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Abstract

:

Anthropogenic and extreme climate disasters cause ecological changes in natural rivers and lakes, increasing the risk of starvation in yellowcheek (Elopichthys bambusa). Therefore, the impact of starvation on the metabolism and wild population of yellowcheek should be explored. In this study, we used transcriptome sequencing technology to analyze the effects of short (8 d) and long-term (28 d) starvation on the liver transcriptome, growth, and serum indicators of yellowcheek. Our results showed that short-term starvation significantly reduced the visceral weight and viscera index of yellowcheek. Long-term starvation significantly reduced the body weight and Fulton’s condition factor, and it maintained significant reductions in visceral weight and viscera index. These results indicate that glycogen is the preferred energy source, rather than muscle protein, under starvation. Short-term starvation limited N-glycan and fatty acid biosynthesis, fatty acid elongation in the endoplasmic reticulum in the liver, and upregulated fatty acid degradation. However, long-term starvation alleviated the reduction in N-glycan and fatty acid biosynthesis caused by early starvation, and it significantly reduced fatty acid elongation in the mitochondria, as well as fatty acid degradation. These results provide important experiment information for assessing the starvation levels and nutritional status of wild yellowcheek.






Keywords:


starvation; Elopichthys bambusa; liver transcriptome; growth




Key Contribution: Effects of short- (8 d) and long-term (28 d) starvation on the liver transcriptome; growth; and serum indicators of yellowcheek were analyzed and these information can be used to assess the starvation levels and nutritional status of wild yellowcheek.










1. Introduction


Starvation is tolerated by many fish species throughout their life history [1,2]. A restricted diet causes stress to fish, which may further affect growth and other physiological functions [3]. For instance, Machado et al. [4] reported that blood sugar levels of catfish (Rhamdia hilarii) declined, progressively, to about 50% of fed values after starvation of 30 d, whereas plasma-free fatty acid concentration increased twofold. Moreover, they also found that starvation reduced concentrations of lipid and glycogen in the liver and of glycogen, lipid, and protein in white muscle. Raina and Sachar [5] found that starvation of 60 d reduced macrophages, lymphocytes, monocytes, neutrophils, eosinophils, and basophils in the spleen and kidney of Labeo boga, whereas thrombocytes depicted an increase in their count. To survive during periods of unfavorable feeding conditions, fish reduce their energy expenditure derived from protein turnover [6] and mobilize their endogenous reserves to obtain the energy required to maintain vital processes [1].



Although the metabolic characteristics of fish under starvation have been extensively studied, owing to the heterogeneity of fish (such as feeding habits, fish age, and nutritional stage) and their habitat diversity, a unified theoretical framework on the effects of starvation on fish metabolism is not yet established [1]. For instance, liver glycogen is the first energy reserve mobilized to face starvation, and lipid reserves are used to obtain energy in parallel with glycogen mobilization in some fishes. Then, muscle protein is the last reserve mobilized [7,8]. However, liver glycogen are preserved in some fishes, proteins are degraded for gluconeogenesis, and lipids and/or proteins are first used as energy substrates [7,9]. For instance, Machado et al. [4] estimated that most of the energy utilized by catfish during starvation derived from the catabolism of muscle lipid and protein. Sturgeon (Acipenser naccarii) displayed an early increase in hepatic glycolysis during starvation, whereas trout (Oncorhynchus mykiss) preferentially used lactate for gluconeogenesis in liver and white muscle [1]. Moreover, whether ketone bodies are an important energy source during fish starvation remains under debate [1]. For instance, sturgeon exhibited a higher lipid-degradation capacity and greater synthesis of hepatic ketone bodies than trout, although the latter species also exhibited strong synthesis of ketone bodies during starvation [1].



Yellowcheek (Elopichthys bambusa) is a large carnivorous fish confined to Asia [10,11,12]. As one of the species at the top of the aquatic ecosystem food chain, yellowcheek plays an important role in controlling fish community structure and maintaining balance in the aquatic ecosystem [13,14]. Recently, because of the isolation of rivers and lakes, construction of irrigation, and environmental depletion of aquatic ecosystems, the natural population of yellowcheek has declined rapidly in China; thus, this species is scarcely found in large populations in rivers and lakes [12,14], and it is listed on the International Union for Conservation of Nature (IUCN) Red List of threatened species (Version 2014.1) [15]. Therefore, this species should be protected through conservation strategies and management. To establish effective conservation and sustainable management strategies for wild yellowcheek populations, the ecological, genetic, and physiological characteristics of this organism should be systematically studied. Although studies on wild yellowcheek resources [13,14] and genetic diversity [12,16] are available, the effect of hunger on the metabolism of yellowcheek has not been systematically studied. Considering that changes in natural river and lake ecosystems, caused by human activities and extreme climate and geological disasters, may lead to an increase in the risk of starvation in yellowcheek, the impact of starvation on the metabolism of wild yellowcheek should be explored. Moreover, although the anatomical method (filling degree) is usually used to evaluate whether fish diet is rich [17], this method cannot evaluate the time of fish starvation in the case of diet shortage. The analysis of the differences in the serum parameters and liver transcription of fish with different starvation levels will provide an important way to assess the starvation level of natural fish.



Therefore, to clarify the effect of starvation on the metabolism of yellowcheek, as well as to find the serial parameters and liver transcriptional markers used to evaluate the different starvation levels of yellowcheek, in this study, we used transcriptome sequencing technology to analyze the effects of starvation on the liver transcriptome, growth, and serum indicators of yellowcheek for 8 and 28 d. Our results provide important reference data for the follow-up assessment of the impact of starvation on wild yellowcheek.




2. Materials and Methods


2.1. Fish and Experimental Design


Yellowcheek were provided by the Hunan Fisheries Research Institute. A total of 360 healthy and nearly sized fish, with an average body weight of 221.36 ± 6.75 g and average body length of 33.09 ± 1.33 cm, were selected from an outdoor pond. They were randomly and equally assigned to 12 outdoor cement pools (10 m × 5 m × 1 m) with 0.8 m of water depth, to acclimatize for 1 week before the formal experiment, and they were fed commercial feed (crude protein ≥48%, crude fat ≥5.0%, lysine ≥2.8%, moisture ≤10%, and ash ≤18%) twice daily (8:00 and 18:00). The dry weight of the daily feed was 3% of the average body weight of the fish as measured before the experiment.



In each group, two control groups, two treatment groups, and three replicates were established. The treatment groups were starved for 8 (F8) and 28 d (F28), while the control groups were continuously fed a commercial diet (F8C and F28C) in the acclimatization stage. During the experiment, the water temperature, pH, and dissolved oxygen were 23.5 ± 3.4 (from 20.2 to 27.6) °C, 6.9 ± 0.2 (from 6.7 to 7.2), and 6.1 ± 0.3 (from 5.7 to 6.5) mg/L, respectively. A small aerator was used in each cement pool to continuously increase oxygen during the experiment.




2.2. Sample Collection and Preservation


There were five fish from each group sampled. Fish were anesthetized with MS222, and then, the body weight and length of each fish were measured. Whole blood was collected from the caudal vein, the serum was left to stand at 4 °C for 12 h, and the resulting supernatant was collected. After dissection, the visceral weight of each fish was measured, and then, the liver was collected, quickly frozen in liquid nitrogen, and stored at −80 °C.




2.3. Determination of Serum Indicators


The levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), glucose (GLU), serum total protein (STP), albumin (ALB), alkaline phosphatase (ALP), triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) were determined using a Chemray 800 automatic biochemical analyzer (Leidu Life Science and Technology, Shenzhen, China).




2.4. RNA Extraction and Transcriptome Sequencing


Total RNA was extracted from 0.2 g liver tissue from each fish using the mirVana miRNA isolation kit (Ambion, Austin, TX, USA), following the manufacturer’s protocol. RNA integrity was evaluated using the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Sequencing libraries were then constructed using the TruSeq Stranded mRNA LTSample Prep kit (Illumina, San Diego, CA, USA) according to the manufacturer’s instructions. Subsequently, the libraries were sequenced on the HiSeq X Ten platform (Illumina, San Diego, CA, USA), and 150 bp paired-end reads were generated. Transcriptome sequencing and bioinformatics analyses were conducted by OE Biotech Co., Ltd. (Shanghai, China). Raw reads were processed using Trimmomatic [18]. Reads containing poly-N and low-quality reads were removed to obtain clean reads. After removing the adaptor sequence, the clean reads were assembled into expressed sequence tag clusters and de novo assembled into transcripts using Trinity 2.4 [19] and the paired-end method. The longest transcript was chosen as a unigene, based on sequence similarity and length, for subsequent analysis. The unigene sequences were aligned with the NCBI nonredundant (NR), SwissProt, and clusters of orthologous groups for eukaryotic complete genome (KOG) databases using BlastX (threshold E-value: 10−5) [20] for functional annotation. Gene ontology (GO) classification was used to map the relationship between SwissProt and GO terms. The unigenes were also mapped to the Kyoto Encyclopedia of Genes and Genomes (KEGG) database [21] to annotate potential metabolic pathways. The read counts and fragments per kilobase of exon model per million mapped fragments (FPKM) [22] values of each unigene were calculated using bowtie2 [23] and eXpress [24]. Differentially expressed genes were identified using the R-DESeq package [25]. A value <0.05 and foldChange >2 or foldChange <0.5 were set as the threshold for significantly differential expression. GO enrichment and KEGG pathway enrichment analyses of differentially expressed genes were performed using R based on hypergeometric distribution.




2.5. Data Analysis


Fulton’s condition factor (K) was calculated, as described previously [26]. The viscera index was calculated as the ratio of the viscera to body weight. Principal component analysis (PCA) was conducted using the R vegan package. The Kruskal–Wallis rank sum test with the Dunn post-hoc test was used for statistical testing of the data. p < 0.05 was considered as significant.





3. Results


3.1. Effects of Starvation on Growth and Serum Indices of Yellowcheek


No fish died during the experiment. Starvation for 8 d did not cause a significant difference in the body weight of yellowcheek compared with that in the control (p > 0.05; Figure 1A). Meanwhile, starvation for 28 d significantly limited yellowcheek growth, resulting in a significantly lower body weight than that of the control (p < 0.01; Figure 1A). Although starvation also limited the increase in body length, no significant difference was observed compared with that of the control (p > 0.05; Figure 1B). Starvation for 8 d reduced the K of yellowcheek, albeit no significant difference was observed compared with that of the control (p > 0.05; Figure 1C). However, K after 28 d of starvation was significantly lower than in the control (p < 0.01; Figure 1C). In addition, compared with the control, starvation for 8 d significantly reduced the visceral weight, viscera index, and liver weight, and starvation for 28 d maintained a significant reduction in these parameters (p < 0.05; Figure 1D–F). These results showed that starvation significantly reduced the body weight, K, visual weight, viscera index, and liver weight of yellowcheek. The decrease in visual weight, viscera index, and liver weight showed a significant difference earlier than the decrease in body weight and K, indicating that yellowcheek preferentially used glycogen to provide energy, rather than muscle protein, under starvation.



Compared with the control, starvation for 8 d did not significantly affect the serum GLU, STP, globulin, ALB, and HDL levels in yellowcheek, whereas the concentrations of these serum indicators, after starvation for 28 d, were significantly lower than those in the control (p < 0.05; Figure 2A,D–F,I). The serum ALT, AST, TG, TC, and ALP levels were significantly reduced after 8 d of starvation, and this significant reduction was maintained after 28 d of starvation (p < 0.05; Figure 2B,C,G,H,K). The serum LDL and LDH concentrations were not significantly affected by starvation for 8 and 28 d (p > 0.05; Figure 2J,L).




3.2. Effect of Starvation on Liver Transcriptome of Yellowcheek


To analyze the effect of starvation on the liver transcriptome of yellowcheek, transcriptome sequencing of 12 samples (three replicates in each group) were performed, and 81.68 GB of clean data were analyzed. The effective data volume of each sample was 6.28–7.15 GB, the Q30 was 94.15–95.11%, and the average GC content was 47.14% (Table S1). A total of 42357 unigenes were spliced, with a total length of 40435640 bp and an average length of 954.64 bp. Furthermore, 27,574 (65.10%), 22,702 (53.60%), 10,562 (24.94%), 17,432 (41.15%), 25,056 (59.15%), 20,385 (48.13%), and 17,103 (40.38%) unigenes were annotated using the NR, Swissprot, KEGG, KOG, eggnog, gene ontology (GO), and Pfam databases, respectively. The ratio of reads compared to unigenes was 81.55–88.24%. A total of 29,887 coding sequences (CDS) were predicted, including 27,588 and 2299 sequences predicted using the database comparison and method, as well as ESTScan, respectively. Compared to the corresponding control samples, the number of differential genes detected in the samples starved for 8 and 28 d were 7647 and 3390, respectively (Figure 3A and Figure S1). PCA also showed that starvation significantly altered the liver transcriptome of yellowcheek (Figure 3B).



GO annotation results showed that, after starvation, significant differential genes were mainly involved in biological adhesion, biological regulation, cellular component organization or biogenesis, cellular processes, developmental processes, establishment of localization, growth, immune system processes, localization, locomotion, metabolic processes, multi-organism processes, multicellular organismal processes, negative/positive regulation of biological processes, regulation of biological processes, reproduction, reproductive processes, responses to stimuli, rhythmic processes, signaling, cell junctions, extracellular matrix, extracellular region, macromolecular complex, membrane, membrane-enclosed lumen, organelle, synapse, binding, catalytic activity, enzyme regulator activity, molecular transducer activity, receptor regulator activity, structural molecule activity, translation regulator activity, and transporter activity (Figure 4A). Moreover, changes in the liver transcriptome of yellowcheek starved for 8 and 28 d were similar (Figure 4).



KEGG annotation results showed that genes with significant changes at the transcriptional level, caused by starvation, mainly participated in cellular processes, environmental information processing, genetic information processing, metabolism, and organismal systems. Interestingly, genes involved in human diseases also exhibited significant changes at the transcriptional level. The pathways involved in these genes may involve human diseases and other metabolic and immune processes simultaneously. Moreover, the results observed in yellowcheek starved for 8 and 28 d were similar (Figure 5). It is also worth noting that the number of genes involved in metabolism and genetic information processing that significantly decreased during starvation was significantly greater than that of significantly increased genes, while the number of genes involved in cellular processes, environmental information processing, human diseases, and organismal systems that significantly increased under starvation was significantly greater than that of significantly decreased genes (Figure 5).



Furthermore, KEGG pathway analysis showed that the transcriptional levels of most genes involved in glycolysis/gluconeogenesis were significantly reduced in yellowcheek starved for 8 d, except for those of aldose 1-epimerase (5.1.3.3), fructose-1,6-bisphosphatase (3.1.3.11), multiple inositol polyphosphate phosphatase 1-like isoform X1 (3.1.3.80), and dihydrolipoamide dehydrogenase (1.8.1.4), which were significantly increased (Figure 6A). However, this trend recovered after 28 d of starvation (Figure 6B). The transcriptional levels of the genes involved in the citrate cycle (Figure 7), fatty acid biosynthesis (Figure 8), pentose phosphate pathway (Figure S2), and N-glycan biosynthesis (Figure S3) exhibited similar trends. Starvation for 8 d did not significantly affect the transcription levels of genes involved in fatty acid elongation in the mitochondria (4 < n < 16). Meanwhile, the transcription levels of most genes involved in fatty acid elongation in the mitochondria (4 < n < 16) were significantly lower in yellowcheek starved for 28 d compared to those in the control group (p < 0.05; Figures S4 and S5). However, the transcriptional levels of most of the genes involved in fatty acid elongation in the endoplasmic reticulum (n ≥ 16) were significantly lower in yellowcheek starved for 8 d compared to those of the control, and this reduction was maintained after 28 d of starvation (Figure S6). Compared to the control group, the transcriptional levels of most genes involved in steroid biosynthesis were also significantly lower in yellowcheek starved for 8 d, and the reduction was maintained after 28 d of starvation (Figure S7). It is worth noting that the transcription levels of most upstream genes involved in fatty acid degradation were significantly higher in yellowcheek starved for 8 d than those in the control group, whereas those in yellowcheek starved for 28 d were significantly lower than those in the control group (p < 0.05; Figure 9).





4. Discussion


Seasonal changes, climate change, and human activities lead to fluctuations in the abundance of natural water or the uneven distribution at the spatiotemporal level, which render the risk of food scarcity and starvation in fishes [27,28,29]. Starvation has an evident effect on fish growth and metabolism [30,31,32]. Starvation for 31 d significantly reduced total body weight and standard length of European sea bass (Dicentrarchus labrax) compared to controls at the same time, whereas the starvation did not reduce both parameters of blackspot sea bream (Pagellus bogaraveo) [33]. Starvation for 30 d also significantly reduced weight gain percent, specific growth ratio, condition factor, and hepatic somatic index of grey mullet (Mugil cephalus) with 9.52 ± 0.98 cm of total length, whereas it only significantly reduced the condition factor and hepatic somatic index of grey mullet with 12.05 ± 0.86 cm of total length [34]. Ölmez et al. [35] conducted a 70 day starvation period to determine the effects of long-term starvation on the whole-body polyunsaturated fatty acid composition and fatty acid metabolism-related gene expression in the liver of zebrafish (Danio rerio). Their results showed that the expression of seven (elvol5, fads2, cpt1-β, acox1, acadvl, fabp1a, and fabp7a) genes was significantly downregulated towards the end of the starvation period, suggesting that the mRNA expression of genes involved in fatty acid metabolism was negatively influenced by long-term starvation. Li et al. [29] reported that liver glycogen levels decreased in Gibel carp (Carassis auratus gibelio) starved for 7 d, whereas muscle glycogen levels decreased in the group starved for 21 d, suggesting that glycogen in the liver is first utilized to provide energy rather than that in the muscle. Tripathi and Verma [30] reported that starvation gradually decreased the activity of citrate synthase, glucose-6-phosphate dehydrogenase, and lactate dehydrogenase in the brain, liver, and skeletal muscle of the freshwater catfish Clarias batrachus, indicating a substantial decline in aerobic and biosynthetic capacities during starvation. Our results showed that starvation significantly reduced the body weight, K, visceral weight, and viscera index of yellowcheek, and the significant reduction in visceral weight and viscera index occurred earlier than the reduction in body weight and K, suggesting that yellowcheek prefers glycogen as an energy source, rather than muscle protein, under starvation.



Starvation induces different responses on blood parameters depending on how long the starvation lasts and on the species-specific differences in the metabolism [36]. Starvation for 7 d significantly decreased plasma GLU levels, whereas it significantly increased plasma free fatty acids levels of Gibel carp [26]. Starvation for 14 d significantly reduced blood hemoglobin, hematocrite, protein, creatinine, TG, and electrolyte sodium of Notopterus notopterus, whereas it significantly increased blood GLU and urea nitrogen [36]. Starvation for 30 d significantly reduced serum GLU, cholesterol, cortisol, and STP of grey mullet with 9.52 ± 0.98 cm of total length, whereas it did not reduce these parameters of grey mullet with 12.05 ± 0.86 cm of total length [34]. Moreover, plasma GLU, cholesterol, and peroxidase contents were significantly lower in starved tinfoil barb (Barbonymus schwanenfeldii) for 2 weeks compared to those in fed fish [37]. Our results showed that starvation for 28 d significantly reduced the serum GLU, STP, globulin, ALB, and HDL. Moreover, from starvation for 8 d, the serum ALT, AST, TG, TC, and ALP levels were significantly reduced compared to the control groups at the same time. These different responses are most likely caused by the species-specific differences in the metabolism.



Transcription and metabolic characteristics of the liver, an important metabolic organ, are affected by fish growth, health status, and habitat conditions [38,39,40]. Li et al. [29] reported that the transcriptional levels of glucose transporter type 2 (GLUT2) in the liver of Gibel carp were upregulated during starvation, whereas no changes in the mRNA levels of glycolytic enzymes (glucokinase and 6-phosphofructokinase) were observed. Moreover, they found that the mRNA levels of gluconeogenic enzymes, including glucose-6-phosphatase (G6Pase), fructose 1,6-bisphosphatase (FBPase), and phosphoenolpyruvate carboxykinase (PEPCK), were enhanced during starvation, indicating that gluconeogenic potential increased with starvation, possibly for blood glucose homeostasis [29]. Furthermore, they found that mRNA levels of carnitine palmitoyl transferase 1 isoform a (CPT1a) and acyl-CoA oxidase 3 (ACO3) were upregulated in the liver during starvation, suggesting that fatty acids are catabolized to provide energy during starvation [29]. In our study, starvation significantly changed the liver transcriptome of yellowcheek, and different starvation levels (8 d vs. 28 d) had different effects on the liver transcriptome (Figure 3B). This difference may be caused by the different nutrients used to produce energy by yellowcheek at different stages of starvation. Moreover, the transcriptional levels of most genes involved in glycolysis/gluconeogenesis, citrate cycle, fatty acid biosynthesis, pentose phosphate, and N-glycan biosynthesis were significantly reduced in yellowcheek starved for 8 d, whereas this trend was recovered after 28 d of starvation. Although starvation for 8 d did not significantly affect the transcription levels of genes involved in fatty acid elongation in the mitochondria (4 < n < 16) in yellowcheek livers, the transcription levels of most genes involved in fatty acid elongation in the mitochondria (4 < n < 16) in yellowcheek livers, after 28 d of starvation, were significantly lower than those in the control. However, the transcriptional levels of most of the genes involved in fatty acid elongation in the endoplasmic reticulum (n ≥ 16), in the liver of yellowcheek starved for 8 d, were significantly lower than those of the control, and this reduction was maintained after 28 d of starvation. Moreover, the transcription levels of most upstream genes involved in fatty acid degradation in the liver of yellowcheek after 8 d of starvation were significantly higher than those in the control, whereas the transcription levels of most genes involved in fatty acid degradation were significantly lower than those in the control after 28 d of starvation. These results suggest that short-term starvation (8 d) limited the biosynthesis of N-glycan and fatty acids, as well as fatty acid elongation in the endoplasmic reticulum (n ≥ 16) and upregulated fatty acid degradation in the liver of yellowcheek, which was coincident with the results of Machado et al. [4] on catfish. However, long-term starvation (28 d) alleviated the reduction in N-glycan and fatty acid biosynthesis caused by early starvation, and it significantly reduced fatty acid elongation in the mitochondria (4 < n < 16), as well as fatty acid degradation. This may be an underlying mechanism by which all freshwater carnivorous fish cope with starvation.



Generally, re-feeding after starvation is used to evaluate whether the effect of starvation on fish is reversible [1,3]. However, due to the limitations in the experimental conditions, this study did not conduct a re-feeding experiment after starvation. An in-depth study of the effect of re-feeding, after starvation, on the growth and metabolism of yellowcheek will provide significant information for the protection of the natural yellowcheek population and artificial culture of the fish. Nevertheless, our results still provide important reference information for assessing the starvation levels of wild yellowcheek.




5. Conclusions


Short-term starvation (8 d) did not cause significant changes in body weight, body length, and K value of yellowcheek, whereas it significantly reduced the visceral weight and viscera index. Meanwhile, long-term starvation (28 d) caused a significant reduction in the body weight and K value of yellowcheek, and it maintained the significant reduction in visceral weight and viscera index. These results suggest that yellowcheek utilize glycogen as an energy source, rather than muscle protein, under starvation. Short-term starvation limited the biosynthesis of N-glycan and fatty acids, fatty acid elongation in the endoplasmic reticulum (n ≥ 16), and upregulated fatty acid degradation. However, long-term starvation alleviated the reduction in N-glycan and fatty acid biosynthesis in yellowcheek liver, caused by early starvation, and significantly reduced fatty acid elongation in the mitochondria (4 < n < 16), as well as fatty acid degradation. This may be a mechanism by which all freshwater carnivorous fish cope with starvation.
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Figure 1. Effects of starvation on yellowcheek morphology. (A) Body weight, (B) body length, (C) Fulton’s condition factor (K), and (D) visceral weight; (E) viscera index calculated as ratio of viscera and body weight; (F) liver weight. F8C: un-starved yellowcheek samples collected on the 8th day after the starvation experiment; F28C: un-starved yellowcheek samples collected on the 28th day after the starvation experiment; F8: starved yellowcheek samples collected on the 8th day after starvation experiment; F28, starved yellowcheek samples collected on the 28th day after the starvation experiment. * p < 0.05; ** p < 0.01; *** p < 0.001. 
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Figure 2. Effects of starvation on serum indices of yellowcheek. (A) Serum glucose (GLU), (B) alanine aminotransferase (ALT), (C) aspartate aminotransferase (AST), (D) serum total protein (STP), (E) globulin, (F) albumin (ALB), (G) triglyceride (TG), (H) total cholesterol (TC), (I) high-density lipoproteins (HDL), (J) low-density lipoproteins (LDL), (K) alkaline phosphatase (ALP), and (L) lactate dehydrogenase (LDH). F8C: un-starved yellowcheek samples collected on the 8th day after the starvation experiment; F28C: un-starved yellowcheek samples collected on the 28th day after the starvation experiment; F8: starved yellowcheek samples collected on the 8th day after the starvation experiment; F28: starved yellowcheek samples collected on the 28th day after the starvation experiment. * p < 0.05; ** p < 0.01; *** p < 0.001. 
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Figure 3. Effects of starvation on the liver transcriptome of yellowcheek. (A) The number of significantly upregulated and downregulated genes after 8 and 28 d of starvation. (B) Principal component analysis profile showing the differences in the liver transcriptome of yellowcheek with or without starvation. F8C: un-starved yellowcheek samples collected on the 8th day after the starvation experiment; F28C: un-starved yellowcheek samples collected on the 28th day after the starvation experiment; F8: starved yellowcheek samples collected on the 8th day after the starvation experiment; F28, starved yellowcheek samples collected on the 28th day after the starvation experiment. 
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Figure 4. Gene ontology classification of significantly upregulated and downregulated genes in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared with the control groups at the same time. 
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Figure 5. Kyoto Encyclopedia of Genes and Genomes pathway classification of significantly upregulated and downregulated genes in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared with the control groups at the same time. 






Figure 5. Kyoto Encyclopedia of Genes and Genomes pathway classification of significantly upregulated and downregulated genes in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared with the control groups at the same time.



[image: Fishes 08 00175 g005]







[image: Fishes 08 00175 g006 550] 





Figure 6. Kyoto Encyclopedia of Genes and Genomes pathway showing the significantly upregulated and downregulated genes involved in glycolysis/gluconeogenesis in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared to the control groups at the same time. Red, dark green, yellow, light green, and light purple indicate significantly upregulated genes, downregulated genes, and both upregulated and downregulated genes in the corresponding genes, the genes of the species annotated on the map, and the genes that were not annotated on the map, respectively. 
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Figure 7. Kyoto Encyclopedia of Genes and Genomes pathway showing the significantly upregulated and downregulated genes involved in citrate cycle (TCA cycle) in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared to the control groups at the same time. Red, dark green, yellow, light green, and light purple indicate significantly upregulated genes, downregulated genes, and both upregulated and downregulated genes in the corresponding genes, the genes of the species annotated on the map, and the genes that were not annotated on the map, respectively. 
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Figure 8. Kyoto Encyclopedia of Genes and Genomes pathway showing the significantly upregulated and downregulated genes involved in fatty acid biosynthesis in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared to the control groups at the same time. Dark green, yellow, light green, and light purple indicate significantly downregulated genes, both upregulated and downregulated genes in the corresponding genes, the genes of the species annotated on the map, and the genes that were not annotated on the map, respectively. 
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Figure 9. Kyoto Encyclopedia of Genes and Genomes pathway showing the significantly upregulated and downregulated genes involved in fatty acid degradation in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared to the control groups at the same time. Red, dark green, yellow, light green, light purple, and white indicate significantly upregulated genes, downregulated genes, and both upregulated and downregulated genes in the corresponding genes, the genes of the species annotated on the map, the genes that were not annotated on the map, and unknown genes, respectively. 






Figure 9. Kyoto Encyclopedia of Genes and Genomes pathway showing the significantly upregulated and downregulated genes involved in fatty acid degradation in the liver transcriptome of yellowcheek starved for (A) 8 and (B) 28 d compared to the control groups at the same time. Red, dark green, yellow, light green, light purple, and white indicate significantly upregulated genes, downregulated genes, and both upregulated and downregulated genes in the corresponding genes, the genes of the species annotated on the map, the genes that were not annotated on the map, and unknown genes, respectively.



[image: Fishes 08 00175 g009]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
ek

F28

F28C

F8C

50 A

10 A

o o o
. <r o) o~
o (/N) LSV
=) pA
) (1N) 11V
<
e
o ® ®© <
< (oww) N9

F8

F28C F8 F28

F8C

F28

F8

F28C

F8C

%

&

F28

F28C

F8C

M~ Tp] @

(/6) a1v

\ 4

*

‘ |

F28C

F8C

(E)

Te]
8]

&

(7/6) ungo

F28

F28C

F8C

(1/6) d1s

Fs

F28

F8

F8

(1

*
*
*

@

F28

F28C

F8C

o) ™

(7noww) 7aH

=
| =0

ot

F28C

F8C

M~ (o) wn =

(oww) o1

F28

F28C

F8C

(oww) 91

F8

F28

F8

F8

(L)

(K)

s

F28

F28C

F8C

1500 A
000 A
500 -

(Uoww) Ha

ke

F28

F28C

F8C

70
0
0
0 -

30

20

w w <t
(/n) dv

F28

F28C

F8C

1500 -
1000 -

F8

F8

F8





nav.xhtml


  fishes-08-00175


  
    		
      fishes-08-00175
    


  




  





media/file18.png
(A)

}E;?;naﬁixssis i" i (F&tty acid elnngaiinral

t———=——_ Glyverlipid retabolism )
Hemdecmateg 12148 O 111192 O 16-Hexadecanol

(Fatty acid) 16-Hexade canal

Hexadecanoyl-Cod

L-Palmitoyl-
carmhne
; Hexa-

e
8]
[1336]
[1327 | S

trans-
O Hexadec-
2-enovl

-Cok Cok
[42117] [42117]
E)—} 5)-3-
Xy XY=
e | R
Coh 0" Coh 0"
}31;01:0- 3-Oxo-
O de!a- O Eeetra- _
A Gt
Cob O Cob O

i Dodecanoyi- i Decanoyl-
Cols Cob
U |
trans-Dodec- trans-Dec-
-enoyl- O Z-enoyl-
ol Cok
B2z
e e
doecamnsl e
Coby Coby
3‘—)(3:0- 3;50::0-
O dncecanoy O decanogh
Cok O Cob O Cody
\

trans-But-
2-enoyl-Cok
(5)-3-Hydroxy-
ibuﬁm -C::nf’alSr
Lcetoace tyl-Coks

Od— ———————

(B)

Fattyacid _— . .
biosgnthe dis l(‘ ‘(Faﬂyacld elcmgatmrD

{————=——{_Glywerolipid metabolism )

Hexadecanoate
{Fatty acid)

Yo (TrEl>o

16-Hexade canal

Hexadecanoyl-Col

L-Palmitoyi-
carbine

Ei{;cyl. I %ecgmyl—
[1336]
frans-
O Hexadec-
2-enovl
Co& Cok
2] |
0 0
A A
3-Oxo 3-Oxo-
hexa- te tra-
O decanoyi- O decanoyi-
Coks Coks
Col O Cob O

O 16-Hexadecanol

i gougecamyl-
1395
[1327 ]

trans-Dodec-
O2-enovyl-
Coby

[421.17]
0
dnydil::om%yl-
Cok

-]-
3-Oxo-

O dodecanoyl-

Cot O

Col O

i Octanoyl-
Cob

[N
(1327 ] S

transOct-
O 2-enovl-
Cok

[42.1.17]
o

Q octa.m);r{_

CoA O

L~

Cob O

|
|
T (5o
L

Acetyl-Cos O

trans-But-
2-enoyl-Cok

O(S)-3-H

x e
butano 4

-Cok

Acetoace tid-Cok
oq___*’i___-]

|
[2319] [si,mmesis andﬂegradation)
)

ketone bodies

¥
Lcetyl-Cols O






media/file16.png
(A)

Ilalonate

r——b" Pymrvate metabolism )

— -\_B-Ahmm membnlu;m)

Malonyl-fecg]

| FabB FabB
Faii - | IEEI, [P 22
| Fas |
() Acetoacetyl 0 3-0:mctamyl- - - . -
facy] [acx] ano EP] 53 3-Oxooctadecanoyd- [acy]
EEI [ Fas |[ FaG |
4
(R) -3 H:mx?- 3 Y (R)-3-Hyrox
utumgrf-[acpr a: “ Q octadec m}d-ﬁcp]
[ Fast lzml
| Fas |
E.B‘-‘;Lmyl-[asp] gff;;f"[;d;f mns-Hezache- trans-Octadec-2-enoi- [ac )
A
Fahll FtK
o ETH Bl ] [ Fe ]
0—/ o—"
Butyr-[acpl Hexanoy-[acy] Oretanosd-[ac ] Decanoyl-[acg] Dodecanayl-[ac g
53314
Fero-tacd
enovl-[ac
Octanoic acid Decanoic acid Dodecanoic acid Tetradecanoic acd Omdecemm acad
Py i |
v |
(Lipoin: arid mehbulism) Q I
17 Unsaturated acvl-[acy)] v 1 &« b
(F sty acid dae-gndahcm) | Glyee rolipid mtuboh.m:)

Hexadecanoyl-Cok

(B)

Citrate cycle

rFD‘I: Pymvate metabolism )
4 '}kﬂ-hlmim me tsholism ﬁ

Amﬂ[wp]?

[Fask | [FasH |
FabH |[ FabY FAS2 |
e x[:gaénmsr_gﬂ- ?a-g;mm_nnjﬂ- 3-Ozooctadecanoyi- [acy]
| Fas |
-3 2 - e (F)-3-Hydrox
Of:RctJafwsfi [a ]‘iL oy x aoy- : : S R:)r-a%a}l!amﬁacp] SE uctadewfﬁo?#f:cp]
[EasH ][ Feon |
IZE]
]
g:ﬁglﬂlgﬂﬂ -enogi-[a - -[acp) cenel-[acp] . . ) trans-Octadec-2-enoyl-(ac g
|_Fabl |
Hexa-
e eyi-[acﬂ emsrl-[an:]

O
Butyrd- [acp] Hexanoyl-[scy]

Omd.ecamyl ‘

e:aiecamlc Hexade ctnmu: acid Chchdecancm: acid Omde-cemlc acud

O O O o
Cictanoic acad I aci Dadecanoie acid Tetradecanoic acid
i
4 |

(_Lipoic acid mehho]jsm) ") Unsata d acyl-facgl ‘!.
(_ Fatty acid degradaton |

Hexadecanow-Cod

?_ : ————— —El Glycerolipid metabolism )
k
|
L






media/file2.png
(C)

(B)

(A)

® @ ~ © ©
c o ©o o o
Y
o ©vw o 1
< (ap] ™ N
(wo) yibus| Apog

o (=]
(=] o
< N

(6) wbrom Apog

600 -

F28C

F8C

F28

F28C

F8C

F28C F8 F28

F8C

F28

F8

F3

—

~—

(E)

(D)

*k

*k

>

(6) Jybrom oA

.
-

o

*k

T
L < o
<

0
0.02 -
0.01 -

Q )
o o o
XapUl BISOSIA

®

F28C

F8C

(B) 1ybBiom |eI8oSIA

F28C F8 F28

F8C

F28C F8 F28

F8C

F28

F8





media/file5.jpg
Q) ®)

o
300
20 s proguates
el Boineies
100
o
Fowrc  rswrac < =

PCY (88.77%)





media/file3.jpg





media/file1.jpg
Iy o §“" t:‘,
ST 'L






media/file7.jpg
“w

‘Gene Ontlogy Classfcaton(F-vs 75C)






media/file10.png
(A)

KEGG Pathway Classification(F8-vs-F8C)

Cellular Processes--Transport and catabolism- [ |1 — 122
Cellular Processes--Cellular community - eukaryotes - . Td o 65
Cellular Processes--Cell motility+ . b
Cellular Processes--Cell growth and death~ [ O 96
Environmental Information Processing--Signaling molecules and interaction - | A1 mm— a1

Environmental Information Processing--Signal transduction- | 170
Environmental Information Processing--Membrane transport- &= 16
Genetic Information Processing--Translation- e te— 136
Genetic Information Processing--Transcription -
Genetic Information Processing--Replication and repair- [t 24
Genetic Information Processing--Folding, sorting and degradation - 143
Human Diseases--Substance dependence -
Human Diseases--N leg ive disease -
Human Diseases--Infectious disease: viral -
Human Diseases--Infectious disease: parasitic -
Human Diseases--Infectious disease: bacterial -
Human Diseases--Immune disease -
Human Diseases--Endocrine and metabolic disease -
Human Diseases--Drug resistance: antineoplastic -
Human Diseases--Cardiovascular disease -
Human Diseases--Cancer: specific types -
Human Diseases--Cancer: overview -
Metabolism--Xenobiotics biodegradation and metabolism -
Metabolism--Nucleotide metabolism -
Metabolism--Metabolism of terpenoids and polyketides -
Metabolism--Metabolism of other amino acids -
Metabolism--Metabolism of cofactors and vitamins -
Metabolism--Lipid metabolism -
Metabolism--Glycan biosynthesis and metabolism -
Metabolism--Energy metabolism -
Metabolism--Carbohydrate metabolism -
Metabolism--Biosynthesis of other secondary metabolites -
Metabolism--Amino acid metabolism -
Organismal Systems--Sensory system -
Organismal Systems--Nervous system -
Organismal Systems--Immune system -
Organismal Systems-—Excretory system -
Organismal Systems--Environmental adaptation -
Organismal Systems--Endocrine System - | 107 — 143
Organismal Systems--Digestive system - e gB6
Organismal Systems--Development and regeneration- [ T 51
Organismal Systems--Circulatory system - [ 412

Organismal Systems—Aging- . T8 >0
0 10 20
Percent of Genes(%)

(B)

KEGG Pathway Classification(F28-vs-F28C)

30

Cellular Processes--Transport and catabolism- [t 75
Cellular Processes--Cellular community - eukaryoles- | oa e 20
Cellular Processes--Cell motility+ [ 10 1°
Cellular Processes--Cell growth and death~ [ 10— 36
Environmental Information Processing--Signaling molecules and interaction- | o1 ———_1

Environmental Information Processing--Signal transduction - g 1 3
Environmental Information Processing--Membrane transport - [
Genetic Information Processing--Translation I 35
Genetic Information Processing--Transcription< T ©
Genetic Information Processing--Replication and repair - M3
Genetic Information Processing--Folding, sorting and degradation- = 6"
Human Diseases—Substance dependence-  ERE " 10
Human Diseases--N leg ive disease-  EEEEEESh— 3

Human Diseases--Infectious disease: viral- [ 11 51
Human Diseases—Infectious disease: parasitic{ [ 1T w— 26
Human Diseases--Infectious disease: bacterial- [ 10 52

Human Diseases--Immune disease - -
Human Diseases—Endocrine and metabolic disease- [ g 37
Human Diseases--Drug resistance: antineoplastic- = 75>
Human Diseases—-Cardiovascular disease- | T5 10

Human Diseases--Cancer: specific types- [ 1o 30

Human Diseases—Cancer: overview | 5 m— o8
Metabolism--Xenobiotics biodegradation and metabolism - — 33

Metabolism--Nucleotide metabolism -
Metabolism--Metabolism of terpenoids and polyketides -
Metabolism--Metabolism of other amino acids -
Metabolism--Metabolism of cofactors and vitamins -
Metabolism--Lipid metabolism -
Metabolism--Glycan biosynthesis and metabolism -
Metabolism--Energy metabolism -
Metabolism--Carbohydrate metabolism -
Metabolism--Biosynthesis of other secondary metabolites -
Metabolism--Amino acid metabolism -
Organismal Systems--Sensory system -
Organismal Systems--Nervous system -
Organismal Systems--Immune system -
Organismal Systems--Excretory system -
Organismal Systems—-Environmental adaptation -
Organismal Systems--Endocrine system -
Organismal Systems--Digestive system -
Organismal Systems--Development and regeneration -
Organismal Systems--Circulatory system -
Organismal Systems-Aging -

107

20
Percent of Genes(%)

Type
M up
B oo

Type
M v
Down





media/file12.png
(A)

Starc h and sucrose
me fabolism

£

v
O a-D-Clucose-1P

31310

a-D-Chicose O
3 1.3.15I
D B-D-Glucose-ﬁp g ﬁ-D_mee—éP
-D-Glucose OC—- -
P Pentoze
27 1.
— Atbutin 6P pethomy
{e:tnce]ltﬂu} 32
Salicin
{c:tme]lulu)cp x p-D-Fructose-1,6P2
v Glyce rade hyrde- 3P
OC—-_...J"‘}
Glyeerone-P
12159
‘ Glyrerate-1,3F2
1276 | ©
O Glycerat -2,5F2
Carbon fixation e
in photosymthetic orgaresms
S N [41132]
Orzaloacetate
Citrate -
cycle P
Cli L-Lactate
|
v
CPm[:amate mmbo]ism)

(B)
e fabolistn
|
v
H3.13.lﬂ| o-D-Clucose-1P
D-Glueoss
(extrace llular)
o-D-Ghacose =
B-D-Clucose
Pentose
i pathway
i 0—[ZA} >0
textmcellu}a_r) y
(extran SO o—{32136 B-D-Fructose-1,6P2
Sahem-6F
Glyre ralde hyde-3P
Glyreone-F —
211215
Glyeerate-1,3P2
Q
12190
Glyrerate-2,5F2
Carbon fixation e Q—-J
in photosynthetic organssios | Glyverate-3P
5 <212
Gilyre rate - 2P UK
T - Phosphoe nolpymrvate |
= = =L -0
Orzaloacetate . :
me fabolmm |
| ]
Citrate L1271} 219t)[2192] -
cyele 127.11] P -
-
-~
-~
PE——
L 3:-+? L Lactas

|
v
Propanoate metabolism





media/file9.jpg





media/file0.png





media/file14.png
(A)

e B
L2y Glyeolysis
O======" D[ Gl%on%solgemsis
(Fatly acid biosynthesis ——
I
@aﬁy acid elongation in mitoch::md.ti&}ﬂ —_———— -a|
(Val, Leu & Ile degradation | ™ = ™ 7y |
|
(Fatly arid matabnlismjl— R ST O Pynuvate
Lcetyl-Coly
Alanine, aspartate and -
G;lutmnate rﬁgbnlism _h‘l
[Glygécyllgte ard d.i.caz’ooxylata}q _____ 1'
me tabolista
{7( L - Citrate Isocitrate
S >0« e
Oxaloacetate cis-Lconitate
(S)-Whlate O 1154
Tyrosine
me tabolism 1| Oxaosuecinate LS
Chzgim'ne biosynthesis | =0 Fumarate
1354 ||
(620 s - 20
Succinyl-Cok glntarate
O O ) b sp—— i T :
) Y S-Succingl- 3 Carboxt —D’-ngmme hlosgmthesw)
Suecinatt 28318 dibyrrolipoaraide-E I-hydroxypropyl- THEP
: o ypro R Hscoﬂ:-?_te and aldarate
d—-—b e tabolism
&gl, Eﬁu &lle )/ L ihydrg:gﬂ . Lipoaraide-E lL — =
radation poarae- m==71 - ne, aspartate a
8 |12.7.11] | [ glutaraate rmholjsm ]
\ ' ' |
1273 ~~———>{D-Gln & D-Glu metabolism )
(B)
Phosphoe nol-
(,-—.OE' ______ - Glycolysis
41149 Gluconeogenesis
(Fatty acid biosymthesis fF————~ {
I
(Fatty arid elongation in mitochond.tia}ﬂ —_— I
|
(Val,beu&lle degradation | ™ T T Ty { |
(Fatly arid metabo]ism}— N S Pyruvate
Acetyl-Coly
&larane, aspartate and —
Cglutamate rﬁﬂhnﬁsm _H'l
Glyoxylate and dicarboxylate Yy _ _ '
e tabolism ‘|
'{J( Isocitrate
< o« 0
cis-Acomtate
e taholista 1| Oxelosuccinate® [N [11025
C}'nginim: biosynt}wsis} =0 Fumarate
1354 J[1351 ] o
B .. - 20
Suceinyl-Coks zlutarate
) Py S-Suscingl- © 3. Carbox AD-Glgmme hms;mthess)
Suecinate {28318 dibyrrolipoaraide-E I-hydroxypropyl- THEP
: o YFro R Asco:hlaj:e and aldarate
d—-—b rae taholism
Val, Loudelle ) ) Dihgiro, Lipoaride-E lL — =
radation poatae- == - ne, aspartate a
s [1.27.11] | glutarmate rmboljsm
™ (1273} l

——— —D@-Gln & D-Glu metabo]ism)






media/file8.png
(A)

o
o
.y
0
3
0
Ty
S
c
-m
w®
R
=
:
o
>
=)
L=
[
c
o
e
c
o
o

1497

Jaquwnu auab

2196
149
219

-+
L |
1

1
2

~—
o~

100

SRS 11102 1019|1031 UOEISue
S /,iA102 202(0W [EINIONAS
Ananoe sopenbau soydasal
Apanoe soydaoal
e waoud
fuanoe so1oe) vondudsuen Buipug wagosd
ANAnoE N0AJ3S3) JuSUgnuU
Auanae 10i0e) vondudsuen Buipug pae HNapnu
fuanoe uaboydiow
ApAanae Jsonpsuen renasjow
| Aunnze aucsadeydojeaw
e .. (110¢ 012152 UiA2U3
I fuanoe sausE0 UOND3IR
| Auanae saured uere-g
| Auanoe wajadalowsays
I Apanoe wepemeowayd
l Annnoe JoreinBal [puueys
e SR
0.7

m Up
B Down

Molecular Function

T fuanoe Juepixonue

| ed uoua
I woua
| yed asdeufs
I osceus
| sedwifs
| yed a|auebio
P 210510
I 03| anU
| xapdwos suaiaype paIRR0SSE-UOLPUOLYIOIL
UBLUN| PESOIOUS-SURIGUISL
wed auBIquIBWw
auRIqUIBW
¥aduwog JepnoS|oWwo e
wed umbas en)Eoenxa
uoibas renEsegxa
ued xuew JenEoegxs
KUJELL JR|n|jadexa
| ued a0
wonaunl a2

| nan

i
I ssasoud wsiwebio-a)bus
e S 15
ssanoud iyl
snnws o) asuodsal
ssanod ananposdas
vonanposdal
ssaooud [enbojoig jo vonenbal
ssao0ud (enbojoig jo vonejnbas aamsod
ssaooud [enbiojong jo voeinbas aanebau
ssasoud [ewsiuebiio menjaognuw
ssaooud wsiwebio-qnw
ssao0d Jjogelaw
UONOLWO20]|
uonEZIEI0|
ssacoud walsAs aunwiw
yweoub
UONEZI[EI0] JO IUSLIYSIEISS
ssaosoid [euawdoanap
ssaosoud Jen)as
sisauaboig o vonezvebio wavodwod renEED
D Gunpy a2

uonenbas lexbojog

uorsaype [exbojoig

T T

o L]
i

0.1-

sauab Jo abejuaosad

Cellular Component

Biological Process

(B)

Gene Ontology Classification(F28-vs-F28C)

r478
1088

1aqunu auab

47
108

40 Ul
rl J

= 100 ja10d
I fuAnow jopenBa) uoneSURS
AS—— 7100 3/709(0u [2IONAS
et Auanoe soreinBas jojdadal
Apnnoe soidasas
By wajoud
Auanoe Jjo10e) uondusswes Bupuig wsioad
Auanoe noasasal Jusunu
Apanoe soioe) uonduaswen Buipwig proe a1@anu
Auanoe uaboydiow
Auanoe J2oNpsuen I2Na3jow
Ananoe auocsadeysoqeiaw
Auanoe sopenbas awAzua
Auanoe Jauued uonoaa
Apanoe sauned |Auefe-q
Apanoe uajadaloway
Auanoe ueseneoway
S 0% 1012103 [Buuey)
105 A[12)
011

B Up
Down

Molecular Function

. fwAnoe uepronUEe

ued uouiA

UowA

wed asdeuds
e osceu/s

1sedwis

wed ajjauefio

A 5|e010
®2|huod sualaype paleiaosse-uoUpUoYIoIIL
UBLLN| PASO|IUS-SURIGQUISL

ved ausiquIaw

VT TTENT

o enoayowosew

ved voifial enaienxa

uoibay ren@oenxa

ved Xuew Jenjaoenxs

UL JBN|[aoexa

wed @2

e S uououn! |23

|

ssaooud wsiuebio-a)bus
e S c105
ssaooud gl
sninwis o) asuodsal
ssaooud asnanposdas

§
:
&
2

ssaooud [eabojoig jo vonenbal

ssaooud [eabojoig jo vonenbas anmsod
ssaooud jexbojoig jo uonenbas aanebau
ssaooud Ewswebio epnyannw
ssaooud wsiuediio-nnw

ssaooud Njogelaw

UONOWo20|

uonez)eI0|

ssaooud WwaisAs aunwiwn

Biological Process

H
:
5
g
:
g
)

ssaooud [Euawdoaaap
ssaooud Jejn@a
sisauabiog Jo uonezivebio Jusuodwoo fen|e

—— T DU (122
e E————————-—_ 01162 [¢960/01

uorsaype eaibojoig

100

T
o i
—

0.1-

sauab jo abeuaasad

Cellular Component





media/file11.jpg





media/file6.png
(A) ®

4000
| ® F28
3000 50 ® F28C
® F8
_ ® F8C
2000 = s 5 2z
. Up-regulated N F28 1
: ~ Fe 1528 F8C_3e eF8C_1
Down-regulated = FB_Q; F28_3 F8C_2®  ~
o O
O
o
1000
F28C_30@F28C 2
—" " F28C_1
0 4 _50
-50 0 50

F8 vs F8C F28 vs F28C
PC1 (55.77%)





media/file15.jpg





media/file17.jpg





