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Abstract: Microbial oils are potential resources of fuels and food oils in the future. In recent years, with the rapid
development of systems biology technology, understanding the physiological metabolism and lipid accumulation
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characteristics of oleaginous microorganisms from a global perspective has become a research focus. As an important tool for
systems biology research, omics technology has been widely used to reveal the mechanism of high-efficiency production of
oils by oleaginous microorganisms. This provides a basis for rational genetic modification and fermentation process control of
oleaginous microorganisms. In this article, we summarize the application of omics technology in oleaginous microorganisms,
introduced the commonly used sample pre-processing and data analysis methods for omics analysis of oleaginous
microorganisms, reviewe the researches for revealing the mechanism of efficient lipid production by oleaginous
microorganisms based on omics technologies including genomics, transcriptomics, proteomics (modification) and
metabolomics (lipidomics), as well as mathematical models based on omics data. The future development and application of
omics technology for microbial oil production are also proposed.
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Table 1 Representative cases of genomics techniques application in oleaginous microorganisms

Strains Omics Sample collection/extraction Platform  Research content Reference
Mucor circinelloides Genomics Filtration/grinding with liquid nitrogen/Benzene Illumina Comparative [48]
Trizol extraction genome
Rhodosporidium Genomics Liquid nitrogen quenching after centrifugation/ Illumina GAII / [46]
toruloides phenol-chloroform-isopropanol extraction or GATI x
Trichosporon Genomics Yeast DNA Extraction Kit Ilumina Comparative [74]
fermentans genomics
/ Genomics / / Comparative [75]
genomics
Nannochloropsis Genomics / / Transcription [81]
factor
Chlorella vulgaris  Genomics / Illumina Genome [71]
HiSeq2 000  sequencing
Mortierella alpina  Genomics Filtration/grinding with liquid nitrogen/phenol- Sanger / [72]
chloroform-isopropanol extraction
Mucor circinelloides GEM / / Strains [76]
comparison
GEM: Genome-scale metabolic model.
R2 BREBARESHBEDPHORREN ARG
Table 2 Representative cases of transcriptomics techniques application in oleaginous microorganisms
Strains Omics Sample collection/extraction Platform Research content Reference
Rhodosporidium Transcriptomics Centrifugation/grinding with Illumina N limitation/ [46]
toruloides liquid nitrogen/Trizol extraction  HiSeq2 000 medium
Nannochloropsis sp. Transcriptomics Plant RNA extraction kit IlluminaHiseg2 000 Different phase [51]
extraction after centrifugation
Chlamydomonas Transcriptomics Centrifugation/-80 °C storage/kit Illumina Time-series [47]
Reinhardtii extraction
Chlamydomonas Transcriptomics Centrifugation/-80 °C storage/kit Illumina N limitation [50]
reinhardtii extraction
Phaeodactylum Transcriptomics Centrifugation/liquid nitrogen Illumina N limitation [49]
tricornutum quenching/kit extraction
Chlamydomonas Transcriptomics Centrifugation/-80 °C storage/kit Illumina Cold stress [62]
reinhardtii extraction HiSeq2000
Chlorella sp. Transcriptomics Centrifugation/grinding with IHlumina UV stress [63]
liquid nitrogen/Trizol extraction
Neochloris Transcriptomics Centrifugation/liquid nitrogen Illumina N limitation [64]
Oleoabundans quenching/kit extraction Hiseq2000
Schizochytrium sp.  Transcriptomics Centrifugation/-80 °C storage/ Illumina Oxygen [65]
Trizol extraction Hiseq2000
Aurantiochytrium sp. Transcriptomics Centrifugation/-80 °C storage/ Illumina HiSeq N limitatiom [66]
Plant RNA extraction kit extraction
Yarrowia lipolytica  Transcriptomics Liquid nitrogen quenching/-80 °C / Different phase [78]
storage/RNA extraction kit
extraction
Aurantiochytrium sp. Transcriptomics Centrifugation/ddH,0 Clearing/  Illumina N source [79]
-80 °C storage/Trizol extraction
Chlorella vulgaris  Transcriptomics Centrifugation/grinding with Illumina N limitation [58]
liquid nitrogen/RNA extraction kit
extraction
Mortierella alpina  Transcriptomics Filtration/grinding with liquid Illumina GAIIx N limitation [77]
nitrogen/Trizol extraction sequencing
platform
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Table 3 Representative cases of proteomics techniques application in oleaginous microorganisms

Strains Omics Sample collection/extraction Platform Research content Reference
Mucor Proteomics Liquid nitrogen quenching after vacuum 2-DE/MALDI/TOF/TOF N limitation [82]
circinelloides filtration/Tris saturated phenol extraction
Rhodosporidium  Proteomics Centrifugation/grinding with liquid ~ 2-DE/nanoLC/MS/MS N limitation [46]
toruloides nitrogen/urea extraction analysis [59]
Chlorella vulgaris Proteomics Centrifugation/liquid nitrogen quenching/ GeLC/MS/label-free N limitation [83]
sodium chloride-DTT- glycerin extraction

Chlamydomonas  Proteomics -80 °C storage/freeze drying/acetone 2-DE/MALDI-TOF Systematic [60]

reinhardtii degreasing/urea extraction evolution

Chlorella vulgaris Proteomics Centrifugation/liquid nitrogen quenching/ GeLC/MS/MS N limitation [83]
sodium chloride-DTT-glycerin extraction

Mortierella alpina Proteomics Washing with PBS, centrifuge/SDS  Easy nLC/MS/MS Aging [54]
extraction

Yarrowia lipolytica Proteomics Liquid nitrogen quenching vacuum  iTRAQ/NanoLC/LTQ N limitation [40]
filtration/urea extraction, chloroform Orbitrap/MS
methanol degreasing

Chlorella vulgaris Proteomics Centrifugation/liquid nitrogen quenching/  nanoLC/MS/MS N limitation [52]
sodium chloride-DTT-glycerin extraction

Rhodosporidium  Proteomics Extraction with chloroform and LC/LTQ/MS/MS N/P limitation  [84]

toruloides acetone after washing with ddH,0

Mortierella alpina Proteomics Cells are filtered with PBS, and LC/MS/MS Aging [85]
gradient centrifugation/SDS-PAGE

Mortierella alpina Proteomics Liquid nitrogen quenching after Easy nLC/MS/MS Tine-resolved [86]
vacuum filtration/urea extraction

Mortierella alpina Proteomics Centrifugation/SDS extraction Easy nLC/MS/MS Aging [53]

®4 RPERARESMEEYHRRTRMEN ARG

Table 4 Representative cases of metabolomics techniques application in oleaginous microorganisms

Strains Omics Sample collection/extraction Platform Research content Reference
Yarrowia Metabolomics Liquid nitrogen quenching after vacuum GC/MS N limitation [40]
lipolytica filtration/chloroform-methanol water extraction
Yarrowia Metabolomics Centrifugation/liquid nitrogen quenching, GC/MS Fermentation [55]
lipolytica vacuum drying/chloroform-methanol water process

extraction
Mortierella  Metabolomics Liquid nitrogen grinding and ethanol GC/TOF/MS Aging [54]
alpina thermal extraction
Yarrowia Metabolomics ddH,O after vacuum filtration/acetonitrile GC/TOF MS Medium [87]
lipolytica water extraction
Yarrowia Metabolomics Cold glycerol quenching/methanol water GCMS N source [88]
lipolytica extraction
Mortierella ~ Metabolomics Liquid nitrogen quenching after vacuum  GCMS Method [36]
alpina filtration/ methanol water
Chlorella Metabolic flux Centrifugal hydrochloric acid hydrolysis GCMS/NRM N limitation [89]
protothecoides
Yarrowia Metabolic flux Centrifugal hydrochloric acid hydrolysis GCMS N limitation [90]
lipolytica
Yarrowia Lipidomics Freeze drying after centrifugation/ UPLC/MS/MS Fermentation [55]
lipolytica chloroform-methanol extraction process
Mortierella  Lipidomics Freeze-drying/MTBE UPLC/MS/MS N source [91]
alpina
Ettlia Lipidomics Centrifugation/chloroform methanol water LC/QToF MS Time series [92]
oleoabundans extraction

http://journals.im.ac.cn/cjbcn
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