Ln of Fluorescence

Optimization and validation of RHD and KELL genotyping for
non-invasive prenatal diagnostics

J. Bohmova, R. Vodicka, M. Lubusky, R. Kratochvilova, R. Vrtel, M. Studnickova, M. Kvapilova
University Hospital and Palacky University Olomouc, Olomouc, Czech Republic
Project Is supported by IGAMZ CR: NT12225.

Introduction: There are two reasons for establishing a methodology for non-invasive determination of RHD and KELL genotypes in early pregnancy.
1) To identify fetuses which are at risk of hemolytic disease of fetus and newborn by alloimmunized pregnant women.

2) To prevent alloimmunization during pregnancy.
There is no method validation on a representative number of samples in the Czech Republic, which would allow to introduce methodology into clinical

practice.

Aim: Evaluate two different cell free fetal (cff) DNA separation procedures based on adsorption on the surface of silica gel and on the separation on
magnetic particles. Optimize and evaluate RHD and KELL genotyping.

Material and methods: We tested both isolation procedures in 76 cffDNA samples by Real-Time and capillary electrophoresis.
Together 200 control samples were used for genotype assessment. Optimization and calibration of RHD and KELL genotyping (KEL1/KEL2 —
positive/negative) was done using Real-Time PCR and by capillary electrophoresis minisequencing .

Results: There were found significant differences in the yield of cell free fetal DNA between the tested cffDNA isolation methods (Graph 1, 2). Low
efficiency of magnetic particles can be caused by stronger bond fragmented fetal DNA to magnetic particles or conversely by weaker binding to
magnetic particles and washing out during the isolation procedure. Silicagel membrane based method for isolation of cffDNA shorter molecules is more
suitable than the magnetic particle one. If cfDNA was successfully detected by both methods, the amount of DNA has correlated to each other (Graph
3).

TagMan based Real Time PCR was able to detect 0,22% of artificial RHD +/- and KEL1 admixture (Graphs 4, 5, 6). Disadvantage of this approach Is
fluorescent background particularly in KELL negative samples (Graph 6).

Minisequencing (SNaPshot) based guantification was able to detect 0,22% of artificial RHD +/- and 1,7% of artificial KEL1 admixtures (Graphs 7, 9;
Pictures 1, 3).

In addition, SNaPshot assay Is suitable for heterozygozity from homozygozity recognition (Graph 8, Pictures 2, 3).

Both methods are able to clearly distinguish fetal genotype.

Corelation of cff DNA guantity between capillary electrophoresis

Ny Real-Time PCR o QF PCR - capillary electrophoresis 2000 andi Real Tlmg PCR qua.nt|f|cat|on.
. p<1o_-6 N p<10-° Spearm apS R=0,52
10 | (Wilcoxon paired test) 6000 } \ (Wilcoxon paired test) - 6000 | p<4.10
0s | 5000 | “ 5000 |
z S
£ 4000 | P _
06 | 2 = 4000
- &)
: 4
@ 3000 S 3000 |
04} = =
S LL
L 2000 | =
v = 2000 |
02} 2 ©
G &)
© 1000 } o
Y 1000 |
00 }
0l
Ot
0,2
- : : : : : : -1000 : :
Silica based isolation Magnetic particle based isolation Silica based isolation Magnetic particle based isolation 0,0 0,2 0,4 0,6 0,8 1,0
Graph 1: Comparison of silica gel and magnetic particles isolation : i il i i i i Ln of Fluorescence T
b b Je J partl Graph 2: Comparison of silica gel and magnetic particles isolation Graph 3: Correlation of the results of free fetal DNA quantification by
effectiveness by Real-time PCR quantification. effectiveness by capillary electrophoresis quantification capillary electrophoresis and real-time PCR (RT-PCR). The Y axis
shows the Relative fluorescence units obtained from capillary
electrophoresis, X axis shows the fluorescence scanned in Real time
system.
standard Curve standard Curve Standard Curve
) Log fit walues t walues
Log it walues "AC Standards, RSq:0.089 - C And Stand ig fzg _ID asa
I FAhd Standards, RSq:0.974 YA Unknowns g Ll:l:ln::.unggl q-L.
Sl Em.u*.?tn-ﬂaeanzgnﬂnﬁﬂﬁ+31.ﬁ?. Eff. = 100.1% MG, T2 S ITTLOBE + 3398, B = 1002w Fad, = -3.284°LOGE + 40 19, Brf. = 101.6%
33_ ...................... é ....................................... é
- R
E E T T ........................................ %
= = ] : = :
5 L ....................................... 2
3|:|_ ........................ .....................................
Bl o ccococsooooocsocoo oo .......................................
} } 01 _; 10 o.1 1 10
0.1 1 10 ' N _ _ Initial Quantity (relative)
Initial Quantity (relative) Initial Quantity (relative)
Graph 4: RHD comparative quantification using calibration curve by RHD exon 7 Graph 5: RHD comparative quantification using calibration curve by RHD exon 10 Graph 6: KELL comparative quantification using calibration curve prepared
from KEL1 and KEL2 samples
RHD and AMEL SNaPshot multiplex in artificial RHD genotypes resolution by RHD and AMEL Artificial genotype mixture KELL positive homozygote
genotype mixture (male RHD +/- in female RHD-/-) SNaPshot multiplex in KELL negative sample
33,00 2,05 70,00
* . '
30,00 60,00 | O
|
2,00 [ |
25,00 = 50,00
) ~ = o 4+ —o— KEL2/KEL1
E 20,00 9 o = B 40,00
% £ 3 5 —E— AMELX/KELL
E - — € 3000 | ®
5 15,00 —&— AMELX/RHD7 = = ,
& I8 <-t 190 AMELY/KEL1
= - 20,00
10,00 oc O —jl— Heterozygotes KEL1/KEL2
= 10,00 ¢ -
5,00 ‘0‘ 1,85 N , M I% Ll
te e *oe 'S - 0,00 ¢ ¢ N
0,00 - 0 10 20 30 40 50 60
0 20 40 60 80 100 120 1,80 % of KEL1 in KEL2
% RHD positive in RHD negative sample RHD Heterozygotes RHD Homozygotes
Graph 7 Graph 8 Graph 9
| R . L7%KELLiInKEL2 | =TT T T
[ -y 7] = E KEL2/KEL1
0,22 % RHD+/-inRHD -/- LE R s a A | =
2,6 % KEL1 in KEL
Y e —— | |
1,7 % RHD+/- in RHD -/- ) B EREERERERE To6 9 KELLinKELD 1|3 KEL1/KEL1
= S [ W [ - M 132 % KELLInKEL2 -
2,6 % RHD+/- in RHD -/- e 7 " - —
) KEL2/KEL2
| AMELX AMELY RHD(exon 7) | 7 M44%KELLinKEL2| -
Picture 1 = |

Picture 3

Picture 2 AMELX AMELY RHD (exon 7)



