


ABSTRACT

Many RHD allele molecular basestudieson serologicalD negativephenotype have
been conducted in Caucasian and African populati®nsly of RHD alleles was lacking in
Arabs from Gulf (Omanig which could be veryhelpful to ®me up with a molecular
screening protocdior managing donors and patients carryingRtD molecular variantln
the present study, avanalyse the molecular backgroundsefologicalD negativeOmani
population.

A total of 2@ dry blood sample®n Whatna rs BTA cardwere collected fromOmani
cohort from different regions ofhe country. The samples wefiest analysedserologically
followed by RHD genotypingusingallele specific reattime PCRwith melting curve analysjs
acommercia alele specific PCR(BAGene kits)digital PCR and SangeisequencingAmong
the 203 serological D negative sampled,89 (93.1%) were phenotypedas true Dnegative
The true serological D negative samples indicated two patterns that were presenceof 37 bp
insertion in exon 4 that is unique for RHD E(n = 8) and presence of R H D h cisto partial D
without RHCE hybrid (n = 2). Total of 9 samples (4.43%) were reclassified as D positive
(serological false D negative) indicated patterns that are RHD-CE-DYRHD-CE(4)-D (n = 1),
RHD-CE(5)-D in cisto weak D DAR2.00 (n = 1), partial D without RHCE hybrid (DIIIb) in
cisto weak D type 45 (n = 1), RHD-CE(4)-D in cisto weak D DAR2.00 (n = 1), weak D type
4.2 in cisto weak D type 41 (n = 1), RHD-CE(4)-D in cis to RHD-CE(8-9)-D (n = 1), RHD-
CE(4)-D in cis to weak D type 4.2 (n = 2,) and DVI.2 (RHD-CE(4-6)-D in cis or trans to
DEL(IVS831T>C) (n = 1). Tota of 5 samples were unclassified. Altogether, these studies
showedserological limitation existence in 4.4% of the samples that reinforce RHD molecul ar
typing and lay the foundation for the development of PCR baREdD genotyping screens in

Oman.
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CHAPTER ONE

1 CHAPTERONE

1.1 Introduction

Effective andsafe lbood transfusionrequires donor andecipientto have exacblood
types in most of theases. Threfore, compatibility testingis essential for bdt donor and
recipientbefore any trasfuson can t&e gdace. Serologcal and molecuhr techniques can
help toidentify different blood typesPerformng ABO andRhD (Rh blood group, D antiggn
compatbility testis necessdrin blood transfusion as incompatibility may cause severe
haemolysis that posibly lead to desh (ABO blood group incompatibility) Based onRhD
typing, bload donors and blood transfion recipients have beerasegorized as eitheD
postive or D negative (Sandler, Chen and Flegel, 2017his categoization is very
important during bloodransfisions & theD antigen s clinically significantandthe correct D
typing helps b reduce the risk of allmmunisation in thetranstision recipent and awid
haemolytic transfusion reaction (HT.RJorrect RhDtypingis also impotant forchildbearimg
D neaativewomenfor Rh immuroprophylaxis with Rh immuoe globulinin case fi the foetus
is D pasitive and thusavoiding haemolytic dsease of fetus anchewborn(HDFN).

Serological methodsvhich is a canmon methodworldwide for D typing may
result infalseD negatiwe thatare in fa¢ RHD variants(Sasset al, 2014) These variants can
be quantitative andeduce D atigen number omed blood cells (RBC9 such as weakD and
DEL phenotype®r qualitative with or without weakening of D antigen suchpartal D and
RHD hybrid (Avent and Reid,2000) In serologic D pheotyping it is necessy to detect
these variantswhich result from the amino acglbsitutions (Sandér, Chen ad Flegel,
2017) Serolagical methods are less effective inndéy/ing various typesof antigens, wite
RH genoyping candetectmore complex Rh specificities, and hence, moleculating is

preferred.



CHAPTER ONE

1.2 Rh blood group history

In 1939, blood transfusios were based o ABO compaibility alone. It first came in
to the spotligpt in 1939(Levine and Stetson, 193B) New York when a woman haasevere
acute haemolyti transfusionreadion (AHTR) after haing hal a matching ABO blood
transfusion from her husbandollowing the delivery of herstillborn infant Her serum
showed antibody thaeacted 5125°C and 37°C with husbam 6RBCs It was th& postulated
that faherand infant had a faor mother lacked and this factevas irtroducel by the infant
during pregnancy whbh produced antibody that reacted witther’s transfusedRBCs in-
vivo and 80% d other ABO compatibé blood invitro. This antbody was named humaarti-
Rhin 1940 Landseine and Wiener injected RhesusonkeyRBCs irto rabbit and isolated
antibodieshat agglutinated Rhesus monkey RBCs and 85% of hirB&s, hencéhe nane
Rh (Rhesis) was @en (Landsteiner and Wiener, 1940By 1962, itwas determined that
anti-Rh antibodydiffered to human denved antiD andwasreramed antLW in honour of
Landseiner and Wiener while a human antibaly as antD of the Rh (not rhesus) was
retained

Continuous researchnd investigations siwed Rh as common cause oAHTR and
HDFN. From1943onwardsthe Rh started tbe nore complexandappreciatedto compose
of numeraisallelesasmanyother Rh factos weredefinedassociated with original aggioin
(Race etal., 1944; Mburant,1945; Stratton, 1946)ishe and Race had 4lifferent Rh
specifigties anti-sera antiC, antiE, ani-c ard antie thatdetermined seen allelesand they
postulated three loci proding D¥d, E/e and C/¢Race etal., 1944) whereadViener defined
8 alleles ard swggestedonly oneRh locus (Wiener, 193). In 1986, Tippett postulated an
alterretive theory of two loci; one endong D or no d and the bér encding C or ¢ and E or
e (Tippett, 1986) It was vaidated by genéc studies and it hasbeenacceped theory till

today.
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After the detemination ofthe Rh factorin 1939 blood ecipients ad donors Rh
RBCs hadbeen categozed asD positive orD negative. However, the ifst D variant was
defined in 1946when red ells from adonorat Manchester Royahfirmary was tested vth
a panel 3ifferenthuman antD sera.Agglutination wasonly seen with 12 of these anti
sera(Stratton, 1946)Such D variardg werenamed D. Another class of Dvariant was
initially definedasblood factorsas Rh positive n d i v i [ths antiRb which failed to react
with own cells and cells of some other edRh positive(Ungea, Wiener and Katz1959). It
was then defiedmosaicgWiener anl Unger,1962)and eventally renamed as partial By
Samon et al in 1984 (Issitt aad Telen, 1996) DEL phenotypea third class of D vaant
detecte by adsorption ahelution of antD wasfirst reported in 19840Okubo et al.]1984).
Many cases later were reportedme D" / D-positive who have hadD positive blood
transfusion or exposed tD positive foetus RBCs duringoregnancy developed ari
(Argall, Ball and Trentelman, 1953; Simmoasd Kieger, 1960; Ostgard, Fevang and

Kornstad, $86)
1.3 Rhterminol ogy

Number ofRh alleles increases amsethods formolecular blood groudetermination
are widelyused Many developed contries adoptd strategis for transfusion suppoftom
gendyping data. As reportingof genotypess becoming a routineandthe resuls obtained
could develop to a major task for tsfnsion scientists. Therefore, knowledge of
nomenclaureson alleles isessentialWagner, 2019)

Four systemshavebeendevelopedo explain the rehtionshipsand inheritance of the
5 original Fh antigens. Two systemsproposed byFisher& Race and Weinewerebased on
serological test and inheritance studies. Additional two theories weredeveloped by
Rosenfield & International Society b Blood Transfision (ISBT) to symbolise the

terminology to omputer system (Harmening, 2012) Fisher and Race invegations
3
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postulated lat he Rh antigens were inheriteds raplotype from eachpaent and folow
Mendelan inheritancgRace, 1948) Eachhaplotype comes fra three gparate locand 3
alleles (locusone = D or d allele, locustwo = C or c allele andlocusthree = E or e allele).
However, it was later consideredd as amorphic allele @now it is very well knan that
there is no dartigen. Loss of D antigerexpressia can be duéo entire RHD gene deletion
(Caucaian) or inactive or siént gene dued R H D br RHD-CE-D® hybrid gene (African)
(Mouss et al., 2012)For examplejndividual with the genotype DCe/lBcwouldhave D, c,
e, C and E antigenawherea dCe/dcE wold have # the anigers except D

Weiner proposd shorthand designain for Rh conmon antigens haplotype and
phenotype based asymbols.He believed that Rh gene responsifide the production of
phenoype called aggltinogen(allele)thathas at leasB three &ctors (Wiene, 1943) These
aggutinogensard blood factorsare shown infable 1.1. This theory has been proven to be
inaccuratehowever,the terminologyhas been in use and developed furthe

As more Rh angens discovered, the systefme@me more caplex anddifficult to
give names tothe new antigens. In 1962, Rosenfield with colleagues numbered each Rh
antigen based on its discoyeorder (Rosenfield et al., 1962) The proposed system,
determines only the presence or absence of RlgeantiTle absence of Rhantigen is
preceded by negative sigFor the Rh majoantigens D, C, E , c andraunbers 1, 2,3, 4 and
5 respectivey were assigne. For example, RBCs that type positive for D, ¢ & e antigens and
negative for C and E would be dgsatedas Rh: 1-2.-3, 4, 5. If the same sample wag no
tested for E angjen the designation would bReh: 1,-2, 4, 5 ( 3 whch represets E antigen is
not stated).

Further development of theblood groupssystem was necessary as the blood
transfusionworld became to shardata. In 180, the ISBTworking paty formeda commitee

tha aimed to establish aniversal laguage forthe RBC angens nomenclatee that can be
4
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read by eye and machine keeping with the blood groups genetic Basesionograph wa
published in B90 decribing 242 RBCs antigefThe ISBT Working Party on Terminology
for Red Cell Surface Antigens, 199@54 antigenswith 23 blood group sterms in 1995
(Daniels & al., 1995) 284 atigens wih 29 bloodgroup systms (Daniels et al., 2004and

>300 antigens with 36 biml group systems 2016 (Story et al., 2016)
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Table 1.1 Wiener proposed Terminology for Rh common antigens, haplotype and

phenotype
Gene Agglutin Factors Shathan Fisher &
ogen d designation Rece
R Rho Rhohr ' | Ro Dce
RA Rh Rhorh 't R1 DCe
RKP Rhy Rhoh r ' Ro DcE
R Rh, Rhor h' R, DCE
rh rh hrh r € r ce
rh' rh' rhthr & r Ce
Rhe Rhe hr'r r e cE
rhY rhy rh'r ry CE

Agglutinogen represents a singlaplotype capable adxpressing 3 dferent aitigens. The

uppercase khdicates D angen presence whereas the lovése r denotes D antigabsene.

The Uppercase Gdenoted by a&ingle prime (') or a 1. Lowercase c is implicit when there

is no ' orl denoted and the tli antigen (e) pesenced assumed. For example lRlenotes

for the presence of D, C and e ameiig whereas R(hdicates D, ¢ & e antigens presence
Number 2 ordoud e pr i me ( e ) indicates the prese
lowercase e is impliedthen there ismdoublepr i me ( €& ) or 2. To il |t
presence of D,c & B nt i g e ncsk, E antigensdnd ir for ¢ and e aigens (where the

presence of ¢ antigen is assumed). When both uppercase C & E are present, Letter Z or y is
denoted with presence or absence of D antigen respectivéigt is R indicates D,C & E

antigens whereas mdicates C & Eantigens. The presenoé Rh factors éntigens) D, C, c,

E and e in agglutination were denotecsRh r h ' | hr ', rhé and hreé res
C with (') or E with (¢é&), h r o wasagiwen gpiDVaetors. t 0 ¢
*(Harmening, 2012)
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1.3.1 International Society of Blood Transfusion (ISBT) RH nomenclature

Each antigerbelonging to a blood group systewas given asix-digit number for
eachby ISBT. The frst three numbersepresent the system and the remaining three the
antigenicspecificity (Harmening, 2012)Number 004 was assigned to the Rh blood group
system, and then each antigen assignethéoRh system waggiven a unique number to
complete the skdigit computemumber.Table A1.1in Appendx 1 provides a listing of these
numbersWhen referring to individual antigens, an alphanumdasignation similar to the
Rosnfield nomenclature may besed. The alphabetic names formerly used were left
unchangedut were conveed to all uppercase ladts (e.g., Rh, Kellbecame RH, KELL).
Therefore, D is RH1, C is RHZE is RH3, c is RH4 and e is RHmd soon (Table A1.1 in
Appendix 1)

For RH alleles a special ISBT nomenclature rules were adgj@ewry et al. 2011).
The ISBT RH allele names consist of the gene symbBHCE or RHD), followed by a
number orname indicatingthe main antigenic group, and as many groups of numbers
following to indicate the allel§Figure 1.1). Nonexpressed alleles areharacterized by
addi t i o nto tbefinitial numide weak D alleles by an amaial 6 W6 , DEL al

an addit.i onal OELO

I el
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[SBT RH allele nomenclature

RHCE*01 to RHCE*0INO1to 0 pos and
RHCE*01:39 RHCE*0IN-03 Partial D

RHD*01 to RHD*82

RHCE*02to RHCE*02N01 to WeakD RHD*01W01 to
RHCE*02:32 RHCE*02N-05 RHD*01W-145

RHCE*03 to RHCE*03N01to0 i RHD*01EL01 to
RHCE*03:20 RHCE*03N03 RHD*01EL46

RHO*0INO1 to
RHD*01N-83

RHCE*04to
RHCE*04:01

RHD*03N-01
RHO*08N-01

Figure 1.1 Overview of theISBT RH allele nomenclature

For RHCEt he 0 9 téaalleeasr RHCE01l, Ce RHCE*02 cE RHCE*03and CE
RHCE*04 Variant alleles are deriveftomthe r espective 6standard
numbersfollowing a dot, possibly with subgrouping foelated alleles. RHD alleles with
relevantpartial D (or without weak@ng) are groupedccording to their phenotype up to
RHD*62. Non-expressed allelesaceh ar act er i zed bogtheandiad mumbego n o f
weak D alleles by aadditionaldNG |, D Bds byaah dddiond 0. Eheldue and purple

boxes indicate rggctive allele number range up to 2q¥8agner, 2019)
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1.4 Rhproteins

The Rh blood grougystemis highly polymorphic and complesystemcompaed of
RBCs specificproteinantigers such aD and others over&differentproteinsas perthe last
report in 2015Harmening, 2012; EL Walfi et al., 201@cientists spent several yeéngng
to uncover the compkéty of the Rh blood group systeffinom serology, biochemical structure
of the Rh proteis mode of inherence arttie genetic entrol. These efforts revealed the
importance of some Rblood group proteinsuch as (D)n clinical practice, as they can be
as®dated with HDFN andHTR.

The Rh poteins can be divided into Rh blood group erythrocyte proteins su€h a
C, ¢, E and e, Rassociat# glycoproteins on erythrocytes such as RhAG amdenythroid
proteins such as RhBG and RhCG foumather tissuegWesthoff, 2007) The complex of
the Rh preein family is estimated by densityltracentrifugation to be 170 000 daltons
(HartelSchenk and Agrel992) The complexstructureas tetramer was originally proposed
in 2000but sirce 205 a trimeric structure has be@vouredby several author&fhCE ard
RhD associate as Rh core qaex that comprises one RhD/CcEe protein and most likely two
Rh-assoa@ted glycoproteinsRhAG) as arimer (Avent et al., 2006)Corroy and colleagues
used E.coli ammonum channel(AmtB) as a template for the generatioh Rh proteins
models(Corroy et al., 2005) The tetramer structure that was widely quotedtrastal with
trimeric structure of.coli AmtB. By sequence alignment betweErcoli AmtB, RhD and
RhAG and comparing homologynodel of these they suggestedrimeric structure of Rh
compex on erythrocytesMerrick and colleagues study ust structureof E. coli AmtB as
a template, togber with secondary structure predictions for Rh polypeptides thad
extensive available ibchemical data on Rh proteins, constructed homology modeis f
human RhAG and RhD and concluded pessibility for the Rh proteisto adopt a trimeric

structure(Merrick et al., 2006)
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1.4.1 Biochemical composition of RhD and RhCE proteins

Blood group antigen can be carbohydgtproteins, glycolipids or glycoproteins
attached to a componenn dghe surface of theRBCs membrane(Dean, 2005; Alimba,
Adekoya and Oboh, 2010lnlike ABO blood groupsugar antigens, tB biochemical
appearance of Rh agénsis hydrophobic nonglycosylatedprotein which is phyically
supported by lipid in th&BCs membraneandexistas integral cell membrarélillyer, 2007;
Whitlock, 2010) Among the arrent & Rh artigens recognized by tH&BT, proteins D, C,
c, E ard e are thenostimmunogenicand are the most common antigens in Rh blood group
system(Flegel, 2007; FloreBello et al., 2018)The immunogenity of Rh antigens differs,
with D being the mg immunogenic fdowedby c, E, C and antigengHarmening, 2012)

The RhD protein egpresses the D antigen, while the RhCcEe protein carriesr €lth
or ¢ antigens (wolving the second extraalular loop) together with E or e antigens
(involving the fourth extracellular loop) on the same prot@touro et al., 1993; Blunt,
Daniels and Carritt, 1994; Avent @t, 1996b; Smythe etl., 1996) Rh antigensppea early
during erythropoietic differentiationRhCcEe protein is detectable on CD34 progenitors
isolated from cordlood after 5 to 7 days, while RhD appeafter 9 to 11 days of culture
(Southcott, Tanner and Anstee, 1999)

TheRhD and RhCEproteinsarecomposedf 417amino acids that transverse the
RBC membrane 12 times and display short loops of amino acids on the e{@eaniton,
1994) with N and C termini located in the cytoplasm of the RB&ott, 2004) (Figure 1.2).
The N terminal metlonine, which represents the mRNA translatioitiation signal, is

cleaved from the mature proteifiegel, 2007)

10
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RhCE and RhAG model protein.
The Rh proteins RhD, RhCE and RhAG transverse the membrane 12 times and display short

loops of amino acids on the exrbr with N and C termini bcated in the cytoplasm of the
RBC. The amino acids sequence from aminddaZ (first amino acid metlnine is cleaved)
to 417 with their names for RhD and RhQEotein (417 amino acidsare shown. The
difference in amino acid geence betweeRhD and RhE indicatedas black and viote

circles respectively Positions 103 for (€) [Serl0®ro] and 226 for(E/e) [Pro226Ala] in
RhCE are indicated as blue and orange circles respectiVel RhAG protein consist of 409

Figure 1.2 RhD ,

Glycan at the first extracellular loop as branchestructure RhD and

RhCE structure was adaptédm (Flegel 2007)andmodified by the author. RhAGtructure

was aadpted from(Vege and Westhoff, 2019)

amino acids vth N-

11
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Although theRHD and RHCE cDNA openreading framesreode 417 amo acid
polypeptides, the Netminal methionine, which represents the mRNA tratislainitiation
signal, is cleaved from the matureofeins (Merrick et al., 2006) Both RhD and RhCE
proteins have 6 aracellularloops (Flegel and Végrer, 2M2) with unknown functionput
RBCs lackingall Rh antigens have structural abnormalities saglstomatocyte@/ege and
Westhoff, 2019)The differencein amino acids sequence in the antigetine residue number
103 for Cc (C: Serine & c: Proline) and 226 for e Proline & e: AlaninejFigurel.2]. In
RhCE,the protein ofC differs from ¢ by éuramino acids and E protediffers from e by one
amino acid(Daniels, 2013h)On the otkr hand, there is a difference of 323®amino acids
for the RhCE and RhD proteir{lillyer, 2007) The small loops at exterior part on the
surface of the RBCs provide the different seroldgmatigenic shap called epitops for
different Rh bbod types. Nonetheless, the reian between the RhD epitopes and the
polymorphisms of proteins of the Rh system, are not completely under@tmwde and
Stack, 2017)

RhD and RhCE proteins arésa called Rh3({Table1.2) proteins as theynigratein
sodium dodecyl sphate polyacrylamide gel electrophoresigels (SDSPAGE) with about
molecular weight ratio of 30,00(Hillyer, 2007) The Rh complex at its core & heteo-
oligomeric trimer consistingof Rh polypepties (RhD and RhCE) andRh-associated
glycoproteins (RAG) (Burton and Daniels, 2011)The expressiorof RhD am RhCE
proteins on erytrocytesis medated by ceexpressionof RhAG protein(Raud, Ferec rad

Fichou, 2017)

12
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Table 1.2 RhD, RhCE and RhAG proteins synonyms

Rh Synonyms

protein

RhD Rh30, Rh30B, Rh30PD30, Rh30 polypeptide (Bkd], RhXIll, Rh13

RhCE  Rh30, Rh30A, Rh30 [RhCE], Rh30 polypeptide [32 kd], Rkib cDNA,
[RhcE], Rh21 cDNA [RhcE], R6A32, Rhce, RhCe, RhcE, RhCE, Ccl

RhAG  Rh50, Rh glycoprotei Rh50A, D50,MB-2D10 protein, R6A45, GP5(

GP50A

1.4.2 RhAG protein

As statedthe Rh praginscarry Rh antigens but arely expressed on the erythrocyte
surfa@ if glycoprotein RhAG is also presentRhAG protein is detectable on CD34
progenitors isolatedrém cord bloal, after culture for 3 to 5 day&outhcott, Tanner and
Anstee, 1999) The amino acid sequence rhology (apprximately 40%) of te Rh and
RhAG proteins indicates an astal relationship, and collectively they are referred to as the
“"Rh protein family."” Hydrophaicity profiles, immunochemical analyses, and daitained
through sitedirected mutageess imply that RhAG proteinsre similar to Rh proteins and
have 12 tarsmembrane spans with both thetédminus and €@erminusoriented to the
cytoplasmlike Rh protins Figure 1.2) (Westhoff, 2004) One of the 2potential Nglycan
sites isglycosylated. A third site is predicted to be cytoplasmic and, thereforecessible
for glycosylation (Ridgwell et al., 1992; Ridgwell et .al1994) Based on the amino &t
sequence, RhAG shares 39.2% and @8anino acid sequence identity with, respectively,
the Rhce and RhD proteifAvent et al., 1990; CheriZahar et al., 1990; Le van Kim et al.,

1992;Ridgwell et al., 1992; Arcet al., 1993)

13
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The RhAG protein is catrolled by approximately32 kb RHAG gene located on
chromosomesp12.3with 10 exons. RHAG gere exons P9 are 47%homologousto RHCE
and RHD (Daniels, 2013a) RhAG is 409 anino acidswith a molecular weighbetween
40,000 and 100,000rotein isasociated with the expression of the Rh system and is part of a
membranechanné which is esponsible for transporting ammonium gombsibly carbon
dioxide through the membrane 8BCs (Huang, 1998). RhAg antigen does notaoy Rh
antigens buts requirel for the corect assembly of the Rh protei(BhD & RhCE) in the red
cell membrandor expession. Mutations in the RHAG genecan leadto regulator type of
Rhaui pherotype (Hou, Yan and Tian, 2017)n 2010, RHAG blood group system wa
edablished based on thecognition of hree RBCs antigers on RhAGprotein encodedby
RHAG gene (Tilley et al., 2010) The RHAG blood group system cortsiof two hgh

frequency antigns and two lovirequency antigensTablel.3).

Table 1.3 Antigens of the RHAG blood group system

Antigen

No Name Frequency Amino acids*
RHAG1 Duclos High GIn106Glu
RHAG2 012 Low Ser227Leu
RHAG3 DSLK High Lys164GIn
RHAG4 Low Val270lle,

Ala280Ala
*Amino acid substution for negative phertgpe. Adapted frm
(Vege and Westhoff, 2019)

14
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1.5 RHDand RHCE genes

The humarRH locus is responsible for the expression of the Rh blood graigeas.
The Rhblood graip system has wvman gees RHD and RHCE) thatencode for the Rh
protein. Both genes Ipci) are located on chromosome 1p36.11 and arevdry close
proximity to each othe(Westhoff, 2004)but are in opposite ori¢stion -BHD-3 -3 -0
RHCES5 6 W0 eixdns eacfWagner and Figel, 2000. RHD is flankedby two 9000 base
regionsof 98.8% homology, naned he Rhesus boxefaniels. G., 2008; Khosroshahi et al.,
2019) RHCE & RHD conposed of 57831 an87295 bp repedively (Okudaet al, 2000)
separated by small membrane pnoté SMP1gene(Wagner and Fégel, 2000)which has
been renamd TMEMS50A(Figurel.3).

Bioinformatics using onlineEnsembl browser showedmessenger RNA (mRA)
transcrpt known as complementaryNDA (cDNA) of bothRHD andRHCE genescomposed
of 2814 bp and 60 bp respectivelyf Figure Al.1, Appendix 1) However, the coding
sequence that is translated into 417 anaicids polypeptidesicomposeaf 1254 bp forboth
RHD andRHCE genes.

RHD and RHCE genescary different antigeg, one carries the D antigen andet
other carries CE antigens whican be ce, Ce, cE or GEBrce et al., 1993) The RhD proti
is encoded byRHD (synonyms RH30, RH30B, RH30D, RHX|IRH13; the RhCcEe protein
is encaled by RHCE (synonyms RH3, RH30A, RH30C (RHCERHIXB, RH2) (Figure
1.3); and the RAG glycoprotein is encoded BWHAG (synonymsRH5Q RH50A.

Previousstudies hae found theRHD andRHCE geres to be 93.8% identical to each
other (Westhoff,2004; Granier et al., 201.3)The homdogy even higher betweeRHD and
RHCE exons For example, both RHD and RHCE exon 8 are 100% identical. There are no
differences or single or very few polymorpksm(s)that can diff erentiateRHD and RHCE((ce,

Ce cE) exons (Figurel.4). These observatis suggest that they aderivedfrom a relatively
15
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recent duplication event. Previously a study of nonhurpamate RH-like genes
demongtatad that ancestraRH gere duplication occurred in the common ancestor of man,
gorillas andchimpanzeesThe two geres diffeences is responsible fahe amino acids
differencesalong the entire protein dependant on ReCE allele (Avent andReid, 2000;
Flegel, 2006; Daniels, 2013ldxons 1 7 encoding 5060 amino acideach andgexons 810
encoding the last 58sidueqTabe 1.4 andFigure 1.5) (CheritZahar et al., 1994; Cherif
Zahar, Raynal and Cartron, 199The mostfrequently occurring forms dRHCE andRHD
encode 8 halotypes: Dce dce DCe dCe DcE, dcE DCE, and dCE known in short,

regectively,asRy, r, Ry, r”",R. andry.

The intronc region of the gene has a notable difference in intron BHi3gene has
a 80 bp deletion compared BHCE gene (Arce et al., 1993; Avent et.all997c; Okuda et
al., 1997;0kuda et al., 2000)Other ntronic regon over 100 bp deletions or insertions were

detectedOkuda et k, 2000)
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Figure 1.3 RHD and RHCE loci and their product protein.

Both genes are in apposite orientation with 10 exons each and separatd&p0Agene
RHD exons represéed as black box andHCEexons as white bofA). Structure of Rh&
RhCE protein in the RBCsnembraneas products of RHD & RHCEgeres respectely, N &
C termini located in the cytoplasm of the RB&). The amino acidarrangmenfrom amino

acid2 to 417 for RhD and RhCE protein (B)Daniels, 2013)
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Figure 1.4 Schemdic representation of the cothg sequence(transcript) of wild type
RHD gene D*) compared with alleles ofRHCE gene(ce Ceand cE).

The 10 exons othe RHD & RHCEgenesare symbolized by squares and numberea 10t
Letters  and® denotethe coding sguerce transcript oexon 1 with 5"UTR ard exon 10 with
3’UTR respectively. The blue boxesdenote thecoding sequencexons for wild typeRHD
gene. The black boxes denot#0% homology between wild typeRHD and RHCE allele
exons. The white baes with back borders denot@resence fopolymorphsm(s) within the
exon distinguishing RHD and RHCE allele. The white boxes witred borders denote
polymorphisns distinguishingRHD and RHCE alleles at3'UTR, with sequence share in
exon 10 between RHD & RHCE. RHceand RHcE alleles share sequenavith wild typeRHD
gene whereasRHCeallele show polymorphia. Wild type RHD & all three RHCE alleles
shown;share segance in exon 8but are different in exon 2 through 7 aexbns9 and 10

with exception oRHCe allele that share also sequence in ex2a
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C C I
RhD MSSKYPRSVRRCLPLWALTLEAALILLEFYFFTHYDASLEDQKGLVASYQVGQDLTVMAAI 60
RhCE MSSKYPRSVRRCLPLCALTLEAALILLFYFFTHYDASLEDQKGLVASYQVGQDLTVMAAL 60
c w L
C S S
RhD GLGFLTSSFRRHSWSSVAFNLFMLALGVOWAILLDGFLSQFPSGKVVITLFSIRLATMSA 120
RhCE GLGFLTSNERRHSWSSVAFNLEFMLALGVOWAILLDGFLSQFPPGKVVITLESIRLATMSA 120
R e e e e e e e e e e e e e e e e e e e e e R R e e e e e R R e e e e e e e e e
c N P
RhD LSVLISVDAVLGKVNLAQLVVMVLVEVIALGNLRMVISNIFNTDYHMNMMHIYVFAAYFG 180
RhCE MSVLISAGAVLGKVNLAQLVVMVLVEVTALGTLRMVISNIFNTIDYHMNLRHEFYVFAAYEFG 180
L e e g e g e e e e e e e e e g e e e e e e e sk e e e e e e g e e e e - e e e e
E P
RhD LSVAWCLPKPLPEGTEDKDQTATIPSLSAMLGALFLWMFWPSENSALLRSPIERKNAVEN 240
RhCE LIVAWCLPKPLPEKGTEDNDQRATIPSLSAMLGALFLWMFWPSVNSPLLRSPIQRKNAMFEN 240
* RRkEARARRAER Rkkk Rk kR AR R AR R AR Ak RR AR R R AR kAR Rk
e A
RhD TYYAVAVSVVIAISGSSLAHPOGKISKTYVHSAVLAGGVAVGTSCHLIPSPWLAMVLGLV 300

RhCE TYYALAVSVVIAISGSSLAHPQRKISMIYVHSAVLAGGVAVGTISCHLIPSPWLAMVLGLYV 300

e I I

RhD AGLISVGGAKYLPGCCNRVLGIPHSSIMGYNFSLLGLLGEIIYIVLLVLDIVGAGNGMIG 360

RhCE AGLISIGGAKCLPVCCNRVLGIHHISVMHSIFSLLGLLGEITYIVLLVLHTVWNGNGMIG 360

RhD FOVLLSIGELSLAIVIALMSGLLTGLLLNLKIWKAPHEAKYFDDOVFWKFPHLAVGF 417

RhCE FOQVLLSIGELSLAIVIALTSGLLTGLLLNLKIWKAPHVAKYFDDOVEWKFPHLAVGE 417
e e e e e e e e R e e e e e e e e e e W e e e e e e e

Figure 1.5 Amino acids differ encebetweenRhD and RhCE protein.

Sequemrte alignment oRhD and RhCEproteinsasdisplayedn online software CLUSTAL O
(1.2.4) multiple sequence ghment. The amino acid sequence data were deducewh fr
cDNA nucleotide sequencesom Ensemblgenome browsemBlack letters indicateamino

acids translated froraxonand blue lettersndicate the same dm another exon. Red lette
indicate residue ovents splce site. Yellow highlight the amino acid ditrence between
RhD andRhCE polypeptides G;, E and e Four aminoacid changes (Cy6Trp; lle60Leu;
Ser68Asn;Serl0®ro) are associated with the C to ¢ polymorphism, whereas one amino acid
change(Pro226Ala) is associatedith E to e polymorpism.
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Table 1.4 Organizations of RHD & RHCE codonsin each exon oRHD & RHCE genes

RHD/RHCE RHD/RHCE
Exon* codons

1 17 49

5071 112
1137 162
16371 211
21271 267
26871 313
31471 358
35971 384
38571 409
10 4107 417

© 00 N o O A~ WD

*(Daniels. G., 2008)
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1.6 Molecular basis of D
Since the first descriptions dRh cDNAs (Avent & a., 1990; Cherd#Zahar et al.,

1990; Le van Kim et al.,, 1992; Arce et all993) much effot has beenmade in
differentiating themolecular bases underlyinpe antigens of the Rh systeithe diferent
gengic mechanismstha charmge the Rh prot@ include gene deletion (Enegative
phenotype); gene conversion (C/c ypabrphism); antithical miss@se mutations (E/e);
gene hyrid (RHD-CE-D), singlenudeotide polymorphisms (DEL variaki409K) andother
missens muationssuch as RHD-CE-D® and RHD*E. The RH genes appear to be a source of
massive diversity, and combinations of these tffi€ genetic rearregements atmundamong
all racial groups

Mostindividuals are either Dgsitive or D negative. However, there is a grey area in
the form of D vaiants tha affects qualitative rad/or quanitative appearance dd antigen.
The D negativephenotype has different genetic baakgnds with variable distoution in
different populatbns(Figurel.6). The D negatie phenotypeanarise either dueto complete
absencef the RHD genewhich is common in Caucasiansfew D variantsthat are common
in African. These D variantmay give inactive or silenRHD genesuchas RHD pseudogene
(R H D * & RHD-CE-D®hybrid gene liat does not express D but adterC (Moussa et al.,

2012) List of otheralleles that cause negative can be viewed Appendixl (Table A1.2).
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Figure 1.6 Frequency ofD negative among difierent world popul ations.

The map was created using mapchart.netnenfoftware.The freqiency of D negative
decreases as we go far East from America continental and EumspelsoMiddle East and
rest of Asian countries witkexceptionof Audralia. Some American continetal countries
such as Mexico and Brazil show diffatdrequencies of -5% (green and between 105%
(dark brown) respectively. OtheAmericans, Europe and Atralian population have the
highestD negative frguency $15% - Red). African havemixed frequacy whereas all
Middle East and Gulf countries hafrequency between 5nd 10% (orange). The lowest
frequency ofD negative is found in East Asia counsrisuch as China, Thailand and

Indonesia with <1% frequey (violet).
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There are two types moleculabases of D variants: (1) one amore nucleotide
substitution in RHD gere that changes the amino acid in RhD protein, (2) genetic
recombination which caes replacement aéne or moreRHD exonsby RHCE (Daniels,
2013b). These variants can be categorized as partialdakD andDEL phenotype

1.6.1 Complete RHD gene deletion

The D negative phenotype usually results from a com@abgnce of theRhD protein
that resuls from complete deletion &@HD gene explaining thehigh immunogenicityof D.
As the Dnegativephenoty is associatedith the absence of the RhDqgben, there is no
antigennegativeD is found. Typically, the yambol d indicates that there is no D Among
Caucasians the Degativephenotype is associated twihomozygosity for th complete RHD
deletion,with percentage beeen 15% and 179%Westhoff,2007) Homozygas celeion of
RHD, appears tdvave ocarred between a 146% region of identity ireach of the Rh boxes
(Figure 1.7) (Wagner and Flegel, 200Q0)n a very recentstudy, it hasbeen observed that
Basquespresentsthe highest frequenci47.246) of the RHD deletion (FloresBello et al.,
2018)

Few gudies have been condedt onD negative phenotypen Asianand African
populatiors. Khosroshahiand colleaguesletected Hybrid Rhesus box &as detected in all
testedsamples, andPolymerase l@in reactionRedriction fragment length polymorpin
(PCRRFLP) confirmed that 99% were hormgpgouws for RHD gene deletiorfKhosroshahi et
al., 2019) Moussa andaolleaguesbservedRHD gene deletion is theost prevalent causd
D-negative phenotype (98.6%) among Tunisian populam (Moussa et al., 2012)Both

studies showed that D negativity cause at molecular level is similar to Caucasian
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Figure 1.7 Genomic organization of theRh genes in typicalD positive (D+) and D
negative (D-) haplotypes.

The RH gene show&HD gene with egns 1-10 (blackboxeg, the two homologous Risus
boxes, andfMEMS50AIn 5 to 3 orientdion, andRHCE gene with exons-10 (grey boxes)
in 3 to 5 orientation. In the Dhegativehaplotype, there is ddetion of part of each Risus
box and ofRHD whole gene (Daniels. G., 2008)
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1.6.2 RHD pseudogene (2 ( $ ¢-RHD*8N.01

RHD pseudogene is characterizey inactivation of D gene bynsertion of 37 bp at
the intron 3/exe 4 bourdary of RHD genethat introduces a frame shifind translation
termination(Figure 1.8). In addition,a nonsense (Tyr>stop) mutation exon 6that causes
premature termination of translatguiotein (Singleton et al., 2000) R H D * dSsociated
nucleotidesand amino acidshanges related to wild tygeHD gene can be viewed ihable
1.5 andFigurel.9.

RHD gene deletion iscommon cause of D nejze in African, howevearound67%
are at least heterozygousRoH D * (Baniels, 2013b)Molecular analysis oRHD alleles in
native Congdeserevealed that 20.5% of D negative samples W D * (Eouinssi et al.,
2009) Moussa ad colleagues found th&tunisian population hasery low frequencyof

R H D * (B.5%) comparedwith that described irthe African population(Moussa et al.,

2012)

Table 1.5 RHD*E associated nucleotides and amino acids changes related to wild type
RHD gene

RHD intron/exort Nucleotide changes Amino acid changes relativ.  Remarks

relative to "standard to standard protein
RHD gene
Intron 3/Exord IVS3-19 dupl 37 (D209N) reading fame or ~ Stop codon
(D216N) new reading frame at 210

Exon 4 609G>A - No change
Exon 5 654G>C (M218I)

667T>G (F223V)

674C>T (S225F)
Exon 6 807T>G (Y269X) Stop codon at

269

*Information deduced from rhesusbasé website anqSingleton et al., 2000)
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T D Y H M N

RHD i tcactgctct tactgggttt tattgcagAC AGACTACCAC ATGAAC
RED¥ ..... tcactgctct tactgggttt tattgcagAC AGACTACCAC ATGAACTTAC TGGGTTTTAT

T D Y H M N L L G F I

M M H I Y V F A A Y F G
RHD ATGATGC ACATCTACGT GTTCGCAGCC TATTTTGGGC

RHDY¥Y TGCAGACAGA CTACCACATG AACATGATGC ACATCTACGT GTTCGCAGCC TATTTTGGGC
A D R L P H E H D A H L R VvV R S L F W A

L 8§ V A W C L P K P L P E G T E D K D Q

RHD TGTCTGTGGC CTGGTGCCTG CCAAAGCCTC TACCCGAGGG AACGGAGGAT AAAGATCAGA
RHDY¥ TGTCTGTGGC CTGGTGCCTG CCAAAGCCTC TACCCGAGGG AACGGAGGAT AAAGATCAGA
v C G L v P A K A S T R G N G G * R S D
210
203
T A T I P S L S A M L
RHD CAGCAACGAT ACCCAGTTTG TCTGCCATGC TGG.....
RHDY CAGCAACAAT ACCCAGTTTG TCTGCCATGC TGG.....
S N N T Q F V C H A
(D)
216

Figure 1.8 The presence ofRHD*E in Africans with the Rh D-negative blood group
phenotype

RHD intron 3 sequence shown in small letters whereas exon 4 sequence shown in capital
letters. The region of the 37 bp duplication is unded (single and double). The putative
exon sequencderived from intron 3 is doublenderlined.This insert introduce a reading
frameshift and a potential translatitermination codon at codon 2{iddicated ag). The 37

bp insertion and subsequentarmeshift givesalso rise to an aspartic acid to aspanegy
substitution at codon 203 (original reading frame) or codon 216 (new reading ftam&)
609G>A point mutation (highlighted in yelloWingleton et al., @00).
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Chromosome 1

Locus 1 Locus 2

TMEMS0A

1V53-19 dupl 37

674C>T
654G>C

No D antigen C/c and E/e antigens

Figure 1.9 Schematic diagram on nolecular background of RHDE gene that givesD
negative phenotype.
The numbers indicate exon number on &t¢D and RHCE genes. Pink box represer®RHD

exors andgrey box represenBHCEexons.The orange box within pink box &HD exan 4
represents 37 bp insert which is a duplication of a sequence spanning the intred®B (at
nucleotide sequendexon 4 boundary (IVE9 dup 37). Green lines represents point
mutafons associated witR H D §ene atRHD exon 4 (609G>A)RHD exon 5 (654G>C
667T>G and 674C>T) anldHD exon 6 (807T>G). * indicates a point mutation that does not
result in an amino acid chandg® H D Bene has no effect ®®HCEgene exons.
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1.6.3 Partial D

The D antigen is a cacttion of conformatioslependent epitopes along thdire
RhD protein These epitopes are the binding sites of antib@hanges in the amino acids
and one part of the protein may affect the expression of the epitope sequence or result in new
epitopes. Assuch, the antigens of the Rh D blood group mayikekivariations of their
expression in the erythrocyte membrane of RBCs In partial D, RhD protein is altered
from wild type proteinand resultdn absence of one or more epitop&be altered protein
have amino acids changes in theracellular loop(Daniels,2013b) People whose RBCs
have a dtered form of RID protein (partial D) may make atentiD against altered or
missing epitopeSuch RBCs, depending on which D epitopes are altered, are agglutinated by
a proportion ofmonoclonalantiD reagentsThreetypes of molecular bases of patD have
been found RHD-CE hybrid alleles, missense mutations in the extracellular protein
segments, and dispersed missense mutatibtegel and Wagner, 2002According to
RhesusBase website, more than &@tipl D alleles have been repati¢he latestvasin 2018
aweak partial Ddue to sigle missense mutatidRHD(L214F)}CE(7)-D and a hybrid allele
RHCHS5:6975:744)RHD (Fichou et al., 2018)

RHD/CE hybrid allelesresults from rearrangements andendic recombination
betweerRHD andRHCEdue togene conversion eveniBhis may reslt in part of an exon, a
whole exon, or several exons &HCE to combine withRHD gene(Figure 1.10) (Daniels,
2013b) As a resultRHD encode hybrid mteins that have RhCgpecific amino acidsThis
change affesta long string of amino acids, which is always located on the erythrocyte
surface andhe new hybrid can generate antigens; for exaniplé, & DVI RBCs carry the
Rh antiges calledEvars (RH37) & BARC (RH52) respectivelyFlegel and Wagner, 2002;

Flegel, 2007; Quinley, 2011)
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DIV has been divided serologically into DiVivhich is G@ positive and DIV which
is GG negative using polyclonal afB0?, an amibody defining the lowprevalenceD antigen
RH30 (Gd) (Tippett and Sanged,977) Several molecular subtypes have been reported for
DIV® while DIV?is less diverse at the molecular lev&llow frequency antigen called Evans
carried by DIV is due to hybricRHCE (7-9) seen in ClY’e and clY’E haplotypegDaniels,
2002.

DVI occursin CDe, cDE, and cDe haplotypé¥ones, Scott and Voak, 1995The
CD"'e haplotype is due thybrid RHCE (4-6) (Mouro et al., 1994pndcDY'E haplotye is
due to hybrid RHCE(4-5) (Avent et al., 1997b) Most CD"'e haplotypes carry the low
frequency antigen BARQFlegel and Wagner, 1996According to Rhesus base website,
DVI type 2andDVI type 3 carry BARC iatigen with hybridRHCE (4-6) and hybrd RHCE
(3-6) respectively.

There are many other low frequency antigens thataneed by partial D caused by
hybrid RHCE For instanceDY (RH23) is an antigenic marker for category Dpartial D
that is raised from hybriBHCE(5) andcanbe seen in CFfe and cD'®e haplotypesRH32 is
another low frequency antigen associated witffCB haplotypehat is due to hybriRHCE
(5-9) that is carried by DB partial D where it shows weak ergsionof both C & e

antigengDaniels 20@).
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Figure 1.10 Partial D hybrid alleles compared to normalRHD gene.

The numbers indicate exon number. Black box repredRHIS exon, whereas white box
representlRHCE exon. The first row representwild type RHD gere, whereas secontbw
onwards represents different partial D types causeBRHMEE hybrid. Many partial D arise
from part ofRHCEexon hybrids wittRHD exon (e.g DV1, DVa4, DVa6 and DCS1 result
from part ofRHCE exon 5 hybrids wittRHD exon5). Other typesof partial Dresult from
full RHCE exon hybrid (e.g Dlllb type has exon 1 and 3 throughaft(RHD and exon 2 of
RHCE, DIIIC with exons 1, 2 and 4 through 10 RHD and exon 3 oRHCE Two or more
full exons ofRHCEhybrid can also ultin partial D(e.gDBT-2 resuls fromRHCEhybrid
of exon 5 through 9, DHAR witRHCEhybrid of exon 1 through 4 and 6 through 10, EB/I
from RHCEhybrid of exon 3 through §Paniels, 2013h)
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According to the updated data from the RhesusBase website
(http://lwww.rhesusbase.infp/27 partial D are caused by single missensdations(SMM),
the latest reportel muation is RHD*52 which is 668 T>C (F2239 predicted to cause
damaging effect on RhD proteiffrilosa et al., 2016)The phenotypes o6MM causing
partial D are much more diverdban the phenotypes caused ggne conversiorand
deternined by the localzation and type D substitution (Figure 1.11). In addition fewer
epitopes are affecteich partial D caused by SMM compared to partial D that results from

gene conversiond-legel and Wagner, 2002)

Partial D including D categories
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Figure 1.11 Aberrant RHD alleles with single missense mutations.

Amino acid positions affected in weak D types are shown in black; those affected in partial
D, including D categories, are showngney. Amino acid substitutions iweak D are located

in the intracellula or transmembraraus protein segments, those found in partial D
phenotypes in the extracellular protein segm@rtegel and Wagner, 2002)
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Multiple missense mutation results inultiple amino acid sultisutions which are
dispersed in the D protein may als cause partial D varianD category DI, DIl type 4,
DIll type 5 and DIV type 1.0 are few examples of dispersed amino acid substitiiores.
than 30multiple missense mutaticzausing peial D have been reported as per taafrom
RhesusBse  website. ISBT RHD*DAR6 with  multiple  mutations RHD
(150T>C,178A>C,201G>A,203G>A,602C>G,667T>G,957G>A,1025TsChe latest type
thathas beemotedin African ancestry.

Few aberranRHD alleles can easilcauseclinical problems in transfusiorecipients
andpregnant womerilhe carrier of these alleles may easily be-Britmmunised(Flegel and
Wagner, 2002)For example, carriersf partial D type DVI can be antD immunisedif
transfused wh D positive RBCs Therefore, most transfusion servidesthe hospitaluse
type of monoclonal antd that doesnot react with I¥I RBCs and thusdeliberaely
mistyping transfusionrecipients and pegnant wome as D negative. This is to avoid
exposure oD positive RBCdor the missing epitope(snd preent alleanti-D immunisation
and select the pregnant candidates for@rithmunoglobulin

Cases of aD immunigsation in women with pdial D cawsing mid to sevee HDFN
have been reported and involve mats with DNB(Lukacevic Krstic et al., 2016; Quantock
et al., 2017)Dllla (Beckers etl., 1996) DIVb (Okubo et al., 1991DVa (LukacevicKrstic
et al., 2aL6), DVI (Lacey etal., 1983)and DBT (Wallace et al., 1997) Very few case®f
HTR due to antD in D positiverecipient havebeen reprted and involve HTRn sickle cell
disease(SCD) patient with homozygous partial Dfor RHD*DAU4 (Ipe et al., 2015)
Therefor, partial Dpatients with antD should be transfused D negative bla@hniels,
2013b) Child bearing women with partial D should be treated as D negative to g& anti
immunoglobulin prophylaxis and avoidantitD immunisation to protect thefoetus from

HDFN.
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Donors RBCghatcan be used to immuni® D negdive recipents for antiD should be
labelledD positive.For new donors it is essential to test the RBCsphatial D typesDIV,
DV and DVI and for known repeatedionors a blended aril reagent of DV, DV and DVI
and wealD (Daniels, 2013b)

1.6.4 Weak D

Wagnerandcolleaguegropo®d that only amino acid substitohs locaed withinthe

membrane spanning or cytosolic domains of the D protein are responsible for \(legkii@

1.11) (Wagner et al., 1999)rhroughRHD seqiencing,they identified many different types

of weak D, numbered eak D type 1, 2,3. This has now been expanded to many weak D
types, with several subtypes (e.g. weak D type 4-1) Most serological weak D phenotypes
(>95% in Northern Europeans) are the regsion dweak D types 1, 2, 3 or 4-0/4(Elegel,

2011)

To date, 159 weak D types have been detected out of which 154 are listed on the
Rhesus databagbttp://www.rhesusbase. info/). These weak D types camndidtingiished
serologically, though they are asgated with diferent degrees ofveaknessand somecan.
Among white German and Austrian blood donors with weak D red cells, 70%, 18%, and 5%
were weak D types 1, 2, and 3 respectively (Wagner et al, 18®@yeasamong French
patients the equivalent fregncies were 38%27%, and 8% NoizatPirenne et al., 2007)

Novel weak D(not yet given ISBT nomenclaturdypes 150, 151 and 152 have been reported
recently(Fichou et al., 2018)

The estimated nuber of D antigenon RBCs has beenoticed to vary between
different D phenotypesT@ble1.6). Fluorescence flow cytometry using mono and polyclonal
antiD shown the followng decrase in mmber ofD antigens on the phenotypes:-B R:R>
> R1R2 > R1R1 > Ror > Ror > Rur (Nicholson et al., 1991; Harmery, 2012) The number of

D antigen sites per r ed aneaboutelitorB0OG(Takel.d.we a k
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Thisis in contastwith 13,000624, 0 0 O

33,000 on DIl typet red cells (Wagner et al, 2000).

f

6nor mal 6 D+ red

Table 1.6 Estimated number of D antigens on differeh Rh phenotypes

Rh Phenogpe Number of D atigen site$
Rur 9,9007 14,600
Ror 12,0001 20,000
Ror 14,0001 16,600
RiR: 14,5001 19,300
RiR2 23,000i 31,000
R2R2 15,8001 33,300
D-- 110,000 202,000

The highest number of D antigen can be founB+phenotype, whereasé¢howest numbe

could be seen in R, Ror Rar phenotypes* (Harmening, 2012)
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Table 1.7 Few weak D types with numbe of D antigens on RBCs and their ability to

enhanceanti-D allo-immunisation

WeakD Anti-D Number of D antiger References

type

DOL Yes 4,700 (Avent, Poole and Singleton, 1999)
1 1285 (Wagner ¢€al., 1999)
2 489 (Wagner et al., 1999)
3 1932 (Wagner et &, 1999)
4 2288 (Wagner et al., 999)

4.1 3811 (Wagner et aJ 1999)

15 Yes 297 (Wagne et al., 1999)

The lowest numbeof D antigen on RBCs can be seen inakeD types?2 and 15.Individuals

with weak D typeDOL and 15 are capable of producing &Dti

Serological weak D phenotype megative or less than +2eactivity of RBCs with an
anti-D reagent in irtial testing, followed by moderae to strong agglutinein with antk
human globulin(Sandler et al., 2015)n many countrieslongstanding laboratorgractice is
not to testfor weak Dany pati@t or child bearingwoman who showsD negative ininitial
serological antD test. Thus, typing them d3 negative and protect them against -d@hnti
immunisation However, this practiceesults in unnecessary tsfimsion of D negativeRBCs
and unnecessy adninistration of antD immunoglobulinprophylais. The practice used to
teg the donor for weak D if direct agglutination test is negative.

Current protocofequires a wdaD test for the dongrthus protectind® negative recipients
from immunogenidRBCswith a serological wak D phenotypéOoley, 2015) A study by

Wagner anccolleaguesn certral Europeshowed thatransfusion recipigts with a weak D
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type 1, 2 or 3n the homozygous or hemizygous state are not at riskofaning alloantiD
when exposed t® positive RBCs As acurrentprotocol, transfusn recipient with weak D
should beestedfor weak D type 1, 2rad 3, if positivetranstision ofD positive RBCs blood
should be safe, if negative transfusionDbhegative RBCs should h#fered (Figure1.12).
Likewise, homozygous and hemizygous weak D type& and3 pregnantand women with
childbearing age typed asD positive. Theydo not require adD immunoglobulin
prophylaxis,as they are not at risk of afdi immunisationif foetus isD positive (Figure

1.12) (Sandler eal., 2015)

Result of RhD Typing by Manual Tube or Automated Methods

Negative Discrepant/inconclusive Positive
or {and concordant with
strength of reaction patient history, if
weaker than expected available)
iserological weak D
phenotype)
v ¥ v
-Candidate for RhIG Send for RHD genotyping -Not a candidate for RhIG
 RhD-negative for for weak D types - RhD-positive for
transfusion transfusion
|
Weak Dype 1,2 0r 3 Weak Dtype 1, 2or 3
Not detected Detected
‘May be at risk for forming anti-D -Not at risk for forming anti-D
- Candidate for RhlG ‘Not a candidate for RhlG
* RhD-negative for transfusion -RhD-positive for transfusion

Figure 1.12 Management of serological weak D phenotype.

If the result of serolgical RhD typing isD negative the indvidual should be managed Bs
negativeard offered D negative unit for transfusio/ candictefor RhIG; and if D positive,
the indvidual should be managed Bspasitive and offeredD poitive unit for transfusion /
not acandidate for RhIGIf the resultof RhD typing is a serologicaleak Dphenotypethe
laboratory should retest thdood sampleanddo RHD genotyping for Weak D type 1, 2 and
3. If aweak D type 1, 2 or 3 it detected, the indidual should be nraged aP negative.

If a weak D type 1, 2 or 3 is detected, the iidirl can be managed safely Bspoitive
(Sandle, Chen and Flegel, 2017)
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1.6.5 DEL phenotypes

DEL is a very weak form of D that cannot be detddig conventional serological
testsbut by adsorption and elution tsgKulkarni et al., 2018)The antigen sitelensity pe
red @l was estimated to be less than @&brmoczi et al., 2005)However, densyt below
200 may also be involved in DEL phenotyf@EL phenotype isihked with RhCE*Ce or
RhCE.cE as noted previoudlliylegel and Wagner, 2002; Shao et al., 2002)

DEL phenotype is usually caused by single noide polymorphism (SNPjhat
causes changa the transmembran@ cytosoic domains of the RhD prote{iNuchnoi et al.,
2014) They can also be associated wetrtain partial or hybridDEL alleles(Sander, Chen
and Flegel, 2017)Accordingto RhesusBase website,are than 40 BEL alleles arecurrently
listed Thecommonest DEL alleles are found in Eastern Asia populdlia@7G>A, K409K)
andCaucasian (M295l) and (IVS3+1 @%.

In Eastern AsiaDEL (also calledAsiantype DEL) was found to bbetween 10% and
33% of D negative RBCs tested byonventional seragical (Daniels, 2013b)This DEL
associat allele hasSNP (1227G>A, K409K) in a splicesite on exon 9 that leads to reduced
D antigenic densityLuettringhaus et al., 2006\ study conducted byShao, 2010showed
that Asiantype DEL is not usually assoated with alloanttD production. Another
retrospective study bWang and colleague®n 227 D negativetransfusion reipients in
China whoreceived transfusignsome of which were [Posiive. None of thetransfusion
recipients with antD had a DEL phenope as®ciated with thK409K) allele (Wang et al.,
2014)

Caucasan DEL dlde (IVS3+1G>A) has the splice site mutatioRHD at first
nucleotideof intron 3 (Wagner, Frohmajer anFlegel, 2001)This type of DEL allele has
been associated withl@ant-D producton. Four individuals withRHD (IV S3+LG>A) had

antiD, with one of the antibodies causing mild HDR®ardener et al., 2012)Pregnant
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women with a complete DEL phenoty@#409K) who deliver anD positive newborn are not
at risk for forminganti-D, but peghant women with certain partial or hybridEL alleles are
at risk fa forming antiD (Sandler, Chen and Flegel, 2017)

Donors must be tested f&EL phenotype as evidences have shown éflaanti-D
immunisationocaurred on individuals whevereexposed to DEL RBC®espite low numbe
of D antigens on RBCs of DEL phenogyRHD (K409K) andRHD (IVS2-2A>G) have
shown to cause primary & secondanmymunisationwhen transfused t® negative patient

(Wagner et al., 2005)
1.7 Unusual Rh phenotypes

Thereare many less frequently encountefgantigens that can be found in different
ethnicgroups. Few antigens were aldy described in sectidn6.3

1.7.1 Cv (RH8)

The first example oanti-C" was foundin the serum of a DCe/DCe patient whalha
been transfusedith DCe/DCe C+ red cells(Callender and Race, 194@)he prevalence of
this antigen in Northern Eurpeand white American is 2.6¥Daniels, 20@). C"+ red cells
are almost always C-but the C antigen associated witl & weaker than nornh&, though
recoqnition of this weakness depends or thti-C used Although C' is usually produced by
a DCe haplotype, € associated with dCéCallender and Race, 1946hd dCE (Dunsford
and Aspinall, 1951jave also been foundC" is usually prodoed bya Ce allele of RHCE
encodingArg4l. C' associated ith c is producedy aceallele encoding Arg41 and €6
(Mouro et al., 1995)CC"e andcC"e alleles thesfore have exons 1 of identical senoeand
cC"e could have arisen by recombination betww CCe (exon 1) and ce (exons1D) alleles

of RHCE.
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1.7.2 VS(RH20) and V (RH10) antigens

VS ad V define antigens that areommon on the red cells offiicans with a
frequency of up to 50%but are very na in other populationsvS is associated with unuasiu
weak e expression calleél 8/hen VS is producely RHCEthat encodes for ¢ andeut nd
C, another antigen called V is also expresgdnatale et al.1955) VS is produced by the
haplotygesDce’, dce€, andd(C)ce, whereas V is producdaly Dce® anddce, but notd(C)cé.
The haplotypal(C)cé produces partialc, €, ce (f),a weakpartial C, G, andVS; it does not
produce D, CeV, h® (RH31) and Batian antigen Hr (RH34) (Daniels, 2002; Pham et al.,
200%; Pham et al., @9b) Some individualswith d(C)cé phenotype have produced
alloantiC, confirming thatthe weak C islteredC antigen

At molecularand protein level, the presencef V and VSoccurwith a nucleotide
polymorphism733C>G in exon 5 of RHCE gene that leds to amino acid substitution
(Leu245v/al) predicted to be within a transmembrane doniBaniels GL, et al, 1998 he
V antigen(in the presnce of VS) is not expressed when anotrasmembrane amino acid
substitution at residu€ly336Cys is presentlueto a nucleotide polymorphism006G=T in
exon 7 ofRHCE (Faas et al., 1997; Daniels et al., 1998)e membrane location of residues
245 aml 336suggestfRRh antigen expression is affected signifita by norrexofacial amino
acids and the predictionf some Rh epitope expression cannot be based saely
externalized residues.

The (C)c€ haplotype is caonposed of hybriRHD-CE-D allele linkedto ce’® allele of
the RHCE gene.There are two types ¢€)ce’ haplotype (C)ce€ type 1 haplotype when the
hybrid RHD-CE-D allele consists of exonsdnd 2, part okxon 3, and exons 8 through 10
from RHD and the rerainder of exon 3 and exonstdrough 7 fom RHCE. (C)cée type 2
haplotypeexistswith hybrid RHD-CE-D allele consi$s of exons 1 and 2, complete exon 3,

and exons 8 through 10 frolRHD, and exons 4hrouch 7 fromRHCE Both types harbor
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733C>G (Leu245Valpnd 1006G>T (Gly336Cys) nucleotide polgmhisns (Fasno et al.,

2010)
1.8 RHD detection in molecular Immunohaematology laboratory

Serologcal tests usubl precede molecular testnd inform the choiceof
molecular biolayy techniqudor subsequent testing (Olsson et al., 2005Hemagglutination is
the original method taest for blood group aigensusing commercially available antibodies.
However, t doesnot reliably predict doetus at risk of HDFN, it is difficult to phenotype
RBCs from a recently transfused patientwhen RBCs are coated witlg®, aml has poor
ability to predict zygosity in Ripositive individuals(Red and Denomme,®L1).

The blood of sertogically negative donors with \a& D antigen expression may be
immunogenic andnduce tle formation of immunogenic alloantibodies in the recipient
(Flegel and Wagner, 2002n addition, D detectingserologcal methodscan mistype fevD
pasitive individuals(e.gDEL phenotypepsD negative and increase risk diTR. Therefore,
aproper DNA testing foRH genecould help a lot to get rid of ¢éke problens.

Since 1990smolecular biology methodkave gradually been introduced intothe
diagnostic process. Methodsdrased on the polymerase chaaation (PCR). The earliest
developed PCR badessgs rely on the amplification using sequence specific praf(@CR
SSP) and pattern analysis of the PCRdpas in agarose ¢ieor on theelectophoretic
analysis of PCRRFLP. The conventional PCR is basedon in-house primers design and
optimization d PCRor on standardized@nd optimized in-vitro diagnostics (IVI) commercial
tests such as AGene kit. Most of the common RHD aleles involved in serological D
negative in Caucasians and African were determined using conventional end point PCR
(Singletonet al., 2000; Wagner, Frohmajer aRkggel, 2001) In a study to determine the
polymorphems associated thi antigen expression forRHD and RHCE in 39 multi-

transfusedpatients including thalassemia as€D; BAGene RH-Type kit was used and
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detected discrepancies betweg@enotyping angbhenotyping results imany alleles(Bakanay

et al., 2013) Additional tests such as Sanger sequencing might be required if serological
testing yields equivocal resultMany studies used PCR-RFLP for the detection of RHD
deletion and D zygosity (Wagrer and Flegle 2000; Kacem et al., 2015; Khosroshaial.,
2019) A more recent modification othis tedinique is PCR baseoh reattime PCR with

allele specific TagMan or HybProbe prober with SYBR Geen DNA intercalating dyes.
Realtime PCR technique has aso been useful to determine different RHD alleles in
serological D negative phenotype (Moussa et al., 2012; Szulman et al., 2012; Khosrosttahi

al., 2019)

The blood transfusion sace in some countries makes useof a technique basedo
Multiplex Ligation-depenént Probe Amplification (MLPA)(Haer-Wigman etal., 2013)
Kim and colleaguesnvestigatedhe molecular basis of serologically negative phenotypes,
including the DEL typeusing MLPA and found that 17.9% of the Koreancohort had DEL
RHD (1227G>A) aldle (Kim et al., 2018) A growing number oftests stated to use
technologies designed ftargerscale research, incluty tedqindogies based odigital PCR
(dPCR). Recent studies used dPCR and were successfullyable to do fetal RHD genotyping
from cell freefetal DNA (Sillence et al., 2015; Sbodova etl., 2015; Lucie et al., 2016)

Fdlowing 1000 genome project, there was aeed of sequencing with a high
throughput, te development ofools for reading DNA sequences and for coliegtand
analyzing the data obtained, and agalt, the development of the highroughput solution
known as Nxt Generation Sequencing (NGS). The various levels of sequencingay be
achieved by NGS, these are either the whole genome (WGS2xomes or only sekcted genes
or regions of interestt has been successfully implemented inrsplantation medicine for
teging donorsgendypes of HLA antjens in higkhthroughput mod€Schdéfl et al., 2017)

CompleteRHD genesequencing has been possible using NGS by amplifying the whole gene
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(Tounsi, Madgetand Avent, 2018 Another study used NGS to genotypeRHD and RHCE
using genespecific primersthat successfully identified 10 and 25 RHD and RHCE alleles
respectively(Dezan et al., 200).

Efforts werealso made in prendtdiagnoss of fetd D status forthe managment of
D negative women with partnerbeerozygous for theRHD gene. Due to the invasive
limitatons associatewvith conventional methodsell-free fetal DNAfrom from maternal
plasma and serum was used for the deitemition of he fetal D statsi(Faas eal., 1998B; Lo et
al., 1998; Bischoff et al., 1999This dewelopment represited an important step towards the
routine appliation of noninvasive fetdlood group diagnaes and possilility of doing dired

genetic analsis using fee plasma DNA.
1.9 Oman, a multi-ethnic country

Oman is an Arab country bordereg Baud Arabia to tle west,the UnitedArab
Emirates to the northweshd Yemen to the southweOmanshares marin®orderswith
Iran and Rkistan.According to Gentral Intellgence Agency (CIA, 2@%), Oman$ population
consists of African, Arab, South s (Pakistani, SriLankan, Indian, Bangladeshi), Baluchi
ethnic groups

Many Omanis in the capital city Muscat and ¢ahareas ar®f nonArab orgin,
namely Baloch, ZanzibariAl-Lawati and Persin (Al Shaibany, 2010)Al-Lawati and
Persian. Bwats are of South Asian descent and are believetiete similar origins with the
India and Pakistan.The Baloch are an Iranianand Pakistanipeople who maly speak the
Balochilangua@, abranch ofNorth wesernlranian knguagesBalochis account foR5% of
the Oman population.

The SwahiliArab people comefrom east coast ofAfrica, mainly Zanziba,
Bagamoyo, and Dar es Satad hey are a mixtue of Omani andsome YemenArabs wto

travelled to East Africa n the 170G to establis trade with Europe, primidy in slaves.
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These Arabs had children with theifricanwives and slaes. In the miel960s an African
revolution agaist Arals in East Afica resulted inthe killing of tensof thousands o©Omani
and Yemeni peope. It was afte this thatSultan Qaboos bin Sa(d8 November 19407 10
January 2020) invited many Omais living in East Afica back to Oman.

Based on the populationgtiibution ard their g@graphc isolation, it is canceivale
that theblood types tha arepresemnin these comtries may also be found Oman as well we
anticipate that the RhD and RhCHtigens present a slinct pattern compared to Caucasian

populatians.
1.10 Scope

The Dnegative phenotype accounts for less than 1% of Asian ingilsd The very
low frequency of the Bnegative in Asian populations brings into question the necessity of
routinely testing donors and patients for D in this region of the wadithé data for the
distribution of RHD variants and alleles anenportant for public health care system to
implement good and effective popmition specific transfusion price and obstetra
managemen{Thongbut et al., 2019)However, there aréimited studies publishedon the
RhD andRhCEantigens for Gulf Arabs broadly or the Omani populagpecifically,to the
best of our knowledgend no published data on RHD and RHCE genotyping (Al-Riyami et
al., 2019) This contrast with studies on African populations, where tRbID alleles are
mainly respogible for he D negative phenotyphat are R H D * (86%) (Singleton et al.,
2000)andRHD-CE-D°® (15%) (Daniels et al., 1998; Faas et al., 199®)ilein Iran the main
causeof the D negative phenotype is completeetieh of RHD gene (Khosroshahi et al.,
2019). There are no reports of DEL phenotypes among either African or Iranian D negative
populations.Given the Omani connectioro tboth African ad Iranian populations,we
hypothesized thaDmanis may hava silent, inactive AfricarRHD alleles and/or complete

deletion ofRHD gene as causes of serological D negative but not DEL phenotype
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1.11 Aim and objectives

To begin addressing thihypothesisye conducted a retrospective stutyfind out
the frequency DABO/Rh blood group in the Omani population. Hwationof 3416 Omani
donors using serological typinfpund that 8% were D negative, which is in close
agreement to ther 30% reportedfor Arab Gulf and Iranian populations (sé&urel.6). Al-
Riyami and colleagues conducted a prospective study to find out frequencies of different
blood groups in Omani population and found that 10.7% of the populatidbmegative(Al-
Riyami et al., 2019)Some literature shows th&HD genotyping should be recommended
primaily for D negative Cor E positive donas, &king into consideration the resutiEsome
authors who found weak D or DEL phenotypes in serologically typegdative and C/E
positive irdividuals only byRHD molecular typing(Gassner et al.2005; Engelfrie ard

Reesink, 2006)

The first aim ofthis study then was to determine tRk serological backgrounds of
the D n@ative phenotypes in the Omani population. Serological testing relieh oeagents
that primarily anti-D typing reagents to detect D antigen or reagents to detect the presence or
absence of the C, E, ¢ and e antigens. These reagents can either be of high protein derived
from human serum of immunized personor monoclonal IgM or monoclonal or polyclonal

IgG of low protein derived from human/murine heterohybridoma sources (Rudmann, 2005)

The current consensus laboratory standard guidelines for Rh phenotyping
recommended by Central Blood Bank (CBB) Oman does not include confirmation of D status
in serological D negativeby molecular typing. In the Middle East, most published studies that
invesigated thefrequencies ofred blood cell types were based on serology typing with
different commercia monoclonal/polyclonalantibodies. Gertgping studies have been

limited, and thee were generally restricted to patients widlarhatologicaldiseases, sticas
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haemoglobinopathiefChou and Westhoff, 2011; Dhawan et al., 20HQwever, savlogical
phenotying of D has limitatios. For instance,the blood of serologically negative donors
with weak D antigen expressiomay be immunogenic and induce the formation of
immunogenic alloantibodies in the recipi€rtegel aad Wagner, 2002; NoizaPirenne et al.,
2007). This implies that some dfhe 8.4% of theOmani populationamight have been
mistyped as D negative and require RHD molecular typing to retype the D status and avoid

alloimmunization if transfused to D negative redpients

In view of these limitdons and given the growth/validation/establishment of PCR
basedRHD genotyping in clinical practice, the second aim of this study was to develop a
reattime PCR based assay fdre determination of themolecular backgrundof D negative
population in OmanMost of the studies used conventional PCR or TagMan reakttime PCR
for the determination of the molecular background of D negati¥er instance, Singleton and
colleagues used conventionalPCR to detectRHDE pseudogee and RHD-CE-D* screening
different RHD exons (Singleton et al., 2000Likewise, Wanger and colleagues also used
conventional PCR to screen RHD exons and introns of more than 8000 whites with antigen D
negative and identified many RHD alleles such as Hybrid RHD-CE(3-7)-D°%, RHD-CE(29)-

D and DEL phenotypes RHD (K409K), RHD (M295I) and RHD(IVS3+1G>A) (Wagner,
Frohmajer and Flegel, 20013tudies also used modified PCR based on retime PCR with
allele specific TagMarprobes or with SYBR Green DNA intercalating dyes RHD
genotyping of serological D negative samples (Moezzi et al., 2016; Kim et al., 2020jor
instance, Khosroshahiand colleagues used melting curve analysis reattime PCR technique
with SYBR Greerto screen 200 D negative Iranian blood donors for RHD exons 5, 7 and 10
and identified weak D type 11 and RHD-CE(2-9)-D; alees in two samples (Khosroshahi et

al., 2019) TagMan based real-time PCR alsobeen uskil to determine differenRHD alleles
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in serologcal D ngative phenotypeMousa and colleagues used TagMan chemistry to detect
RHD genein Tunisianpopulation and were able to detect RHDE pseudogee, RHD-CE(3-8)-
D, RHD-CE-D®%, RHD-CE(4-7)-D, weak D type 11 Weak D type 4-0QWeak D type 2%nd
RHD-CE(57)-D (DBT-1) (Moussa et al., 2012) The study was based on RHD exon 10
detection in thesamplesinitially and further screening for the presence of other RHD exons 1
through 5 and 7 througB. Another study conducted by Gunel and colleagues for the
detection ofRHD gene in amniotic fluidoroven TagMan chemistry to be more sensitive,
accurate, and sgific for RHD gene than SYBR @en | methodGunel et al., 2011)Though
nonspecific reaction pragtts ae more likely to develop wh SYBR Green protocols, leading
to increased background and false positivieawvever, it is less expesive and more
convenient than nppbebased methodsA survey of RHD alleles was lacking in Omani
population.We aimed to unvei the molecular backgroundf RHD gene by melting curve
analysisfor different RHD exons using SYBR Greerand reattime PCR using Tddan
chemistry Such knowledge adld improve the efficiencyvhich with bloodtransfusions are

delivered to patients witRHD molecular variant

Obj ectives:

1. Perform serological Rh phenotyping for C, E, ¢ and e on D negalimeors using

antibodies in commerciallgvailable kits

2. Confirm the D statusy the indirect ati-human testlAT). This methodkenablesveak D

cohors to beexcludedas weak D are D positive
3. EvaluateantiD reagenby molecular studieasingreattime PCR approaches

4. Study the molecular background dhe serologicalD negative cohorby desiging and

optimisingendpoint and reatime PCR assays
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5. Analyse samples by melting curve analysis for the presence of RHD exons

6. Analyse samplesor the presence dadpecific RHD exors with a view to developing a

singleplex and multiplex asssyor exonspecific reattime PCR detection

7. To compare ta molecular backgrouhdetemined based on objeees 4 and 5 above

with datafrom a commercial PCR tes{BAGene testpartial D-TYPE and RHTYPE).

8. To sequenc&HD exonsto reconfirm the presence of few RHD alleles and determine the

putative presence obvel polymorphisns in the D negative cohorts

47



CHAPTER TWO

2 CHAPTERTWO

2.1 Materials

The sanples for the study wercollected in BD Vacutaine K2 EDTA (BD Franklin
Lakes NJ USA Rhess Blood grouping and phenotyjing was done by tube
haemagglutiaton testusing @mmercially availableAnti-D IgM/IgG blend (Atlas Medical,
UK), Anti-C, Anti-c, Ant-E & Anti-e reagentgBioRad Cressie FR, Switzeland). Direct
(DCT) and indirect(IDT) Coombstube tesfor D weak detection wadone using:lear Anti-
Human Gldbulin (Atlas Medicd Cambridge,UK). Cortrol ID DiaCell | & 1l from BioRad
and coombs contratells (Lorne Laborataes Danehil, UK) were usedas pocedure ad
washing efficiency contite for IDT and DCT testespectivelyin D weak detectio test The
Rh phenotypimg, both DAT and IDT tubemettod was reconfirnred by D card gel method
using ID-Card6 6 Co o0 mhblsg GAbRtaid | 6 RP h e n o t(Huma)HlB-CelStab,
Anti-D 1gG/IgM blend (Atlas Medical, UK), ID-Diluent 1, ID-Diluent 2, ID-Centrifuge24,
ID-Incubate from Bio-Rad (Cressier R, Switzerland).

For moleculr study ofRHD exons,DNA sampe was preparedsing WhatmanE
FTA E IEe Card(GE heathcare Buckinghamshire UK Limited). DNA extraction was
doneusing 3 mm Uni-Core (GE healthcardBuckinghamsire, UK Limited) for obtaining
purch of samplefrom FTA cardand QlAamp® DNA Investigator Ki{QiagenManchester
UK) for extraction procedure DNA corcentratons of the extracted samplevererecorded
usingTher mo Sci ent 1000 Rré&send\bh RH® Bxorsspthrough7, 9 and 10
and humangrowth hormonefactor (HGHF) were testedusing forward and reverserimers
(IDT Leuven Bdgium) (Table 2.1). For TagMan asay specific primers andqgtres for exons
5, 7 and 10 anthtron 4 were usedApplied Biosystem€, UK) (tade2.1). Quantitative ER

was run on Qiagen Ror-Gene Q with SYBR Green Master Mixes. These were
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QuantiN o v aS¥BR GreenPCR (Qiagen Manchester, UK), gqPCRBIO SyGreeifLondon,
UK) and Power Up ES {TBeR® Grientfic\Vilnius, Lithuaria). Quantitative
PCR speific DNA products were testedwith gel electrophoresis and produotgere
visualised using BRadChemDocE  MP , | médysgi ng ana

PCRSSP was done using BAGendskRH-TYPE, partial D-TYPE and Weak D
TYPE from (BAGene,BAG Health Care, Lih,Gamany). Samples were pepaed using
Happy Taq polymerase 5 units/ul antbx PCRbuffer both provided byBAGene,BAG
Health Care, Lich,Genany). The samples were run using BRAD C1000 Touch Thermal
Cycler. The products were tested \Wwigel ebctrophoess and productsvere visialised using
BioRadCh e mi Doc E MP, |l maging anal yser.

ForQuat St udi o E 3CR Sy@émgsante arimer®IDT Leuven, Belgum)
and probes used faeatime PCR @pplied Biosystend, UK). In SYBR Green assay,
SYBR Greenl Nudeic Acid Gel Stain, 10,000 concentrate inDMSO andQu ant St udi o E
3D Digital PCR Mas Mix both from AppliedBiosygems®, UK were usedFor TagVian
assy the same Master Mix was dseSample loading materialQu ant St u DigitalE 3 D
PCR hip, QuantStudidc 3 Migital PCR Chp Adapers Quart St u d i Didial BAR
Thermal PadandQuantStdi o BD Digital PCR TiltBasewerefrom Applied Biosystens®,

UK.The PCR was r unFlat RCR ApPliecdbBiobysteri UR) x
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2.2 Methods

2.2.1 Ethical approval

Arabic written consenwas obtaied from eachdonor (Appendix 2). The study was
approved byResearch and Ethical Review & Appro@@mmittee RERAC) of Ministry of
Heath Oman (MOH/DGPS/CSR/PROPOSAL_APPROVEZ5/2016)and Liverpool John

Moores UniversityResearch and Ethical Comieie (no. 5/PBS/003).

2.2.2 Blood samples collection

EthylenedaminetetraacetiC(EDTA) is widely used aan anticoagulant blood samples
for blood groups serology andenotypng asEDTA has DNase inifition adivity and thus
protects celfree DNA from degradatio(Barra et al.2015; Basu et gl2018, Ouchari et al.,
2018). Total of 3 ml blood sampke was collected from 2@ D negative Omani donors
between Sepnber 205 and April 2017 using vacutaer K:EDTA tubes (BD Franklin
Lakes NJ USA)The bloa donors werdrom centraland regional blod barks in Oman. The
specfied volume was collected aspart of regular whole blood daationsproces (450ml)
in theblood bank Thetubes mixed immediatelfipr 5 minutes on a tube roller. Samples were

either eded immediatly or else ®red at 4°C foupto 5 days.

2.2.3 Dry blood sample preparatio n

Dry blood sample pgration usingVh at ma n E Rt &dtd GE healhcare
Buckinghamshie, UK) wasinitiated prior to R blood group serological tssiThe FTA elute
cards are degned fa DNA preservation, traqmrt and fipment at room temperatuesd
purification for molecular analysis.The patentedhemicals onFTA cards causs cells lyss,
protens denaturatiomnd potect DNA against degradatidiny nuclease oxidative,ultraviolet

damage and helps in long ten storage(da Qunha Santos, 2018)Many stulies on diferent
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genesobserved no caelaion between robustness &fCR and collection time for dérent
sanples storean the HA cards for up to 1 year(Mas & al., 2007; Peluso etl., 2015)

Each card wasused for one biological sample and labelledananymaudy with
appropriate ample identificationA total d 40 pl Vacutainer KEDTA (BD Franklin Lakes
NJ, USA) venous liood was tansferredn all four wellsusing sterile aerosol mstant tips
andthe card wagplaced to dy at 80C ovenfor 30 minues.The sanples werestored atoom
temperatureintil used

2.2.4 Immun ohaematological tube test for RhD & RhCEphenotyping

The ABO forward and reverse andHD groupingwas done by central arrdgional
blood banks as pamwof donor senple processing.Therefore results of ABO and RHD
grouping were provided by blood banksBoth tube and ID-card RhD +phenotype gd
methods were used toeconfirm D negative initially done byblood banks andurther
phenotypingor RhC, c, Eand e antigensvere done

BioRad protocd for tube testusing specifcmonoclonal IgM antibodigsAnti-c (cdl
line: MS-33), Anti-e (cdl line: MS-16, MS-21, MS63), Anti-C (cdl line: MS-24) and Auti-E
(cdl line: MS-260) (BioRad Cressier FR, Switzerldh and Atlas medical (Cambridge UK)
anti-D 1gM/1gG blend were used. Specifc Rh antisera if reactewith its correponding
antigen ause aggutination which indicatesthe presace of Rh antigen(Figure 2.1).
Absence othe Rh antigen is indicadeby no agglutiration (Figure 2.1B). Tube method for
Rh phenotymg is still a costeffectivemethod in trasfusion medicine ahmanytransfuson
centredn different countriesise this nethod (Siransy Bogui et al., 2014; Gundrajukuppam et
al., 20).

Typically, 3i5% RBCs susgnson was pepared according to the manufa ur er 6 s
instructiors. For each sany five tubes wereallocated Onedrop of the respective antibody

reagent wa adled into appropriate tube with one drop RBCs suspension. The tube were
51



CHAPTER TWO

mixed and mcubateddr 5 minutesat roomtemperaturecentrifuged at 1000 g for 26econds
and obseved for aggutinationmaaoscopically. Known positive and negatigertrols were
included in accordance with the relevantidglines of quality asswmance. Ayglutination

gradingwasrecordedaccordingo theFigure2.2
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RBCs with Rh specific monoclonal Agglutination
correspondence Rh IgM antibody
antigen Y
o K
)». ol O
e S @ pis
+ N«
®ee 'i." @@,
AN k o
RBCs without /( ,( N
correspondence Rh Rh specific monoclonal No agglutination
antigen IgM antibody

Figure 2.1 Rh IgM monoclonal antibody agglutination reaction pattern.

RBCs with correspondendgh antigen will react with Rh spcific monoclonalgM antibody
and cause agglutination (A), whereas reaction ocur in the absence of correspondence

antigen and thus no agglutination \B
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Figure 2.2 Agglutination grading pattern in tube method

A +4 graling reactiom is given for one solid clump. Aclear backgroundvith few large clumps is
graded. A cloudy background with iftiple small clumps is graded as +2. A islgraded for very
cloudy background with very small clump4 negative reaction shows nolumps with \ery clouy

background Adapted fran (Harmening, 201p
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2.2.5 Indirect anti human globulin test (IA T)

Serobgical IAT tube method for the detectiasf week D hasbeen inpracticein
transfusion medicine by Ho developed and developingcountries (Ouchari et al., 2015;
Ogasawara et al., 2016; Khosroshahi et2819) An indirect antihumanglobulin test(IAT)
was performedon all negdive reactionswith antrD to olserve wak D. RBCs with
correspndng antigen(D antigen)are sensitized with 1gG antibodgnti-D) when incubted
at 37C do notundergoagglutination Antihuman globulin (AHG) reagentforms a bridge
betweenthe Fcportion of IgG antibodiesthat coat RBCs ard causevisible agglutination
indicding postive result (WeakD) (Figure2.3). Direct antthuman globulin test (DAT) was
performedas a control to rule out any false positive reactio

Negdive antiD reactions wreincubated at 3T for 45 mirutesandthenwashed 3
times with isotonic salineThe saline was decanted qaetely at third wash, one drop of
AHG reagent(Atlas Malical Cambridge, UK)wasadded and centrifuged &000 r.pm for
one minuteto observe anyagglutination. As washing efficiency control, al samplesthat
showed no agglutination wetested with one rp coombs catrol cells(Lorne Laboratories
Dandnill, UK) and centrifuged at1000 r.p.m for one minuteto observeagdutination.
Procedure conttowas run using amD IgG antilmdies with control DiaCell I, 11 and 1l

(BioRad Cressier FR, Switzerland
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Figure 2.3 Principle of weak D detection by IAT method.

Anti-D IgG antibodiesoatthe RBCs that have correspding D antigen. 1gGs too small to
bring RBCstogetherand cause agglutination. AHG form asbridge and bind to IgG

antibodies that are already bout@lRBCs andccause ayglutination.
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2.2.6 Immunohaematological ID card method for RhD & RhCEphenotyping

The gel card techmjue ha beenshown to be more sensitive than tube method in
different trarsfusion test§Novaretti et al., @03 Novaretti et al., 2004; Finck et al., 2013)
Recentstudes dso usedthis techniqueto report Rh prealence and frequencies among
different ethnic groupg¢Neeraj et al., 2015; Zahid et al., 2016; Swelem et al., 2ERh
column containglextran acrylamidgel matix, which acts assieve and sugmded in buffer
sdution. The gel is premixed with Rh antibodies (each column with BpdRh antibody as
shown inFigure2.4). Reaction beveen correspondence Rh antigen apekcific Rh antibody
on the column causs agglutinatio, which indicateshe pesence of Rh antigerLarge
agglutinates remain on the top of gel interference, whereas smajlatiagtes pass partway
through the gel, geerding on the size. Uaagglutinated RBCpass to the bagss the column
to form a button(Figure2.5).

For Rh phenotyping, 59%R®BCs suspension was prepared in-luent 1 (BioRad
Cressier FR, Witzerlang according tatheman uf act ur er 6 sDiluent4 (OS5 mlix t i ons
wasdispenseal in a tibe and mixed wth 50 ul of EDTAwhole bloodsampe. The mixture
was incubated for 10 minutes at room temperature and used within 15esiRBCs
suspensio (12 ul) was dded to all microtubes on IBCard Rh+ phenotyp@ioRad Cesser
FR, Switzetand). The IDCard was centrifugd for 10 minutes inhie ID-Centrifuge. The

agglutination was recorddn each microtube as per ttiteria shown in(Figure2.6).
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Figure 2.4 BioRad ID-Card gsd.

Each coumn has specific Rantibody on the topf the matrix.Rh specific antibodiesn the
top of the matrix react with R correponding antigeron RBCs and cause agglutitian (+)
that remain on the top of the gel interferencerimdc and €). Un-agglutinated-) RBCs pass
through the matrix towardbe bottomC, D and E).
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Figure 2.5 ID-card gel technique principlefor Rh phenotyping.

Rh specific antibodieseactwith Rh corresponding amgenand causeagglutination(+) that
remain on the top of thgel interkererce matrix. Unagglutinated-) RBCs pass through the
matrix towards the bottonadapted from(Danielsand Bromilow, 2013)
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l ] R 5
Positive Positive el Weak Weak Very Negative
Positive Positive Weak
Positive
b 4+ 4 4 b 4 +

Figure 2.6 Agdlutination grading pattern in ID-Card gel.

A 4+ grading $ given to solid band of red tks at top of the gelA 3+ gradng is designated
when most of red cell band e top but started to dispelisg¢o the gelmedia. A designation
of 2+ is given when gglutinated cells disperse along into the gel media andebgnaed
for most of the cé$ at the lower half of the gelA reacton is called weak when two layers,
agglutinate cells at the top of the gel matwikth unagglutinated cells at the bottom as
button. A negative reaction is given when all cellssgpmsoughthe matrix and form autton
at the bottonof the migotube. Alaped from(Nicol, 1998)

T h e -wiaNdch é&ysted (gel column) fahe IAT incorporates the AHG within the
gel metrix. Sensitised cells react with the AHG ocerifugation, leaving the liquid reactants
including any unbound globulins in the reaction cham@els free from IgG are centfuged
to the bottom of the miotube. Nocortrol of negative resulteasnecesary as no washing i
requiredin this technige

For IAT weak D testing method, suspension of 0.8% RBCs with BioRad ID-Diluent 2
was prepared and 50 pl of the suspension was added in BioRad ID-Card Coombsrabbit Anti-
IgG microtube. A total of 50 pl Atlas Medical anti-D 1gG/IgM blend (UK) was added to the
microtube, incubated for 15 minutes at 37°C and the results were recordedafter 10 minutes
centrifugation using ID-centrifuge. To avoid any false positive, DAT control on the sample
was performedby adding 50 pl of 0.8% RBCs suspension to the BioRad ID-Card Coombs
rabbit AntrlgG micraube centrifuging the card in ID-centrifuge for 10 minutes and

recording any agglutination. A positive weak sample was excluded from the study.
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2.2.7 Primer selection, design and bioinformatics

RHD specific primers(IDT Leuven, Belgiun) were adgted fom different sudies
(Table 2.1 ard Table 2.2). The RHD coding sequence were the targettfoe primer design at
first instanceto amplify the whole RHD exons orto identify the presence othe exons
Normal RHD & RHCE gene nucleotides segence wereseleced from DNA referene
numberNCBI (NC_000001.1) and Ensembl(ENSG000001870)0wvebsitesard the coding
sequence of 1254 nucleotides long was identified as folkiausing fom exon 1through
exonl0 (Black hghlight indicates exons andlbe highlighing indicates alternatg exong:

ATGAGCTCTAAGTACCCGCGACTGTCCGGCGCTGCCTGCCCCTCTGGGCCCTAA
CACTGGAAGCAGCTCTCATTCTCCTCTTCTATTTTTTTACCCACTATGACGCTTCC
TTAGAGGATCAAAAGGGGCTCGTGGCATCCTACAAGTTGGCCAAGATCTGACC
GTGATGGCGGCCATTGGCTTGEGCTTCCTCACCTCGAGTTTCCGAGACACAGCT
GGAGCAGTGTGGCCTTCAACCTCTTCATGCTGGGSCTTGGTGTGCAGTGGGCAAT
CCTGCTGGACGGCTTCCTGAGCCAGTTCCCTTCTGGGAAGEIGTCATCACACTG
TTCAGTATTCGGCTGGCCACCATGAGTGCTTTGTCGGTGCTGATCTCAGTGGATG
CTGTCTTGGGGAAGSTCAACTTGGCGCAGTTGGTGGTGATGGEGCTGGTGEAGGT
GACAGCTTTAGGCAACCTGAGGATGGICATCAGTAATATCTTCAACACAGACTAC
CACATGAACATGATGCACATCTACGTGTTCGCAGCCTATTTGGGCTGTCTGTGG
CCTGGTGCCTGCCAAAGCCTCTRCCCAGGGAACGGAGGATAAAGATCAGACAG
CAACGATACCCAGTTTGTCTGCCATGCTGCGGCGCCCTCTTCTTGTGGATGTCTGG
CCAAGTTTCAACTCTGCTCTGCTGAGAAGTCCAATCGAAAGGAAGAATGCCGTGT
TCAACACCTACTATGCTGTAGCAGTCAGCGTGGTGACAGCATCTCAGGGTCATC
CTTGGCTCACCCCCAAGGBAGATCAGCAAGACTTATGTGCACAGTGCGGTGTT
GGCAGGAGGCGTGGCTGTGGGTACCTCGTGTCACCTGATCCCTTCTCCGTGGCTT
GCCATGGTGCTGGGTCTTGTGGCTGGGCTGAITCCGTCGGGGGAGCCAAGTACC
TGCCEGGTGTTGTAACCGAGTGCTGGGGATTCCCCACAGCTCATCATGGGCTA
CAACTTCAGCTTGCTGGGTCTGU TGGAGAGATCATCTACATTGTGCTGCTGGTG
CTTGATACCGTCGGAGCCGGCAATGGCATGATTGGCTTCCAGGTACTCCTCAGCA
TTGGGGAACTCAGCTTGGCCATCGTGATAGCTCTCATGTCTGGTCTCCTGACAS
TTTGCTCCTAAATCTTAAAATATGGAAAGCACCTCATGAGGCTAAATAT TTTGAT
GACCAAGTTTTCTGGAAGTITTCCTCATTTGGCTGTTGGATTITTAA

Primers forRHD exon 2and forward primer foRHD exon 10was designed in house.
For primers design, gecific nucleotides area dRHD gene(May include5' UTR, part of
intron or 3' UTR) was seleted andprocessd in NCBI primer blastonline software
(https://www.ncbinlm.nih.gov/tools/primerblast) to get theprimer pair.The regon of each

primers pair was selectedso the ampliconsequencecovers RHD exon specificcodng
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sequenceabove Multiple Sequene Alignment using Clustal Omegaonline software

(https://www.ebiac.k/Tools/msa/clustaly/wasused for alignment of primers witRHD and

RHCE specific regions. Selection priority was given to those pisnieat shoved 100%
spedficity for RHD regon anddiffer at least at3' region with selectechomdoguesRHCE
region NCBI Primer BLAST was used talentify specificity of the designed prers. The
amplicon sequence was identified usid@SC genome browser InSilico-PCR software

(http://genome.uesedu/ca-bin/hgPa) (Figure2.7).
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NCBI

Primer pair 1

Sequence (5'->37) Length Tm GC% Self complementarity Self 3" complementarity
Forward primer TGGGCTTCCTCACCTCGTG 19 61.58 63.16 3.00 3.00

Reverse primer CTCTATGACCCAGAAGTGAT 20 53.55 45.00 3.00 2.00

Products on target templates
>NC_000001.11 Homo sapiens chromosome 1, GRCh38.pl2 Primary Assembly

product length = 190
Features associated with this product:
blood group Rh(D) polypeptide isoform 1

blood group Rh(D) polypeptide isoform 2

Forward primer 1 TGGGCTTCCTCACCTCGTG 19
Template 25288609 ..ovenemenenmnnns A. 25284627

Reverse primer 1 CTCTATGACCCAGAAGTGAT 20
Template DEIBATIR® visivinmaniimam s wmas 25284779

UCSC genome browser

>chr1:25284609+25284798 190bp TGGGCTTCCTCACCTCGAG CTCTATGACCCAGAAGTGAT
TGGGCTTCCTCACCTCGAGtttccggagacacagctggagcagtgtggec
ttcaacctcttcatgctggegettggtgtgecagtgggecaatcctgetgga
cggcttcctgagecagttcccttetgggaaggtggtcatcacactgttca
ggtattgggatggtggctggATCACTTCTGGGTCATAGAG

Figure 2.7 NCBI Primer blast and UCSC genome browsereallt for RHD exon 2.

NCBI Primer BLAST showed the primer pair is specific D gene.UCSC genome
browsershowedthe nudectides segence covered by primer pair. Wav highlight indicates
forward primer, wheras blue highlight ndicates reverse prien Capital lettes indicates
place of primers, small lettensdicatethe nucleotie sequence covered by prinaair.
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Table 2.1 Primers used to assesthe presence oRHD specificexons.

Exon Primer Direc spedficity Positon* Sequence (5 Reference

name tion
1 re0l F D Promoter- atagagaggccagcacaa  (Singleton et
149 to- al., 2000)
132
RHIN1R R D+ CE Intron 1  tctgtgcccctgggaaccac
84 to 64
2 ME2F F D Exon2 TGGGCTTCCTCACCT In-house
185 to 203 CGTG
ME2R R D Intron 2  ctctatgacccagaagtgat
39 to 28
3 ga3l F D Exon3 TTGTCGGTGCTGATC (Wagner,
362 to 383 TCAGTGGA Frohmajer
and Flegel,
rb21 R D+ CE Intron 3  aggtccctcctccagcac 2001)
28to 11
4 gadl F D Exon4 ACATGATGCACATCT (Wagner,
503to 527 ACGTGTTCGC Frohmajer
and Flegel,
ga42 R D Exon4 CAGACAAACTGGGT 2001)

625 to 602 ATCGTTGCTG

F: Forward primer R: Rewerseprimer

Capital letters regsentRHD/RHCEexonic region whereas asall letters repesent norcoding
sequence
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Table 21 Primers used toassess the presence BHD specific exons (contd..)

Exon  Primer Direc specific Postion Seqerce 6 M t3 M Reference
name tion ity
5 R648 F D Exon 5648 GTGGATGTTCTGGC (Maaskamvan
to 667 CAAGTT Wik et al.,
1998)
Rex5AD2 R D Intron 5/exon cacCTTGCTGATCTT
53t0787 ACC
6 ga62 F D+CE Exon6804 TTATGTGCACAGTG (Wagner,
to 826 CGGTGTTGG Frohmajer anc
Flegel, 2001)
ga6l R D Exon 6 936 CAGGTACTTGGCTC
to 916 CCCCGAC
7 R973 F D Exon 7 973 AGCTCCATCATGGG (Maaskamnvan
to 92 CTACAA Wik et al.,
1998)
R1068 R D Exon 7 1068 ATTGCCGGCTCCGA
to 1048 CGGTATC
9 re83 F D+ CE Intron 8-54 gagattaaaaatcctgtgctcc (Wagner,
to-34 Frohmajer anc
Flegel, 2001)
re94 R D Exon 9 1216 CTTGGTCATCAAAA
to 1193 TATTTAGCCT
10 MDF10 F D+ CE Intron 9-77 taggctgtttcaagagatcaag In house
to-54
rr4 R D 3 Nj UT R agcttactggatgaccacca
to 1,522 (Wagrer,
Frohmajer anc
Flegel, 2001)

*The positions of the synthetic oligonucleotides are indicated relative to their distances fr
first nucleotide position of the start codon ATG

F: Forward primer

R: Reverse primer

Capital letters represem®HD/RHCEexonic region whereas as small letters represamtoding

sequence
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Table 22. Primers used for identifying the presence oRHD intron 4 and exons 5, 7 and 1(

using TagMan chemistry

Exon/Intron

Intron 4

Exon 5

Exon 7

Exon 10

Primer Position

name
RHDIN4F Intron 4113 to 134
RHDIN4R Intron 4244t0223
RHDIn4M Intron 4172to0 188
RHD ex5F Exon 5 636 to 654
RHD el6R  Exon 5 717 to 697
RHD ex5Q Exon 5656to 683
RHD 940S Exon 7940to

960
RHD Exon 71064to
1064R 1046

RHD968T Exon 7968to 992

RHDex10F  3'UTR 1314to
1334

RHDex10R  3'UTR 1372 to
1355

RHDex10M  3'UTR 1337 to

1352

Siuence (5N Reference
gcccttccatcayattcattt (Dovc-
Drnovsek

acaaggaaacaaaggecaagag 4 5013)

FAM-aagcacttcacagagea
MGB

et

CGCCCTCTTCTTGTGGA (Legler et al.,

TG 2007)

GAACACGGCATTCTTCC
TTTC

VIC-
TCTGGCCAAGTTTCAAC
TCTGCTCTGCTQSY

GGGTGTTGTAACCGAG (Legler et al.,

TGCTG 2007)

CCGGCTCCGACGGTAT

C

FAM-

CCCACAGCTCCATCATG

GGCTACAA-TAMRA

tgcctgceatttgtacgtgaga (Dovec-
Drnovsek
al., 2013)

cctgcgcgaacattgga

FAM-acgctcatgacagcaa
MGB

et
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2.2.8 DNA extraction

Different biological samples stored on FTA cards sudhl@sd (Wong, Lim and Tan
Siew, 2012}Lipic, Giordullo ard Fredericks, 2018and uring(Srisiri et al., 2017havebeen
used in tnical research studiefor DNA amplification and found to be efficientMost
studies using blood on FTA ith targetedlood parasiteandviruses(Nzelu et al., 2016; Qin
et al., 2016)Yet, RHD genotyping orblood sample extracted fronFTA cardhave not been
studiedhencethis is tte first reporto our knavledge

DNA was extracted from FTA cdrusing QlAamp® DNA Investigatorreagem
(Qiagen Manchester, UKivhich is silica-basedmembraneextraction method usg a spin
column Themethod is based atdl lysis with lysis bufferto disrupt the cell membrarend
protinase Kto digest proteins such as nucleaHee lysate combined witHa@hol andDNA
binds to the silica based membrahultiple buffer washing ash centrifugation steps ensure
removal of praeins and positively chargedns, including magnesiuniPure concentrated
DNA is eluted from the membrane by ATE (FE®TA) elution bdfer (Figure2.8).

A 3 mm punch fom dry blood on FTA card was placed in 1.5 mitrocentrifuge
tube. Sample praeatedwith 280 pl of buffer ATL and 20 pul of protinase Kollowing
vortexing, samples were incubated atG&or an hour with 1&Geconds vortexing every 10
minutes. Followingbrief centrifigation, 300 ul of buffer AL wa added, vortexed for 10
seconds and incubated at°@Ofor 10 minutes with 10 seconds vortexing every igutes.
After brief centrifugation 150 pl of 100% ethanol vsaadded, mixed by vortexing for 15
seconds am centrifuged befly. The lysate was transted to QlIAamp MinElute @umn ,
centrifuged at 8000 r.p.m for 1 minute and collection tube containowrtfirough was
discarded. Similar centrifuging and discardprgcess were repeated in each of the folhgwi
steps afteadding500 pl AW1 buffer, 700ul AW2 and 700ul of 100%ethanol. To dry the

membrane completely, tubes were centrifuged at 14000 fq.r& minutes. The QlAamp
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MinElute column were placed in a5l.microcentrifuge tube and incubated at room
temperature forlO minutes. ATE elution buffe50 ul was applied at & centre of the
membrane and incubated at room temperature for 5 minutes fdlloywecentrifuging at
14000 r.p.m for 1 minute.

Stangegaar@nd colleagues were able to extract DNA from dry blood spot on FTA
card for up to six addibnal DNA extractionausing the same initial sample (Stangegaard et
al., 2013) We adopted the same idea to test representative samples (n = 5) for multiple
extraction for up to four times using the same initial sample. QlIAamp® DNA Investigatokit

was used for subsequent extraction of DNA from the initial sample as described above.
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Lysis buffer and %
proteinase K J Other cellular components
(Maguesium, lipid, proteins. Etc)
A, Lysis ’
% DNA
' ®
Dry blood on ¢’
N

Am;’ \}

Alcokol 10086
(Ethanol)

ATE (elution

Figure 2.8 Princip le of DNA extractionsfrom FTA card using Qiagen investigator Kit.

The sample exposed to lysis buffer and proteinase K which causigsofiythe celllar and
organelle membrane leasing their comints e.g DNA, ragnesium, lipid, proteins..etc (A).
Addition of alcohol leads to bding of DNA to the dica based membrane (BMultiple
buffer washing ensures removal of proteins and othkulae componerd but not DNA
which remain band on the silicanembrane (C). DA is eluted by ATE buffer as it diskves

in water (D).
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2.2.9 DNA purity and estimation of DNA concentration and yield

FTA cards are a convenient solution for collecting low wadlblood samples such as
those from neonatesd for long ternstorage atoom temperatures for archivaurposesnd
extended periods. Stangegaardnd colleagues studied DNA purity and yield from dry blood
spot on FTA for forensic genetic analysis and proved to be possible to extract DNArom
thesecards in sufficiert amount and cality to obtaincomplete short tandemepeat(STR)
using different automated extraction protocols such as QlAcube QIAsymphony SPand
PrepFiler Express kifThe study had also proved that following initial sample pretreatent
and DNAextradion, the procesed FTA card piecesere useful to up to six additioral DNA
extractiongStangegaard et al., 2B)1 As stated in section 2.2.8on DNA extraction, for RHD
genotyping DNA was extracted from dry blood spot on FTA cards using QlIAamp® DNA
Investigatorkit.

The mostcommon technique to determine DNA yield gndity is measureme of
absorbane. DNA concentration can be estimated using spectrophtometerunder ultraviolet
(UV) light at 260 nm due to purine and pyrimidine basethat strongly absorbdJV light.
However, INA is not the only molecule that can abso¥s light at260 nm Snce RNA also
has a great absorbance at 26 and tle aronatic aminoacids present iprotein absorb at
280 nm, both contaminants, if present in the DNA solution, will contribute to the total
measurement &60 nm Additionally, the pesence of guanidine Wiead tohigher 260nm
absorbance. This means thiathe A260 numbe is used for calulation of yield, the DNA
guantity may be overestimated.

To evaluate DNA purityabsorbance fro@30 nmto 320nm to detect other possible
contaminantsis required. The nmost comma purity calculation is the ratio of the albbane
at 260nm divided by the readingt 280 nm Goodquality DNA will have an A260/A280

ratio of 1.7 2.0. A reading of 1.6 does not rendlee DNA unsuitable for any applicah, but
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lower ratios indiete moe contaminants are present. The ratio can &leulgted after
correcting for turbidityabsorbance &40 nn).

Strong absorbance arouB80 nmcan indicate that organic compounds or ciant
salts are present in the piied DNA. A ratio 0f260 nmto 230nm can help evaluate the level
of salt carryoveiin the purified DNA. The lower the ratiothe greater the amount &dilt is
present, for example. As a guideline, the A260/A230 is bepetter than 1.5. A reading at
340 nm will indicate if there is wrbidity in the solution, another indication of pdssi
contamination. Thereforetaking a spectrum of readings frod80 nmto 340 nmis most
informative.

Ther mo Sci ent i1000weafusedta estion@e DN concentration and
purity. Nucleic acid application was selected and the device optical surfaces were cleaned
using DNA free water. The appropriate constant (dlSDNADNA 50) for the sample was
selectedand blank measurementvas performed using Qiagen ATE buffer from which the
extracted DNA was eluted. Both optical surfacewere cleaned with a clean, dy, lint-free lab
wipe. To determine DNA concentration, 1 pl of extracted DNA was dispensed onto the lower
optical pedestal anthe lever am was closed. The nucleic acidconcentration and purity
ratios (260/280 and 260/230) were calculated automatically by the software and presented as
data and spectral output. DNA vyield was calculated by multiplying total sample volume by

DNA concentration
2.2.10 Molecular analysis of RHDgene by real -time PCR

During DNA ampification in reattime PCR light passes through mociaromaor
that transmits a mechanically selectable narrow band of wavelengths otlighén from a

wider range of wavelengtitkat is dependent upon fluorophore usédon excitation at the

appropriatewavelength, thdluorophore(DNA binding dye or probe) on the sarmaplith
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DNA emits fluorescencethat can be captad as data in photodetector everycle and
translaéd aseattime PCR graph(Arya et al., 2005; ¥las& and Repa2005)

For SYBR Greenchemistry, thiDNA binding dye binds only to ajor graove double
strandedDNA (dsDNA) but not single strard (Rapley, 2010)SYBR Green does rcemit
fluorescencavhen it is in free form bulluorescencesignal is emigd as itbinds todsDNA
(Mirmajlessi and Loit, 2016) During amfification detection inreattime, SYBR Green
emits greenight at 520 +/ 10 nm thacan bedetected by exciteon at 470 +/ 10 nm.

For TagManchemigry, qPCR tebnique uses a probe a$l@rophore. Each TagMan
probe has afluorophore molecule such a$-carboxyfloresein (6FAM) or 2-bBljloro
7 Njp h-Edadighloro-6-carboxyfluorescein  (VIC) and a quencher such sa
tetramethylrhodamine (TAMRA)QSY andMinor Groove Binding MGB) but unable to
florescent at this stage. As the DNA polymerase extend DNA fromer tenplate it cleaves
the pobe bound to DNA templatesleasing the fluorophoréhat enits light at specit
wavelength to be detected. Different fluorophores used in TagMan probes have different
maximum emission and excitation wavelengliable 2.2 shows fluorophoresused in real
time PCR for current study. With a choice ofmany excitation sources and detectiditers
combined (up to 6 inRotorGen& Q) with a short, fixed opticaln thermocyclers, it is

possible to detect DNA amplification reaktime.
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Table 2.2 Absorbance, excitation and emission of diffent fluorescencedye usedin real-
time PCR in current study

Dye Absorbance Excitation Emission

filt er (nm) (nm) (nm)
6-FAM 495 470 520

VIC 538 470 558
SYBR 495 470 630

Realtime PCR can also be used asafjtaive indicator for desired DNAamplicon
which is knownas dissociation curve amelting curve analysisFluorescencantensity
remains high in low temperature and as theperature is increased, the dsDNA staots
dissociate decreasing the intengigygure2.9A). The melting pointemperature isalculated
from the intensity changenia given interval fronfluorescencelerivative (df) inrelation to
temperature derivative (dtFigure2.9B).

The reattime PCRwasused to investigate the preserased mutatio in RHD gene
exons 1 though10 usingRHD specificandsequencepecific primer{SSP) TheD positive
sample was used as a control for the amplification of exons artthgnelirve analysis of

PCR produd.
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Figure 2.9 Dissociationand melting curve analysis in real-time PCR.

The fluorescencantensity remains high in dsDNA. As the temperature increases, dsDNA
startsto dissociate decreasing the intensityil no more dBNA at zerointensty represented

as dissociation curve (A). The fluorescenceintensity changes ina given interval for
fluorescencaderivative (df) inrelation to temperature derivativEhis change isalculated
and appears as melt point pegresented as melting curve (B).
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2.2.11 Screening for RHDdeletion

All DNA samples were seened for the presence ¢&®HD exon 10 to detect the
deletion or presence d®HD geneby using areattime PCR SYBR Greenand TagMan
chemigry. For SYBR Green admistry, MDF10 andrr4 andprimersfor RHD exon 10were
used with HGHF and HGHRhuman growth hormong@rimers(IDT Leuven, Belgiun as
positive controlsPCR was performechia total reaction volumef 10 ¢ L All RHD exons
amplifications were programed on a thermal cycleROtorGere Q; Qiager unless stated
othemwise andthe samplesan in duplicatesThe cycling conditios used wre as follows:
Hold at 95°Cfor 3 minutesand thend0 cycles of 5 secondat %°C and10 secondsat 60°C.

All PCR anplifications were carried out in diipate in 72 well reaction rotoMelting curve
analysisin all reactions waperformed betwen 60 ad 95°C with a temperature increment of
0.5°Cs unless stated otherwis&he melting curves were sketched using the insttre nt 6 s
data analysis softwardr¢tor-Gene Q Pure Detectipversian 2.3.1 Qiager) and evaluated
visually. The PCR products saverevisualised byelectrophoresis on a 2%garosegel and

then sent to eurofinsr GENEWIZ for Sanger sequencing

For TagManchemistry reattime PCR was perfenedfrom FTA extractedDNA with
concentration betwee?0 and 30ng, 400 nM of each primer ath QuantiNova Probe Mater
Mix (Qiagen, UK in a totalreaction volumeof 10e L . cyching conditions used were as
follows: denaturatiorat %°C for 3 min and therd0 cycles of 5secondsat %°C and15

secondsat 80°C acquired on green channel.
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2.2.12 Further molecular characterisation of RHDexons

All samples positive foRHD exon 10 werefurther investigatedor the presence of
RHD exons 1 througly and 9 by reattime simplex PCRwith SYBR Green chemistry.
Amplification reactions were set up in@&al volume of10e L u s iQuantiNovaSY¥BR
GreenPCRMaster Mix(Qiagern. TheRHD primersand heir concentratios stated inTable
2.3. An amount between 20 and B ng of the extractecblood DNA was used for
amplification.

RHD intron 4, exons 5 and 7 were @aisvestigated by eeattime simplex PCR with
TagMan chemistry RHD spedfic intron4exon5/exon7simplex PCR (10 pl reactions)
consistedof QuantiNova Probe Master Mix (Qiagenprimers and probes previously
described byLeglar et al (2007) andDr n o \etgaé K013) and 2 pl of templatBrimer
pairs awl their concenttionstated inTable2.4. After initial incubation a®5°C for 3 min, 40
cycles oftwo-stepcycling, denaturation at 95 for 5 seconds andnnealingand extension at
6 0 for 15 condsvasperformed All reactionwere acquired ogreenchannel except exon

5, which acquiredmyellow channel.
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Table 2.3 Primers and their concentrations ard cycling condition used to amplifyRHD

specific exons 1 through 9

RHD  Primer* Primer conc real-time PCR Cycling condition**
exon pair
(nv)
Denaturation Annealing Extensiorf
1 re0land 500 95°C (59)® 60°C (159
RHIN1R
2 ME2F and 100 95°C (59)® 60°C (159
ME2R
3 ga3land 200 95°C (159)® 70°C (20s) 72°C (309
rb21
95°C (159)°¢ 60°C (20s) 72°C (309)
4 gadland 200 95°C (159° 70°C (20s) 72°C (309)
a42
J 95°C (159)°¢ 60°C (20s) 72°C (309)
5 R648and 400 95°C (59)? 60°C (159
Rex5AD2
6 ga®& and 100 95°C (159)® 70°C (20s) 72°C (309)
a6l
J 95°C (159)c 60°C (20s) 72°C (309)
7 R973 and 400 95°C (59 60°C (159
R1068
8
9 re83 and 400 95°C (159 70°C (20s) 72°C (309)
re94
95°C (159)°¢ 60°C (20s) 72°C (309)
240 cycles "Touchdown 10 cycles with 1 dre io eagha s e

cycle €30 cycles

d Acquired on green channels; seconds

*Prior to the cycling, there was a hold step at 950C for 3 min

**The primer concentrations are final concentrations, not stock solutions
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Table 2.4 Primers for RHD TagMan real-time PCR used for further

characterization of RHD gene in Omani population

molecular

Primer / Probe Label RHD region Primer / Probe
concentration (nM)
RHDIn4F None Intron 4 800
RHDIn4F None Intron4 800
RHDIN4M FAM-MGB¢ Intron 4 300
RHD ex5F None Exon 5 200
RHD ex®R None Exon5 200
RHD ex5Q VIC-QSY® Exon 5 50
RHD 940S None Exon 7 500
RHD 1064R None Exon 7 500
RHD968T FAM-TAMRA® Exon 7 250
RHDex10F None Exon 10 800
RHDex10R Note Exon 10 800
RHDex10M FAM-MGB* Exon 10 300

d Acquiredon geen channel
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2.2.13 Agarose gel electrophoresis

Agarose gel electrophoresis was performed to checkehétime PCR product gave
the desired size dRHD specfic exon amplica andto relate that with mieng temperature
(Tm) curve Agarose gke2i 2.5% (w/v) from (SigmaAldrich, USA)waspreparedas follows:
for each 100 ml, 2 to 2.5 g of agarasas added to 100 ml 1xTBE buffer (Lonza, Belgium)
and microwaved at magn heat for 34 minues unil the agarose idsolved The solution
was coled down ill 60°C, poured into UVtransparent gel trawith inserted comb and
allowed to solidify for 30 minutesThe gelwas therplaced into theankfilled with 1XTBE
buffer. FasRuler E L ow R a hapde (ThédmoFisherUK) was loadedin the first
laneasa marker (501500 bp) The marker or sample was loadeg adding 4 pl of th®©NA
and 1l of Novel Juice DNA stain (Sigmaldrich, USA). The electrophoresis was run at
80V for 45 minutes The gel vas viaved withBioRad G e mi Doc E MP, |l magi ng
underultra violet light(ethidium romide channgl

2.2.14 RHDexons sequencing

As this is the firstRHD molecular study on Omani population, PCR amplicons for
exons 1 through 10 wergequencedto find out possble novel mutatio¢s) in RHD gene
coding sequete It also confirmed the specifity of the selected primers to tiRHD gene
specific exon and ndRHCE gene exonsNon-purified PCR products were setat Eurofins
and GENEWIZ for Sanger sequencing usingrimers stated inTable 2.1. Both forward and
reverse pmers (5 uM) and DNA templates(20 pl) were submittedn a separatd.5 mL
locked Eppendorfubes DNA sequencing data were analysed using Chromaision 2.6)
software (Tehnelysum Ply Ltd). NCBI blast wasused toperfam sequence alignment

between each prier pair sequencing result ahdmanreference genas shownn Figure
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2.10. Mutation within the coding sequence was rdowoned with both priners (forward and
reverse).Sequening result of each primer then aligned using onlihestal Omega software

to reconfirm themutation location as showin Figure2.11.

_J_hlaltn blastp | blastx | thlasin | fblastx |

BLASTN prog! search nucleotide datab using a nucleotide query. more...
Enter Query Sequence 2 L2
nter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
o ]
o ]
\ |
C—— e —
Or, upload file Browse.. | @
Job Title | |
Enter a descriptive title for your BLAST search @@
[ Align two or more sequences &
Choose Search Set
Database OHuman genomic + transcript OMouse genomic + transcript ®Others (nr etc.):
\Human RefSeqGene sequences(RefSeq_Gene) V| ]
Exclude [ Models (xM/XP) LTUncultured/enviran
Optional
Limit to [ Sequences from type material
Optional )
Entrez Query | | Youllllf) Create custom database
Optional Enter an Entrez query to limit search @
Program Selection
Optimize for ® Highly similar sequences (megablast)
(O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)
BLAST '_‘ Search database Human RefSeqGene sequences(RefSeq_Gene) using Megablast (Optimize for highly similar sequences)

(] Show resuits in a new window

Figure 2.10 NCBI BLAST method used to compare Sanger sequencing results with
reference gene.

DNA sequence resultas entered in the box (highlighted blue) and the database was selected
as Human RefSeqGene sequences (RefSeq_Gene) higtllight. The results ofhe
sequence was #mcompaed with the reference sequence gene afieking on blast.
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Multiple Sequence Alignment

Clustal Omega is a new multiple seguence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more seqguences. For the alignment of two seguences please instead use our pairwise seguence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 ME.

STEF 1 - Enter your input sequences

=Forward
DMA sequence from forward primer

=Reverse
DMA sequence from reverse primer

AN

Use a example sequence | Clear sequence | See more example inputs

STEF 2 - Set your parameters

QUTPUT FORMAT

| ClustalW with character counts v

The default seftings will fulfill the needs of most users.

(Click here, if you want fo view or change the defaulf settings.)

STEP 3 - Submit your job

[] Be notified by email (Tick this box if you want to be notified by email when the results are availabie)

Figure 2.11 RHD exon DNA sequence alignmenbf forward and reverse primers

Type of nucleic ad is selectedRed highlight), anyseaqierce to be analysed aslabelled
with symlol > and name (Blue highlight) and sequence was addetheinbox Blue
highlight). The data was analysed after clicking on submit button.
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2.2.15 Molecular analysis of RHDgene commercial BAGene SSP kit

The BAGenekits are ugd todetermine bloodroup specificities of donors, recipients
and pregnant women on radecular genetic basisA study conducted byakanary and
colleaguesisingBAGene RHTYPE kit revealedhe importance of genotyping in transfusion
management ofhronically transfused patienésthe classical hemagglutination assays may
be inaccuratgBakanay et al., 2013We used RHATYPE andpartial D-TYPE type Kits
(BAGene,BAGHealthCare, Lich,Gamany)to determine differelRHD alleles inD negative
Omani p@ulaion and reconfirm theresenceof RHD exons detected byeattime PCR
stated in sectior2.2.12 The kit abo reconfirms the serologic&®hCE pherotyping by
molecular method to detect C,c, E and e alleles. Extraded DNA from dried blood o FTA
card was useds a template

The test procedure erformed by using the Sequence SfiedPrimers (SSRPCR
(Figure2.12). Thismethod is bsedon the fact that primer extensioand hencesuccesful
PCR, relies on an egamatch at th&-end of both primers. As a result, the ampdifion is
obtained only if the primers entirely mattte target sequencéhe kits onsist ofPCRplates
with chanbers with prealiquoted and driedeadion mixes cataining allelespecificprimers,
internalcontrol primers andleoxyribonucleotide triphosphat&dNTPs). The master mixor
RH-TYPE and partial BTYPE was prepareéccordingto manufactuneinstructions(Table
2.5) with 10x PCRbuffer (included n the kit), DNA template concentratiobpetween 20 and
30 ng, Happylaq Polymeras@BAGene,BAG Health Ca, Lich,Germanyand ddH20

BioRad C1000 Touch thermalcycler wasused for the asy with the followhg
cycling condition denaturation at@®&C for 5 min; 5 cycles ofdenaturation a®6°C for 10
seconds and annealing and extension aC7#0r 60 secondsl0 cycles of denaturation at
96°C for 10 seconds, annealing for 58conds at 6& andextension for 8 secods d 72°C;

25 cycles of denaturatioat 96°C for 10 secons, annealing for 50 sends at 61C and
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extension at 7Z for 45 seconds and final ext®on at 72C for 5 minutes.The product of
the amplification is visalized by2.5% (w/v) agarose geklectrghoress as describe in

section2.2.13

(TTTIIIT > n-m-n-(x

Perfect match = Amplification Mismatch - no Amplification
(specific Allel) (unspecific Allel)

Figure 2.12 Principle of the BAGene commercial diagnostic assay for RHTY PE and
partial D-TYPE.

A perfect mé&ch with Sequence specifiprimers leads to prirar extenon and thus
amplification (A), whereas, mismatch prentsextension and theiamplification(B).
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Table 2.5 Master Mix prepar ation to run BAGene RHTYPE and partial D-TYPE in-

vitro test
BAGene Number ddH2O  10x PCR DNA Happy Taq Total
SSPKit of (mixes) (V1)) (ul) template > Ul volume (ul)*
(1)
RH-TYPE 13 123.6 15.6 15.6 1.3 156
Partial D- 15 142.6 18 18 14 180
TYPE

*For one sample

~ s

2.2.16 Molecular analysis of RHDgene byl OAT 03 OO AigitlalPCR $

Digital PCR builds othe same principle of the gP@&Rablng anabsolute value ith
much higher precisn compared to standard PCRstarts with the partition of reion mix
into thousand of independent PCR repdites. Some partdns will indude the ER template
and othes do not. Partitions that include BNemplate will amplify the DNA at detectila
level that can bedirectly proportional to the total number wiolecules enabling arbsolute
count to beestablshed(Hudecova, 2015)The reactios are run orintegratel fluidic circuits
(chips). These chips have integrateosmbes and valves fomartitioning samplesand
reaction reagent$-ollowing identification ofpositve and egative wells a Poissanodel is
used to calculate the probability @ given raction reeiving 0,1, 2 or mae copies. This

correction factor erdesall molecules tdbe counted yielding tan absolute value.

2.2.16.1 RHDexas 5, 7 and 10 detectionsing SYBR Greenl dye
TagMar? assys are recommended by Applied Biosysténasa provenand valicited

chemistryfor digital PCR, with @er 8 million assays \ailable. SinceSYBR Greendye
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baseddetection is widelyused fo targetquantification intraditional reattime PCR, they
have devdoped a protocol for usingYBR Greenl dye for targt quantiication on the
QuantSu d i o E 3 D This pretdc@ im meanas a starting poirfor optimization with
primer sets thawereprevioudy validated forSYBR Greerdye basedletection.

SYBR Gereenl Nucleic Acid Gel Stain,10,000X conentrate inDMSO (Applied
Biosystem$, UK) was diluted with100% DMSO (Applied Bisystem8, UK) to make
1000X stock solutionaliquots For digital PCR work,stock solution was furtherildted to
20X with TE buffer,pH 8.0 (Qiagen, UK).Previously validatedeattime PCRforward and
reverse pmersfor RHD exons 5R648 and Rex5AD2)RHD exon7 (R973 and R1068&nd
RHD exon10 (MDF10 and rr4)were ugd with samne concentration as indicatén table 2.1.
Amplification reactions were set up in a total volunfeld.5¢ L singthe QuantStudié 3D
Digital PCR Master Mix(Applied Biosystenm®, UK) as the setup shown fable 2.6. The
reaction mix (14.% I was baced onto the QuantStudfo 3D Digital PCRchip using the
chip loader,and ran using he sandad themal cycling conditions recommendedby the
manufacturer(Table 2.7). For the optimization of anneafj temperature, temperature

gradients 6°C, 58 °C and ® °C were used.
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Table 2.6 Master mix preparation for QuantStudi o E 3 D PGRgusing8YBR

Greenl dye
M aterial Volume per chip (ul)  Final concentration
QuantStudio® 3D Digital PCR 7.25 1X
Master Mix
20X SYBR Green | dye in TE 1.45 2X
buffer, pH 8
Forward and reverseprimer Variable Variade*
DNA template Variable 20-30 ng
ddH:20 Bring volume upa
14.5

*Primer concentration used for speciR¢iD exon inreattime PCR

85



CHAPTER TWO

Table 2.7 Thermal cycler condition used to amplify RHD exons 5, 7and 10 for
Quant Studi oE 3 musind$SYBR Greehl dECR

PCR protocol Cover
Temperature
Stage 1 Stage 2 Stage 3
Temperature 96°C 60°C* 98°C 60°C 10C
Time 10 min 2 min 30 sec 2 min D) 70°C
Cycles 1x (Hold) 39x 1x (Hdd)

*T his tamperature was adjusted 36°C and58°C for gtimization process.

We analysed the fluorescentdata from the cdPCR with QuantStudi® 3D
AnaysisSuite™ online software. A known D positive buccal extracted DNA was used as
positive control. The threshold was set manually based on NTC and applied to al samplesin
each batch. Based on this, positive and negative droplets were determined. DNA
concentration (copies/ul) was then determined by the QuantStudi® 3D AnalysisSuite™

online software by use ofPoisson statistics (95% confidenicgerval) for each sample
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2.2.17 Comparison b etween 3 different SYBR Greenmaster mixes for

the detection of RHDexon 10 using direct dry blood on FTA card

Several attempts odirect anplification of DNA from biological samples has been
going on.Mercierand colleaguesuccessfully aplified HLA DQ A geneusingwhole blood
sanple without the reed ofextraction proces (Mercier et &, 1990) Kline ard colleagues
evduated the performance of a short tandemeat multiplexusingdried whole Hood stains
preservedn FTA cardwithout extactionand found these cardseauseful mediadr DNA
study(Kline etal., 20®). However, there are no studieested diect PCRusingFTA cardon
RHD blood group genoping.

A total of 40 ul KEDTA blood sampleper wellwasappliedon Whatman FTA card
(GE Healthcare)and dried at 8@ for 30 minutes The samples were aged atroom
temperature until usedcor sample prepation; 3 mm disc was punched oaf sample in
FTA card andplaced in 1.5 microcentrifuge tubQuick washng andlysis processwvere
followed as described previouslyhe sanples were washed with 20 of ddHO at 30°C for
3 minues. Tis-EDTA buffer pH 8.0 (Qiagen UK) was added after water removaldatine
samples were incubatddr 5 minutesat 98C in a hating Hock. Lysate was trasferred to
0.5 ml tubeto be used in PCR.

A total of 14 samples previously known for being positive for RHD exon 10 were
tested. Realtime PCR was performed in a totablume of D pul consisting ofeither 1x
Qiagen QuantiNovaSYBR®Green Master Mix), PCBIOSYSTEMS (PCRBIO SyGreen
Mix) or Applied BiosystemsRowe r Up E B Y BR Maste Mix), 400nM of each
primer MDF10 and r4 (Table 2.1) and 4 pl of lysate (DNA templateYhe reaction was
carried out in RotefGeneQ thermocycler (Qiagen). Thermocycleasvrun for 40 cycles
under tke following condition: initial denaturation at 9& for 3 min, denaturadn at 95C for
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5 sec, annemdg and extension at 80 for 20 sec For directreattime PCR,atotal volume of
20 pl (4 pl of DNA) in 40 cycles using tharal cycler Rtor-Gene Q(Qiagen, UK) was sed.
Melting curve analysisvas performd between 6%and 95C with a temperature incremieof
0.5°C/secmd. Curves were ketchel using RotoiGene Q data analyssoftware. Melting
curve peak as RHD exon 10 amplicon was confirmed with a 381 bp band in 2% ge
electrophoresis. The sensitivity of each master mix to detect RHD exon 10 by direct method
without DNA extraction was calculated. Realtime PCR result for RHD exon 10 from
extracted DNA used as a gold standard method for this comparison

2.2.18 Satistical and data analysis

Conveniencesamplingmethod were used for collectingD negative d 0 n csampl&s.
For serolgjical methods, data were statistically described in terms of freggies (number of
cases) and percentageden appropriate.The resuls were gpresed & percentagedy
dividing total postive casedor the paticular positive antigenby total number of amples(n
= 203) and multiplied by 100. Data were managechd anaysed usingGraphPad Prism 8
(USA). Confidence level chosen was 95% and confidence interval (C.1) was calculated using

https:/Avww.surveysystemam website. The C.I value wacalculated baseah unpublished

data of D negative (81%) which estimates about02000 out of 2.5 million of Omani
populdion with D negative. The sgrte sizeof 203 with estimated D negative Omani
popuhtion gave 6.87 C.level with 95% confidence leveThecalculated frequency range of
95% C.I is based ofrequency percentage = 6.8%h haplotype frequencywas estimated
using HardyWeinberg equationThe following equation was used (r is r haplotype, p isr’
haplotype and g isr”” haplotype, square is diplotype):

p?+2pg + 2pr +?+ 2qr+r¥=1
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In order to find out the haplotype frequency, dce (r) phenotype was calculated (total
dce phenotype divided by total samples). This was considered diplotype frequency (F in the
equation) Square root of the r> was considered the dce haplotype frequency (r). Likewise,
other haplotypes frequency were calculated and the values were added in the equation as to
reconfirm total of all values were equal to 1 (please see Appendix 3 for the detailed
calculation). All other statistical analysiémean, standard deviation, standard error, t-test, chi-
square test and p value) were perfamed using GraphPad Prisn8 application unless stated
otherwise. The distribution of angers/phenotypesbetweenthis study and studies of other
regional populations wasomparedusingt he ¢ hi S P« ®.05ewad corsitled A
statistically ggnificant. Male to female ratio was calculated by dividing number of males by
number of females. To find out Rh phenotypé slistribution difference between D negative
Omani male and female, frequencyand p value was calculated. Frequency was calculated by
dividing specific phenotype by = 203 and multiplid by 10Q Statistical p value using
frequency vaue of different Rh phenotypes was calculatedAs we used two categorical
variables (gender and Rh phenotype), chisquare test for Zxcontingency table was uséal

find out p value.

To compareOmanipopulation with other populations for a specifith major antigen
(C, ¢, E or e and Rh haplotype, frequency of Rh major antigen/Rh haplotype of each
population was recorded from the literature Statistical P value using these frequencies was
calculatedo find out significantdifference between the populations compared to Omanis. As
we used two categorical variables (population and Rh magor antigen/Rh haplotype), chi
square test for Zxcontingency table was uséalfind out P value.

For DNA multiple extraction (up to 4 extractions) from initidl sample (n = 5

independensamples), the average DNA concentration and purity (260/280) was compared
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between eachextrection round. Mean standard deviation and standard error was cal cul ated
and two standard error bar charts were plotted. As the comparison has one categorical
variable (extractionround) and one numerical variable(DNA concentration or DNA purity),
we implemented t-test to compare these variablesto get the P value. P value < 0.05 was
considered significant.

For molecular genotyping, all RHD exon 10 postive was calculated by number and
the percentage calculated by dividing total positive cases f&®HD exon 10 by total numter of
samples andmultiplied by 100 The result & ASP-PCR for the detection of RH D E
pseudogea, RHD-CE-D® hybrid gene, andRHD deldion in serological D negative blood
samples allowed us to calculatexperimetal allele frequacies for each molecular
backgound. Assuming onsisency with Hardy-Weinberg equilibriumgenotype and allele
frequencies of inactiv&HD genes andRHD deletian was calculated using Bemstein famula
(Touinssi et al., 2009) detailed calculationscan be seen in Appendix.

The sensitivity assessment for the evaluation of different SYBR Greenmaster mixes
ability to detect RHD exon 10 from direct dry blood sample on FTA card without DNA

extraction method was calcul ated as follows:

True positive

Sensitivity (%) = — — X
v (%) True positive + False negative

In cdPCR using SYBR Green RHD exon 10 DNA concentration (copies/ul) and
sample volumes withifferent dilutions correlatiorwas calculatedising statistical Anova
test and significance was accepétg < 0.05.Using TagMan chemistry, DNA concentration
(copies/ul) and samplevolumes wascalculated usingAnova test and significance was

accepted gb < 0.05. All statistical angkis was performed using GraphPad Prism 8 (USA)
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3 CHAPTER THREESerological RhCE phenotyping &
molecular b ackground of D negative Oman i population
3.1 Introduction:

The Dantigen of the Rh blood group system is the mat imporant proteindueto its
involvement inHDFN andin HTR. According to recent data, transfusion with a unit or more
D posiive blood unit leads to the production of anti-D in 20-30% of D negative individuals
(Frohn et al., 2003; Yazer and Triulzi, 2007pr@alezPorras et al., 2008)herefore, to
prevent anti-D alloimmunizétion, exposte of D negative individuals to Dpositive RBCs
shouldbe avoided by appropriate transfusion strategied routineadministration of ariD
immunoglobulin toD negative women during the thid quater of pregnany and after
delivery ofa D positive infant.

Studies shown that detecton of weak D, DEL phenotypeor partia D may be missed
by standard serolog mehods including IAT and may cause adil immunization when
transfused to Dnegative recipiens. Garratty calculated that at least120 weak D or Dd
donors, typed negative seologically, are transfused to D negative recipieataualy in
Southern California (Engelfriet and Reesink, 2006 In another study by Flegel and
colleagues on 46133 seologicdly D negative donors,the RHD genotyping showed that 96
samples had RHD gene, half of which harboured Del phenotype(Flegel, vonZabern and
Wagner, 2009)Moussa and colleagues study realized that a partial D sample type DBT was
mistyped as D negative by serological tests (Moussa et al., 2012)

The D regatve pkendype is characterized by kigh molecular diversity which
explainsthe discrepancies found between serologic and moleadtdods. RHD genotyping
is veryefficient for managing donors andt@amtscarying any o the various moleclar types
of we&k D, DEL phenotype and partial D.in addition, it overcomesthe limitations of

serological methods that are unable to differentiae between RHD variants and mistyped D
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status. Moreover, it aso unveis the type of molecular RHD genotyping of D negative
(silent/inactive or full deletion). Unpublished data of frequency of D neyat phenotype was
estimated at % in Oman.

Oman has a high revalence of hereditary blab disorders such as SCD and
thalassemia (Al-Riyam et al., 2001) Alkindi and colleaguesinvestigated the tas d
alloimmunization in OmaniSCD and thalassemia patientd found that the rate of
alloimmunization in SCDwas 31.6% whereasin patients with thalassaemia it ag 20%.
Antibodies toE, e, C, ¢, D, K, S, Fy3, Kp3k? and € were observedd85% of he patients
were also immunised with Rh and Kell antigef#dkindi et al, 2017) Another study
conducted by Al-Dughaishi and colleagues on D negative Omani pregnant women revealed
that, the prevadnce ofD negativewas 7.3%and therate of D negative alloimmunization was
10%, and antD was the most common anbidly detected(Al-Dughashi et al., 2016)
Therefore, a comprehensivdRHD alleles study would be very useful to unveil D status and
reduce the risk of anti-D alloimmunization in D negative redpients. RHD allele study was
lacking in Omani population, hence this propelledus to conduct such study.

Daar and colleagues demonstratednulticentric origin of sickle mutation in Oman
with haplotypes originated by gene flow from sub-Sahara west Africa, East Africa (Zanzbar)
and Arab-India haplotype (Iran, Irag, Pakistan and India) (Daar et al., 2000Based on this,
likewise we hypothesized molecular background of RHD negative in Oman would be
multicentric origin either inactive/silent due to R H D Bseudgeneand RHD-CE-DS as seen
in African (Moussa et al., 2012)nd full deletion as seen in Iran (Khosroshahi et g1.2019)
The aim of the current study was to detail RHD molecular background on apparently D
negative individualsin Omani donors. The first step in the study was to reconfirm D status of
205 D negative samples and phenotype them for C,c.E and e antigens by two different

methods (tube and gel card). The second step was to testall these samples for weakD by two
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different serological method&ube and gel card). Samples positive for weak D testing (n = 2)
were excluded from the study. The last step of the study congsted d usingreattime PCRto
confirm theD status of he sanples(n = 203) that weretyped as D negative after being

confirmed by AHG testing.

3.2 Serological determination of ABO/Rh CE phenotypes onD negative

Omani donors
RhD and RhCE plenotypng by direct gel cardserolgical tes wasdone on205 D

negative Omanblood donorsAll D negative ampks with directmethod were further tesd
for postivity by IAT weak Dgel cardtestwhich excluded two samples as being weak D.
ABO phenotyping were dore by each regional blood bank asroutine donor testingABO
group dstribution and frequenciesdor 203 samples (excluding n = 2, positive for weak D)
were as follows: O(n = 115, 56.7%) A (n = 49, 2.1%) > B(n = 30, 14.8%)> AB (n = 9,
4.4%)(Figure3.1).

All direct serobgical tests(n = 203, excluding weak D) shaved the fdlowing Rh
phenotypesnd pobable gentypes: Gc+E-e+ (r, n= 158, 778%), C+c+Ee+ ('r, n = 38,
18.7%), GctE+e+ f € m=5, 25%), C+cE-e+ ('r', n=1, 0.5%), C-c+tE+e- (r € n=1,
0.5%)(Table3.1). Both weak D samples showed C-c+E-e+ phenotype and Ror probable
genotype (excluded from the study). The frequency of Rh phenotype andlpabke gendypes
for males and feales vasalsocompared.Distribution of RhCE phenotypes ismilar in both
the genders, wheresdhe distibution of probable genotypes shodve > r'r > r'r > r'r' >
r'r" for mae andrr > r'r > r'r' > r'r" =r"r for femde (Table3.2). The frequency of C, ¢, E
and e were 20%, 99%, 3%nd 99% resgcively (Figure3.2). Haplotype frequecies wee:
(dce 0.89), €ICe 0.1) anddcE, 0.01) (Figure3.3). Representative imageseapregned n

in Figure 3. 4 (AF), showingRhD and RhCE phenotyping by gel technique.
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Figure 3.1 ABO distribution among D negative Omani donors.

ABO phenotypingon 203 blood samples obtained during routine blood donation in Oman
Testing was performely the respective blood baskising BioRad DiaClon ABO/RhD-
Card techniqueThemost frequent ABO grouprasO followed by A, B and AB.
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Table 3.1 Rh phenotypes and probable genotype frequencies in D negative Omani
donors (n = 203)

Probable genotype

Antigens  Phenotype Wiener Fisher  Number Frequ*en(y 950*/9
race % C.
D-C-E-cte+ rr rr dce/dce 158 77.8 70.97 84.7
D-C+E-ct+e+ r'r r'r dCe/dce 38 187 11.87 25.6
D-C-E+cte+ r'r r'r dcE/dce 5 25 <94
D-C-E+c+e- r'r' r'r dcE/dcE 1 0.5 <74
D-C+E-c-e+ rr rr dCe/dCe 1 0.5 <74
Total n =203 100

“The specific Rh phenotype frequency percentage was calculated by dividing Rh phenotype by
203 and multiply by 100.

““Confidence intervalC.| was calculated using https://www.surveysystem.comebsite. The C.I
value was calculated based on unpublished data of D negative (8.4%) which estimates about
209000 out of 2.5 million Omani population with D negative. The sample size of 203 with an
estimated D negative Omani population gave 6.87 C.I level with a 95% confidence level. The
calculated range of 95% C.I is based on afrequency percentage + 6.87.
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Table 3.2 Rh phenaype distribution between D negative Omani male and female blood
donors (n = 203)

Phenotype’
Gerder r'r" rr r'r r'r r'r Tota
Male 1 137 34 5 1

(0.6%0) (77.20) (18.%%0) (2.8%) (0.6%) 178

0 21 3 0
Female 1 25

0, 0, 0,

(0%) (84%) (12%) (0%) (4%)

p-valug” p=0.3772 203

"Frequency was calculatedoy dividing specific phenotype by n = 203 and multiplied by 100
“p value was calculated using Prism GraphPad software (USA). A chi-squaretest for 2x5
contingency tablevas used.

Thereis no statistical difference between Omani male and female donors with regard to Rh
phenotype distribution
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Figure 3.2 Rh phenotype frequendes in D negative Qmani blood donors.

Rh phenotyping was performexh 203blood donors using Bio-Rad RhD + Phenotype 1D
Card systemThe mos$ common antigen found was e followed by ¢, C and E.

97



CHAPTER THREE: Serological RhCE phenotypinglecular background of D negative Omani population

n =203
Bl 0.89 dce
1 0.10 dCe
BEm 0.01dCE

Figure 3.3 Rh haplotype frequenciesn D negative Omani blood donors.

The haplotype frequenciewere determinedn 203 blood samplesbtained dtng routine
blood donation to Omani blood banksingHardy-Weinberg equationThe haplotypesrder

wasdce> dCe> dcE
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Figure 3.4 Rh phenotyping by BioRad gel cad technique.

Representative samples (n = 6) shows Rh phenotyping. Agglutinaion indicates preence of
the Rhantigenon RBCsard thus phenotyping & probable geppé. Agglutination with anly

c and e suggests-D-E-c+e+ phenotype withrr probable genotypéA & B). A probable
genotypea'r and DC+E-c+e+ phentypeis recorded for sapiesgiving aggldinationwith C,

c & e (C), whereas a probable genotyp&' and DC+E-c-e+ phenotype is recated fa any
agglutination with C& e only (D). Agglutination withc, E ande suggsts DC-E+c+e+
pherotype wth r'r probabk gerotype (E), wherasagglutinationwith only ¢ andE suggeds

D-C-E+ct+e- phenotype withr"'r" probablegenotype (F). (0): no aggittination (i) negative;
(+): agglutnationi positive;(1-4): agglutindion gradng.
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CHAPTER THREE: Serological RhCE phenotyping & molecular background of D negative Omani population

3.3 Serological determination of weak Don D negative Omani donors
We D testig was perbrmedon 205 samples by IAT to deermine anyD positive

sanple notdeteced by directserdogical methodThe tube techniguwas negative for alln

comparisongel card method gave negative IAT for all samples (Figure 3.5) except sample

001 and sample 209 (excluded in the study), which suggests C-c+D+E-e+ phenotype and Ror

probable genotype (Figure 3.6). DAT was used as a contrt rule out any false positive

weak D.

A.
I

o “ 011 DAT O‘L 012 DAT (J‘ $ 013 DAT

- - ~ - - -~

wo [ aex | pA \s% pat

Anti-hg 0 1

\\\U'L-‘\ T =

0 0 0 0 0 0

Figure 3.5 AT testing for weak D.

05% DD«T o’}-ﬂOﬂ 9»&"‘ 032 DAT

- ~ - - - -

\EH BAT (& VAT (89 pa
o¥lex |47

Representative samples (n = 12) shows weak D test with DAT control results. Weak D
testing performed using Bio-Rad anti-1gG (rabbit) ID-card. Representative sanples showed
no agglutination, which indicatesegativeweak D test andhus may confirm serological D
negative (A-D). DAT test was perforrad for eachsample asa control to rule out false

positive reslis. (0: No aggltination i negaive).
agglutination.
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"i -

e s |

Figure 3.6 Rh phenotype and serological detrmination of weak D by IAT for samples

001 & 209.

Rh phenotyping was performed using BioRad RhD + Phenotype ID card, whereas ICT weak

D testing done using BioRad coombs anti-lgG ID card. Both samples stwed 4+

aggutination with ¢ & e only, which suggestd D-C-E-c+e+ phenotyp andrr probable

gendype initially (A & B). However, wek D testing by ICT gel cad technique showetl1

agglutiration for both sanples, which deteminedweakD presen@ and thus [postive with

DAT control negative result to rule out any false positiveweak D (C & D).This suggests re
phenotyping to D+€E-c+e+ with probable gerype Ror.
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3.4 Serological Rh phenotype of D negative Omanis compared to other
populations
The D negative ratiofor Omani male b female was7.1:1. This ratio sbwed no

significanceconpared to 4.2:1 ratio observed iGana[p = 0.173 (OpokuOkrah C, Amidu
N and AmoahSakyi S, 2008)However, t showed significant differencg < 0.001) from
observed rad 1.27:1 in a study conducted byluhammed et al, 2016 in Pakistan
(Muhammad et al., 2016)

As stated in section 3.2, current staly shaved no significant difference betweeb
negative maland femaléOmani bbod donors with regard to Rh phenotyping<0.22421§
[Table 3.2]. The commonest phenotype and probable genotype noticed waBE-€+ (rr).
This finding is similar to the restlobserved in two Arabian courdgs, Tunisan popudtion
(Moussa et al., 2012; Sassi et al., 204 Saudi ArabidAl-Shakh. etal., 1997)

As seen in Figure 3.2, among D negative blooddonors the most common argiy
found to be e followed by ¢, C and EThis is similar to tht in other Arab countries UAE,
Saudi Arabia, Morocco and Ind{&al-Shigh. et al., 1997; Taha, 201Rjakroo et al., 2014;
Zahid et al., 2016) Predominatly, there are no significant differencé®tween these
frequenciss compaed to the most other Arab countries, Iran and Indianeheless
gignificant differences have beeobserved inC and E antigengAl-Shiakh. et al., 1997,
Moussa et al., 2012; Makroo at, 2014) Rateof C postive in the total populations was
19.7% and showed significedifference compared to 9.52% in Saullrabia, 335% inIndia
and6.7% in Tunisia § < 0.001) whereas the rate Bfpositve was 3%which determined
significant diffeence in comparisoto India (p < 0.001).Antigen c positivity found to be
98.5% comparedo 93.8% in UAE with significant diffeence [p < 0.0 (Taha, 2012)
Frequencies of major Rh antigens in D negative Omani populabompared to other

populations are provided {iTable3.3).
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Table 3.3 Rh major antigensfrequenciesin different D negative ethnic populations

Rh  Current Saudi India UAE Morocco Iran Tunisia
antig )
en study Arabia
(Al- (Makroo et (Taha, (Zahid et (Keramati (Moussa
Shiakh. et al., 2014) 2012) al., 2016) etal., et al.,
al., 1997) 2011) 2012)
C 40 62 1269 13 20 7 30

(19.7%) (9.5%)"  (33.5%)" (21%)  (15.2%) (13.7%) (6.7%)"

E 6 12 68 2 1 1 16
(3%)  (1.8%)  (L8%)” 3.2%)  (0.8%) (2%) (3.6%)

c 201 639 3736 58 131 51 448
(98.5%) (98.2%)  (98.7%  (93.6%)  (100%)  (100%)  (100%)

e 203 647 3762 61 131 51 448
(99%)  (99%) (99.3%)  (984%)  (100%)  (100%)  (100%)

Total n =205 n =651 n=3773 n=62 n=131 n=>51 n = 448

"p<0.05 “p<0.01 *** n<0.001
p value calculated using GraphPad prism 8 (USA). 2 x 2 contingency table.

p value compares Omanis with other populations for a specific indicated Rh antigen. Rh
frequency for the ¢ and e antigens show no statistical difference compared to the listed countries
with exception of UAE and Tunisiafor ¢ antigen. Saudi Arabia, India and Tunisia show stdistical
difference in the frequency of C antigenwhereas only India shows difference with frequency of E

antigen.
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As stated in section 3.2, the most common haplotype obsesvin current study was
followed byr' andr .€Rh haplotypes frequency order observed in current study was similar
in other D negative populations. In our studyhaplotype frequency was.887 whch is
almost propationate with frequency in UAE, Morocco and Iran, whereas it showed

significant differerce with frequency in Saudi Arabia and Indwe<(0.05)(Table3.4)

Table 3.4 Rh Haplotype frequencies in different D negative ethnic populations

Haplotype Current Saudi India’ UAE Morocco Iran
Study Arabia

(Al-Shiakh. (Makroo (Taha, (Zahid et (Keramati et &,

etal, 1997) etd., 2012)  d., 2016) 2011)
2014)
r 0.887 0.944 0.809 0.88 0.916 0.918
r o 0.1 0.046 0.178 0.071 0.08 0.072
ro 0.013 0.006 0.004 0.049 0.004 0.01
ry 0 0 0.011 0 0 0

"p<0.05
p value calculated using GraphPad prism 8 (USA) 91 2 x 4 contingency table

p value compares Omanis with other populations for Rh haplotypes. Rh haplotypes frequency for the ¢
showed no statistical difference compared to the listed countries with exception of Saudi and India
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3.5 DNA extraction for molecular study
DNA wasextraced using QlAamp® DNA Investigator protocolon 3 mm discs taken

from the centreof FTA cards spottedwi t h | of Whole hunan blood We observd an
average of 1&g/ul with a minmum of 2 ngful of genomic DNA recoveryn = 203).
Representive sanples(n = 5) were testeddr subseqgant extractionfor 4 times to
determinethe posgbility of obtaining DNA from 3 mmFTA card disc We observed an
averageof 14 ngiul of genomic DM\ recovely from extraction one which increased to 36
ngful after extracton wo ard reduced to 29 g/ul after extraction three. All representative
sanplesgave no DNA yield with ekaction 4, which suggestepeated extraction of piecé
FTA cardsindicated thatthe DNA bound to the&=TA membranewas notfully eluted in the
first extration but annot k@ reusedafter hiree extractiongFigure 3.7). Combining the DNA
extracts (Figure 3.8) obtainel from the three rounds of extradions increasethe yield. The

average yield observed from 5 samples was 85 ng/pl in 75 pl volume.

105



CHAPTER THREE: Serological RHEphenotyping & molecular background of D negative Omani population

50+

40-

30—

20+

DNA concentration ng/pul

10+

0- |
Extract1 Extract2 Extract3
n=5

Figure 3.7 Bar plot of mean DNA concentration from repeated DNA extractionon FTA
card.

Qiagen Investigator Ki protocolwas el for the exraction processThe bar graph shows
mean DNA concentratiofstandarderror bar)of representativeasnples § = 5) for multiple
extracton for uyp to four timesusing the sam initial sampleThe mean values are 14, 36 and
29 from extraction 1, 2 and 3 respectively and no yield was observed from extraction4.
Highestyield an be obtainedfrom second extadion, whereas o yield could be btained
after three extretions. Asterisk (*) indicates significant differencp € 0.05) betweeigroups
compared to extract 1 using t-test.
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Figure 3.8 Bar plot of mean DNA purity from repeated DNA extraction on FTAcard.

The mea, standard dewation, standard error and bar graph calculated and plotted using
GraphPad Prism 8. Sistical t-test andp value calculatedsing GraphPad Prism 8. The bar
graph sftows mean DM\ purity (standard error bar) of representative samfies 5) for
multiple extaction for up to four times using the same initial sample. The m&&x purity
values are2.72, 1.88 and 24 from extractionl, 2 and 3 respectively and no Ilgievas
observedfrom extraction 4Asterisk (*) indicates significantiffierence(p < 0.05) betwen

other extraction groups compared to extract 1 usiAgst.A significant difference was found
between extract 1 and 2, where extract 2 gives the best DNA purity compared to extract 1 as

it falls within recommended normal range of 1.8-2.0.
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3.6 RHDexon 10 analysis
All 203 sampes were tested fahe presece of RHD gene bySYBR GreengPCR

technique to amplify RHD exon D initialy. Among the studied saples, 179 (88.18%)
shoved noamplification of theRHD exon 10, suggesting RHD deleton (del) molecular
background, in accodane with the serological reslts. This categorized serological D status
as true D negative. The remaining 24 (11.82%) sanples showed a posiive anplification for
RHD exan 10, indicatinga RHD genéic polymorphism(Table3.5). Total of 50% of the24
samples that indated ptymorphism lad Cor E artigenas pe serobgical results

The amplificdion presence was indicaed by Ct and confirmed by meing curve
which stowed 2 als; the first beween B.75°C and 79.0°C ard the second between
81.25°C and 81.50°CF{gure 3.9). Negative sample showed no Ct valueand no meltg
curve peak Figure3.9). Sanples amplification datafrom theRotor-Gere Q was recomfmed
by 2% agrose gel electrophoresis whichasveda sngle expeced product size of 392 bp
(Figure3.9). For RHD exon 10positive sanples, a further @nfirmation of he product and
exon presence was done by Swer sequencing wheredlBLAST showed 100% siitarity
with normalRHD gene (Figure 3.10) suggestinghe primers hadamplified the desed gene
region

The sequencing rak of the 24 sanples s1owed no sinde nuckotide mutation (SR),
deletion or inserbn, which suggeged a norral coding sequence for exon0lin Omani
population(Figure 3.10). All RHD exon 10 psitive samples wth SYBR Greenchemnistry
were retestd with TagMan chernrstry abng with 30 represntative RHD exon 10negative

samples ard found to be consistent wiBlYBR Greerresults
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Table 3.5 Rh phendype distribution according to the exigsenceof RHD exon 10

Molecular Rh Phenotype dderological D negativesamples (n = 203)
background

ddccee ddCcee ddCCee ddcdcEe ddccEE

n =158 n=37 n=2 n=>5 n=1
(77.8 %) (18.2 %) (1 %) (2.5%) (0.5 %)
RHD deletiort n 146 27 1 4 1
=179 (88.12%)
RHD 12 10 1 1 0
polymarphism**

n = 24 (11.82%)

*RHD gene deletion was considered based on the absence of RHD exon 10
** RHD genepdymorphism was considered based on firesence of RHD exon 10

The table shows Rh phenotype distribution according to the molactbbckground in D
negative Omani donors based on SYBR Green gPCRHi® exon10.
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A.

393 bp

Figure 3.9 Melting curve peakversus gel eletrophoresis fa RHD exon 10amplicon.

Shows resultgor representativeampes(n = 9). All sampleswvere run in duplicates with a
positive cotrol and nontemphte contro(NTC). Two peaks were observed in all 9 samples,
first peak (78.79C-79.00°C) and second peak (81.28L50°C),indicatingRHD exon 10
amplification with possible second amplicon (contamination), whereas no peak was observed
in the no template contrdNTC (A). DNA ladder marked as (CRHD positive control
showed spedié PCR product for th&@HD exon 10(lane marked Rh+, 393 bp). Aegative
NTC showed noproduct (lane marked NTC). All representativRHD exon 10 positive
samples sbwed 393 bp produdtanes 50, 75 and 82fompared to peaks presence in melting
view. Negatve sampleglanes 17, 46, 51, 53 and 78) shodeno RHD exon 10 no peak in
melting cune and thus a negative genotyping reg@). correlation between two peaksn
meltingcurve (A) and one band in gel view (B) rule out contamination
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Homo sapiens Rh blood group D antigen (RHD), RefSeqGene on chromosome 1
Sequence ID: NG_007494.1 Length: 64956 MNumber of Matches: 1

Range 1: 61369 to 61712 GenBank Graphics

Score Expeact Identities Gaps Strand
638 bits{345) 0.0 345/345(100%) 0/345(0%) Plus/Plus
Cuery 1 GEETTCATCTSCAATAR A A TETTTGT TTTGCTTTTACAGTTTCCTCATTTGECTETTGE &0

LErrrrrrrrerrrerrrer et e et e e e et e e et e
Sbict 61369 GGGTTCATCTGCAATAAARATETTTGTTTTGCTTTTACAGTTTCCTCATTTGGCTGTTGE 61428

Cuery 61 ATTTTAAGCAAMRLGCATCCAAGRARALCANGEGOCTGTTCAAARACAAGACRAACTTCCTCT 120

Lerrrrerreerreeereerrrrrr et re e e e e e e e e e
Sbijct 61429 ATTTTAAGCRRAAGCATCCAAGRAAARCARGGCCTGTTCARARRCARGACARCTTCCTCT 61488

Cuery 121 CTETTGCCTGCATTTGTACGT GRGARRCGCTCATGACAGCARAGTCTCCAATGTTCGS 180
||II||I|III|I||I|HI|II|III|I|III||I|IH|I||I|I|I|II|III|IH

sbijct 61489 CTGTTGCCTGCATTTGTACGT GRGARACGCTCATGACAGCARAGTCTCCRATGTTCGS 61548

Cuery 181 GCRGGCACTGGAGTCAGAGARRATGGAGTTGAATCCTTTCTCTGCCACTCTTTGRGGAGR 240

FEErrrrrrre et e et e e r e et el
Sbijct 61549 GCRGGCACTGGAGTCAGAGARARTGGAGTTGRAATCCTTTCTCTGCCACTCTTTGAGGAGE 61608

Cuery 241 ATCTCACCATTTATTATGCACTGTAGAATACAACRATARAATACAGCCATGTACCACATE 300
Lerrrrrrreerreerreerrrrrr et e e et e et e e
Sbijct 61609 ATCTCACCATTTATTATGCACTGTAGARTACARCARTARARATACAGCCATGTACCACATA 61668
Cuery 301 ACLACATCTTGGTARACARCAGACTGCATATATGATGETGETCRT 345
) LEPTTTE TR e e e e er e e i
Sbict 61669 ACARARCATCTTGGTAARCARCAGACTGCATATATGATGETGGTCAT 61713

Figure 3.10 Representaive nucleotides BLAST result of RHD exon 10 amplicon.

The BLAST was perforned using NCBI BLAST online software.Query is the sample
nucleotides sequree detemined from Sanger sequeimg. Subject isthe nuckotidesequace
in RefSeGenetha matchesthe nost with quey sequenceThe BLAST shoved 100%
identity to D anigen referene geneon chromosome #vith no SNP
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3.7 Molecular analysis of serological D negative samples and positive
RHD exon 10

3.7.1 Correlation betw een melti ng curve analysis and gel electropho resis
of RHDexons 1 throug h 9
In order to dtermine he molecularbadkground of the24 RHD exon 10positive

samples, futier molecular invetigation was dme by testingRHD exons 1 througl®.
QuantiNovaSYBR GreerPCRmaster mix was used with specific primers listed in Table 2.1
as per the method described in section 2.2.12 The meling curve tenperatire was étermined
of each RHD exonandfurthercorrelded andreconfirmed byagarosegel dectrophoress as
shown in Table3.6. We observedall RHD exons melting cwe temperaturevere close to
each othe(beween 81.25 and 87.50°C) exceptRHD exon 9(75.2575.75°C) which sugyests
metlting curve aalysis of SYBR Greenchemistry is not a good tool tosgriminate between

RHD exonsusing melting curve analysisin general.
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Table 3.6 RHD exans 1 through 9 meling curve tempergure and product size in

agarose gel electophoresis

Melting curve temperature

°C
RHD exon (*C) Agarose Remark s

Peak 1 Peak 2(if any) (bp)

1 84.258450* 86.25-86.50¢ 381 Figure3.11
2 87.10-87.50 190 Figure3.12
3 82.2582.75 154 Figure3.13
4 82.75 123 Figure3.14
5 82.25 157 Figure3.15
6 87.25 133 Figure3.16
7 81258175 96 Figure3.17
9 75.5-715.5* 119 Figure3.18

Asterisk (*) indicates the melting temperatureange from minimum to maximum for the
respective RHD exon amplicon

The table shows RHD exons 1 througf7 and exon 9 melting awrve temperaturgn = 24)
determined forSYBR Greenchemistry compared to produdtze in agavse gel
electrophoresisRHD exon 9 shows a unique melting temperature curve compared to RHD
exons 1 through 7 which determinedverlappingcurves.
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Peak 2

Peak 1 \

df/dt

Figure 3.11 Melting curve temperature analysis versus geé electrophoress for RHD
exon 1

Shows results for representative samples 6). All samples were run in duplitss with a
positive control and netemplate control (NTC)In (A) y axis is the intensity change in a
given interval from fluorescence derivative (df) in relation to tempegaderivative (dt) df/dt
and x axis is He temperature iiC. Two peaks were observed thsamples, first peak
(83.50°C-84.0°C) and secongeak 84.25°G84.50°Q, indicatingRHD exon lamplification
with possible second amplicon (contamination), whenema peak was observed in the no
template control NT@nd sample 124 (A). DNA ladder marked asM). RhD positive control
showed specific PCRrpduct for theRHD exon 1(lane marked Rh+, 81 bp). A negative
NTC showed no producflane marked NTC). All represaative RHD exon 1 positive
samples88, 92, 93 and 95 showed 81 bp productcompared to peaks presence in melting
anaysis. Negative samplé24 (lanes 124) showed ndRHD exon 1 no peak in melting curve
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and thus a negative genotyping result (B). eatron between two peaks in melting curve
(A) and one band in gel view (B) rule out contamination.

A.
Rhe y
S
: 595 (PD)
=
T
!\.‘*‘: > .';';‘i..r /N \
E e A l Y
e s SPEE S S SEAPPPSR S S—.—" PSSO
B.
Rh+ NTC 95 151 154 156 205
1500 bp
850 bp
400 bp
190 bp 200 bp

S0 bp

Figure 3.12 Melting curve temperature analyss versus gel electroporesis for RHD exan

2.
Shows resubk for representative samples € 6). The melting curve analysis showed one

peak for all representative positive samp{Bh+, 151, 154, 156, 205 and 213), between
87.10°C and 87.50°CSample S95 showed primer dimer (PD) peak at 76.0°8).(Rh
positive controlshowed one band of 19ip and NTC showed no band. All representative
positive samples, showed band of 190 bp baachgles 151, 154, 156, 205 and 213) that
reflects the melting curve between 87.10 and 87.50, whereas negatple 95 showed no
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band at 10 bp but a bandnder 50 byhat suggests primer dimer (B). DNA ladder marked as
(M).

Rh+

154 206

Figure 3.13 Melting curve temperature analysisversus gel electrophoesis for RHD exon
3.
Shows results for represeaive samplesn(= 9). Rh podive control showedwo peks at

827 5 ariimg di mer aadiNTC7sBowela peakat 76.75 i ndi cating pl
dimer (A). All representative positive samplgl54, S156, S160, S206, S211 and S234)

showed two peaks, peakone between B25°C and 82.75°C and peak two as primer dimer
whereas, negative sampes (S153) showed prime dimer (PD) peakat 76.75°C(A). Rh

positive control showd two bandsfirstas desired 90 kp andsecond< 50 bp(PD)and NTC
showedonebandas wdl (PD) (B). All representative positive samples, showed bands of

190 bp bandPD (samples 234, 160, 194, 156, 211, 18 and D6), wherea negative ample

(153 showedonePD bandB). DNA ladder marked asV). Product size 190 foshowedas a
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peakbetwesn 82.25°C and 82.75°C in melting cunggaph whereasPD under 50 bp is a
primer dimer indicatedsaa pealbetween76.0°Cand 7675°C

A.

g
-
B' M Rht NTC 11 28 156 160 194 205 209 213
- .
mbp :
100bp h
13b

Figure 3.14 Melting curve temperature analysisversus gel electrghoresisfor RHD exon

4.

Shows results for representative samples-(15). Rh positive control showedne peakat

8 2 . 7whereadNTC showedo peak’A). All representate positive sample (S154 S156,
S194, S205 an&213)showedmelting curve pe&k at 82.5 , whereas negative samples
showedno peak(S28, S75, S88, S95, S126, S160, S209and S219) (A). Rh positive catrol

showed one bal of 123 bp and NTC showed no bafR). All representative positive
samples, showed band of 12 bp Gamples 154, 56, 194, 205 and 23) (B) that reflectthe

only peak at 875 i eftingrourveanalysis, whereas negative sampl, 75, 88,95, 126,

160,209 and219showed no kad. DNA ladder marked as (M)
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—o_ Rh+ __ NTC
s11 582
- R e 588 —a $95
o "
g : NTC — A 5153 w5206
T | |
—s— 5209
D el o S S L e
Tm(°C)
B. S153 S206
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Figure 3.15Mélting curve temperature analysisfor RHD exon 5

Shows results for representative samples=(8). Rh positive conbl showed one peak at
82.25 hereas NTC showed no peald). All representative positive samplasowed
melting curve temperatureat 82.25 (S11, S88 ard S209, whereas negdive samples
showed no peak (&, 95, S153and SP6) (A). Rh positive control shwed one band of 157

bp ard NTC $1owed no ban¢B). All representative positive samples, showed a band of 157
bp samples S11, S8, and S209) thareflect the onlypeakat8 2 . 2 5 lting aurverggaph
wherea negative saples S&, S95, S18 and S206)shoved no bandB). DNA ladder

marked asQ@)
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A.
Rhe
—_
- R .- -
L
T S e S
N e NTC 4
. g B - #
20 \ S g -
. "\‘\-»'l—:Z:Z’=‘:22o-s=°",;-"“*1/»." """
e = P U P . S - 3= . - <
":w‘\*¢‘-‘.H4"{: T",--‘.\t". “-ﬂola;i—- Y
i “.— .‘tt:t)vA - -3 \
A S eSS eos Seeeeos - oo
Tm(°C)

B_ C Rh+ SI153 S205 S211 S213 NIC
600 bp
300 bp
200 bp
100 bp

PD

Figure 3.16 Melting curve temperature analysis forRHD exon 6

Shows results for representatigamples rf = 8). Rh positive controlshoved one peakat
87.5 aréasNTC showeda peakat 76 2 5(A). The melting curve analysiaso
showed one peak &7.5 f lbrepresentative psitive samples (S1H 205 211 and
S213) suggesting existenceof RHD exon 6, whereas negative samples showedpeak at
76.25 (S10, 45 and 80) that suggests primer dimmer (A). In gel view, Rh positive
control showed a bnd of 133 bp, wéreas NTC showed origand <50bp (primer dimer -
PD) (B). All representative positive samples, showetjle 133 bp band samples S153,
S205, S211rmd S213), whereas negative samd€) S45 and S88howed one PD band
(B). DNA ladder marked as (ClProduct ste 133 bp showed aa peak of 87.25°@ melting
curve grph, whereas, PD under 50 bp is a primer dimer indicated as abesdaken

76.25°C.
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A.

df/dt

M NTC Rh+ S106 S4 S11 S28 S111 S75 S200 S82

96 bp

Figure 3.17 Melting curve temperature analysisversus gel electrophoresis foRHD exon

7 using SYBR Greenchemistry.

Shows results for representative samples-(10). Rh positive control sbwed one peak at
81. 25 wher eas NTA). $he meltiegturve aalygpsels showed one
peak between 81. 25 and 81. anplesgampaesS14,IS28, r epr e
S75, S82 and S92yhich suggests amplification of RHD exon 7, whereas negdive sampes
shoved no peaksamples S106 4, S111 and S2M®) which suggests absence of RHD exon 7
(A). Rh positive control showed one band of 96 bp and NTC showed no(BandAll
representative positive samples, showed a band of 9éamplés S11, S, 28, S75,82, and
S292) that reflect the onlpeak beewe e n 8 la.n2d5 8 1 . 7 Fing curve graple |
confirming the presence of RHD exon 7 specific amplicon, whereas negative sampl&s06,
S4, S111 and S20showed no ban(B). DNA ladder marked as\).
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df/dt
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Figure 3.18 Melting curve temperature analysisversus gel electrophoresifor RHD exon

9.

Shows resultdor represerdtive samplesn(= 9). Rh po#ive control showed one péaat
75. 75 wher eas NTA). $he meltiegl curvecanalysas lshowed oe
peakbetween 7525 and 75. 75 for all representative
S75 and S28¥uggesting existenceof RHD exon 9, whereas negative sampleshoved no

peak (S4S106 andS126)suggesting RHD exon 9 absence (A). Rh positive controshowed

one band of 119 bp and NTC showed no bé®d All represerdtive positive samples,
showed a band of 119 bgaples S28, S176, S154, S75 and S11) that reflect the only peak
bet ween 75 .7235in meang durvég&phconfirming the presence &HD exon

9 specific amplicon whereas egative sample§106, S4, and S12éhowed no bandB).

DNA ladder marked as\).
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3.7.2 RHDexons and possible allele determination

Based on singleplexeattime PCR and primers used ifiable 2.1, melting curve
analysis with gel eledrophorssis for RHD exonsl1 through7 and RHD exon 9 showed three
patterns Table3.7). Two samples showed DFR partial typelnfSix samples were positive
for RHD exons 12, 3, 6, 7 and 9ral negative dr exons 4 and 5 sugestirg the presece of
RHD-CE (4-5)-D hybrid geneOne sample amplified aRHD exons excepéxons 3through
5 sugg@sting RHD-CE(3-5)-D hybrid gene.Nine samples amplified alRHD exons except
exon 5 sggestinghomozygaisR H D Beneor DVa a heterozygou® H D EDVa presence
One sample showeRHD-CE(3-6)-D and one sample showed amplification of all RHD exons
suggesting weak D. All the 8 samples that showed hybrid gene expressexhtigen.Three

samples were inconclusiv&able3.7 and Table3.8 shows the diffeentRHD alleles noted.
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Table 3.7 Molecular background pf D negative Omani cohort by singleplex real-time

PCR results with different exon speiic primers (sample wise).

Phenotype Sample Ex Ex Ex Ex Int Ex Ex Ex Ex EX Molecular
1 2 3 4 4 5 6 7 8 9 background

ddCcee 11 + + o+ O o0 + + + NT + DFR
ddCcee 28 + + + 0 O + + NT + RHDCE(45)D
ddCcee 75 + + + 0 O + + NT + RHDCE(45)D
ddCcee 82 + + + + 4+ + + 4+ NT + Weak D
ddccee 88 + + o+ o + + + + NT + DFR
ddccee 92 + + + + + 0 + + NT + RHDE
ddccee 93 + + + + 4+ 0 + + NT + RHDE
ddCcee 95 + 0 + O 0O O + + NT + ?
ddccee 106 + + + 0 0 0 ? O NT O ?
ddccee 126 + + + 0 0 0 + + NT O ?
ddCcee 151 + + + 0 0 O + + NT O RHDCE(®45)-D
ddCcee 153 + + 0 0 0 0 + + NT + RHDCE(35)-D
ddccee 154 + + + + + 0 + + NT + R H D/BVa
ddccee 156 + + + + + 0 + + NT + R H D/BVa
ddccee 160 + o+ o+ O o0 + + + NT + DFR
ddCcee 176 + + + + + 0 + + NT + R H D/BVa
ddccee 194 + + + + + 0 + + NT + R H D/BVa
ddccee 205 + + + + + 0 + + NT + R H D/BVa
ddccee 206 + + + + + 0 + + NT + R H D/BVa
ddCcee 211 + + + 0 0 0 + + NT + RHDCE(45)-D
ddccee 213 + + + + 4+ 0 + + NT + R H D/BVa
ddCcee 219 + + + 0 0 0 + + NT + RHDCE(45)-D
ddCcee 230 + + + 0 0 0 0 + NT + DVI.2
ddccEe 234 + o + + + 0O + + NT + R H D/BllIb

+: Positive  0: Negative NT: Not tested Ex: RHDexon Int: RHDIntron

? : Inconclusve

a No amplification with primers R648 and Rex5AD2 for SYBR Green but
amplified with TagMan primers RHDex5F and RHDex5R
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Table 3.8 Molecular background of D negative Omani cohort by singleplexreal-time

PCR results with different exon specific primes (phenotype wise).

Phenotype Number Ex Ex Ex Ex Int Ex Ex Ex Ex Ex Molecular
(n) 1 2 3 4 4 5 6 7 8 9 background

ddCcee 1 + + + 0 0 + + + NT + DFR
ddccee 2 + + + 0 0 + + + NT +
ddCcee 5 + + + 0 0 0 + + NT + RHDCE@45)D
ddccee 8 + + + + + 0 + + NT + RHDE
ddCcee 1 + + + + + 0 + + NT +
ddCcee 1 + + + + + + + 4+ NT + Weak D
ddCcee 1 + 0 + O O 0 + + NT + ?
ddCcee 1 + + 0 0 0 0 + + NT + RHDCE(35)D
ddccee 1 + o+ o+ O 0 O ? 0 NT O ?
ddccee 1 + o+ o+ O 0O O + + NT O ?
ddCcee 1 + + + 0 O O + + NT + DV1.2
ddccEe 1 + 0 + + + 0 + + NT + RHD/MBIIb
Total 24

+: Positive  0: Negative NT: Not tested Ex: RHDexon Int: RHDIntron

?: Inconclusive
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3.7.3 Determination of mutation in RHDcoding sequence
All the24 samplesisted inTable3.7 were sequenced f&HD exons 1 througii and

RHD exon 9to identify any mutatios within the coding sequence &HD gene using the
primers stated in th&able 2.1. In addition,sequencingalso confirmed the amplification of
the targetRHD exon and eliminated the possibility 8HCE gene interference and false
positive resultsNone of the positive samples fBHD exon 1, exon 2, exon 5, exonand
exon 10 showed any SNP, whereas exons 3, 4, 6 and 9 showed mutation in coding sequence
with few at intronic regionRHD exon 4 also showed (IVEB dupl 37) typical for the
presence oR H D Bseudogen& 10 samples

For RHD exon 3,out of 24 positivesamples, two amples(75 and 211)showed
combined mutations c.455A>C (rs_1741808% and IVS3+9 T>C (rs_11379538Bin the
coding sequenceand intronic region respectively using forwad primer (Figure 3.19).
However,reverse primecould not recofirm c.455A>C mutation as it showednormal A
nucleotide in the same positiodhis would suggest heterozygous mutation but allelic
dropout due to either degraded DNA or less DNA quantity in the sample. Reverse primer
could not even reconfin IVS3+9 T>C nutation as the region where it is located was very
near to the reversgrimer and Sanger sequencingsult could notovertha specific area
(Figure3.20).

Intron 3/Exon 4 specifiprimers forRH D Eshowed 1Gamples (Samples 923, 154,
156, 16, 194, 26, 20, 213and 234) having 37 bp inseiibn with c.6® G>A mutation. This
suggests and confirms the presence of AfriBdiD genotype respoitde for D negative
phenotypdFigure3.21).

For exon 6, out of 24 positive samples a total of 11 samplesshowed a novel
heter@ygous mutation (c.928 A>G) usinigrward pimer (Figure 3.22). NCBI BLAST
confirmed the mutation aRHD gene regn (Figure 3.23). Reverse primer could not
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reconfirm this mutation as theSNP location was within the rever® primer sequence and
Sangersequencing asult using this reverse primer could not cover tht specific aga for
sequencing (Figure3.24).

For exon 9, out of £ positive samples,two samples (S82 and S230) showed
rs_2866993%heterozygousnutation (VS8-31 T>C) in intron 8regionusingreverse primer
(Figure3.25 A and B. NCBI BLAST for thesequenced DNA demonstratedeplacement of
nucleotide T withC in these samples compared to wild type RHD gene (Figure 3.25 C).
Forward primer couldnot reconfirm mutation IVS8-31 T>C asthe good sequencingdata
analysis started at base 26 using this primer and 1IVS-31 T>C SNP is at base 22 which
hindered the sequencing result

Based onisigleplexreattime PCRresults stated in sections 3.6 and 3.7.2and sanger
sequencing results in this section, molecular backgroundf serological D negative was
divided into four general categoriebhese are; absence of hybridnd pseudogenelél/de),
presenceof pseudogne and absence of hybpriR HDE/ RHDE o r), pReseicE bfd e |
hybrid and absence of pseudogeReéiD-CE-D/RHD-CE-D or RHD-CE-D/del) and presence

of hybrid and pseudogenBKIDE RHD-CE-D) summarisedn Table3.9.
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B.

60
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T ¢ A6TCACGEGETGECTE

G AGCGAGGE

DownloadGenBankGraphics NextPreviousDescriptions

Homo sapiens Rh blood group D antigen (RHD), RefSeqGene on chromosome 1
Sequence ID: NG_007494.1Length: 64956Number of Matches: 1

Range 1: 23241 to 23331GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1

Score Expect Identities Gaps Strand
150 bits(81) 2e-35  88/91(97%) 1/91(1%) Plus/Plus
Query 1 TGGTGCTGGTGGAGGTGACAGCTTTAGGCACCCTGAGGATGGTCATCAGTAATATCTTCA 60

CECEEEEEEECTEEE T e e e e e e e e e e

Sbjct 23241 TGGTGCTGGTGGAGGTGACAGCTTTAGGCAACCTGAGGATGGTCATCAGTAATATCTTCA 23300

Query 61 ACGTGAGTCACGGTGCTGG-AGGAGGGACCT 90

FELEEELECE PP T
Sbjct 23301 ACGTGAGTCATGGTGCTGGGAGGAGGGACCT 23331

Figure 3.19 Validation of RHD exon 3 SNPs using DNA sequencing

Representativ&anger sequencinmages for PCR products obtained frotwo samplegS75

and S211) showing (A) the c.455 A>C SNP and (B)the IVS3+9 T>C SNPs inRHD
exon/intron3. NCBI blast was used to perform sequence alignment between each primer pair
sequencing result and human refer gene as sean (C). The reference human genome
(GRCh38) for RHD exon 3showng the c.455 A>C SNRhighlighted in pink andIVS3+9

T>C SNP(highlightedin yellow).

127



CHAPTER THREE: Serological RhCE phenotyping & molecular background of D negative Omani population

B. .
A. i i %
sl g sl 0B 0o ol oo B B 000 0

TTTITRG GCRAECCTG 266 AT 6 6T CRT CR

CLUSTAL 0(1.2.4) multiple sequence alignment

RHDExon3.S75F =  ===-e-eccccccccccceccccecce e e cee s es s ces e e e = 0
RHDExon3.S75R TTGTCGGTGCTGATCTCAGTGGATGCTGTCTTGGGGAAGGTCAACTTGGCGCAGTTGGTG 60
RHDExon3.S75F ----TGGTGCTGGTGGAGGTGACAGCTTTAGGCACCCTGAGGATGGTCATCAGTAATATC 56
RHDExon3.S75R GTGATGGTGCTGGTGGAGGTGACAGCTTTAGGCAACCTG---==-=====-==-=-=---~ 99

sk ok ok R K R R KRR KR CROR KRR R KRR R KK R Rk K

RHDExon3.S75F TTCAACGTGAGTCACGGTGCTGGAGGAGGGACCT 90
RHDEXON3.S75R == --mmmmmmmmmm o mm oo mmm oo 99

Figure 3.20 Combined SNP (c.455 A>C) and (IVS3+9 T>{in RHD exon

Represatative Sanger sequencing images for PCR products obtained from two samples (S75
and S211xhowinghomozygous mutation.455 A>Chighlighted in pink (A) with forward

primer, whereas reverse primer showed wild type Aleokde highlightedn yellow (B).

Clusta Omega was used toperform sequence alignment between each primer pair
sequencing resulas seen in (C)Alignment of the segercing for both primers siwed
reverse primer could natonfirm forward primer result highlighted irreen and could not
cover the intronic regn where second mutatidS3+9 T>Cis locatedand highlighed in
blue(C).
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Homo sapiens Rh blood group D antigen (RHD), RefSeqGene on chromosome 1
Sequence ID: NG_007494.1 Length: 64956 Number of Matches: 2

Range 1: 33437 to 33743 GenBank  Graphics ¥ Next Match
m - H‘J 'QH Score Expect Identities Gaps Strand
YERRERER] REIRRRERRRRNAY 562 bits(304) 9159 306/307(99%) 0/307(0%) Plus/Plus
' T T IA ki S ol TR O - Query 37 cyTTA(TG?GT{TT?TTG?A??(?GMT?(?A(‘|”GAA(A}GﬂG(A?ATﬂ?(GTGTTﬁ 9%

CCCCLLCLELEL LU EEECE LR EEEEEOELEEEEEEELETELE
Shjct 33437 CTTACTGGGTTTTATTGCAGACAGACTACCACATGAACATGATGCACATCTACGTGTTCG 33496
H
Query 97 GCTGTCTGTEGCCTGGTGCCTGCCAAAGCC TCTACCCGAGGGAACGG 156
HIIIIIIHHIIIIIIHH!HIIHHIIIIII]]HIIHIHHIIIIIIIH
Shjct 33497 TTGGECTTCTGTRECCTGOTGCCTGCCAMGCCTCTACCCGAGGOANCGG 33556

Query 157 AGGATAAAGATCAGACAGCAACAATACCCAGTTTGTCTGCCATGCTGGGTAAGGACAAGG 216

N Ay
Sbjct 33557  AGGATAAAGATCAGACAGCAACGATACCCAGTTTGTCTGCCATGCTGGGTAAGGACAAGG 33616

Query 217 TGAGCAGAATGGCTCAGAAMAGGCTCTGGCTGAA 276
\||||||||1ll||||||\1\||||I||l\HIIIIIIHHIIHHIHIIIIIIIH

Sbict 33617 CAGAATGGCTCAGMAAGGCTCTGCTGAA 33676

Query 277 CTGGGTGTCTGAAGCCCTTCCATCATGATTCAT 336

[l

CAA
|
CAA

AAATCTCCCTCCTTTACCAAGTTCCC
||||||H[|I LLCLLELELLLEELLELL LT LR
Sbjct 33677 ARMATCTCCCTCCTTTACCAAGTTCCCCTGGGTGTCTGAAGCCCTTCCATCATGATTCAT 33736

Query 337 TICTTTG 383

L]
Sbjct 33737 TICTTTG 33743

Range 2: 33438 to 33474 GenBank Graphics A Previous Match 4 First Match
Score Expect Identities Gaps Strand
69.4 bits(37) 3e-10 37/37(100%) 0/37(0%) Plus/Plus

Query 1 TTACTGGGTTTTATTGCAGACAGACTACCACATGAAC 37

CTTULLLELL LT DL L
Sbjct 33438 TTACTGGGTTTTATTGCAGACAGACTACCACATGAAC 33474

Figure 3.21 RHDE allelein Omani population

Representative image f& H D Bllele found in Omani populatioRHD exon 4 sequencing
shoved ¢.6@G>A mutation (A) NCBI blast was used to perform sequence alignment
between each primerap sequencing result and human reference gene as seBjh ifhé
referemce human genome (GRCh38) RRHD intron 3/exon 4 showing the37 bp insertion
and ¢.609G>ASNP highlightedin pink (B).
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10 80 90 :
i1 8 =« = 0 o B B 0 0 0 == = = 01 0a _..7-D _________ U_D ________ 9-0
recerce e 66 6 RECC0ERGTARC AT CTCC6TC6GG6EG26CC626TE2C

Figure 3.22 A novel heterozygous SNKc.928 A>G) inRHD exon 6in Omani population

Representative images farnovel heterozygougc.928 A>G) and normal sampleg&orward
primer target sagence showed two peak®or nucleotides A and G) that indicated aovel

heterozygous (c.928>G) mutation(n = 11) circled red(A and B), whereas normal salap
(n = 13) did showonly ore normal nucleotide A @k (C and D).
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Homo sapiens Rh blood group D antigen (RHD), RefSeqGene on chromosome 1
Sequence ID: NG_007494.1Length: 64956Number of Matches: 1

Range 1: 35875 to 35967GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1

Score Expect Identities Gaps Strand
167 bits(90) 2e-40  92/93(99%) 0/93(0%) Plus/Plus
Query 1 GGTACCTCGTGTCACCTGATCCCTTCTCCGTGGCTTGCCATGGTGCTGGGTCTTGTGGCT 60

Sbjct 35875 GGTACCTCGTGTCACCTGATCCCTTCTCCGTGGCTTGCCATGGTGCTGGGTCTTGTGGCT 35934

Query 61 GGGCTGATCTCCGTCGGGGGAGCCGAGTACCTG 93

Sbjct 35935 GGGCTGATCTCCGTCGGGGGAGCCAAGTACCTG 35967

Figure 3.23NCBI BLAST for the novel heterozygous mutation (c.928 A>G).

NCBI blast was used to perform sequence alignmenwds:n each primer pair sequencing
result and human reference geibe reference human genonf@RCh38) for RHD exon 6
showing(c.928A>G) highlighted in yellow.

CLUSTAL 0(1.2.4) multiple sequence alignment

RHDExon6F = =  -—----c-mmmmm e e e e = - GGTACCTCGTGTCACCTGAT 20
RHDExon6.R TTATGTGCACAGTGCGGTGTTGGCAGGAGGCGTGGCTGTGGGTACCTCGTGTCACCTGAT 60
s sk sk sk sk sk sk sk sk sk ok ok oK oK oK K K K ok K
RHDExon6F CCCTTCTCCGTGGCTTGCCATGGTGCTGGGTCTTGTGGCTGGGCTGATCTCCGTCGGGGG 80
RHDExon6.R CCCTTCTCCGTGGCTTGCCATGGTGCTGGGTCTTG--------=---c- e e 95
sk sk s sk sk sk sk sk sk sk ok sk sk sk sk sk ok sk sk sk sk sk ok ok 3k ok ok sk ok sk ok sk ok ok ok
RHDExon6F AGCCGAGTACCTG 93
RHDExon6.R =  =------c-cece---- 95

Figure 3.24 Forward and reverse primers sequence aligment for RHD exon 6.

CLUSTAL O wasused to perform seques alignment betweeforward and reverse primer.
Alignment of the sequencing for both primer sequenskswed reverse primer dalunot
confirm forward primethat showed novel mutation (c.928A>G) highlighted inyellow.
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Homo sapiens Rh blood group D antigen (RHD), RefSeqGene on chromosome 1
Sequence ID: NG_007494.1Length: 64956Number of Matches: 1

Range 1: 54343 to 54420GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1

Score  Expect Identities Gaps Strand
139 bits(75) 3e-32  77/78(99%) 0/78(0%) Plus/Plus
Query 1 TGAGATTAAAAATCCTGTGCTCCAAACCTTTTAACATTAAATTATGCATTTAAACAGGTT 60

Sbjct 54343 TGAGATTAAAAATCCTGTGCTCCAAATCTTTTAACATTAAATTATGCATTTAAACAGGTT 54402

Query 61 TGCTCCTAAATCTTAAAA 78

Sbjct 54403 TGCTCCTAAATCTTAAAA 54420

Figure 3.25 Validation of RHD intron8/exon9 SNPs using DNA sequencing
The figure shows SNP (IVS831 T>C)found on RHD intron 8kxon 9 for sampleS82 (A)

and S230(B). Sanger sequencing result showed heterozygous mutations, C circled red for

sample 82 (A) and sample 230)(BNCBI blast was used to perfa sequence alignment
between ach primer pair sequencing result and human reference gene as seehhia C.
reference human genome (GRCh38) RHD intron 8/exon 9 showing IVS8-31 T>C
(highlighted in yellow)C).
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Table 3.9 Presence of theRHD deletion (del), RHD pseudogene RHDE ), and RHD-CE-
D hybrid gene in theserological D negative Omani cohort

Phenaype

Sample

real-time PCR exon amplification with
sequencing

Possible moleaular
background

ddCcee

ddCcee

ddCcee

ddCcee

ddcecee

ddccee

ddccee

ddCcee

ddccee

ddccee

ddCcee

11

28

75

82

88

92

93

95

106

126

151

No amplification of RHD exon 4 with
€.928A>G heterozygous SNP in exon 6

No amplification of RHD exon 4 and 5
with ¢c.928A>G heterozygous SNP
exon 6

No amplification of RHD exon 4 and 5
Heterozygous SNP c.4%5A>C and
IVS3+9 T>C in exon 3 & intron 3
respectively. Heterozygous SNP
€.928A>Gin exon 6

HeterozygouslyS8-31 T>C) in intron 8
region

No amplification ofRHD exon 4

No amplification of RHD exon 5* with
37 bp insertia in RHD Intron3/exon4
and ¢.609 G>A mutationin exon 4. In
addition, ¢.928A>G heterozygous SN
in exon 6

No amplification of RHD exon 5* with
37 bp insertion iNRHD Intron3/exon4
andc.609G>A mutationin exon 4

No amplification of RHD exons 2, 4 and
5

No amplification of RHD exons 4
through 7 and RHD exon 9

No amplification of RHD exons 4, 5 ard
9 with ¢.928A>G heterozygous SNP
exon 6

No amplification of RHD exons 4, 5 ard
9

RHD-CE(4)-D/RHD-CE(4)-D

RHD-CE(45)-D/ddl or RHD-
CE(45)-D/ RHD-CE(45)-D

RHD-CE(45)-D/ddl or RHD-
CE(45)-D/ RHD-CE(45)-D

Weak D
RHD-CE(4)-D/dél  or RHD-
CE(4)-D/ RHD-CE(4)D

R HD/Bel orRHDE/RHDE

R H D/8d or RHDE/ RHD E

InconclusiveRHD-CE-D /del or
RHD-CE-D /RHD-CE-D

RHD-CE(4-9)/dél  or RHD-
CE(4-9)-D/RHD-CE(4-9)-D

InconclusiveRHD-CE-D /del or
RHD-CE-D /RHD-CE-D

InconclusiveRHD-CE-D /del or
RHD-CE-D /RHD-CE-D
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Phenotype Sample real-time PCR exon amplification with Possible molecular
ID sequencing background
ddCcee 153 No amplification of RHD exons 3 RHD-CE(3-5 -D /del or RHD-
through 5 CE(3-5)-D /RHD-CE(3-5)-D
ddccee 154  No amplification of RHD exon 5* with R H D/Bel or RHDE/RH D E
37 bp insertion iNRHD Intron3/exon4
andc.609G>A mutationin exon 4
ddccee 156  No amplification of RHD exon 5* with R H D/Bel or RHDE/RH D E
37 bp insertion inNRHD Intron3/exord
and c.609 G>A mutationin exon 4. In
addition, c.928A>G heterozygous SN
in exon 6
ddccee 160 No amplification ofRHD exons4 with RHD-CE(4)-D/del or RHD-
€.928A>G heterozygous SNP in exon ¢ CE(4)-D/ RHD-CE(4)D
ddCcee 176  No amplification of RHD exon 5* with R H D/Bel or RHDE/RH D E
37 bp nsertion inRHD Intron3/exon4
andc.609G>A mutationin exon 4
ddccee 194 No amplification of RHD exon 5* with R H D/Bel or RHDE/RH D E
37 bp insertion iNRHD Intron3/exon4
andc.609G>A mutationin exon 4
ddccee 205  No amplification of RHD exon 5* with R H D/Bel or RHDE/RHD E
37 bp insertion iNRHD Intron3/exon4
and ¢.609 G>A mutationin exon 4. In
addition, c.928A>G heterozygous SN
in exon 6
ddccee 206  No amplification of RHD exon 5* with R H D/Bel or RHDE/RH D E
37 bp insertion iNRHD Intron3/exon4
andc.609G>A mutationin exon 4
ddCcee 211 No amplification of RHD exon 4 and 5 RHD-CE(45)-D/del or RHD-
Heterozygous SNP c¢.455A>C and CE(45)-D/ RHD-CE(4-5)-D
IVS3+9 T>C in exon 3 & intron 3
respectively. Heterozygous SNP
€.928A>Gin exon 6
ddccee 213  No amplification of RHD exon 5* with RH D Fdel or RHDE/RH D E

37 bp insertion inRHD Intron3/exon4
and ¢.609 G>A mutationin exon 4. In
addition, c.928A>G heterozygous $N
in exon 6
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Phenotype Sample real-time PCR exon amplification with Possible molecular
sequencing background
ddCcee 219 No amplification of RHD exon 4 and 5 RHD-CE(45)-D/del or RHD-

CE(45)-D/ RHD-CE(45)-D

ddCcee 230 No amplification of RHD exon 4 through RHD-CE(4-6)-D/del or RHD
6. Heterozygous (IVS8-31 T>C) in CE(46)-D/ RHD-CE(4-6)-D
intron 8 region

ddccEe 234 No amplification ofRHD exon2 and 5. Hemizygous RHD-CE(2)-D and
with 37 bp insertion in RHD R H D/gel
Intron3/exon4 and c.609 G>A mutatic
in exon 4. In ddition, c.928A>G
heterozygous SNP in er 6

Detection of Exons 4 and 5 was carried out accordingitagleton et al., 200(nd (Maaskamvan

Wijk et al., 1998)respectively. RHD exon 4 and 5 posiity and negativity distinguisirRHD from

RHD pseudogenéRHDE).

* No amplification of RHD exon 5: Theforwardpri me r 3 0 or svifd ¢ypei c654 i eXon 5 an
do not amplify mutation G>C (M218l) associated WRtH D E

3.7.4 Further d etermination of RHDallele by BAGene kits for Rh

The RhCE seological pha&otypingand RHD molecula background resultsindicated
in Table 3.7 was further reconfirmed bSRPCR BAGene partial D-TYPE and BAGene
RH-TYPE. Testing samigs with BAGene kits furtherexplored the type of RHD alleles
involved in Omanpopuldion.

Singleplex reattime PCR results in Table 3.7 were used to support few inconclusive
results. The molecular background of serological D negative samples that possess RHD exon
10 (n = 24) were re-evaluatedD classified as true serological D negative or false serological
D negative. The true serological D negative indicated two patterns that are; presenceof 37
bp insertion in exon 4 that is unique for RHDE (n = 8, representativeFigure 3.26) and
presence of RHDE in cis to partial D without RHCE hybrid (n = 2, Figure 3.27 & Figure
3.28). D positive (serological false D negative, n = 9) indicated patterns that are RHD-CE-
D%RHD-CE(4)-D (n = 1, Figure 3.29), RHD-CE(5)-D in cis to weak D DAR2.00 (n = 1,

Figure 3.30), partial D without RHCE hybrid (DII1b) in cis to weak D type 45 (n = 1, Figure
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3.31), RHD-CE(4)-D in cisto weak D DAR2.00 (n = 1, Figure3.32), weak D type 4.2 in cisto
weak D type 41 (n = 1, Figure3.33), RHD-CE(4)-D in cisto RHD-CE(8-9)-D (n = 1, Figure
3.34), RHD-CE(4)-D in cis to weak D type 4.2 (n = 2, Figure3.35), DVI.2 (RHD-CE(4-6)-D
in cis or trans toDEL(IVS831T>C) (n = 1, Figure 3.36). Total of 5 samples were
unclassified as no bands were detected with multiple RHD exons. Table 3.10 summarizes the
findings of SSFPCR BAGene partial D-TYPE. Therefore, total of 189 samples were
classified as serological true D negative, whereas 9 samples were reclassified as D positive
and 5 samples were unclassified. Genotype and allele frequencies of inaciRtdD genes and
RHD deleton from 189 D negative individuds is summarize in Table 3.11. Figure 3.39

summarizeshe serobgical and molecular methods used in order to reclassify the D status.
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Table 3.10 BAGene partial D assay todetermine RHD allele in serdogical D negativean RHD exan 10 positive Omani population

BAGenetube Mix 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 PossibleRHD allele®
Phenotype Sample D1 D2 D3 D4 D5 D6 D7 D7/8 D9 D10 D2 D6 D7 D7 D8

ddCcee 11 + + + 0 + + 4+ + + + O 0 0O o0 o RHD-CE-DYDFR-1

ddCcee 28 + o+ + 0 + + o+ 0 0 + 0O 0 0O o0 o Unclassified

ddCcee 75 + + 0O O + o+ o+ + 0 + O 0 0 o0 O Unclassified

ddCcee 82 + + + + 0 + o+ 0 + + 0O O O 0 O DBS-0in cisto DAR2.00

ddccee 88 + + + 0 + + 4+ 0 + + 0O O 0 O 0 DFR-1in cisto DAR2.00

ddccee 92 + + + 0 + + o+ + + + 0 0O 0O 0 O RHD/EBd or RHD/RHDE

ddccee 93 + + + 0 0 + + 0 + + 0 0 0O 0 + RHDHcisto DAU-5and DAR2.00

ddCcee 95 + o + + + + + + 0 + 0 0O 0O 0 O DIlIbin cisto weak D type 45

ddccee 106 + + + 0 0 O + 0 0 + 0 O 0 0 O Unclassified

ddccee 126 + + + + + + 4+ 0 0 + 0 0O 0 0 o Weak D typé.2incistoweak D 41

ddCcee 151 + + + 0 + + 4+ 0 0O w+ 0 O O 0 0 DFRin cisto RHD-CE(8-9)-D

ddCcee 153 + + + 0 0o + + 0 0 + 0O 0 O 0 0 Undassified

ddccee 154 + 4+ o+ 0 o+ o+ o+ + + + 0 0 0 0 O RHD/Bd or RHD/RHDE

ddccee 156 + + + 0 + + o+ + + + 0 0 0 0 O RHD/Bd or RHD/RHDE

ddccee 160 + + o+ 0O + + + 0 w+ + 0 0O 0 O o DFRincistoweak D 4.2

ddCcee 76 + + + 0 + + + NR + + 0 0 O O O RHD/Bed or RHD/RHDE

ddccee 194 + + + 0 + + + o+ + + 0 0 0 0 O RHD/Bed or RHD/RHDE

ddccee 205 + + + 0 + + o+ - + + 0 0 0 0 O RHD/Bed or RHD/RHDE
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Table3.10 BAGene partial D assay to determindRHD allele in serologicalD negativean RHD exon 10positve Omanipopul at i on ( Co

ddccee 206 + + + 0 + + o+ + + + O 0 O O oO RHD/Bdl or RHD/RHDE
ddccee 211 + + + 0o + + + 0 + + 0 0 0 O 0 DFRincistoweak D 4.2
ddccee 213 + + + 0 + + o+ - - - O 0 O O o RHD/Bd orRHDIRHDE
ddCCee 219 + + + 0O O ? + 0 ? + 0 0 0 O 0 Unclassified
DVI.2incisor transto DEL(IVS8
230 + + + 0 0O O + + + + 0 0 0 O
ddCcee 31T>C)

ddccEe 234 + O + 0 + + + + + + 0O 0 O 0O O RHD*DIIIbincistoRH D E

@ Reported ircorrelation withreattime singleplex PCR and RHTYPE BAGene.
NR: Not reliable as it showed negative for both target product and tontro
?. inconclusive

w: weak reaction
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Table 3.11 Genotype and allele frequencies of inactivRHD genes andRHD deletion from 188 D negative individuals*

Genotype Allele

Molecular background Experimental Experimental Type Experimental
number frequency (%) frequency

Absence of hybriqRHD-CE-D9** and 179 94.701 RHD deletion ¢lel) 0.9732

pseudogenedgel/de)

Presence of pseudogeand absence o 10 5.291 Pseudogenér H D)E 0.0268

(RHD-CE-D®) hybrid R HD ER H D Br

R H D Klel)

Total 189 100 1

*Assuming consistency with Hardifeinberg equilibrium, the Basteirts formula was applied to define allele frequencés
RHD gene deletin, hybrid RHD-CE-D® gene, andRHDE pseudogeneBecause only two genotypes were observed the deviation
value(D) was 0 (Appendix 3).

** (RHD-CE-D®) genotype and alele frequency was not calculated as it was observed only in one sample that was in trans to
partial D hybrid allele and the sample was reclassified as D positive.
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{HGH control)
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400 bp

| 434 bp
(HGH control)
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100 bp

Figure 3.26 Representative image for a possible hemizygousor homozygous RHDE
allele detected in Onanis

The gel images are for sample 156 as to represent all other samples that showed similar
pattern. Partial DTYPE gelanalysis shows lanes-10 for RHD exons 110 respectively
(A). The gel (A) showed ampification of RHD exon 1 (134 bp)2 (146 bp), 3 (118 bp), 5
(132 bp), 6 (132 bp), 7 (12Mp), exan 8 (673 bp)exon 9 (184 bp) and exon 1032 bp).
This suggests either RHD exon 4 deletion/hybrid or exisenceof R H D.ERH-TYPE gel
view (B) showed bads 224 bp and 123 bp amplification for exons 4 andspeively
(lane 1), 154 bp specific foR H D Bane 2), 220bp for negative K49K DEL RHD (lane
4), 145 bp forRhc gene(lane 11) and 155 bp foRhe gene(lane 13) for which it suggests
Rhcceewith presence of R H D.EThe gel did noshow any band in lane 3 for RHD E
negativewhich suggests the absence of normal RHD exon 4 and therefore R H D/Elel or
RHDE/ R Habdle The gel did not show any band for DEL RHD (K909), DEL RHD
(M295I), DEL RHD (IVS31G>A) ard Cde€ in lanesb5, 6 7 and8 respectivelysuggesting
absence of these dleles. Human growth hormone control amplicon of 434 bp was detected
in all lanesLane M denotes 100 bp DNladder
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Figure 3.27 Inconclusive but possible DAUS allele detection on sample 93.

Partial D-TYPE gelanaysis shows lanes-10 for RHD exons 110 regectively (A). This
shows amplification of exon 1 (134 bp), 24€lbp), 3 (118 bp), 132 bp) 7 (120bp),
exon 9 (18 bp) and exon 10132 bp).A missing band of RHD exon 4 in lane 4 (135 bp)
suggests either DFR or RHDE existence A missing bandf 132 bp (lane 5) and 673 bp
(lane 8) for RHD exons 5 and 8 respectively suggests DAR.OO (weak D type 4). No bands
seen in lane 11 through 14 for unique partial D except lane 15 which showed 140 bp
specific for DAU-5. This could exclude the existenceof DAR2.00 supporting DAU-5. RH-
TYPE gel view(B) showed 123 bp amplification for exonglane 1), 145 bp foiRhc gene
(lane 13) and 155 bp forRhe gene(lane 15) for which it suggests Rhccekane 2 is not
reliable, aghe contrd did not appeathus R H D S not excluded. The gel did not detect
R H D Begativewhich suggests no wild type RHD exon 4, DEL RHD (K909) negative,
DEL RHD (K909), DEL RHD (M295l), DEL RHD (IVS3+1G>A) andCd€ in lanes3
through8 respectively. Both gel viewsalie Human Growth Hmone controbf 434 bp in
all lanes.Human growth hormone control amplicon of 434 bp was detected in all lanes.
LaneM i s Fast RRulerE LowRange DNA Ladder .
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Figure 3.28 PossibleHemizygous RHDE and RHD*DII Ib (Sample 234).

Partial D-TYPE gel viev shows lanes-10 for RHD exons 110 respectively(A). This
shows amplitcationof exon 1 (134 bp)exon 3 (118 bp), exon 5 (132 bp), exon 6 (132 bp),
exon 7 (12(bp), exon 8 (673 bp)exon 9 with (184 bpand exon @ (132 bp)for lanes 1,
3,5, 6,7, 8, 9 and 10 respectively. Missing band of 146 bp in lane 2 for exon2 suggests
partial D type DIllb anda missing band of 135 bp for exon 4(lane 4) may suggesDFR or
R H D.RRH-TYPE gel view(B) showed 123 band224 bpamplification for exons &and
intron4/exon4 respectivelylane 1) which suggests the presenceof RHD exon 4 and
excludes partial D DFR involvement. No control band appeared in lane 3, therefore this
lane result for RHDE is not reliable and therefore, presence of RHDE dlele is not
excluded. Missing band of 140 bp for the wild type RHD exon 4 suggests possible
hemizygous RHDE. The gel aso showed 220 bp for DEL RHD (K909) negative (lane 4)
which suggests the presence of wild type RHD aléele in intron9/exon9 boundaryand
excludes K409K DEL phenotype. A 145 bp, 157bp and 155 bp foRhc, RhE and Rhe
respectively(lanes 10, 11 and 12 respectivelyyhich suggests RhccEe. The gel did not
detect R H D Fhegative, DEL RHD (K909) negative, DEL RHD (K909), DEL RHD
(M2951) andCde€in lanes 3 through 8 respectivelyaneM denotes 100 bp DNA ladder
Both gel views haveuman growh hormonecontrolof 434 bp in all lanes
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Figure 3.29 RHD (C)ce’DFR-1 allele detectionon sanple 11

BAGene partid D-TYPE gelanaysis shows lanes-10 for RHD exons 110 respectively
(A). The gel view shows amplification oRHD exon 1(134 bp), 2 (146 bp), 3 (118 b,
(132 bp), 7 (12®p), Intron 7Exon 8 (673 bp)exon 9 (184 bp) and exon (032 bp).The
absence of RHD exon 4 suggests hybrid RHCE(4) or R H D Bresence. BAGene RH-TYPE
gel view(B) showed123 bpamplification for exon {lane 1), 220bp for negativeK409K
DEL RHD (lane 4), 215 kp for Cde (lane 8), 145 tp for Rhc allele (lane 10) and155 bp
for Rhe alele (lane 12) and no RhC alele band (lane 9) which conflicts with serological
phenotyping shown in Figure3.4C . Lane 8 suggestgxistenceof hybrid RHD-CE-D?. The
gel did not detedR H D,lRHD exon 4,DEL RHD (K909), DEL RHD (M295I), DEL RHD
(IVS3+1G>A) in lanes 23, 5, 6 and 7tespectivelywhich confirms existence of RHCE(4)
hybrid and no R H D.BBoth partial D-Type and RH-Type gel views confirmed RHD exon 4
deletion in lane 4 and lane 3 respectively suggesting hybrid RHD-CE(4)-D called DFR
existenceTherefore the D status can be reclassified as D positive. LaneM denotes 100 bp
DNA ladder. Both gel views havaiman growth hormoneontrol of 84 bp in all lanes
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Figure 3.30DBS-0in cisto DAR2.00 allele on sample82.

BAGene partial D-TYPE gelanaysis shows lanes-10 for RHD exons 110 respectiely
(A). This shows amplification of exon 1 (134)b 2 (146 bp),3 (118 bp), 4 (135 bp),6
(132 bp), 7 (12M0p), exon 9 (184 bp) and exon B2 bp).No amplification bands of
exon 5 (132 bp) and intron 7/exon 8 (637 bp) in lanes 5 and 8 respectivelysuggests
DAR2.00. BAGene RH-TYPE gel view (B) showed bands 224bp armd 123 bp
anplification for exors 4 and7 respectively(lane 1), 140 bp band forR H D Eegative
(lane 3) which suggests the presence of normal RHD exon 4, 220 bp for negative K40K
DEL RHD(lane4), 162 bp forRhC gene (lane 10), 145 bp forRhc gene(lane 11), 157 bp
for RhE gene (lane 12) and 155 bp foRhe gene(lane 13) for which it suggestflRhCcEe
The gel did not detecR H D,EDEL RHD (K909), DEL RHD (M295I), DEL RHD
(IVS3+1G>A) and Cde alleles in lanes 2,5, 6, 7and 8 respectively.Therefore the D
status can be reclassified as D positive. Both gel views havéhuman growth hormone
controlof 434 bpin all lanesLtaneM i s Fast Rul er Faddero wRange D
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Figure 3.31Inconclusive but possible DIl Ib hybrid allele (sample 95)

Partial D-TYPE el analysis shows lanes-10 for RHD exans 1-10 respectively(A). This
shows amplification of exon 1184 bp, exon3 (118 bp),exon4 (135),exon5 (132 bp),
exon 6 (132 bp),exon7 (120bp), exon 8 (673 bp)and exon 1{132 bp).Missing band
(146 bp) for RHD exmn 2 (lane 2) suggests partial Dype DIll. This accompaied with
missing band in lane 9 for RHD exon 9 which may suggest weak D type 4lor 45
involvement as well. RH-TYPE gel view(B) showed 123 bp amplification f&HD exons

7 (lane 1), 262 bp forRhC alele (lane 12), 145 bp forRhc allele (lane 13) and 155p for
Rhe dlele (lane 15) for which it siggests Rh€ee Lane 2 is not reliable, as the control did
not appear foR H D Betection. The gel did not detdRtH D Begative DEL RHD (K909)
negative,DEL RHD (K909), DEL RHD (M295I), DEL RHD (IVS3+1G>A) andCd€ in
lanes 3 through 8 respectivelyhe reslt for RH-TYPE is inconclusive Both gel views
have human growth hormoneontrol of 434 bp in all lanesLaneM i s Fast RuU
LowRange DNAladder
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Figure 3.32 A possible DFR partial D in cisto DAR2.00 seen in sample 838

BAGene partial D-TYPE gelanaysis shows lames1-10 for RHD exors 1-10 resgectively
(A). This shows amplification dRHD exon 1(134bp), 2 (146 bp), 3 (118, 5 (132 Ip),

6 (132bp), 7 (1200p), exon 9 (184 bp) and exon (182 bp).No amplification of exon 4
and 8 suggests hybrid RHD-CE(4)-D in cisto DAR 2.00 BAGene RH-TYPE gel view(B)
showed bands 224 bp an@3Lbp amplificatbn for exons 4 and 7 respedly (lane 1)
which suggests the existenceof RHD exon 4. The gel view also showed 220 bp for
negative KQ9K DEL RHD (lane 4), 145 bpfor Rhc allele (lane 11) and 155 bp foRhe
alee (lane 13) for which it sugjests Rheee. The gé did not detecR H D Begptive 14

bp band (lane 3) for RHD exon 4 which conflicts with resultsof lane 1 that detects 224 bp
band for exon 4 and may suggest existenceof hybrid RHCE(4). The gel did not detect

R H D,BDEL RHD(K909), DEL RHD(M295I), DEL RHD (IVS3+1G>A)andCd€ dleles

in lanes2, 5, 6,7 and8 respetively. Both gelviews have Human Growth Hormone control
of 434 bp in all lanesd.aneM denotes 100 bp DNA laddeBoth gel views havéauman
growth hormonecontrol of 434 bp in all lanesL,aneM i s Fast Rul er E Lo
ladde.
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Figure 3.33 Possible weak D4.2in cis toweak D type 41(sample 126)

Partial DTYPE gelanaysis shows lanes-10 for RHD exons 110 respedtely (A). This
shows amplification of exon 1 (134 bgxon 2 (146 bp exon3 (118 bp).exon 4 (135),
exon 5 (132 bp)exon 6 (132 bp), exon 7 (12fp) and exon 1{132 bp).Missing bands
673 bp (lane 8) and 184 bp (lane 9) of exon8 and9 respectively suggestseither RHD-
CE(8-9)-D or weakD type 41in ciswith weak D 4.2. RH-TYPE gel view(B) shaved 123
bp amplification forRHD exons 7(lane 1), and 155 bp foRhe gene(lane 15). Rhc gene
band of 145 bp (lane 13) was expected to be seen in correlation with serological ¢
phenotype for Rhccee genotype. Possibility of RHD-CE(8-9)-D isexcluded asthisadleleis
seen in Cde haplotype. Lane 2 is not reliable, as the contrdld not appar for R HD E
detection. Tk gel did not deted® H D Begative, DEL RHD (K909) negative DEL RHD
(K909), DEL RHD (M295I), DEL RHD (IVS3+1G>A) andCd¢€ in lanes 3 though 8
respectively.The resilt for RH-TYPE isinconclusiveand the Rh genotype could not be
confirmed and compared with serological phenotype. Both gel views havéauman growth

hormonecontrolof 434 bp in all lanesLaneM i s Fast Rul er Eadde.o wRan
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Figure 3.34 A possiblehemizygous DFR in cisto RHD-CE(8-9)-D (Sample 151).

Partid D-TYPE gelanaysis shows lanes-10 for RHD exons 110 respectively(A). This
shows amplification of exon 1 (134 bp), exon 2 (146 bp), exon 8 6Pl exon5 (132
bp), exon 6 (132 bp), exon 7 (1BP) and exon 10132 bp).Missing band of 135 bp (lane
4) for exon4 suggestgither DFR or R H D Existence Missing bands of 673 bp and 184
bp of exons8 and 9respectively suggestlRHD-CE(89)-D. RH-TYPE gd view (B) has
missing band of exon 4 (224 bp) and showed 123 bp amplification for exons (fane 1)
which suggested exon 4 deletion and replacement with RHCE exon 4. A band of 162 bp
for RhC dlee (lane 12), 145 bp for Rhc alele (lane 13) and155bp for Rhe alele (lane 15)
also seen which suggests RhCcee genotype. Lane 2 is not reliable, asetcontol did not
appear forR H D Betecton but sincethere isRHD exon 4 deletion it predicted to be not
present. The gel did not dete® H D Begativedue to RHD exon4 deletion Missing bands
for DEL RHD (K909) negative,DEL RHD (K909), DEL RHD (M295I), DEL RHD
(IVS3+1G>A) andCde€ dldesin lanes 3 throgh 8 respedtely. LaneM denotes 100 bp
DNA ladder Both gel views havauman growth hormoneontrolof 434 bp in all lanes
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Figure 3.35 A possible hemizygous RHD*DFR1 and weak D 4.2 (Sampgde 160).

Partial D-TYPE gelanalysis shows laes1-10 for RHD exons 110 respectively(A). Lane

M is FastRul er E L dnAR.a higsleowsDamplificatiancbieron 1 (134
bp), exon 2 (146 Bpexon3 (118 bp), exon 5 (132 bp), exon 6 (1§D, exon 7120 bp),
exon 9 with weak band (184 baihd exon 1@132 kp). Missing band of 135 bp (lane4) for
exon 4 suggests DF& R H D.BVlissing band of 673 bp for exons §lane 8) may suggest
weak D 4.2 allele presence. RH-TYPE gel view(B) showed 123 bp amplification for exons
7 (lane 1), multiple bands in lane 7 (contamination indicator) and 45 bp for Rhc allele
(lane 10) and155bp for Rhe dllele (lane 12). Lane 2 is not reliable, as the control did not
appear foRHDE detection but since there sissing RHD exon 4 it predicted to be not
present. The gel did not ete¢ R H D Begativedue to missing RHD exon4. The gel did
not detect negative allele for DEL RHD (K409K), DEL RHD (K409K), DEL RHD(M295I)
and Cde in lanes 3 through 8 respectivelyane M denotes 100 bp DNA laddeén (B).
Both gel views haveuman growth hormoneontrol of 434 bp in all lanes
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Figure 3.36 A possible partial D type DVI.2 (Sample 230)

Partial D-TYPE gelanaysis shows lanes-10 for RHD exons 110 respectively(A). This

shows amplification of exon (L34 bp), exon 2 (146 Bpexon 3 (118 bp), exon 7 (120p),

exon 8 (673p), exon 9 (184 bp) and exon 1032 bp). letion of exors 4-6 (laned 4-6)

suggestPVI.2. RHTYPE gel view(B) showed 123 bp amplification for exonglane 1),

220bp for DEL RHD (K909) negative(lane 4), 940bp for H and U boxlanes 10 and 11
respectivey), 162 bp forRhC alee (lane 12), 145 bp foRhc alele (lane 13) and 155 bp
for Rhe alele (lane 15). Lanes 2 and 3did not appear foR H D Rositive and negativeue
missing exon 4. No bands seen IDEL RHD (K909), DEL RHD (M295l) DEL RHD

(IVS3+1G>A), Cde’ andDAR1 in lanes5 through9 respectively which suggests missing

of these alleles. LaneM denotes 100 bp DNA ladder. Both gel vielhsvehuman growth
hormoneof 434 bp in all lanes
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3.7.5 Sensitivity evaluation of different SYBR Greenmaster mix for the
direct real-time PCR from Blood preserved on FTA card

We alsoevauated sensitivity ofthree diffeent SYBR Greermaster mixsuppliers,
Qiagen QuantiNova SYBRGreenMaster Mix), PCRBIOSYSEMS (qPCRBIO SyGreen
Mix) and Applied Biosystem@P o wer Up RES®Been Naadeeuaedi x
for the direct detection of RHD exon 10 from dry blood on FTA card without extraction of
DNA. The previasly identifiedRHD exon 10 positive samples (n = 14) were used in this
anaysis. We found ha gPCRBIO Sysreen Mix performed the beswith sensitivity of
71% (n = 10) folowed byPower UpE SYBRE Gr wite48%Ma6) aedr M
QuantiNova SYBRGreenMaster Mix with ony 29% (n = 4) ( Figure 3.37). We also
observed diciation curve appearance fdifferent supplie onsaster mix andbserved
that gPCRBIO SyGreenmix gives a single melt point peak compared to other two with

anomalous peaks (Figure3.38).
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Ladder

1094 DXA PowerUp (43%) PCRB'P (71%) 1694 DXA

106 126 151 205 Rh+ Rh- 93 95 106 126 151 205 Rh+ Rh-

10059 DNA
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1000 v [
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Figure 3.37 Senditivity of three different SYBR Green master mixes.

Thisis arepresentative image that compares three different SYBR Greermmaster mixes for
the direct detection of RHD exon 10 from dry blood spot on FTA card without DNA
extraction(n = 7 in this representative image, originaly 14 samples used). M lane is 100
bp DNA ladder. Rh+ and Rh- are positive and negative controls respectively. All the
samples (93, 95, 106, 126, 151, 205 and Rh+) were tested previoudy from extracted DNA
and should have given 393 bp product for RHD exon 10. All suppliers mastemixeswere
able o give 393 bp productbut with different sensitivity gJPCRBIO SyGreegave the best

sensitiity (71%), followed by Powerlp E SYBRE (&%) andh QuantiNova
SYBR®Green(29%).
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(PCRBIO SyGreen ' PowerUp™ SYBR™ Green QuantiNova SYBR*Green

i

Figure 3.38 Mdlting curve peak appearance using three different master SYBR Green
master mixes

Representative images showing melting curve peaks for RHD exon 10 amplicon using
gPCRBIO SyGreenPowerUfE SBYRE G raedeQuantiNova SYBRGreen master
mixes. Master mix gPCRBIO SyGreergave a single pesk compared to Power Up E
SYBRE GandeQuantiNova SYBRGreenmaster mixes that gave anomalous peaks
(pointed with arrows).
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Figure 3.39 Flowchart for the serological and moleclar confirmatory D tests
performed for samplesin current study.

A total of 205 D negative samples were collected and D status was further reconfirmed by
IAT method using anti-D IgM/IgG blend (Atlas,UK) which excluded (n = 2) from the
study as both samples were reclassified to D positive. The remaining 203 samples were
tested for the existence of RHD exon 10 using ASP reaktime PCR which divided the
samples into two categories, RHD complete deletion (n = 179) and RHD variant (n = 24).
RHD variant samples (n = 24) were further explored by ASP-Singleplex reattime PCR and
BAgene ASP-PCR for RH-Type and partial D-Type which reclassified (n = 10) as D
positive. Total of (n = 9) were classified to be true D negative due to inactive RH D E
existenceand @ = 5) remained unclassified.
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3.8 Discussion:
This study was done on serological D negative Omani population to exploRhthe

common antigens (C, ¢, E and e) by molecular phenotypirger@& isevidence that some
RBC units with weak D or DEL phenotype may escape detection by standard serologic
methods inclding the IAT method(Sassi et al., 2014)The D negative phenotype is
characterized by a high molecular diversity which explains the discrepancies found
between serolyic and molecular methods. Therefore, we also studied the molecular
background of the selogical D negative phenotype to further explore the actual D status.
To the best of our knowledgéhere are no published data on Rh common blood group
antigens and dplotypes frequencies for D negative Omani individuals. Seven Omani
regional transision centres associated with tG@8B in caital were involved inthe
collecion of samples.

The Di C1 c+ Bwvas themost frdgeent pheryotypbserved in the
D negative samples. Thee esults were inaccordance with the previous study ither
Arab populations (Moussa et al., 2012; Khosroshahi at, 2019)and in Caucasians
popuhtion (Avent et al., 1997c)The negativity oflAT test for samplesthat has been
reclassified later as D postive by molecular method may be exmined by the low
sansitivity of the Anti-D IgM/IgG blend (Atlas Medical, UKused The negativity could
also exist due to more than one D variantsallele in cis to each other (hemizygous) or in
trans so both haplotypes will show qualitative or/and quantitative effect on D antigen.

Melting curve analysis dRHD exons 1 through @ndRHD exons 910 showed &
t hat are too c ITabke26) tb be separatdd byo retdne PCR sSSYBR
Green chemistry. This makes it diffilt to make a multiplex assay f&®HD exons
detection in order to be analysed by Tm. A future study with high resolution melt (HRM)
could be an option to explore further this melting curve analysBYBR Greenl (Farrar,

2015)or EvaGreen chemistr{Jiang, 2019)
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Total d 11.82% of D negative saples fran OmanisexpressedRHD variant allele.
The molecular resiis showe that D negative redts are highly assoded with complete
deletion ofRHD gene with frequency dd.878 (Table3.5). This freqiencyis lower than
those epated in Caucasian populatig®ingleton et al., 2000; Touissi et al., 2009and
Iran (Khosroshahi et al., 2018t higherthan those reportkin East Asiar{Luettringhaus
et al., 2006; Ji et al2017) In contrasttherewas ahigh African contibution associated to
the presence oRHDE pseudogeneeither alone identified in eight samles or in
combination identifiedr two samples, whereasRHD-CE-D variants(C)ce® was identified
in combinatdn in one sampleRHD gene deletion (18%)RHD-CE-D (15%) andR H D E
(66%) are themaincauses bthe D negativephenotype among black AfricafSingeton et
al., 2000) The identified African contribution frequen@f 0.06 in Omani populéon was
higher than those reported Morth African Tunisian populaton (Moussaet al., 2012;
Sassi et al., 2014pbut lowe than those reportedh West African Mali populatiofWagner
et al., 2003)

In line with the RHD genotyping results that showedrican origin alleles we
observednesample(Sample 11with hybrid RHD-CE-D (C)ce®, but with completeRHD
exors 6 and 7(Figure 3.29, partial D gel view) specific ampliconof IVS2 (Figure 3.29,
RH-TYPE gel vew lane no.8)or the detectionCde and no C allele detection(Figure
3.29), RH-TYPE gelview lane m.9). Existence ofRHD exors 6 and 7is urlikely to be
foundin hemizygous and homozygous types1 and 2of RHD hybrid geng(C)ce (Wagner,
Frohmajer and Fleg), 2001;Fasaro et al., 2010) The presenceof another grtial hybrid
RHD-CE(4)-D allele haplotypeis a possible reason to combine with that and mask
missing of RHD exons 6 and accompanied witliC)ce. BAGenepartid D type detected
ddetion of RHD exon 4 whichswggests partial D DFR-1 is combned with (C)ce to give

possibleCde/cDe (Figure 3.40). Other types of DFR arexcluded as they are reported
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with C allele existene (http://www.rhesusbase.infp/which is not posble in this caseto
be astrans haplotype This is due b c allele existencgconfirmed by selogical and
molecular methods Therefore, this sample can be reclassifiel as D positive. Individual
with this diplotype mg be at risk of producing an@ if transfusd with C positive unt, as
(C)ce haplotype hasalerted C and not copensated with another @ trans(Fasano et al.,
2010) The Ccdé allele of theRHD gene is typidly linked to thece allele of theRHCE
gene. Beause there is n@eallele, the kitsare notsupposedto detect ag C allele sigral,
and thatexplains no reactio in mix 9 (Figure 3.29, RH-TYPE gel view,lane 9) with
positiveweakC in serological tesDue to the presence of gherhgplotype withceallele,
serological phenotyping of ¢ amdremained strong and not weaksasn partiain (C)ce.
The presence of C antigen with weak e antigen on BioRad gel card (Figure 3.4C)
supported by the absence of C allele in BAGene kit suggests the presence of VS antigen
with partial C but not V antigen. This al'so suggests presence of an additional substitution
Gly336Cys, in addition to Leu245Val. V and VS antigens should be tested for this sample

in future to confirm the finding.
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Figure 3.40 PossibleRH genotype of DFR/Cde® on samplell

The 10 exons ofhe RHD (black box) & RHCE (white box) genes are syndlized by
squares and numbered 1 to $8mple 11 genotyppossibly composed of the veant DFR
(Dce) haplotype (top panel) and (C)ce (dce’) haplotype (bottom parel). In DFR, RHD
exon 4 is replaced by hybrid RHCE exon 4. In (C)ce, the variant amino acisubstitutions
are shown by positions and amino acids involved,ikgab the commoiRH alleles.The
figure was adaptefilom (Fasano et al., 201@nd modifiedaccordirgly.
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