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    Chapter 26   

 Prenatal Diagnosis of Trisomy 21 by Quantitatively 
Pyrosequencing Heterozygotes Using Amniotic Fluid 
as Starting Material of PCR                     

     Hui     Ye    ,     Haiping     Wu    ,     Huan     Huang    ,     Yunlong     Liu    ,     Bingjie     Zou    , 
    Qinxin     Song     , and     Guohua     Zhou      

  Abstract 

   Allelic ratio of an SNP has been used for prenatal diagnosis of fetal trisomy 21 by MALDI-TOF mass 
spectrometry (MS). Because MALDI-TOF MS is challenging in quantifi cation performance, pyrosequenc-
ing was proposed to replace MS for better quantifi cation of allelic ratios. To achieve a simple and a rapid 
clinical diagnosis, PCR with a high-pH buffer (HpH buffer) was developed to directly amplify amniotic 
fl uid without any step of genomic DNA extraction. By the established assay, 114 samples of amniotic fl uid 
were directly amplifi ed and individually analyzed by the pyrosequencing of fi ve SNPs of each sample; the 
allelic ratios of euploid heterozygotes were thus calculated to determine the cutoff values of prenatal diag-
nosis of trisomy 21. The panel of fi ve SNPs is much high in heterozygosity, and at least one heterozygote 
was found in each of the 114 samples, and 86 % of the samples have at least two heterozygotes in the panel, 
giving a nearly 100 % sensitivity of the assay. By using the cutoff values of each SNP, 20 pre-diagnosed 
clinical samples were detected as trisomy 21 carriers with the confi dence level over 99 %, indicating that 
our method and karyotyping analysis are consistent in results. In conclusion, this pyrosequencing-based 
approach, coupled with the direct amplifi cation of amniotic fl uid, is accurate in quantitative genotyping 
and is simple in operation. We believe that the approach could be a promising alternative to karyotyping 
analysis in prenatal diagnosis.  

  Key words     Pyrosequencing  ,   Amniotic fl uid  ,   Heterozygote  ,   Trisomy 21  ,   SNP  

1       Introduction 

 One of the major contents of prenatal diagnosis is to detect fetal 
chromosomal aneuploidies. Currently,  karyotyping   is the preferred 
test method for fetal trisomy; however, it involves lengthy proce-
dures for culturing amniotic  fl uid   and chorionic villus cells before 
analysis, increasing parental stress during the wait for a culture 
result. With a PCR-based method, a rapid prenatal diagnosis can 
be achieved by using a small amount of specimens as a detection 
target [ 1 – 3 ]. 



304

 As a normal fetus is different from a trisomy 21 fetus in 
genomic copy number of chromosome 21, a method enabling the 
prenatal diagnosis should be able to quantify the copy number of 
chromosomes. Since each chromosome is from a parent, paired 
chromosomes should have many  polymorphisms  ; thus, the allelic 
ratio of a euploid  heterozygote   should be 1:1, while the allelic ratio 
will be 2:1 or 1:2 for a trisomy 21 fetus. Consequently, a  heterozy-
gous SNP   on chromosome 21 can be a diagnostic biomarker of a 
trisomy 21 patient. Quantitative detection of allelic ratios was thus 
proposed by Lo’s research group [ 4 ,  5 ]. The detection was based 
on a single base-extension assay coupled with MALDI-TOF mass 
spectrometry (MS), and the quantifi cation was achieved by calcu-
lating the relative yield of each allele peak in an MS tracing of an 
SNP [ 6 – 8 ]. However, it was found that the data from  MALDI- 
TOF MS   was not so quantitative [ 7 ]. Although the quantitative 
performance of MALDI-TOF MS was improved by using the peak 
height ratio in MS tracings [ 9 ], unlike ESI-MS, MALDI-TOF MS 
is still challenging in quantifi cation. In addition, a mass spectrom-
eter used for the assay should be specifi c to the determination of 
DNA molecules; for the moment, only iPLEX Gold MALDI-TOF 
MS system is available in the market, limiting the wide application 
of this strategy to the clinical screening of Down’s syndrome. 

  Pyrosequencing   is a sequencing-by-synthesis method which is 
based on the bioluminometric detection of inorganic pyrophos-
phate (PPi) coupled with multiple enzymatic reactions. In a pyro-
gram, the relative intensity of each peak is proportional to the 
number of incorporated nucleotides. As only one base species is 
extended at a time, the intensity of each peak is proportional to the 
template amounts incorporated with the dispensed dNTP; hence, 
two peaks with the equal height should appear in a pyrogram for 
an  SNP   if no homogenous region is adjacent to the 
SNP. Consequently, two peaks with the ratio of 1:2 or 2:1 would 
be observed for a trisomy 21 fetus when the SNP of interest is 
located on chromosome 21. 

 Like most molecule diagnostic methods, pyrosequencing still 
requires a  PCR   step to supply enough templates for sequencing 
[ 10 – 12 ]. Conventionally, a  purifi cation process   is necessary to 
extract target DNAs from biological samples before amplifi cation. 
However, DNA extraction is costly and laborious and most impor-
tantly increases the risk of cross-contamination; hence, it is pre-
ferred to develop an amplifi cation method directly using raw 
samples (e.g., blood or amniotic fl uid). Although  amnio-PCR   has 
been successfully developed for amplifying small tandem repeat 
markers on chromosome 21 from uncultured amniotic fl uid, 
pretreatment steps involving cell lysis and pH adjustment are 
still required before amplifi cation [ 13 ,  14 ] .  To avoid complex 
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pretreatment, a novel “HpH buffer”-based  PCR  , which was 
previously developed to directly amplify target DNA from whole 
blood, was proposed for replacing amnio-PCR. It was found that 
amniotic fl uid could be used as starting material of “HpH buffer”-
based PCR. Based on the simplifi ed amplifi cation, prenatal diagno-
sis of trisomy 21 was successfully achieved by calculating the peak 
height ratio of two alleles.  

2      Materials   

     1.     Taq  polymerase was purchased from TaKaRa (Dalian, China).   
   2.    Bovine serum albumin (BSA),  D -luciferin and adenosine 

5′-phosphosulfate (APS), and apyrase VII were obtained from 
Sigma (St. Louis, MO).   

   3.    ATP sulfurylase and  exo   −   Klenow fragment were obtained by 
gene engineering in our lab.   

   4.    Polyvinylpyrrolidone (PVP) and QuantiLum recombinant 
luciferase were purchased from Promega (Madison, WI).   

   5.    2′-Deoxyadenosine-5′-O-(1-thiotriphosphate) sodium salt 
(dATPαS), dGTP, dTTP, and dCTP were purchased from 
Mychem (San Diego, CA).   

   6.    Streptavidin sepharose beads was from GE Healthcare 
(Piscataway, NJ).   

   7.    PCR primers were designed by PyroMark Assay 2.0 and syn-
thesized by Invitrogen Inc., Shanghai, China.      

3     Methods 

       1.    A set of 114 samples was collected from patients who came for 
an amniocentesis after the combination test indicated high risk 
for Down’s syndrome. Samples were obtained with informed 
consent and approval of the Ethics Committee.   

   2.    One milliliter of amniotic fl uid was centrifuged at 10,000 ×  g  
for 10 min ( see   Note 1 ). Remove the supernatant and mix the 
remainder evenly. The concentrated amniotic fl uid was moved 
to a 200-μL tube and heated at 94 °C for 15 min. Three micro-
liter of the treated amniotic fl uid ( see   Note 2 ) was used in a 
50-μL reaction.      

   The SNP information of chromosome 21 was obtained from NCBI 
database. In this study, we selected six SNP loci with a reported 
high heterozygosity in Chinese population: rs464783, rs767055, 
rs914195, rs914232, rs2254522, and rs243609. We also used 
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another panel of six SNPs previously reported by our group: 
rs1053315, rs818219, rs2839110, rs1042917, rs35548026, and 
rs8130833 [ 15 ]( see   Note 3 ).  

       1.    A 50-μL reaction contained 5.35 μL of “HpH buffer” ( see  
 Note 4 ); 200 μmol/L each of dATP, dCTP, dGTP, and dTTP; 
0.4 μmol/L of each primer; and 2.5 U of  Taq  polymerase.   

   2.    We initiated the reaction at 94 °C for 5 min, followed by 35 
cycles of 94 °C for 30 s, 72 °C for 30 s, 55–60 °C for 30 s, and 
a fi nal extension at 72 °C for 7 min.      

       1.    Streptavidin-coated sepharose beads were used to capture bio-
tinylated PCR products. After sedimentation and washing 
steps, purifi ed double-stranded DNA was denatured by alkali 
to yield  ssDNA  .   

   2.    The immobilized biotinylated strand was then annealed with a 
sequencing primer under the condition of 80 °C for 5 min and 
25 °C for 10 min before used as a sequencing template.      

       1.    A 100 μL of  pyrosequencing   mixture contained 0.1 M Tris–HAc 
(pH 7.7), 2 mM EDTA, 10 mM Mg(Ac) 2 , 0.1 % BSA, 1 mM 
DTT, 2 μmol/L APS, 0.4 g/L PVP, 0.4 mM  D -luciferin, 2 
μmol/L ATP sulfurylase, 1.6 U/mL apyrase VII, 18 U/mL  exo   −   
Klenow fragment, and an appropriate amount of luciferase.   

   2.     Pyrosequencing   was performed in a portable bioluminescence 
analyzer (Hitachi, Ltd., Japan) as we previously described 
[ 16 ,  17 ].       

4     Method Validation 

   An approach that amplifi ed DNA directly from whole blood was 
developed by using “HpH buffer” [ 18 ]. To investigate whether or 
not this buffer could be used to amplify DNA from amniotic fl uid 
directly, PCR with conventional PCR buffer (Fig.  1 , lane 1) and 
HpH  buffer   (Fig.  1 , lane 2) were individually performed using 
amniotic fl uid as starting material. As shown in Fig.  1 , the amount 
of amplicons from “HpH buffer” (lane 2) is much larger than that 
from conventional PCR buffer (lane 1), indicating that the PCR 
suppression from components in amniotic fl uid was greatly blocked 
by “HpH buffer.” Although the amount of amplicons in lane 1 
could be used for pyrosequencing, the intensity of peaks in a 
 pyrogram was low. A higher peak intensity is preferred for better 
quantifi cation performance; hence, it is better to concentrate amni-
otic fl uid by centrifugation so as to improve PCR yield by increas-
ing the initial template amount. After centrifugation at 10,000 ×  g  
for 10 min, 90 % of supernatant was removed, and the remaining 
was used for PCR. As shown in Fig.  1  (lane 3), the amount of 
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amplicons was signifi cantly increased, indicating that centrifuga-
tion could effi ciently increase the amount of initial genomic DNA 
for PCR. Conventionally a process that lyses cells at a higher tem-
perature could increase the amount of PCR templates. Lane 4 in 
Fig.  1  further indicated that the PCR yield was remarkably increased 
after a preheating step in addition to the centrifugation of amniotic 
fl uid. Therefore, “HpH buffer” could be used for effi ciently ampli-
fying target DNA sequence from amniotic fl uid directly.

      As the concentration of fetus cells varies greatly among different 
amniotic fl uid samples, it is necessary to investigate the effect of 
 template amounts   on PCR yields. As shown in Fig.  2 , the amount 
of amplicons that was suffi cient for pyrosequencing could be 
obtained from the amplifi cation of different volumes (ranging 
from 0.5 to 5 μL) of tenfold concentrated amniotic fl uid. To get a 
reproducible result, a higher volume is preferred; thus, 3 μL of 
concentrated amniotic fl uid in a 50-μL PCR reaction was used rou-
tinely. This means that a PCR assay needs 30 μL of raw amniotic 
fl uid. If a triple detection is performed, around 0.1 mL of raw 
amniotic fl uid will be required for an SNP assay; hence, 1 mL of 
raw amniotic fl uid is enough for an assay with a panel of ten SNPs. 
Usually, 10 mL of raw amniotic fl uid is needed for karyotyping. 
Therefore, our method requires only one-tenth of the amount of 
raw amniotic fl uid in a karyotyping assay.

4.2  Investigation 
of the Effect 
of Template Amounts 
on PCR Yield

500 bp
400 bp
300 bp
200 bp
150 bp
100 bp
50 bp

N 1 2 3 4 M

  Fig. 1    Gel  electropherograms   of amplicons using conventional PCR buffer ( lane 1 ) 
and “HpH buffer” ( lanes 2–4 )  lane N : Blank control;  lane 1 : PCR with conventional 
PCR buffer by using raw amniotic fl uid;  lane 2 : PCR with “HpH buffer” by using 
raw amniotic fl uid;  lane 3 : PCR with “HpH buffer” by using concentrated amniotic 
fl uid;  lane 4 : PCR with “HpH buffer” by using concentrated and preheated amni-
otic fl uid;  lane M : DNA markers       
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      As the proposed method is based on the allelic ratio of an  SNP   in a 
pyrogram, the heterozygosity of an SNP should be high in the pop-
ulation. At fi rst, we selected six SNPs from the NCBI database with 
a heterozygosity over 40 % in the Chinese population and a panel of 
six SNPs from reported information with a population coverage of 
92.9 % in Chinese. After 20 individual blood samples were geno-
typed by pyrosequencing, fi ve SNPs with the highest heterozygos-
ity were selected out of 12 SNPs for further study. Before being 
used as markers for prenatal diagnosis of trisomy 21, this panel of 
fi ve SNPs was typed for 114 samples of amniotic fl uid by using 
“HpH buffer”-based PCR and pyrosequencing. As shown in Table 
 1 , the heterozygosities were between 0.421 and 0.589. In these 
114 samples, it was found that at least one heterozygote appeared 
in each sample, and 86 % of samples had at least two heterozygotes, 
giving a 100 % heterozygote coverage; thus, the selected panel of 
SNPs can be a marker for prenatal diagnosis of trisomy 21. Although 
the allele frequency of SNP 4 is the lowest one in the fi ve according 
to Table  2 , the sensitivity (population coverage) will be decreased 
without SNP 4. For example, 99.1 % (113/114) of samples were 
covered by at least one heterozygote without SNP 4 in the panel. 
In addition, the number of samples with at least two heterozygotes 
decreased from 98 to 83 without the use of SNP 4. Therefore, SNP 
4 should be included in the panel.

       In a pyrogram, the  allelic ratio   of an SNP should be close to 1 if no 
homogenous sequence exists around the SNP locus. However, this 
ratio may fl uctuate with a target sequence; it is not a problem for 
SNP typing, but it may be problematic for the accurate 

4.3  Selection of  SNP 
Markers   for Prenatal 
Diagnosis of Trisomy 21

4.4  Cutoff Values 
of Allelic Ratios 
for Prenatal Diagnosis 
of Trisomy 21
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  Fig. 2    Gel electropherograms of amplicons using different  template amounts  . 
 Lane N : Blank control;  lane M : DNA markers       
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determination of an allelic ratio, particularly for an SNP close to a 
homogenous region. In the selected fi ve SNPs, the expected allelic 
ratios are 1, 3, 3, 1, and 1 for SNP 1, SNP 2, SNP 3, SNP 4, and 
SNP 5, respectively. To investigate whether the observed values of 
each allelic ratio were close to the expected values, the fi ve SNPs in 
94 euploid samples were detected by pyrosequencing, and the cor-
responding allelic ratio of every heterozygote was calculated for 
each SNP. As a small amount of PPi (due to the decomposition of 
dNTPs) may exist in dNTPs, each dNTP was dispensed twice, and 
a peak height was then calculated by subtracting the noise at the 
second dNTP dispensation from the signal at the fi rst dNTP 

   Table 1  

   Allele frequency   of the fi ve SNPs from 114 samples   

 SNP  Allele  Genotype frequency  Allele frequency  Heterozygosity 

  SNP 1   T/C  TT: 0.351 
 C/T: 0.526 
 CC: 0.123 

 T: 0.614 
 C: 0.386 

 0.526 

  SNP 2   T/C  TT: 0.333 
 C/T: 0.518 
 CC: 0.149 

 T: 0.592 
 C: 0.408 

 0.518 

  SNP 3   T/C  TT: 0.219 
 C/T: 0.588 
 CC: 0.193 

 T: 0.513 
 C: 0.487 

 0.589 

  SNP 4   G/A  GG: 0.421 
 G/A: 0.421 
 AA: 0.158 

 G: 0.632 
 A: 0.368 

 0.421 

  SNP 5   A/G  AA: 0.377 
 G/A: 0.448 
 GG: 0.175 

 A: 0.601 
 G: 0.399 

 0.447 

    Table 2  

  Cutoff values of each SNP assay in euploid  heterozygous   samples   

 SNP 
 Expected allelic 
ratio 

 Observed allelic ratio (mean 
value ± SD,  n  a ) 

 Cutoff values (mean 
value ± 1.96 SD) 

 SNP 1  1 (T:C)  1.06 ± 0.09, 50  0.88 ≤ cutoff value ≤ 1.23 

 SNP 2  3 (C:T)  2.91 ± 0.19, 43  2.54 ≤ cutoff value ≤ 3.28 

 SNP 3  3 (T:C)  2.98 ± 0.18, 53  2.63 ≤ cutoff value ≤ 3.33 

 SNP 4  1 (G:A)  0.86 ± 0.11, 42  0.64 ≤ cutoff value ≤ 1.08 

 SNP 5  1 (G:A)  0.82 ± 0.06, 36  0.70 ≤ cutoff value ≤ 0.94 

   a n is the number of heterozygotes in 94 samples  
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dispensation. The allelic ratio was the height ratio of two allele- 
specifi c peaks in a pyrogram. As shown in Table  2 , the average 
observed allelic ratios of each SNP were 1.06, 2.91, 2.98, 0.86, 
and 0.82 for SNP 1, SNP 2, SNP 3, SNP 4, and SNP 5, respec-
tively. As described in Ref. [ 7 ], the cutoff value of each SNP was 
calculated as the mean heterozygote allelic ratio ± [1.96 × SD]. The 
intervals of cutoff value were [0.88, 1.23], [2.54, 3.28], [2.63, 
3.33], [0.64, 1.08], and [0.70, 0.94], respectively, and it was 
found that 95.5 % of detected allelic ratios fell within these inter-
vals. Therefore, it is possible to employ these cutoff values for the 
discrimination of trisomy 21 fetus.  

   With the cutoff values of each SNP, 20 samples, which were 
diagnosed as trisomy 21 carriers, were detected by pyrosequenc-
ing. The typical pyrograms of the fi ve SNP loci for a euploid het-
erozygote and two types of trisomic heterozygotes are shown in 
Fig.  3 . It was found that at least two heterozygotes were detected 
for each trisomic sample. The detected allelic ratios of all hetero-
zygotes for 20 samples were out of the cutoff value intervals in 
Fig.  4 , indicating that these samples were signifi cantly different 
from euploidies. To further investigate the confi dence level of 
detected results,  Z- scores were employed and calculated by the 
formula of “ Z- score = (the detected allelic ratio of a sample − the 
mean allelic ratio of euploid heterozygotes)/SD of the mean 
allelic ratio of heterozygotes.” The larger the  Z- score is, the higher 
the degree of confi dence level is. Further study showed that the 
low  Z- score of sample no. 20 was due to its low signal intensity in 
the pyrogram, and this was overcome by increasing the template 
amount of pyrosequencing. Conventionally, there was more than 
one heterozygote in a sample; therefore, the accuracy of trisomy 
21 discrimination would not be affected if the  Z- score of only one 
heterozygote was not desirably high. The coherence between 
karyotyping analysis and our proposed method indicated that our 
method could be a promising alternative to karyotyping analysis 
in prenatal diagnosis.

5          Technical Notes 

     1.    Conventionally, a process that lyses cells at a higher tempera-
ture could increase the amount of PCR templates [ 19 ,  20 ]. 
Our result obtained from real-time PCR showed that preheat-
ing at 94 °C for 15 min gave a 100-fold increase of starting 
template amount.   

   2.    To get a reproducible result, a higher volume is preferred; 
thus, 3 μL of concentrated amniotic fl uid in a 50 μL PCR reac-
tion was used routinely. This means that a PCR assay needs 30 
μL of raw amniotic fl uid. If a triple detection is performed, 

4.5  Genotyping 
Trisomy 21  Samples  
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around 0.1 mL of raw amniotic fl uid will be required for an 
SNP assay.   

   3.    PCR primers were designed by PyroMark Assay 2.0 and syn-
thesized by Invitrogen Inc., Shanghai. To simplify the name of 
each selected SNP, rs767055, rs914195, rs914232, rs2254522, 
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  Fig. 3    Typical pyrograms of heterozygotes with different  allelic ratios   for the fi ve SNPs, respectively       
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