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 Mutations acquired in the RNA Splicing Factor 3B sub-unit 1 (SF3B1) 

gene encoding are very highly related to the subtypes of ring sideroblasts 

of Myelodysplastic Syndromes (MDS), representing a particular 

nosological body. These mutations have different and contrasting effects 

on clinical outcomes. To identify mutation patterns that affect disease 

phenotype and clinical outcome, we performed a mutation analysis in 50 

MDS patients with the aim of identifying mutation patterns that affect 

disease phenotype and clinical outcome as serum ferritin level. In present 

study, Serum ferritin was measured by using Mini Vidas automated 

immunoassay system based on Enzyme Linked Fluorescent Assay. SF3B1 

mutation detected depend on DNA Sequencing of PCR amplicons and by 

comparing the observed DNA sequences of the investigated samples with 

the retrieved neighboring DNA sequences of the NCBI Blastn engine, the 

virtual positions and other details of the retrieved PCR fragments were 

identified. Then, the dbSNP position for the detected SNP was 

documented in rs3217350 with   TT insertion. Sequencing analysis also 

detected mutant II genotype in 92.5% of patients that associated with 

increase serum ferritin (1003.41ng/ml) in compared with control group or 

patients with wild DD genotype who have low serum level of ferritin 

(81.9828ng/ml and 355.04 ng/ml respectively). In conclusion, mutant II 

genotype act as etiological factor for MDS and significantly associated 

with increase serum level of ferritin. 
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1. INTRODUCTION 

Myelodysplastic syndromes are a collection of myeloid neoplasms marked by inefficient clonal 

hematopoiesis and dysplasia in one or more cell lineages, culminating in cytopenia in the peripheral blood. 

MDS is mostly a disease of the elderly, with a median age of 75 years and less than 10% of individuals 

under the age of 50 [1], [2]. The pathophysiology of MDS is a multistep process that includes cytogenetic 

abnormalities, somatic mutations, and epigenetic modifications. MDS risk rises in a variety of bone marrow 

failure diseases, including Fanconi Anemia, Diamond-Blackfan Anemia, and congenital dyskeratosis [3- 5]. 

Dysplastic changes in the myeloid lineages may result from a genetically transformed, primitive 

hematopoietic stem cell followed by other genetic, epigenetical, stromal and immunological changes in the 

host that contribute to the diversity of phenotypes, hematopoietic effectiveness and leukemia susceptibility 
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[6], [7]. Whole-exome sequencing studies have discovered recurrent somatic mutations in spliceosome 

complex genes, mutating in around 20 per cent of patients, in a substantial proportion of adult MDS patients 

focusing on the SF3B1 gene. SF3B1 is found on chromosome 2q33 and encodes a core component of the 

U2 snRNP that binds branch point sequences to stabilize the interaction between the U2 snRNP and pre-

mRNA [8], [9]. The major mutations in SF3B1 are heterozygous replacement and tend to be a cluster of 22 

HEAT domains in the C-terminal region between exon 12 and exon16 in SF3B1. Amino acid K700 (45-

68% of reported cases) is affected by the most common SF3B1 mutation followed by H662 (10%), K666 

(10%), E622 (7%), and R625% (6%) [10- 12]. 

 

The splicing machinery begins with the snRNP U1 binding to the 5' splice site of introns, while splicing 

factor 1 (SF1) binds to the branch point (BP) at the 3' splice site, and the serine/arginine (SR) rich proteins 

SRSF2 and ZRSR2 bind to the exon splicing enhancer site of the next exon to aid the binding and stability 

of U2AF1 and [13], [14]. The U2snRNP then takes the position of SF1 and binds to the branch point, 

resulting in complex A. The B complex is formed by the recruitment of U4/U6. U5 tri- snRNPs. After the 

release of U1 and U4 snRNPs, the activated B complex catalyzes the splicing (C complex) process in two 

steps: first, the 5' splice site is cleaved, and the 5' residue of the intron is linked to near the 3' splice junction, 

forming the lariat loop; second, the 3' splice site is cleaved, releasing the lariat and The modified mRNA 

and introns are released once splicing is completed, the spliceosome disassembles for recycling, and the 

lariat loop is destroyed in the nucleus [15- 17]. 

 

The level of serum ferritin is a well-known indication of the body's iron reserves as well as inflammation. 

Elevated serum ferritin levels are a typical occurrence in individuals with myelodysplastic syndromes, and 

they appear to be predominantly linked to RBC transfusion need. Iron overload, on the other hand, is seen 

in many patients after MDS diagnosis and before RBC transfusion [18], and is primarily caused by 

inefficient erythropoiesis and/or increased intestinal iron absorption [19]. As with other hematological 

malignancies [20], [21], various studies have looked at the significance of serum ferritin as a prognostic 

factor in MDS patients, finding that higher serum ferritin levels were linked to shorter leukemia-free and 

overall survival [22], [23]. Despite the high number of MDS studies in people with hematopoietic stem cell 

transplants [24- 26], there is a still controversial predictive impact on elevated serum ferritin levels [27], 

[28]. Based on what was mentioned in this presentation, the current study aimed to identify mutation pattern 

of SF3B1 that affect DMS phenotype and clinical outcome as serum level of ferritin. 

 

2. Patients and Methods 

 

2.1 Study design and simples collection 

The present study was done in the laboratory of DNA in department of biology, faculty of science, Babylon 

university, the samples collection and practical work of the present study extended through the period from 

June 2019 to the December 2020. Samples of MDS were who attended to the blood diseases center/ medical 

city/ National Center for Research and treatment pf hematology/ AL- Mustansiriyah university/ Baghdad 

province merjan teaching hospital in Babylon province and Al- Furat Al- Awset for tumor and blood 

diseases in Najaf province. The samples were females and males with age range from 20 to 83 year so all 

patients and healthy individuals in control group were from the same ethnic group (Arabic). The present 

study included 75 blood samples which grouped as control group include 25 samples (15 male and 10 

female) and patients group include 50 blood samples (29 males and 21 females). 

 

2.2 Determination of serum ferritin 

Serum ferritin was measured by using Mini Vidas automated immunoassay system based on Enzyme 
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Linked Fluorescent Assay (ELFA).  

 

2.3 DNA extraction 

The DNA was extracted from frozen blood samples by using FavorGen/ Taiwan kit and extraction 

procedure done according to manufacturer protocol then purified DNA samples were stored at 4ºC or -20ºC 

until used. 

 

2.4 PCR Reaction 

Conventional PCR was used to amplify a target DNA using specific primer pairs (F:5′-

GTACATGAGCATTTCATCAGTA-3′ and R:5′- CAACCATTTCTTTCCATAATCA-3′), PCR master 

mix, template and ion free water as in table (1). To obtain a PCR product (amplicon), PCR normally 

consists of three consecutive steps (denaturation, annealing, and elongation). Initial denaturation at 94°C for 

5 minutes, 35 cycles, second denaturation at 94°C for 30 seconds, anneal at 53°C for 30 seconds, extension 

at 72°C for 45 seconds, and final elongation at 72°C for 5 minutes are the best PCR thermal cycling 

settings. The size of PCR products (5 L) was determined by electrophoresis in a 1.5 percent (w/v) agarose 

gel using 1X TBE buffer and stained with simply safe dye. The size of the product was evaluated by 

comparing it to a size 100 bp DNA ladder (Intronbio/Korea). 

 

Table (1): Recommended volumes and concentrations for applying PCR into AccuPower® PCR tubes. 

Component Volume (µl) Concentration 

PCR master mix 10 2X 

Forward primer 1 DNA 10 pmol/ µl 

Reverse primer 1 DNA 10 pmol/ µl 

Template DNA 2 50 ng 

Free water 6  

Final volume (dH2O) 20  

 

2.5 DNA Sequencing of PCR amplicons 

The resolved PCR amplicons were sequenced commercially from both the forward and reverse termini 

according to the sequencing company's instructions (Macrogen Inc. Geumchen, Seoul, South Korea). Only 

clear chromatographs from ABI sequence files were examined further, verifying that the annotation and 

variances were not due to PCR or sequencing errors. The virtual locations and other details of the retrieved 

PCR fragments were identified by comparing the observed DNA sequences of the studied samples with the 

retrieved adjacent DNA sequences of the NCBI Blastn engine. 

 

2.6 Interpretation of sequencing data 

Using BioEdit Sequence Alignment Editor Software Version 7.1, the sequencing findings of PCR products 

from various samples were edited, aligned, and evaluated to ensure that they matched the sequences in the 

reference database (DNASTAR, Madison, WI, USA). Each sequenced sample's detected differences were 

numbered in PCR amplicons and their matching positions within the referring genome. 

 

2.7 Checking the novelty of SNPs 

The previous deposition of the observed SNP was determined by viewing its corresponding dbSNP 

position. The detected SNP's dbSNP position was then documented. To determine the novelty of the 
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observed SNPs, they were submitted to the dbSNP database. Each particular SNP position was checked in 

its corresponding reference genome to assess whether it was previously deposited in the dbSNP server. 

 

2.8 Statistical analysis 

Statistical Package for Social Sciences version 20 (SSPS20) computer software together with Microsoft 

Excel 2010 were depended for statistical analysis and only results which had a probability value less than 

0.05 were considered statically significant. 

 

3. Results 

 

3.1 Evaluation serum level of ferritin 

Current results in figure (1) showed there are a significant difference (p<0.05) in the serum level of ferritin 

between myelodysplastic syndrome patients (1351.2800ng/ml) and control group (81.9828ng/ml) 

 

 
Figure (1): Compared mean of serum ferritin (ng/ml) between control and MDS patient groups 

 

3.2 Molecular detection of SF3B1 (exon 13) gene 

Throughout genetic screening on SF3B1 (exon 13) gene among blood samples of MDS patients by 

conventional PCR, agarose gel electrophoresis image showed there are a DNA segments with 223 bp 

represent SF3B1 (exon 13) gene as in figure (2). 
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Figure (2): PCR product of SF3B1 (exon 13) gene (223 bp), the electrophoresis carried on agarose gel 

(1.5%), 75V, 20AM for 1 hour. L=ladder (100 bp), lane 1-19 sample PCR product. 

 

3.3 Sequencing of SF3B1-gene based PCR amplicons 

In the present study, SF3B1gene polymorphism was investigated. This gene encodes for Splicing factor 3B 

subunit 1 which is involved in pre-mRNA splicing as a component of the splicing factor SF3B complex 

(https://www.uniprot.org/ uniprot/O75533). The sequencing reactions indicated the exact identity of this 

genetic fragment after performing NCBI blastn (https://blast. ncbi.nlm. nih .gov/Blast.cgi). Concerning the 

223 bp amplicons, the NCBI BLAST engine shown about 99.5% sequence similarities between the 

sequenced samples and the intended reference target sequences, which completely cover the entire exon 13, 

and its upstream and downstream intronic portions of the SF3B1 gene. By comparing the observed DNA 

sequences of these investigated samples with the retrieved DNA sequences (GenBank acc. NG_032903.2), 

the accurate positions and other details of the retrieved PCR fragments were determined in figure (3).  

 

 
Figure (3). The exact position of the retrieved 223 bp amplicon that entirely covers the exon 13 of the 

SF3B1 gene within chromosome 2 (GenBank acc. no. NG_032903.2). The cyan arrow refers to the starting 
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point of this amplicon while the red arrow refers to its endpoint. 

 

The sequence details were highlighted after the sequences of the 223 bp amplicons were placed inside 

chromosome 2 in terms of both the forward and reverse elements of the 223 bp amplified amplicon. (Table 

2). The position and length of the 223 bp PCR amplicons that are used to entirely amplify the exon 13, and 

the upstream and downstream intronic portions of the SF3B1 gene located within chromosome 2 (GenBank 

acc. No. NG_032903.2).  

 

Table (2). The position and length of the 223 bp PCR amplicons (GenBank acc. no. NG_032903.2). The 

gray-colored sequences referred to the position of the forward and reverse primers, respectively. 

Amplicon Reference locus sequences (5′ - 3′) Length 

 

DNA sequences 

within the exon 

13 of the SF3B1 

gene 

 

5′:GTACATGAGCATTTCATCAGTAATTGATGTGAAAG

TGTAGCTTCTTCTCTTTTCTCTTTTTCAGATCCTCGTG

GTCATTGAACCGCTATTGATTGATGAAGATTACTATG

CTAGAGTGGAAGGCCGAGAGATCATTTCTAATTTGG

CAAAGGTATTTACATTTAATTTCTAGAGAAGAAAAT

TTATATCTGTTTATGGAATTGATTATGGAAAGAAATG

GTTG:3′ 

 

223 bp 

 

* Refers to the forward primer sequences (placed in a forward direction) 

**Refers to the reverse primer (sequences (placed in a reverse complement direction) 

 

A highly interesting nucleic acid polymorphism was detected in this study, in which a dinucleotide of 

thymine was inserted between positions 52 and 53, (TT ins 52-53) of the amplified 223 bp SF3B1 

fragments. The detected variation region's sequencing chromatogram was documented, together with its 

extensive annotations, and the chromatogram of this sequence was shown according to its position in the 

PCR amplicon. By viewing all chromatograms, it was found eleven samples exhibited this insertion out of 

30 investigated samples as in figure (4). 

 

 
Figure (4). The pattern of the detected SNPs within the DNA chromatogram of the targeted 223 bp 

amplicons of the entire exon 13 of the SF3B1 gene. The identified insertion SNP was highlighted according 

to its position in the PCR amplicons. The symbol “ins” refers to “insertion mutation” 
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The matching position of the SF3B1 gene was acquired from the dbSNP website 

(https://www.ncbi.nlm.nih.gov/projects/SNP/) to elucidate the position of the detected SNP in relation to its 

deposited SNP database of the sequenced 223 bp fragment. A graphical representation of the SF3B1 dbSNP 

database inside chromosome 2 was used to determine the nature of this SNP (GenBank Acc. No. 

NC_000002.12). By reviewing the dbSNP engine, it was found that this detected SNP was found to be 

previously known as rs3217350, but our SNP has only two TT insertion as shown in figure (5). However, 

this SNP was located in intron 11 of the targeted SF3B1 gene 

(https://www.ncbi.nlm.nih.gov/snp/rs3217350). Though this SNP was not reported in the literature, our 

study reported an obvious occurrence since it accounted for 37% for all investigated samples. 

 

 
Figure (5). The SNP’s novelty checking of SF3B1 genetic single nucleotides polymorphisms using the 

dbSNP server. The identified rs3217350 SNP was marked with blue color. The GenBank acc. no. 

NC_000002.12 was used in the positioning of the highlighted insertion SNP. 

 

To summarize the results obtained from the sequenced 223 bp fragments, the exact position of the 

rs3217350-based variation was described in the NCBI reference sequences (Table 3). 

 

Table (3) The pattern of the observed SNP in the 223 bp amplicons designed to amplify the entire exon 13 

within the SF3B1 gene in comparison with the NCBI referring sequences (GenBank acc. no. 

NC_000002.12). The symbol “S” refers to the sample number. 

Sample No. 
Position in the 

PCR fragment 

Position in the 

reference genome 

Variant 

summary 

S1, S6, S7, S9, S11, S15 

S17, S19, S20, S22 

52-53 1974030487- 

197403048 

rs3217350 

 

3.4 Genotyping and Allele frequency of SF3B1 (exon 3) gene 

As shown in table 4, the prevalence rate of mutant II genotype and I allele were significantly higher among 

cases with MDS (92.5% and 92% respectively) compared to healthy individuals in control group (60% for 



W. A. AbdZaid, W. S. Hassan and A. H. Al-Saadi, 2021                                             Teikyo Medical Journal 

 

1958 
 

each one of them) and this increase occurring of MDS by 8.234 and 8.23 respectively. Moreover mutant II 

genotype and I allele were responsible for 82% and 81% of incidence rate of new MDS cases while wild 

DD genotype and I allele mainly appeared in control group at 40% for each variable representing a 

protective factors at rate 17.7% and 8% respectively. 

 

Table (4): Genotyping and allele frequency of SF3B1 (exon 3) gene in patients and control 

SF3B1 

polymorphisms 

Control 

N (%) 

Patient 

N (%) 
OR (95 % CI) P value EF PF 

Genotypes       

II 15(60%) 37(92.5) 
8.234 (0.981- 

43.06 
0.023*[S] 0.82 *** 

DD 10(40%) 3(7.5) 
1.122 

(0.13-0.33) 
0.006[S] *** 0.177 

Alleles       

I 30 (60) 74(92) 
8.22 

(3.006-22.488) 
0.0236 [S] 0.81 *** 

D 20 (40) 6 (8) 
1.113 

(0.019-0.25) 
0.007[S] *** 0.080 

Etiological factor (EF), Preventive factor (PF), Odd ratio (OR)  

 

3.5 Correlation of ferritin with SF3B1 SNP 

Genetic disorders of MDS effect directly or indirectly on clinical outcomes. Present data (figure 6) showed 

significant effect of MDS SF3B1 polymorphism on serum level of ferritin when a clear rise in level of 

ferritin appeared in MDS patients who have genetic mutation in SF3B and according to this fact, serum 

level of ferritin increased in cases with mutant II genotype (1003.41ng/ml) compared with wild DD 

genotype (355.04 ng/ml) so that reflected statistical difference (P=0.0019). 
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Figure (6): Mean serum level of ferritin according to SF3B1 genotypes. 

 

4. Discussion 

The level of serum ferritin is a common biomarker of the body's iron reserves and inflammation. Serum 

ferritin is a typical indicator of iron excess. In current study, serum level of ferritin increased among 

patients with MDS compared to healthy individuals and this results confirmed previous studies that are 

recorded the comparable results [29], [30]. The majority of MDS patients (about 80%) are anaemic, and 

RBC transfusive support during their course of the disease is necessary for a large percentage of them [31], 

[32]. MDS patients are prone to excessive iron buildup and, eventually, ferritin overload as a result of poor 

erythropoiesis in particular if it is accompanied by chronic kidney disease [33] and chronic transfusion 

reliance [31], [34]. In MDS patients, iron overload can lead to organ deposition of excess iron, leading in 

endocrinopathies, liver failure, and heart dysfunction. As a result, retrospective and observational studies 

have found that MDS patients with iron overload had a much higher risk of death than MDS patients 

without iron overload [3- 36]. Iron overload in MDS patients could possibly be a risk factor for poor 

allogeneic stem cell transplant outcomes [37], [38]. Furthermore, the European LeukemiaNet prospective 

MDS registry found that, in addition to transfusion load, rising serum ferritin levels had an independent 

effect on overall survival of transfusion-dependent patients with lower risk MDS [39]. 

 

SF3B1 is the most commonly mutated gene found in MDS (20–28 percent of all patients) that is the core 

component of small nuclear ribonucleoprotein U2 that is part of the branch point sequence recognition 

(40,41). We and others have shown that splicing factor SF3B1 mutations are found in a high percentage of 

MDS patients with high serum ferritin conditions [40], [42]. In our population genetic mutation appeared in 

SF3B1 gene of MDS patients and mutant II genotype appeared as etiological factor. Knockdown SF3B1, 

limits cell development, produces arrest and undermines the differentiation of erythroid. MDS mutations 

SF3B1 are heterozygous point mutations in particular. The presence of SF3B1 hotspots and the absence of 

SF3B1 mutations in MDS patients shows that SF3B1 mutations are likely to be (neomorphic) mutations in 

gain/change of function. A Sf3b1+/ − knockout mouse model has proven to grow sideroblasts in the ring 

and suggests the development of SF3B1 haploinsufficient [40], [43]. 
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Several studies revealed the heterogeneous spectrum of genetic alterations which are recognized as the key 

drivers for the initiation of MDS. Those are including mutations on genes involving in cellular signaling 

(e.g., JAK2, KRAS, and CBL), DNA methylation (e.g., IDH1/2, TET2, and DNMT3A), chromatin 

modification (e.g., ASXL1 and EZH2, transcriptional control (GATA, RUNX1, and EVI1), DNA damage 

respond (e.g., TP53), and recently RNA splicing process (e.g., SF3B1, U2AF1, SRSF2, and ZRSR2) [43- 

45]. The current study also found a relationship between high serum ferritin and the mutant II genotype and 

this result explained by study showed that MDS patients associated with increased levels of oxidative stress, 

which is further aggravated by iron overload. The oxidative DNA damage that results, which is exacerbated 

by ironoverload, could lead to mutagenesis in the bone marrow [46- 48]. Investigations examining the 

impact of iron overload on MDS genomic instability back up the theory that iron overload causes genomic 

instability. The findings also imply that serum ferritin levels above 1000, as well as those between 1000 and 

the upper limit of normal, have an unfavorable effect on genetic stability [49], [50]. 

 

In the end, according to our knowledge, studies are few or very limited to determine the relationship 

between genetic studies of MDS and their effects on clinical outcomes especially ferritin concentration in 

serum and this is the first study in Iraq to link SF3B1 polymorphisms of MDS with ferritin rate. 

 

5. Conclusion and Recommendation 

The results of the current study showed a clear elevation of ferritin in the serum of MDS patients, and there 

was a clear effect of the mutant II genotype in increasing the severity of this syndrome and increasing the 

reliable ferritin ratio which can be used as a successful indicator in the early detection of MDS. In 

additional, the current study recommends to other studies dealing with the effect of genetic mutations of 

SF3B1 on other immunological and hematological indicators as a primary means towards immuno-genetic 

therapy. 
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