
 International Journal of Clinical & Medical Informatics 

ISSN: 2582-2268                                                                                                                             Short Communication | Vol 1 Iss 2 
 

Citation: Rajdeep Das, Amit Kumar Mandal, Genetic variants of hemoglobin in hemoglobinopathies with functional disorder. Int J Clin 

Med Info 2018: 1(2) 59-64. 

2582-2268/©2018 The Authors. Published by TRIDHA Scholars. 
59 

 

  

Genetic Variants of Hemoglobin in Hemoglobinopathies with Functional 

Disorder 

Rajdeep Das and Amit Kumar Mandal*  

Division of Molecular Medicine, St. John’s Research Institute, Koramangala, Bangalore, India 

*Corresponding author: Amit Kumar Mandal, Clinical Proteomics Unit, Division of Molecular Medicine, St. John’s Research 

Institute, Koramangala, Bangalore - 560034, India, E-mail: amit@sjri.res.in  

Abstract 

Hemoglobinopathies are the example of genetic disorder where the mutation in the globin genes results in hemoglobin 

variants. Although there are 1397 hemoglobin variants discovered to date, fortunately only 312 variants have been 

reported with functional disorder such as unstable hemoglobin, variants with high and low affinity for oxygen and 

methemoglobin. Functional disorder of hemoglobin is an important and crucial issue for the subjects with 

hemoglobinopathies, especially while choosing the hard physical task oriented profession like in armed forces, sports, 

fire brigade etc. Screening of hemoglobinopathies is mandatory in the recruitment process in the army of few countries 

across the globe. In the present study, we revisited the globin gene server that records all hemoglobin variants 

discovered to date, and listed all variants with reported functional abnormality in a concise tabular form. This list of 

information might be useful to clinicians while recommending subjects with hemoglobinopathies to choose a particular 

profession in their carrier so that they can do justice to their duties. 
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Short Communication 

Hemoglobinopathy is an example of genetic disorder. It is caused by the point mutation in the globin genes. Normal adult 

human hemoglobin is a tetrameric protein consisting of α and β globin polypeptide chains in duplicate (α2β2), where α and β 

globin chains consist of 141 and 146 amino acids respectively. In hemoglobinopathies, the mutant hemoglobins, termed as 

hemoglobin variants, are characterized by the substitution/deletion/insertion of amino acids in the globin chains [1]. There are 

1397 different hemoglobin variants discovered to date [2]. Approximately, 7% of the total world population is affected by 

hemoglobinopathies [3]. Thus, it is important to characterize hemoglobinopathies to screen the genetic disorder. Among all 

known hemoglobin variants, 312 variants were observed with clinical symptoms [2]. Therefore, it is important to have a concise 

list of these functionally disordered variants in a tabular form so that it would be an easy task for the clinicians to make alert to 

the patients with hemoglobinopathies without too much of literature search [2].  
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Mutation of 6th amino acid of β globin chain from Glu to Val (βE6V) in sickle cell hemoglobin is the most extensively studied 

point mutation that causes clinical morbidity. Besides sickle variant, the majority of hemoglobinopathies with clinical 

symptoms belong to hemoglobin variants exhibiting altered solubility resulting in unstable hemoglobin, variants with either 

increased or decreased oxygen affinity, and variants with an increased rate of heme iron oxidation from ferrous (Fe+2) to ferric 

(Fe+3) state that results in nonfunctional hemoglobin known as methemoglobin. 

Hemoglobin variants with altered oxygen binding affinity 

Mutations affecting hydrogen bonds, salt bridges and hydrophobic interactions across α and β globin subunit interfaces that  

Hb variant Mutation Phenotype Hb variant Mutation Phenotype 

Hb Miyanoa αT41S High O2 affinity Hb Shuangfenga αE27K Unstable Hb 

Hb Milledgevillea αP44L High O2 affinity Hb Agrinioa αL29P Unstable Hb 

Hb Meulana αS84N High O2 affinity Hb Rotterdama αM32R Unstable Hb 

Hb Columbia 

Missouria 
αA88V High O2 affinity Hb Chartresa αF33S Unstable Hb 

Hb Lutona αH89L High O2 affinity Hb Manawatua αP37L Unstable Hb 

Hb Chesapeakea αR92L High O2 affinity Hb Torinoa αF43V Unstable Hb 

Hb J-Cape Towna αR92Q High O2 affinity Hb Hirosakia αF43L Unstable Hb 

Hb Dallasa αN97K High O2 affinity Hb Lake Tapawingoa αF43S Unstable Hb 

Hb Tarranta αD126N High O2 affinity Hb Tottoria αG59V Unstable Hb 

Hb Fukutomia αD126V High O2 affinity Hb Evansa αV62M Unstable Hb 

Hb Hanamaki-2a αK139E High O2 affinity Hb Ann Arbora αL80R Unstable Hb 

Hb Ethiopiaa αY140H High O2 affinity Hb Moabita αL86R Unstable Hb 

Hb Natala αYR41 High O2 affinity Hb Aucklanda αH87N Unstable Hb 

Hb Nunobikia αR141C High O2 affinity Hb Port Phillipa αL91P Unstable Hb 

Hb Legnanoa αR141L High O2 affinity Hb Contaldoa αH103R Unstable Hb 

Hb Bramall Lanea αA28T High O2 affinity Hb Iberiaa αC104R Unstable Hb 

Hb Saratoga 

Springsa 
αK40N High O2 affinity Hb Bleulanda αT108N Unstable Hb 

Hb Sassaria αD126H High O2 affinity Hb Lleidaa,c 
αH112Q and 

αLPAE113 
Unstable Hb 

Hb Burlingtona αD126E High O2 affinity Hb Policoroa αS124P Unstable Hb 

Hb Hanamaki-1a αK139E High O2 affinity Hb Sun Prairiea αS131P Unstable Hb 

Hb Lyon-Brona αV1A Low O2 affinity Hb Caena αV132G Unstable Hb 

Hb M-Bostona αH58Y Low O2 affinity Hb Toyamaa αL136R Unstable Hb 

Hb Conakrya αL80V Low O2 affinity Hb Bibbaa αL136P Unstable Hb 

Hb M-Iwatea αH87Y Low O2 affinity Hb Zurich-Altstettenb αstop142H Unstable Hb 

Hb Sunshine Setha αD94H Low O2 affinity Hb Koya Dorab 

αStop142SAGASVA

VPPARWASQRALL

PSLHRPFLVFE 

Unstable Hb 

Hb Titusvillea αD94N Low O2 affinity Hb Oegstgeesta αC104S Unstable Hb 

Hb Bassetta αD94A Low O2 affinity Hb Quong Sze IIa αL125P Unstable Hb 

Hb Yudaa αA130D Low O2 affinity Hb Tunis-Bizertea αL129P Unstable Hb 

Hb Wadenswila αD64N Low O2 affinity Hb Catonsvilleb α 37E38 Unstable Hb 

Hb Çapaa αD94G Low O2 affinity Hb Clinicc αK61 Unstable Hb 

Hb Goyabc 
αSHGSAQ

VKG49S 
Low O2 affinity Hb Aghia Sophiac αV62 Unstable Hb 

Hb Cibelesa αG25D Unstable Hb Hb Kirklarelia αH58L Met Hb 

Hb Debaoa αK32W Unstable Hb Hb M-Iwatea αH87Y Met Hb 

Hb Amsterdam-A1a αM32I Unstable Hb Hb M-Bostona αH58Y Met Hb 

   Hb Aucklanda αH87N Met Hb 

Table 1: List of hemoglobin variants originated from mutation in the α globin chain 

Note: asubstitution, binsertion, cdeletion 

are important in the cooperative oxygen binding to heme units of the tetrameric hemoglobin molecules produce hemoglobin 

variants with altered oxygen affinity Mutations in both α and β globin chains may cause either stabilization of the oxy state (R 

state) or destabilization of the deoxy state (T state) of hemoglobin molecule. Eventually these mutations produce hemoglobin 
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variants with high affinity for oxygen [4,5]. For example, mutation of βHis146 that contributes 50% to the release of Bohr 

protons of hemoglobin molecule, results in destabilization of the T state relative to the R state. Subsequently, the oxygen 

binding affinity of the mutant hemoglobin increases with a concomitant decrease in the release of oxygen to the tissues [5,6] 

(Table 1 and Table 2). 

Hb variant  Mutation Phenotype 

 

Hb variant name Mutation Phenotype 

Hb Olympiaa βV20M High O2 affinity Hb Saint-Jacquesa βA140T High O2 affinity 

Hb Trollhättana βV20E High O2 affinity Hb Aurillaca βL141V High O2 affinity 

Hb Palmerston 

Northa 
βV23F High O2 affinity Hb Kochia,c 

βL141V and 

βKYH144 
High O2 affinity 

Hb Zoeterwoudea βV23A High O2 affinity Hb Waterlanda βA142V High O2 affinity 

Hb Strasbourga βV23D High O2 affinity Hb Ohioa βA142D High O2 affinity 

Hb Grange-

Blanchea 
βA27V High O2 affinity Hb Syracusea βH143P High O2 affinity 

Hb Badalonaa βL31V High O2 affinity Hb Vancleavea βH143L High O2 affinity 

Hb Pitie-

Salpetrierea 
βV34F High O2 affinity Hb Abruzzoa βH143R High O2 affinity 

Hb Nantesa βV34L High O2 affinity Hb Little Rocka βH143Q High O2 affinity 

Hb Brie Comte 

Roberta 
βP36A High O2 affinity Hb Mitoa βK144E High O2 affinity 

Hb Linköpinga βP36T High O2 affinity Hb Cambridge-MAc βKYH144 High O2 affinity 

Hb North Chicagoa βP36S High O2 affinity Hb San Cataldoa βK144T High O2 affinity 

Hb Sunnybrooka βP36R High O2 affinity 
Hb Andrew-

Minneapolisa 
βK144N High O2 affinity 

Hb Vila Reala βP36H High O2 affinity Hb Bethesdaa βY145H High O2 affinity 

Hb Hinwila βT38N High O2 affinity Hb Nancya βY145D High O2 affinity 

Hb La Corunaa βT38I High O2 affinity Hb Oslera βY145N High O2 affinity 

Hb Alcorn Countya βR40T High O2 affinity Hb Rainiera βY145C High O2 affinity 

Hb Poissya 
βG56R and 

βA82P 
High O2 affinity Hb McKees Rocksa βYH145 High O2 affinity 

Hb Headingtona βS72R High O2 affinity 
Hb Bologna-

St.Orsolaa 
βH146Y High O2 affinity 

Hb Tsurumaia βK82Q High O2 affinity Hb Hiroshimaa βH146D High O2 affinity 

Hb Helsinkia βK82M High O2 affinity Hb Cowtowna βH146L High O2 affinity 

Hb Raherea βK82T High O2 affinity Hb Yorka βH146P High O2 affinity 

Hb Nebraskaa βA86I High O2 affinity Hb Kodaira IIa βH146Q High O2 affinity 

Hb Cardarellia βA86P High O2 affinity Hb Monplaisirb 
βH147YKLAFLLSN

FY 
High O2 affinity 

Hb Vanderbilta βS89R High O2 affinity Hb Raleigha βV1A Low O2 affinity 

Hb Villaverdea βS89T High O2 affinity Hb S-South Enda βE6V and βK132N Low O2 affinity 

Hb Créteila βS89N High O2 affinity Hb S-Antillesa βV1A and βV23I Low O2 affinity 

Hb Pierre-Bénitea βE90D High O2 affinity Hb S-Sao Pauloa βV1A and βK65E Low O2 affinity 

Hb Geldrop St 

Annaa 
βD94Y High O2 affinity Hb Washtenawa βV11F Low O2 affinity 

Hb Bunburya βD94N High O2 affinity Hb Connecticuta βD21G Low O2 affinity 

Hb Barcelonaa βD94H High O2 affinity Hb J-Aucklanda βG25D Low O2 affinity 

Hb Reginaa βL96V High O2 affinity Hb Knossosa βA27S Low O2 affinity 

Hb Wooda βH97L High O2 affinity Hb Rothschilda βW37R Low O2 affinity 

Hb Malmöa βH97L High O2 affinity Hb Hazebroucka βT38P Low O2 affinity 

Hb Kempseya βD99N High O2 affinity Hb Grove Citya βT38S Low O2 affinity 

Hb Ypsilantia βD99Y High O2 affinity Hb Valmea βF41V Low O2 affinity 

Hb Yakimaa βD99H High O2 affinity Hb Bolognaa βK61M Low O2 affinity 

Hb Chemillya βD99G High O2 affinity Hb J-Cairoa βK65Q Low O2 affinity 

Hb Hotel-Dieua βD99V High O2 affinity Hb Chicoa βK66T Low O2 affinity 

Hb Radcliffea βD99A High O2 affinity Hb Ulma βK66N Low O2 affinity 

Hb Coimbraa βD99E High O2 affinity Hb M-Milwaukee-Ia βV67E Low O2 affinity 

Hb Brighama βP100L High O2 affinity Hb Loves Parka βL68F Low O2 affinity 

Hb New Mexicoa βP100R High O2 affinity Hb G-Accraa βD73N Low O2 affinity 

Hb British 

Columbiaa 
βE101K High O2 affinity Hb Vancouvera βD73Y Low O2 affinity 
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Hb Albertaa βE101G High O2 affinity Hb Mobilea βD73V Low O2 affinity 

Hb Potomaca βE101D High O2 affinity Hb Tilburga βD73G Low O2 affinity 

Hb Spartaa βF103V High O2 affinity Hb Calaisa βA76P Low O2 affinity 

Hb Saint Nazairea βF103I High O2 affinity Hb Providencea βK82N Low O2 affinity 

Hb Heathrowa βF103L High O2 affinity 
Hb Roseau-Pointe a 

Pitrea 
βE90G Low O2 affinity 

Hb South 

Milwaukeea 
βL105F High O2 affinity Hb Caribbeana βL91R Low O2 affinity 

Hb Johnstowna βV109L High O2 affinity Hb Canebierea βN102H Low O2 affinity 

Hb San Diegoa βV109M High O2 affinity Hb Saint Mandéa βN102W Low O2 affinity 

Hb Vexina βH116L High O2 affinity Hb Yoshizukaa βN108D Low O2 affinity 

Hb Ty Garda βP125N High O2 affinity Hb Santa Juanaa βN108S Low O2 affinity 

Hb Auroraa βN139Y High O2 affinity Hb Schlierbacha βN108I Low O2 affinity 

Hb venissieuxa βV33L High O2 affinity    

Hb Shepherds 

Busha 
βG78D Unstable Hb Hb Kingsburya βE6K and V98M Unstable Hb 

Hb Atlantaa βL75P Unstable Hb Hb Jamaica Plaina βE6K and L68F Unstable Hb 

Hb Pasadenaa βL75R Unstable Hb Hb S-San Martina βE6K and L105P Unstable Hb 

Hb Baylora βL81R Unstable Hb Hb Windsora βV11D Unstable Hb 

Hb Buenos Airesa βF85S Unstable Hb Hb Ashburtona βT12P Unstable Hb 

Hb Boråsa βL88R Unstable Hb 
Hb Riverdale-

Bronxa 
βG24R Unstable Hb 

Hb Santa Anaa βL88P Unstable Hb Hb Moscvaa βG24D Unstable Hb 

Hb Sabinea βL91P Unstable Hb Hb Savannaha βG24V Unstable Hb 

Hb Redondoa βH92N Unstable Hb Hb T-Cambodiaa βE6K and βE121Q Unstable Hb 

Hb Mozhaiska βH92R Unstable Hb Hb Volgaa βA27D Unstable Hb 

Hb Newcastlea βH92P Unstable Hb Hb Saint Louisa βL28Q Unstable Hb 

Hb Saint Etiennea βH92Q Unstable Hb Hb Genovaa βL28P Unstable Hb 

Hb Vall d'Hebrona 
βH92N and 

βC92S 
Unstable Hb Hb Monroea βR30T Unstable Hb 

Hb Debroussea βL96P Unstable Hb Hb Yokohamaa βL31P Unstable Hb 

Hb Nagoyaa βH97P Unstable Hb Hb Hakkaria βL31R Unstable Hb 

Hb Kölna βV98M Unstable Hb Hb Castillaa βL32R Unstable Hb 

Hb Nottinghama βV98G Unstable Hb Hb Pertha βL32P Unstable Hb 

Hb Mainza βV98E Unstable Hb Hb Phillya βY35F Unstable Hb 

Hb Grand 

Junctionb 

β115ASLWQRI

HPT116 
Unstable Hb Hb Denvera βF41S Unstable Hb 

Hb Terre Hautea βL106R Unstable Hb Hb Mequona βF41Y Unstable Hb 

Hb Tübingena βL106Q Unstable Hb Hb Ilmenaua βF41C Unstable Hb 

Hb Burkea βG107R Unstable Hb Hb Brevedenta βV67M and βF41L Unstable Hb 

Hb Showa-

Yakushijia 
βL110P Unstable Hb Hb Sendagia βF42V Unstable Hb 

Hb Peterborougha βV11F Unstable Hb Hb Louisvillea βF42L Unstable Hb 

Hb Durham-N.C.a βL114P Unstable Hb Hb Osloa βF42I Unstable Hb 

Hb Madrida βA115P Unstable Hb Hb Hammersmitha βF42S Unstable Hb 

Hb Hradec 

Kralovea 
βA115D Unstable Hb Hb Duc Phoa βF45V Unstable Hb 

Hb Romaa βA115V Unstable Hb Hb Artaa βF45C Unstable Hb 

Hb Miamia βH116P Unstable Hb Hb Cheverlya βF45S Unstable Hb 

Hb Saitamaa βH117P Unstable Hb Hb Jacksonvillea βV54D Unstable Hb 

Hb Caruarua βF122S Unstable Hb Hb Cagliaria βV60E Unstable Hb 

Hb Dhonburia βV126G Unstable Hb Hb Duartea βA62P Unstable Hb 

Hb Bresta βQ127K Unstable Hb Hb Hanáa βH63N Unstable Hb 

Hb Dieppea βQ127R Unstable Hb Hb Bicêtrea βH63P Unstable Hb 

Hb Mont Saint 

Aignana 
βA128P Unstable Hb Hb Aubagnea βG64A Unstable Hb 

Hb J-Guantanamoa βA128D Unstable Hb Hb I-Toulousea βK66E Unstable Hb 

Hb Wiena βY130D Unstable Hb Hb Aleshaa βV67M Unstable Hb 

Hb Shanghaia βQ131P Unstable Hb Hb Manukaua βV67G Unstable Hb 

Hb North Shorea βV134E Unstable Hb Hb Sydneya βV67A Unstable Hb 

Hb Altdorfa βA135P Unstable Hb Hb Mizuhoa βL68P Unstable Hb 

Hb Beckmana βA135D Unstable Hb Hb Abingtona βA70P Unstable Hb 
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Hb Brocktona βA138P Unstable Hb Hb Hersheya βA70G Unstable Hb 

Hb Nijkerka 
βN139Y and 

βA138 
Unstable Hb Hb Seattlea βA70P Unstable Hb 

Hb Olmsteda βL141R Unstable Hb Hb Christchurcha βF71S Unstable Hb 

Hb Toyoakea βA141P Unstable Hb Hb Bushwick βG74V Unstable Hb 

Hb Antalyabc βHLTP2HSDS Unstable Hb Hb Sainte Sevebc 

βGKEFTPPVQAAY

QKVVAGVANALA

HKYH118LAKNSPH

QCRLPIRKWWLV

WLMPWPTSITKLA

FLLSNF 

Unstable Hb 

Hb Bronxb β68KVL69 Unstable Hb Hb Stara Zagoraac βVAN137D Unstable Hb 

Hb Nishinomiyab 
βDGL73 and 

β72ARCQ76 
Unstable Hb Hb Floridab 

βNALAHKYH141W

PTSITKLAFLLSNFY 
Unstable Hb 

Hb Fairfaxb β94ELHCD95 Unstable Hb Hb Birminghamac βLAHK141Q Unstable Hb 

Hb Koriyamab β95LHCDK96 Unstable Hb Hb Saverneb 
βAHKYH143PSITLA

FLLSNFY156 
Unstable Hb 

Hb Cranstonb 
β145SITKLAFL

LSNFY57 
Unstable Hb Hb Trentob 

βKYH144SITKLAFL

LSNFY 
Unstable Hb 

Hb Leidenc βE138 Unstable Hb Hb Galiciaac βHV97L Unstable Hb 

Hb Olindac βEVGG22 Unstable Hb Hb Chilea βL28M MetHb 

Hb Freiburgc βV23 Unstable Hb Hb M-Saskatoona βH63Y MetHb 

Hb Bruxellesc βP41 Unstable Hb Hb M-Milwaukee-Ia βV67Q MetHb 

Hb Niteroic βFES42 Unstable Hb 
Hb M-Milwaukee-

2a 
βH92Y MetHb 

Hb Tochigic βGNPK56 Unstable Hb Hb M Dothanac βGE25E MetHb 

Hb Toursc βT87 Unstable Hb Hb F-M-Osakaa γH63Y MetHb 

Hb Gun Hillc βLHCDK91 Unstable Hb Hb F-Circlevillea γH63L MetHb 

Codons 128/129c 
βA128 and 

QKVV135 
Unstable Hb  

Hb F-M-Fort 

Ripleya 
γH92Y MetHb 

Codons 127/128bc βQA127P Unstable Hb  Hb F-M Viseua γL28M MetHb 

Table 2: List of hemoglobin variants originated from mutation in the β and γ globin chains 

Note: asubstitution, binsertion, cdeletion 

The impaired 2,3-diphosphoglycerate (2,3-DPG) binding to the hemoglobin destabilizes the T state of the molecule, causing 

the variants with increase in the oxygen binding affinity [5,6]. In contrast, the stabilization of the T state relative to the R state 

of hemoglobin results in variants with low affinity for oxygen [5,6]. (Table 1 and Table 2) For normal hemoglobin, the partial 

pressure of oxygen required to saturate hemoglobin by 50% (P50) is 26.8 mmHg [7]. The P50 shifts towards low and high values 

for hemoglobin variants with high oxygen affinity and low oxygen affinity respectively. In case of variants with high oxygen 

affinity, the tissue hypoxia stimulates the release of erythropoietin, thereby elevates the production of red blood cells (RBCs) 

and eventually results in polycythemia [8]. Additionally, high oxygen affinity also causes hemolytic anemia and Heinz body 

formation [4]. Two important hemoglobin variants among low oxygen affinity category belong to the mutation at the 6th position 

of β globin chain, HbS (βE6V) and HbC (βE6K). In case of HbS, polymerization followed by precipitation of hemoglobin 

results in sickle shaped RBCs whereas in HbC, a different type of aggregates with blunt ended crystalloids is formed inside 

RBCs [9]. 

Unstable Hemoglobin 

Mutations in α and/or β globin chains may result in unstable hemoglobin variants with impaired solubility. This reduction in 

the solubility of tetrameric hemoglobin molecules arises by the weakening of important hydrogen bonding and/or hydrophobic 

interactions between globin subunits. Hemoglobin is made up of α helical structure. However, proline residue cannot participate 

in the formation of α helix. Thus, the substitution of an amino acid in the globin chain by proline results in breaking of α helix, 

thereby the formation of an unstable hemoglobin molecule [9] (Table 1 and Table 2). Other unstable hemoglobin variants 



www.tridhascholars.org | December-2018 

 

64 

 

originate by the substitution of amino acids that are too large or too small to fit into the tetrameric structure and subsequently 

fail to make the appropriate interactions across globin subunits to maintain the structural integrity [9]. In addition, insertion 

and/or deletion of amino acids may also display the impaired hemoglobin solubility (Table 1 and Table 2). These unstable 

hemoglobins easily denature and precipitate inside RBCs to form Heinz bodies. There are 151 unstable hemoglobin variants 

discovered to date, where α and β globin variants contribute 22.5% and 74.8% respectively. Hemoglobinopathies with unstable 

hemoglobin may lead the patient to develop anemia, splenomegaly, reticulocytosis and urobilinuria [9]. 

Methemoglobin 

Oxidation of heme iron of hemoglobin molecule from ferrous (Fe+2) to ferric (Fe+3) state results in the formation of 

methemoglobin [5]. Mutation of the proximal histidine residue that satisfies fifth coordination site of heme iron in both α and 

β globin chains and mutation of the distal histidine residue that is spatially located close to oxygen binding sites of heme unit 

in both globin chains predominantly produce methemoglobin. (Table 1 and Table 2) High concentration of methemoglobin in 

patients with methemoglobinemia results in cyanosis, a phenotype with bluish color of the skin [9]. 

Conclusion 

In the present study, we have listed all hemoglobin variants, carrying point mutation at α, β and γ globin chains, discovered to 

date with following functional abnormality: formation of unstable hemoglobin, variants with either high or low oxygen affinity 

and formation of methemoglobin. All four different types of functionally disordered hemoglobin variants can cause tissue 

hypoxia. Therefore, the patients with these hemoglobinopathies should be careful to choose a profession that requires a task of 

high physical activity such as in armed force, sports, fire brigade etc. 
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