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The role of hexanal in flavor as an indicator of the degree of oxidation of meat products is undeniable. However,

the genes and pathways of hexanal formation have not been characterized in detail.

hexanal RNA-seq yellow-feathered broiler WGCNA SLC27A1

| 1. Introduction

Volatile organic compounds (VOCSs) are the key constituents of meat aroma and flavor and advance the cognition
of meat quality L. Therefore, it is important to study the changes of VOCs in meat to understand the flavor
formation pathway. Hexanal, the main aroma active compound in aromatic rice milk & and pea milk &, was found
to be strongly correlated with lipid oxidation ! and its relative content was increased with the storage time of the
samples Bl Chicory-fed lambs had higher hexanal content and better flavor than ryegrass-fed lambs . The
previous analysis of the volatiles detected in the breast muscle of nearly 1000 different breeds of yellow-feathered
broiler chickens revealed that hexanal is also the major volatile substance in chicken meat [Z. Therefore, further

study of hexanal content in chicken is necessary.

2. ldentification of Relevant Modules Associated with
Hexanal

The mean value of the 398 samples of hexanal relevant content was 28.14 + 8.96%. In most samples, the relative
content of hexanal ranged from 25-35% (Figure 1A). Researchers then analyzed 15,093 genes to identify the
related genes by WGCNA. Based on the sample clustering information, the relationship between phenotypic values
and gene expression in the remaining samples after eliminating the six outliers are shown in Figure 1B. After
determining a soft threshold at r2 > 0.85 (Figure 1D), 400 genes were randomly selected to show the expression
patterns of genes within different modules (Figure 1C). In addition, the results showed the relationship between

certain genes and hexanal content (Figure 2).
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Figure 1. (A) Phenotypic distribution of 398 samples. Histogram of the frequency distribution of hexanal (%). The

black line represents the normal distribution curve. (B) Dendrogram and traits heatmap. (C) Clustering

dendrograms of genes, with dissimilarity based on topological overlap, together with the assigned module colors.

Genes that could not be clustered into one of the two modules are labeled in gray. (D) Scale independence and

mean connectivity.
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Figure 2. Module—trait associations. Each row corresponds to a module eigenmetabolite, column to a trait. Each
cell contains the corresponding correlation and p value. The table is color coded by correlation according to the
color legend.

| 3. Further Analysis of the Significant Modules

The significance and module membership of the correlated genes were plotted for the sky blue module (r = 0.61,
and p = 2.3 x 107°), dark green module (r = 0.16, and p = 7.1x 1071%), salmon module (r = 0.25, and p = 1.8x
10711 and brown module (r = 0.26, and p = 1.2x 1079, again demonstrating that the genes in the modules were
significantly associated with hexanal content (Figure 3). To summarize the network results, researchers evaluated

the core genes of the relevant module from the perspective that the top network genes were ordered by the GS. A
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total of 438 genes were selected in four significant modules associated with hexanal (-0.20 < GS.Hexanal < 0.20,
and GS.Hexanal; p value < 0.05).
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Figure 3. Scatterplot of module membership and gene significance showing correlation between different modules

and hexanal. (A) Skyblue module; (B) Darkgreen module; (C) Salmon module; (D) Brown module.

4. Differentially Expressed Genes (DEGs) and Pathways
Associated with Hexanal Content

Researchers divided the pectoral muscle samples into two groups according to the relative content of hexanal (p <
0.01; Figure 4A). The DEGs between the H and L groups are shown in the volcano plot (Figure 4B). The results
revealed that the expression levels of 356 and 295 genes in the H group were upregulated and downregulated,
respectively, compared with the L group. These DEGs were significantly enriched in the PPAR signaling pathway,
p53 signaling, MAPK signaling pathway etc., (Table 1). Nine of the DEGs enriched to these pathways were
significantly associated with hexanal content in the WGCNA significant modules,
including SLC27A1, ACOX3, NR4A1, VEGFA, JUN, EGR1, CACNB1, GADD45A and DUSP1. The SLC27A1 gene
was also significantly associated with hexanal content in Jingxing Yellow chickens which was enriched in the PPAR
signaling pathway (Figure 5).
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Figure 4. (A) The relative contents of hexanal for the transcriptomic profile of the H and L groups. (B) Volcano plot
for H vs. L DEGs. (C) Overlap of the number of DEGs and the number of significantly related module genes in the
WGCNA. K.in is described by the number of genes related to a given gene.
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Figure 5. The correlation analysis between the expression of candidate genes and hexanal content.

Table 1. The enrichment significant pathways for DEGs.

KEGG Name Gene Name p Value
PP"‘;EIE'VQVS“”Q ACOX3, ACSL1, ACSL4, APOA5, CD36, CPT1A, FABP4, PLIN2, SLC27A1 0.0004
CCe ohncshnclipid AGPAT2, CHKA, ETNK2, GPCPD1, LPCAT2, LPIN1, PCYT1B, PISD, PLA2G15, PLA2G4F 0.0016

metabolism

MA':;EE;;‘“”Q CACNALD, CACNA1H, CACNB1, CSF1, DUSP1, DUSPS8, EPHA2, FGFR1, FGFR2, GADD45A, GADD45G, JUN, MAP2K6, MAP4K4, MAPK12, MKNK1, NR4A1, PLA2G4F, VEGFA  0.0026
Cytokine-cytokine

e v BMP15, BMP3, BMPR1B, CCL17, CCL4, CCR5, CSF1, CXCR5, EDA2R, GDF10, IL12RB1, INHA, LIF, MSTN 0.0164
receptor interaction
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KEGG Name Gene Name p Value
ETL ACACB, ACSL1, ACSL4 0.0204
biosynthesis
Fatty acid -~
A f ACOX3, ACSL1, ACSL4, CPT1A 0.0276 00 ked
GnRH signaling CACNALD, CAMK2A, EGR1, JUN, MAP2K6, MAPK12, PLA2G4F 0.0280 )(lS
pathway
P53 signaling ATR, CCNG2, GADD45A, GADD45G, GTSE1, SESN2 0.0281

pathway
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Figure 6. The relative content of hexanal (A) and the relative SLC27A1 gene expression (B) in Hexanal_H and

Hexanal_L groups of Jingxing Yellow chicken.

Table 2. The primers used for gRT-PCR verification.
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Gene
Symbol

Anneaning Product

Accession NO. Temperature Size

Primer Sequence

F:TGCCTTCCGCTCTACCAC R
NM_001039602.1 SLC27A1 RTCAACCCGTTTGCCCACT 59 °C 239 bp
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