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Figure 5.9 Replicates of metagenomics sequencing and 16S rRNA gene amplicon 

Illumina sequencing of group 2 time point 2 ethene and VC cultures (G2-TP2-ETH, G2-

TP2-VC) showed the results are reproducible. 

Note: R represents the replicate.  Panel A: classified to phylum; Panel B: classified to 

genus. 
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5.4.4 SIP reveals primary bacteria involved in carbon uptake from VC 

We hypothesized that the bacterial groups gaining dominance in the VC 

enrichment cultures were utilizing VC as a carbon and energy source. The qPCR of 16S 

rRNA genes on SIP fractions enabled us to test this hypothesis. Maximum 16S rRNA 

gene copy numbers of Nocardioides sp., Pedobacter sp. and Sediminibacterium sp. in 

13C-VC-amended cultures generally appeared in higher BD fractions compared to the 

unlabeled VC control group, indicating that these three incorporated carbon from VC into 

their genomic DNA (Figure 5.10 and Appendix Figure AI.1). In particular, DNA from the 

Nocardioides strain shifted more into the higher BD fractions in comparison to the 

controls. For example, in Group B at day 7, the highest peak shifted from ~1.73 g mL
-1

 to 

~1.76 g mL
-1

. In contrast, Pseudomonas did not show significant shifts towards heavier 

BD fractions in the labeled VC amended culture in comparison to the unlabeled VC 

amended controls, except only in Group A time at day 3 (Figure AI.1), from 1.72 g mL
-1

 

to 1.74 g mL
-1

. 
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Figure 5.10 Example of SIP-qPCR data: 16S rRNA gene qPCR targeting genera 

Nocardioides, Pseudomonas, Pedobacter and Sediminibacterium on SIP fractions from 

Group B at day 7. A full list of graphs is provided in Appendix Figure AI.1. 
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5.4.5 Isolation and characterization of bacteria from enrichment cultures 

As Nocardioides was the dominant bacterial genus in the VC enrichment cultures 

and showed carbon uptake from VC, we hypothesized that at least one strain of 

Nocardioides VC-assimilating bacteria was present in the culture and attempted to isolate 

the bacteria. One VC-assimilating strain (named XL1) was successfully isolated from the 

culture G1-TP3-VC. This isolate demonstrated growth on both VC and ethene as the sole 

carbon source (Figure 5.11). Sequencing of the XL1 16S rRNA gene (1489 bp) showed 

that it is 99.7% (3 bp different) identical to the VC-assimilating Nocardioides sp. JS614. 

Sequencing of rpoB, etnC, etnE and etnE1 genes of strain XL1 showed they are all 100% 

identical to Nocardioides sp. JS614. 

Strain XL1 was relatively slow-growing, requiring about one month to form 

colonies (~1 mm in diameter) on MSM agar plates in the ethene incubator and two to 

three weeks to form colonies (~1 mm in diameter) on 1/10 TSAG plates in ambient air 

(Figure 5.12). On MSM agar plates, strain XL1 colonies were small, clear, and round-

shaped with a smooth surface. On 1/10 TSAG plates, strain XL1 formed creamy colonies, 

with small colonies scattered around large ones. In liquid MSM culture, strain XL1 

showed hydrophobic behavior-clumping and adhering to the septum of the serum bottles 

(Figure 5.13), which is very different from its close relative Nocardioides sp. JS614 that 

forms homogenous liquid culture in MSM. Strain XL1 appeared to be rod-shaped under 

optical microscopy (100× oil immersion objective) with staining.  

In the ethene incubator, one strain similar to Mesorhizobium sp. DR 6-01 (100% 

nucleotide identity in partial 16S rRNA gene (740 bp), sequencing of PCR products) was 

also isolated on MSM agar plate. Another strain was isolated on R2A plates, which 
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showed similarity with Pedobacter (98% nucleotide identity in partial 16S rRNA gene 

(780 bp), sequencing of PCR products). However, both strains showed no growth in 

liquid culture using ethene or VC as the sole carbon source. Pseudomonas was not found 

in any isolation attempts with MSM agar plates in the ethene incubator, R2A and 1/10 

TSAG plates in ambient air. 
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Figure 5.11 The isolate Nocardioides sp. strain XL1 showed growth and degradation of 

ethene and VC. 
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Figure 5.12 Morphology of Nocardioides sp. strain XL1 on A) MSM plate in ethene 

environment and B) 1/TSAG plate in ambient air. 
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Figure 5.13 Morphology of Nocardioides sp. strain XL1 in VC-MSM culture (right), 

which contained clumping flocs in both ethene and VC cultures. The liquid culture of 

Nocardioides sp. strain JS614 in VC-MSM culture (left) is provided for comparison, 

which remained homogenous in both ethene and VC cultures. 
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5.4.6 Genome binning revealed multiple Nocardioides strains and one plasmid 

Among the binned genomes from ethene and VC cultures metagenomes (Figure 

5.3), five genomes (ETH-ACT1, ETH-ACT2, VC-ACT1, VC-ACT2 and VC-ACT3) 

were about 70% to 100% identical to the Nocardioides sp. strain JS614 genome 

(Genbank accession no. CP000508.1) 
110

 based on BLAST analysis of contigs and 

CheckM
123

 estimated completeness ranged from 88.3% to 99.2% (Table 5.3). Among 

these five Nocardioides-affiliated genomes, contigs from ETH-ACT1 and VC-ACT1 

displayed 99-100% coverage and were 99-100% identical to the Nocardioides sp. strain 

JS614 genome. Contigs from genome bin ETH-ACT2 and VC-ACT2 showed 99-100% 

nucleotide identity to each other and 70% to 100% nucleotide identity to the 

Nocardioides sp. strain JS614 genome. VC-ACT3 was not very similar to any of the other 

genome bins attributed to Nocardioides, with contigs (that can be aligned to contigs from 

VC-ACT2 and VC-ACT3) 73% to 100% identical to VC-ACT2 contigs and 75% to 95% 

identical to VC-ACT1 contigs.  

No assembled 16S rRNA genes were found in any genome bins, therefore rpoB 

sequences were used to identify which genome corresponded to XL1 
36, 133, 134

. The partial 

rpoB gene (773 bp) from XL1 was 100% identical to rpoB genes retrieved from genome 

bins ETH-ACT1 (contig 6; 3501 bp) and VC-ACT1 (contig 19; 3465 bp), whereas it was 

86% to 90% identical to the other Nocardioides-affiliated genome bins, from which only 

partial rpoB genes ranging from 270 bp to 3474 bp were successfully retrieved.  

In genome bins designated ETH-PLSD and VC-PLSD (Figure 5.3), all of the 

contigs (except three from VC-PLSD) showed 100% coverage and nucleotide identity to 

the Nocardioides sp. JS614 plasmid pNOCA01 (Genbank accession no. CP000509.1) 
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110
(Figure 5.14), with completeness of 92.12% and 97.68% respectively compared to 

pNOCA01. Three VC-PLSD contigs  showed 100% coverage and nucleotide identity to 

regions of the Nocardioides sp. strain JS614 chromosome, where integrase and IS3 

family transposase were encoded, but only 50-70% coverage and 68-100% nucleotide 

identity to JS614 plasmid pNOCA01 (Table 5.4). 


