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摘要 

引言 

α-地中海貧血是一種常見的血紅蛋白病，由 α-珠蛋白基因（HBA）的缺失引起，導

致 α-珠蛋白的生產減少或完全缺乏。這會導致小紅細胞增多症、貧血，以及在嚴重

情況下引發如肝腫大和需依賴輸血等併發症。鑒於其對全球健康的負擔，準確、高

效且具規模化的分子診斷方法對於 α-地中海貧血攜帶者的篩查與診斷至關重要。傳

統方法如單管多重 PCR僅限於檢測已知的缺失，而全外顯子組測序（Whole-Exome 

Sequencing）因缺乏靈敏度，難以準確檢測幾乎相同的 HBA1和 HBA2基因中的拷

貝數變異（CNVs）。 

材料與方法 

AlphaThalCNV流程利用 GATK-gCNV工具，並通過優化參數（區塊大小：50；填

充：400），提升 HBA基因簇內的 CNV檢測能力。該流程以 100個隨機樣本的群體

訓練模型，實現群體內的 CNV檢測。隨後，對每個 α-地中海貧血病例進行單獨分

析，並將結果與建立的模型比較。結果使用 IGV可視化並導出為 VCF文件，根據被

刪除或重複的 α-珠蛋白基因數量進行分類。 

為驗證 GATK-gCNV結果的準確性，我們採用了 Samuel S. Chong等人改編的

引物進行多重 PCR，可在單次實驗中檢測多個基因缺失。群體分析納入了 415名來

自台灣的個體，統計分析 α-地中海貧血攜帶者的盛行率。 

結果 

AlphaThalCNV成功檢測到三個此前未檢出的 α-地中海貧血病例，包括兩個--SEA缺
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失和一個-3.7缺失。此外，五名最初因其他疾病住院的 α-地中海貧血攜帶者也被準

確檢測並通過多重 PCR確認為真正陽性。 

在台灣群體中，AlphaThalCNV檢測到--SEA型兩拷貝缺失的攜帶者盛行率為

5.3%，HBA2基因中的一拷貝缺失（-4.2型或-3.7型 I/II）的盛行率為 2.2%。這些發

現與使用其他方法（Hsu等，2023年）進行的大規模研究結果一致，證實了該流程

的穩健性與準確性。 

結論 

AlphaThalCNV流程顯著提升了 α-地中海貧血 CNV檢測的準確性，特別是在標準流

程遺漏的病例中。通過整合精確的分類與可視化工具，該流程為大規模群體分析提

供了一種可靠的方法。其適應性使其成為未來醫學診斷和流行病學研究中的重要工

具。 

關鍵詞：α-地中海貧血，GATK-gCNV，次世代定序（NGS），全外顯子定序

（WES），AlphaThalCNV 
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Abstract 

Introduction 

         Alpha-thalassemia is a prevalent hemoglobinopathy caused by deletions in the α-

globin genes (HBA), resulting in reduced or absent α-globin production. This leads to 

microcytosis, anemia, and in severe cases, complications like hepatomegaly and blood 

transfusion dependency. Given its global health burden, an accurate, efficient, and scalable 

molecular diagnostic approach is critical for alpha-thalassemia carrier screening and 

diagnosis. Traditional methods like Single-Tube Multiplex PCR are limited to detecting 

known deletions, while Whole-Exome Sequencing lacks sensitivity to accurately detect 

copy number variations (CNVs) in the nearly identical HBA1 and HBA2 genes. 

Materials and Methods 

         The AlphaThalCNV pipeline leverages the GATK-gCNV tool with optimized 

parameters (bin size: 50, padding: 400) to enhance CNV detection in the HBA gene cluster. 

The pipeline was trained using a cohort of 100 random samples, enabling CNV calling 

within the cohort. Subsequently, α-thalassemia cases were analyzed individually against the 

constructed model. Results were visualized with IGV and exported as VCF files for further 

classification based on the number of alpha-globin genes deleted or duplicated. 

To confirm the accuracy of GATK-gCNV results, we employed Multiplex PCR with 

primers adapted from Samuel S. Chong et al., enabling detection of multiple deletions in a 

single run. The cohort analysis included 415 individuals from Taiwan to statistically 

analyze α-thalassemia carrier prevalence. 
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Results 

          AlphaThalCNV successfully identified CNVs in three previously undetected α-

thalassemia cases: two with --SEA deletions and one with -3.7 deletion. Additionally, five 

carriers of α-thalassemia, initially hospitalized for other diseases, were accurately detected 

and confirmed as true-positive through Multiplex PCR. 

Among the Taiwanese cohort, AlphaThalCNV revealed a carrier prevalence of 5.3% 

for two-copy deletions (--SEA type) and 2.2% for one-copy deletions in the HBA2 gene (-

4.2 type or -3.7 type I/II). These findings align with larger-scale studies conducted via 

alternate methodologies (Hsu et al., 2023), demonstrating the pipeline's robustness and 

accuracy. 

Conclusion 

         The AlphaThalCNV pipeline has significantly improved the accuracy of α-

thalassemia CNV detection, particularly in cases missed by standard pipelines. By 

integrating precise classification and visualization tools, the pipeline offers a reliable 

method for large-scale cohort analysis. Its adaptability makes it a valuable tool for future 

medical diagnostics and epidemiological studies. 

Keywords: α-thalassemia, GATK-gCNV, Next-generation Sequencing (NGS), 

Whole-exome sequencing (WES), AlphaThalCNV.  
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I) Introduction 

1.1) Alpha-thalassemia 

1.1.1) Alpha-thalassemia molecular basis 

α-thalassemia is one of the most common hemoglobin genetic abnormalities. This 

defect is the reduced or absent production of the α-globin chains, which is the constitution 

of several hemoglobin (Hb) types, including adult hemoglobin HbA (α2 beta2), fetal 

hemoglobin (α2 gamma2), and minor component of HbA2 (α2 delta2). α-Globin chain is a 

subunit essential for both fetal and adult hemoglobin, which constitutes gas-transportation 

molecules in blood. Adult red blood cell is composed of two α globin chains and two beta 

globin chains which express from the α-like and β-like globin chains regulated by genes on 

chromosomes 16 and 11, respectively (Higgs & Wood, 2008).  

The α-thalassemia gene is unique due to several factors that distinguish it in the field 

of genetics and hemoglobin disorders. Humans typically have duplication of α-globin gene 

(HBA1 and HBA2) on each chromosome 16, resulting in total four copies in total. This 

allows flexibility for the α-globin production (Farashi & Harteveld, 2018). Interestingly, 

HBA2 gene encodes 2-3-fold more mRNA translated into more protein than HBA1, this 

shows that human α-globin gen gene cluster contains a major and a minor locus. This 

phenomenon also suggests that mutation on HBA2 gene has more impact than HBA1 gene 

(Liebhaber et al., 1986).  Additionally, unlike many genetic disorders caused mainly by 

point mutations, α-thalassemia is mainly caused by deletion of α-globin gene. Thus, this 

hemoglobinopathies has wide clinical spectrum from asymptom to lethal (Higgs et al., 

1989a). α-thalassemia can be co-inherited with β-thalassemia, this event is rare but still 
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recorded, or co-existed in high prevalence region with thalassemia disease, such as China 

(J. Li et al., 2014). 

1.1.2) Alpha-thalassemia clinical forms: 

α-thalassemia is caused commonly by structural variations in the structural genes 

which can be chromosomal translocations and duplication affecting the α-globin cluster, 

deletion removing structural genes, large deletion extending beyond the α-globin cluster, 

deletion removing the upstream regulatory elements or rare mutation cause α-thalassemia 

via an antisense RNA (Higgs, 2013a). The less common cause of nondeletion defects in 

alpha thalassemia is due to point mutations or single nucleotide polymorphisms (SNPs) in 

the genes responsible for the synthesis of alpha-globin chains. These mutations result in the 

reduced or absence of α-globin chains synthesis (Aydinok, 2012) thus could leads to 

imbalance in red blood cell production or anemia. 

The clinical condition of α-thalassemia increases its severity with the number of 

nonfunctional α globin genes (HBA) (Table 1). This deletion leads to the reduction in 

production of α-globin chains needed for the formation of hemoglobin, imbalance between 

α-globin chains and β-globin chains cause abnormal red blood cells, resulting in 

microcytosis. Hb level in α-thalassemia patient varies from normal to severe anemia that 

depend on blood-transfusion or died from fetus state (Shang & Xu, 2017). The major 

clinical syndrome resulting from α-thalassemia was first described and published in the 

1967 in Thailand with Bart’s hydrops fetalis (POOTRAKUL et al., 1967). There are 4 

clinical conditions including: two carrier states (cause by the deletion or dysfunction of one 

to two normal α globin genes) and two clinically relevant forms (HbH disease due to only 
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one functioning α gene and Hb Bart hydrops fetalis cause by no functioning α gene) (Piel & 

Weatherall, 2014a). At the phenotypic level, the carrier stated are divided into silent carrier 

and α-thalassemia trait. Silent carriers are characterized by the deletion or dysfunction of 

one α globin gene thus carriers are clinically and hematological normal, in some cases, 

moderate microcytosis and hypochromia can be observed in α-thalassemia carrier (Higgs, 

2013a). People with two affected α-globin genes, either affected in the same or different 

locus, result in microcytic hypochromic anemia. Patients with three dysfunctional α-globin 

genes result in low production of α-globin chains thus imbalance β-globin chains within red 

blood cells, resulting in moderate anemia and marked microcytosis. This is also called Hb 

H disease. Hb Bart’s hydrops fetalis is the most severe form of α-thalassemia cause by the 

deletion of four α-globin gene and often cause intrauterine death (Harteveld & Higgs, 2010; 

Higgs, 2013b). Infants with Hb Bart’s hydrops fetalis have no α-globin produce, resulting 

in the formation of gamma-globin tetramers in the fetus. This tetramer has extremely high 

affinity for oxygen thus cannot transfer the oxygen to the fetus tissues effectively, leading 

to severe hypoxia, edema, plural, and pericardial effusion. Fetus with Hb Bart’s hydrops 

usually die shortly after birth and mother carrying fetus with Hb Bart’s increase the risk of 

maternal complication, miscarriage (Barts, n.d.; Curran et al., 2020; Vichinsky, 2009). In  

some rare cases, α-thalassemia association with myelodysplastic syndrome, and mental 

retardation, often association with other abnormalities development (Gibbons, 2012).  

Table 1: Alpha-thalassemia allele genotypes 
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1.1.3) Variance of α-thalassemia: 

HBA1 gene has 349 reported small sequence variants (also called non-deletion 

variants) reported in the globin mutation database and the HBA2 gene has 455, large 

deletions are responsible for about 85% of patients with α-thalassemia, collected by HbVar 

database (Giardine et al., 2007).  The range of α-thalassemia deletion is varied, could range 

from (αα)RA mutants (a deletion in the upper region of α-cluster which remain both α-

cluster intact), varies length of α0 deletion (deletion on both HBA1 and HBA2 gene) and 

varies length of α+ (deletion on either gene). Often α-thalassemia is classified based on their 

size and specific breakpoints and named based on their geographic prevalence (Figure 1). 

α-Thalassemia phenotypes Number of α1 and α2 genes 

functional 

Severity 

Normal 4 functional α-globin 

αα/αα 

No 

Silent carrier 1 nonfunctional gene 

α-/αα 

Asymptomatic 

α-thalassemia trait 2 nonfunctional genes 

α-/α- or αα/-- 

Mild anemia, 

microcytosis 

Hb H disease (deletional 

and non-deletional) 

3 nonfunctional genes 

α-/-- 

Anemia, splenomegaly 

Hb Bart’s hydrops fetalis 4 nonfunctional genes 

--/-- 

Hydrops fetalis 
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Figure 1:: Summarizes deletion that give rise to α0-thalassemia and α+-thalassemia 

that is common in Southeast Asia region (Farashi & Harteveld, 2018). 

 

As seen above, the solid boxes represent the abolished α-globin complex. Among of 

which, --SEA, --THAI, --FIL is very common in Southeast Asia countries (Higgs et al., 1989a), 

--MED, --(α)20.5, --SPAN, -(α)5.2 is more common in Mediterranean. Some other deletions are 

characterized found in black American, Italian (Cardiero et al., 2023), European (Villegas et 

al., 1994), Palestinian patients (Brieghel et al., 2015).  

1.1.4) The importance of screening α-thalassemia 

α-thalassemia mutations affect up to 5% of the world population (Vichinsky, 2013). 

α-thalassemia is most common in Southeast Asia, Mediterranean, as well as among those 

with Middle Eastern ancestry (Piel & Weatherall, 2014b) and increase with malaria 
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infection (Piel & Weatherall, 2014c). The prevalence of α-thalassemia in Vietnam is 7.76% 

(Doan et al., 2022), Taiwan is 6.88% (Hsu et al., 2023). Due to the high prevalence of α-

thalassemia among the population poses a health risk towards thalassemia patients. 

Additionally, α-thalassemia is at times confused with iron deficiency anemia. Women with 

thalassemia intermediate or major are posed risks with various maternal complication due 

to increase iron burden, such as cardiac failure, alloimmunization, viral infection, 

thrombosis, osteoporosis, new endocrinopathies, diabetes mellitus, hypothyroidism, etc. 

An appropriate method for screening and detecting thalassemia is essential for 

couples with high risk, especially ones with carrier variants or living in high-frequency area 

(Old J et al., 2012). It helps to prevent the severe maternal complication in case of Hb 

Bart’s fetalis or provide an accuracy detection of thalassemia with other 

hemoglobinopathies or anemia iron deficiency, or coinherited with Hb S or β-thalassemia. 

Also, it helps reduce the risk of having a child inheriting a combination of abnormal genes, 

resulting in more severe forms of thalassemia. 

1.2) Method to detect α-thalassemia 

Patients suspected of thalassemia will undergo several blood examinations typically 

involves a combination of several laboratory tests to accurately diagnose the condition. The 

initial screening includes a complete blood count (CBC), which assesses hemoglobin levels 

and red blood cell indices, such as mean corpuscular volume (MCV) to assess the average 

size of red blood cells and mean corpuscular hemoglobin (MCH) to quantify the average 

amount of red blood cells. These parameters help validate or identify microcytic and 

hypochromic anemia, common indicators for α-thalassemia. Following the CBC, a blood 

smear is examined microscopically to look for specific morphological change in red blood 
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cells such as inclusion bodies or target cell, which are consistent with α-thalassemia (Vijian 

et al., 2021).  

1.2.1) Traditional method to detect α-thalassemia: 

a) Gap-polymerase Chain Reaction (Gap-PCR) 

The Gap-polymerase chain reaction (Gap-PCR) technique is currently used to detect 

common deletion types of α-thalassemia. This method is widely used due to being less 

time-consuming and do not require labor intensive. However, the amplification of the α-

globin cluster gene is challenging due to the high homology within the α-globin gene 

cluster, the unusually high GC content (with peaks reaching 70-80%), and the tendency to 

form secondary structures that interfere with primers. (Maria Domenica Cappellini, Alan 

Cohen, John Porter, Ali Taher, 2014). The Gap PCR method amplify the DNA sequences 

using designed primers to detect deleted regions and only detect known, several common 

types of deletion cause α-thalassemia including —THAI, —SEA, —FIL, —MED, -α.20.5, -

α.3.7 and -α.4.2. Gap PCR also faces the challenges while requiring post-PCR work, not 

suitable for large screening and detecting new variants or expand variants to other diseases 

(Vijian et al., 2021). 

1.2.2) Next-generation sequencing to detect α-thalassemia: 

DNA sequencing is a gold procedure to detect unknown variations (Molchanova et 

al., 1994). Next-generation sequencing (NGS) has accelerated the era of gene sequencing 

technique due to the capacity of whole genome sequencing of entire human genome. The 

capacity is increased thanks to the parallel sequencing (Vijian et al., 2021).  
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It is important to use NGS to detect copy number variants (CNV). NGS, in 

advancement of genetic testing of human genetics, has been applied to detect genetic 

disorder, including α-thalassemia. Recently, when applied in detecting α-thalassemia, NGS 

was established to cover entire α-globin gene, regulatory regions and modifier genes 

(Munkongdee et al., 2020). NGS has many advantages in α-thalassemia diagnosis including 

detect rare and common mutations, not limited to point or structural variation. Additionally, 

NGS techniques are used as a screening method in areas with high prevalence of α-

thalassemia population (He et al., 2017). Thus, NGS could be a powerful tool to assess in 

α-thalassemia carrier in the population. 

There are many bioinformatics tools developed to detect CNV for NGS datasets 

including WES, WGS, targeted-genome sequencing. There are four main methods for CNV 

detection including read-pair (RP), split-read (SR), read-depth (RD) and assembly (AS) 

(Abel & Duncavage, 2013). Each algorithm composes of different strengths and 

weaknesses, for instance, RP method can detect medium-size CNV but not applicable for 

small indel events and low-complexity regions. RD, as the name suggests, measures the 

depth of coverage among genomic regions to detect the change in read-depth for CNV 

detection. First reads are aligned to reference genome and predefined windows are used to 

count RD(Janevski et al., 2012). RD methods can detect exacts amount of CNV, and better 

detection on large size CNV but have limitation on detect exact breakpoint of CNV. SR 

method is based on the mechanism that mapped reads on reference genome, reads that 

cannot align continuously or partially aligned are used to determine the breakpoint of 

structural variation. This gives SR an advantages on detecting exact breakpoint but only 

achieve high accuracy with NGS reads shorted than 1kb and reliable on unique regions of 
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the genome (Zhang et al., 2011). Both RP and SR methods rely on the accuracy of mapping 

of each ends so these method cannot used to detect CNV on homologous regions such as 

HBA1 and HBA2 gene (W. Li & Olivier, 2013; Yoon et al., 2009).  AS method in contrast 

generate contig or scaffold then compare against the reference genome to determine 

structural variation (Nijkamp et al., 2012). However, AS is less common than other 

methods because this method requires larger computation resources. Additionally, AS 

method is unable to handle haplotype sequences, only diploid type CNV can be detected, 

and perform poorly on complex regions due to the generation of contig/scaffold contains 

segmental duplication and repeats (Xi et al., 2012). Understanding the advantages and 

disadvantages of each computational method to choose the appropriate method to 

determine CNV on duplication genome regions such as α-globin cluster HBA1 and HBA2. 

1.3) Difficulties in detecting α-thalassemia 

HBA1 and HBA2 genes are paralogous genes because they arose from α gene 

duplication event, located on the short-arm telomere of chromosome 16. The human α-gene 

duplication occurs around 72 to 52 million years ago (Hardison, 2012; Higgs et al., 1989b). 

Although there was divergence occurring along the evolutionary pathway, HBA1 and 

HBA2 genes are highly similar. Alpha-globin genes are embedded in highly homologous 

4kb duplication, divided into homologous segments (X, Y, and Z) by nonhomologous 

elements (I, II, and III) 

Figure 2: High similarity of alpha-globin cluster gene 
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This high similarity poses challenging to detect point mutations or structural due to 

several instinct and technical factors, such as ambiguous reads alignment (Figure 2).  

Ambiguities between HBA1 and HBA2 genes created from duplication, in alignment 

or assembly can produce errors and bias in interpreting result  (Treangen & Salzberg, 

2011). NGS, featuring by short reads and small genomic fragments size, posed difficulties 

in alignment issues (for instance, unique strategy, all match strategy, best match strategy) 

(Treangen & Salzberg, 2011).  

1.3.1) Overcome the struggle when detecting α-thalassemia 

There are different approaches trying to solve this problem, for name, NGS4THAL is 

developed aimed to detect both point/short indels mutation and structural  (Cao et al., n.d.) 

NGS4THAL realigns ambiguous mapped reads derived from the homologous Hb gene 

cluster for an accurate detection of α-thalassemia point and short indel mutation. 

Additionally, this pipeline uses a combination of CNV detection tools to increase the 

detection of complex structural variants (SV) and matches those variants with HbVar 

Database. These steps allow for the identification of pathogenic variants. At first, 

NGS4THAL was also tried to install to detect α-thalassemia causative variants in NTUCH, 

but the installation process encountered a lot of difficulties. Not to mention NGS4THAL 

pipeline is not regularly maintained, thus tools in that pipeline might not be updated, not 
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user-friendly nor practically a “one-stop” tool. It is a combination of existing “black-box” 

tool, due to the difficulty in implementing module of NGS4THAL pipeline (GitHub - 

Jielab/Pigeon: Practical Investigation of Genomic Errors by Observation and Notification, 

n.d.). 

This led to a requirement to establish another pipeline that is more comprehensive 

and maintainable in detecting α-thalassemia. AlphaThalCNV is established to address this 

need by integrating advanced methods to detect CNVs with high precision, reliability, and 

repeatability.  

1.3.2) GATK gCNV-caller can be used to detect CNV that causes α-thalassemia 

Detecting CNVs has an important clinical role in detecting several cancers and 

diseases, especially α-thalassemia. However, detecting CNV are sometimes face difficulties 

when some commons structural variations are complex, relies on large part of human 

genome (Gabrielaite et al., 2021a). Especially α-thalassemia is caused mostly by deletions 

in high homology HBA1 and HBA2 (Figure 1) when performing the nucleotide blasting by 

NCBI. Due to this homology, reads mapped to these regions can result in ambiguous read 

alignments thus ineffectively detect causative variants. 

Thus, it is essential to optimize our in-house pipeline for α-thalassemia detection, 

GATK-gCNV caller is used for detection copy-number variants. GATK-gCNV caller is 

used because it is one of the best tools among 50 others CNV calling tools benchmarked for 

the best CNV callings. To be specific, GATK-gCNV is benchmarked to call more deletions 

and duplications compared to other tools and achieve higher precision and recall rate more 

than other tools in both WES and WGS data (Gabrielaite et al., 2021b). In addition, GATK-
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gCNV has been used for acute discovery of rare and common copy-number variations 

(CNVs) from read-depth data obtained either from WGS, WES, or custom panel 

sequencing. GATK-gcNV calling is composed of two main workflows: model creation 

from cohort mode and individual sample calling in case mode (Babadi et al., 2023).  

1.4) Research aim 

It is necessary and crucial to have a pipeline that detects copy number variants 

(CNVs) on α-globin gene that cause α-thalassemia. AlphaThalCNV is a pipeline that 

focuses on detecting deletion on homologous α-globin regions focus on accurately 

detecting true length of α-thalassemia deletion. 

II) Method 

2.1) Study design 

The study design is composed of four main steps: optimize GATK-gCNV parameters, 

then use those parameters to train 100 samples to obtain a cohort. This cohort then 

integrated into AlphaThalCNV pipeline then ran on 415 Taiwan sample (Table 3). To be 

specific demonstrate, GATK-gCNV parameters are optimized using different parameters 

combination on three labeled data (whole-exome sequencing data with confirmed 

multiplex-PCR result) and other samples. Smaller bin size and larger padding region (400 

bp) combination are used compared with the previous pipeline that use smaller padding 

regions (250 bp) and disable binning. Reducing bin size increases the resolution in 

detecting breakpoint and detecting CNV but increases the noise and computational 

resources. In this case, GATK-gCNV is run in the cohort mode focusing on alpha-globin 

cluster gene only. After having the combination of bin size and padding regions that prove 
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to be optimized for α-thalassemia, these parameters are used to train a cohort of 100 

samples and validate the result by multiple-PCR. The cohort then integrated into 

AlphaThalCNV which used the cohort as a pretrained model to run against individual 

cases. AlphaThalCNV then runs on 415 samples from NTUCH for statistical analysis. 

Figure 3: Summary of study design 

 

2.2) Data Collection and Preparation 

2.2.1) Optimizing the model  

The PreprocessInterval is performed to prepare bin for coverage collection in the 

first phase of creating intervals list and counts read alignments overlapping the 

intervals. This step pads exome target regions and bins intervals. The term binning 

refers to creating equally sized interval across the reference. For instance, 100-base 

binning would define ch1:1-100 as the first bin to mapped to human genome.  In this 

optimize model, the focus is to increase the resolution of detecting deletion spans 

over α-globin cluster, the bin is cut down into smaller size instead of default 

parameter that set –bin-length 0 to disable binning. The intervals padding in increased 

higher than default –padding 250 to target intervals (Figure 4). 
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Figure 4: Illustration of the PreprocessInterval step when preparing bin size and 
padding regions. 

 

In this part, different combinations of bin size and padding are used to find the 

best parameter to detect α-thalassemia deletion on α-globin cluster gene (Table 2). The 

combination is listed in the table below: 

Table 2: Different parameters combination used to determine the most optimum to 

detect α-thalassemia 

Mode Bin size Padding regions 

WES 5 400 

WES 20 400 

WES 50 400 

WGS 30 400 

WGS 100 0 

The result is compared with the multiplex PCR to see what parameter would be 

most optimized. 
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2.2.2) Training Dataset  

A cohort of 100 anonymized samples are randomly selected from NTUCH’s genetic 

repository. Fastq data by WES of 100 samples are first underwent a preprocessing step 

including FASTQ preprocessing to trim off adapter sequences and remove poor quality 

reads by fastp (Chen et al., 2018). The parameters are set to disable quality filtering and 

disable length filtering to retain the reads, disable the duplication and trim polyG read tails 

by minimum length is 4. Processed reads then aligned to the reference genome hg38 using 

Burrows-Wheeler Aligner (BWA) (H. Li & Durbin, 2009) to generate alignment bam file. 

The pipeline processed each sample individually, tagging the output with the sample name 

for tracking. A read group identified (RG) was added to the alignment files to specify for 

sample name and sequencing platform. Aligned reads were then processed using GATK 

MarkDuplicatesSpark (McKenna et al., 2010) to identify and mark the duplicate which 

results from library preparation. This step ensures the accuracy variant calling and detection 

of CNV by read-depth algorithms using GATK-gCNV (Babadi et al., 2023). Additionally, 

GATK BaseRecalibratorSpark (McKenna et al., 2010) is used to improve base quality score 

accuracy and minimize systematic bias made by sequencing machines. The recalibrated 

base quality scores generated then applied to the aligned reads (bam files) using GATK 

ApplyBQSR to recalibrate. These preprocessing steps to avoid the bias and systematic error 

toward reads for downstream application. 

After raw data preprocessing, the recalibrated bam files are used to train the model by 

GATK-gCNV cohort-mode follow GATK instruction ((How to) Call Rare Germline Copy 

Number Variants – GATK, n.d.). First, raw counts data is collected with PreprocessIntervals 

and CollectReadCounts. PreprocessIntervals pads exome target regions, padding parameter 
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equal to 400 is chosen to increase the region outside targeted genome. Additionally, bin 

length is increased to 50 instead of default disable bin length to increase resolution in 

detecting CNV in targeted region. This produces a Picard-style interval list of exome 

regions padded by 400 bases on either side of each targeted region, with smaller bin size is 

50. However, by increasing bin size will also consume computational memory resources 

and time inefficiency, the target region focus on Chr16:152,896 – 229,248, which cover α-

globin cluster gene from HBZ, HBM, HBA1, HBA2, HBQ and LUC7L promoter. 

CollectReadCounts then applied to calculate the read depth across targeted genome 

intervals to generate output files in HDF5 format. The read count data HDF5 file the used 

for ploidy genomic contigs determined by DetermineGermlineContigPLoidy , calling 

contig level ploidies for both autosomal (e.g. human chr20) and allosomal contigs (e.g. 

human chrX). This step determines contig ploidies using total read count per contig to 

create a contig model of a cohort set thus will be used against individual cases for more 

efficient CNV detection. The last step is identification of germline CNVs, performed using 

GATK’s GermlineCNVCaller. GATK’s GermlineCNVCaller’s denoising model ensures 

consistent CNV detection and is highly sensitive of both rare and common CNVs.  

By training 100 samples, the output included the gCNV interval list, cohort ploidy 

model, cohort CNV model and preprocessed annotated. These files are integrated into 

gATKalphaThal in-house pipeline to target the detection of α -thalassemia. The other 

sequence files (.seq) are used to visualize CNV results and alignment files. 

2.2.3) Test Dataset 

After having cohort trained and obtained the .seq files, multiplex-PCR is used to 

confirm the results of trained cohort. As most of the α-thalassemia mainly cause by 
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common deleterious variants, for example: --α3.7, --α4.2, -- SEA, --FIL, --THAI, multiplex-PCR 

are developed to detect of this common deletion. The problem in amplification of GC-rich 

α-locus is overcome by utilizing betadine and dimethyl sulphoxide (DMSO), together with 

optimize thermocycle to the robust and reproducible PCR. Multiplex PCR is separated into 

two reactions, one to detect rightward deletion include --α3.7, other reaction to detect –α4.2, -

- SEA, --FIL, --THAI. This reaction uses multiple sets of primers, each specific primers design 

to amplify region flanking the deletions (Liu et al., 2000). The primers list is adapted from 

(Liu et al., 2000)  

2.3) Pipeline Development and Implemetation 

2.3.1) Pipeline implementation: 

After having trained model using cohort-mode from GATK, the model is used to 

detect CNV in the in-house pipeline to detect CNVs cause α-thalassemia in separated 

individuals. The process is described as figure above, as the preprocessing, alignment and 

post alignment processing is conducted same as processing step in training dataset. Next, 

CNV analysis was performed using GATK-gCNV in case mode to detect CNV with 

GermlineCNVCaller, which models systematic biases and identifies deletions and 

duplication. The detected CNV then annotated using AnnotSV (Geoffroy et al., 2018), 

which integrated genomic coordinates with functional annotation to classify and interpret 

the clinical significance of the CNV. AnnotSV compiles functional, regulatory and clinical 

relevance information that provide helpful information to interpret structural variants 

pathogenicity and filter in true positive variants (Figure 5). 

Figure 5: Overview of AlphaThalCNV pipeline data analysis in detecting α-
thalassemia variants from fastq file. 
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2.3.2) Alpha-thalassemia classification: 

Αlpha-thalassemia classification was performed by analyzing the number of deletion 

and locations on HBA cluster gene. This process was implemented using a custom-

developed pipeline, designed with the following steps.  

First, variant classification. The pipeline initially identifies and categorizes structural 

variants as either deletions ("DEL") or duplications ("DUP"). The next step is targeted 

filtering which variants are filtered to isolate those specific to the HBA gene cluster. This 

involves retaining only variants located on chromosome 16 and those with identifiers 

containing "HB.". The next step is quantitative analysis, the algorithm then determines the 

number of HBA genes affected by deletions or duplications and the gene name affected. For 

instance, if one gene is deleted, the algorithm will check if the deletion is located on HBA1 

or HBA2 gene. Deletion on HBA2 gene will generate classification output “One copy 

deletion on HBA2 gene (-4.2 or -3.7 type I/II). If two genes deleted over HBA1 and HBA2, 

the output is “Two copies deletion (-SEA type). If deletion is detected on other HB genes 
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such as HBZ, HBM, the classification will output accordingly. In summary, the 

classification output provides as below for each sample (Figure 6).  

Figure 6: Overview of α-thalassemia classification workflow. 

2.3.3) Cohort statistical analysis 

This pipeline was applied in a cohort of 415 individuals, data obtained from WES 

analysis from National Taiwan University’s Children Hospital, enabling a comprehensive 

analysis α-thalassemia carrier. Statistical methods were employed to determine carrier 

frequencies, provide valuable insights into the Taiwan’s population prevalence of α-

thalassemia.  

2.4) Multiplex-PCR confirms α-thalassemia variants 

Multiplex-PCR is a widely used molecular method for detecting common α-

thalassemia deletions, involving one or both α-globin genes (HBA1 and/or HBA2) located 

on chromosome 16. Multiplex-PCR enables the amplification of multiple target DNA in a 

single PCR reaction, allowing for the simultaneous detection of multiple deletion 

associated with α-thalassemia. In this method, primers are designed to target and amplify 
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the junction fragment, flank the breakpoint, identifying by size. The primer list for specific 

deletion is described below.  A positive PCR amplification indicates that there is deletion in 

the genomic segments (Baysal & Huisman, n.d.; Chong et al., 2000; De Mare et al., 2010b). 

Multiplex PCR is conducted in Dr. Tsang Ming Ko’s lab. Twelve samples from test 

data set were used to run Multiplex PCR to confirm the accuracy of the optimized 

parameter on detecting α-thalassemia variants (Table 3). A total of 7 samples with no α-

thalassemia deletion are used to determine true-negative detection and 5 samples with α-

thalassemia deletion are used to determine true-positive detection. 

Table 3: Primers sequence target 5 most common α-thalassemia (α0 thalassemia, --

SEA, --Thai, --Fil; α+ thalassemia -3.7, -4.2) and amplicon size. 

 

 

Primer Sequence(s) 5’ -> 3’ Amplicon (size) 

SEA-F CGATCTGGGCTCTGTGTTCTC --SEA junction fragment 

(1349 bp) SEA-R AGCCCACGTTGTGTTCATGGC 

THAI-F GACCATTCCTCAGCGTGGGTG --Thai junction fragment 

(1155 bp) THAI-R CAAGTGGGCTGAGCCCTTGAG  

FIL-F TTTAAATGGGCAAAACAGGCCAGG --Fil junction fragment 

(546 bp) FIL-R ATAACCTTTATCTGCCACATGTAGC 

3.7-F CCCCTCGCCAAGTCCACCC --3.7 junction fragment 

(2100 bp) 3.7-R AAAGCACTCTAGGGTCCAGCG 
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4.2-F GGTTTACCCATGTGGTGCCTC --4.2 junction fragment 

(1628 bp) 4.2-R CCCGTTGGATCTTCTCATTTCCC 

The detection is divided into two sets of reaction. The first set is aimed to detect 

leftward deletion type including –SEA type, --Fil type, --Thai type, -4.2 types, while the second 

set aimed to detect rightward deletion including αα/-α3.7. Different sizes of amplification 

products will show the type of deletion. For instance, in the first set, PCR product of a 

normal sample is 302 bp length, --SEA type is 1349 bp, --Fil type is 546 bp, --Thai type is 1155 

bp and –4.2 type is 1628 bp. In the second set, the positive result with rightward deletion -

α3.7 has the PCR amplicon length 1900 bp while the normal case’s amplicon length is 2100 

bp. 

Running multiplex PCR, a total 25 µl reagent is used for each sample include 2.50µl 

RBC 10X Reaction Buffer with 15 mM MgCl2, 2.00 µl dNTP(2.5 mM), 3.90 µl Primer mix 

(10 µM each reverse/forward primer) , 0.20 µl RBC SensiZyme DNA Polymerase, 15.60 µl 

ddH2O, 1.00 µl Genomic DNA (concentration lower than 500 ng). The cycling program 

comprises of initial denaturation at 950C for 10 mins, followed by 35 thermal cycles consist 

of denaturation at 940C for 1 min, DNA primers and DNA polymerase annealing at 650C 

for 1 min, then sequence elongation at 720C for 2 mins. A final elongation step is conducted 

at 720C for 10 mins after finishing 35 thermal cycles, subsequently, the amplicon is stored 

at 250C or lower until used for electrophoresis. Ten microliters of each amplification 

product is analyzed using 2% gel electrophoresis for the first set and 1% agarose gel for the 

second set in 1X Tris-Borate-EDTA buffer solution in one hour. The agarose gel then 

visualized under UV light to check the amplicon length (Chong et al., 2000; De Mare et al., 

2010b; Tan et al., 2001).  
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III) Result 

3.1) GATK-gCNV with optimized parameter increases accuracy of detection of α-

thalassemia’s variants length. 

Case WES-1: IGV visualization of case WES-1’s seg files while optimized with 

different binning/padding parameters. Blue segment belongs to case WES-1 detected 

deletion (below) while the red segment (above) shows the true length of the –SEA deletion 

which around 20.5 kb and span over HBA1 and HBA2 gene. From top to bottom are 

detected deletion with different binning/padding parameters; Line 1: WES mode, bin 5, 

padding 400; Line 2: WES mode, bin 20, padding 400; Line 3: WES mode, bin 50, padding 

400; Line 4: WGS mode, bin 30, padding 400; Line 5: WGS mode, bin 100, padding 0 

(Figure 7). 

 

 

Figure 7: IGV visualization of case WES-1 

 

Multiplex PCR result of case WES-1 show that this case has -sea deletion, length 

around 20.5kb (annotated in red segment). The optimized parameter that increases the 

length of deletion detection for case WES-1 is WES mode, with a bin size of 50 and a 
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padding region of 400, which enhances the precision and accuracy of the analysis. Other 

parameters are not accurately detecting the length of -SEA α-thalassemia deletion. 

Case WES-2: IGV visualization of case WES-2’s seg files while optimized with 

different binning/padding parameters. Blue segment belongs to case WES-2 detected 

deletion (below) while the red segment (above) shows the true length of the –3.7 deletion 

which around 3.7 kb and span over HBA2 gene and a part of HBA1 gene. From top to 

bottom are detected deletion with different binning/padding parameters; Line 1: WES 

mode, bin 5, padding 400; Line 2: WES mode, bin 20, padding 400; Line 3: WES mode, 

bin 50, padding 400; Line 4: WGS mode, bin 30, padding 400; Line 5: WGS mode, bin 

100, padding 0 (Figure 8). 

 

 

 

 

Figure 8: IGV visualization of case WES-2 

 

This result shows that parameter WES mode, bin size 50 and padding region 400 

obtain the highest accuracy toward -3.7 α-thalassemia deletion. The deletion detected by this 
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parameter is the same length (blue segment) as true -3.7 α-thalassemia which is 3700 bp 

deletion and span over HBA2 gene and a part of HBA1 gene. 

Case WES-3: IGV visualization of case WES-1’s seg files while optimized with 

different binning/padding parameters. Blue segment belongs to case WES-3 detected 

deletion (below) while the red segment (above) shows the true length of the –SEA deletion 

which around 20.5 kb and span over HBA1 and HBA2 gene. From top to bottom are 

detected deletion with different binning/padding parameters; Line 1: WES mode, bin 5, 

padding 400; Line 2: WES mode, bin 20, padding 400; Line 3: WES mode, bin 50, padding 

400; Line 4: WGS mode, bin 30, padding 400; Line 5: WGS mode, bin 100, padding 0 

(Figure 9). 

Figure 9: IGV visualization of case WES-3 

 

Multiplex PCR result of case WES-3 show that this case has -sea deletion, length 

around 20.5kb (annotated in red segment). The optimized parameter that increases the 

length of deletion detection for case WES-3 is WES mode, with a bin size of 50 and a 

padding region of 400, which enhances the precision and accuracy of the analysis. Other 

parameters are not accurately detecting the length of -SEA α-thalassemia deletion or creating 

a gap inside deletion. 

Summary of different bin/pad parameters (Table 4) 
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Table 4: Summary of each parameter in detecting α-thalassemia 

In conclusion, bining size 50 and padding 400 has the highest accuracy when 

detecting α-thalassemia CNV because the CNV result is the most similar to multiplex PCR 

result. Thus, this parameter is chosen to train a cohort of 100 samples for further applied in 

the AlphaThalCNV pipeline. 

Parameter Case WES-1 Case WES-2 Case WES-3 

WES-bin5-pad400 Del ~15500bp 

(HBM -> HBQ1) 

Del ~700 bp 

(HBA2) 

Del ~ 15,280 bp 

(HBM -> HBQ1) 

WES-bin20-pad400 Del ~26650 bp 

(HBZ -> HBQ1) 

Del ~800 bp 

(HBA2) 

Del ~23409 bp 

(HBA1 -> Luc7L) 

WES-bin50-pad400 Del ~23400 bp 

(HBA1 -> Luc7L) 

Del ~3700 bp 

(HBA2 -> HBA1) 

Del ~23409 bp 

(HBA1 -> Luc7L) 

WGS-bin30-pad400 Del ~15500bp 

(HBM -> HBQ1) 

Del ~3700 bp 

(HBA2 -> HBA1) 

Del ~23409 bp 

(Gap inside) 

WGS-bin100-pad0 Del ~15500bp 

(HBM -> HBQ1) 

Del ~3700 bp 

(HBA2 -> HBA1) 

Del ~23409 bp 

(Gap inside) 

Multiplex PCR 

Result 

--SEA thalassemia 

(deletion ~20 500 

bp) 

--3.7 thalassemia 

(deletion ~3 700 bp) 

--SEA thalassemia 

(deletion ~20 500 

bp) 
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3.2) AlphaThalCNV detects more cases carrying thalassemia variants compared to 

previous pipelines. 

After using 100 samples from NTUCH as a training model with optimized parameters 

WES mode, bin 50 and padding 400, the result reveals new cases have CNV on α-globin 

gene that potentially cause α-thalassemia. Some of these cases are not detected or not 

clearly detect for α-thalassemia using our normal pipeline (Table 5). These cases are further 

confirmed by the presence of α-thalassemia by multiplex-PCR. 

Table 5: Comparison of mutation detection between optimized parameters GATK-

gCNV and our previous pipeline.  

Case 

ID 

Mutation detected 

by optimized 

parameters 

CNV length 

detected by 

optimized 

parameters 

Previous pipeline 

report 

Remarks 

WES-

4 

Chr16:168600-

176680 

(span over HBA2 

and a part of HBA1 

gene) 

Deletion 8,080 bp 

 

Chr16:172824-

173711 

820 bp 

(span only on HBA2 

gene) 

Improved 

detection 

WES-

5 

Chr16:165186-

189036 

Deletion 23,85 kb Chr16:154277-

181104 

15.12 kb 

Improved 

detection 
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WES-

6 

Chr16: 173013-

172879 

(span only over 

HBA2 gene) 

Deletion 866bp 

 

Not detected Improved 

detection of 

false 

positive 

result 

WES-

7 

Chr16:165186-

189036 

Deletion 23,85 kb Chr16:165984-

181104 

15.12 kb 

Improved 

detection 

WES-

8 

Chr16:165186-

189036 

Deletion 23,85 kb Chr16:165984-

181104 

15.12 kb 

Improved 

detection 

WES-

9 

Chr16:165186-

189036 

Deletion 23,85 kb Chr16:165984-

181104 

15.12 kb 

Improved 

detection 

3.3) Multiplex-PCR confirms the presence of α-thalassemia variants detected by 

AlphaThalCNV pipeline. 

Set 1: Multiplex result for –SEA deletion (Figure 10) 

 

 

 

Figure 10: Multiplex PCR result of --SEA deletion. (Multiplex PCR is performed 
by Dr. Tsang-Ming Ko’s Lab) 
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Sample 1,2,4,5,6,7,8,9,10 show negative with deletion; Sample 3,11,12 show positive 

with heterozygous αα/--SEA deletion. (Normal sample: 302 bp, --SEA type: 1349 bp) (Table 

6) 

Table 6: Summary of deletion length detected by GATK-gCNV optimized parameters 

and the multiplex PCR result for cases with –SEA α-thalassemia. 

Sample ID Case ID Mutation detected Multiplex PCR 

result 

Sample 3 WES-5 Chr16:165186-189036 

Deletion 23,85 kb 

--SEA deletion 
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Sample 11 WES-7 Chr16:165186-189036 

Deletion 23,85 kb 

--SEA deletion 

 

Sample 12 WES-9 Chr16:165186-189036 

Deletion 23,85 kb 

--SEA deletion 

 

Set 2: Multiplex result for -3.7 deletion (Figure 11) 

Figure 11: Multiplex PCR result of -3.7 deletion. (Multiplex PCR is performed by 
Dr. Tsang-Ming Ko’s Lab) 

 

Sample 1,2,3,4,5,6,8,9,11,12 are negative result with αα/--3.7 deletion; sample7,10 are 

positive result with heterozygous αα/--3.7 deletion. (Normal: 2100 bp, -3.7 deletion: 1800 bp) 

(Table 7) 
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Table 7: Summary of deletion length detected by GATK-gCNV optimized parameters 

and the multiplex PCR result for cases with –3.7 α-thalassemia. 

Sample ID Case ID Mutation detected Multiplex PCR 

result 

Sample 7 WES-4 Chr16:168600-176680  

8,080 bp 

(Deletion span over HBA2 

and a part of HBA1) 

--3.7 deletion 

 

Sample 10 WES-6 Chr16: 173013-172879  

866bp 

(Deletion of HBA2 gene 

only) 

--3.7 deletion 

3.4) AlphaThalCNV applied in Taiwan’s cohort to find the α-thalassemia statistical 

carrier in Taiwan. 

After obtaining 100 samples trained for the cohort, this cohort is integrated into 

AlphaThalCNV pipeline to run against individual cases, aiming for a precise detection of α-

thalassemia. AlphaThalCNV was applied to run on total 415 samples from National 

Taiwain University’s Children Hospital to find proportional of variants carriers in Taiwan 

population. The result showed that there are a total of 384 samples that has no α-

thalassemia CNV detected, taking up to 93% of whole cohort. Twenty-two samples 

detected with Two copies deletion (both HBA1 and HBA2 gene) take 5.3 % and 9 samples 

detected with One copy deletion HBA2 gene (-α4.2 types or -α3.7 type I/II)(Figure 12). This 
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result aligns with previous research of (Hsu et al., 2023) about the α-thalassemia variant 

carriers of Taiwan populations (Figure 13). 

Figure 12: Distribution of α-thalassemia variants in Taiwan cohort, samples 
obtained from NTUCH, run by AlphaThalCNV pipeline. 
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Figure 13: Distribution of α-thalassemia variants in Taiwan cohort, data obtained from 

(Hsu et al., 2023). 

IV) Discussion: 

4.1) Advantages of this AlphaThalCNV pipeline 

4.1.1 AlphaThalCNV pipeline increases the accuracy of detection α-thalassemia 

length. 

AlphaThalCNV increases the accuracy of detection α-thalassemia length. The 

modified bin size and padding regions have improved the length of the α-thalassemia CNV. 

The –SEA α-thalassemia is reported to length around 19-20.5 kb and span over HBA2 and 

HBA1 gene. The optimized parameters have improved the detection length from around 

15500 bp to approximately 23400 bp, closer to the true length of the –SEA α-thalassemia. 

This improvement also implied in detection of α+ deletion as well when deletion spans over 

one gene copy. The previous pipeline are failed to detect true length deletion of -3.7 α-
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thalassemia or fail to detect -3.7 deletion. For instance, after modification, case WES-2 

deletion finding is increased the precision or case WES-6 is detected to have small deletion 

of HBA2 gene that later confirm by multiplex PCR to have -3.7 α-thalassemia while the 

previous pipeline did not show any alteration. 

4.1.2) AlphaThalCNV increases the robustness of detecting α-thalassemia 

AlphaThalCNV is a robust pipeline that can be used to run on multiple samples at a 

time, that helps researchers to reduce time-consuming on running on large cohort. 

AlphaThalCNV is written in Nextflow coding language, enabling the efficiently handling 

multiple samples through parallel execution. This parallelization reduces runtime 

significantly, making the pipeline suitable for either single sample or large dataset (DI 

Tommaso et al., 2017). The AlphaThalCNV pipeline also leverages Nextflow’s dynamic 

input management to process multiple effortlessly, eliminating the need for manual 

intervention in data preparation or workflow execution. Additionally, besides the advantage 

of being a robust pipeline, AlphaThalCNV is easy customization thanks to the modular 

design of Nextflow pipeline allows for the integration of new tools or workflows with 

minimal efforts (Ewels et al., 2020). Thus, in the future research expand, AlphaThalCNV 

may integrated with more bioinformatics tools that aim to find point mutation that cause α-

thalassemia. This might enhance its diagnosis capacity by enabling the detection of both 

CNVs and single nucleotide variants (SNVs), providing a comprehensive approach to 

identifying most of the genetic alterations associated with α-thalassemia.  

In addition, AlphaThalCNV is designed to focus on the chromosome 16 by modifying 

bed file only to focus on α-globin locus instead of the whole exome. This modification can 
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reduce time consumption and avoid computational inefficiency. Each sample only took 

around 1 hour and a half to finish analysis. 

4.2) Limitation 

4.2.1) AlphaThalCNV is limited to determine compound α-thalassemia. 

The use of GATK-gCNV in AlphaThalCNV for detecting α-thalassemia CNVs is 

limited in compound cases such as Hongkong α-thalassemia, characterized by a 3.7 kb 

deletion on one allele and a 4.2 kb duplication on the other allele. There is one case in 

NTUCH only characterized with ααα4.2/-α3.7 using multiplex-PCR but failed to detect CNV 

by AlphaThalCNV pipeline. This limitation might arise from the compensation of mapped 

reads between the deletion region and the duplication region. Normally, duplication regions 

might increase the number of reads mapped while deletion regions might decrease the 

number of reads mapped. However, in the case of compound α-thalassemia, reads from 

duplicated regions might be mapped into the deleted region, thus balance out the total reads 

over regions. Read alignment tools like BWA often struggle with mapping in repetitive or 

homologous region due to ambiguous mapping. Reads spanning the breakpoints of deletion 

or duplication may be mapped incorrectly or split between regions or entirely discarded 

(Musich et al., 2021).  GATK-gCNV employed the read-depth count to determine the 

deletion/duplication therefore could not accurately identify correct deletion and duplication 

region of this samples. Read depth of this sample also visualized by IGV showed that there 

is no significant difference in the suspected duplication and deletion region compared to 

normal sample. Publications also showed that Hongkong α-thalassemia is detected using 

PCR-based method, MLPA assay or long-read sequencings; this might explain (Third-
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generation sequencing), not short-read sequencing (De Mare et al., 2010a; J. Li et al., 

2022). 

4.2.2) AlphaThalCNV is not designed to detect point mutations. 

The use of AlphaThalCNV pipeline also does not focus on detecting point mutations 

causing α-thalassemia, thus might miss out more than 70 forms of non-deletional mutations 

(Kalle Kwaifa et al., 2020) The most common α-thalassemia non-deletional mutations 

reported in Southeast Asia including Hb Constant Spring (Hb CS), Hb Quong Sze (Hb QS), 

and Hb Adana (Vijian et al., 2023)or reported at other regions such as Hb Icara, Hb 

Chesapake, Hb Dartmount, Hb Seal Rock, etc. These non-deletional mutations form a 

termination codon at HBA2 gene, resulting in the imbalance of α-globin chain thus leads to 

the instability of red blood cells. A combination of non-deletional mutation such as α-

thalassemia Hb CS and 2 copies deletion α0 could result in Haemoglobin H-Constant 

Spring (--/-αCS). HbH-CS phenotype is wide from mild anemia to very complicated, severe 

symptoms that depend on blood-transfusion. Since AlphaThalCNV did not design for point 

mutation detection so it could miss out diagnosis for compound α-thalassemia thus might 

underestimate the expected symptom for patients. 

In conclusion, AlphaThalCNV has shown to improve the accuracy of α-thalassemia 

length detection using optimized parameters, α-cluster gene focused as well as integrating 

classification method. AlphaThalCNV is also a robust pipeline that applied on larger cohort 

and can be applied to future medical diagnosis. 
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