypeptide in
host cells that exhibit high rates of base-misincorporation during DNA replication, such as
Stratagene XL-1 Red cell (Fischer Scientific). After propagation in such strains or cells, one
can isolate the MALTA-like or MYB-like domain encoding DNA (for example by preparing
plasmid DNA, or by amplifying by PCR and cloning the resulting PCR fragment into a
vector), followed by culture the mutated MALTA-like or MYB-like domain genes in a non-
mutagenic strain or cell, and identify mutated MALTA-like or MYB-like domain genes with
an ability to increase host cell productivity, for example by performing an assay to test for
MALTA-like or MYB-like domain activity in vivo and in vitro.

[00107] Alternatively or in addition, alterations may be made to the protein sequence of
many proteins at the amino or carboxy terminus without substantially affecting activity. This
can include insertions, deletions, or alterations introduced by modern molecular methods,
such as PCR, including PCR amplifications that alter or extend the protein coding sequence
by virtue of inclusion of amino acid encoding sequences in the oligonucleotides utilized in
the PCR amplification. Alternatively, the protein sequences added can include entire protein-
coding sequences, such as those used commonly in the art to generate protein fusions. Such
fusion proteins are often used to (1) increase expression of a protein of interest, (2) introduce
a binding domain, enzymatic activity, or epitope to facilitate either protein purification,
protein detection, or other experimental uses known in the art, (3) target secretion or
translation of a protein to a subcellular organelle, such as the periplasmic space of Gram-
negative bacteria, or the endoplasmic reticulum of eukaryotic cells, the latter of which often
results in glycosylation of the protein.

[00108] Domain swapping or shuffling is another mechanism for generating altered
MALTA-like or MYB-like domain proteins. Conversed domains may be swapped between
MALTA-like or MYB-like domain proteins, resulting in hybrid or chimeric MALTA-like or
MY B-like domain polypeptides with improved biomass productivity. Methods for generating
recombinant proteins and testing them for improved biomass productivity are known in the
art. Accordingly, the molecules of the present invention also include fusions between two or
more MALTA-like or MYB-like domain genes or polypeptides. Different domains of
different genes or polypeptides can be fused. MALTA-like or MYB-like domain gene fusions
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can be linked directly or can be attached by additional amino acids that link the two of more
fusion partners.

[00109] Gene fusions can be generated by basic recombinant DNA techniques, examples
of which are described below herein. Selection of gene fusions will depend on the desired
phenotype caused by the gene fusion. For instance, if phenotypes associated with the A
domain of one MALTA-like or MYB-like protein are desired with phenotypes associated
with the B domain of a second MALTA-like or MYB-like protein, a fusion of the first
MALTA-like or MYB-like protein's A domain to the second MALTA-like or MYB-like
protein's B domain would be created. The fusion can subsequently be tested in vitro or in vivo
for the desired phenotypes.

[00110] MALTA-like or MYB-like domain polypeptides are also encompassed within the
present invention. In an embodiment of this aspect, by "MALTA-like polypeptide” is
intended a polypeptide having an amino acid sequence comprising SEQ ID NO:4 and
variants therecof. Fragments, biologically active portions, and variants thereof are also
provided, and may be used to practice the methods of the present invention.

[00111] Altered or improved variants: It is contemplated that DNA sequences of a
MALTA-like or other MYB-like transcription factor may be altered by various methods, and
that these alterations may result in DNA sequences encoding proteins with amino acid
sequences different than that encoded by a MALTA-like gene of the present invention. The
MALTA-like or MYB-like domain protein may be altered in various ways including amino
acid substitutions, deletions, truncations, and insertions of one or more amino acids of the
polypeptide sequences disclosed herein such as, for example, those of SEQ ID NO:4,
including up to about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about
10, about 15, about 20, about 25, about 30, about 35, about 40, about 45, about 50, about 55,
about 60, about 65, about 70, about 75, about 80, about 85, about 90, about 100, about 103,
about 110, about 115, about 120, about 125, about 130 or more amino acid substitutions,
deletions or insertions.

[00112] Also considered are polypeptides having at least about 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4, or to
a fragment or conserved domain thereof such as, for example, a DNA-binding domain or
SEQ ID NO:2. The polypeptides will preferably be biologically active with respect to either a
structural attribute, such as the capacity of a polypeptide to be bound by an antibody or to
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bind to a target nucleotide sequence (or to compete with another molecule for such binding).
Alternatively or in addition, such an attribute may be catalytic and thus involve the capacity
of the molecule to mediate a chemical reaction (for an enzymatic protein) or transcriptional
regulation response (for a transcription factor). The polypeptides and polypeptides of the
present invention may also be recombinant.

[00113] In general, the biological activity or biological action of a protein or domain refers
to any function(s) exhibited or performed by the protein or domain that is ascribed to the
naturally-occurring form of the protein as measured or observed in vivo (i.e., in the natural
physiological environment of the protein) or in vitro (i.e., under laboratory conditions). As
used herein, a functional domain of a MALTA-like polypeptide is a domain that is capable of
performing a biological function of a MALTA-like polypeptide. For example, a biological
activity of a MALTA-like polypeptide and the individual domains that make up a MALTA-
like polypeptide includes the MYB-like DNA-binding domain, which has been discussed in
detail elsewhere herein.

[00114] Any of a variety of methods well known in the art may be used to make or to
obtain one or more of the above-described polypeptides. The polypeptides of the invention
can be chemically synthesized or polypeptides can be made using standard recombinant
techniques in heterologous expression systems such as E. coli, yeast, insects, etc. Antibodies
to the polypeptides of the present invention, or to variants or fragments thereof, are also
encompassed. A variety of techniques and methods for producing antibodies are well known
in the art (see, for example, Harlow and Lane (1988) Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.; U.S. Pat. No. 4,196,265), and can be
used to make an antibody according to the invention disclosed herein.

Nucleic Acid Constructs

[00115] Another aspect of the present invention relates to recombinant nucleic acid
molecules comprising a nucleic acid sequence encoding an amino acid sequence having a
biological activity of at least one domain of a MALTA-like or MYB-like domain polypeptide
as described herein. Typically, such a recombinant nucleic acid molecule includes at least one
nucleic acid molecule of the present invention operably linked to one or more heterologous
transcription control sequences. A heterologous transcription control sequence can be from
the same species as the MALTA-like or MYB-like domain polypeptide (and, for example,
associated in the genome with a different gene) or can be from a different species but
operable in the species from which the MALTA-like or MYB-like domain polypeptide is
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derived. As used herein, the phrase "recombinant molecule" or "recombinant nucleic acid
molecule" primarily refers to a nucleic acid molecule or nucleic acid sequence operably
linked to a transcription control sequence, but can be used interchangeably with the phrase
"nucleic acid molecule”, when such nucleic acid molecule is a recombinant molecule as
discussed herein.

[00116] The invention provides nucleic acid constructs comprising a nucleic acid sequence
as provided herein operably linked to one or more sequences that can regulate or mediate
transcription, translation, or integration of nucleotide sequences into a host genome. For
example, the invention provides expression constructs that comprise one or more “expression
control elements” or sequences that regulate expression transcription of an operably linked
gene, or translation of the transcribed RNA. For example, an expression control element can
be a promoter that can be operably linked to a gene of interest or antisense sequence in an
expression construct or “expression cassette”. Various algal promoters are known and can be
used, including those disclosed in U.S. Patent Appl. Pub. No. US 2013/0023035; U.S. Patent
Application 13/486,930, filed June 1, 2012; U.S. Patent Application 13/693,585, filed Dec. 4,
2012; and U.S. Patent Application 13/915,522, filed June 11, 2013. A promoter used in a
construct may in some instances be regulatable, e.g., inducible.

[00117] An inducible promoter can be responsive to, e.g., light intensity or high or low
temperature, and/or can be responsive to specific compounds. The inducible promoter may
be, for example, a hormone-responsive promoter (e.g., an ecdysone-responsive promoter,
such as described in U.S. Patent No. 6,379,945), a metallothionien promoter (e.g., U.S. Patent
No. 6,410,828), a pathogenesis-related (PR) promoter that can be responsive to a chemical
such as, for example, salicylic acid, ethylene, thiamine, and/or BTH (U.S. Patent No.
5,689,044), or the like, or some combination thereof. An inducible promoter can also be
responsive to light or dark (e.g., U.S. Patent No. 8,318,482; U.S. Patent No. 5,750,385; U.S.
Patent No. 5,639,952), metals (Eukaryotic Cell 2:995-1002 (2003)) or temperature (U.S.
Patent No. 5,447,858; Abe et al. Plant Cell Physiol. 49: 625-632 (2008); Shroda et al. Plant
J. 21: 121-131 (2000). The foregoing examples are not limiting as to the types of promoters
or specific promoters that may be used. The promoter sequence can be from any organism,
provided that it is functional in the host organism. In certain embodiments, inducible
promoters are formed by fusing one or more portions or domains from a known inducible
promoter to at least a portion of a different promoter that can operate in the host cell, e.g. to
confer inducibility on a promoter that operates in the host species.
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[00118] In aspects where the nucleic acid construct does not contain a promoter in
operable linkage with the nucleic acid sequence encoding the gene of interest (e.g., a
MALTA-like gene) the nucleic acid sequence can be transformed into the cells such that it
becomes operably linked to an endogenous promoter by, e.g., homologous recombination,
site specific integration, and/or vector integration. In some instances, genomic host sequences
included in a nucleic acid construct for mediating homologous recombination into the host
genome may include gene regulatory sequences, for example, a promoter sequence, that can
regulate expression of a gene or antisense or RNAi sequence of the nucleic acid construct. In
such examples, the transgene(s) of the construct can become operably linked to a promoter
that is endogenous to the host microorganism. The endogenous promoter(s) may be
regulatable, e.g., inducible.

[00119] Recombinant nucleic acid molecules of the present invention can also contain
additional regulatory sequences, such as translation regulatory sequences, origins of
replication, and other regulatory sequences that are compatible with the recombinant cell. In
one embodiment, a recombinant molecule of the present invention, including those which are
integrated into the host cell chromosome, also contains secretory signals (i.e., signal segment
nucleic acid sequences) to enable an expressed protein to be secreted from the cell that
produces the protein. Suitable signal segments include a signal segment that is naturally
associated with the protein to be expressed or any heterologous signal segment capable of
directing the secretion of the protein according to the present invention. In another
embodiment, a recombinant molecule of the present invention comprises a leader sequence to
enable an expressed protein to be delivered to and inserted into the membrane of a host cell.
Suitable leader sequences include a leader sequence that is naturally associated with the
protein, or any heterologous leader sequence capable of directing the delivery and insertion of
the protein to the membrane of a cell. Yet in other embodiments, a recombinant molecule of
the present invention comprises an organelle targeting signal to enable an expressed protein
to be transported and delivered to the target cellular organelle. It will be appreciated by one
skilled in the art that a variety of organelle targeting signals can be used including, but not
limited to, nuclear localization signal (NLS), chloroplast targeting signal, and mitochondria-
targeting sequence.

[00120] A nucleic acid molecule as described herein can be cloned into suitable vector and
can be used to transform or transfect any suitable host. The selection of vectors and methods
to construct them are commonly known to the art and are described in general technical
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references (see, e.g., Sambrook and Russell, Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory Press, 2001). Thus, in some embodiments of the invention, the
recombinant nucleic acid molecule is a recombinant vector. According to the present
invention, a recombinant vector is an engineered (i.e., artificially produced) nucleic acid
molecule that is used as a tool for manipulating a nucleic acid sequence of choice and for
introducing such a nucleic acid sequence into a host cell. The recombinant vector is therefore
suitable for use in cloning, sequencing, and/or otherwise manipulating the nucleic acid
sequence of choice, such as by expressing and/or delivering the nucleic acid sequence of
choice into a host cell to form a recombinant cell. Such a vector typically contains
heterologous nucleic acid sequences. The vector can be cither RNA or DNA, cither
prokaryotic or eukaryotic, and typically is a plasmid. The vector can be maintained as an
extrachromosomal element (e.g., a plasmid) or it can be integrated into the chromosome of a
recombinant organism (e.g., a microbe or a plant). The entire vector can remain in place
within a host cell, or under certain conditions, the plasmid DNA can be deleted, leaving
behind the nucleic acid molecule of the present invention. The integrated nucleic acid
molecule can be under chromosomal promoter control, under native or plasmid promoter
control, or under a combination of several promoter controls. Single or multiple copies of the
nucleic acid molecule can be integrated into the chromosome. A recombinant vector of the
present invention can contain one or more selectable genetic markers.

[00121] In another embodiment, a recombinant vector used in a recombinant nucleic acid
molecule of the present invention is a targeting vector. As used herein, the phrase "targeting
vector" is used to refer to a vector that is used to deliver a particular nucleic acid molecule
into a recombinant host cell, wherein the nucleic acid molecule is used to delete or inactivate
an endogenous gene within the host cell or microorganism (i.e., used for targeted gene
disruption, modification, or knock-out technology). Such a vector may also be known in the
art as a "knock-out" vector. In one aspect of this embodiment, a portion of the vector, which
is typically the nucleic acid molecule inserted into the vector (i.e., the insert), has a nucleic
acid sequence that is homologous to a nucleic acid sequence of a target gene in the host cell
(i.e., a gene which is targeted to be modified, deleted, or inactivated). The nucleic acid
sequence of the vector insert is designed to bind to the target gene such that the target gene
and the insert undergo homologous recombination, whereby the endogenous target gene is
modified, deleted, inactivated or attenuated (i.e., by at least a portion of the endogenous
target gene being mutated or deleted).
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[00122] Constructs for homologous recombination into an algal or heterokont genome
(e.g., for disruption or gene replacement of a regulator gene) can include a nucleotide
sequence of a MALTA-like gene or ortholog, such as for example any provided herein, or
sequences from the algal or heterokont genome that are adjacent to the MALTA-like gene in
the host organism. For example, a construct for homologous recombination can include at
least 50, at least 100, at least 200, at least 300, at least 400, at least 500, at least 600, at least
700, at lcast 800, at least 900, at least 1,000, at least 1,200, at least 1,500, at least 1,750, or at
least 2,000 nucleotides of a gene targeted for knock-out or gene replacement such as a
MALTA-like gene or ortholog, such as any disclosed herein, and/or genomic DNA adjacent
thereto. For example, the sequences for mediating homologous recombination in a construct
can include one or more nucleotide sequences from or adjacent to a naturally-occurring algal
or heterokont gene encoding a MALTA-like polypeptide, wherein the MALTA-like
polypeptide comprises an amino acid sequence having at least 40%, for example, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at least 99% identity to SEQ ID NO:2 or
SEQ ID NO:4. In exemplary embodiments, the construct can include at least 50, at least 100,
at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at least 800, at
least 900, at least 1,000, at least 1,200, at least 1,500, at least 1,750, or at least 2,000
nucleotides of SEQ ID NO:3; and/or an adjacent region of the corresponding genome.

[00123] For example, the sequences for mediating homologous recombination in a
construct can include one or more nucleotide sequences from or adjacent to a naturally-
occurring algal or heterokont gene encoding a MALTA-like polypeptide, wherein the
MALTA-like polypeptide comprises an amino acid sequence having at least 80%, for
example, at least 85%, at least 90%, at least 95% identity, or at least 99% to the amino acid
set forth in SEQ ID NO:4. For example, a construct for homologous recombination can
include at least 50, at least 100, at least 200, at lcast 300, at least 400, at lcast 500, at least
600, at least 700, at least 800, at least 900, at least 1,000, at least 1,200, at least 1,500, at lcast
1,750, or at least 2,000 nucleotides of a regulator gene that encodes a MALTA-like
polypeptide, such as any disclosed herein, and/or genomic DNA adjacent thereto. For
example, the sequences for mediating homologous recombination in a construct can include
one or more nucleotide sequences from or adjacent to a naturally-occurring algal or
heterokont gene encoding a MY B-like DNA-binding domain-containing protein, wherein the
MYB-like DNA-binding domain-containing protein comprises an amino acid sequence
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having at least 40%, for example, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or
at least 99% identity to any one of the MYB-like DNA-binding domain SEQ ID NO:2. In
exemplary embodiments, the construct can include at least 50, at least 100, at least 200, at
least 300, at least 400, at least 500, at least 600, at least 700, at least 800, at least 900, at least
1,000, at least 1,200, at least 1,500, at least 1,750, or at least 2,000 nucleotides of any one of
the nucleic acid sequences encoding a MYB-like DNA-binding domain disclosed herein
and/or an adjacent region of the corresponding genome.

[00124] General discussion above with regard to recombinant nucleic acid molecules and
transformation of host cells is intended to be applied to any recombinant nucleic acid
molecule discussed herein, including those encoding any amino acid sequence having a
biological activity of at least one domain from a MALTA-like polypeptide, those encoding
amino acid sequences from other MALTA-like polypeptides, and those encoding other
proteins or domains.

Use of the Nucleic Acid Molecules of the Invention

[00125] In one aspect of the invention, one may use one of many known methods to
identify DNA sequences adjacent to polynucleotide sequences of interest, such as genomic
regions that naturally surround a novel polynucleotide sequence in microbial cell or plant
cell. One may accomplish this by generating hybridization probes and screening an existing
library of chromosomal DNA for clones likely to contain DNA adjacent to the novel
polynucleotide sequence of interest. Alternatively or in addition, one may clone and sequence
regions flanking a known DNA by inverse PCR (Sambrook et al., 1989, supra). Another such
method involves ligating linkers of known sequence to chromosomal DNA digested with
restriction enzymes, then generating PCR product using an oligonucleotide homologous to
the primer linker, and a primer homologous to the region of interest (e.g. the end sequence of
a novel polynucleotide sequence of the invention). A kit for performing this procedure
(GENOMEWALKER™, Clonetech) is available commercially.

[00126] In a hybridization procedure, all or part of a presently disclosed MALTA-like or
MY B-like protein encoding nucleotide sequence can be used to screen cDNA or genomic
libraries. The so-called hybridization probes may be genomic DNA fragments, cDNA
fragments, RNA fragments, or other oligonucleotides, and may be labeled with a detectable
group such as **P, or any other detectable marker, such as other radioisotopes, a fluorescent
compound, an enzyme, or an enzyme co-factor. Probes for hybridization can be made by
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labeling synthetic oligonucleotides based on the known MYB-like protein encoding
nucleotide sequence disclosed herein. Degenerate primers designed on the basis of conserved
nucleotides or amino acid residues in the nucleotide sequence or encoded amino acid
sequence can optionally be used. The probe typically comprises a region of nucleotide
sequence that hybridizes under stringent conditions to at least about 12, at least about 25, at
least about 50, 75, 100, 125, 150, 175, 200, 250, 300, 350, or 400 consecutive nucleotides of
a MALTA-like or MYB-like protein-encoding nucleotide sequence of the invention or a
fragment or variant thercof. Methods for the preparation of probes for hybridization are
generally known in the art and are disclosed in Sambrook and Russell (2001, supra) herein
incorporated by reference.

Recombinant Microorganism

[00127] The invention also provides a recombinant microorganism that includes a non-
native gene that encodes a MALTA-like protein as disclosed herein. The recombinant
microorganism can have a higher productivity than does a control microorganism
substantially identical to the recombinant microorganism except that the control
microorganism does not have a non-native gene encoding a MALTA-like or MYB-like
protein. A MALTA-like protein can be any MALTA-like protein, such as, for example, a
MALTA-like protein whose sequence is available from gene, protein, or genome databases or
scientific literature, or a variant thereof. In some example, a recombinant microorganism as
provided herein can in some examples include a MALTA-like or MYB-like protein as
provided herein, for example, can include any of SEQ ID NO:2; SEQ ID NO:4 or a
functional fragment or variant thereof having productivity-enhancing activity when produced
in a host cell.

[00128] In various examples, a recombinant microorganism as provided herein includes a
non-native gene that encodes a polypeptide having an amino acid sequence with at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity to a MYB-like domain of SEQ ID NO:2.
The polypeptide encoded by the non-native gene is preferably a MALTA-like protein, such as
a polypeptide having at least 50% identity to a naturally-occurring MALTA-like protein of a
plant or microorganism. The polypeptide can have, for example, at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO:4.
In some examples, the non-native gene encodes a polypeptide having a MYB-like DNA-
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binding domain in which the polypeptide has at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to a MALTA-like polypeptide of a
microalgal or heterokont species. The recombinant microorganism can exhibit higher
productivity than is exhibited by a control microorganism substantially identical to the
recombinant microorganism that includes the non-native gene encoding a polypeptide having
a MYB-like DNA-binding domain, with the exception that the control microorganism does
not include a non-native gene encoding a polypeptide having a MYB-like DNA-binding
domain. For example, expression of the non-native gene in an algal or heterokont cell can
result in the algal or heterokont cell producing a greater amount of biomass or a greater
amount of one or more biomolecules, such as, without limitation, a lipid, a terpenoid, a
polyketide, a protein, a peptide, one or more amino acids, a carbohydrate, an alcohol, a
nucleic acid, one or more nucleotides, nucleosides, or nucleobases, a vitamin, a cofactor, a
hormone, an antioxidant, or a pigment or colorant.

[00129] A recombinant microorganism having a non-native gene encoding a polypeptide
having a MYB-like DNA-binding domain can comprise, e.g., any of the nucleic acid
molecules described herein that encode a polypeptide that includes a MYB-like DNA-binding
domain. Further, the recombinant host cells may comprise any of the constructs or vectors
described herein. In some aspects, the nucleic acid sequence encoding the polypeptide can be
heterologous with respect to the recombinant host cell, and can be a gene encoding a
MALTA-like polypeptide derived from any species, including a plant, animal, or microbial
species, or a variant thereof. Alternatively, the gene encoding a MALTA-like polypeptide
may be homologous with respect to the host organism. For example, the non-native MALTA-
like gene may be a MALTA-like gene of the same species as the host microorganism and is
introduced into the recombinant microorganism in an expression cassette that allows
regulated expression or overexpression of the introduced homologous MALTA-like gene.
Alternatively, the MALTA-like non-native gene may be endogenous to the microorganism
and a heterologous promoter may be introduced into the host microorganism such that it
becomes juxtaposed with and operably linked to the endogenous MALTA-like gene to effect
overexpression and/or regulated expression.

[00130] In further examples, a recombinant microorganism as provided herein can include
a non-native gene that encodes a polypeptide having a MYB-like DNA-binding domain, such
as a MYB-like DNA-binding domain having at least 85%, at least 90%, at least 95%, at least
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96%, at least 97%, at least 98%, or at least 99% identity to the amino acid sequence of SEQ
ID NO:2. The polypeptide encoded by the non-native gene can have, for example, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to the amino acid sequence of SEQ
ID NO:4.

[00131] In particular examples, a recombinant microorganism as provided herein can
include a non-native gene that encodes a polypeptide having at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the amino acid
sequence of SEQ ID NO:4, where the polypeptide includes a MYB-like DNA-binding
domain having at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to the amino acid sequence of SEQ ID NO:2.

[00132]  One skilled in the art will appreciate that a number of transformation methods can
be used for genetic transformation of microorganisms and, therefore, can be deployed for the
methods of the present invention. “Stable transformation” is intended to mean that the nucleic
acid construct introduced into an organism integrates into the genome of the organism or is
part of a stable episomal construct and is capable of being inherited by the progeny thereof.
“Transient transformation” is intended to mean that a polynucleotide is introduced into the
organism and does not integrate into the genome or otherwise become established and stably
inherited by successive generations.

[00133] Genetic transformation can result in stable insertion and/or expression of
transgenes from either the nucleus or the plastid, and in some cases can result in transient
expression of transgenes. For example, genetic transformation of microalgae has been
reported successful for more than 30 different strains of microalgae, which belong to at least
~22 species of green, red, and brown algae, diatoms, euglenids, and dianoflagellates (see,
e.g., Radakovits et al., Eukaryotic Cell, 2010; and Gong et al., J. Ind. Microbiol. Biotechnol.,
2011). Non-limiting examples of such useful transformation methods include agitation of
cells in the presence of glass beads or silicon carbide whiskers as reported by, for example,
Dunahay, Biotechniques, 15(3):452—-460, 1993; Kindle, Proc. Natl. Acad. Sci. U.S.A., 1990;
Michael and Miller, Plant J., 13, 427-435, 1998. Electroporation techniques have been
successfully used for genetic transformation of several microalgal species including
Nannochloropsis sp. (see, e.g., Chen et al., J. Phycol., 44:768-76, 2008), Chlorella sp. (sce,
e.g., Chen et al., Curr. Genet., 39:365-370, 2001; Chow and Tung, Plant Cell Rep. Vol.18,
No. 9, 778-780, 1999), Chlamydomonas (Shimogawara et al., Genetics, 148: 1821-1828,
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1998), Dunaliella (Sun et al., Mol. Biotechnol., 30(3): 185-192, 2005). Micro-projectile
bombardment, also referred to as microparticle bombardment, gene gun transformation, or
biolistic bombardment, has been used successfully for several algal species including, for
example, diatoms species such as Phaeodactylum (Apt et al., Mol. Gen. Genet., 252:572-579,
1996), Cyclotella and Navicula (Dunahay et al., J. Phycol., 31:1004-1012, 1995),
Cylindrotheca (Fischer et al., J Phycol., 35:113-120, 1999), and Chaetoceros sp.
(Miyagawa-Yamaguchi et al., Phycol. Res. 59: 113-119, 2011), as well as green algal species
such as Chlorella (El-Sheekh, Biologia Plantarum, Vol.42, No.2: 209-216, 1999), and Volvox
species (Jakobiak et al., Protist, 155:381-93, 2004). Additionally, Agrobacterium-mediated
gene transfer techniques can also be useful for genetic transformation of microalgae, as has
been reported by, for example, Kumar, Plant Sci., 166(3):731-738, 2004, and Cheney et al.,
J. Phycol., Vol. 37, Suppl. 11, 2001.

[00134] A transformation vector as described herein will typically comprise a marker gene
that confers a selectable or scorable phenotype on target host cells, e.g., algal cells. A number
of selectable markers have been successfully developed for efficient isolation of genetic
transformants of algac. Common selectable markers include antibiotic resistance, fluorescent
markers, and biochemical markers. Several different antibiotic resistance genes have been
used successfully for selection of microalgal transformants, including blastocydin, bleomycin
(see, for example, Apt et al., 1996, supra; Fischer et al., 1999, supra; Fuhrmann et al., Plant
J., 19, 353- 61, 1999, Lumbreras et al., Plant J., 14(4):441-447, 1998, Zaslavskaia et al., J.
Phycol., 36:379-386, 2000), spectinomycin (Cerutti et al., Genetics, 145: 97-110, 1997,
Doetsch et al., Curr. Genet., 39, 49-60, 2001; Fargo, Mol. Cell. Biol., 19:6980-90, 1999),
streptomycin (Berthold ef al., Protist, 153:401-412, 2002), paromomycin (Jakobiak et al.,
Protist, supra.; Sizova et al., Gene, 277:221-229, 2001), nourseothricin (Zaslavskaia et al.,
2000, supra), G418 (Dunahay et al., 1995, supra;, Poulsen and Kroger, FEBS Lett.,
272:3413-3423, 2005, Zaslavskaia et al., 2000, supra), hygromycin (Berthold et al., 2002,
supra), chloramphenicol (Poulsen and Kroger, 2005, supra), and many others. Additional
selectable markers for use in microalgae such as Chlamydomonas can be markers that
provide resistance to kanamycin and amikacin resistance (Bateman, Mol. Gen. Genet.
263:404-10, 2000), zeomycin and phleomycin (e.g., ZEOCIN™ pheomycin D1) resistance
(Stevens, Mol. Gen. Genet. 251:23-30, 1996), and paramomycin and necomycin resistance
(Sizova et al., 2001, supra). Other fluorescent or chromogenic markers that have been used
include luciferase (Falciatore et al., J. Mar. Biotechnol., 1: 239-251, 1999; Fuhrmann et al.,
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Plant Mol. Biol., 2004; Jarvis and Brown, Curr. Genet., 19: 317-322, 1991), B-glucuronidase
(Chen et al., 2001, supra; Cheney et al., 2001, supra; Chow and Tung, 1999, supra; El-
Sheekh, 1999, supra; Falciatore et al., 1999, supra; Kubler et al., J. Mar. Biotechnol., 1:165—
169, 1994), B-galactosidase (Gan et al., J. Appl. Phycol., 15:345-349, 2003; Jiang et al.,
Plant Cell Rep., 21:1211-1216, 2003; Qin et al., High Technol. Lett., 13:87-89, 2003), and
green fluorescent protein (GFP) (Cheney et al., 2001, supra; Ender et al., Plant Cell, 2002,
Franklin et al., Plant J., 2002; 56, 148, 210).

[00135] One skilled in the art will readily appreciate that a variety of known promoter
sequences can be usefully deployed for transformation systems of microalgal species in
accordance with the present invention. For example, the promoters commonly used to drive
transgene expression in microalgae include various versions of the of cauliflower mosaic
virus promoter 35S (CaMV35S), which has been used in both dinoflagellates and chlorophyta
(Chow et al, Plant Cell Rep., 18:778-780, 1999; Jarvis and Brown, Curr. Genet., 317-321,
1991; Lohuis and Miller, Plant J., 13:427-435, 1998). The SV40 promoter from simian virus
has also reported to be active in several algae (Gan et al., J. Appl. Phycol., 151 345-349,
2003; Qin et al., Hydrobiologia 398-399, 469-472, 1999). The promoters of RBCS2 (ribulose
bisphosphate carboxylase, small subunit) (Fuhrmann et al., Plant J., 19:353-361, 1999) and
PsaD (abundant protein of photosystem I complex; Fischer and Rochaix, FEBS Lett.
581:5555-5560, 2001) from Chlamydomonas can also be useful. The fusion promoters of
HSP70A/RBCS2 and HSP70A/B2TUB (tubulin) (Schroda et al., Plant J., 21:121-131, 2000)
can also be useful for an improved expression of transgenes, in which HSP70A promoter may
serve as a transcriptional activator when placed upstream of other promoters. High-level
expression of a gene of interest can also be achieved in, for example diatoms species, under
the control of a promoter of an fcp gene encoding a diatom fucoxanthin-chlorophyll a/b
binding protein (Falciatore et al., Mar. Biotechnol., 1:239-251, 1999; Zaslavskaia et al., J.
Phycol. 36:379-386, 2000) or the vcp gene encoding a ecustigmatophyte violaxanthin-
chlorophyll a/b binding protein (see U.S. Patent No. 8,318,482). If so desired, inducible
promoters can provide rapid and tightly controlled expression of genes in transgenic
microalgae. For example, promoter regions of the NR genes encoding nitrate reductase can
be used as such inducible promoters. The NR promoter activity is typically suppressed by
ammonium and induced when ammonium is replaced by nitrate (Poulsen and Kroger, FEBS
Lett 272:3413-3423, 2005), thus gene expression can be switched off or on when microalgal
cells are grown in the presence of ammonium/nitrate. Additional algal promoters that can find
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use in the constructs and transformation systems provided herein include those disclosed in
U.S. Patent Appl. Pub. No. US 2013/0023035; U.S. Patent Application 13/486,930, filed June
1, 2012; U.S. Patent Application 13/693,585, filed Dec. 4, 2012; and U.S. Patent Application
13/915,522, filed June 11, 2013.

[00136] Host cells can be either untransformed cells or cells that are already transfected
with at least one nucleic acid molecule. For example, a host cell that includes a non-native
gene as provided herein that encodes a MALTA-like gene, homolog, or variant can further
include one or more genes that may confer any desirable trait, such as, but not limited to,
increased production of biomolecules of interest, such as one or more proteins, pigments,
alcohols, or lipids. For example, for production of lipid, a host cell (such as but not limited to
an algal or heterokont host cell) can optionally include one or more non-native genes
encoding polypeptides that functions in lipid biosynthesis, including, but not limited to,
polypeptides that encode enzymes for the production of fatty acids, fatty acid derivatives,
and/or glycerolipids including, but not limited to, diacylglycerol acyltransferase (DGAT)
gene, a glycerolphosphate acyltransferase (GPAT) gene, a lysophosphatidic acid
acyltransferase (dehydrogenase) (LPAAT) gene, a phosphatidic acid phosphatase (PAP)
gene, and/or a monoacylglycerol acyltransferase (MGAT) gene.

[00137] Suitable host cells to be modified using the materials and methods according to
the present invention include, but are not limited to, bacteria, protists, microalgae,
phytoplankton, heterokonts, fungi, and protozoa. The process can be used, for example, with
algal species that are important or interesting for aquaculture, or for the production of
biomass used in producing liquid fuel molecules and other chemicals.

[00138] Heterokont species considered for use in the invention include, but are not limited
to, Bacillariophytes, Eustigmatophytes, Labrinthulids, and Thraustochytrids. In some
examples, the strain may be a species of Labryinthula, Labryinthuloides, Thraustochytrium,
Schizochytrium, Aplanochytrium, Aurantiochytrium, Japonochytrium, Diplophrys, or
Ulkenia.

[00139] Algal species suitable for the method of the invention include microalgae such as,
for example, a species of the genera Achnanthes, Amphiprora, Amphora, Ankistrodesmus,
Asteromonas,  Boekelovia,  Bolidomonas, Borodinella,  Botrydium,  Botryococcus,
Bracteococcus, Chaetoceros, Carteria, Chlamydomonas, Chlorococcum, Chlorogonium,
Chlorella, Chroomonas, Chrysosphaera, Cricosphaera, Crypthecodinium, Cryptomonas,
Cyclotella, Desmodesmus, Dunaliella, Elipsoidon, Emiliania, Eremosphaera, Ernodesmius,
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Euglena, Eustigmatos, Franceia, Fragilaria, Fragilaropsis, Gloeothamnion, Haematococcus,
Hantzschia, Heterosigma, Hymenomonas, Isochrysis, Lepocinclis, Micractinium, Monodus,
Monoraphidium, Nannochloris, Nannochloropsis, Navicula, Neochloris, Nephrochloris,
Nephroselmis, Nitzschia, Ochromonas, Oedogonium, Qocystis, Ostreococcus, Parachlorella,
Parietochloris, Pascheria, Pavlova, Pelagomonas, Pheodactylum, Phagus, Picochlorum,
Platymonas, Pleurochrysis, Pleurococcus, Prototheca, Pseudochlorella, Pseudoneochloris,
Pseudostaurastrum,  Pyramimonas,  Pyrobotrys,  Scenedesmus,  Schizochlamydella,
Skeletonema, Spyrogyra, Stichococcus, Tetrachlorella, Tetraselmis, Thalassiosira,
Tribonema, Vaucheria, Viridiella, Vischeria, and Volvox.

[00140] In some embodiments of the present application, preferred microorganisms to
genetically engineer include, but are not limited to, photosynthetic organisms such as
cyanobacteria, algae, diatoms, and the like. Non-limiting examples of exemplary species
include, for instance, custigmatophytes or diatoms such as, for example, a species of
Amphora, Chaetoceros, Cyclotella, Eustigmatos, Fragilaria, Fragilaropsis, Monodus,
Nannochloropsis, Navicula, Nitzschia, Pavlova, Pheeodactylum, Thalassiosira, or Vischeria.
In some embodiments, members of the genus Nannochloropsis such as, but are not limited to,
N. gaditana, N. granulata, N. limnetica, N. oceanica, N. oculata, and N. salina are
transformed with or overexpress a nucleic acid molecule as provided herein that encodes a
MALTA-like or MYB-like domain polypeptide.

[00141] A microorganism that includes a non-native gene as provided herein can have
improved productivity when compared with a control microorganism that does not include
the non-native gene encoding a MYB-like DNA-binding domain-containing polypeptide.
Higher productivity can be demonstrated by measuring growth rates, for example, using a
cytometer, or by measuring optical density at wavelengths higher than 700 nm, for example,
at 730 or 750 nm. Ash free dry weight can also be measured, as provided in the Examples
herein. Production of various biomolecules can be assessed by extraction of algal biomass,
partial or substantial purification of the product of the biomolecule of interest, and
quantitation of the product by any means known in the art, such as but not limited to,
chemical or biochemical analysis, spectroscopic or immunological detection, and/or activity
assays.

Methods of Producing Algal Products

[00142] Also provided herein are methods of producing biomass or at least one bioproduct
by culturing microbial cells having a modulated growth characteristic, such as the host cells
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disclosed herein. The methods include culturing a microbial cell as disclosed herein that
includes a non-native gene encoding a MALTA-like protein, such as a nucleic acid molecule
as disclosed herein that encodes a MALTA-like or MYB-like domain protein, in a suitable
medium to provide an algal culture and recovering biomass or at least one bioproduct from
the culture. The microorganism in some examples can be a microalga. The algal culture can
be a photoautotrophic culture, in which the culture medium preferably does not include a
substantial amount of reduced carbon, that is, the culture does not include reduced carbon in a
form or at a level that can be used by the algae for growth.

[00143] The algae may be cultured in any suitable vessel, including flasks or bioreactors,
where the algaec may be exposed to artificial or natural light. The culture comprising algal
cells with modulated growth characteristics may be cultured on a light/dark cycle that may
be, for example, a natural or programmed light/dark cycle, and as illustrative examples, may
provide twelve hours of light to twelve hours of darkness, fourteen hours of light to ten hours
of darkness, sixteen hours of light to eight hours of darkness, etc.

[00144] Culturing refers to the intentional fostering of growth (e.g., increases in cell size,
cellular contents, and/or cellular activity) and/or propagation (e.g., increases in cell numbers
via mitosis) of one or more cells by use of selected and/or controlled conditions. The
combination of both growth and propagation may be termed proliferation. As demonstrated
in the examples herein, the host cells provided herein having modulated growth
characteristics can achieve higher cell density of the culture over time, for example, over a
period of a week or more, with respect to a culture wild-type algal cells of the same strain
that are not modulated in growth characteristics. For example, a host cell of the invention as
described herein may be cultured for at least five, at least six, at least seven at least eight, at
least nine, at least ten, at least cleven at least twelve, at least thirteen, at least fourteen, or at
least fifteen days, or at least one, two three, four, five, six, seven, eight, nine, or ten weeks, or
longer.

[00145] Non-limiting examples of selected and/or controlled conditions that can be used
for culturing the recombinant microorganism can include the use of a defined medium (with
known characteristics such as pH, ionic strength, and/or carbon source), specified
temperature, oxygen tension, carbon dioxide levels, growth in a bioreactor, or the like, or
combinations thercof. In some embodiments, the microorganism or host cell can be grown
mixotrophically, using both light and a reduced carbon source. Alternatively, the
microorganism or host cell can be cultured phototrophically. When growing phototrophically,
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the algal strain can advantageously use light as an energy source. An inorganic carbon source,
such as CO; or bicarbonate can be used for synthesis of biomolecules by the microorganism.
“Inorganic carbon”, as used herein, includes carbon-containing compounds or molecules that
cannot be used as a sustainable energy source by an organism. Typically “inorganic carbon”
can be in the form of CO; (carbon dioxide), carbonic acid, bicarbonate salts, carbonate salts,
hydrogen carbonate salts, or the like, or combinations thereof, which cannot be further
oxidized for sustainable energy nor used as a source of reducing power by organisms. A
microorganism grown photoautotrophically can be grown on a culture medium in which
inorganic carbon is substantially the sole source of carbon. For example, in a culture in which
inorganic carbon is substantially the sole source of carbon, any organic (reduced) carbon
molecule or organic carbon compound that may be provided in the culture medium either
cannot be taken up and/or metabolized by the cell for energy and/or is not present in an
amount sufficient to provide sustainable energy for the growth and proliferation of the cell
culture.

[00146] Microorganisms and host cells that can be useful in accordance with the methods
of the present invention can be found in various locations and environments throughout the
world. The particular growth medium for optimal propagation and generation of lipid and/or
other products can vary and may be optimized to promote growth, propagation, or production
of a product such as a lipid, protein, pigment, antioxidant, efc. In some cases, certain strains
of microorganisms may be unable to grow in a particular growth medium because of the
presence of some inhibitory component or the absence of some essential nutritional
requirement of the particular strain of microorganism or host cell.

[00147] Solid and liquid growth media are generally available from a wide variety of
sources, as are instructions for the preparation of particular media suitable for a wide variety
of strains of microorganisms. For example, various fresh water and salt water media can
include those described in Barsanti (2005) Algae: Anatomy, Biochemistry & Biotechnology,
CRC Press, for media and methods for culturing algae. Algal media recipes can also be found
at the websites of various algal culture collections, including, as non-limiting examples, the
UTEX Culture Collection of Algac (www.sbs.utexas.edu/utex/media.aspx); Culture
Collection of Algaec and Protozoa (www.ccap.ac.uk); and Katedra Botaniky
(botany.natur.cuni.cz/algo/caup-media.html).

[00148] The culture methods can optionally include inducing expression of one or more
genes for the production of a product, such a but not limited to a protein that participates in
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the production of a lipid, one or more proteins, antioxidants, or pigments, and/or regulating a
metabolic pathway in the microorganism. Inducing expression can include adding a nutrient
or compound to the culture, removing one or more components from the culture medium,
increasing or decreasing light and/or temperature, and/or other manipulations that promote
expression of the gene of interest. Such manipulations can largely depend on the nature of the
(heterologous) promoter operably linked to the gene of interest.

[00149] In some embodiments of the present invention, the microorganisms having a
modulated growth characteristic as described herein can be cultured in a fermenter or
bioreactor, where the bioreactor can optionally be a “photobioreactor” equipped with an
artificial light source, and/or having one or more walls that is transparent enough to light,
including sunlight, to enable, facilitate, and/or maintain photosynthetic microorganism
growth and proliferation. For production of fatty acid products or triglycerides,
photosynthetic microorganisms or host cells can additionally or alternately be cultured in
shake flasks, test tubes, vials, microtiter dishes, petri dishes, or the like, or combinations
thereof.

[00150] Additionally or alternately, recombinant photosynthetic microorganisms or host
cells may be grown in ponds, canals, sea-based growth containers, trenches, raceways,
channels, or the like, or combinations thercof. As with standard bioreactors, a source of
inorganic carbon (such as, but not limited to, CO,, bicarbonate, carbonate salts, and the like),
including, but not limited to, air, CO,-enriched air, flue gas, or the like, or combinations
thereof, can be supplied to the culture. When supplying flue gas and/or other sources of
inorganic that may contain CO in addition to CO,, it may be necessary to pre-treat such
sources such that the CO level introduced into the (photo)bioreactor do not constitute a
dangerous and/or lethal dose with respect to the growth, proliferation, and/or survival of the
microorganisms.

[00151] Biomass of the microorganism culture can be recovered by harvesting the
microorganism from the medium, for example, by filtering, settling, centrifugation, or
combinations thereof. In biomass production embodiments according to the invention, the
amount of the biomass produced and/or recovered by the method described herein, measured
as ash free dry weight (AFDW) can advantageously be at least about 0.05 g per liter of
culture, for example at least about 0.1 g, at least about 0.2 g, at least about 0.3 g, at least
about 0.4 g, at least about 0.5 g, at least about 0.6 g, at least about 0.7 g per liter of culture, at
least about 1 g per liter of culture, at least about 1.5 g per liter of culture, at least about 2 g
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per liter of culture, at least about 2.5 g per liter of culture, or at least about 5 g per liter of
culture. Although many times the goal can be to produce and/or recover as much biomass as
possible, in some instances the amount of the biomass produced and/or recovered by the
method described herein, measured as ash free dry weigh (AFDW) can be limited to about 15
g or less per liter of culture, for example about 12 g or less per liter of culture, about 10 g or
less per liter of culture, about 5 g or less per liter of culture, about 2 g or less per liter of
culture, about 1 g or less per liter of culture, or about 0.5 g or less per liter of culture.

[00152] Biomass can be harvested, for example, by centrifugation or filtering. The
biomass may be dried and/or frozen. Further products may be isolated from biomass, such as,
for example, lipids or one or more proteins. Thus, also provided in an aspect of the invention
is an algal biomass comprising an algal host cell having modulated growth and/or phenotypic
characteristics, such as any of the recombinant host cells disclosed herein, for example, an
algal host cell comprising a nucleic acid molecule of the invention wherein elevated
expression of the nucleic acid molecule results in higher biomass productivity.

[00153] Biomass can be used in any of a number of ways, for example, it can be processed
for use as a biofuel by generating syngas from the biomass, can be supplied to an anaerobic
digester for production of one or more alcohols, or the biomass can be extracted to provide
algal lipids, such as but not limited to monoglycerides, diglycerides, or triglycerides, fatty
acid alkyl esters, fatty acids, and/or fatty acid derivatives.

[00154] The host algal cell as described herein can include one or more non-native genes
encoding a polypeptide for the production of a product, such as, but limited to, a lipid, a
colorant or pigment, an antioxidant, a vitamin, a nucleotide, an nucleic acid, an amino acid, a
hormone, a cytokine, a peptide, a protein, or a polymer. For example, a non-native gene can
encode an enzyme, metabolic regulator, cofactor, carrier protein, or transporter.

[00155] In some embodiments, products such as fatty acids and fatty acid derivatives can
be recovered from culture by recovery means known to those of ordinary skill in the art, such
as by whole culture extraction, for example, using organic solvents. In some cases, recovery
of fatty acids or fatty acid derivatives (such as fatty acid esters) can be enhanced by
homogenization of the cells, as provided in the examples herein. When fatty acids are
sufficiently released from the microorganisms into the culture medium, the recovery method
can be adapted to efficiently recover only the released fatty acids, only the fatty acids
produced and stored within the microorganisms, or both the produced and released fatty
acids.
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[00156] In further embodiments, products such as but not limited to free fatty acids and
fatty acid derivatives that are secreted/released into the culture medium by the recombinant
microorganisms described above can be recovered in a variety of ways. A straightforward
isolation method, e.g., by partition using immiscible solvents, may be employed. Additionally
or alternately, particulate adsorbents can be employed. These can include lipophilic
particulates and/or ion exchange resins, depending on the design of the recovery method.
They may be circulating in the separated medium and then collected, and/or the medium may
be passed over a fixed bed column, for example a chromatographic column, containing these
particulates. The fatty acids can then be eluted from the particulate adsorbents, e.g., by the
use of an appropriate solvent. In such circumstances, one isolation method can include
carrying out evaporation of the solvent, followed by further processing of the isolated fatty
acids and lipids, to yield chemicals and/or fuels that can be used for a variety of commercial
purposes.

[00157] Some embodiments of the invention concern methods that comprise culturing an
algal host cell as described herein that further includes at least one non-native gene encoding
a polypeptide that participates in the production of a product, to produce biomass or at least
one algal product. Products such as lipids and proteins can be recovered from culture by
recovery means known to those of ordinary skill in the art, such as by whole culture
extraction, for example, using organic solvents. In some cases, recovery of fatty acid products
can be enhanced by homogenization of the cells. For example, lipids such as fatty acids, fatty
acid derivatives, and/or triglycerides can be isolated from algae by extraction of the algae
with a solvent at elevated temperature and/or pressure, as described in the co-pending U.S.
Patent Application Publication 2013/ entitled “Solvent Extraction of Products from Algae”,
filed on February 29, 2012, which is incorporated herein by reference in its entirety.

[00158] Alternatively or in addition to any of the embodiments described herein, the
following embodiments are provided.

[00159] Embodiment 1 includes an isolated or recombinant nucleic acid molecule that
encodes a polypeptide that:

recruits to pfam PF00249; or

includes an amino acid sequence having at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identity to SEQ ID NO:2;
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wherein, the isolated or recombinant nucleic acid molecule can optionally comprise a
nucleotide sequence having at least 50%, at least 55%, at least 65%, at least 70%, at lecast
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to SEQ ID NO:3 or SEQ ID NO:16, and

further optionally wherein the encoded polypeptide has at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO:4.

[00160] Embodiment 2 includes an isolated or recombinant nucleic acid molecule
according to Embodiment 1, wherein elevated expression of the isolated or recombinant
nucleic acid molecule in a genetically modified microorganism results in any of increased
biomass productivity, increased growth rate, or increased bioproduct made by the genetically
modified microorganism, wherein the bioproduct can optionally be any of a nucleotide, an
amino acid, a polypeptide, a cofactor, a hormone, a pigment or colorant, an antioxidant, a
vitamin, an oil, a lipid, a fatty acid, a fatty alcohol, a fatty aldehyde, a fatty acid ester, a wax
ester, a hydrocarbon, a triacylglyceride, a diacylglyceride, a monoacylglyceride, a
phospholipid, or a terpenoid.

[00161] Embodiment 3 includes an isolated or recombinant nucleic acid molecule
according to Embodiment 1 or Embodiment 2 operably linked to a heterologous sequence
that regulates expression of the nucleic acid molecule.

[00162] Embodiment 4 includes an isolated or recombinant nucleic acid molecule
according to any of Embodiments 1 — 3, wherein the isolated or recombinant nucleic acid
molecule comprises a vector that includes one or more of a reporter gene, selectable marker,
origin of replication, and sequence for mediating homologous recombination into the genome
of an organism.

[00163] Embodiment 5 includes a host cell that includes a non-native nucleic acid
molecule according to any of Embodiments 1-4, where the host cell is a eukaryotic host cell
selected from the group consisting of algae cells, heterokont cells, fungal cells, plant cells,
animal cells, or insect cells.

[00164] Embodiment 6 includes a host cell that includes a non-native nucleic acid
molecule according to any of Embodiments 1-4, where the host cell is a eukaryotic host cell
selected from the group consisting of algae cells, heterokont cells, fungal cells, plant cells,

animal cells, or insect cells.
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[00165] Embodiment 7 includes a genetically engineered microorganism that includes a
non-native gene encoding a polypeptide wherein the polypeptide:
a) comprises an amino acid sequence having at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identity to SEQ ID NO:2; and/or
b) has at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO:4;
wherein the genetically engineered microorganism has a higher growth rate or
has greater productivity as compared with a control microorganism that does
not include the non-native gene according to a) and/or b).
[00166] Embodiment 8 includes a genetically engineered microorganism according to
Embodiment 7 wherein the non-ntive gene encodes a polypeptide that recruits to pfam
PF00249.
[00167] Embodiment 9 includes a genetically engineered microorganism according to
Embodiment 7 or Embodiment 8§ wherein the non-native gene comprises a nucleotide
sequence having at least to SEQ ID NO:3 or SEQ ID NO:16.
[00168] Embodiment 10 includes a genetically engineered microorganism according to
any of Embodiments 7-9 where the microorganism is an alga, optionally belonging to a genus
selected from the group consisting of or where the microorganism is a heterokont, optionally
belonging to a genus selected from the group consisting of
[00169] Embodiment 11 includes a method for producing biomass or a bioproduct by
culturing a genetically engineered host cell or microorganism according to any of
Embodiments 5-10, wherein the bioproduct can optionally be any of a food, feed, biofuel,
bio-chemical, pharmaceutical, or medicinal product, further wherein the bioproduct can
optionally be an oil, an amino acid, a polypeptide, a cofactor, a hormone, a pigment or
colorant, an antioxidant, a vitamin, a lipid, a fatty acid, a fatty alcohol, a fatty aldehyde, a
fatty acid ester, a wax ester, a hydrocarbon, a triacylglyceride, a diacylglyceride, a
monoacylglyceride, a phospholipid, or a terpenoid; wherein the method optionally includes
isolating biomass or a bioproduct from the culture.
[00170] Example 12 includes a method for producing biomass or a bioproduct according
to claim 11, where the genetically engineered host cell or microorganism is an alga and the
alga is cultured mixotrophically or phototrophically.
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[00171] The discussion of the general methods given herein is intended for illustrative
purposes only. Other alternative methods and embodiments will be apparent to those of skill
in the art upon review of this disclosure, and are to be included within the spirit and purview
of this application.

EXAMPLES
[00172] A novel member of the MYB-like transcription factor family has been identified
and isolated from the algal strain Nannochloropsis gaditana that when overexpressed confers
increased productivity in microorganisms. As detailed herein, these discoveries were made by
identifying genes encoding transcription factors in the genome of the algal strain
Nannochloropsis WT-3730, constructing expression vectors including putative transcription
factor genes, transforming the expression vectors into Nannochloropsis, and analyzing the
resulting algal lines for increased productivity.
EXAMPLE 1: Development of Nannochloropsis recombinant cells lines overexpressing one
or more transcription factors
[00173] The algal strain WT-3730 was derived from the strain Nannochloropsis gaditana
CCMP1894 obtained from the Provasoli-Guillard National Center for Marine Algae and
Microbiota (NCMA, Maine, U.S.A.), which is formerly the National Center for Culture of
Marine Phytoplankton (CCMP). Whole genomic DNA content of the WT-3730 strain was
first isolated and shot-gun sequenced using 454-pyrosequencing methodologies (454 Life
Sciences). Nannochloropsis gaditana genomic DNA was used for library construction
according to the recommended protocol (454 Life Sciences) for single long reads. The
sequences were generated by GS FLX Titanium series sequencing runs. Mate-pair and
paired-end genomic DNA library construction was performed for Illumina short-read (100bp)
sequencing.
[00174] For cDNA sequencing, total RNA was isolated from Nannochloropsis gaditana
cells using Qiagen RNeasy Maxi'" columns according to the manufacturer’s
recommendations. cDNA was synthesized by fragmenting the RNA and converting it to
cDNA with random primers using the Illumina mRNA-Seq Library Preparation Kit according
to the manufacturer’s recommendation. Illumina adapters were then ligated to the DNA ends
and the sample was PCR amplified using reagents in the same kit. The DNA template was
sequenced on an Illumina Genome Analyzer II'™ platform according to the manufacturer’s
recommended conditions. Paired-end reads were generated and mapped to the assembled
genome sequence as described below.
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[00175] Genome sequence assemblies were carried out using Newbler assembler version
2.0.00.20 for the 454-sequence data and using ALLPATHS-LG for the Illumina mate-pair
and paired-end data. Coding gene sequences were predicted from assembled genomic contigs
using an approach that combined evidence from multiple sources using either the Evigan
consensus gene prediction method (Liu et al., Bioinformatics, 24(5):597-605, 2008) or
Augustus (Stanke et al., BMC Bioinformatics 7, 2006). Putative transcription factors were
then identified using probabilistic Hidden Markov Models (HMMER version 3; which can be
found at hmmer janelia.org/) with Pfam models on the predicted gene sequences.

[00176] In addition to the HMM-based ab initio gene model, further direct evidence on
gene structure was included in the predictions using the hints mechanism included in the
Augustus program. This mechanism allows providing additional evidence on gene features
such as exon-intron boundaries that Augustus can use to determine for example the location
of an exon-intron boundary that is both consistent with the ab initio model and is supported
by direct experimental data. The evidence used in gene finding process included GeneWise
protein-DNA alignments, Solexa based exon-intron splice junctions generated using Tophat,
and assembled transcripts created using the program Cufflinks. The weights for all hints were
derived by optimizing them using an accuracy function based on the sensitivity and
specificity of gene prediction results on Arabidopsis genome sequence using the manually
curated Arabidopsis genome annotation (TAIR database,www.arabidopsis.org/) as a
reference data set. Alternative transcripts for genes were also predicted when the evidence
supported their presence.

[00177] The whole genome-sequencing data was then assembled and annotated. Genes
encoding putative transcription factors were identified bioinformatically by relying mainly on
Pfam analyses and Hidden Markov Models (HMM) using the program hmmer3 (janelia.org).
The ‘Plant Transcription Factor Database’ (Perez-Rodriguez ef al. (2010) Nucl. Acids Res. 38
(Suppl 1): D822-D827) was also used as a reference. The identification of genes encoding
transcription factors was performed based upon coding regions (e.g. exons), as the naturally-
occurring genes generally included one or more introns that were identified and excluded
from the resulting gene sequences. Genes encoding transcription factors identified as such
were subsequently constructed as cDNAs from exon sequences and used in the
transformation constructs, e.g., SEQ ID NO:3. The amino acid sequence set forth in SEQ ID
NO:4 represents the encoded polypeptide of this cDNA.
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[00178] With the goal in mind of enhancing lipid and or biomass productivity, 74 putative
transcription factor genes (cDNAs) were selected and overexpressed in Nannochloropsis
WT-3730 cells. For this purpose, numerous transformation vectors were constructed in which
transcriptional expression of the genes encoding the transcription factors was placed under
control of either a TCTP promoter from Nannochloropsis gaditana (SEQ ID NO:5), an
clongation factor promoter from Nannochloropsis gaditana (elF3, SEQ ID NO:6), or a 60S
ribosomal protein L.24 promoter from Nannochloropsis gaditana (SEQ ID NO:7).

[00179] For transformation, Nannochloropsis gaditana cells were grown in PM064 media
and harvested at a concentration between 1-3 x 107 cells/mL. Cells were centrifuged at 2500
x g for 10 minutes at 25°C to pellet the cells. Cells were then resuspended in a sterile solution
of 385 mM sorbitol and centrifuged again, then washed two more times in sorbitol to remove
all traces of media. The cell pellet was resuspended in sorbitol to a final concentration of 1 x
10" cells/mL. Linearized plasmid DNA of construct was aliquoted into microfuge tubes at a
concentration between 0.5-5 ug DNA, and 100 uL of cell mixture was mixed with the DNA.
The mixture was transferred to chilled electroporation cuvettes with a gap distance of 2 mm.
The electroporator was set to 50 uF capacitance, 500 ohms resistance and 2.2 kV voltage.
Following electroporation, samples were resuspended in 1 mL of sorbitol and incubated on
ice for a few minutes. Cells were transferred to 15 mL conical tubes containing 10 mL of
fresh media, and allowed to recover overnight in dim light (~5 umol photons m? sec'l). The
next day, cells were plated at a concentration between 5-7 X 10® cells/mL on PM024 plates
containing either 5 ug/mL zeocin, 100 pg/mL hygromycin, or 100 pg/mL blasticidin. Plates
were incubated under constant light (~80 wmol photons m™ sec™) until colonies appeared
(about 2-3 weeks).

[00180] PMO024 media includes: 35 ppt Instant Ocean Salts (Aquatic Eco Systems;
Apopka, FL), 10X Guillard’s F/2 marine water enrichment solution (50X stock from Sigma-
Aldrich, St. Louis, MO, cat. No. G0154; final concentrations of components in media: 8.825
mM Sodium nitrate; 0.32 mM Sodium phosphate monobasic; 0.205 uM Biotin; 0.420 uM
Cobalt chlorides 6H,0; 0.400 uM Cupric sulfatee 5H,0; 0.11713 mM Disodium EDTA-
2H,0; 9.095 uM Manganese chloride ¢ 4H,0; 0.248 uM Sodium molybdate « 2H,0; 2.965
uM Thiamine « HCI; 0.037 uM Vitamin By, 0.765 uM Zinc sulfate « 7H,0).

[00181] PMO064 media includes: 35 ppt Instant Ocean Salts, 5X Guillard’s F/2 marine
water enrichment solution (50X stock from Sigma-Aldrich, St. Louis, MO, cat. No. G0154;
final concentrations of components in media: 4.413 mM Sodium nitrate; 0.16 mM Sodium
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phosphate monobasic; 0.103 uM Biotin; 0.240 uM Cobalt chlorides 6H,0; 0.200 uM Cupric
sulfates SH,O; 0.0585 mM Disodium EDTA+ 2H,0; 4.54 uM Manganese chloride « 4H,0;
0.124 uM Sodium molybdate « 2H,0; 1.48 uM Thiamine « HCL; 0.0185 uM Vitamin By,
0.382 uM Zinc sulfate « 7H,0).

EXAMPLE 2: Identification and isolation of MALTA, a Nannochloropsis MYB-like
transcription factor conferring increased cell biomass productivity

[00182] Recombinant algal cell lines overexpressing one or more of the transcription
factors described in Example 1 were subsequently screened for modulation in cell biomass
productivity. Duplicate 25 cm® flasks containing approximately 30 ml PM066 medium were
inoculated with algal cells from 20 ml liquid cultures that had been inoculated from 5 ml
cultures started from cells growing on plates. After 3-6 days of growth, the cultures were
diluted based on the growth characteristics of the strain such that they were estimated to
reach late log phase in 3 days. The flasks were placed in an Adaptis growth chamber, shaking
at approximately 130 rpm in an environment containing 1% CO,-enriched air and exposed to
approximately 274 nE-m™-s™ light on a 16 h light (at 30°C):8 h dark (at 25°C) cycle. After 3
days, these seed cultures were used to inoculate 75 cm? flasks each containing a 200 ml total
culture volume to a density providing approximately 35% light attenuation through the
culture (which was 8.6 cm from the side closest to the light to the side farthest from the light).
The tops of the flasks were fitted with a cap that included an air bubbling tube and a port used
for culture sampling. Cultures were bubbled with 1% CO;-enriched air on a shelf positioned
against a light bank providing approximately 550 uE photosynthetically active radiation
(PAR) at the front of the centrally positioned flask. The light regime was 16 hours of light (at
30°C) to 8 hours of darkness (at 25°C). After two days of growth, 6 mL samples were
removed daily for FAME and TOC (total organic carbon) analysis and evaporative losses
were made up with sterile distilled water during the seven day culturing period.

[00183] PMO066 medium included 10 mM nitrate (NO3) and 0.417 mM phosphate (POy)
along with trace metals and vitamins in Instant Ocean salts. PM066 media was made by
adding 5.71 ml of a 1.75 M NaNOs stock solution (148.7g / L), and 5.41 ml of a 77 mM
K,HPO4-3H,0 stock solution (17.57g / L) to 981 mls of Instant Ocean salts solution (35 g/L)
along with 4 ml of Chelated Metals Stock Solution and ml of 4 ml Vitamin Stock Solution.
Chelated Metals Stock Solution was prepared by adding to 400 mls of water 2.18 g
Na,EDTA-2H,0; 1.575 g FeCl3-:6H,0; 500 ul of 39.2 mM stock solution (0.98g/100ml)
CuS04-5H,0; 500 ul of 77.5 mM stock solution (2.23g/100ml) ZnSO4-7H,0; 500 ul of 42.0
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mM stock solution (1.00g/100ml) CoCl,-6H20; 500 ul of 910.0 mM stock solution
(18.0/100ml) MnCI2-4H20; 500 ul of 26,0 mM stock solution (0.63g/100ml)
Na;MoO4:2H,0; bringing up to 500 ml final volume, and filter sterilizing. Vitamin Stock
Solution was prepared by adding to 400 mls of water 0.05g Thiamine HCI; 500 ul of 0.37
mM stock solution (0.05g/100ml) of cyanocobalamin; and 2.5 ml of 0.41 mM stock solution
(0.01g/100ml) of biotin, bringing up to a final volume of 500 mls, and filter sterilizing.
[00184] Fatty acid methyl ester (FAME) analysis was performed on 2 mL samples that
were dried using a GeneVac HT-4X. To the dried pellets the following was added: 500 uL of
500 mM KOH in methanol, 200 pL of tetrahydrofuran containing 0.05% butylated hydroxyl
toluene, 40 uL of a 2 mg/ml C11:0 free fatty acid/C13:0 triglyceride/C23:0 fatty acid methyl
ester internal standard mix and 500 uL of glass beads (425-600 um diameter). The vials were
capped with open top PTFE septa-lined caps and placed in an SPEX GenoGrinder at 1.65
krpm for 7.5 minutes. The samples were then heated at 80°C for five minutes and allowed to
cool. For derivatization, 500 uL of 10% boron trifluoride in methanol was added to the
samples prior to heating at 80°C for 30 minutes. The tubes were allowed to cool prior to
adding 2 mL of heptane and 500 uL of 5 M NaCl. The samples were vortexed for five
minutes at 2 krpm and finally centrifuged for three minutes at 1 krpm. The heptane layer was
sampled using a Gerstel MPS Autosampler. Quantitation used the 80 pg of C23:0 FAME
internal standard.

[00185] Total organic carbon (TOC) was determined by diluting 2 mL of cell culture to a
total volume of 20 mL with DI water. Three injections per measurement were injected into a
Shimadzu TOC-Vcsj Analyzer for determination of Total Carbon (TC) and Total Inorganic
Carbon (TIC). The combustion furnace was set to 720°C, and TOC was determined by
subtracting TIC from TC. The 4 point calibration range was from 2 ppm to 200 ppm
corresponding to 20-2000 ppm for non-diluted cultures with a correlation coefficient of 12 >
0.999.

[00186] Initially, a small-scale medium-throughput assay was utilized to assess
productivity levels of the transgenic lines. In the assay, cells were inoculated to an OD73¢ of
0.20 and allowed to grow for 6 days. FAME and TOC levels were measured at 4 days into the
assay and at the end of the time-course (day 6). Since cells were grown in T25 shake flasks
and the total cell culture volume required was relatively low (~30ml), at least ten different
transgenic lines for each transcription factor could be tested. Most transgenic lines exhibited
equal or lower FAME and TOC levels than wild-type. Remarkably, two transgenic lines, GE-
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5385 and GE-5386, which were both transformed with an overexpression construct for a
MY B-like transcription factor, Myb-5256, displayed markedly improved productivity over
wild-type in this productivity assay (Figure 1). Each of the two lines, represented in the
graphs by dashed lines, displayed higher fatty acid methyl ester content (FAME; Figure 1A)
and higher total organic carbon values (TOC; Figure 1B) than the wild type strain (dark
lines). Interestingly, these two cell lines possessed similar FAME/TOC ratios for wild-type
(Figure 1C), suggesting that the higher FAME levels observed for the mutant could likely be
explained by an increase in overall biomass.

[00187] The strains created by transforming wild-type line WT-3730 with a linearized
vector designed to overexpress the Myb-5256 (or “MALTA”) gene that demonstrated
increased biomass productivity were designated GE-5385 and GE-5386. A graphical
presentation of the gene structure of the MALTA locus is provided in Figure 2,
demonstrating that the native MALTA gene sequence (SEQ ID NO:16) which was expressed
in the transgenic lines includes introns extending from nucleotide 143 to nucleotide 295 of
SEQ ID NO:16 and from nucleotide 541 to nucleotide 660 of SEQ ID NO:16. The deduced
amino acid sequence encoded by SEQ ID NO:3 (the MALTA cDNA), is set forth in SEQ ID
NO:4. A homology search for SEQ ID NO:4 was conducted using the DDBIJ/
GenBank/EMBL database. Sequence identity and similarity were also determined using STN
Express® software (STN International, Germany). A conserved MYB-like DNA-binding
domain was identified with an amino acid sequence set forth herein in SEQ ID NO: 2, which
corresponds to amino acid residues 52 - 97 of the amino acid sequence of MALTA protein
(SEQ ID NO:4). Further sequence analysis result revealed that the MALTA protein can be
considered to be a member of a superfamily of MYB-like DNA-binding domain proteins
(Pfam PF00249), based upon high sequence similarity of its MYB-like domain to those of
several MYB-like proteins previously reported, including MYB360 from Nannochloropsis
sp. YJH-2012 (GeneBank Accession No. AGB13670.1) and a MYB-like DNA binding
protein/ transcription factor-like protein from Thalassiosira pseudonana CCMP1335
(GeneBank Accession No. XP_002291033.1). Taken together, these results indicate that SEQ
ID NO:3, i.e. the MALTA gene, encodes a MYB-like DNA-binding domain protein from

Nannochloropsis gaditana.
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EXAMPLE 3: Productivity of recombinant Nannochloropsis cells that overexpressed the
MALTA polypeptide (Myb-5256)

[00188] qRT-PCR experiments were performed to assess the steady-state mRNA levels of
the MALTA transgene Myb-5256 in the Nannochloropsis transgenic lines GE-5385 and GE-
5386 described in Example 2, as compared to a wild-type control line. The over-expression
cassette used to create the GE-5385 and GE-5386 transgenic lines consisted of the Myb-5256
genomic locus (SEQ ID NO:16) driven by an eclongation factor promoter from
Nannochloropsis gaditana (eLF3, SEQ ID NO:6). Cells were grown under standard nitrogen
replete conditions and harvested during early stationary phase.

[00189] To isolate total RNA from Malta-expressing cells, 10 mLs of an algal cell culture
was spun down at 4000 x g for 5 minutes and the supernatant was decanted. The pellet was
resuspended in 1.8 mL Buffer A (5 mL TLE Grinding Buffer, 5 mL phenol, 1 mL 1-bromo-3-
chloropropane and 20 uL. mercaptoethanol, where TLE Grinding Buffer includes 9 mL of 1M
Tris pH 8, 5 mL of 10% SDS, 0.6 mL of 7.5 M LiCl, and 0.45 M EDTA, in a final volume of
50 mL) and transferred to a 2 mL microcentrifuge tube containing approximately 0.5 mL of
200 pum zirconium beads. The tube was vortexed vigorously for 5 min at 4°C and then
centrifuged for 2 min at 11.8 x g. The aqueous layer was then removed and pipetted into a
new 2 mL tube, to which 1 mL 25:24:1 phenol extraction buffer (25 mL phenol pH 8 or 5.1;
24 mL 1-bromo-3-chloropropane, and 1 mL isoamyl alcohol) was added and the tube was
shaken vigorously and centrifuged for 2 min at 11.8 x g. After centrifugation, the aqueous
layer was removed and pipetted into a new 2 mL centrifuge tube, to which 1 ml 1-bromo-3-
chloropropane was added. The tube was shaken and again centrifuged for 2 min at 11.8 x g.
The aqueous layer was removed to a new tube and 0.356 volumes of 7.5 M LiCl was added.
The tube was inverted 10-12 times and stored at -20°C overnight. The next day, samples were
allowed to come to room temperature without mixing and were centrifuged at 16,000 x g for
30 minutes. The supernatant was removed and the pellet was washed with 1 mL of ice cold
80% cthanol. The tube was centrifuged for 30 min at 16,000 x g and allowed to air dry after
the supernatant had been removed. Finally, the RNA pellet was resuspended in 50 ul
ultrapure water. The RNA quality was assessed by on-chip gel electrophoresis using an
Agilent 2100 Bioanalyzer and RNA6000 LabChip according to manufacturer instructions.
[00190] RNA was converted to cDNA using a commercial reverse transcriptase according
to the manufacturer’s protocol. For PCR, Ssofast EvaGreen Supermix (Bio-Rad, Hercules,
CA) was used along with gene-specific primers. The PCR reaction was carried out on C1000
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Thermal Cycler coupled with a CFX Real-time System (BioRad). Primer and cDNA
concentrations were according to the manufacturer’s recommendation. Primers for
amplifying a sequence of the MALTA transcript were SEQ ID NO:19 and SEQ ID NO:20).
Transcript levels for each sample were normalized against a housekeeping gene with
consistent expression levels under different culture conditions (1T5001704; SEQ ID NO:21;
primer sequences were SEQ ID NO:22 and SEQ ID NO:23) and relative expression levels
were calculated using the ddCT method using BioRad’s CFX Manager software. FIG. 3
shows normalized expression values plotted on the y-axis relative to wild-type (WT), where
expression of Myb-5256 was equal to 1 for WT. The error bars represent the standard error
for 3 technical replicates. As expected, both strains were found to over-express the MALTA
transgene at significantly higher levels over the wild-type parent (FIG. 3), suggesting that the
observed increases in FAME and TOC levels of GE-5385 and GE-5386 as described in
Example 2 were due to over-expression of MALTA.

[00191] To further validate this hypothesis, an additional expression vector was
constructed to place expression of the MALTA cDNA under the control of the
Nannochloropsis promoter p5303630 (SEQ ID NO:7), which corresponded to a
Nannochloropsis gene encoding a 60S ribosomal protein L24 and had been previously
identified to be a strong constitutive promoter in Nannochloropsis cells. In this expression
vector, the cDNA sequence of MALTA (SEQ ID NO:3) was fused to the constitutive
promoter p5303630 and terminator element Term9 from Nannochloropsis (SEQ ID NO:S),
and the resulting p5303630-MALTA-Term9 cassette was cloned into a pTRUC vector
backbone. The final vector, which was named pSGE-6279 (FIG. 4), contained a GFP gene
(SEQ ID NO:18) that allowed for selection of stable transgenic lines with full penetrance, i.e.
expression across the entire cell population of a culture. After transformation of pSGE-6279
into the wild-type Nannochloropsis strain WT-3730, the ensuing lines were screened for GFP
fluorescence by flow cytometry. Clones that failed to exhibit a Gaussian distribution of GFP
fluorescence indicating full penetrance were discarded, while those that did were advanced
for qRT-PCR analysis of MALTA expression.

[00192] Three independent Nannochloropsis transgenic strains containing the p5303630-
MALTA-Term9 cassette, named Myb-T1, Myb-T3, and Myb-T7, were selected for qRT-PCR
analyses to assess the steady-state mRNA levels of the MALTA transgene. Cells were grown
under standard replete conditions and harvested during early stationary phase. FIG. S shows
normalized expression values plotted on the y-axis relative to the wild-type (WT) expression
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value; expression of Myb-5256 (MALTA) was set at 1 for WT. Normalization was calculated
against a house keeping gene (1T5001704; SEQ ID NO:21). Error bars represent the standard
error for 3 technical replicates. As expected, QRT-PCR results indicated that the three strains
tested were over-expressing Myb-5256/MALTA at considerably higher levels (10 to 50 fold)
over wild-type control (FIG. 5). Also assayed as negative control in these experiments was a
transgenic Nannochloropsis strain transformed with an empty cloning vector backbone
(TRUC), in which MALTA overexpression was not observed, as expected.

[00193] The confirmed over-expression lines (Myb-T1, Myb-T3, and Myb-T7) were tested
for FAME and TOC levels to determine whether over-expression of the ¢cDNA sequence
encoding MALTA also resulted in increased productivity. For this purpose, 100 mL-cell
cultures were inoculated to an OD73 of 0.25 (in T75 shake flasks). FAME and TOC levels
were measured 7 days into the experiment and at the end of the experiment (day 12). FIG. 6
summarizes the results of experiments assessing productivity level of fatty acid methyl esters
(FAME, FIG. 6A), total organic carbon (TOC, FIG. 6B) values for three transgenic strains
and controls on days 7 and 12 in a standard productivity assay. Each of the transgenic lines
was grown in duplicate (duplicate cultures are labeled a and b). Also assayed as negative
controls in these experiments were Nannochloropsis transgenic strains transformed with
either an empty cloning vector backbone (TRUC) or with an expression vector containing a
different Nannochloropsis transgene (named TF 1814) under control of the same promoter
p5303630. In addition, a Nannochloropsis strain (GE-5877) previously identified to
reproducibly produce higher productivity levels than wild-type was used as a positive control
in this experiment. As previously observed, the positive control GE-5877 grew faster than
wild-type and recorded higher FAME and TOC values. The three transgenic lines over-
expressing MALTA were found to also outperform the wild-type and showed on par or
higher values than the positive control (FIGS. 6A and 6B). Morecover, three other transgenic
lines corresponding to a different transcription factor (TF 1814), which was driven under the
same promoter and cloned into the same backbone as MALTA was, did not show any
improvements over wild-type or the empty vector control.

[00194] To confirm that MALTA was still over-expressed at the end of the experiment,
gene expression levels for MALTA were measured again on day 12 of the productivity assay
(FIG. 7). Once again, steady-state mRNA levels of the MALTA transgene, as determined by
qRT-PCR, demonstrated up-regulation of MALTA in the transgenic lines compared to wild-
type. Altogether, these data strongly suggest that over-expression of the MYB-like
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transcription factor MALTA in Nannochloropsis results in improved growth rates and higher
FAME productivity.

EXAMPLE 4: Genetic transformation of Tetraselmis by particle bombardment.

[00195] Tetraselmis transformation is carried out by particles bombardment using the Bio-
Rad Helio ™ PDS-1000/He gene gun apparatus according to manufacturer’s instructions
with minor modifications.

[00196] Plasmid DNA isolated from overnight E. coli cultures is quantitated and digested
overnight with an enzyme appropriate for linearization. The plasmid includes a nucleic acid
sequence encoding the polypeptide of SEQ ID NO:4 operably linked to the Tetraselmis
GAPDH promoter of SEQ ID NO:9 (or any of the promoters provided in US 13/693,585,
filed December 4, 2012, and incorporated herein by reference in its entirety) and the GAPDH
terminator (SEQ ID NO:10). The plasmid can further include a selectable marker, such as, for
example, the Streptoalioteichus hindustanus (Sh) ble gene conferring Zeocin-resistance and
codon-optimized for expression in Chlamydomonas reinhardtii (SEQ ID NO:11), which can
be operably linked to an algal promoter, such as, for example, the Tetraselmis actin promoter
(SEQ ID NO:12) and the Tetraselmis actin terminator fragment (SEQ ID NO:13).

[00197] Gold particles are prepared as follows: Gold microcarriers (Bio-Rad Cat#165-
2262) are weighed into a 1.5mL tube. For 40 shots at 0.5 mg gold/shot, typically 20 mg of
gold microcarriers is used. Following addition of 100uL 0.05M spermidine, the tube is
vortexed, and may optionally be sonicated for approximately 5 seconds. Plasmid DNA is then
added to the tube, followed by brief vortexing. While vortexing, 100ul. 1M CaCl, is added
drop-wise. The volume of plasmid varies depending on the desired amount of DNA per shot.
The tube is then incubated at room temperature for 10 minutes. The gold preparation is
centrifuged briefly for 10-15 seconds to discard the supernatant. The pellet is washed three
times with 1mL ethanol, with vortexing and spinning down between each wash. The pellet is
then resuspended in a 2.5mL ethanol /PVP solution (a mixture of 2.5mL ethanol and 1.25uL
of 20mg/mL PVP stock in ethanol), followed by sonication for 5 seconds.

[00198] Two days prior to shooting, a culture of a Tetraselmis strain, WT-105, is
inoculated at 5 x 10° cells/mL in PM032 media, and cells are grown at 25°C, 1% CO; on a
rotation share set at 125 rpm on a 16:8 light:dark cycle. In a typical protocol of particle
bombardment, algal cells are first concentrated and plated prior to transformation shootings.
Algal cells are counted using Accuri cytometer. A cell count of at 1 x 10° cells/mL is
preferable. Cells are then concentrated to 5 x 107 cells/mL before plating 200 uL of
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concentrated cells onto PM032 1.5% agar plates within a 4cm-diameter circle. A total of 15
circles (e.g. a total of 1.5 x 10° cells) are placed on a single 22 x 22cm plate and allowed to
dry. The distance between the stopping ring and the target (microalgal cells) is 5 cm. Plates
are placed on the bench to recover for approximately 24 hours.

[00199] PMO032 medium is 10X F/2 replete medium that includes 8.8 mM NaNO; and
0.4361 mM NaH,P04.H,0, 10x F/2 Trace metals, and 10x F/2 Vitamins and and can be made
by mixing 1.3 ml/L of ProLine F/2 Part A and 1.3 ml/L of ProLine F/2 Part B in 800 ml
scawater. The solution is stirred thoroughly, brought up to 1 liter with distilled water, and
filter sterilized using a 0.22um filter.

[00200] After transformation, algal cells are recovered by adding approximately 20mL of
PMO032 media to the plate. Algal cells are scrapped with inoculating loop to resuspend cells in
liquid PM032 media. A 25mL serological pipette is used to remove as much liquid media as
possible from plate and place in a 50mL conical tube. An additional 20mL of PM032 media
is added to the plate to recover any remaining algae and transfer this liquid media to the
conical tube. Cells are pelleted by centrifugation at 3,000 x g for 5 minutes, resuspended in
4mL PMO032, and then spread with autoclaved glass beads onto two 22 x 22cm selection
plates. Plates are allowed to dry, wrapped in micropore tape and placed on light shelves.
Algal colonies typically appear after 1-2 weeks.

EXAMPLE 5: Genetic transformation of Cyclotella by particle bombardment.

[00201] Plasmid DNA isolated from overnight E. coli cultures is quantitated and digested
overnight with an enzyme appropriate for linearization. The plasmid includes a nucleic acid
sequence encoding the polypeptide of SEQ ID NO:4 operably linked to the Cyclotella Accase
promoter of SEQ ID NO:14 (or any of the promoters provided in Niu er al. (2012)
BioTechniques Rapid Dispatches doi:10.2144/000113881). The plasmid can further include a
selectable marker, such as, for example, the Streptoaiiotcichus hindustanus (Sh) ble gene
conferring Zeocin-resistance and codon-optimized for expression in Chlamydomonas
reinhardtii (SEQ ID NO:11), which can be operably linked to an algal promoter, such as, for
example, any provided in Paulsen & Kroger FEBS J. 272: 3413-23 or Siaut et al. Gene
406:23-35.

[00202] Cultures of a diatom Cyclotella strain, WT-293, are grown in PM101 liquid media
in high light growth conditions, 30°C, under a 14:10 diel cycle (Adaptis incubator). Cells at
exponential growth phase (<1 x 10° cells/ml) are pelleted by centrifugation (20 minutes, 5000
g, 20°C), resuspended in ~20mls of 0.5M Osmoticum (0.25M Sorbitol + 0.25M Mannitol) for
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a high concentration of cells (~1 x 10° cells/ml), and determined cell count. Approximately 3
x 107 cells are spread onto the center 2/3rd of a PM101 agar plate. PM101 media is identical
to PM024 described in Example 1, except for it contains 10mM NaNOs, 0.417 mM K,HPO4
and 1 mM Na,SiOs. Plates are then allowed to dry in sterile hood.

[00203] The microcarriers are tungsten particles M17 (Bio-Rad Cat# 165-2267).
Microcarriers are prepared according to the protocol of the supplier (Bio-Rad), and include
the following steps. (1) Weigh 60mg of tungsten particles into "Treff" microtubes (VWR
Cat.# 101100-388); (2) Add 1ml 70% Ethanol and vortex for 5 minutes at room temperature;
(3) Store the tube on the bench top for 15 minutes; (4) Centrifuge in picofuge for 5 seconds;
(5) Remove supernatant and resuspend in 1ml sterile H,O; (6) Vortex for 1 minute and then
store the tube on the bench top for 1 minute; (7) Centrifuge in picofuge for 5 seconds; (8)
Repeat H20 wash (steps 5-7) three more times; and (9) Remove supernatant after final wash
and resuspend particles in 1ml of sterile 50% glycerol.

[00204] In most Cyclotella transformation experiments, the DNA binding procedure
involves the following steps. (1) While vortexing stock solution of microcarrier particles,
remove a 50ul aliquot of beads (i.e., approximately 3 mg) and transfer to a fresh microfuge
tube; (2) To the aliquot, add plasmid DNA (3ug). Plasmid DNA is preferably at a high
concentration (~1mg/ml); (3) Add 50ul of 2.5M CaCl,; (4) Add 20ul of 0.1M spermidine
(Fluka 05292-1ML-F); (5) continue to vortex tube for an additional 3 minutes; (6) Store the
tube on the bench top for 1 minute; (7) Pellet particles for 2 seconds in picofuge; (8) Remove
supernatant and carefully layer with 140ul of 70% Ethanol; (9) Remove supernatant and
carefully layer with 140ul of 100% Ethanol; and (10) Remove supernatant and resuspend in
30ul 100% Ethanol.

[00205] The macrocarriers (Bio-Rad Cat#165-2335) are prepared by setting up X-
segmented Petri dishes (VWR Cat#25384-308) with desiccant in each quadrant. Autoclaved
macrocarrier/ macrocarrier holder is then placed in each quadrant atop desiccant.
Approximately, 10ul of DNA/Beads is dispensed onto center of macrocarrier and allowed to
dry.

[00206] A typical protocol of particle bombardment includes the following steps. (1) Dip
rupture disk (Bio-Rad #165-2330) into isopropanol and place in rupture disk retaining cap;
(2) Secure retaining cap to end of gas acceleration tube and tighten with torque wrench; (3)
Load stopping screen (Bio-Rad Cat#165-2336) and macrocarrier into microcarrier launch
assembly; (4) Place microcarrier launch assembly into chamber; (5) Place target shelf with
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agar plate containing cells on Level 2 in chamber and close door; (6) Apply vaccum and hold
at 10Hg; (7) Depress FIRE button until rupture disk bursts; (8) Release vaccum, open door
and remove agar plate; (9) Unload macrocarrier and stopping screen from launch assembly;
(10) Unload spent rupture disk. Helium pressure in a Biolistic PDS-1000-HE particle delivery
system used in these transformation experiments is set at approximately 2,000 psi, and the
distance between rupture disk retaining cap and microcarrier launch assembly is 0.5cm,
which can be verified using hexagonal gap tools.

[00207] After bombardment, diatom cells are recovered as follows. Cells are scraped from
agar plate by adding ~5ml media and scraping with L-shaped spreader; transferred to 50ml
PM101 media in a 125 ml flask, which is then incubated in approximately 50 E light, 30°C,
1%CO; and cells are allowed to recover for 24hrs. At this step, cell counts can be determined
before being pelleted by centrifugation. Supernatant is decanted by leaving ~1-2 ml media.
Cell culture is resuspended in remaining media and plated onto Antibiotic plates (max. 2 X
107 cells/plate). Plates are then wrapped with micropore tape and placed under high light.
Diatom colonies typically appear after 1-2 weeks.

EXAMPLE 6: Molecular characterization and evaluation of recombinant algal cells.

[00208] The ability of a recombinant MALTA-like polypeptide to confer modulated
biomass productivity is assessed in a number of ways. Following introduction of
heterologous foreign DNA into algal cells, the transformation or integration of heterologous
gene in the algal genome is confirmed by a number of methods such as analysis of nucleic
acids, proteins and metabolites associated with the integrated gene. For example, PCR
analysis 18 a rapid method, among others, to screen transformed cells (Sambrook and Russell,
2001, supra). PCRs are carried out using oligonucleotide primers specific to the antibiotic-
tolerance gene of interest or to the transformation vector backbone, efc.

[00209] Algal transformants derived from transformation experiments are also confirmed
by Southern blot analysis of genomic DNA (Sambrook and Russell, 2001, supra). In general,
total DNA is extracted from the transformant by using a procedure described previously (see,
e.g. European Pat. Appl. No. EP2090648A1), digested with appropriate restriction enzymes,
size-fractionated in an agarose gel and transferred to a nitrocellulose or nylon membrane. The
membrane or "blot" is then probed with, for example, a nonradioactive DIG-labeled target
DNA fragment to confirm the integration of introduced gene into the plant genome according

to standard techniques ("Genius" DIG-based system, Bochringer Mannheim Biochemicals
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GmbH, Germany; Sambrook and Russell, 2001, supra), or a radiolabeled **P probe may be
used for Southern blot analysis.

[00210] Expression of the MALTA-like transgene can be evaluated by PCR. Western blot,
biochemical assays and the like can also be carried out on the transgenic algae to confirm the
presence of protein encoded by the MALTA-like gene by standard procedures (e.g.,
Sambrook and Russell, 2001, supra) using antibodies that bind to one or more epitopes
present on the MALTA protein.

[00211] The effects of the exogenous MALTA-like gene can be investigated using the
productivity assays provided herein, or similar assays in which the recombinant algal cells
that overexpress a MALTA-like gene or a gene encoding a protein homologous to a
MALTA-like protein are cultured and analyzed for production or accumulation of a product.
The product can be, as nonlimiting examples, a carbohydrate, a polymer, an alcohol, a sugar,
a vitamin, a small molecule, a polyketide, a pigment, a colorant, a peptide, a protein, or a
lipid. Alternatively or in addition, a recombinant cell that overexpresses a MALTA-like gene
or an ortholog thereof can be tested for increased growth rate and/or biomass accumulation.
[00212] A number of embodiments of the invention have been described. Nevertheless, it
will be understood that elements of the embodiments described herein can be combined to
make additional embodiments and various modifications may be made without departing
from the spirit and scope of the invention. Accordingly, other embodiments, alternatives, and
equivalents are within the scope of the invention as described and claimed herein.

[00213] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically can individually indicated to be incorporated by reference.
Information sources referenced herein include, for example, World Wide Web browser-
inactive page addresses. While the contents and teachings of each and every one of the
information sources can be relied on and used by one of skill in the art to make and use
embodiments of the invention, any discussion and comment in a specific information source
should in no way be considered as an admission that such comment was widely accepted as

the general opinion in the field.
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CLAIMS
What Is Claimed Is:

1.  An isolated or recombinant nucleic acid molecule comprising a nucleic acid sequence
encoding a polypeptide that comprises an amino acid sequence having at least 65%
identity to the amino acid sequence of SEQ ID NO:4.

2. An isolated or recombinant nucleic acid molecule according to claim 1, wherein the
polypeptide belongs to pfam PF00249.

3. An isolated or recombinant nucleic acid molecule according to claim 1, wherein the
polypeptide comprises an amino acid sequence that has at least 65% identity to the
amino acid sequence of SEQ ID NO:2.

4. An isolated or recombinant nucleic acid molecule according to claim 3, wherein the
polypeptide comprises an amino acid sequence that has at least 75% identity to SEQ ID
NO:4.

5. An isolated or recombinant nucleic acid molecule according to any of claims 1- 4,
wherein the nucleic acid molecule is operably linked to a heterologous nucleic acid
sequence.

6.  An isolated or recombinant nucleic acid molecule according to claim 5, wherein the
nucleic acid molecule is operably linked to a heterologous nucleic acid sequence that
comprises a regulatory element.

7. An isolated or recombinant nucleic acid molecule according to any one of claims 1-6,
wherein one or more of the following apply:

a) the nucleic acid sequence encoding the polypeptide differs from a nucleic acid
sequence of a naturally-occurring gene;

b) the nucleic acid sequence comprises a cDNA sequence; or

¢) the nucleic acid molecule comprises a vector.

8.  Anisolated or recombinant nucleic acid molecule comprising:

(a) a nucleic acid sequence hybridizing under high stringency conditions to a nucleic
acid sequence selected from the group consisting of SEQ ID NO:1 and SEQ ID
NO:3, a complement thereof, or a fragment of either; or

(b) a nucleic acid sequence having at least 70% identity to a nucleic acid sequence
selected from the group consisting SEQ ID NO:1 and SEQ ID NO:3; a

complement thereof, or a fragment of either; or
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10.

11.

12.

13.

14.

15.
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(c) a nucleic acid sequence encoding a polypeptide that comprises an amino acid
sequence having at least 65% identity to an amino acid sequence selected from the
group consisting of SEQ ID NO:2 and SEQ ID NO:4; or a fragment thereof; or

(d) a nucleic acid sequence that is an antisense or interfering RNA to a nucleic acid
sequence according to any one of paragraphs (a), (b), or (¢).

An isolated or recombinant nucleic acid molecule according to any of claims 1-8,
wherein elevated expression of the nucleic acid sequence in a host cell results in higher
biomass productivity of the host cell.

A recombinant host cell comprising a non-native nucleic acid molecule according to
any one of claims 1-9.

A recombinant host cell according to claim 10, wherein the host cell is an algal cell, a
heterokont cell, a fungal cell, an insect cell, a mammalian cell, or a plant cell.

A recombinant host cell according to claim 12, wherein the host cell is an algal cell or a
heterokont cell.

A recombinant host cell according to claim 12, wherein the recombinant host cell is of a
heterkont species belonging to a genus selected from the group consisting of
Labryinthula, Labryinthuloides, Thraustochytrium, Schizochytrium, Aplanochytrium,
Aurantiochytrium, Oblongichytrium, Japonochytrium, Diplophrys, and Ulkenia.

A recombinant host cell according to claim 13, wherein the recombinant host cell is of a
heterkont species belonging to a genus selected from the group consisting of
Thraustochytrium, Schizochytrium, Oblongichytrium, or Aurantiochytrium.

A recombinant host cell according to claim 13, wherein the host cell is of an algal
species belonging to a genus selected from the group consisting of Achnanthes,
Amphiprora, Amphora, Ankistrodesmus, Asteromonas, Boekelovia, Bolidomonas,
Borodinella, Botrydium, Botryococcus, Bracteococcus, Chaetoceros, Carteria,
Chlamydomonas, Chlorococcum,  Chlorogonium,  Chlorella, =~ Chroomonas,
Chrysosphaera,  Cricosphaera,  Crypthecodinium,  Cryptomonas,  Cyclotella,
Desmodesmus, Dunaliella, Elipsoidon, Emiliania, Eremosphaera, Ernodesmius,
Euglena, Eustigmatos, Franceia, Fragilaria, Fragilaropsis, Gloeothamnion,
Haematococcus, Hantzschia, Heterosigma, Hymenomonas, Isochrysis, Lepocinclis,
Micractinium, Monodus, Monoraphidium, Nannochloris, Nannochloropsis, Navicula,
Neochloris, Nephrochloris, Nephroselmis, Nitzschia, Ochromonas, Qedogonium,
Oocystis, Ostreococcus, Parachlorella, Parietochloris, Pascheria, Pavlova,
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25.
26.
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Pelagomonas, Pheodactylum, Phagus, Picochlorum, Platymonas, Pleurochrysis,
Pleurococcus, Prototheca, Pseudochlorella, Pseudoneochloris, Pseudostaurastrum,
Pyramimonas, Pyrobotrys, Scenedesmus, Schizochlamydella, Skeletonema, Spyrogyra,
Stichococcus, Tetrachlorella, Tetraselmis, Thalassiosira, Tribonema, Vaucheria,
Viridiella, Vischeria, and Volvox.

A recombinant host cell according to claim 15, wherein the host cell is of an algal
species belonging to a genus selected from the group consisting of Chlorella,
Chlamydomonas, Desmodesmus, Haematococcus, Scenedesmus, and Tetraselmis.

A recombinant host cell according to claim 15, wherein the host cell is of an algal
species belonging to a genus selected from the group consisting of Cyclotella,
Nitzschia, Pavlova, Pheeodactylum,and Thalassiosira.

A recombinant host cell according to claim 15, wherein the host cell is of an algal
species belonging to a genus selected from the group consisting Eustigmatos, Monodus,
Nannochloropsis, and Vischeria.

A recombinant host cell according to claim 18, wherein said host cell is a
Nannochloropsis cell.

A recombinant host cell according to any one of claims 10-19, wherein said host cell is
a microorganism, and wherein expression of the non-native gene by the recombinant
microorganism results in increased productivity of the recombinant microorganism
relative to a control microorganism that does not express the non-native gene.

A recombinant host cell according to 20, wherein expression of the non-native gene by
the recombinant microorganism results in one or more of increased biomass
productivity, increased lipid productivity, or increased growth rate of the recombinant
microorganism relative to a control microorganism that does not express the non-native
gene.

A biomass comprising a recombinant host cell according to any one of claims 10-21.

A method for producing a bioproduct, comprising culturing a recombinant host cell
according to any one of claims 10-21, and producing the bioproduct therefrom.

A method according to claim 23, further comprising isolating the bioproduct from the
culture.

The method of claim 23 or 24, wherein the host cell is an algal cell or heterokont cell.
The method of claim 25, wherein the host cell is of an algal species belonging to a
genus selected from the group consisting of Achnanthes, Amphiprora, Amphora,

72



27.
28.

29.
30.

31.

32.
33.

34.

35.

WO 2015/103307 PCT/US2014/072831

Ankistrodesmus, Asteromonas, Boekelovia, Bolidomonas, Borodinella, Botrydium,
Botryococcus, Bracteococcus, Chaetoceros, Carteria, Chlamydomonas, Chlorococcum,
Chlorogonium, Chlorella, Chroomonas, Chrysosphaera, Cricosphaera,
Crypthecodinium, Cryptomonas, Cyclotella, Desmodesmus, Dunaliella, Elipsoidon,
Emiliania, Eremosphaera, Ernodesmius, Euglena, Eustigmatos, Franceia, Fragilaria,
Fragilaropsis,  Gloeothamnion, = Haematococcus, = Hantzschia, =~ Heterosigma,
Hymenomonas, Isochrysis, Lepocinclis, Micractinium, Monodus, Monoraphidium,
Nannochloris, Nannochloropsis, Navicula, Neochloris, Nephrochloris, Nephroselmis,
Nitzschia, Ochromonas, Qedogonium, Qocystis, Ostreococcus, Parachlorella,
Parietochloris, Pascheria, Paviova, Pelagomonas, Phewodactylum, Phagus,
Picochlorum, Platymonas, Pleurochrysis, Pleurococcus, Prototheca, Pseudochlorella,
Pseudoneochloris, Pseudostaurastrum, Pyramimonas, Pyrobotrys, Scenedesmus,
Schizochlamydella, Skeletonema, Spyrogyra, Stichococcus, Tetrachlorella, Tetraselmis,
Thalassiosira, Tribonema, Vaucheria, Viridiella, Vischeria, and Volvox.

The method of claim 26, wherein said host cell is a Nannochloropsis cell.

The method of claim 26 or 27, wherein said culturing is under photoautotrophic
conditions.

A bioproduct produced by a method according to any one of claims 23-28.

The bioproduct of claim 29, further defined as a food, feed, biofuel, bio-chemical,
pharmaceutical, or medicinal product.

The bioproduct of claim 29, further defined as a lipid, an oil, an amino acid, a
polypeptide, a cofactor, a hormone, a pigment or colorant, an antioxidant, or a vitamin.
The bioproduct of claim 31, further defined as a lipid.

A lipid according to claim 32, wherein the lipid comprises a fatty acid, a fatty alcohol, a
fatty aldehyde, a fatty acid ester, a wax ester, a hydrocarbon, a triacylglyceride, a
diacylglyceride, a monoacylglyceride, a phospholipid, or a terpenoid.

A method for modulating a growth characteristic of a host cell, said method comprising
introducing into the host cell a nucleic acid molecule according to any one of claims 1-
9, wherein the nucleic acid molecule confers a modulated growth characteristic of the
host cell as compared to a control cell.

The method of claim 34, wherein said growth characteristic is further defined as higher

biomass productivity.
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SEQ ID NOs:1-20 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (Quly 2009)



INTERNATIONAL SEARCH REPORT PCT/US2 niermational applicafion” No.

PCT/US2014/072831

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I—_—l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

\/1
3. N Claims Nos.: 7, 9-35
because they are d;pendent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)A

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ‘
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fee was not paid within the time limit specified in the invitation.

[_—_I No protest accompanied the payment of additional search fees.
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