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Abstract
Background

The use of whole blood to study immune responses in non-model organisms, like African savanna
elephants (Loxondota africana), has been limited by the lack of species-specific resources. In whole blood,
overrepresented globin mRNA and ribosomal RNA can dominate transcriptomic analyses, masking
important biologically informative transcripts and therefore need to be removed for downstream
applications such as next generation sequencing. Although kits to deplete globin mRNA and rRNA are
commercially available for humans, rats and mice, similar kits are not available for non-model species.
Therefore, this study aimed to evaluate the efficiency of cross-species globin mRNA (GLOBINclear™-
Human Kit) and ribosomal RNA (NEBNext® rRNA Depletion Kit v2) depletion strategies for African
savanna elephant whole blood-derived RNA, with the goal of establishing an optimized preprocessing
workflow for downstream RNA sequencing.

Results

Following bioinformatic processing, an average of 127.9-278 million paired-end reads per sample were
retained with Phred quality scores ranging from Q34 to Q38 across all enriched and unprocessed total
samples. Depletion reduced the proportion of rRNA reads from 57.5-73.1% in unprocessed samples to <
3.5% in the enriched samples. However, no significant reduction was observed in the proportion of globin
mMRNA reads following enrichment. Despite this, genome alignment metrics improved substantially
following RNA enrichment, with alignment efficiency increasing from 25.3-40.5% in the unprocessed
samples, to 86.2-90.5% in enriched samples. BLAST results revealed moderate sequence similarity
between human and African savanna elephant haemoglobin genes (identity: 73.8—-79.6%) and high
sequence similarity for the rRNA gene targets (identity: 76 to 100% %).

Conclusions

Human-specific RNA enrichment kits effectively depleted African savanna elephant ribosomal RNA prior
to sequencing, resulting in a substantial increase in the proportion of uniquely mapped reads to the
elephant reference genome. This pre-processing approach enhances the quality of RNA-seq data and
supports downstream transcriptomic analyses in African savanna elephant, which will enable
investigation of immune-related pathways in this endangered species. The application of this optimized
workflow has potential to improve genomic reference resources and enhance the utility of transcriptomics
for advancing the understanding of immune responses in African savanna elephants.

Background
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Peripheral whole blood serves as a primary medium for transport and communication within the host
immune system, comprising a diverse array of circulating immune cells. As such, it has been widely used
to study immune responses across a range of diseases and is often preferred over peripheral blood
mononuclear cells (PBMCs) because it more closely reflects the physiological environment [1, 2].
However, whole blood contains other components which may interfere with certain downstream
applications.

A major challenge associated with whole blood transcriptomics is the high abundance of erythrocytes,
which contain large quantities of haemoglobin transcripts. Globin messenger RNA (mRNA) is highly
expressed and stable, comprising a substantial proportion of total RNA in blood samples and reducing the
sensitivity of detecting less abundant transcripts [3—5]. Consequently, globin depletion strategies have
been developed for human samples to improve transcriptomic profiling [6], although their application in
non-model organisms remains poorly characterized.

Similarly, ribosomal RNA (rRNA), which constitutes approximately 80—-90% of total cellular RNA [7-9], can
further limit the detection of informative mRNA species. Methods to remove rRNA, including probe-based
hybridisation and commercial depletion kits, are routinely applied in human and model organism RNA
sequencing workflows to enrich for coding transcripts [10—12]. However, the effectiveness of these
approaches in non-model species is not well established.

In African savanna elephants (Loxodonta africana), knowledge of immune responses to diseases with a
significant impact on population health, like tuberculosis (TB) or Elephant Endotheliotropic Herpesvirus
(EEHV) haemorrhagic disease (EEHV-HD), remains limited [13—15]. Most gene expression studies in this
species have relied on targeted PCR-based approaches [16—18], which restrict analyses to predefined
genes and may overlook novel or unanticipated targets. Conversely, whole blood transcriptomics offers a
powerful, unbiased alternative for characterising immune responses at a systems level in organisms like
African savanna elephants.

Despite its potential, whole blood transcriptomics are underutilized in non-model organisms due to
technical challenges and limited availability of species-specific reagents. The proportions of globin mRNA
and rRNA in African savanna elephant blood are currently unknown but expected to be substantial and
kits for such model organisms are not readily available. Given the conservation of many genes between
humans and African savanna elephants [19, 20], commercially available human, mouse, and rat depletion
kits represent a practical starting point. Therefore, this study aimed to evaluate the efficiency of cross-
species globin mRNA and rRNA depletion strategies in African savanna elephant whole blood RNA, with
the goal of establishing an optimized preprocessing workflow for downstream transcriptome analyses.

Methods

Elephant whole blood sample collection
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Whole blood samples included in this study were obtained from four free-ranging prime adult (> 25 years)
bull African savanna elephants in the Kruger National Park (KNP), South Africa, as part of a registered
disease surveillance project which includes formal approval and informed consent. All animal procedures,
including chemical immobilisation and blood collection, were performed by South African Veterinary
Council (SAVC)-registered wildlife veterinarians, as previously described [21, 22].

Whole blood (~ 2.5 mL) was collected from the auricular vein into PAXgene® Blood RNA Tubes
(PreAnalytiX® GmbH, Hombrechtikon, 8634, Switzerland), according to the manufacturer’s
recommendations. After collection, the tubes were inverted several times and maintained upright at room
temperature (20—-24°C) for 2 hours, followed by storage at -20°C until processing.

RNA extraction and quality control

Blood samples were thawed at 4°C overnight, followed by 2 hours at room temperature prior to RNA
extraction. Total RNA was extracted from the PAXgene® tubes using the complementary PAXgene® Blood
RNA Kit (IVD) (PreAnalytiX® GmbH). Extractions were performed according to manufacturer’s
instructions, with modifications to the centrifugation speeds. Initial centrifugation steps to pellet and lyse
the cells were conducted at 4 000 x g, while RNA washing and elution steps were performed at 16 000 x g.
The extracted RNA was eluted in 75 L of the elution buffer (BR5) provided in the kit.

Extracted total RNA purity and quantity was evaluated using the NanoDrop 2000c spectrophotometer
(Thermo Fisher Scientific, Waltham, Massachusetts 02451, USA) and the RNA High Sensitivity Qubit™
assay (Invitrogen™, Thermo Fisher Scientific) on a Qubit™ 4 Fluorometer (Thermo Fisher Scientific),
respectively. In addition, total RNA integrity (quality) was assessed using a TapeStation 4150 (Agilent,
Santa Clara, California 95050, USA) with the RNA ScreenTape and associated reagents (Agilent).
Extracted total RNA with a yield > 2000 ng and a RNA Integrity Number equivalent (RINe) = 7.0 was used
for downstream library preparation and subsequent sequencing.

RNA enrichment

Prior to library preparation, the extracted RNA samples (n = 4) were enriched, as summarized in Fig. 1.
First, 1000 ng of total RNA was used as input for the GLOBINclear™-Human Globin mRNA Removal Kit
(Invitrogen™), following the manufacturer’s instructions to remove globin transcripts. The resulting “globin-
depleted” RNA was quantified using the Qubit™ 4 Fluorometer, and its integrity was assessed on the
TapeStation 4150, as described above.

Subsequently, approximately 270 ng of “globin-depleted” RNA was used as input for the NEBNext® rRNA
Depletion Kit v2 (Human/Mouse/Rat) (New England BioLabs (NEB), Ipswich, Massachusetts 01938, USA),
following the manufacturer’s instructions for rRNA removal. For the final elution, the rRNA depleted RNA
was eluted in 10 L nuclease-free water and used directly as input for next-generation sequencing (NGS)
library preparation.
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NGS library preparation and sequencing

Aliquots of eluted enriched RNA (n = 4) and total RNA (n = 2) underwent library preparation using the
MGIEasy RNA Library Prep Set (MGI Tech, Shenzhen, 518083, China), following the manufacturer’s
guidelines. Total RNA aliquots from two of the four elephants was not subjected to depletion and were
included in the library preparation and subsequent sequencing as controls to verify the efficacy of the
depletion processes (Fig. 1). Briefly, RNA samples were enzymatically fragmented at 87°C for 6 minutes,
converted to cDNA, and subjected to a series of enzymatic reactions, including end-repair and A-tailing,
adapter ligation, and PCR amplification. Following size distribution assessment and quantification, PCR
products from the four enriched RNA samples and two total RNA samples were pooled in an equimolar
fashion and converted into a single-stranded, circularized DNA library. The resulting libraries were
sequenced on the DNBSEQ-G400RS (MGI Tech) platform at the SAMRC Genomics Platform (Cape Town,
South Africa) to generate approximately 127.9 to 278 million paired-end (PE) reads per library with a read
length of 100 bp (PE100).

Bioinformatic analysis

All sequence data processing and quality control were performed using the computational infrastructure
at the Centre for High Performance Computing (CHPC), South Africa. No custom code was used and all
software and parameters employed are listed in Additional file 1 (Table S1).

The quality of the raw sequencing data was assessed using FastQC (v 0.12.1) [23], and results were
compiled using MulitQC (v 1.23) [24]. Subsequently, reads were trimmed to remove adapter sequences
(first 10 bp), bases with a Phred quality score below Q20, and reads shorter than 20 bp using Trimmomatic
(v 0.36) [25]. The quality of the resulting reads was then re-evaluated to ensure that trimming was
successful.

The African savanna elephant globin mRNA reference dataset was produced by searching “hemo” in the
gene list and included all 16 hemoglobin-related genes that were known or predicted at the search time
point [26] available on NCBI (National Centre for Biotechnology Information) [27]. The rRNA dataset
comprised 576 ribosomal RNA sequences either annotated or predicted in the species as of April 2024
[28]. This reference file was obtained from NCBI searching for rRNA biomolecules in the African savanna
elephant species.

The proportion of globin mRNA and rRNA sequences within the trimmed reads was determined using
HTStream (v 1.3.1) [29], using the reference rRNA and globin mRNA datasets described above. In addition,
reads were aligned to the African savanna elephant reference genome (mLoxAfr1.hap2;
GCF_030014295.1) using STAR (v 2.7.7a) [30]. All data visualisation were performed using ggplot2
package (v 4.0.1) [31] in R (v 4.5.1) [32] within the RStudio (v 2025.5.1.513) [33] environment.

To assess the similarity between target sequences of the depletion kits and African savanna elephant
genes, BLASTN [34] searches were performed on NCBI using the default parameters. Human target genes
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were identified and queried against the RefSeq database, limited to African savanna elephant as the target
organism to determine the potential specificity and effectiveness of the kits in this species. For the globin
mRNA depletion kit, target genes included human haemoglobin subunit alpha 7 (NC_000016.10,
NC_060940.1), haemoglobin subunit alpha 2 (NC_000016.10, NC_060940.1) and haemoglobin subunit beta
(NC_000011.10, NC_060935.1). Similarly, the targets for the rRNA depletion kit, including cytoplasmic 5S
(NC_060925.1), 5.85 (NC_060937.1), 18S (NC_060937.1), 28S (NC_060937.1), human Internal Transcribed
Spacer (ITS) (NC_000021.9), E26 transformation-specific (ETS) (NC_000011.10) and mitochondrial
12S/MT-RNR1T (NC_012920.1) and 16S/MT-RNR2 (NC_012920.1) rRNA genes were screened against
African savanna elephant sequences. The BLAST results were ranked based on query coverage and
percentage sequence identity.

Results
Quality of RNA

African savanna elephant whole blood RNA was successfully isolated from samples collected in
PAXgene® Blood RNA Tubes. The purity, quantity, and integrity of the extracted RNA is summarized in
Additional File 2: Table S2. The A260/280 ratios ranged from 2.09-2.28 absorbance units (AU), indicating
high RNA purity across all samples. Although the A260/230 ratios (1.13-6.49 AU) in some cases, fell
outside the optimal range (2.0-2.20 AU), all samples were retained for downstream analyses (Additional
File 2: Table S2). Total RNA yields ranged from 2730 ng to 7065 ng, and RINe values > 7.0 were observed
across all samples (Additional File 2: Table S2). The results demonstrate that sufficient quantity of high-
quality and intact RNA were obtained for library preparation and subsequent sequencing.

The quality of enriched RNA was assessed post-globin depletion to ensure that high RNA integrity was
maintained prior to rRNA depletion and library preparation. Following globin depletion, all samples
remained of high quality with RINe values = 7.3 and yields = 384 ng. As expected, a reduction in RNA yield
was observed across globin depleted samples, noted by a decrease in the area under the
electropherogram peaks (Additional file 3:Figure S1).

Although RNA quality was not assessed after rRNA depletion, the quality of the final sequencing libraries
was evaluated prior to sequencing. All libraries generated from both enriched and non-depleted samples
exhibited a final yield > 200 ng and a peak fragment size ranging between 261 and 291 bp. These libraries
met the sequencing quality and quantity requirements for the PE100 sequencing protocol and were
sequenced as an equimolar pool.

Sequence data quality

The raw sequence data comprised a total of 656.2 million paired-end reads (100 bp in length) for the four
RNA enriched elephant samples with Phred quality scores ranging from Q34 to Q38 (Additional file 4:
Figure S2A and S2B). A total of 433.2 million paired-end reads (100 bp in length) was generated from the
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unprocessed total RNA of two elephants. While total RNA samples had similar Phred quality scores
(Additional file 4: Figure S2A and S2B), they displayed a markedly higher percentage of duplication (65.2-
77.5%) than enriched RNA samples (40.6-51.6).

Reads were further trimmed to remove low-quality bases (below Q20) and reads shorter than 20 bp. After
trimming, a total of 641.25 million enriched RNA and 424.51 million total RNA paired-end reads remained,
with lengths ranging from 20 to 90 bp (mean length: 89.4 bp), Phred scores of Q34 to Q38, and a GC
content of 49-54% (Table 1, Additional File 4: Figure S2C and S2D). The total RNA reads also showed a
higher proportion of duplicated sequences (67.5-76.4%) compared to the enriched samples (45.5-49.5%,
Table 1).

Table 1

Summary of sequencing statistics for trimmed RNA-seq reads from African savanna elephant whole
blood samples.

RNA Elephant Total Sequence Uniquely Un- Multi-
Enrichment number of  duplication mapped mapped mapped
Strategy reads (%) reads (%) reads (%) reads (%)
Enriched RNA 1 130 199 43.1 86.7 8.5 4.9
835
2 127 896 49.5 90.4 6.4 3.3
858
3 188 381 48.7 89.3 7.2 3.5
104
4 194768 42.3 89.0 7.3 3.8
298
Total RNA 3 146 513 67.5 40.4 57.5 2
402
4 277 994 76.4 25.2 72.4 2.4
979

Raw reads were generated using paired-end sequencing (100bp) on the DNBSEQ-G400RS platform.
Enriched RNA underwent globin mRNA and ribosomal RNA (rRNA) depletion, while Total RNA did not
undergo any depletion. After trimming, basic quality metrics were assessed with FastQC (v 0.12.1), and
mapping efficiencies to the African savanna elephant reference genome (mLoxAfr1.hap2;
GCF_030014295.1) were calculated using STAR (v 2.7.7a). bp - base pair.

The trimmed reads were mapped to the African savanna elephant reference genome using STAR to
confirm that majority of the reads were of elephant origin and that minimal contamination was present.
All enriched and total unprocessed samples had a mismatch error rate < 0.3% and similar proportion of
multi-mapped reads (2-4.9%, Table 2). Mapping efficiencies for the enriched dataset ranged from 86.7 to
90.4% uniquely mapped reads across all four elephants, while the total RNA samples only had 25.3 to
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40.3% uniquely mapped reads (Table 1). Additionally, the total RNA samples had a higher proportion of
unmapped reads (57.5-72.4%) compared to the enriched samples (6.4-8.5%, Table 1).

Depletion of rRNA and globin mRNA

To evaluate the efficiency of the depletion kits, RNA samples were subjected to globin mRNA and rRNA
depletion strategies to remove these abundant transcripts and ensure that less frequently expressed
transcripts could be sequenced. The efficiency of these enrichment strategies was assessed post-
sequencing using HTStream by quantifying the number of reads aligning to globin mRNA and rRNA
sequences in the African savanna elephant reference genome.

Following globin mRNA depletion, the proportion of globin transcripts in the sequencing data ranged from
5.5% t0 6.2%, compared to 0 to 3.7% in the unprocessed total RNA sample (Fig. 2). Although this
difference was not significant, globin levels remained relatively low. Nevertheless, all samples retained
sufficient RNA to proceed with subsequent rRNA depletion.

Following rRNA depletion, the proportion of rRNA was markedly reduced to < 3.6%, compared to 57.5—
73.1% in the unprocessed total RNA samples (Fig. 2). This reduction resulted in a greater proportion of
reads of biological interest with minimal rRNA and globin contamination in the enriched samples relative
to the unprocessed total RNA samples. Together, these results indicated the successful depletion of
highly abundant globin mRNA and rRNA transcripts in elephant whole blood samples.

To evaluate the specificity of the depletion kits for African savanna elephants, the target sequences were
compared to corresponding genes from elephants to assess sequence similarity. The BLAST results for
each depletion target were ranked according to their query coverage followed by percentage sequence
identity, and the highest ranked African savanna elephant gene was recorded (Table 2). African savanna
elephant and human haemoglobin alpha and beta subunits showed moderate to high levels of similarity
(Table 2). Interestingly both human haemoglobin subunit alpha 1 and 2 showed the highest similarity to the
African elephant haemoglobin subunit alpha 2. In contrast, the rRNA targets had comparatively higher
similarity relative to African elephant genes with a query coverage ranging from 94 to 100% and sequence
identity ranging from 76 to 100% for cytoplasmic and mitochondrial rRNA species (Table 2). These
findings highlight the conserved nature of rRNA genes across species.
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Table 2
Sequence similarity between human globin mRNA and rRNA target sequences and the African savanna

elephant genome based on BLAST alignment metrics.

Human gene Accession Query Percent African savanna elephant

numbers ((:o;lerage Identity (%) gene accession
%

haemoglobin NC_000016.10, 93 73.8 NC_087353.1

subunit alpha 1 NC_060940.1

haemoglobin NC_000016.10, 93 741 NC_087353.1

subunit alpha 2 NC_060940.1

haemoglobin NC_000011.10, 82 79.6 NC_087348.1

subunit beta NC_060935.1

5S ribosomal RNA  NC_060925.1 100 100 NC_087362.1

5.8S ribosomal NC_060937.1 100 100 NC_087352.1

RNA

18S ribosomal NC_060937.1 100 99.7 NC_087352.1

RNA

28S ribosomal NC_060937.1 94 92.1 NW_026975449.1

RNA

ITS NC_000021.9 54 78.1 NC_087361.1

ETS NC_000011.10 79 77.7 NC_087356.1

12S (MT-RNR1) NC_012920.1 99 76.0 NC_087369.1

16S (MT-RNR2) NC_012920.1 100 76.8 NC_087354.1

Query coverage (%) and percent identity (%) were determined using BLASTn via the NCBI web interface
using default parameters. Human gene accession numbers corresponding to each target gene were used
as query sequences and searched against the RefSeq database, with the search limited to the African
savanna elephant as the target organism. ETS - E26 transformation-specific, ITS - internal transcribed
spacer

Discussion

To successfully utilize transcriptomics in non-model organisms, such as African savanna elephant,
overrepresented transcripts, such as globin mRNA and rRNA, must be removed. This study evaluated the
efficiency of a human globin mRNA removal kit and a human/mouse/rat rRNA depletion kit applied to
African savanna elephant whole blood RNA prior to NGS. The depleted RNA samples produced high-
quality paired-end reads, with a high proportion of uniquely mapped reads to the African savanna elephant
genome. In contrast, the unprocessed total RNA samples exhibited a much lower proportion of uniquely
mapped reads, despite displaying overall high quality reads (Phred score). While globin mRNA depletion
did not result in a significant difference in the read coverage of globin transcripts between enriched and
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total RNA samples, the rRNA depletion kit markedly reduced the proportion of rRNA in all enriched
samples. Overall, this study demonstrates the successful use of a human/mouse/rat rRNA depletion kit to
effectively remove rRNA transcripts from African savanna elephant whole blood total RNA prior to
sequencing.

High-quality RNA was successfully extracted from African savanna elephant whole blood stored in
PAXgene Blood RNA tubes. The PAXgene system has been widely used in various wild animal studies and
field settings and is considered one of the top-performing methods for preserving gene expression and
enabling downstream NGS analyses [5, 35—-37]. Although PAXgene tubes have previously been used in
Asian elephants (Elephas maximus), RNA quality metrics were not reported [16]. In the present study, the
A260/230 ratios fell outside the expected range, suggesting possible residual salt contamination from the
extraction reagents used. However, all samples were retained as the RNA integrity remained high and
multiple downstream processing steps were expected to mitigate these effects. The integrity of the RNA
remained high following globin depletion, further supporting its use in this workflow and subsequent use
for the rRNA depletion assay and NGS.

The overrepresented globin mRNA transcripts were removed using a human-specific depletion kit prior to
library preparation. These kits have been successfully applied in human studies to reduce globin transcript
abundance [38-40]. High levels of globin mMRNA can mask biologically relevant transcripts and pathways
[4, 41-43], highlighting the importance of their removal prior to downstream analyses such as differential
gene expression or transcriptome assembly. As an alternative to removal, masking of globin mRNA using
species-specific oligonucleotides has been successful in humans and holds potential in other species to
achieve increased transcript detection [43].

Use of a human-specific globin removal kit did not result in a major reduction in African savanna elephant
globin mRNA following treatment. However, a reduction in RNA quantity was observed after globin
depletion, indicating that some RNA species were removed during the process. Since the human
haemoglobin kit targets showed a relatively moderate similarity to the African savannah haemoglobin
genes, these results suggest that some or partial globin mMRNA sequences may have been removed
without impacting other mRNA of interest. However, this effect may have been obscured by the
subsequent rRNA depletion step. Future studies should evaluate globin mRNA depletion independently of
rRNA depletion to accurately determine the efficiency of this specific kit to remove globin transcripts in
this species.

In contrast, the human/rat/mouse rRNA depletion kit was highly effective in reducing the rRNA transcripts
in African savanna elephant whole blood samples. Ribosomal sequences are highly conserved across
species [44], and therefore efficient cross-species depletion was expected. This was also supported by
the high similarity between the human and African savanna elephant rRNA genes assessed. However, as
this kit employs an RNAse H-based depletion strategy, certain transcripts may be under-represented
following treatment [40]. The impact of rRNA depletion on the broader transcriptome profile in African
savanna elephants therefore warrants further investigation.
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In non-model organisms, rRNA removal is often achieved using species-specific probes, which can be
costly and time-consuming to develop and optimize [11]. At the time of this study design, the African
savanna elephant genome remained incompletely annotated, with many rRNA sequences only predicted
and the genome assembly largely at the scaffold level. These limitations supported the use of
commercially available human rRNA depletion kits. An alternative approach for RNA enrichment involves
the poly(A)-tail selection of MRNA. While some studies have reported lower residual rRNA levels in rRNA-
depleted libraries compared to poly(A)-enriched libraries [11], others have shown comparable
performance between the two methods [10].

As part of the pre-processing optimisation, a mRNA poly(A) enrichment approach was also attempted
using the Dynabeads® mRNA Purification kit (Invitrogen™, Thermo Fisher Scientific), but this proved
unsuccessful (unpublished data). This suggests that the enrichment kit may be specific for only human
mRNA transcripts, excluding a significant proportion of elephant mRNA, and that the use of a rRNA
depletion strategy may be more preferential. Consequently, the depletion strategies evaluated in this study
may represent a more robust and suitable approach for preprocessing African savanna elephant RNA
prior to transcriptomic analysis.

The number of uniquely mapped reads to the African savanna elephant reference genome
(mLoxAfr1.hap2; GCF_030014295.1) not only significantly improved after RNA enrichment but the quality
of the reads were also maintained. Without preprocessing, the proportion of unmapped reads was
increased due to multiple reads mapping to the repetitive rRNA and globin portions of the genome. With
evidence of high sequence duplication in these samples, the contaminating globin mRNA and rRNA
present may be responsible for the significant decrease in the proportion of uniquely mapped reads in
these unprocessed samples, rather than the reads being of non-elephant origin.

This whole blood RNA preprocessing approach provides a practical alternative to the use of PBMCs in
African savanna elephants for transcriptomic analyses, especially when specialised laboratory
infrastructure is not available in field-based studies. In human studies, globin mRNA reduction has also
been favoured over PMBCs for certain disease contexts like sickle cell disease [39]. Although some
transcripts are inevitably lost during globin depletion, the removal of highly abundant transcripts can
unmask a greater number of biologically informative genes, thereby enhancing downstream analyses [4].
The broader effects of these depletion strategies on the gene expression profiles in African savanna
elephants remains to be explored.

Limitations of this study included the relatively small number of technical replicates per animal and
limited number of unprocessed control samples. Although four animals and two sequencing repeats
produced consistent results, further validation across multiple samples from the same individuals would
strengthen the robustness of these findings. Future work should focus on increasing the sample size,
performing these depletion strategies independently and designing species-specific probes for globin
mRNA and rRNA removal in African savanna elephant whole blood samples. The application of these
optimized workflows to improve genomic reference resources will enhance the utility of transcriptomics
for understanding immune responses in African savanna elephants.
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Conclusion

The results presented demonstrate the successful application of human globin mRNA and rRNA depletion
kits to RNA from a non-model organism, specifically African savanna elephants, to remove
overrepresented transcripts. The proportion of rRNA was greatly reduced following the use of the
human/mouse/rat depletion kit. Removal of these abundant transcripts increased the potential to detect
low levels of expressed genes and supports the use of these kits prior to RNA sequencing for gene
expression analyses in non-model organisms. This study also provides a useful framework for the future
processing of whole blood RNA in African savanna elephants.
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Sequencing Read Archive (SRA) under the BioProject accession number PRINA1499697 and SRR
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summarized in Additional File 1 (Tabe S1).
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Figure 1

Experimental processing workflow of African savanna elephant whole blood samples. Total RNA was
extracted from whole blood collected in PAXgene blood RNA tubes. The RNA enrichment strategy
included globin messenger RNA (mRNA) and ribosomal RNA (rRNA) removal using the GLOBINclear™-
Human Kit and NEBNext® rRNA Depletion Kit v2 (human/mouse/rat), respectively. Aliquots of eluted
enriched RNA (n = 4) and total RNA (n = 2) underwent library preparation and next generation sequencing.
Created in https://BioRender.com.
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Figure 2
Proportion (%) of reads before (total) and after RNA enrichment (enriched) for RNA derived from African

savanna elephant whole blood. Stacked bar plots show the percentage of globin messenger (MRNA)
reads, ribosomal RNA (rRNA) reads, and reads of biological interest for each sample.
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