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Figure 3. Distribution of mitochondrial macrohaplogroups in 28 COVID-19 patients with mild

symptoms (A) and 29 COVID-19 patients with severe symptoms (B). Percentage of

macrohaplogroup K in patient group B is similar to that of general Croatian population. The

increase in percentage of macrohaplogroup K in patient group A is intriguing, but not significant

due to small number of sequenced mitochondrial genomes.

Figure 4. Nucleotide positions of human mitochondrial genome with detected alternative single

nucleotide alleles of frequency ≥1% (blue rectangles), mimicking mitochondrial point

heteroplasmies (PHPs), in five samples (sample numbers as column headings). Expected

maximum of PHPs per individual blood sample at established frequency threshold is seven.

These findings prompt the need for improved sampling and material handling protocols at the

point of care, with highly sensitive forensic anti-contamination measures.

Figure 1. Institutional involvement in sequencing workflow of SARS-CoV-2 genomes and

mitochondrial genomes, both extracted from COVID-19 patients.
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Massively parallel sequencing (MPS) has been playing an essential role in fast and

effective identification of SARS-CoV-2 from the very beginning of its spread across the

global human population. As a forensic institution equipped and trained for MPS in the

forensic context of human identification, Forensic Science Centre “Ivan Vučetić” has been

involved into an ongoing, nationally funded multi-institutional project aiming at SARS-CoV-

2 and COVID-19 host genetic sequencing. Besides the evident social benefit from the

collaboration of the national forensics with the academia as a response to the immediate

pandemic threat, this collaborative model opens up new aspects of future forensic

research and development in the area of forensic microbiology.

Viral RNA was extracted with SaMagTM ViralNA Extraction Kit (Sacace Biotechnologies)

and quantified with SARS-CoV-2 Real-TM (Sacace Biotechnologies). Viral RNA was

converted to cDNA with Quanti Tect® Reverse Transcription Kit (Qiagen) and libraries were

prepared with NEBNext® UltraTM II DNA Library Prep Kit (New England Biolabs). The

mtDNA libraries were prepared from mtDNA enriched samples using Illumina® NexteraXT

Library Prep Kit. The whole sequencing workflow was done according to previously

published internal validation (doi: 10.1007/s00414-021-02508-z). Benchtop sequencer

Illumina® MiSeqFGx® was used for both mtDNA sequencing (MiSeq® Reagent Kit v2

300cyc) and SARS-CoV-2 sequencing (MiSeq® Reagent Kit v3 500cyc). Sequences were

mapped to reference genomes (either SARS-Cov-2 or human mtDNA) and variant calling

was performed to determine viral mutations and mitochondrial haplogroups.

Detected viral variants and their relative amounts followed patterns observed in

neighboring countries and the rest of Europe (sequences available from GISAID and

lineage assigned using PANGOLIN) (Figure 2). Mitochondrial sequencing confirmed

overall haplogroup distributions similar to that of the general population, however with

interestingly different haplogroup ratios between patient groups with mild and severe

symptoms (Figure 3). Portion of blood samples, which underwent biochemical analyses

in hospital, exhibited cross-individual contamination. Contamination is manifested as an

abundance of low-frequency mitochondrial point heteroplasmies (PHPs) (Figure 4).

Collaborative project described herein resulted in optimization of the complex workflow involving

many procedures, protocols and institutions. Preliminary results from SARS-CoV-2

characterization and mtDNA genotyping direct future research of pathogen-host interactions.

From the forensic standpoint, sequencing strategy applied will be employed for genetic

identification of other small genomes and plasmids of microorganisms with bioweapon potential.
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Figure 2. Mutation comparison between sequenced SARS-CoV-2 samples isolated in Croatia at

the beginning of the second wave of COVID-19 (August-October, upper panel) and during

second wave of COVID-19 (November-December, lower panel). Reported mutations (differences

from the reference sequence of SARS-CoV-2 genome) were detected in at least two samples.
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