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Background

Although many molecular diagnostic methods have been used for ABO genotyping, there are few reports on the full-length genomic sequence analysis of the ABO gene. Recently, next-generation sequencing (NGS) has been shown to provide fast and high-throughput results and is widely used in the clinical laboratory. Here, we established an NGS method for analyzing the sequence of the start codon to the stop codon in the ABO gene.



Study Design and Methods

Two pairs of primers covering the partial 5’-untranslated region (UTR) to 3’-UTR of the ABO gene were designed. The sequences covering from the start codon to the stop codon of the ABO gene were amplified using these primers, and an NGS method based on the overlap amplicon was developed. A total of 110 individuals, including 88 blood donors with normal phenotypes and 22 ABO subtypes, were recruited and analyzed. All these specimens were first detected by serological tests and then determined by polymerase chain reaction sequence-based typing (PCR-SBT) and NGS. The sequences, including all the intron regions for the specimens, were analyzed by bioinformatics software.



Results

Among the 88 blood donors with a normal phenotype, 48 homozygous individuals, 39 heterozygous individuals, and one individual with a novel O allele were found according to the results of the PCR-SBT method. Some single-nucleotide variants (SNV) in intronic regions were found to be specific for different ABO alleles from 48 homozygous individuals using the NGS method. Sequences in the coding region of all specimens using the NGS method were the same as those of the PCR-SBT method. Three intronic SNVs were found to be associated with the ABO subtypes, including one novel intronic SNV (c.28+5956T>A). Moreover, six specimens were found to exhibit DNA recombination.



Conclusion

An NGS method was established to analyze the sequence from the start codon to the stop codon of the ABO gene. Two novel ABO alleles were identified, and DNA recombination was found to exist in the ABO alleles.
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Introduction

ABO is the most important blood group system in clinical transfusion medicine (1). The ABO gene is located on chromosome 19 and is approximately 20 kb from the start codon to the stop codon, including a 1062 bp coding region and various length intronic regions. Many molecular diagnostic tests have been developed to identify ABO alleles (2–11). To date, more than 300 different ABO alleles have been characterized (12). However, the sequence from the start codon to the stop codon of the ABO gene, including intronic regions, has rarely been reported.

Polymerase chain reaction specific sequence primer (PCR-SSP) (13), PCR sequence-based typing (PCR-SBT) (10, 14–18), gene-chip (19, 20), and next-generation sequencing (NGS) methods (21–24) have been used for ABO genotyping. The PCR-SBT method has advantages in finding new variants. Most of the current PCR-SBT methods focus on the sequencing of exons 6 and 7 of the ABO gene, which is the most polymorphic coding region in the ABO gene. A method for sequencing exons 1 to 7 of the ABO gene by the PCR-SBT method was also established, which has been used to discriminate some ABO subtypes (18). However, no variants have been found in the exonic regions and splice sites in some ABO subtypes, indicating that certain variants may exist in other regions of the ABO gene. Takahashi et al. developed a long-range PCR (LR-PCR) with peptide nucleic acid (PNA) technology for ABO genotyping and found a single nucleotide variant (SNV) in intron 1 associated with the Am subtype by direction sequencing (25). Therefore, it is necessary to establish an alternative method for analyzing the full-length sequences of the ABO gene.

The development of NGS has changed the landscape of molecular diagnostic testing, and this method is widely used in the clinical laboratory field due to its fast and high-throughput properties (21–24). Fichou et al. reported the application of the NGS method for red blood cell (RBC) genotyping by the Ion Torrent platform in 2014 (21). In addition, a study from the German marrow donor center revealed ABO allele frequencies based on the sequence of exons 6 and 7 by the NGS method (22). Wu et al. reported resolving heterogeneity in donors with serology discrepancies using targeted NGS (23). Moreover, NGS technology has been used in other systems, such as JK, KEL, and FY (26) analysis. Recently, Tounsi et al. used LR-PCR with NGS to obtain the complete sequences of RHD genes (27). Our lab reported a new method for analyzing the full genomic sequence from the start codon to the stop codon of the ABO gene and found six splice site variations (28). In this study, we detected various specimens from blood donors and patients by the LR-PCR NGS method.



Materials and Methods


Specimen Collection and Study Design

Eighty-eight individuals with different ABO group phenotypes were selected from voluntary blood donors in the Blood Center of Zhejiang Province, China. In addition, 22 ABO subtypes were analyzed, which were previously collected from blood donors in the Blood Center of Zhejiang Province or from patients in the hospitals of Hangzhou City, China. Peripheral blood specimens were collected in 5 ml tubes with EDTA anticoagulant for serological testing and molecular diagnosis. This study was approved by the Ethical Scientific Committee of Zhejiang Provincial Blood Center, China. Informed consent was obtained from all participants.


Serological Analysis



Four Common ABO Phenotypes in 88 Individuals

The ABO forward and reverse grouping for 88 blood donors was performed by a microplate test on an automatic analyzer (PK7300, Beckman Coulter, Inc., S. Kraemer Boulevard Brea, CA, USA) using monoclonal anti-A and anti-B reagents (Shanghai Hemo-pharmaceutical & Biological, Shanghai, China) and A and B red cells according to our previous reports (18, 29).



Serological Analysis for ABO Subtypes

These individuals were initially subjected to ABO grouping according to our previous reports (18, 29). All variant samples were found with ABO serological grouping discrepancies, and anti-A, anti-B, anti-A1, anti-A,B, and anti-H were added to test in tubes for ABO-related antigens. If necessary, the adsorption-elution test was used to detect weak antigens as documented in the AABB technical manual (30). ABO subtypes were classified according to serological characteristics (30).




Genomic DNA Extraction

Genomic DNA (gDNA) was extracted from peripheral blood specimens using an automatic nucleic acid extraction instrument according to the manufacturer’s instructions (Roche Diagnostics Inc., Shanghai, China). The optical density ratio of DNA was determined by a spectrophotometer (NanoDrop, Thermo Fisher Scientific, Inc., Shanghai, China). A final concentration of 30 ng/μl gDNA was prepared and stored in Tris-EDTA buffer (Roche Diagnostics Inc., Shanghai, China) for further experiments.



Sequencing the Coding Region of the ABO Gene With the PCR-SBT Method

The coding region sequence of the ABO gene was analyzed as previously described (29). Briefly, exons 1 to 7 of the ABO gene were amplified and sequenced bidirectionally using a Bigdye Terminator Cycle v3.1 Sequencing kit (Applied Biosystems, Foster City, CA, USA). The sequence data were analyzed by Seqscape 2.5 software (Applied Biosystems, Foster City, CA, USA) and assigned for the ABO allele according to the nucleotide sequence of the polymorphic position based on the standard of the red cell immunogenetics and blood group terminology of the International Society of Blood Transfusion (ISBT).



Analysis of the Sequence From the Start Codon to the Stop Codon of the ABO Gene Using Next-Generation Sequencing

Two pairs of primers were designed according to the sequence of the ABO gene (GenBank ID: NG_006669.2). The primer sequences are listed in Table 1. The overlapping amplicons (12.8 kb and 8.7 kb) from the primer pairs covered the sequence from the start codon to the stop codon (Figure 1). In brief, the sequence of the ABO gene was first amplified by a long fragment amplification technique. All PCRs were optimized by performing in 25 μl volumes containing approximately 100 ng of genomic DNA in 5×GXL PCR buffer, 0.5 μmol/L of each primer, 200 μmol/L of each dNTP, 2.0 mmol/L MgCl2, and 0.625 units of GXL-Taq DNA polymerase (TaKaRa, Dalian, China). The amplification was performed on an ABI PCR 9700 instrument (Applied Biosystems). After purification by the Agencourt AMPure XP (Beckman Coulter Inc., Carlsbad, CA, USA) according to the manufacturer’s instructions, the two amplicons were quantified using the Qubit double-stranded DNA High Sensitivity assay kit (Life Technologies, Shanghai, China) to create an equimolar pool, which ensured an equal depth of coverage across the ABO gene. The library for the amplicon was prepared with a TransNGS Tn5 DNA library Prep Kit (TransGen Biotech Inc., Beijing, China) and was sequenced with MiSeq reagent cartridge v2 for 300 cycles (Illumina, Inc., San Diego, CA, USA). The reagent cartridge and flow cell were placed on the Illumina MiSeq for cluster generation and 2 ×150 bp paired-end sequencing. All the sequencing data in FASTQ format were analyzed by CLC Genomics workbench 20.0 (Qiagen, Shanghai, China) with default settings, mapping to the reference of ABO*A.01.01 (GenBank ID: NG_006669.2), and the genotypes of the specimens were assigned according to the nucleotide sequences. ABO variant detection was performed on a minimum coverage of 50 and analyzed on a single-base basis considering different parameters, including number and percentage of reads and nucleotide count. The average coverage for partial samples is shown in Supplementary S1.


Table 1 | Oligonucleotide primers used for ABO LR-PCR amplification.






Figure 1 | Amplify the sequence of the ABO gene by LR-PCR technology. Two pairs of primers with the coverage from 5’-UTR to 3’-UTR of the ABO gene were designed. Two overlap amplicons with the length of 12.8 kb and 8.7 kb were amplified respectively. The schematic drawing of ABO gene cited from reference [34].






Results


The Coding Sequence of the 88 Individuals With Four Common ABO Phenotypes and a Novel O Allele Were Identified

In total, 29 group A, 26 group B, 28 group O, and five group AB blood donors were chosen (Table 2), which were not randomly collected from the blood donors. In the serological typing, the results of ABO forward grouping were consistent with the reverse grouping for all samples. The genotypes of these samples are listed in Table 2, including 48 homozygous samples (the numbers of ABO*A1.02/ABO*A1.02, ABO*B.01/ABO*B.01, ABO*O.01.01/ABO*O.01.01, and ABO*O.01.02/ABO*O.01.02 were 12, 15, 13 and 8, respectively), 39 heterozygous samples (the numbers of ABO*A1.02/ABO*O.01.01, ABO*A1.02/ABO*O.01.02, ABO*A1.01/ABO*A1.02, ABO*A1.01/ABO*O.01.01, ABO*B.01/ABO*O.01.01, ABO*B.01/ABO*O.01.02, ABO*O.01.01/ABO*O.01.02, and ABO*A1.02/ABO*B.01 were 8, 6, 1, 2, 5, 6, 6, and 5, respectively) and one individual with one ABO*O.01.01 allele. Compared to the ABO*O.01.01 allele, the novel ABO*O allele has a G>A variant at position 964 of exon 7, which could not change the amino acids due to the existence of c.261delG (resulting in p. Thr88Profs*31) in the ABO*O.01.01 allele. The nucleotide sequence of this novel allele has been submitted to GenBank (accession number OL348386).


Table 2 | The results for 88 individuals with four common ABO phenotypes.





Some SNVs in Intronic Regions Were Specific for Different ABO Alleles Using NGS

To explore the polymorphism of some SNVs in the intronic region, the sequences of the 48 individuals with homozygotes were first analyzed using the NGS method. Compared to the sequence of ABO*A1.01, the number of polymorphism sites in the intronic region was 4, 32, 97, and 113 in the 12 individuals with ABO*A1.02/ABO*A1.02, 14 individuals with ABO*B.01/ABO*B.01, 13 individuals with ABO*O.01.01/ABO*O.01.01, and eight individuals with ABO*O.01.02/ABO*O.01.02, respectively; see the details in Supplementary S2. However, one individual with the ABO*B.01/ABO*B.01 genotype was found to exhibit allele recombination, which is described in the subsequent section in detail.

Some SNVs were specific for different ABO alleles. Twelve, 10, and 35 SNVs were associated with ABO*B.01, ABO*O.01.01, and ABO*O.01.02, respectively, which are listed in Table 3. The raw data for all the intronic SNVs are also shown in Supplementary S2. All of these specific intronic SNVs were also confirmed in 39 other heterozygous specimens by NGS.


Table 3 | The Nucleotide change of intronic sequences for different ABO allotypes.





The Ability of the NGS Method for Variant Identification in the Coding Region Was the Same as That of the PCR-SBT Method

Among the 22 ABO subtypes, 17 individuals with variations in the coding region have been previously found using the PCR-SBT method (Table 4). All variation sites in exonic regions of these specimens were also detected using the NGS method. Among them, two A3 specimens showed a deletion of G at position 106 in exon 3 (16), and four B3 specimens and one AB3 specimen showed a G>A variant at position 28 in exon 1. The variants of other specimens were located in exon 7, including 389T>C (18), 410C>T (17), 467C>T, 539G>C (7), 541T>C (9), 700C>G (4), 701C>T (12), 721C>T, 803G>C (2), and 940A>G (11).


Table 4 | The results of the 17 ABO subtypes with variations in the coding region by Sanger sequencing and NGS method.





One Novel Intronic SNV for ABO Subtype Specimens Was Identified

Among the 22 ABO subtypes, five individuals lacked variation in the exons or splice sites by PCR-SBT in the previous study (Table 5). However, some variations were found in an erythroid cell-specific regulatory element in intron 1 using the NGS method in these individuals. As shown in Figure 2, c.28+5872C>T was found in two specimens with the B3 and AB3 phenotypes, c.28+5882C>T was found in two specimens with the Bweak and ABweak phenotypes, and c.28+5956T>A was found in the specimen with the A3 phenotype (Table 5). c.28+5956T>A was a novel intronic SNV and was first found in the ABO variant. Further, this novel SNV was found on the same sequencing read that does not contain SNVs for the B or the O allele, indicating it could be assigned on A allele. The locations of the three variations in the first intron 1 sequence are shown in Figure 2. The SNVs in the intronic region for five individuals are shown in Supplementary S3.


Table 5 | The results of the five ABO subtypes with no variations in the coding region by NGS method.






Figure 2 | Three variations are located in the first intron of the ABO gene. The wild-type sequence between c.28+5856 and c.28+5958 in Intron 1 of the ABO is shown at the top. The motifs for GATA and RUNX1 are indicated by overbars. In alignment with the wild-type sequence, three variants are shown in red.





Allele Recombination Was Found in the ABO Specimens

Six specimens, including one homozygous individual (ABO*B.01/ABO*B.01) and five individuals with ABO subtypes, may exhibit allele recombination. A diagram for the recombination events of these specimens is shown in Figure 3. ABO*Brec1 was found in the ABO*B.01/ABO*B.01 homozygous individual. According to the sequences of this sample, the recombination event could be inferred within the span from c.29-86G>A to c.29-1053_29-1037del. c.29-86G>A located in the intron 1 is specific for ABO*B.01 allele, and the sequences seemed to be split into two parts at this specific SNV. The former part was heterozygous for ABO*B.01/ABO*O.01.01 and the latter part was homozygous for ABO*B.01/ABO*B.01, see the detail in Supplementary S4. Therefore, one of the B alleles in this individual was found to recombine from ABO*O.01.01 and ABO*B.01.




Figure 3 | Schematic diagram of ABO allele recombination for two specimens. ABO*Brec1 represents the result of allele recombination for the one homozygous individual (ABO*B.01/ABO*B.01). The intron 1 of the ABO*Brec1 allele has the characteristics of the ABO*O.01.01 but sequence from exon 2 to exon 7 has characteristics of the ABO*B.01, and the recombination event maybe happen from c.29-86G>A and c.29-1053_29-1037del. ABO*Brec2 represents the result of allele recombination for the specimen with the ID of 19047. According to the sequence of the ABO*Brec2 allele, the sequence from intron 1 to intron 5 has the characteristics of the ABO*O.01.01 but the sequences from exon 6 to exon 7 have characteristics for ABO*B.01. The recombination event maybe happens from c.240-219G>A to c.240-25A>G.



ABO*Brec2 was found in the sample ID 19047 with the genotype of ABO*B3.10/ABO*O.01.01 and other four individuals with ABO*B3.10 allele. The sequences of exons 6 to 7 were heterozygous for ABO*O.01.01 and ABO*B.01 in the ID 19047, but many SNV sites from intron 1 to intron 5 were homozygous, and the SNV characteristics were related to ABO*O.01.01. The recombination event maybe happens between c.240-219G>A and c.240-25A>G because these two SNVs were specific for the ABO*O.01.01 and ABO*B.01 alleles, respectively (Table 3). The heterozygosity of another sample ID 19004 with the genotype of ABO*B3.10/ABO*O.01.01 was almost identical to the sample ID 19047 except for partial sequences located in intron 1. However, in one sample ID 19032 with the genotype of ABO*A.01.02/ABO*B3.10 and two individuals (ID19048 and ID19008) with the genotype of ABO*B3.10/ABO*O.01.02 may also exhibit allele recombination due to some SNVs were homozygous or heterozygous in the intronic region, which was indicated in red in Supplementary S4, but the exact region was not well inferred based on the untypical data.




Discussion

Although NGS methods for ABO genotyping have been reported (21–23), most of them cannot analyze the sequence of the full intronic regions. However, in this study, a method for detecting the sequence of the ABO gene with coverage from the start codon to the stop codon was successfully established using the NGS platform. Because the genomic full length of the ABO gene is over 20 kb with a length of intron 1 over 13 kb, it is difficult to amplify the full-length sequence of the ABO gene using one pair of primers. Therefore, two pairs of primers were designed to amplify two overlapping amplicons, which covered the sequence from the start codon to the stop codon of the ABO gene. Following sequence analysis using the NGS method, all sequences from the start codon to the stop codon of the ABO gene could be successfully assigned. A total of 110 specimens were detected using the NGS method, and the results were the same as those of the PCR-SBT method according to the sequence of the coding region, which suggested that the established NGS method was accurate.

Specific SNVs in intronic regions for various ABO alleles have rarely been reported. Here, we first found that some SNV sequences were associated with three common alleles, including ABO*B.01, ABO*O.01.01, and ABO*O.01.02. The ABO*O.01.02 allele had the most specific SNVs among three common alleles and the most specific sites for ABO*O.01.02 allele were located in the intron 4 region. These specific SNVs can be used to design primers for single allele amplification and analysis, to help assign ABO alleles and analyze the possibility for allele recombination.

The ABO subtype specimens were also detected using the NGS method, and the sequences of the coding regions were the same as those detected by PCR-SBT. Interestingly, three variants (c.28+5872C>T, c.28+5882C>T, and c.28+5956T>A) in the region of intron 1 were found in five ABO subtype specimens, and no variants were found in the exon or splicing sites. Previous studies have reported that there is an erythroid cell-specific regulatory element (+5.8 kb) in intron 1 of the ABO gene, which is responsible for ABO antigen differential expression (25, 31–38). A variant +5904C>T of the RUNX1 site in the erythroid cell-specific regulatory element was identified in our previous study (34), which could decrease antigen B expression to form the B subtype. In this study, c.28+5872C>T (previously +5904C>T) was found in three specimens with the B3 phenotype, which was consistent with a previous report (34). c.28+5882C>T around the RUNX1 motif was also found in two specimens with the Bweak phenotype, which could decrease antigen expression (37). In addition, a novel variant c.28+5956T>A was first identified in a specimen with the A3 phenotype in this study. However, we did not test the function of the variant in vitro, and the mechanism by which this variant causes antigen A weakening remains to be further studied.

Allele recombination refers to the exchange of genes controlling different biological traits during sexual reproduction, which does not produce new genes but can produce new genotypes (38–41). Usually, the two DNA strand recombination should be complementary, and the bases near the recombination fracture site should be complementary. The recombination of human leukocyte antigen (HLA)-A/C in two Han families has been reported in our laboratory, which is an important mechanism for HLA evolution (40). Nakajima et al. reported that the recombination of different introns occurred in the ABO alleles (38). Therefore, investigating the ABO allele recombination is significant to understanding the mechanism of ABO evolution. However, there are few studies on ABO allele recombination due to a lack of sequences of the intron regions and specific SNVs of the various alleles. In this study, we found that allele recombination occurred not only in serologically normal specimens but also in specimens with ABO subtypes, and the mechanism of ABO allele recombination needs further investigation by pedigree surveys. Cai et al. reported that c.28G>A may cause a B3-like subgroup by affecting RNA splicing of the ABO gene (42). However, all individuals with c.28G>A in our study had one allele recombination event. Therefore, the molecular mechanism of these five ABO subtypes needs to be further studied.

However, this NGS method cannot be completely used for ABO haplotyping, and it is necessary for some specific samples containing new variants to be detected using many different methods, such as cloning technology or allele-specific primer amplification sequencing. In conclusion, an NGS method for sequencing from the start codon to the stop codon of the ABO gene has been established. The specific SNV sites for common ABO alleles were obtained by detecting homozygous specimens with normal phenotypes. Moreover, two novel ABO alleles were identified, and two events of allele recombination were found to occur in the ABO gene.
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Supplementary S1 | The average of coverage for 94 samples with the same run.

Supplementary S2 | The raw data included the nucleotide change of intronic sequence for 47 individuals with homozygotes by the NGS method. Sheet 1 is for the 12 individuals with ABO*A1.02/ABO*A1.02, Sheet 2 is for 14 individuals with ABO*B.01/ABO*B.01, Sheet 3 is for the 13 individuals with ABO*O.01.01/ABO*O.01.01, and Sheet 4 is for eight individuals with ABO*O.01.02/ABO*O.01.02. In the “Type” column, SNV represents single-nucleotide variant and MNV represents multi-nucleotide variants.

Supplementary S3 | The raw data included the nucleotide change of intronic sequence for five ABO subtypes with no variations in the coding region by the NGS method. Each sheet is named by the sample ID. The nucleotide changes of the intronic sequence were marked in red color.

Supplementary S4 | The raw data included the nucleotide changes of the entire ABO genomic region for six samples with allele recombination. Each sheet is named by the sample ID. The regions where the recombination events happened were marked in red color.
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1 ABO*B.01/ABO*B.01 C.28+4282A>G Intron 1 3 ABO*0.01.02/ ¢.156-389A>G Intron 3
©.28+6120T>C Intron 1 ABO’0.01.02 ©.166-208C>T Intron 3
€.29-4732T>G Intron 1 ¢.156-174T>C Intron 3
€.29-4604G>A Intron 1 ©.156-95C>T Intron 3
€.29-3924C>T Intron 1 ©.203+28G>C Intron 4
C.29-86G>A Intron 1 ©.203+72_203+73insGTGTGGACAGAAG Intron 4
C.240-25A>G Intron 5 ©.203+114C>T Intron 4
C.374+42G>T Intron 6 ©.203+163G>A Intron 4
C.374+27T1A>G Intron 6 €.203+215_203+216delinsGC Intron 4
©.374+280C>T Intron 6 ©.203+346T>G Intron 4
©.375-425A>G Intron 6 €.203+738T>G Intron 4
©.375-152G>A Intron6 €.204-511C>T Intron 4
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€.240-219G>A Intron 5 ©.240-28G>A Intron 5
©.374+163C>T Intron 6 C.374+89T>A Intron 6
©.375-269G>A Intron 6 ©.374+188G>A Intron 6
3 ABO*0.01.02/AB0O*0.01.02 ©.28+175C>T Intron 1 ©.374+226C>T Intron 6
©.29-554A>C Intron 1 ©.374+235C>G Intron 6
©.29-286A>C Intron 1 ©.374+493T>C Intron 6
¢.165+205C>T Intron 3 €.375-336G>A Intron 6
¢.165+479C>T Intron 3 ©.375-42A>G Intron 6
C.165+525A>T Intron 3 ©.375-40G>A Intron 6
€.156-483T>C Intron 3

*ABO allele nomenclature.
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Primer name Sequence (5-3) Coverage Size, kb PCR parameter

ABO1 longF GCTTCCAGC GGCTATG 5-UTR~Intron 1 12.8 94°C,1 min/

ABO1 longR GTGACCACGGAGCGATTTAT 30 cycles for 98°C,10 s; 68°C, 10 min
ABOe27longF GGATTAACAATGGCGTGCTT Intron 1~3-UTR 87

ABOe27longR GGACGGACAAAGGAAACAGA
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Sample ID Phenotype Forward Reverse Genotype Nucleotide change GenBank ID Location

Anti-A Anti-B Anti-A,B Anti-A1 Anti-H Acell Bcell

19053 As mf 0 mf mf 4+ 0 4+ ABO'A1.02/ABO"0.01.02 ©.28+5956T>A" OL339339  Intron 1
18121 Bs 0 mf mf 0 3+ 3+ 0 ABO*B.01/ABO*0.01.01 ©.28+5872C>T* 0OL339341 Intron 1
18103 AB3 4+ mf 4+ 4+ 3+ 0 0 ABO’A1.02/ABO*B.01 €.28+5872C>T" 0OL339341 Intron 1
19010 Bw 0 3+ 3+ 0 4+ 4+ 0 ABO'B.01/AB0O*0.01.01 ©.28+5882C>T" 0OL339342 Intron 1
19013 AB, 4+ 1+ 4+ 4+ 3+ 0 0 ABO’A1.02/ABO"B.01 €.28+5882C>T" 0OL339342 Intron 1

*All the variants in this Table were described according to the reference sequence of NG_006669.2.





