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Abstract: Lipid synthesis pathways of toothed whales have evolved since their movement from the 
terrestrial to marine environment. The synthesis and function of these endogenous lipids and af-
fecting factors are still little understood. In this review, we focused on different omics approaches 
and techniques to investigate lipid metabolism and radiation impacts on lipids in toothed whales. 
The selected literature was screened, and capacities, possibilities, and future approaches for iden-
tifying unusual lipid synthesis pathways by omics were evaluated. Omics approaches were cate-
gorized into the four major disciplines: lipidomics, transcriptomics, genomics, and proteomics. 
Genomics and transcriptomics can together identify genes related to unique lipid synthesis. As li-
pids interact with proteins in the animal body, lipidomics, and proteomics can correlate by creating 
lipid-binding proteome maps to elucidate metabolism pathways. In lipidomics studies, recent mass 
spectroscopic methods can address lipid profiles; however, the determination of structures of li-
pids are challenging. As an environmental stress, the acoustic radiation has a significant effect on 
the alteration of lipid profiles. Radiation studies in different omics approaches revealed the neces-
sity of multi-omics applications. This review concluded that a combination of many of the omics 
areas may elucidate the metabolism of lipids and possible hazards on lipids in toothed whales by 
radiation. 
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Supplementary Materials:  

Table S1. Reference list used for understanding future approaches to understand lipid metabolism in toothed whales. 

No Reference Title Future Focus 

GN1 [1] 
Genetic Regulation of Plasma Lipid 
Species and Their Association with 

Metabolic Phenotypes 

To Identify genes and genetic variants associated 
with plasma lipid species to enhance understanding 
of biochemical pathways. To facilitate the design of 

new therapies for metabolic diseases. 

GN2 [2] 

Expression of Genes Involved in Lipid 
Metabolism Correlate with Peroxisome 

Proliferator-Activated Receptor Y 
Expression in Human Skeletal Muscle 

To find unknown or unmeasured factors that 
influence PPAR-g and other measured transcripts. 

GN3 [3] Mining the genome for lipid genes 
 

To prioritize and develop high-throughput 
functional assays. To reduce generation of more 

data and use the existing GWAS data deeply 
concerning. To find new bioinformatics approaches 

of use of other omics data to identify and/or 
prioritize candidate genes. 

GN 4 [4] 
A genomics approach reveals insights into 

the importance of gene losses for 
mammalian adaptations 

To uncover the molecular mechanisms underlying 
the evolution of a wide range of adaptive 

phenotypes, which will deepen our understanding 
of how nature’s fascinating phenotypic diversity has 

evolved 

GN 5 [5] 

Return to the Sea, Get Huge, Beat Cancer: 
An Analysis of Cetacean Genomes 

Including an Assembly for the Humpback 
Whale (Megaptera novaeangliae) 

To consider comparative oncology research that 
seeks to improve therapeutic targets for human 
cancers.  To provide a resource for developing 

useful genomic markers that will aid in the 
population management and conservation of 

whales. 

GN6 [6] One reference genome is not enough To improve the quality of future short-read 
alignments and variant calling. 

GN7 [7] 
Loss of inherited genomic imprints in mice 

leads to severe disruption in placental 
lipid metabolism 

To determine what effects are primarily due to a 
defect in genomic imprinting and which effects are 

secondary.  To find important changes in the 
transcription of genes implicated in triacylglycerol 

trafficking. To assess protein concentrations or 
post-translational protein modifications.  

GN8 [8] 
Beyond thermoregulation: metabolic 

function of cetacean blubber in migrating 
bowhead and beluga whales 

To expand the existing knowledge and offer unique 
insight into how the regulation of Lep and lipolysis 

has adapted to permit seasonal deposition and 
maintain vital blubber stores. 

GN9 [9] Genetic Signatures of Lipid Metabolism 
Evolution in Cetacea  

To study genes and the associated pathways for 
future investigations of cetacean lipid metabolism. 

GN10 [10] 

Identification of the Wax Ester 
Synthase/Acyl-Coenzyme 

A:Diacylglycerol Acyltransferase WSD1 
Required for Stem Wax Ester Biosynthesis 

in Arabidopsis1,2[W][OA] 

To consider WSD1, a member of the Arabidopsis 
WS/DGAT enzyme family that catalyzes the 

biosynthesis of wax esters for wax production.  

GN11 [11] 
An integrative systems genetic analysis of 

mammalian lipid metabolism 
To give opportunities for the discovery of 

therapeutic agents and biomarkers in the setting of 
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hepatic lipotoxicity. To use PSMD9 as a regulator of 
lipid metabolism, with potential therapeutic 

implications. To serve datasets and methodologies 
to both complement and validate existing and 

forthcoming discovery resources. 
 

GN12 [12] 

‘Obesity’ is healthy for cetaceans? 
Evidence from pervasive positive selection 

in genes related to triacylglycerol 
metabolism 

To investigate functional verification of TAG 
metabolism-related genes in cetaceans and other 

marine mammals. To determine their role in aquatic 
adaptations. To study TAG metabolism during their 

adaptation to various environments, and to 
interpret the roles of TAG metabolism in terrestrial 

mammals. 
    

TP1 [13] 
Identification of a gene encoding an acyl 
CoA:diacylglycerol acyltransferase, a key 

enzyme in triacylglycerol synthesis 

To use this cDNA encoding a DGAT in studies of 
cellular glycerolipid metabolism and its regulation 

TP2 [14] Dual extraction of mRNA and lipids from 
a single biological sample 

To use in both transcriptome and lipid analysis in 
high-throughput analysis of metabolic diseases, 

such as NAFLD. To analyze biopsies to explore both 
the transcriptome and lipidome, especially when the 

amount of tissue is limited, and provide novel 
opportunities for multi-omic data analysis through 

sample-specific network analysis. 

TP3 [15] 

Identification of five genes in endoplasmic 
reticulum (ER) stress–apoptosis pathways 
in yellow catfish Pelteobagrus fulvidraco and 

their transcriptional responses to dietary 
lipid levels  

To analyze relations between ER stress and lipid 
metabolism in fish to understand potential role and 

mechanism of apoptosis induced by ER stress.  

TP 4 [16] 

Blubber transcriptome response to acute 
stress axis activation involves transient 

changes in adipogenesis and lipolysis in a 
fasting-adapted marine mammal 

To validate additional markers using an increased 
sample size and to determine if these markers, and 
whole-transcriptome responses in general, differ 

between acute and chronic stress states. 

TP 5 [17] 

Analysis of porcine adipose tissue 
transcriptome reveals differences in de 
novo fatty acid synthesis in pigs with 

divergent muscle fatty acid composition 

To study muscle transcriptome in pigs, together 
with liver and adipose tissue transcriptomes, in 

order to obtain a complete view of FA metabolism. 

TP 6 [18] 
Sampling the skin transcriptome of the 

North Atlantic right whale  
To study multiple physiological processes including 

those related to immunity and stress response. 

TP 7 [19] 
De novo transcriptome assembly and 
RNA-Seq expression analysis in blood 
from beluga whales of Bristol Bay, AK 

To establish beluga blood transcriptome concerning 
the impacts of season, sexual maturity, disease, and 

geography. To provide wealth of transcriptomic 
data on beluga whales and preliminary data for 
comparison with other studies in beluga whale. 

TP 8 [20] 
Single-Cell Transcriptome Analysis Maps 
the Developmental Track of the Human 

Heart 

To use the mechanisms of in vivo human cardiac 
development and provide potential data on cardiac 

regeneration. 
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TP 9 [21] 
The transcriptome of the bowhead whale 
Balaena mysticetus reveals adaptations of 

the longest-lived mammal 

To provide bowhead whale transcriptome date for 
further research, including genome annotation and 

analysis, the evolution of longevity, adaptation to an 
aquatic environment, conservation efforts and as a 

reference for closely related species. 

TP 10 [22] 

Data Mining and Validation of AMPK 
Pathway as a Novel Candidate Role 

Affecting Intramuscular Fat Content in 
Pigs 

To interpret the different molecular mechanisms of 
IMF deposition between lean and fat pig breeds 

TP 11 [23] 

Analysis and preliminary validation of the 
molecular mechanism of fat deposition in 

fatty and lean pigs by high-throughput 
sequencing 

To provide a basis for studying the different 
metabolic lncRNA expression of IMF deposition. To 

study the mechanisms of obesity, pigs may 
represent a new avenue for studying human 
obesity. To provide a reference for studying 

lncRNAs in other species. 

TP 12 [24] 

Global Transcriptome Analysis During 
Adipogenic Differentiation and 

Involvement of Transthyretin Gene in 
Adipogenesis in Cattle 

To study an array of new questions related to the 
molecular mechanisms underlying the regulation of 

bovine adipocyte differentiation and provide 
primary information for further functional studies 

on TTR in bovine adipogenesis. 

TP 13 [25] 
Current best practices in single-cell 

RNA-seq analysis: a tutorial 

Two avenues of development that are of particular 
interest due to their potential for disruption to 

analysis pipelines are deep learning workflows and 
single-cell omics integration. 

TP 14 [26] 
A comparative analysis of the 

transcriptome profiles of liver and muscle 
tissue in pigs divergent for feed efficiency 

To study increased expression of the genes 
associated with this gene ontology term suggest that 

the more efficient (LRFI) pigs have improved 
capacity to metabolise fats. To find common 

pathways across tissues as well as tissue specific 
pathways that contribute to differences in feed 

efficiency. 

TP 15 [27] 
MULTI-seq: sample multiplexing for 

single-cell RNA sequencing using 
lipid-tagged indices 

To use MULTI-seq for sample barcodes and to 
reveal the mechanisms by which cell populations 

interact to promote development, homeostasis and 
disease. 

TP 16 [28] Advanced Applications of RNA 
Sequencing and Challenges 

To improve computational modeling and algorithm 
designs beyond the existing ones by applications 
from NGS to nanopore sequencing and single-cell 

sequencing. 

TP 17 [22] 

Data Mining and Validation of AMPK 
Pathway as a Novel Candidate Role 

Affecting Intramuscular Fat Content in 
Pigs 

To study regulatory function of the AMPK signaling 
pathway in relation to the IMF content in the LD 
muscle of different pigs. To interpret the different 
molecular mechanisms of IMF deposition between 

lean and fat pig breeds. 

TP 18 [29] 

Determinants of Human Adipose Tissue 
Gene Expression: Impact of Diet, Sex, 

Metabolic Status, and Cis Genetic 
Regulation 

To apply genomics technology to dietary 
intervention aimed at maintaining weight loss. 
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TP 19 [30] 

RNA-Seq Analysis of Abdominal Fat in 
Genetically Fat and Lean Chickens 

Highlights a Divergence in Expression of 
Genes Controlling Adiposity, Hemostasis, 

and Lipid Metabolism 

To find bioinformatics analyses for further 
definitive studies to verify the importance in 

lipogenesis and adipogenesis, and to gain 
mechanistic insight into genetic control of adiposity 

in the chicken. 
    

PT1 [31] LMPD: LIPID MAPS proteome database 

To develop lipid interaction networks that will 
integrate lipid metabolic pathways and signaling 
networks, and tools for exploring these networks. 

To study biological processes underlying 
lipid-involved disease processes and lead to the 

identification of potential drug targets. 

PT 2 [32] 

Application of Machine Learning to 
Proteomics Data: Classification and 

Biomarker Identification in Post-genomics 
Biology 

To analyze proteins identified as possible 
biomarkers. To conduct pathway analysis to verify 
relationships between proteins found by machine 

learning.  

PT 3 [33] Not just fat: investigating the proteome of 
cetacean blubber tissue 

To assign novel functions to marine mammal 
blubber in keeping with current understanding of 
the multifunctional role of adipose tissue in other 

mammals. To develop biomarkers to better monitor 
the physiological state and health of live individuals 
though remote blubber biopsy sampling. To identify 

key metabolic processes and pathways and 
therefore assign novel functional roles to marine 

mammal blubber tissue. 

PT 4 [34] 
The proteomics of lipid droplets: structure, 
dynamics, and functions of the organelle 

conserved from bacteria to humans 

To study lipid droplets from a broad range of 
sources, facilitating further investigations of their 

cellular functions and roles in the pathology of 
metabolic diseases as well as in bio-fuel 

development. 

PT 5 [35] 

Proteomics Analysis of Lipid Droplets 
from the Oleaginous Alga Chromochloris 
zofingiensis Reveals Novel Proteins for 

Lipid Metabolism 

To study algal LD biogenesis and TAG synthesis to 
facilitate future genetic engineering of industrially 

applicable algae for improvements in TAG and 
other storage compounds. 

PT 6 [36] 
Use of comparative proteomics to identify 

the effects of creatine pyruvate on lipid 
and protein metabolism in broiler chickens 

To study some key proteins that help limit 
obesity-related problems during production and 

exploring new ways to improve muscle growth in 
broilers. 

PT 7 [37] 

Comparative proteomics using lipid 
over-producing or less-producing mutants 

unravels lipid metabolisms in 
Chlamydomonas reinhardtii 

To reveal various potential genes or pathways 
directly or indirectly linked to microalgal lipid 

production. 

PT8 [38] 

Label-free quantitative proteomic analysis 
of milk fat globule membrane proteins of 

yak and cow and identification of proteins 
associated with glucose and lipid 

metabolism 

To use bioinformatics analysis of proteomics can 
really predict the possible bioactivities, and yak and 

cow MFGM proteins 
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PT9 [39] 

Quantitative proteomics analysis of the 
liver reveals immune 

regulation and lipid metabolism 
dysregulation in a mouse model of 

depression 

To investigate limitations to provide further detail 
and verify more proteins.  

PT10 
 

[40] 
 

Quantitative proteomics analysis reveals 
perturbation of lipid metabolic pathways 
in the liver of Atlantic cod (Gadus morhua) 

treated with PCB 153 

To use integrated analysis of transcriptomics and 
proteomics datasets. 

    

LP1 [41] 
Obesity and the regulation of fat 

metabolism 

To find the energy balance of the mammalian 
homologs of fat genes identified in C. elegans.  

For understanding fat regulation by multiple layers 
of investigation spanning from metabolism, 

transcription and signaling to neuronal 
development and behavior. 

LP2 [42] 
Triacylglycerol synthesis and energy 

metabolism: a gut reaction? 

To find the molecular mechanisms by which 
inhibiting intestinal TG synthesis increases energy 

expenditure. 

LP3 [43] 

Three-dimensional enhanced lipidomics 
analysis combining UPLC, differential ion 

mobility spectrometry, and mass 
spectrometric separation strategies 

To use methodologies along with RP 
chromatography that allow full isobaric resolution, 

identification, and compositional characterization of 
specific phospholipids at the molecular level.  

LP4 [44] 

Characterization of lipids in adipose 
depots associated with minke and fin 

whale ears: Comparison with “acoustic 
fats” of toothed whales  

To find different lineages of odontocetes which may 
have subsequently acquired the ability to synthesize 

and deposit wax esters and short, branched fatty 
acids (FA) as they specialized in echolocation and 

ultrasonic hearing. 

LP5 [45] 

Qualitative and quantitative study of the 
highly specialized lipid tissues of 

cetaceans using HR-MAS NMR and 
classical GC 

To use HR-MAS NMR, which provides a global 
lipid composition of the sample using very little 
material, in a short-time frame, and without any 

sample preparation. 

LP6 [46] 

Optimization of Folch, Bligh-Dyer, and 
Matyash sample-to-extraction solvent 

ratios for human plasma-based lipidomics 
studies 

To use multi-omic capability for analysis of multiple 
volumes of plasma, trace metabolite and lipid 

species, and additional analyte classes. 

LP7 [47] 
Assessment of bacterial acyltransferases 

for an efficient lipid production in 
metabolically engineered strains of E. coli 

To use a set of 10 acyltransferases, especially AtfA 
that are suitable for promoting high TAG synthesis, 
while the mutated version AtfA-G355I, high FAEE 

production in E. coli.  

LP8 [48] 
Recent Analytical Trends in Lipidomics; 
Techniques and Applications in Clinical 

Medicine 

To find dynamic lipidomics for estimating lipid 
turnover kinetics and the effects of individual 

enzyme deactivation or activation on lipid 
homeostasis.  

To apply single cell lipidomics that can characterize 
the unique chemical composition of individual cells, 

and is the new area of advancing lipidomics. 

LP9 [49] 

Training in metabolomics research. I. 
Designing the experiment, collecting and 

extracting samples and generating 
metabolomics data 

To use new pulse programs that have been 
developed for measuring lipids by NMR.  

To apply statistical methods to metabolomics data, 
identification of metabolites, and the pathways of 
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metabolism. To try new areas of application. 

LP 10 [50] 

Rapid and reliable steroid hormone 
profiling in Tursiops truncatus blubber 
using liquid chromatography tandem 

mass spectrometry (LC-MS/MS) 

Analyzing pathway alterations in hormone 
physiology through this methodology, using a 

single sample, can provide more in-depth endocrine 
health information, which is valuable for the 

monitoring and health of these protected species. 

LP 11 [51] Mass Spectrometry Methodology in Lipid 
Analysis 

To address four main issues; firstly, the sample 
pretreatment procedures, including collection, 

transportation, conservation and extraction, need to 
be standardized; secondly, the analytical methods 

and data obtained have to be cross-validated in 
different laboratories; thirdly, analytical approaches 

for the accurate analysis of some lipids, such as 
gangliosides, phosphoinositides, pregnenolone, etc., 

are still lacking; fourthly, to improve the data 
interpretation and the informatics technologies to 

attain meaningful biological information from lipid 
data. 

LP 12 [52] 
Lipidomics: coming to grips with lipid 

diversity 

To introduce quantitative lipidomics into ongoing 
research in different model systems, for example 

yeast, Drosophila melanogaster, Caenorhabditis elegans, 
Danio rerio and mice, and transform the now 

restricted niche of lipid research into a 
multi-disciplinary systems biology platform.  To 

apply Powerful Reductionist Approaches, and 
combine reductionist biology with systems 

approaches. 

LP13 [53] 
Brown Adipose Tissue in Cetacean 

Blubber  

To find that fat bodies composed of typically 
mammalian lipids may also be acting as “acoustic” 

fats in some mysticete cetaceans. To investigate 
potentially important functions of the fatty tissue.  

LP 14 [54] 
Lipidome determinants of maximal 

lifespan in mammals 

To identify presence of a distinct molecular 
mechanism controlling maximum lifespan variation 

among mammalian species. 

LP 15 [55] 
Coral lipid bodies as the relay center 

interconnecting diel-dependent lipidomic 
changes in different cellular compartments 

To investigate the role of lipids trafficking and 
monitor the lipidomics of host gastrodermal cells 

under various photosynthetic states. 

LP 16 [56] 

Targeting Modified Lipids during 
Routine Lipidomics Analysis using 

HILIC and C30 Reverse Phase Liquid 
Chromatography coupled to Mass 

Spectrometry 

To combine chromatography as a complementary 
platform with high resolution tandem mass 

spectrometry allowing excellent resolution of lipid 
isomers or isobars, and accurately distinguish 

di/triglycerides, plasmalogens and ether isoforms of 
lipids in a diverse mix of biological samples. 

LP 17 [57] 
Large-scale human skin lipidomics by 
quantitative, high-throughput shotgun 

mass spectrometry  

To use absolute quantification and high-throughput 
shotgun mass spectrometry for rigorous and 

systematic studies of influence of drugs on the skin 
lipidome; the action of substances influencing skin 
lipid metabolism or the skin microbiome-lipidome 
relation; impact of cosmetic substances on a skin 

lipidome. 
LP 18 [58] Distribution and development of the Combining analyses of the biochemical 
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highly specialized lipids in the sound 
reception systems of dolphins  

compositions and spatial arrangements of acoustic 
fat bodies with acoustic behavior studies would 

allow us to greatly improve our understanding of 
exactly how these remarkably specialized adipose 

tissues develop and function. 

LP 19 [54]  

High-resolution atmospheric pressure 
MALDI mass spectrometry imaging 

workflow for lipidomics analysis of late 
fetal mouse lungs 

To perform quantitative analysis of lipids and other 
cellular metabolites from different tissue sections 

using MALDI MSI. 

LP 20 [59] 
Mammalian Triacylglycerol Metabolism: 

Synthesis, Lipolysis and Signaling 

To identify novel crosstalk between TAG 
metabolism and additional processes or pathways, 

its relationship to metabolic diseases such as 
obesity, diabetes and cardiovascular disease.  To 
study mammalian enzymes of TAG synthesis in a 
purified state without epitope tags, recognize and 

interact with their substrates and release their 
products, orientation within membranes, and 

interaction with other proteins. 

LP 21 [60] Liquid Chromatography Techniques in 
lipidomics Research 

To describe lipid molecular species, present in AT 
for LC–MS methods comparison and for integration 
of lipidomics data in systems biology and medicine 

workflows with high predictive and diagnostic 
potential. 

LP 22 [61] Real-Time monitoring of intracellular wax 
ester metabolism 

To employ more extensive and wide-ranging 
experimental set-ups to verify the usability and 

significance of this method for the research of lipids 
and other valuable long chain hydrocarbons in both 
wild-type and metabolically engineered production 

hosts. 

LP 23 [62] 
The blubber adipocyte index: A 

nondestructive biomarker of adiposity in 
humpback whales (Megaptera novaeangliae) 

To validate sensitivity of adipocytes metrics and the 
rapid, nonlethal, and inexpensive nature of the 

methodology and the inclusion of AI in long-term 
monitoring of humpback whale population health, 
and further raise the potential for broader wildlife 

applications. 

LP 24 [63] 

Fatty acids in common minke whale 
(Balaenoptera acutorostrata) blubber reflect 
the feeding area and food selection, but 

also high endogenous metabolism 

To analyze ecological abundance or biomass data in 
comparison with FA data. 

LP25 [64] Isovaleric acid accumulation in odontocete 
melon during development 

To apply strong selective advantage for the 
maintenance of intimate, long-term calf/guardian 

relationships in these species.  

LP 26 [65] 
Function and evolution of specialized 
endogenous lipids in toothed whales  

To understand the unique lipid synthesis pathways 
that allow deposition of an unusual suite of 

endogenous lipids [including wax esters and 
branched-chain fatty acids (BCFA)] into the adipose 

tissues of toothed whales. To elucidate specific 
molecular mechanisms controlling the synthesis and 

deposition of wax esters and branched-chain fatty 
acids, as well as their spatial deposition within 
tissues and within adipocytes. To find potential 
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metabolomics and genomics applications for further 
understanding of lipid metabolism. To use 

matrix-assisted laser desorption/ionization imaging 
mass-spectrometry to understand the evolution and 

molecular physiology of these unusual lipids. 

LP 27 [66] Recent advances in expanding the 
coverage of the lipidome 

To actively populate existing public databases for 
the community and combinations of sample 

extraction and separation procedures. 

LP 28 [67] 
Phylogenomic reconstruction of archaeal 

fatty acid metabolism 

To explore biofuel production and other industrial 
applications by archaeal enzymes involved with 

fatty acid metabolism.  To experimentally confirm 
the expected pathway of fatty acid production. 

LP 29 [68] The Role of Lipid Biomarkers in Major 
Depression  

To sub-categorize within major depressive disorder 
such that targeting omega-3 PUFA-sensitive 

depression 

LP 30 [69] 
A review of lipidomics technologies 

applicable to sphingolipidomics and their 
relevant applications 

To develop technologies that enable us to study 
cellular sphingolipid molecular species temporally, 

spatially, and dynamically. 

LP 31 [70] 
Identifying key membrane protein lipid 

interactions 
using mass spectrometry 

To compare the lipid profile of the host organism 
with that of the native organism. 

LP 32 [71] 
Stratification of lipids, fatty acids and 

organochlorine contaminants in blubber of 
white whales and killer whales 

To apply additional biomarkers and analytical 
methods specifically for biopsy samples, so each 

small sample can provide a large array of data about 
the animal’s life history, body condition and health. 

LP 33 [72] 
The BUME method: a new rapid 

and simple chloroform-free method for 
total lipid extraction of animal tissue 

The new BUME methods for biofluids and tissue 
samples presented here are superior to the old, 

laborious and toxic techniques. 

LP 34 [73] 

“Bligh and Dyer” and Folch Methods for 
Solid–Liquid–Liquid Extraction of Lipids 
from Microorganisms. Comprehension of 

Solvatation Mechanisms and towards 
Substitution with Alternative Solvents 

To consider use of greener solvents and bio-sourced 
solvents as alternatives. 

LP 35 [74] 
Metabolism of ingested lipids by North 

Atlantic right whales 

To further refine models of habitat quality (in terms 
of the nutritional value of the prey base) for right 

whales, and in turn aid the creation of management 
strategies aimed at protecting critical habitat for 

these animals. 

LP 36 [75] Fat body, fat pad and adipose tissues in 
invertebrates and vertebrates: the nexus 

To identify the fat droplet proteomes and 
sub-proteomes and their defects. 

LP37 [76] 

Topographical Distribution of Lipids 
Inside the Mandibular Fat Bodies of 

Odontocetes: 
Remarkable Complexity and Consistency 

To identify specific physical implications for sound 
transmission and reception, based on the differences 

in branched-chain acids in the jaw fats of toothed 
whales. To confirm the uniformity of this lipid 
distribution pattern in additional species and 
specimens and in complete ontogenetic series; 

determination of physical properties (melting point, 
phase-change properties) of key lipid constituents; 

empirical data on acoustic velocity through 
branched-chain lipids and WE; a better 

understanding of the metabolism of these unusual 
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endogenous lipids; and studies on the development 
of echolocation and sound perception. 

    

IN1 [11] An integrative systems genetic analysis of 
mammalian lipid metabolism 

To apply trans-omic analyses using these datasets 
facilitated the identification and validation of 

PSMD9 as a previously unknown lipid regulatory 
protein. To provide opportunities for the discovery 
of therapeutic agents and biomarkers in the setting 

of hepatic lipotoxicity. 

IN2 [10] 

Identification of the Wax Ester 
Synthase/Acyl-Coenzyme 

A:Diacylglycerol Acyltransferase WSD1 
Required for Stem Wax Ester Biosynthesis 

in Arabidopsis1,2[W][OA] 

To study more on WSD1 to restore TAG 
biosynthesis in this yeast mutant. 

IN3 [77] 

Combined genetic and transcriptome 
analysis of patients with SLE: distinct, 

targetable signatures for susceptibility and 
severity 

To characterize the ‘genomic architecture’ of SLE 
provides additional clues to the understanding of 

the systemic nature of the disease, its marked 
heterogeneity and novel targets of therapy and 

biomarkers for diagnosis/monitoring. 

IN4 [78] 
Genome, transcriptome and proteome: the 
rise of omics data and their integration in 

biomedical sciences 

To find knowledge outside of their field of expertise 
and fosters a leap from the reductionist to the 

global-integrative analytical approach in research. 
To use interdisciplinary data integration strategies 

to support a better understanding of biological 
systems and eventually the development of 

successful precision medicine. 

IN5 [79] 
Rise of Deep Learning for Genomic, 
Proteomic, and Metabolomic Data 
Integration in Precision Medicine 

To effectively model and integrate almost any type 
of omics and other data given enough context and 
scale. To use custom analyses and domain expert 

interpretation for medical data 

IN6 [80] 

Integrating multi-omics and regular 
analyses identifies the molecular 

responses of zebrafish brains to graphene 
oxide: Perspectives in environmental 

criteria 

To combine multi-omics and regular analyses 
provides insights into the actual and highly 

influential mechanisms underlying nanotoxicity. 

IN7 [81] 

Is the Nutritional Value of Fish Fillet 
Related to Fish Maturation or Fish Age? 
Integrated Analysis of Transcriptomics 

and Metabolomics in Blunt Snout Bream 
(Megalobrama amblycephala) 

To identify genes, including fumarate hydratase 
(c992_g1) and GNPAT (52107_g1), as promising 

regulatory candidates in 
glycerphospholipid metabolism, as well as 

ACOT1/2/4 (22947_g2) in steroid biosynthesis and 
their interaction. 

IN8 [82] 

Integrative Omics Reveals Metabolic and 
Transcriptomic Alteration of Nonalcoholic 
Fatty Liver Disease in Catalase Knockout 

Mice 

To study new pathways between transcriptomics 
and metabolomics. 

IN9 [83] 
A Multi-Omics Analysis Pipeline for the 
Metabolic Pathway Reconstruction in the 

Orphan Species Quercus ilex 

To carry out data validation and integration at the 
different molecular levels. To obtain an unbiased 

molecular interpretation of the plant biology. To use 
alternative and complementary strategies such as 

LC-MS to visualize pathways. 
IN10 [84] Tick Gené’s organ engagement in lipid To study egg viability and development in the 
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metabolism revealed by a combined 
transcriptomic and proteomic approach 

environment, thus identifying potential targets for 
new tick control methods. 

Note; No. indicates reference papers in different omics technologies. LN; lipidomics, TP; Transcriptomics, GN; genomics, 
PR; proteomics and IN; integrated multi-omics. 
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