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ABSTRACT

Inconsistencies in pharmacokinetic parameters between individual
animals in preclinical studies are a common occurrence. Often such
differences between animals are simply accepted as experimental var-
iability rather than as indications of specific differences in animal phe-
notype that could lead to a different interpretation of the data. The
fraction unbound in plasma is one factor influencing pharmacokinetic
parameters and is typically determined using pooled plasma from
multiple animals, making the assumption that there is limited popula-
tion variance. However, this assumption is not often tested and may
not hold true if there are polymorphisms affecting binding or variation
in the concentrations of individual plasma proteins that could give
rise to different fraction unbound phenotypes in individual animals.
During profiling of a novel Syk inhibitor, AZ8399, striking interindivid-
ual differences in total plasma clearance and volume of distribution
were observed between dogs consistent with differences in fraction
unbound between animals. Determination of the fraction unbound
showed a �5-fold difference in fraction unbound between the animals
in the study. Broader analysis of individual dogs across a colony

demonstrated a correlation between individual animal fraction
unbound with total plasma clearance and volume of distribution. The
concentrations of the common drug-binding proteins albumin and a1-
acid glycoprotein in plasma were determined, and a1-acid glycopro-
tein levels were found to correlate with fraction unbound. Finally, sin-
gle-nucleotide polymorphisms were identified at c.502 and c.522 of
exon 5 of the dog a1-acid glycoprotein gene that may be correlated to
the a1-acid glycoprotein concentration phenotype observed.

SIGNIFICANCE STATEMENT

The current work demonstrates the potential for significant interindi-
vidual differences in plasma fraction unbound in beagle dogs and
goes on to examine the underlying cause for the compound described.
The findings suggest that the application of a population mean value
of fraction unbound generated from a pooled sample may not always
be appropriate and could introduce significant errors in scaling of
in vitro clearance values, PBPK understanding, and interpretation of
PKPDor toxicokinetic data in the context of unbound concentrations.

Introduction

Observing inconsistent pharmacokinetic parameters between individ-
ual animals in preclinical pharmacokinetic (PK) studies is a common
occurrence, especially after oral dosing in which absorption is an addi-
tional variable. However, it can be challenging to explain such observa-
tions after the fact, and it is often tempting to accept differences
between animals as simply reflecting experimental variability rather
than as evidence of specific differences in animal phenotype that could
lead to a different interpretation of the data.
In drug discovery, the fraction unbound (fu) in plasma is often deter-

mined in preclinical species for purposes of in vitro to in vivo scaling
of clearance, understanding of PBPK relationships and interpretation of

PKPD, or toxicokinetic exposure data in the context of unbound con-
centrations. Typically, it is determined using pooled plasma from multi-
ple individuals and, concentration dependence aside, the resulting value
is usually assumed to represent a broadly applicable mean with the
potential for variability within the population rarely considered.
However, there are two reasons why this assumption may not hold in

practice. Firstly, concentrations of plasma proteins can change in
response to physiological factors, such as inflammatory state. For exam-
ple, it has been reported that inflammatory disease in dogs can give rise
to a �6-fold increase in a1-acid glycoprotein (AGP) concentration with
a corresponding increase in drug binding (Dello et al., 1988). It can be
hypothesized that such an effect would be likely to result in a contin-
uum of values for protein concentration and, therefore, drug fu propor-
tional to the severity of inflammation in cases in which binding is
principally to AGP. Secondly, genetic variation within the population
may affect protein expression or produce proteins with altered binding
affinity for drugs. For example, Nagase rats do not express serum albu-
min because of a seven base pair deletion in the gene that prevents
mRNA splicing (Nagase et al., 1979). Similarly, some extremely rare
cases of analbuminemia have been reported in humans arising from var-
ious mutations of the albumin gene (Watkins et al., 1994). In beagle
dogs, a pair of linked single-nucleotide polymorphisms (SNPs),
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Ala335Ser and Glu450Asp, in the albumin gene has been reported to
result in the expression of albumin with altered binding affinity (Ito
et al., 2009). The compound reported in this study (D01-4582) was an
acidic a4b1 integrin antagonist and showed an approximately 4-fold
greater fu than those for “wild-type” dogs.
AZ8399 was synthesized as a novel, highly selective Syk kinase

inhibitor for the treatment of diffuse large B-cell lymphoma and related
conditions (Fig. 1). The origin of this compound has previously been
described, but for the purposes of this manuscript it should be noted
that the compound is a moderately lipophilic (logD7.4 = 2.4) weak base
(pKa = 7.3) (Grimster et al., 2020).
Unusual data were observed in a dog PK study of AZ8399 with both

plasma clearance (CLp) and volume of distribution steady state (Vss)
showing a significant and comparable fold difference between animals.
The current work examines interindividual differences in AZ8399 dog
pharmacokinetics within a dog colony resulting from differences in
plasma fu. The underlying changes in AGP concentration and a poten-
tially causative genetic mutation are also discussed.

Materials and Methods

Compound. AZ8399 was obtained from AstraZeneca compound management
(synthesis previously reported as compound 30 in Grimster et al., 2020) (Fig. 1).

Reagents. Rapid Equilibrium Dialysis Device Single-Use Plate with Inserts,
8K MWCO, and PBS pH 7.4 were obtained from Thermo Fisher Scientific
(Loughborough, UK). Pooled male control beagle plasma was obtained from
BioReclamationIVT (Frankfurt, Germany). Albumin and a1-acid glycoprotein
(AGP) ELISA kits and dog albumin protein were obtained from Abcam (Cam-
bridge, UK). Acetonitrile (MeCN) and methanol (HPLC grade) were obtained
from HiPerSolv CHROMANORM. Formic acid (analytical grade >98%) was
obtained from Merck KGaA (Darmstadt, Germany).

Animals. Pharmacokinetic studies were conducted in male beagle dogs at
Charles River Laboratories (Tranent, UK). Dogs 001M–004M, 007M, and 008M
were transferred to Charles River Laboratories from AstraZeneca (Alderley Park,
UK). All other animals were obtained from Marshall BioResources, UK. Ani-
mals were in the range 3–7 years of age and weighed 12–17 kg at time of use.
All in vivo experiments were performed according to the UK Home Office Ani-
mals Scientific Procedures Act 1986 under project license number PF6EFEB3E
and approved by Charles River Laboratories Animal Welfare and Ethical Review
Body. As standard, the animals were offered food each day based on body
weight. Food was withdrawn on the afternoon preceding dose administration,
and the dogs were then fed approximately 3 hours after end of intravenous infu-
sion administration of the test compound AZ8399. Tap water was available ad
libitum. Animals were kept to 12-hour light/dark cycle. ARRIVE (Animal
Research: Reporting of In Vivo Experiments) guidelines were used for reporting
the procedures (Kilkenny et al., 2010).

Dog Pharmacokinetic Studies. AZ8399 was formulated as a solution in
5% DMSO:95% cyclodextrin solution (30% w/v) at 0.5 mg/ml. Dogs were sin-
gly housed for the duration of the sampling period to enable urine collection
(unpublished data). The compound was administered by intravenous infusion
over 15 minutes (dose volume of 1 ml/kg) (n = 8, of which two animals, 003M

and 004M, were coadministered (“cassette-dosed”) with three other compounds
(see Supplemental Material). Blood samples (approximately 1 ml) were collected
via the jugular vein into K2EDTA tubes predose and 0, 0.0833, 0.25, 0.283,
0.333, 0.417, 0.75, 1.25, 3.25, 6.25, 12.25, and 24.25 hours after intravenous
administration; plasma was prepared by centrifugation and stored at �20�C prior
to analysis.

Bioanalysis of AZ8399 in Dog Pharmacokinetic Experiments. Plasma,
100 ml (plasma control matrix, bulk standard/quality control, or sample), was
added to a 96 round well bottom plate, and protein was precipitated with internal
standard in acetonitrile (300 ml) and pelleted by centrifugation. Then 100 ml of
the supernatant was transferred to a clean plate, 100 ml of water/formic acid
(100/0.2, v/v) was added, and the samples were vortex-mixed prior to analysis.
A calibration curve was prepared, and these were injected at the beginning and
end of each set of plasma and dose aliquot samples.

Quantitative data were acquired on a Sciex API4000 mass spectrometer con-
nected to a Perkin Elmer Series 200 LC pump using a CTC Analytics HTS Pal
autosampler. Separation was achieved by reversed-phase liquid chromatography
using a Poroshell EC-C18 column (2.1 � 50 mm, 2.7 mm) in a column oven set
to 60�C. Mobile phase A consisted of MeCN/formic acid (100/0.2, v/v), and
mobile phase B consisted of H2O/formic acid (100/0.2, v/v). The flow rate was
0.75 ml/min with the following elution gradient: linear gradient 2% A to 100%
A, 0.00 to 1.2 minutes; isocratic hold, 100% A 1.20 to 1.8 minutes; gradients
from 100% A to 100% B in 0.2-minute cycles until reaching 100% at 3.0
minutes: and 100% A to 2% A, 3.0 to 3.5 minutes.

The mass spectrometer was equipped with an electrospray ionization source,
which was operated in positive ion mode, and the settings were as follows: ion-
spray voltage = 5500 V; source temperature was set to 600�C; curtain gas = 20;
collision gas = 6; gas 1 setting = 50; and gas 2 setting = 50. Detection of the
ions was performed in the multiple reaction monitoring mode 445.2 > 372.3,
with a dwell time of 75 milliseconds, declustering potential of 75 eV, entrance
potential of 11 eV, collision energy of 36 eV, and cell exit potential of 11 eV.
Peak integration was performed using Analyst (Version 1.6.2) software.

The determined concentration for calibration standards was within 100% ±
25% of the nominal concentration. Quality control sample accuracy and preci-
sion was within 100% ± 25% and #25%, respectively. The limit of quantifica-
tion was 1 nM.

Determination of Unbound Fraction in Dog Plasma. Fraction unbound
was determined by equilibrium dialysis using Rapid Equilibrium Dialysis single-
use plates. After the initial cassette PK study in dogs 003M and 004M, plasma
protein binding was determined in the pooled 0.083- and 0.25-hour plasma sam-
ples giving a 0.8–2 mM incubation concentration. Subsequently, fu was deter-
mined in blank samples from individual colony animals and pooled male beagle
control plasma at 5 mM to ensure adequate analytical sensitivity, for potentially
lower fu samples, and for comparison with historical data at that concentration.
Values for dogs 003M and 004M were comparable between the pharmacokinetic
study samples and spiked control plasma (see Table 1).

To determine the fraction unbound in dog plasma, 400 ml of PBS pH 7.4 was
added to the buffer chamber as well as 200 ml of plasma containing compound
to the sample chamber. The unit was sealed and incubated for 18 hours in an
incubator shaker at 37�C and 100 rpm. At the end of the incubation, samples (25
ml) from both buffer and plasma chambers were removed for analysis. Samples
and standards were matrix-matched, and protein was precipitated with 200 ml
MeCN containing internal standard. The samples were then centrifuged at 3000
rpm for 10 minutes, and 50 ml of supernatant was diluted with 300 ml water
before LC–tandem mass spectrometry analysis. The fu in plasma was calculated
as follows:

fu = Conc. buffer chamber/Conc. plasma chamber

AZ8399 calibration curves were prepared by sequential dilution of a 2 mM
stock in 100% DMSO to give working solutions of 0.02 to 200 mM. Then 2.5
ml of the DMSO stocks were spiked into 47.5 ml control dog plasma to generate
a 1–10000 nM calibration curve (a DMSO control was also included). The cali-
bration standards were then processed as stated for samples.

Bioanalysis of AZ8399 in Protein Binding Experiments. Quantitative
data for the protein binding experiments was acquired on a Waters Xevo TQ-
XS mass spectrometer connected to a Waters Acquity Ultra HPLC. The Waters
Acquity system consisted of an autosampler, binary Ultra HPLC pump, column
oven, autoinjector, and a photodiode array detector. Analytes (AZ8399 and
internal standard) were separated by reversed-phase liquid chromatographyFig. 1. Structure of AZ8399.
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using a Kinetex C18 column (50 � 2.1 mm, 2.6 mm) preceded by a Krud-
Katcher Ultra in-line filter (Phenomenex, Macclesfield, UK) in a column oven
at 60�C. The mobile phase consisted of HPLC grade water with 0.1% formic
acid (eluent A) and methanol with 0.1% formic acid (eluent B). The elution
profile was: linear gradient 95% A to 5% A, 0.00 to 1.5 minutes; isocratic
hold, 5% A 1.50 to 2.6 minutes; and re-equilibration 95% A, 2.61 to 2.8
minutes. The flow rate was 0.6 ml/min; eluent was introduced to the mass spec-
trometer via the divert valve at 0.5 minutes.

The Xevo TQ-XS was equipped with an electrospray ionization source, which
was operated in positive ion mode. The mass spectrometer source settings were
as following: the capillary voltage was 0.6 kV. The desolvation temperature was
set to 600�C. Nitrogen was used as the desolvation gas (1000 l/h) and cone gas
(150 l/h). Detection of the ions was performed in the multiple reaction monitor-
ing mode, 445.2472 > 371.9968 (parent > daughter m/z), dwell time of 0.163
seconds, cone voltage 34 V, and collision energy of 26 V. Peak integration and
calibrations were performed using TargetLynx software (Version 4.1, Waters,
Milford, MA). AZ8399 concentrations were quantified using a linear regression
calibration model with a 1/x weighting factor. The percentage deviation for indi-
vidual standards differed by no more than ±30% from the nominal concentration,
and >70% of all calibration standards passed this acceptance criteria. The limit
of quantitation for AZ8399 was 5 nM.

Quantification of Dog Albumin and a1-Acid Glycoprotein. Sandwich
ELISA was used to quantify the concentration of albumin and AGP in the indi-
vidual and pooled dog plasma samples. Albumin and AGP amounts were quanti-
fied using the canine albumin and canine AGP ELISA kits, respectively. The
ELISA procedure was carried out as stated in the manufacturer’s protocol. All
samples were run in duplicate. The ELISA absorbance at 450 nm was obtained
using a Spectramax i3 (Molecular Devices, San Jose, CA). Data interpretation
was performed in GraphPad Prism version 8.0.1 using a four-parameter algo-
rithm to fit the standard curve. To estimate the protein levels in the plasma, the
unknown sample concentrations were then interpolated against the standard
curve.

DNA Sequencing of a1-Acid Glycoprotein Gene. Blood samples were
collected from all dogs using the PAXgene Blood DNA Tubes according to
manufacturer’s instructions and stored at �20�C pending processing (QIAGEN,
UK). DNA was subsequently extracted using the PAXgene Blood DNA Kit
according to manufacturer’s instructions (QIAGSEN, UK) and eluted in nucle-
ase-free water (Ambion). Each exon of canine a1 acid glycoprotein was fully
Sanger-sequenced by Eurofins Genomics (Ebersberg, Germany); a full report is
available (see Supplemental Material).

Statistical Analysis. Dog pharmacokinetic data for AZ8399 were collected
on animals 001M–008M inclusive (n = 8), as these animals comprised the col-
ony at the start of the experimental period. The data set was compiled from three
separate pharmacokinetic studies in which the following animals were included:
1) October 2017: 003M and 004M, 2) May 2018: 006M and 007M, 3) Septem-
ber 2018: 001M, 002M, 005M, and 008M. Data from all animals are included in
subsequent analysis.

No pharmacokinetic data were collected on animals subsequently introduced to
the colony (009M–014M). As the objective of the study is to compare the plasma
concentration versus time profiles and calculated pharmacokinetic parameters, no
control or reference groups (e.g., nondosed animals) were used during this study.

Correlation of CLp, Vss, and fu of dogs 001M–008M to concentrations of
albumin and AGP were assessed using two-sided Spearman’s rank correlation
coefficient (GraphPad Prism, version 8.4.2), assuming a monotonic relationship.
P value < 0.05 was considered statistically significant.

For comparison of AGP concentrations between genotypes, a combination of
Mann-Whitney and Kruskal-Wallis tests were used (GraphPad Prism, version
8.4.2). Data from dogs 001M–014M were included in the analysis. See Results
section for description of specific tests applied to individual exons.

Results

Dog Pharmacokinetics. As part of an initial dog cassette PK study,
AZ8399 was dosed to dogs 003M and 004M and showed large interin-
dividual differences in CLp (16 vs. 4.1 ml/min/kg) and Vss (5.0 vs. 1.7
l/kg). Other compounds in the cassette (AZ-Y and AZ-Z) study showed
a similar trend, with interindividual differences being apparently
inversely correlated with fu (see Supplemental Fig. 2; Supplemental
Table 1). However, one compound (AZ-X), with a high fu of 0.67,
which showed no significant difference between animals, suggesting an
inadvertent misdose was unlikely to be the explanation for the interani-
mal differences observed for the other compounds. Although a differ-
ence in intrinsic clearance between the animals could not be ruled out,
the apparent difference in unbound Vss was unusual, and the compara-
ble magnitude of the shift in CLp and Vss suggested the two observa-
tions might be related.
After confirmation that the fu did in fact vary considerably between indi-

viduals (see next section), the remaining dogs in the colony (at the time)

TABLE 1

Summary of fu, albumin, and AGP conc. and pharmacokinetic parameters in individual colony dogs
Data shown in italics indicate animals received AZ8399 as part of a cassette-dosing study with three other compounds (see Supplemental Material).

Dog fu Albumin AGP CLp CLp,u
c Vss Vss,u

c

mg/ml lg/ml ml/min/kg ml/min/kg l/kg l/kg
001M 0.051 36.6 207 6.4 125 1.5 29
002M 0.027 33.1 300 7.2 268 1.4 52
003M 0.091 (0.10)a 27.7 76.0 16 173 5.0 55
004M 0.021 (0.020 a 25.5 465 4.1 202 1.7 80
005M 0.019 (0.016)b 27.0 421 3.4 180 1.1 58
006M 0.025 (0.035)b 26.5 292 5.8 236 1.9 77
007M 0.090 23.9 90.4 14 158 5.0 55
008M 0.082 27.8 86.6 12 143 4.7 57
009M 0.10 23.3 109 No data generated
010M 0.12 23.7 105
011M 0.037 16.3 595
012M 0.034 16.9 543
013M 0.034 11.9 588
014M 0.027 26.7 833
Control plasmad 0.089
Mean 9 186 2.8 58
S.D. 4.7 48 1.8 16
CoVe (%) 54 26 64 27

aValues shown in () were determined from pooled pharmacokinetic plasma samples after an initial cassette PK study.
bValues shown in () are from a second set of samples taken from dogs 005M and 006M at the same time as those from dogs 009M—014M.
cSubscript “u” denotes value corrected for fraction unbound. CLp,u = unbound plasma clearance; Vss,u = unbound volume of distribution steady state.
dPooled male control plasma (see Materials and Methods).
eCoefficient of variation.
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were subsequently administered with AZ8399 at the same dose in single-
compound studies. These studies confirmed the hypothesis that the pheno-
types observed were in large part driven by interindividual differences in fu.
The plasma concentration profiles and pharmacokinetic parameters of

AZ8399 are summarized in Table 1 and Fig. 2, respectively.
Plasma Protein Binding in Individual Colony Animals. Follow-

ing the initial cassette study the plasma samples were obtained from
and following pooling of samples from each individual dog, the fu was
measured (see Supplemental Table 1). This experiment showed fu val-
ues of 0.10 and 0.021 for dogs 003M and 004M respectively, which
appeared broadly consistent with the differences in PK parameters with
a 3.9-fold lower total CLp and 2.9-fold lower Vss in dog 004M.
To confirm this finding in a more controlled experiment and investi-

gate the prevalence of the different phenotypes within the dog colony,
control plasma samples were obtained from all animals in the colony (at
the time 001M–008M) and the fu of AZ8399 was determined. This
showed an fu range of 0.019–0.09 within the group and demonstrated
that the contrasting phenotype was present in other dogs (see Table 1).
This observation of different fu phenotypes was subsequently followed up
with dog PK studies to confirm relevance to the measured CLp and Vss.
After replacement of several animals in the colony, control samples

were acquired from new dogs (009M–014M) as well as repeat samples
from dogs 005M and 006M, which had been retained. For the new
dogs, the data showed the same phenotypic differences between animals

with a similar fu range of 0.027–0.12, whereas resampling of retained
dogs showed comparable values to previous data.
Concentrations of Albumin and a1-Acid Glycoprotein in

Plasma. After the observation that individual dogs showed a large
range of fu values, it was hypothesized that this was most likely to be
driven by variability in the concentration of albumin and AGP, which
are common binding partners for drugs in plasma, or else a change in
the Kd value. Therefore, the albumin and AGP concentrations were
determined in control plasma samples (the same samples that were used
for fu determinations) from animals with pharmacokinetic data.
Albumin concentrations in animals with PK data were found to vary

within a relatively narrow range from approximately 20 to 35 mg/ml
(Fig. 3; Table 1). No significant correlation was observed with total
CLp and Vss (Fig. 4, A and B). Likewise, in the expanded animal data
set (including animals 009M–014M) no significant correlation to indi-
vidual fu values was observed (Fig. 4C).
In contrast, concentrations of AGP varied over a >10� range

(�76–833 mg/ml) (Fig. 3; Table 1). Furthermore, a significant, strong
inverse correlation was observed, with total CLp (P = 0.005, r = �0.905)
and Vss (P = 0.032, r = �0.767) suggesting AGP concentrations could
explain the variability in PK observed (Fig. 4, D and E). AGP concentra-
tions also showed a significant, strong inverse correlation to individual fu
(P = 0.019, r = �0.625) values in the expanded animal data set support-
ing the PK effect being driven through impact on fu (Fig. 4F).
DNA Sequencing of a1-Acid Glycoprotein. After sequencing of

the a1-acid glycoprotein gene in dogs 1–14, the following SNPs were
noted. In exon 1: dogs 6, 8, and 9 share the same heterozygous mis-
sense mutation at position c.70 G > A, which results in an amino acid
change from alanine to threonine. In exon 5, dogs 1, 2, 5, 6, 11, 12, 13,
and 14 share synonymous mutations at position c.502 C > T and posi-
tion c.522 G > A, of which dogs 1, 2, 6, 11, and 12 are heterozygous
and 5, 13, and 14 are homozygous. Finally, in exon 6 only dog 2 was
found to have a synonymous mutation at position c.582 G > A. All the
mutations identified are known variants in ensemble CanFam3.1 dog
reference genome. As only exon 1 and 5 showed mutations with high
frequency in the data set, further analysis was restricted to these exons
(Fig. 5).
For exon 1: a Mann-Whitney test found no significant differences

in AGP concentrations between the c.70GG and c.70GA animals (P =
0.1167). For exon 5: A Kruskal-Wallis test was used to compare AGP
levels between the c.502CC/c.522GG, c.502CT/c.522GA, and
c.502TT/c.522AA animals. Post hoc testing was conducted with a
Dunnett’s test to adjust the P values for multiple testing. Statistically
significant differences were seen between the c.502CC/c.522GG and

Fig. 2. Normalized total and unbound concentration versus time profiles of dogs
001M–008M (mean ± S.D., n = 8). For purposes of comparison, total and
unbound concentrations have been normalized to the first concentration measured
(value = 1). Unbound concentrations are offset by 11 hour.

Fig. 3. Concentrations of albumin and AGP from individual col-
ony animals (n = 2–6, error bars = S.D.).
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the c.522CT/c.522GA (p0 = 0.0350, mean rank differences = �5.1)
and the c.502TT/c.522AA (p0 = 0.0065, mean rank differences =
�7.5). No statistically significant difference was seen between the
c.522CT/c.522GA and the c.502TT/c.522AA genotypes (P = 0.3621,
mean rank differences = �2.4).
Visual inspection indicates a trend between AGP level and SNP status

suggesting higher AGP concentrations (c.502TT/c.522AA > c.502CT/
c.522GA > c.502CC/c.522GG). However, a Shirley Williams test, which
assesses for a relationship between dose levels of a treatment and out-
come, returned a borderline P value of 0.0764. Further data would be
needed to understand whether a true dose-response relationship exists, as
the data has a low and high variance.

Discussion

During the initial preclinical evaluation of a novel Syk inhibitor
AZ8399 in dogs, pharmacokinetic data were produced showing an appar-
ent sizable difference in unbound CLp and Vss between the two animals
when a pooled control plasma fu was applied. The direction and compara-
ble magnitude of the fold difference between total CLp and Vss was con-
sistent with a difference in plasma fu value between individual dogs.
To investigate this hypothesis, we obtained the pharmacokinetic sam-

ples from the study and measured the fu from the individual animals,
revealing an approximate 5-fold difference consistent with that seen in
CLp and Vss. Subsequent evaluation of AZ8399 fu in other colony ani-
mals showed this phenotypic difference was not limited to the two

Fig. 4. Relationship of concentrations of
albumin (A–C) and AGP (D–F) to CLp, Vss,
and fraction unbound in individual dogs. The
significance (P) and strength (r) of relation-
ships have been assessed using Spearman’s
rank correlation coefficient. For P value *
denotes significance (a = 0.05); r limits of 1,
21, and 0 indicate maximum positive, maxi-
mum negative, and no correlation, respec-
tively. Triangular symbols denote cassette-
dosed animals.
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animals previously tested. Therefore, the intravenous PK parameters of
animals not previously dosed with AZ8399 were determined to confirm
the correlation to the experimental fu. This confirmed statistically signif-
icant, strong negative correlations between fu and total CLp and Vss.
Determination of AZ8399 fu in control samples from a cohort of newly
acquired animals (009-014M) showed the same distinct phenotypes
with four “high” and two “low” binding animals, suggesting the pheno-
type exists in the broader population.
Based on these data, we hypothesized that the observed phenotypes

were most likely to arise from differences in binding to either albumin
or AGP driven by either variation in protein concentration or else differ-
ing Kd values due to polymorphisms in the protein(s). Therefore, the
albumin and AGP concentrations were determined in control plasma
samples (the same samples that were used for fu determinations) from
animals with pharmacokinetic data. Albumin levels in animals with PK
data varied within a relatively narrow range from approximately 20 to
35 mg/ml, and no significant correlations were observed with measured
PK parameters or individual fu values. By contrast, AGP concentrations
were found to vary more than 10-fold from �76 to 833 mg/ml and
demonstrate significant, strong inverse correlations with the individual
animal total CLp, Vss and fu (Fig. 4, D–F). It should be noted that
although supporting protein concentration as a factor, this data did not
rule out a difference in Kd.
The phenotypic data could be loosely grouped into “high” fu animals

(002M, 004M, 005M, 006M, 011M, 012M, 013M, 014M) and “low” fu
animals (003M, 007M, 008M, 009M, 010M) possibly consistent with a
genetic polymorphism affecting compound Kd, expression levels, or
AGP Kdeg. We therefore decided to sequence the exons to determine
whether any SNPs were present consistent with the two groups. SNPs
were identified in exons 1, 5, and 6, which interestingly have recently
been reported in a wider population of dogs (Costa et al., 2021). The
frequency of the exon 6 SNP was too low to allow any correlation to
AGP to be examined. The data suggest a lack of any robust correlation
to AGP levels for the exon 1 c.70G > A variant, which is consistent
with a lack of effect on fu for four AGP-binding drugs reported by
Costa et al. (2021). In contrast, the SNPs in exon 5 were found to be
positively correlated with increased AGP concentrations. Given that the
exon 5 SNPs are synonymous, there is no structural rationale to suggest
that an altered Kd could explain the observed fu changes; however, we
hypothesize that these SNPs may alter mRNA stability and gene expres-
sion, ultimately leading to increased levels.
It is also interesting to note that the mean albumin concentrations

determined (24.6 mg/ml) were close to the value (26.3 mg/ml) in the
commonly quoted publication “Physiological parameters in laboratory
animals and humans” (Davies and Morris, 1993). In contrast, the

mean AGP levels measured in the current study (0.337 mg/ml) are
approximately 10-fold lower than those quoted in the same reference
(3.7 mg/ml). Even animals at the high end of the range in the current
experiment are approximately 4-fold lower than this reference value.
This left the question of the underlying factor driving differing con-

centration of AGP in plasma, and this remains an area for future
investigation.
The current work has demonstrated that within a specific colony pop-

ulation of beagle dogs, different phenotypes exist with respect to the
plasma fu of a novel Syk inhibitor, AZ8399. To date, the phenotypic
difference reported here has been confirmed only with compounds from
the chemical series from which AZ8399 was derived. Therefore, it is
difficult to generalize on how often the phenotypes observed will signif-
icantly impact measured PK parameters, although it seems that a low fu
driven to a large extent by AGP is likely a requirement. Likewise, it is
not possible based on the analysis of such a limited population to pre-
dict with any accuracy how prevalent this phenotype is within the
broader population, albeit the observation that newly introduced animals
from an external source showed the same phenotypes at least shows it
is not limited to an isolated colony. However, it was interesting to note
that pooled control plasma gave a value that was comparable with our
highest fu animals rather than midrange.
In terms of pharmacokinetics, understanding the plasma fu is impor-

tant for in vitro to in vivo scaling of metabolic clearance, interpretation
of renal clearance properties (defining passive filtration as glomerular fil-
tration rate � fu), and PBPK-based modeling. Likewise, it is required for
interpretation of PKPD or toxicokinetic exposure data in terms of
unbound concentrations. However, these data suggest that the possibility
exists for individual differences in fu within the dog population and that
the application of an assumed population mean value to data interpreta-
tion may not always be appropriate. Therefore, when individual pharma-
cokinetic data are consistent with differences in fu it may be appropriate
to conduct further investigations to understand if this is the case. We
have not to date studied the impact of individual fu on circulating metab-
olite levels insofar as total clearance could be impacted. However, it
could be argued that interpretation of metabolites in safety testing data,
the total clearance of a given metabolite being fu dependent, could be
changed dependent on the binding phenotype of individual animals, and
this may be an area for further investigation. In summary, this work
demonstrates that interindividual variability in fu between dogs driven by
differences in AGP concentration can contribute significantly to pharma-
cokinetic behavior of test compounds. Prior evaluation of AGP concen-
trations or genotype in colony dogs used for PK studies could be
beneficial for prediction and interpretation of PK parameters.

Fig. 5. The relationship between a1-acid gly-
coprotein mutational status in exons 1 and 5
(as inferred by Sanger sequencing) and indi-
vidual dog AGP concentration (individual
values indicated by dots. Bars show mean ±
S.D., n = 3–7).
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Supplementary Figure 1: structures of compounds in dog cassette dosing 
pharmacokinetic study shown in Supplementary Figure 2 

 

 

 

 

AZ-X: Tak-659 – Lam, et al.. (2016), Bioorg Med Chem Lett, 26, 5947-5950 

AZ-Y: compound 5 - Barlaam, B, et al., (2020), Bioorg Med Chem Lett, 30, 127523 

AZ-Z: no reference available. 
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Supplementary Figure 2: plasma concentration vs time profiles following 0.5 
mg/kg/compound i.v. infusion of AZ-X, AZ-Y, AZ-Z and AZ8399 (n = 2) to Beagle dogs. 

 

Concentration vs time profiles, pharmacokinetic parameters relating to individual dogs 
(003M and 004M) are indicated by colour.  The data were notable due to the similar PK 
profiles of AZ-X compared to the significant interindividual differences seen for AZ8399. 

 

Supplementary Table 1: Plasma fraction unbound values for AZ-X, AZ-Y, AZ-Z and 
AZ8399 in dogs 003M, 004M and control dog plasma. 

 Fraction unbound 

Compound AZ-X AZ-Y AZ-Z AZ8399 

Control plasma 0.64 0.31 0.14 0.097 

003M 0.67 0.46 0.22 0.10 

004M 0.70 0.22 0.063 0.021 
 

The fu values for dogs 003M and 004M shown in supplementary figure 1 (colours correspond 
to figure) determined in plasma samples from the pharmacokinetic study.  The corresponding 
value for pooled control plasma is also shown. 
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Details of work carried out to sequence the α1-acid glycoprotein gene. 

 

 Identification of project, test item and reference item 

1.1 Objective of project 

Objective was the resequencing of exons 1-6 of the 11-alpha-1-acid-glycoprotein gene in 12 canine 
(beagle) genomic DNA samples and comparison to provided reference sequence. 

1.2 Identification of test item 

The test Items were: 

Sample-Name Tube Number Sample-Name Tube Number 
001M 1 009M 2 
002M 1 010M 1 
005M 1 011M 1 
006M 1 012M 1 
007M 2 013M 2 
008M 2 014M 1 

 

1.3 Identification of reference item 

The reference sequence was provided by the customer as “11 alpha 1 acid glycoprotein highlighted 
exons.docx”. For the analysis this target sequence for each exon was extracted and converted to 
plain text format. 

• Ex1(ref).txt (114bp) 

• Ex2(ref).txt (143bp) 

• Ex3(ref).txt (71bp) 

• Ex4(ref).txt (108bp) 

• Ex5(ref).txt (104bp) 

• Ex6(ref).txt (78bp) 
CCGTAGTTCGTTTTTATCGCTGAGAAATAGTCCATTTATGAAGACGCCACGACGCGTGTTTCCC
ATTTTCCCGAGGACGGGCATCTGAACTGTTGTTCCTTGTCTTGGGCTATTCTGAATGACACTGT
AGTCTTGTACATGACGTGGTTTTCTTCCTCTTGAATGGGAGGGTAATTTGAGAAGGCGATTTGG
TCACTTTTCCGACACGACACTTAGCATCTGAGGAAACCTCACCATGTGAAAAATCATAGACAAG
TGTAGCTCAATAAAGCTGGAAAAATAAAATCAGAGACCAGAGACAGAGAGCGAGCACATGATTA
AGGACGTTGGAAGCTGGGAGGGGCACAATGGGGTCATCCGTCCATTACAACTACAACCACTAAC
TTCCACTGAAACATGAATAATGACCCAGAATCTATGAGATGAATAAGGATACAGAATTGAAAGC
GTCATGTGATAAGGCTTTTTTGGGGGGGAAGTATCTGTTCGTGGGGCTAAAGATCTGTCCCGGC
CGGGCGGACGCTCCCTGTGGACGTGCTCATTCTGCAGCGCGGGGCACTGTCCAGGGTGGGGGAC
CTGCTGGTGATGACACCCGCGGCAGGCGGTGGAGACCACACGTTCCCGCTACAGATGTTGGGAG
CTCGGTCAGGTAATGCTGCCTTTACTGGTAATAGACATATAACTTAGACACCTCCTGCTTTGGG
AAGCATCCCTGCCTCCCAGGGACTGCTTCACGGGCTCCCCGCTTCCAGGCTGCGTTGGGCAACC
AACCACCCCCCTCACCCCCCGCCCGCCGCCTGCTGCCCACCGTCCCCGTCACTGGACTTTTGCT
CTCCCAGCTGTTACCACACTCAGCTGGGATAGAATCCAGGTTTGCCTTCACCCCCGCCCGCTCC
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CCATCCCATCGCCCACGCACTCCACCTAGCCTGGGAACTATCGCCTTCAGCAATTGATTTACAG
GTGGGTCCGCCCCAGTCTGGCTGCCCAAGTGGGACGCGGATTGGGCACGGAACATAAGAGCTCT
CAAAACAAAACCGAACCACCACCCCAGGGCTTGCCACACAGGTTTCATAACAAGCGCTCCAGCC
CACGCCCACCTTGGCCTTGACTGGCCAGGCCTTGGGGCCCCGGTAGGCCTTCCGGCCAGCGATC
CGGAGTACACCGAGGCTGGGCGGAGGCTTCGGCTAGCGCTGGCTGTGCGGAAAGGCGGGAAGGA
TGCGTGTGGGGCATTTCGCAAGCGTGTCACAAGGGCACCCCAGGGCTCTGCCCACACACAGCCC
GTTATAAAGGGCGCTGCGCCGCCCGGCCGCCAGCTCCGGCCGGCTCCGGGACCCGTCGTCTAGG
CATGGCGCTGTCCTGGGCCCTCGCTGCCCTGAGCCTCCTTCCCCTCCTGGACGCCCAGAGCCCG
GGGTGCGCCAACCTCACGGCGAGGCCTATCACCAACGCCACGCTGGAGCAGGTGCGTCCCTGGG
CCCCCAGCGCCCCGGGCTTCCCTTCCTCCTGCTGGCTTGTGGTCAGCCGCCTGGCCTGGTTCTG
CCCATTTCTCTCCCGGGTCCCGGGGCGACATTCCGACCAGCCTCTGGCAGCATTCTTCTGCTTC
CAAACTCAGAAGCCTCATTGCAAGGTCCCTCGGAGGGGACATTCTGTCCTGGGCAAGGAGGAAC
CTCACCGTGAGCTCCTCGCCGGGGGCCCCAGACTCCCTGGCTGCAAAAGGGGGGGGGGGGCTGC
GGTGAGACCTGCCCGCTGGCTAGCAGGGGGATCCGGCTCCTGGCCTCCATCATCCGGCTCTTGG
CTTCCCCCCAGATCTCTGGCAAGTGGTTTTACATGGGCTCGGCCTTCCGTGACCCGGAGTTCAA
TCACTCGGCTAGAACGATCCACGCGGCCTTCTTTTACTTTGATGTCAACCATACAGATGACACA
ATCCTGCTCAGAGAGTACCTAACCATGTAAGACCCCCACCTGCAGGCTCACCCCCGGCCCCAGG
CACCTGCTCCTAGCTGCTGGAAAACCTTGAGCAGGTCCCTGCTCCCTCCCGGCCTCAGTCTTTC
CATCCACAGAATGGGGAGGGTTGACAAATCGCCTGCAACCCCTCGATGGTAGTGACCAGTGATC
ATCCATATTTCTCCTGTTTTTCTCCCCTCTTCTGTCTGGCTTTAGTGGGAACCAGTGCGTCTAT
AACAGCAGCTTTCTGAATGTCCAGCGGGAGAATGGGACCGTGTCCAAATATGGTAAGGACCAGC
GCTGGGGCAGGAGGGCTGCTGGGCGTCATGGGGGGGGGGGGGCGGGTGGGCCCACCCAAAGTTT
GGAAGTGCCGGGGCTCAGGCTCGGAGAACATGGGACAGGCCCATGCTCCCCAGGTCCTGGGGCC
CGCACGCTGCAATAACCGGTAAGGACTGCCCACATATCTGCGCTCCATGTGCCAGGGGCTGTTC
GCTGTACTTTACTAGAATTAATCCCTTAATACTCACAAACAACCCCAGGAGGACATTACGGGAT
TAGATGAGACACTGGGATGTCGAGCAGTTTCCCTGGAGTCACGCAGCCTATAATTAGGACTAGA
ATGCAAAGTCAAGGCTGGCTGCAGTCCTGCCTCTCTCAACCACTCTTTATCCTTTGGGCTCAGA
GGGTGGCAGTCTGTGTCAGGCAGGCAGTGACCTCACTCGTGCCCCCACCGTCACCCCAGAGAGG
GCGCATCAGAGGGGCACACCAATGCTGATGGGCTTAAACCAACAGCCCTGAGCCAGCCCCGAGG
CCCCTGTCTGGGCCTTACTTTCCTGTCTGGAAAATGGGGAGAAAGGCCCTGACAGTCACGGTCC
GCATAAGGCTCCCCCGACTCCACATCTCAGCGCAGGGCCTGGCACACGGGAGGAGCGAGGGGTG
CGCGTCCCGGGTGAACTCGTGGCCGTGGGTGCCCCCGGGGTTCCTCGCCTGGGATCAGGACCCA
TCGTGCCGTGCGGCCTCACCCAGAGTTCTCTTCTCTAGAGTATGGGAAAGAAAACTTTGGCATA
CTCCTGCTCACCAAGGATCCTGAGCTCTTCATGCTTGGCTTCTCCCTGAAAGACGAGCAGCACA
AGGGGCTATCGTTGTACAGTAGGTGCCCCTCCAACCTCCACCCCGCCCAGGCCTCACCCAGCAG
ACCGCCTGCCCCTGCAGCTGGGCCCCCAGCACCCCAGGCCTCCCCGCCGCACCCCGCCAGGGAT
ACCCAGCCCCCTTGCTCCCTCCTGCAGCCAGGAAGCCCGAAGTGACCCAGGAGCAAATGACGGT
GTTCCACGAAGCTCTCGCATGTATGGACCTGCACAAGTCGGAGATCGCGTACACCGATGAGAAA
AAGGTGAACACAAGGAGGACTAGAGGTGCCCGGCATCGGGGCGATCCTGCCCGGGGTGGGGGGC
AGCCCCAGGGGCCCAGACAGGGAGAGCTGCCAGCCACGGCCGTACGGCGCTGAGGCACCAAGTC
CTACCTTCAAGCACCTGCCTCACGGCAGGGACGGCTGAGCCTTCTGGAGGTCCACGGGGATGGG
GGCCCAGGAGGGAAAAGTCCCTGCGAAGCAGGCAGGACGTCCAGGGCGGGGGTGAGGCCTGGGA
GGGAGGAGGGATGGCAGGGATTGGGGAGGGAGTGGCGGGAACGGGACAAAGAAACACCCGAGGG
TGATCACCACTGAGGACTGCGGCCACACCCCAGCCGTCCGACCCCCGCGGGTGGCAGCTGGTAT
TGCGGTTGTTAGCTTCGCCCAAACGGCCCCAAGGATTGTTGCTGTGAGCGAGAATCACCCGCCT
AATAGTCTCCCTGATACTTCCCATTCAACCCGCGTCACCGTGCACCCCGCTTGCCGCCCTCTAG
GATCTGTGTGGGCCGGTGGAGAAGCGGCACAAGGAGGAGAGGCTGAAGGAACAGGAGGCAGACA
CGGCGCTGGGCTAGGACCCTGGGGACGGTGGGGCCCATCCCCAGCCCTACGCCCCCACCCTCTG
GACATCTCAGGTTTTGGTCTCAGTTGCATCAATAAAGCTTCTGCATTTGTAACAGGCAGGTCGT
CGTTGGCTCATTCAGTCGCTCACTCATTCGTACGTGGGGCAGCCTGCCGGCCTGAGCCGGGCCC
CGGCTGGCCGCGGGGTGTGCCCCTGCCCCCCGCTGTAACACCCAGCACAGCCCGCACCCTGATA
GGCACCGAATGCTGTGGGAGCCCAGCACCTGGGGAGGTTCCTCCTGCAGCGGAAGGCTGGGAAG
GCTTCCTGGAAAGGGCATCTGAGCCAGCCTAGAAAGCTTTGGAGCTGCTAACACCTGCTGCTCC
AGCTGCAGGCCAAGGATCTGAGAGGACGGGTTGGAGAAACATCGAGGCAGGGGCTCTGGTGGGG
AGTCAGGTGAAATGAGGGGTGGGGGCAGCGAGGAGCCAGGCGAGTGGTGGTGCCAAGCACCAGG
GGCCTCACCTCAGACGTTACCCTGGTCGTCTGGGGAGCCTGGAGGCAGAAAGGCTTTGGCGGGG
ACGCTGTGAGCGTCCCAGGGAGAGGAGGGTGGCCGGGCAGGGGCGGGACGGGGAGGCGCAGAGG
CCCGGGGGCCCAGCTGGAGGGGCTCCGTGACGCATCCTCGGGGGGCCCGTCCGGTGCCCACAAG
GAAACTGGGGTGACATCGGCCCCTAGAAGCCCGCCGTCCTGCAAATGCGTTTGGAGCCCTCGAG
AGGGGGCCGTGTCGGAGGCAGGCCCACCTCGTGCGGCGAAGAGAACCGAGCCCCCCGAAGCCGA
GAGTCCAGCAAGGAGGGCGGCTTCCTCACAGACCCGACGATGTCGAGGGGGCCACCCTGGGAGG
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GGAGCAGCACCACCTGGGGGCGGGCAGGCGGGCCCTGGGGCTCAGGCAGGTCCGTGCACGTGGC
CTCAGCCAGCCAGGGTGACCGATCGGAGCCCGGGCACCCGACGCCCAGTCCTGTGGCCCTCCCG
AGAGCCGGGCTGCCCAGGCCCAGGATCCCGCATCCCCTTGCTCACAGCTGGAGCCACGCTGTGC
CCGGGGCACAGGCTGGGGACGCCGTCCTGGGCCCCCACCCCTGCGCCCCGCCTGGGCTCCCCAT
TCCCATCCGCATCGCCCCGCAGCAGCCTGCTGGCACCCAGCACGGGCTGGCCTCGGACGCTCAG
AGCCTACAAGAGATCCCTTCTCGGCTAATTGCCACTTTCAACTCCAGATGATGACCTGCTGACA
AGTGCAATGGGAGCGTGTCCTGGTGGGCGGTGGGGGGTGGGGCGCAGGAGTGAATGGGGGAGGC
GGACGAGAGACCCCAGGAGGGAAGGCCCAGCAGGTGTTGGGGAGAAAGGCTCAGAGGTTGGGAA
CGCCAGAGCGGTGACAAGAGAGACTTCAGAGTGAGACATCGTGAGGTCGTGTCCCCGGGGGAAG
GGTCAGGGTCCTCCTCCTCGAATCTTCCGCCCCACAAATTTGAGTCAAGAAACCACGAGTCGAC
GACGACACACACCACAGATGTGGGCAGCTTTGGGAATTTTTTTTTCTTTTCTCCTTTTTTAAAA
GATCAATA 

1.4 Characterization of test item 

Starting material was genomic DNA solution extracted from canine tissue. The material was provided 
in 1.5ml microtubes and received on the 28th of March. Starting material was classified as BSL1. 

 

Vial Identification: 

180252 

Q190306C 

[Sample Name] 

[Tube Number] 1mL -80°C 

 Conduct of project 

Sequencing was done according to standard methods and in compliance with CLSI Guideline MM09-
A2; Vol. 34 No. 4, 2014; Nucleic Acid Sequencing Methods in Diagnostic Laboratory Medicine, 
Approved Guideline-Second Edition.. 

 

 Testing method 

4.1 Characterisation of the Test System  

All sequences were generated using a re-sequencing approach. According to the reference 
sequence, the necessary primers were defined in order to create PCR fragments and for subsequent 
sequencing to have the region of interest covered in a satisfactory manner (2-fold). Exceptions from 
this rule had to be made in regions that contained biological obstacles (e.g. long stretches of 
nucleotide sequences with very low complexity, GC-rich contents or hairpin structures). 

 

 Materials and Methods 

4.1 Project relevant test SOPs 
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No. Process part description Name of QM-Document 

1. Storage of test items SOP_SEQ_Lagerbedingungen-Probenmaterial 

2. PCR-amplification and re-sequencing SOP_SEQ_PCRundRe-Seq 

3. PCR product purification SOP_SEQ_FastPEG-Tube 

4. QC Plasmid DNA / PCR product (AGE control): SOP_SEQ_Agarosegel 

5. DNA Sequencing: SOP_SEQ_SALC-Pipet 

6. Purification of sequencing products: SOP_SEQ_SephAufreinigung-kurz 

7. Capillary electrophoresis (CE): SOP_SEQ_ABI3730XL 

8. Peaktrace Basecalling SOP_SEQ_PeakTrace 

9. Data Evaluation SOP_SEQ_Auswertung 

10. Data Analysis: SOP_SEQ_Bearbeitung-PW&GLP 

 

4.2 Quality Control of Provided Genomic DNA  

Quality and quantity of the genomic DNA was checked on an agarose gel before start of sequencing. 
Approximately 30 ng of the genomic DNA was used as template per PCR. 

 

 

4.3 Primer design 

Based on the reference sequence delivered by the customer primers defined in Table 1 were 
designed for amplification and sequencing. 

 

Table 1: List of primers designed for the project 

No. Name of Primer Sequence in 5’-3’ direction 

1 Beagle-PCR1-1F1 CACACAGGTTTCATAACAAGCGCTCCAGC 

2 Beagle-PCR1-1F2 TCCGGAGTACACCGAGGCTGG 

3 Beagle-PCR1-1R1 TTCTAGTAAAGTACAGCGAACAGCCCCTGG 

4 Beagle-PCR1-1R2 AGTCCTTACCGGTTATTGCAGCGCGT 

5 Beagle-PCR2-1F1 ACACCAATGCTGATGGGCTTAAACCAACAGC 
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No. Name of Primer Sequence in 5’-3’ direction 

6 Beagle-PCR2-1F2 TCAGAGGGTGGCAGTCTGTGTCAG 

7 Beagle-PCR2-1R1 ACGTACGAATGAGTGAGCGACTGAATGAGC 

8 Beagle-PCR2-1R2 TTAGCAGCTCCAAAGCTTTCTAGGCTGG 

9 Beagle-SQ-1F1 AGGCGGGAAGGATGCGTG 

10 Beagle-SQ-1F2 CATTTCGCAAGCGTGTCACAAG 

11 Beagle-SQ-1R1 AATGTCCCCTCCGAGGGACC 

12 Beagle-SQ-2F1 TTGTGGTCAGCCGCCTGG 

13 Beagle-SQ-2F2 AGACCTGCCCGCTGGCTAG 

14 Beagle-SQ-2F3 GCTGCGGTGAGACCTGCCCG 

15 Beagle-SQ-2R1 ATTCTGTGGATGGAAAGACTGAG 

16 Beagle-SQ-2R2 CTGCAGGTGGGGGTCTTAC 

17 Beagle-SQ-3F1 TCAGAGAGTACCTAACCATGTAAGAC 

18 Beagle-SQ-3R1 ATGGGCCTGTCCCATGTTCTC 

19 Beagle-SQ-3R2 CCCCATGACGCCCAGCAG 

20 Beagle-SQ-3R3 CCAGCAGCCCTCCTGC 

21 Beagle-SQ-4F1 ATAAGGCTCCCCCGACTCC 

22 Beagle-SQ-4R1 GAAGGTAGGACTTGGTGCCTC 

23 Beagle-SQ-5F1 ATAAGGCTCCCCCGACTCC 

24 Beagle-SQ-5R1 GAAGGTAGGACTTGGTGCCTC 

25 Beagle-SQ-6F1 TGATCACCACTGAGGACTGC 

26 Beagle-SQ-6R1 AATGAGCCAACGACGACCTGC 

 

4.4 PCR amplification and PCR product purification 

The conditions shown in Table 2a and 2b were used for amplification.  

 

Table 2a and 2b: PCR setup 
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PCR reaction    Cycling setup  

Component Volume   Step No Temp. Duration 

5X GC 2 PCR Buffer 5 µl   1 94°C 2 min 

GC Melt (5 M) 2,5 µl  

35 Cycles 

2 94°C 30 sec 

gDNA template (@30ng/µl) 1 µl  3 60-65°C 30 sec 

Primer mix (10 μM each) 2 µl  4 68°C 2-5 min 

50X dNTP Mix(10 mM each) 0,5 µl   5 68°C 10 min 

PCR-Grade H2O Ad 25 µl   6 4°C forever 

 

 

PCR amplification was performed using Advantage GC 2 PCR Kit (Cat. No. 639119; Clontech 
Laboratories, Mountain View CA, USA) according to standard protocols. For PCR reactions peqStar 
96 HPL (PEQLAB Biotechnologie GMBH, Erlangen, Germany), GeneTouch (Biozym Scientific GmbH, 
Hessisch Oldendorf, Germany) or Biometra Tadvanced (Biometra GmbH, Göttingen, Germany) 
thermal cyclers were used. 

PCR products defined in Table 3 were used. 

 

Table 3: List of PCR products: 

PCR product Sample Primer forward Primer reverse 

PCR01 001M Beagle-PCR1-1F1 Beagle-PCR1-1R1 

PCR03 005M Beagle-PCR1-1F1 Beagle-PCR1-1R1 

PCR07 001M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR10 005M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR13 001M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR16 005M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR21 007M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR22 007M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR39 002M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR40 002M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR42 006M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR44 008M Beagle-PCR2-1F2 Beagle-PCR2-1R2 
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PCR product Sample Primer forward Primer reverse 

PCR46 009M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR48 010M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR49 011M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR50 011M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR52 012M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR53 013M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR54 013M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR55 014M Beagle-PCR1-1F2 Beagle-PCR1-1R2 

PCR56 014M Beagle-PCR2-1F2 Beagle-PCR2-1R2 

PCR63 010M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR64 006M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR65 008M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR66 009M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR69 008M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR70 009M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR71 012M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR72 014M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR73 005M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR74 010M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR75 012M Beagle-SQ-1F1 Beagle-SQ-1R1 

PCR76 005M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR77 006M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR78 007M Beagle-SQ-3F1 Beagle-SQ-3R1 

PCR79 001M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR80 002M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR81 005M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR82 006M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR83 007M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR84 008M Beagle-SQ-2F1 Beagle-SQ-2R1 
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PCR product Sample Primer forward Primer reverse 

PCR85 009M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR86 010M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR87 011M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR88 012M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR89 013M Beagle-SQ-2F1 Beagle-SQ-2R1 

PCR90 014M Beagle-SQ-2F1 Beagle-SQ-2R1 

 

Successful and specific PCR amplification was subsequently verified by agarose gel electrophoresis. 
Suitable PCR products were then purified by performing a precipitation step applying 
polyethylenglycol (PEG). Approximately 5-20 ng of the PCR product were used as template per 
sequencing reaction. 

 

4.5 Sequencing 

4.5.1 Sequencing Chemistry 

All sequences were generated using BigDye terminator chemistry (version 3.1), if necessary in 
combination with dGTP BigDye terminator chemistry (version 3.0) (Thermo Fisher Scientific, 
Waltham, MA USA) following standard protocols. For sequencing reactions peqStar 96 HPL (PEQLAB 
Biotechnologie GMBH, Erlangen, Germany), GeneTouch (Biozym Scientific GmbH, Oldendorf, 
Germany) or Biometra Tadvanced (Biometra GmbH, Göttingen, Germany)   thermal cyclers were 
used. Sequencing reaction cleanup was done either manually or on a Hamilton Starlet robotic 
workstation (Hamilton Robotics GmbH, Martinsried, Germany) by gel-filtration through a hydrated 
Sephadex matrix filled into appropriate 96well filter plates followed by a subsequent centrifugation 
step.  

Finally all reactions were run on ABI3730xl capillary sequencers equipped with 50 cm capillaries and 
POP7 polymer (Thermo Fisher Scientific, Waltham, MA USA). 

Sequences listed in Table 4 were used. 

 

Table 4: List of Sequences (used in this project) 

No. Name 

1 PCR01_001M_Beagle-SQ-1R1 

2 PCR01_001M_Beagle-SQ-3F1 

3 PCR03_005M_Beagle-SQ-1R1 

4 PCR07_001M_Beagle-SQ-4F1 
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No. Name 

5 PCR07_001M_Beagle-SQ-4R1 

6 PCR07_001M_Beagle-SQ-5F1 

7 PCR07_001M_Beagle-SQ-5R1 

8 PCR07_001M_Beagle-SQ-6F1 

9 PCR07_001M_Beagle-SQ-6R1 

10 PCR10_005M_Beagle-SQ-4F1 

11 PCR10_005M_Beagle-SQ-4R1 

12 PCR10_005M_Beagle-SQ-5F1 

13 PCR10_005M_Beagle-SQ-5R1 

14 PCR10_005M_Beagle-SQ-6F1 

15 PCR10_005M_Beagle-SQ-6R1 

16 PCR13_001M_Beagle-SQ-1F2 

17 PCR13_001M_Beagle-SQ-3R3 

18 PCR16_005M_Beagle-SQ-1F2 

19 PCR21_007M_Beagle-SQ-1F2 

20 PCR21_007M_Beagle-SQ-1R1 

21 PCR22_007M_Beagle-SQ-4F1 

22 PCR22_007M_Beagle-SQ-4R1 

23 PCR22_007M_Beagle-SQ-5F1 

24 PCR22_007M_Beagle-SQ-5R1 

25 PCR22_007M_Beagle-SQ-6F1 

26 PCR22_007M_Beagle-SQ-6R1 

27 PCR39_002M_Beagle-SQ-1F2 

28 PCR39_002M_Beagle-SQ-1R1 

29 PCR39_002M_Beagle-SQ-3F1 

30 PCR39_002M_Beagle-SQ-3R3 

31 PCR40_002M_Beagle-SQ-4F1 

32 PCR40_002M_Beagle-SQ-4R1 

33 PCR40_002M_Beagle-SQ-5F1 
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No. Name 

34 PCR40_002M_Beagle-SQ-5R1 

35 PCR40_002M_Beagle-SQ-6F1 

36 PCR40_002M_Beagle-SQ-6R1 

37 PCR42_006M_Beagle-SQ-4F1 

38 PCR42_006M_Beagle-SQ-4R1 

39 PCR42_006M_Beagle-SQ-5F1 

40 PCR42_006M_Beagle-SQ-5R1 

41 PCR42_006M_Beagle-SQ-6F1 

42 PCR42_006M_Beagle-SQ-6R1 

43 PCR44_008M_Beagle-SQ-4F1 

44 PCR44_008M_Beagle-SQ-4R1 

45 PCR44_008M_Beagle-SQ-5F1 

46 PCR44_008M_Beagle-SQ-5R1 

47 PCR44_008M_Beagle-SQ-6F1 

48 PCR44_008M_Beagle-SQ-6R1 

49 PCR46_009M_Beagle-SQ-4F1 

50 PCR46_009M_Beagle-SQ-4R1 

51 PCR46_009M_Beagle-SQ-5F1 

52 PCR46_009M_Beagle-SQ-5R1 

53 PCR46_009M_Beagle-SQ-6F1 

54 PCR46_009M_Beagle-SQ-6R1 

55 PCR48_010M_Beagle-SQ-4F1 

56 PCR48_010M_Beagle-SQ-4R1 

57 PCR48_010M_Beagle-SQ-5F1 

58 PCR48_010M_Beagle-SQ-5R1 

59 PCR48_010M_Beagle-SQ-6F1 

60 PCR48_010M_Beagle-SQ-6R1 

61 PCR49_011M_Beagle-SQ-1F2 

62 PCR49_011M_Beagle-SQ-1R1 
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No. Name 

63 PCR49_011M_Beagle-SQ-3F1 

64 PCR49_011M_Beagle-SQ-3R3 

65 PCR50_011M_Beagle-SQ-4F1 

66 PCR50_011M_Beagle-SQ-4R1 

67 PCR50_011M_Beagle-SQ-5F1 

68 PCR50_011M_Beagle-SQ-5R1 

69 PCR50_011M_Beagle-SQ-6F1 

70 PCR50_011M_Beagle-SQ-6R1 

71 PCR52_012M_Beagle-SQ-4F1 

72 PCR52_012M_Beagle-SQ-4R1 

73 PCR52_012M_Beagle-SQ-5F1 

74 PCR52_012M_Beagle-SQ-5R1 

75 PCR52_012M_Beagle-SQ-6F1 

76 PCR52_012M_Beagle-SQ-6R1 

77 PCR53_013M_Beagle-SQ-1F2 

78 PCR53_013M_Beagle-SQ-1R1 

79 PCR53_013M_Beagle-SQ-3F1 

80 PCR53_013M_Beagle-SQ-3R3 

81 PCR54_013M_Beagle-SQ-4F1 

82 PCR54_013M_Beagle-SQ-4R1 

83 PCR54_013M_Beagle-SQ-5F1 

84 PCR54_013M_Beagle-SQ-5R1 

85 PCR54_013M_Beagle-SQ-6F1 

86 PCR54_013M_Beagle-SQ-6R1 

87 PCR55_014M_Beagle-SQ-1F2 

88 PCR55_014M_Beagle-SQ-1R1 

89 PCR56_014M_Beagle-SQ-4F1 

90 PCR56_014M_Beagle-SQ-4R1 

91 PCR56_014M_Beagle-SQ-5F1 
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No. Name 

92 PCR56_014M_Beagle-SQ-5R1 

93 PCR56_014M_Beagle-SQ-6F1 

94 PCR56_014M_Beagle-SQ-6R1 

95 PCR63_010M_Beagle-SQ-3F1 

96 PCR63_010M_Beagle-SQ-3R3 

97 PCR64-006M_Beagle-SQ-1F2 

98 PCR64-006M_Beagle-SQ-1R1 

99 PCR65-008M_Beagle-SQ-1F2 

100 PCR65-008M_Beagle-SQ-1R1 

101 PCR66-009M_Beagle-SQ-1F2 

102 PCR66-009M_Beagle-SQ-1R1 

103 PCR69-008M_Beagle-SQ-3F1 

104 PCR69-008M_Beagle-SQ-3R3 

105 PCR70-009M_Beagle-SQ-3F1 

106 PCR70-009M_Beagle-SQ-3R3 

107 PCR71-012M_Beagle-SQ-3F1 

108 PCR71-012M_Beagle-SQ-3R3 

109 PCR72-014M_Beagle-SQ-3F1 

110 PCR72-014M_Beagle-SQ-3R3 

111 PCR73-005M_Beagle-SQ-1F2 

112 PCR74-010M_Beagle-SQ-1F2 

113 PCR74-010M_Beagle-SQ-1R1 

114 PCR75-012M_Beagle-SQ-1F2 

115 PCR75-012M_Beagle-SQ-1R1 

116 PCR76-005M_Beagle-SQ-3F1 

117 PCR76-005M_Beagle-SQ-3R3 

118 PCR77-006M_Beagle-SQ-3F1 

119 PCR77-006M_Beagle-SQ-3R3 

120 PCR78-007M_Beagle-SQ-3F1 
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No. Name 

121 PCR78-007M_Beagle-SQ-3R3 

122 PCR79-001M_Beagle-SQ-2F3 

123 PCR79-001M_Beagle-SQ-2R2 

124 PCR80-002M_Beagle-SQ-2F3 

125 PCR80-002M_Beagle-SQ-2R2 

126 PCR81-005M_Beagle-SQ-2F3 

127 PCR81-005M_Beagle-SQ-2R2 

128 PCR82-006M_Beagle-SQ-2F3 

129 PCR82-006M_Beagle-SQ-2R2 

130 PCR83-007M_Beagle-SQ-2F3 

131 PCR83-007M_Beagle-SQ-2R2 

132 PCR84-008M_Beagle-SQ-2F3 

133 PCR84-008M_Beagle-SQ-2R2 

134 PCR85-009M_Beagle-SQ-2F3 

135 PCR85-009M_Beagle-SQ-2R2 

136 PCR86-010M_Beagle-SQ-2F3 

137 PCR86-010M_Beagle-SQ-2R2 

138 PCR87-011M_Beagle-SQ-2F3 

139 PCR87-011M_Beagle-SQ-2R2 

140 PCR88-012M_Beagle-SQ-2F3 

141 PCR88-012M_Beagle-SQ-2R2 

142 PCR89-013M_Beagle-SQ-2F3 

143 PCR89-013M_Beagle-SQ-2R2 

144 PCR90-014M_Beagle-SQ-2F3 

145 PCR90-014M_Beagle-SQ-2R2 

 

4.5.2 Assembly Strategy 

Minimal sequencing coverage was 2-fold single strand, meaning that all bases of the forward strand 
and reverse strand of the region of interest are entirely identified at least by two different primers. 
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Exceptions from this had to be made because sequencing both strands was impossible due to 
biological reasons. In that case the sequence of one strand was determined at least with two 
different primers, if possible. 

Sequencing data was generated using the original ABI Software including the KB-basecaller, which 
assigns quality values to all called bases similar to PHRED [Ewing B., Green P. (1998) Base calling of 
automated sequencer traces using Phred. II. Error probabilities. Genome Res. 8:186-194]. 

Additional basecalling was performed using the PeakTrace basecaller from Nucleics Pty Ltd 
(Woollahra, AUS) according to SOP_SEQ_PeakTrace to improve the single peak resolution and 
quality values and therefore increase the reading lengths. 

The assembly was performed using the Staden Software Package (Roger Staden, LMB, Cambridge, 
UK/ Pregap4).  

For quality clipping a sliding window of 10 nucleotides was used to average the confidence. The 
method starts from the point of highest average quality and then steps outwards in both directions 
until the average confidence within the window drops below 30. Normally both 5’ and 3’ sequence 
trace ends were quality clipped. These clips underwent a manual plausibility check and were further 
modified if necessary. 

The assembly itself was done as a normal shotgun assembly using the quality clipped reads. The 
settings for the assembly were as follows: minimum initial match 20, maximum pads (gaps arising in 
one read due to the alignment with others) per reads 25, maximum percent mismatch 5.00. Further 
potential joins were searched with the find internal joins function under more relaxed conditions: 
minimum overlap 20 and maximum percent mismatch 30.00. These additional joins underwent a 
manual plausibility check.  

Manual editing steps were necessary to resolve base mixed base positions or caller errors. 

Comparison to the reference sequences was also performed as an assembly, using the same 
parameters as for the single read assembly. 

 

 

 Statistical Analysis 

Sequencing data was generated using the original ABI Software including the KB-basecaller (Thermo 
Fisher Scientific, Waltham, MA USA) and additional basecalling using the PeakTrace basecaller from 
Nucleics Pty Ltd (Woollahra, AUS), which assign quality values to all called bases similar to PHRED 
[Ewing B., Green P. (1998) Base calling of automated sequencer traces using Phred. II. Error 
probabilities. Genome Res. 8:186-194]. These quality values were used during assembling the single 
reads and are the basic requirement for calculating the sequence accuracy. In the assembly phase, 
the quality values of single reads were used to calculate the consensus confidence. For each 
probable consensus nucleotide multiple occurrences of the same base type were checked. The 
highest confidence value of each base type was then increased by an amount dependent on the 
number of confirming reads. Then Bayesian calculations were used to derive the probabilities and 
hence the confidence values for each base type and finally gave a decision for one base with a 
certain confidence. These calculations are part of the Staden Software Package (Roger Staden, LMB, 
Cambridge, UK/ Pregap4, Gap4).  
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A quality value (qv) of 20 corresponds to an error probability (ep) of 1/100, a value of 30 to an ep of 
1/1000 and so on. In the assembly phase those values were set against each other. 

 

 

ep   qa  qv 

1/100   99%  20 

1/1000  99.9%  30 

1/10000  99.99%  40 

1/100,000  99.999% 50 

 

 

 

 

 

 Results and Discussion 

6.1 Data Quality and Integrity 

No circumstances occurred during conduct of this project that would have adversely affected the 
quality or integrity of the data generated. 

 

6.2 Results Summary 

Exon 1 

With the exceptions of samples 005M, 010M and 012M, the sequencing coverage was 2-fold, 
meaning that all of the bases of the forward strand and reverse strand were entirely identified. 

The actual determined sequences for the gene of interest – Exon 1 show the following deviations to 
the reference sequence made available by the sponsor: 

 

006M, 008M, 009M Pos70 G>R 

 

 

Exon 2 

With the exceptions of samples 007M and 014M, the sequencing coverage was 2-fold, meaning that 
most of the bases of the forward strand and reverse strand were entirely identified. 20-30bp of the 
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target were analysed by single strand due biological obstacles. For samples 007M and 014M the 
analysis was not possible due to biological obstacles. 

The actual determined sequences for the gene of interest – Exon 2 show no deviations to the 
reference sequence made available by the sponsor. 

 

Exon 3 

For all samples the sequencing coverage was 2-fold, meaning that most of the bases of the forward 
strand and reverse strand were entirely identified. 10-20bp of the target were analysed by single 
strand due biological obstacles. 

The actual determined sequences for the gene of interest – Exon 3 show no deviations to the 
reference sequence made available by the sponsor. 

 

Exon 4 

For all samples the sequencing coverage was 2-fold, meaning that all of the bases of the forward 
strand and reverse strand were entirely identified. 

The actual determined sequences for the gene of interest – Exon 4 show no deviations to the 
reference sequence made available by the sponsor. 

 

 

 

Exon 5 

For all samples the sequencing coverage was 2-fold, meaning that all of the bases of the forward 
strand and reverse strand were entirely identified. 

The actual determined sequences for the gene of interest – Exon 5 show the following deviations to 
the reference sequence made available by the sponsor: 

 

001M, 002M, 006M, 011M 66C>Y 
86G>R 

013M, 014M 66C>T 
86G>A 

 

 

Exon 6 

For all samples the sequencing coverage was 2-fold, meaning that all of the bases of the forward 
strand and reverse strand were entirely identified. 
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The actual determined sequences for the gene of interest – Exon 6 show the following deviations to 
the reference sequence made available by the sponsor: 

 

002M 42G>R 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Storage and Archiving 

7.1 Storage of Testing and Reference Material 

The DNA solution was kept during the project at -70°C to -90°C in a storage box. 

 

 Glossary 

To represent heterozygous base-positions/deviations, the IUPAC IUB code for mixed base positions 
was used: 
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A  Adenine
C  Cytosine
G  Guanine
T  Thymine
R  A or G
Y  C or T
S  G or C
W  A or T
K  G or T
M  A or C
B  C or G or T
D  A or G or T
H  A or C or T
V  A or C or G
N  any base

 

 


