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Table 1. Netherlands Twin Register data as of April 2019 reported by Ligthart et al. (2019) [51]

Total N

NTR Pedigrees

Total N

Multiples

Twins

Triplets

Quadruplets

Quintuplets

Biological Samples

DNA (blood or buccal)

Genomewide SNPs

DNA methylation whole blood 450K

DNA methylayion buccal 850K

DNA sequencing whole blood

RNA expression U219 array

RNA sequencing

RNA sequencing Lipopolysaccharide-stimulated samples

Metabolomics in serum or plasma

Metabolomics in urine

Microbiome

Hair sample

1
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Figure 1: -
otides (green) are combined with PCR master mix and proceed through one cycle of PCR 

molecule (blue) is able to produce many copies of newly synthesized DNA (green) through 
duplication during each cycle.

QUANTITATIVE PCR
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Table 1: Summary of common techniques used in identifying or researching chimerism. 

Technique/
Criteria

Primary 
Principle

Target Detection 
limit per 
assay (%)

Advantages Disadvantages

in situ
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1.1 Blood grouping

in utero
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1.2 Karyotyping

1.3 Polymerase chain reaction

TSPY1 DYS14
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SRY

1.4 Fluorescent in situ hybridization

in situ
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2. METHOD

2.1 Search strategy

nd

Figure 1: Flow diagram of article inclusion. At each stage articles included are in solid black 
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4. HUMAN STUDIES
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Rheumatic Autoimmune Diseases

HLA-DRB1

HLA-DRB1*04 DRB1*01

HLA-DQA1*0501
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Autoimmune Thyroid Diseases
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Table I  - Reported malformations in 41 women with atypical  Mayer-Rokitansky-Küster-Hauser 
syndrome

Renal malformations (28/41)*

Skeletal (18/41)*

Other malformations (4/41)*

Figure 1: Number of subjects with male microchimerism in blood in control women and women 
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Male microchimerism 

Table II. Male microchimerism in study subjects. 

Total group (n=194) MRKH 
(n= 95)

Control 
(n= 99)

P-value

a

OR
OR

Selection of study subjects with no older 
brother (n = 134)

MRKH (n=63) control (n=71) P-value

a

OR
OR

a Chi square test b Mann-Whitney U test c 

d

3
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Figure 2:
women and women with MRKH syndrome.
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Table III. Identifying additional sources for male microchimerism

Male microchimerism 
positive (n=22)

Male microchimerism 
negative (n=172)

P-value

+

a

#

a

Data are mean (SD) or n (%).

+Mean (SD) age in women with MRKH syndrome who tested positive for microchimerism = 49.9 
#One MRKH woman with a twin brother tested 

a bFisher’s exact test

DISCUSSION

in utero

3
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ABSTRACT 
Study question:

Summary answer:

What is known already:

Study design, size, duration:

Participants/materials, setting, methods:

DYS14 -globin

Main results and the role of chance:
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MATERIALS AND METHODS
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Quantitative real-time PCR

DYS14 

DYS14

-globin

-globin

DYS14

 DYS14 -globin
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DYS14

-globin DYS14

Figure 1: qPCR data for the analysis of male genome equivalents by measure of DYS14 and 
-globin targets. A) A plot of standard curves generated using known human genomic sam-

-globin and 

measurement of both DYS14 and -globin targets.

Statistical Analyses

n

n

4
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Figure 2:

Associations with microchimerism
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Figure 3: Prevalence of male microchimerism (MCH) in females with and without an older 

163378_BrandonJohnson_BNW-def2.indd   106 22-12-2022   10:46



Figure 4: Male microchimerism concordance within families. Data are presented for pairs of 

Familial resemblance

Microchimerism concentration
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Figure 5: Male genome equivalents (GEq) per one million cells by each participant with detect-

-
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Figure 6: Age distribution of individuals with detectable male microchimerism at a concen-
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1. INTRODUCTION

Coronaviridae

in vitro
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Figure 1: Key events for SARS-CoV-2 test development and surveillance programs at the Avera 
Institute for Human Genetics (AIHG) are presented alongside major COVID-19 related events in 

Next Generation Sequencing (NGS).

163378_BrandonJohnson_BNW-def2.indd   122 22-12-2022   10:46



5

163378_BrandonJohnson_BNW-def2.indd   123 22-12-2022   10:46



2. METHODS

Sample collection and storage

Diagnostic testing for COVID-19

Real-time reverse transcription polymerase chain reaction (RT-PCR) diagnostic 

testing for COVID-19

163378_BrandonJohnson_BNW-def2.indd   124 22-12-2022   10:46



5

163378_BrandonJohnson_BNW-def2.indd   125 22-12-2022   10:46



Patient selection for study of diagnostic testing in 2020
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Table 1: Patient sex and age for entries from electronic medical record (EMR) included in the 
analysis of symptoms. 

Sequencing for SARS-CoV-2 Genomic Surveillance

Sanger Sequencing

5
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Next Generation Sequencing
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Patient selection for study of surveillance sequencing in 2021-2022

South Dakota State Epidemiology Data
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Statistical Analyses

t
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Ethics

3. RESULTS

AIHG Diagnostic Testing and South Dakota Epidemiology in 2020
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Figure 2: Weekly AIHG PCR Ct mean data and SD hospitalizations data with a two-week delay 
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Figure 3: Weekly AIHG PCR Ct mean data and SD deaths data with a four-week delay after 

AIHG Clinical Presentation in 2020
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Figure 4: Prevalence of primary COVID-19 symptoms in patients (N = 101) with positive diag-
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Surveillance sequencing in 2021-2022
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Table 2: Factor analysis of symptom data for each patient (N = 101). The factor loadings for three 
factors are provided for each symptom. Factor loadings highlighted in red indicate inclusion in 

(days) present mean values and standard deviation (SD) of symptom entries featuring or not 
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4. DISCUSSION
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