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Abstract

Pyruvate Kinase deficiency (PKD) is the most common enzyme defect that interrupts the glycolytic
pathway of the Red blood cell. Pyruvate Kinase is an important enzyme which allows the production of
an ATP molecule in the final phase of the glycolytic pathway. The four types of PK enzymes are M1, M2,
L and R. Theisozymes L and R are encoded by the same gene known as PKLR gene. A mutation in this
gene causes PKD, an inherited disease (which is autosomal recessive) that influences the RBC and most
commonly cause haemolytic anaemia. The PKLR gene is located on chromosome 1qg21. There are
various mutations that can occur on the PKLR gene. However, this report focuses on the diagno stic test
for the mutation on exon 6 of PKLR gene. The mutation on exon 6 leads to less restriction site (using
enzyme Hyp188lIll), thus alters the number and sizes of PCR product obtained.

Keywords: Pyruvate, Kinase, PKD, PKLR gene, chromosome 1921, exon 6, primers, restriction site,
Hyp188lll, PCR product.

1.0 Introduction

Pyruvate Kinase Deficiency (PKD)

Pyruvate kinase deficiency (PKD) is the most common enzyme defect that disturbs the glycolytic
pathway of the Red Blood Cells (RBC) (OMIM 266200, 2016). There are 4 types of PK isozymes
that exist in humans (M1, M2, L and R)- both PK-L is located in the liver, kidney and gut while PK-R
available in RBC. The same gene encodes for the L and R form of isozymes- The gene is known as
PKLR.

Pyruvate Kinase (PK) is the enzyme needed in the final phase of the glycolytic pathway, in which
an ATP molecule is produced (The comprehensive Enzyme information system, 2017). Type 2
diabetes has strongly associated with genetic components. Pyruvate kinase (PK) is an ubiquitously
expressed enzyme that work as a catalyst in the formation of pyruvate from phosphoenolpyruvate;

and generate ATP simultaneously (The comprehensive Enzyme information system, 2017).



In liver, the PK-L isoform is expressed in pancreatic Beta cells, small intestine and proximal renal
tubule (Yamada and Noguchi, 1999). The gene is upregulated by glucose through the carbohydrate
response element in the L-type promoter region (Yamada and Noguchi, 1999) and is among the
downstream of hepatocyte nuclear factor (HNF)-1la (Wang et al., 2000; Shih et al., 2001). PK-L
shares the issue distribution of genes known to cause more severe early-onset diabetes which is
referred as MODY, Maturity Onset Diabetes of the Young (Fajans et al., 2001).

Pyruvate kinase deficiency (PKD) is an inherited disease that influences the RBC, which transport
oxygen to tissues of other parts in the body; People with this disorder have a medical condition called
chronic haemolytic anaemia, in which RBC is lysed (undergo haemolysis) prematurely, resulting in
a dearth of erythrocytes and thus causing anaemia (Genetic Home Reference, 2017).
Specifically, pyruvate kinase deficiency is a common cause of a type of inherited haemolytic anemia.
In the inherited disease nonspherocytic haemolytic anemia, the erythrocytes do not adhere to its

spherical shape as they do in other types of haemolytic anaemia.

Signs and Symptoms

Chronic haemolytic anaemia can show several signs and symptoms such as:

pale skin (pallor)

jaundice

fatigue

dyspnea

a rapid heart rates

Other common signs and symptoms (Genetic Home Reference, 2017). include:
¢ Splenomegaly (the term used for an enlarged spleen)
e an excess of iron present in the blood
e gallstones

Among patients who suffer from PKD, haemolytic anaemia and associated complications may range
from mild to severe. Some patient can show few or no symptoms. Severity of the condition varies
from case to case- It can be life-threatening in infancy, and these individuals would need to have
regular blood transfusions to survive. The symptoms of this disorder may deteriorate if there is an
infection or during pregnancy (Genetic Home Reference, 2017).


https://ghr.nlm.nih.gov/art/large/anemia-signs.jpeg?ow

Cause of PKD

Pyruvate kinase deficiency is the most common type inherited disease that cause of nonspherocytic
haemolytic anemia. Over 500 families are found to be affected, and previous studies revealed that
this disorder might remain underdiagnosed in some patient since mild cases would not reveal
appropriate signs and symptoms that lead to this diagnosis (Genetic Home Reference, 2017).
This is because of the pattern that this disease is inherited from the parent. Carriers would not be
affected.

Pyruvate kinase deficiency is caused by mutations the PKLR gene. The PKLR gene is active in
the liver and in red blood cells, where it provides information to generate an enzyme called pyruvate
kinase (Genetic Home Reference, 2017). However, Pyruvate kinase deficiency may also happen as
a complication of a different blood diseases, for example leukaemia. These cases are known as
secondary PKD and thus are not genetically inherited disease.

Genetic Inheritance

This condition is inherited in an autosomal recessive pattern. This means both copies of the gene in
each cell (one from maternal and the other from paternal) have mutations (Genetic Home Reference,
2017). The parents of an individual with an autosomal recessive condition each carry one copy of
the mutated gene and one copy of the normal gene; and they are the carrier (not affected). Hence,
they do not usually reveal signs and symptoms of this condition.

PKLR gene

The PKLR gene (which is over 9-5 kb) is located on chromosome 1921 (Figure 1) (Satoh et al, 1988)
where it directs the transcription which is specific for the liver (L-PK) and the RBC (R-PK) isoenzymes

by using their promoters alternately (Noguchi et al, 1987; Kanno et al, 1992).

The coding sequences is divided into 12 exons. 10 of them are shared by the two forms L & R,
whereas the exons 1 and 2 are precise for the RBC and the hepatic isoenzyme, correspondingly
(Noguchi et al, 1987; Tani et al, 1988; Kanno et al, 1991). The cDNA that codes RPK is made up of
2060 base pairs and they code for 574 amino acids (Kanno et al, 1991). The R-type promoter region
of the PKLR gene, located in the 5' flanking region- upstream from the first exon; two CAC boxes
and four GATA motifs have been recognized in the 270 base pairs from the translational start codon.
The proximal 120-base pairs region has a basal promoter activity. In addition to that, the region from

-120 to —270 act as a powerful enhancer in erythroid cells (Kanno et al, 1992).


https://ghr.nlm.nih.gov/gene/PKLR
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Figure 1: PKLR gene on chromosome 1.
Source: (Genetic Home Reference, 2017).

Common mutations of PKLR

Over hundreds of mutations are associated with non-spherocytic haemolytic anaemia (Table 1).
About eight polymorphic sites (Table 2) have been described in the PKLR gene (Bianchi and Zanella,
2000). Mutations and polymorphisms are usually designated using the RPK cDNA sequence of the
PKLR gene, with the A of the initiation ATG being assigned number +1 (GenBank accession
numbers D10326 and D904655). The GenBank accession numbers are U47654 for the genomic
DNA and D13232 for the putative promoter region.

Table 1: Mutations in the PK-LR gene associated with congenital non-spherocytic haemolytic
anaemia reported in the literature.

cDNA nucleotide substitution Effect Exon(s) Reference

-83g—c Promoter van Wijk et al (2003)
-72a—g Manco et al_(2000)
IVS2(-1) g—a Splice Site IVS2 Lenzner et al_(1994a)
107 C—G 36 Ala—Gly 3 Fermo et al_(2005)
110 G—A 37 Gly—GlIn 3 Beutler et al (1997)
18316 bp 184 ins Frameshift 3 Kugler et al_(2000)
227-231 TGGAC del Frameshift 3 Zanella et al (1997)
238T-C 80 Ser—Pro 3 Uenaka et al (1995)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b99
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b50
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b12
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b90

cDNA nucleotide substitution Effect Exon(s) Reference

244C del Frameshift 3 Fermo et al (2005)

269 T—-A 90 lle—Asn 3 van Solinge et al (1997b)
278C—-T 93 Thr—lle 3 Fermo et al (2005)

283G—A 95 Gly—Arg 3 van Solinge et al (1997b)
IVS3(-2) a—c Splice Site IVS3 Zanella et al (1997)

IVS3(-2) a—t Splice Site IVS3 Kanno et al (1997)

5006 bp (IVS3—nt 1431) del ex4-11del IVS3-ex10 Fermo et al (2005)

ex 4-10del - 4-10 Costa et al (2005)

307 C del Frameshift 4 Baronciani and Beutler (1995)
320T-C 107 Met—Thr 4 Baronciani et al_(1995a)
331G—A 111 Gly—Arg 4 van Solinge et al (1997b)

343 G—-C 115 Ala—Pro 4 Rouger et al_(1996b)

C 346-349del—C 346 Arg Leu 116—GlIn His 4 Pissard et al (1999)
iNSAACATTG Cys

359C—-T 120 Ser—Phe 4 Rouger et al_(1996b)

389 C—A 130 Ser—Tyr 5 Cohen-Solal et al_(1998)
391-393 ATC del 131lle del 5 Baronciani and Beutler (1993)
401 T-A 134 Val—-Asp 5 Baronciani and Beutler (1993)
403C—-T 135 Arg—Trp 5 Fermo et al_(2005)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b82
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b82
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b38
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b15
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b8
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b82
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b76
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b71
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b76
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b14
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b5
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b5
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22

cDNA nucleotide substitution

409 G—-A

434 C del

458T—C

464 T—-C

476 G—-T

487 C—-T

507 G—A

IVS5(+1) g—a

514 G—-C

601 C—-T

603 G—-A

628—629 GT del

656 T-C

661 G—A

663 GAC 664 ins

671T—-C

IVS6(-2) a—t

721 G-T

Effect

137 Ala—Thr

Frameshift

153 lle—Thr

155 Leu—Pro

159 Gly—Val

163 Arg—Cys

Splice Site

Splice Site

172 Glu—Gln

201 Trp—Arg

201 Trp—End

Frameshift

219 lle—>Thr

221 Asp—Asn

221 Asp 222ins

224lle—Thr

Splice Site

241 Glu—End

Exon(s)

IVS5

IVS6

Reference

Fermo et al_(2005)

Kanno et al (1994c)

Kugler et al_(2000)

Baronciani and Beutler (1993)

Demina et al(1998)

Neubauer et al (1991)

Fermo et al_(2005)

van Wijk et al (2004)

Zanella et al (1997)

Pissard et al (1999)

Baronciani et al_(1995a)

Lenzner et al (1997a)

Kugler et al_(2000)

Fermo et al_(2005)

Kanno et al (1994c)

Pissard et al (1999)

Zanella et al (2001a)

Baronciani and Beutler (1993)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b5
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b18
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b63
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b100
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b71
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b8
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b47
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b71
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b105
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b5

cDNA nucleotide substitution

757 A—G

787 G—-A

787 G—T

808C—-T

814C—-G

823 G—C

823 G—A

841 G—A

859 T—-G

859 T—-C

862 G—-T

877 G—-A

884C—-T

929 T—A

941 T-C

943 G—A

948 C—G

958 G—-A

Effect

253 Asn—Asp

263 Gly—Arg

263 Gly—Trp

270 Arg—End

272 Leu—Val

275 Gly—Arg

275 Gly—Arg

281 Asp—Asn

287 Phe—Val

287 Phe—lLeu

288Val—Leu

293Asp—Asn

295 Ala—Val

310 lle—Asn

314 lle—>Thr

315Glu—Lys

316 Asn—Lys

320 Val—-Met

Exon(s)

Reference

van Wijk et al (2001)

Lenzner et al_(1997a)

Zanella et al (1997)

Baronciani and Beutler (1995)

van Wijk et al (2001)

Baronciani et al_(1995a)

Zanella et al (1997)

Kanno et al (1994c)

Kanno et al (1994c)

Fermo et al_(2005)

Aizawa et al (2003)

Kugler et al_(2000)

Demina et al (1998)

van Solinge et al (1996)

Kanno et al (1994a)

Demina et al(1998)

Costa et al (2005)

Fermo et al_(2005)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b47
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b8
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b2
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b18
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b80
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b35
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b18
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b15
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22

cDNA nucleotide substitution

IVS7(+1) g—t

991 G—A

993 C—A

994 G—-A

1003 G—-A

1006 G—T

1010 G del

1010G—-C

1010G—A

1015G—-C

1022G—-C

1022 G—A

1024 A>T

1042-1044 AAG del

1044 G—T

1055C—A

1060-1062 AAG del

1070 T—C

Effect

Splice Site

331 Asp—Asn

331 Asp—Glu

332 Gly—Ser

335 Val—-Met

336 Ala—Ser

Frameshift

337 Arg—Pro

337 Arg—GIn

339 Asp—GIn

341 Gly—Ala

341 Gly—Asp

342 lle—Phe

348Lys del

348 Lys—Asn

352 Ala—Asp

354 Lys del

357 lle—Thr

Exon(s)

IVS7

Reference

Kanno et al (1997)

Kugler et al_(2000)

Baronciani and Beutler (1995)

Lenzner et al (1994a)

Zanella et al (2001b)

Lenzner et al_(1994a)

Cotton et al (2001)

Pastore et al_(1998)

Lenzner et al_(1997a)

Zarza et al (1998)

Baronciani and Beutler (1995)

Demina et al (1998)

Layton et al (1996)

Zanella et al (2001b)

Kanno et al (1997)

Kugler et al_(2000)

Lenzner et al_(1994a)

Zarza et al (1998)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b38
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b106
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b16
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b68
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b47
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b107
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b18
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b43
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b106
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b38
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b107

cDNA nucleotide substitution Effect Exon(s) Reference

1073 G—A 358 Gly—Glu 8 van Wijk et al (2001)
1075C—T 359 Arg—Cys 8 Kanno et al(1994c)

1076 G—-A 359 Arg—His 8 Baronciani and Beutler (1993)
1081 A—G 361 Asn—Asp 8 Lenzner et al_(1994a)

1089 G 1090ins Frameshift 8 Baronciani and Beutler (1995)
1091 G—>A 364 Gly—Asp 8 van Solinge et al (1997b)
1094 A>T 365 Lys—Met 8 Fermo et al (2005)

1102G-T 368 Val—-Phe 8 Kanno et al(1993a)

IVS8(+2) t—g Splice site VS8 Manco et al_(1999)

1121 T7-C 374 Leu—Pro 9 van Wijk et al (2001)

1127 G—>T 376 Ser—lle 9 Lenzner et al_(1997a)

1151 C-T 384 Thr—Met 9 Neubauer et al (1991)

1153 A>T 385 Arg—Trp 9 Beutler and Gelbart (2000)
1154 G—A 385 Arg—Lys 9 van Wijk et al (2001)

1160 A—>G 387 Glu—Gly 9 Zanella et al (2001b)

1168 G—A 390 Asp—Asn 9 Zanella et al (1997)

1174 G—>A 392 Ala—Thr 9 Lenzner et al_(1994a)

1178 A>G 393 Asn—Ser 9 Baronciani and Beutler (1995)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b5
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b82
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b22
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b33
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b49
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b47
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b63
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b11
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b106
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b45
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7

cDNA nucleotide substitution

1179T-A

1181C—A

1181C—T

1190 A>T

1193G—-C

1195G del

1203 AGC 1204 ins

1209 G—A

1223C—-T

1228A-G

1231G—-A

1232G-C

1261C—A

1269 G—-A

1269 G—-C

Ivs9(+43)c—t

Ivs9(-1)g—c

1276 C—-T

Effect

393 Asn—Lys

394 Ala—Asp

394 Ala—Val

397 Asp—Val

398Gly—Ala

Frameshift

401 Ser 402 ins

403 Met—lle

408 Thr—lle

410Lys—Glu

411Gly—Ser

411 Gly—Ala

421 GIn—Lys

Splice Site

Splice Site

Splice site

Splice site

426 Arg—Trp

Exon(s)

IVS9

IVS9

10

Reference

Baronciani and Beutler (1995)

Zanella et al (2001b)

Zanella et al (2001b)

Fermo et al (2005)

Pissard et al (1999)

Rouger et al_(1996a)

Lenzner et al_(1994a)

Fermo et al_(2005)

Zarza et al (1998)

Pissard et al (1999)

Park-Hah et al (2005)

Fermo et al (2005)

Kanno et al(1992b)

Kanno et al (1994c)

Zanella et al (1997)

Fermo et al_(2005)

Fermo et al_(2005)

Kanno et al (1994c)



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b106
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cDNA nucleotide substitution

1277 G—-A

1281G-T

1291 G—A

1318 G—>T

1369 A—G

1373 G—A

1376 C—T

1378 G—A

1403C—T

1409C—A

1436 G—A

Ivs10(+1) g—c

1437-1618del

1454 C—T

1456 C—T

1462C—T

1468 C—T

1483 G—A

Effect

426 Arg—GIn

427 Glu—Asp

431 Ala—Thr

440 Glu—End

457 lle—Val

458 Gly—Asp

459 Ala—Val

460 Val—Met

468 Ala—Val

470Ala—Asp

479 Arg—His and

Splice site

Splice site

Frameshift

485 Ser—Phe

486 Arg—Trp

488 Arg—End

490 Arg—Trp

495 Ala—Thr

Exon(s)

10

10

10

10

10

10

10

10

10

10

10

IVS10

11

11

11

11

11

11

Reference

Kanno et al (1993b)

Lenzner et al_(1997a)

Zarza et al (1998)

Sedano et al_(2004)

Fermo et al_(2005)

Baronciani and Beutler (1995)

Baronciani et al (1995a)

Baronciani and Beutler (1995)

Kanno et al (1994a)

Pissard et al (1999)

Kanno et al_(1994a)

Manco et al_(1999)

Baronciani and Beutler (1995)

Lenzner et al (1997a)

Baronciani and Beutler (1993)

van Solinge et al(1997b)

Kanno et al (1994c)

Kugler et al_(2000)
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cDNA nucleotide substitution

1484 C—T

1488 C del

1492C—T

1493 G—A

1501 C—-T

1508 C—T

1511 G->T

1515-1518dupl

1516 G—A

1523 T-G

1528 C—>T

1529 G—A

1552C—A

1574 G 1575ins

1594 C—T

1595 G—-A

16181Ivs11(+1) g Del

Ivs11(-3) c—g

Effect

495 Ala—Val

Frameshift

498 Arg—Cys

498 Arg—His

501 GIn—End

503 Ala—Val

504 Arg—Leu

Frameshift

506 Val—lle

508 Leu—End

510 Arg—End

510 Arg—Glin

518 Arg—Ser and

Splice Site

Frameshift

532 Arg—Trp

532 Arg—GIn

Splice Site

Splice Site

Exon(s)

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

IVS11

IVS11

Reference

Baronciani and Beutler (1993)

Rouger et al_(1996b)

van Solinge et al (1997b)

Lenzner et al (1994a)

Baronciani et al_(1995a)

Zarza et al(1999)

Demina et al(1998)

Zanella et al (2001b)

Zarza et al (2000)

Pastore et al_(1998)

Demina et al (1998)

Baronciani and Beutler (1993)

Zanella et al (1997)

Baronciani et al_(1995a)

Lakomek et al (1994)

Zarza et al(1998)

van Wijk et al (2001)

van Wijk et al (2001)
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http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b98

cDNA nucleotide substitution

1654 G—-A

1670G—C

1675C—-G

1675C—T

1698 C—A

1706 G—A

Effect

552 Val—-Met

557 Gly—Ala

559 Arg—Gly

559 Arg—End

566 Asn—Lys

569 Arg—GIn

Exon(s)

12

12

12

12

12

12

Reference

Baronciani et al (1995a)

Manco et al_(1999)

Baronciani et al_(1995a)

Zarza et al (1998)

Kanno et al (1994c)

van Wijk et al (2001)

Source: Bianchi and Zanella (2000).

Table 2: Polymorphisms reported in the PK-LR gene.

Polymorphic Site
CDNA Number

-342T/A

—-248T del

IVS5(+51)C/T

TlD/lS*

Microsatellite ATT

1705AC

1738C/T

1992 C/T

Polymorphic site
genomic number

*T-stretch occurring in the two forms (T)eand (T)ze.

2838 C/T

5972-5981 (T.,)

7181-7222 (14 ATT)

7619 AC

7652 CIT

7906 C/T

Exon

Promoter

IVS5

IVS10

IVS11

12

12

12

Reference

van Wijk et al (2003)

van Wijk et al (2003)

Baronciani et al_(1995b)

Lenzner et al_(1997b)

Lenzner et al_(1994b)

Kanno et al (1992b)

Zanella et al (1997)

Lenzner et al_(1994b)

Source: Bianchi and Zanella (2000).
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http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.2005.05527.x/full#b46

There are three types of mutations that are very common in patients with PKD and these are: 1529A,
1456T and 1468T. These variants are strongly associated with ethnic and regional background. The
1529A is the most common mutation in the USA (45%) (Baronciani & Beutler, 1995) and in Northern
and Central Europe (41%) (Lenzner et al, 1997). 1456T is most common in southern Europe (32%
in Spain, 35% in Portugal and 29% in Italy). However, mutation 1529A is infrequent (Demina et al,
1998; Zarza et al, 1998). 1468T is very common in Asia (9/16 nonrelated family) (Kanno et al, 1994).
Other mutations exist less frequently in White people (Zarza et al, 1998; Fermo et al, 2005).

Treatments for PKD

Different types of drugs and chemicals administered to enchance in vivo activity (Zanella et al, 1976).
There is no specific therapy of treatment available for PK deficiency. The treatment of this disease is
hence sustained as a supporting technique for the better health of individuals. Red cell transfusions may
be required in severely anaemic cases- especially in the first years of life; the haemoglobin then have a
tendency to stabilize. Then transfusions are no longer necessary unless the anaemia is aggravated by
intercurrent infections, pregnancy or other circumstances (Dacie, 1985). As the delivery of oxygen to
tissues is highly efficient because of the high 2,3-DPG content, the decision to transfuse a PK-deficient

patient is based on the clinical condition rather than the haemoglobin level.

2.0 Diagnostic test for PKD
PKLR mutation- Exon 6

The specific mutation that has been considered in this report was a mutation on the exon 6 of the

gene PKLR. The sequence of this exon was accessed using the accession number for genomic
sequence (GenBank U47654) (Pissard et al., 2006).

Location n" cDNA n" genomic Hypothetical consequences on mRMNA processing

{B) New mutations affecting a splice site

Vs 1iD) c 10l + 10 G = A ntg 1I0G=> A Alteration of a splice enhancer (McCullough & Berget, 1997)
IVS 4 (D) cI?5+2T>C ntg 5721 T >C Destruction of a donor splice site, addiion of 32 aa in protein chain
IVS 4 (D) cI75+10G>T ntg 5721G =T Alteration of a splice enhancer (McCullough & Berget, 1997)
IVS 4 [A) cIT6—-1G=A nt g S5818G = A Diestruction of an acceptor splice site
Exon & (D) chod G=T nt g 6270G > T Gly232Cys and IVS 6-1 G > T, alteration of a donor splice
site and ‘stop’ 85 codons downstream
IV 2 (D) 1269 +5G > A ntg 798G > A Alteration of a donor splice site, addition of 31 AA,

FS in exon 10 with a ‘stop’ 15 codons downstream
Exon 11 (D) 16l G=>C nt g 9%630G > C Gly540Arg and IVS11-1 G > C alteration of a donor

splice site, ':ill.:-p' 68 codons downstream

The mutations in the PK-LR gene are designated according to the numbenng system, with nucleotide numbering starting at position 40, which is the
A of the initiation codon in the reference sequence (GenBank DI13026). The splice mutations are also numbered using genomic sequence (GenBank
UU47654) ( Bianchi & Zamella, 2000).

“Mutations reported by Pissard et al (1999) are in italics.

Figure 2: Mutation in Exon 6
Source: Pissard et al., 2006.
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Consequences of Mutated Exon 6

A mutation on exon 6- G > T.

Gly 232 Cys, and IVS 6-1 G > T, alteration of a donar splice site and “stop™ 85 codons downstream.

Diagnosis of PKLR mutation- Exon 6

The diagnosis of this specific mutation was done following a step by step process.

STEP 1:

The test was first started by retrieving the sequence of exon 6 of the gene PKLR. This was done
using the accession number (GenBank U47654) in NCBI (Figure 3). Exon 6 is from 3510 to 3780,
however, extra 100 was included in the test (with due consideration to find primer sets further on in
the diagnostic test). Hence, sequence included was 3510 to 3880 in Bioedit.
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YREPPEAIWADDVDRRVQFGIESGKLRGFLRVGDLVIVVTGWRPGSGY TNIMRVLSIS
ORIGIN
1 cattccatgg tcccgeagoe ccaggeccac actgaaagca tgtcgatcca ggagaacata Recent activity =

61 tcatccotge agottoggtc atgggtotct aagtcccaas gagacttage sasgtccate

121 ctgattgggs ctccaggagg taagaagggs agacagasgc catggsacat sggaggasaa Your browsing activity is temperarily

181 tgagsgtgsa aactaggage caggctggag ggoataastg atccacatcs gocactgget unavailable.

241 sggtggettt tppagagsas cgtacgtict tcagagccte cogtgtgtta asattatggac
301 cctggcctgg gtettttcca ggecctatag goaggocaga goacageatg taageocacgg
361 ggeactcccg tggttectgg actotggeoe ctggratacs gggettccaa tggaacagga
421 gacagtggtg acactttaac caghctgeag aactgatcce cageccaget gggoctcatg
481 cctctgacas cccascaghtg tggagcagac cCacagagag ggagacccag agaggtgtgc
541 agtggcatgg aaggtgcsge tggaatcgss ggctoctctg aactgggatg ggtcasgeta
601 cagggacctc tgtgtctgta geagetitge gasgectggg agactcagag gatggegtss
661 ggasgccagc cagtsgccag pgettgpasg pgsgasasca gagscctttp gagcapgasac
721 tggstgattc tgggtctgcs tagggtoags ctgctggegs ctagacatca aggzgttgag
781 geteatcagt agctgeaggt cgsgggstec tgggsttgtge gEgoteagta tasctpagtg
841 gtcasgaact tgggctagag ttagtcagac ctagatttgs atcctagetg atccatactt
901 agasgctgta taststtggs ceatttsttt cetgtttcte agectetgtt tctttateca
961 tasasttggs tasttstaga acatttasca gtacctgett tataggstcc ttgtgacata
1021 staasatast atatgcatga tgcccagetc atssgaaggg aaggascaga gggtatgetg
1081 sgagacgasg gcatgggsag gesBgEcess tgacatgeag tocctgagee cocttctace
1141 acagggecag cggggtatct goggcgggce agtgtggece aactgaccea ggagctgggc
1201 actgecttct tccageagca geagotgcca gotgctatgg cagacacctt cctggaacac
1261 ctctgectac tggacattga ctecgagcee gtggctgete geagtaccag catcattgee

Figure 3: Accessing PKLR gene using accession number U47654.

STEP 2:

The original sequence contains numbers in the left margin, which is not appropriate to use while
performing a diagnosis. Therefore, it was essential to get the sequences inthe FASTA version. Click
on FASTA.

" Fawa =
78 Homeo sapiens pyruvate = X Bibi Fawzyya | (3] X

&« C | & Secure | https://www.ncbi.nim.nih.gov/nuccore/U4 b+ e
i Apps BE Signln @ DITLTTC [ Google Scholar
:‘: NCBI Resources (¥ How To ¥ Sign in to NCBI
Nucleotide Nucleatide v || | search
Advanced Help
GenBank - Send to: = -
Change region shown -

Homo sapiens pyruvate kinase PK-R isoenzyme gene, partial cds; and pyruvate

. . Customize view -
kinase PK-L isoenzyme gene, complete cds
GenBank U47654.1
Graphics Analyze this sequence &
Run BLAST
Go to
Pick Primers
LOCus H5U47654 8482 bp DNA linear PRI @5-AUG-1999 Highlight Sequence Featuras
DEFINITION Homo sapiens pyruvate kinase PK-R isosnzyme gene, partial cds; and ghiignt ==q
pyruvate kinase PK-L isoenzyme gene, complete cds. Find in this Sequence
ACCESSION u47654
VERSION U47654.1
KEYWORDS
SOURCE Homo sapiens (human) Articles about the PKLR gene =

ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Pyruvate Kinase and Poy Receptor Gene Copy

Niimhare Aceariated With Mal LI Infart Dia 20171
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Bibi Fawziyya

2 Homo sapiens pyruvate | X

& C | & Secure | httpsy//www.ncbi.nim.nih.gov/nuccare/U47654.17report=fasta vr

Signln @ DITLTTC fi) Google Scholar

%3 NCBI  Resources ™ How To &) in to NCBI

Nucleotide Nucleotide v ||| | search

Advanced Help

FASTA~ Sendto: v .
Change region shown =

Homo sapiens pyruvate kinase PK-R isoenzyme gene, partial cds; and pyruvate

- . Customize view -
kinase PK-L isoenzyme gene, complete cds
GenBank: U47654.1
GenBank  Graphics Analyze this sequence =
>U47654.1 Homo sapiens pyruvate kinase PK-R isoenzyme gene, partial cds; and pyruvate Run BLAST
kinase PK-L isoenzyme gene, complete cds Pick Primers
CATTCCATGATCCCACAGCCCCAGGUCCACACTEARAGCATATCGATCCAGGAGAACATATCATCCCTGL
AGCTTCGETCATGEATCTCTAAGTCCCAAAGAGATTTAGCAAAGTCCATCCTGATTGGGECTCCAGGAGE Highlight Sequence Features
TAAGAAGOGGAGACAGAAGLCATERAACATAGRAGGAAAATEAGGATGAAAACTAGEAGCCAGECTGEAG
GGCATAAATGATCCACATCAGCCACTEGCTAGGTGEGTT T TGGAGAGGAACGTACGTTCTTCAGAGCCTC Find in this Sequence

CCGTETGTTARATTATGEACCCTGECCTGRETCTTTTCCAGGLCCTATAGGCAGGCCAGAGCACAGCATG
TAAGCCACGOGECACTCCCATAATTCCTGRACTCTGOCCCCTGECATACAGEGCTTCCAATGOAACAGGA
GACAGTGOTOACACT TTAACCAGTCTGCAGAACTGATCCCCAGCCCAGCTGEOCCTCATGCCTCTGACAA
CCCAACAGTGTGGAGCAGACCCACAGAGAGGGAGACCCAGAGAGGTGTGCAGTGGCATGGAAGGTGCGGL

rticles about the PKLR gene

TGGAATCGEGGECTCCTCTGAACTGGEATGGETCAAGCTACAGGGACCTCTGTGTCTGTAGCAGCTTTGA Pyruvate Kinase and Fey Receptor Gene Copy
GAAGCCTGEGAGACTCAGAGGAT GGEGGTGEGEAAGCCAGCCAGTAGC CAGGEGT TEGAAGGGAGAAAACA Numbers Associated With Mal [J Inect Dis. 2017]
GAGACCTTTGGAGCAGGAACTGGETGATTCTGAGTCTGCATAGGGTGAGGCTGCTGREGACT AGACATCA

AGGGGTTGAGGGTCATCAGTAGCTGCAGGTCGAGGGETCCTGRGT TETGCGEGETCAGTATAACTGAGTG Architecture of the human interactome defines
GTCAAGAACTTGGGCTAGAGT TAGT CAGACCTAGATTTGAAT CCTAGCTGATCCATACTTAGAAGCTGTA protein communities and disease r [Nature. 2017]
TAATATTGGACCATTTATTTCCTETTTCTCAGCCTCTETTTCTTTATCCATAMRATTGGATAATTATAGA .
ACATTTAACAGTACCTGCTTTATAGGATCCTTGTGACATAATAAAATAATATATGCATGATGCCCAGCTC Molecular basis of pyruvate kinase dsficiency
ATAAGAAGGGAAGGAACAGAGGETATGLTEAGAGACGAAGGCAT GGGEAGEAAGGGCAGGTGACATGCAG among Tunisians: desci [Int J Lab Hematol. 2017]

TCCCTGAGCCCCCTTCTACCACAGGGCCAGCGGGETATCTGCGGCGGECCAGTGTGACCCAACTGACCCA
GGAGCTGEGCACTGCCTTCTTCCAGCAGCAGCAGC TGCCAGC TGCTATGGCAGACACCTTCCTGGAACAC

CTCTGCCTACTGGACAT TGACTCCGAGCCCGTGGCTGCTCGCAGTACCAGCATCATTGCCACCATCGETA
AGCACTCCCATCCCCCTGCAGCCACACAGRECCTATTGETATTTCTTGAGGTGCTTCTTCATCTTTTGTC

TCCTTTGAGACTTCTCCATGTTTGACACAGTCAT TCATTCAACAAAAAT TTGTTGAGCATATAGTAGACA Reference sequence information -
AGATT TTGGGCCCTGERAGTAGATCAGTGARAARAACAGACAAAAATCCCTACCCT TGEGEAGCTGACAG e e

Seeall..

Figure 4: Getting the Sequence in FASTA version.

STEP 3:

» Get the FASTA sequence > Copy > and Paste into Bio Edit
» Open Bioedit, go to sequence > New sequence > Edit sequence to obtain exon 6 (3510 to
3880) > Save the sequence as PKLR_Exon 6

BioEdit Sequence New Sequence

File Edit [Sequence Edit Sequence
&0 Edit all selected
Select Positions
% Untitled Open at cursor position
=] Courier Me Extract Positions
ot 5oy i 1ol Go to Pubmed references —
| Overwrite/Retrieve sequences by gi number in title by HTTP to GenBank
£IDIT Overwrite/Retrieve Genbank data by gi number in title by HTTP to GenBank (ignore sequence) St:‘
j| ! True positions from alignment positions A
Phylogeny / Taxonomy »
Filter out sequences containing certain characters 3
Rename 3
Sort >
PCR Primers / oligos >
Pairwise alignment »
Similarity Matrix (for pairwise alignments and shading) »
Features >
Sequence groups (or families) »
Edit Mode >
Mask 3
Toggle Color
Gaps »
Manipulations »
Nucleic Acid >
Protein 3
Translate or Reverse-Translate (permanent)
. , Translate in selected frame (permanent)
— Toggle Translation Ctrl+G

_— e — |
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& BioEdit Sequence Alignment Edi
Edit File Accesory Application RNA World Wide Web  Options Window  Help
=D

% Untitled

===

d $ New Sequence: Untitled ===
Mode: [54 Name: [PKLR_Exon & Sequence Type: [DNA - star
Lenagth: 370 Position: 1 iyt

g 1| Truelength: 370 True Position: 1

T o |
slow fast
Fort Size:[10 v| Sequence: 1 out of 1 [~ Lock sequence | Dvenwite - D

70 80

1

10 20 30 10 50 =
o T S St
CCCAGAGGEA CTGGTGACCT AAGTGGAGAA CGGCGGCGTC CTGGGCAGCC
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I I 1 1 I I 1 I
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o T e o S S I
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Apply Apply and Close Corcdl | 4] ¥ Color

Figure 5: Getting the Exon 6 into bioedit.

The same step is repeated to get the mutated sequence and Edit the sequence at the location of
mutation (which is G > T at 233). Mutated sequence was saved as PKLR*_Exon 6.

™ ——,—,—————————————————

Edit File AccesoryApplication RNA World Wide Web  Options Window Help
= D
¥ Untitled o=
[m] Wﬂ B 1 tatal sequences
e /514 =] o it Nz %
£ 1D IT §oo+ MRV IR E (o pia SwEH e 0

speed slow o - fast
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Jrr e T T praaawrer | vuar | vere [ rraer | rverraen [ tiaa [ xrervere v ettty
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a
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- 2 130
PRLR Exon 6 |GCCCAGRGGGACTGETGACCCAAGIGEAGRACGECEGCETCCIGEGCAGCCGEARAGGECETEARCTTGCCAGEGECCCAGETEEACTIGCCCGEGCTGICCGAGCAGGACGICCGAGACCTECECTTCEGEETGE

$* New Sequence: Untitled =
Name: [PKLR"_Exon B Sequence Type: [DNA =2
Length: 370 Fosition: 234
True Length: 370 True Position: 234
FornSize: (10 | Sequence: 2owef2 I~ Lock sequence | Overwite ~
1 1 i 1 i 1 i E
CGRAGCAGGAC GTCCGAGACC TGCGCTTCGG GGTGGAGCAT ca
160 170 180 190
l 1 ' i ' i

200
| |
TCGTCTTTGC CTCCTTTGTG CGGRRAGCCA GCGACGTGGC TGCCGTCRGGE
210 220 230 240
l ' [ ' | ' S

250
GCTGCICTGG GTCCGGARGGE RCACGGC

ATC RATATCATCA GCRRRATTGA
260 270 280 2390
1 I 1 l 1 | 1 |

Apply #pply and Close Cancel | %] ¥ Color

300
|

Figure 6: Getting the mutated Exon 6.

File Edit Sequence Alignment View AccessoryApplication RNA World WideWeb Options Window Help
len
5 Unied =
H lmm B 2 total sequences
= Selection: null Sequence Mask: None Start
[ 5ot/ 5ice ] Postion Numbeting Mask: None 1

uler at;

£ 10TIT 6o SEMEEIIIEEE BT & $wE e SN e

=1 170 180 130 200 210

PELR Exon & CCTTIGTGCGGAAAGCCAGCGACGTIGECTGCCGTCAGEGCTGCTCTEGETCCGEARAGERACRCEGCATCALG.
PRLEY _EMON Be v v mem ettt ma s sas e n e sne e T

LTCATCAGCARALT CCACGRAGGCGTG.

Figure 7: A mutation on exon 6- G > T at 233.
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STEP 4:

The mutated Exon 6 was compared with the normal exon 6 by performing a pairwise alignment.

Click on both Exons > Sequence > Pairwise Alignment > Align two sequences (Allow ends to slide).

% Biokdit Sequence Ali New Sequence L]
e e =100

File Edit Edit Sequence |

&0 Edit all selected ‘

Select Positions

% Untitled Open at cursor position
H Courier Mey Extract Positions
o | T Go to Pubmed references
elect / Slide +

Overwrite/Retrieve sequences by gi number in title by HTTP to GenBank

=l=h

Overwrite/Retrieve Genbank data by gi number in title by HTTP to GenBank (ignore sequence) bt
T e R v R
240 250 70 280 2350

ATTGRGAACCACGA GETGAGGCTTGEGCTCTETTECCC

Phylogeny / Taxonomy

Filter out sequences centaining certain characters 3
Rename 3
Sort 3

PCR Primers / cligos 3

Pairwise alignment

3 Align twe sequences (optimal GLOBAL alignment)
Similarity Matrix (for pairwise alignments and shading) » Align two sequence (allow ends to slide)
Features » Calculate identity/similarity for two sequences
Sequence groups (or families) v [
Edit Mode 3
Mask 3
Toggle Color

%" Pairwise Alignment summary EI@
= & Iy (35 |Caurier Mewy ENE :II

Pairwise Alignment

Sequence 1: PELE Exon &

Sequence 2: PFELE* Exon &

Sequence ends allowed to 3lide over each other
Rlignment score: 739

Identities: 0.997304¢6

Figure 8: Pairnnise alignment of the two sequences of exon 6.
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STEP 5:

Mapping of the restriction enzymes of both sequences (normal and mutated).

Click on one of the sequence to select it (for example the normal one first- PKLR_Exon 6).
Sequence > Nucleic Acid > Restriction map

On the new window that appear, Click Generate Map.

e —— ]
AT p— =~ W

% File Edit Edit Sequence L _[s
Edit all selected
= D
Select Positions
Bl [CouierNew | .
H 5 |Couertien T
Mode: [Select / Slide = Extract Positions {
Go to Pubmed references ‘
Overwrite/Retrieve sequences by gi number in title by HTTP to GenBank b e yonengones Lot e e e e e e e .
Ovenwrite/Retrieve Genbank data by gi number in title by HTTP to GenBank (ignore sequence) b 240 250 260 270 280 230
True positions from alignment positions QR%}I‘CRI‘CTHGC TTGAGRACCACGARGGCETGAAGAGGTIGAGGCTIGGECTCTGTTC!
Phylogeny / Taxonomy »
Filter out sequences containing certain characters 3
Rename e Mucleotide Composition
Sort > Base compasition and mass export (monoisotopic)
PCR Primers / oligos o Base composition and mass export with average masses
Complement
Pairwise alignment »
Reverse Complement Shift+Ctrl+R
Similarity Matrix (for pairwise alignments and shading) »
DMA->RNA
Features »
RNA->DNA
Sequence groups (or families) »
TR Translate v
Edit Mode » Find next ORF
— R Create Plasmid from Sequence
Gap beginning to minimize stop codons in reading frame 1
Toggle Color
Restriction Map
»
e Sorted Six-Frame Translation
13
Manipulations Unsorted Six-Frame Translation
Nucleic Acid 3 Find ORFs from a list of positions
Protein »
Translate or Reverse-Translate (oermanent]

}f' Create Restriction Map EI@

Sites that cut five or fewer times [v large recognition sites [>E]

Surnrnary table of frequencies [ Alllzoschizomers [naot recommended)

Summary of enzymesz that do nat cut
hd anufacturer:

d-baze cutters

B-base cutters |"""‘" Enzymes ﬂ ==

B-baze cutters

Enzymes with degenerate recogrition

Diizplay:
Dizplay bap
Alphabetical by Mame
Murnernic by position
[ List of unique sites
|~ Fasta list of fragments
| Create feature map

<171=71%]

Wiew by b anufacturer | Select from list |

Title: |F'KLF|_E xon B Restriction Map

Dizplay Top Stand Bottam Strand [ Circular DNA [ends joined)

Tranzlationz: B e ™ Frame -1 Q
™ Frame 2 [ Frame -2 .Generate Ma Cancel

7 [ Frame 3 [~ Frame -3 Yiew Al Currently Selected Enzymes |

FCCEAGAGGGACIGGIGAECCAAGIGGAGMEGGCGGCGICE FEECAGCOGEAAEEEOET GRAACT TGOCAGEEECCCAGET GEACTTECCOEGE

Figure 9: Getting the restriction map for normal Exon 6 (PKLR_Exon 6).
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}" Restriction Map: PKLR_Exon 6 from C\Users\Fawziyya'\Desktop\PKLR_Exon 6.gb EI@

E #%%& Courier Mew - IS_ﬁ B / g

o \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ﬁ
Apal -
BanII
BmelS50T
Bspladel 1
g1 GIGGACTIGCCCGGECTGTCCGRGCAGRACGTCCGRGACCTGCGCTICGEGETGGRGCATGGGETGGACATCGICTITIGE 160
21 CLCCTGRACGGGCCCGRCAGECTCGTCCTGCAGGCTCTGGACGCGARGCCCCACCTCGTACCCCACCTGTAGCAGRARCE 160
HpyaI Zval MwoI BsaHI BspMI Hpy&I
Bsadl HpyFlOVI  Ratll Ithllll .
¥mal Baal Area of interest.
Srfl BsmAI
Smal Zral
161 CTCCTTTIGTGCGEARAGCCAGCGACGTGECTGOCGT CAGGGCTGCTYTGEGT COGERAGEACACGECATCARGATCATCR 240
181 GRGGRRACACGCCITICGETCGCTGCACCGRACGECAGTCCCGRCGRYRCCCAGGCCTICCTIGTIGCCGTAGTICTAGTAGT 240
BslI BbwI BstXI Bgll Bcgl  Hindl Hpy188III
MnlT BeceRI BmgBI MwoI HindI SfaNI
Begl Cacil BbvI HpyH10VI NlaIV Boell
BaaWl
BspEI
HpyleaIIl

Figure 10: Restriction Map of PKLR_Exon 6.

STEP 6:
The step 5 was repeated but selecting the mutated sequence for this instance in order to get the

restriction map for the mutated sequence (PKLR*_Exon 6).

%ﬁ' Restriction Map: PKLR*_Exon 6 from Ch\Users\Fawziyya\Desktop\PKLR_Exon 6.gb E@
] & X % @ |C0urierNew ﬂ IS_ﬁ B /7 Q
.* 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A 1 I I 1 I I 1 I 1 I I 1 I I 1 I I 1 I Iﬂ
Apal -
BanlI
BmelSS0L
Bapl286I =
g1 GIGGACTTGCCCGGEGCTGTCCGAGCAGGACGTCCGAGARCCTGCGCT TCREGETGRAGCATGGGETGGACATCGTCITIGE 160
CACCIGRACEEECCCERCAGECTCETCCTGCAGECTCTGEACGOGARGCCCCACCTCGTACCCCACCTGTAGCAGRRACE 160
HpyaI Ival MwcI BsaHI BspMI HpyiI
BaaJl HpyF10VI  RatlIl TthlllI
Emal Baal
Srfl BsmaT )
Smal Zral /V Area of interest.
16l CTCCITIGTGCEEARRAGCCAGCEACGT GECTGCCETCAGEECTGCICTGEETCEEALEEACRACGECATCAATATCATCE 240
161 GRAGGRARCACGCCTTTICGETCGCTGCACCGACGECAGT CCCGACGRGRACCCRGGCCTTCCTGTGCCGTAGTTATAGTAGT 240
BslI BbvI BatXI Bgll Beg! Hin4I S£aNI
MnlT BecelI BEmgBI MwoI HindT BecelI
Begl Cactl BbvI HpyF10VI NlaIV
BaaWl
BaspEL
HpylB88III

Figure 11: Restriction Map of PKLR*_Exon 6.
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Comparison between the two-restriction map shows a change in the restriction site for the enzyme
Hpy188Ill. To further continue the test, a restriction map was created for a second time but at this

point selecting the specific enzyme Hpy188lIil from the list to further compare the normal sequence
with the mutated sequence.

STEP 7:

Select PKLR_Exon 6

Sequence > Nucleic Acid > Restriction Map

In the new window, click on “select from list” to choose the enzyme Hpy188lil

From the enzyme list, select Hpy188Ill and Click on double arrow (>>) to include this enzyme

Click “ok”.

Then “Generate map”

The steps are repeated for mutated sequence.

The Restriction map of both sequences were compared.

}* Create Restriction Map EI@

Sites that cut five or fewer times [w large recognition zites [>6)
Summary table of frequencies [ Alllzozchizomers [not recommended)]

Surrnary of enzymes that do nat cut Marufacturer:
4-baze cutters anuracturer:

B-base cutters |-":"-" Enzpmes ﬂ ==
B-base cutters

Enzymes with degenerate recognition

Drizplay:

[v Dizplay kap

v alphabetical by Mame
[v Mumeric by position
[ List of unique sites
[~ Faszta list of fragments
[ Create feature map

<< 17 1<I 1%

Wiew by Manufacturer

Title: |F'KLH_E won B Restriction Map

Dizplay Top Strand Bottom Strand [ Circular DNA [ends joined]
Translations: ™ Frame 1 [ Frame -1

I~ Frame 2 [~ Frame -2

ﬂ [ Frame 3 [ Frame -3 Wiew All Currently Selected Enzpmes

Generate Map Cancel |

GOCCAGRGEEACTEET GACCCARGT GRAGR R CGECEECG T CCT G CAGCOREA RGO GAACT TGO CAGEEEICCAGET GRACT TEOCCEGEE

Figure 12: Restriction map with specific enzyme.
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}" Create Restriction Map

Sites that cut five or fewer times [v large recognition sites [»6)
Summary table of frequencies [ Al lzogchizomers [hot recommended)

Summary of enzumes that do not cut Mamufachurer
4-baze cutters anutacturer:

B-baze cutters |-"—"*" Enzymes j ==
B-base cutters i :
Erizpmes with degenerate recogrition 15 by Manufacturer | Select from list |

Dizplay:

[ Dizplay Map

Iv Alphabetical by Mame
Iv Mumernc by pozition
[ List af unique sites
[~ Fasta list of fragments
| Create feature map

<I=<7171<171%]

Title: |F'KLFE_E>-:0n & Restriction Map y Choose enzymes from a list

Display Top Strand Don't Include Include
Tranzlations: [~ Frame 1 Enzyme Enzyme
[ Frame 2 HindITT

ﬂ [ Frame 3 HinfT

GCCCAGRAGGLACTGETGACCCARGTGEAGH Hpal (
HpaII mTn
HphI

Hpya8I ﬂ

Hpy33I

Hpyl78III

HpylB8I

Hpyal

HpyCH4I

HpyCH4IIT

HpyCH4IV

HpyCH4W

Cancel

Figure 13: Selecting Hpy188llI for restriction map.

}{’ Restriction Map: PKLR_Exon 6 from Ch\Users\Fawziyya\Desktop'\PKLR_Exon 6.gb EI @
B E &% Q% [Conerten = NE| B -0
o | ' | | ' | | ' | | ' | | ' | | ' | | '
™ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Iﬂ
-
1 GOCCAGAGGGRACTGETGRACCCAAGT GEAGRRCGECEECGT CCTGEECAGCCGEAMGEECETGRAACTTGCCAGEEECCCAG &0
1 CEEETCTCCCTIGACCACTGEETTCACCTCTIGOCGCCGCAGEACCCGT CGELCTTCCCEGCACTTGAMCGETCOCOGEETC &0
a1 GIGGACTTGCCCGEECTGTCCGAGCAGGACGTCOGAGACCTGCGCTTCGGEETGGAGCATGEEETGGACATCGTCTITGE 180
g1 CRCCTGRACGEECCCGRACAGECTCGTCCIGOAGECTCTGERACGCGAAGCCCCACCTOGTACCCCACCTGTAGCRAGRARCG 160
181 CICCITIGIGCGE GCCRAGCGACGTGECTGCCGICAGEECTGCICT GRS TCCGERAGEACACGECATCARGATCATCR 240
16l GRGGRAACACGCCTTTICGETCGCT GCACCGACGECAGTCCCGACGAGRACYCAGECCTTCCTGT GOCGTAGTITCTAGTAGT 240
Hpyl828III HpylB8III =
241 GCRRR A TTGAGRRACCACGARGECGT GARGAGET GAGECTIGEECTCIGTTCCCCTITOGECCCIGTCGCTATTOCCCATCR 320
241 CGITTITARCTCTTGETGCTTCCGCACTTCTCCACTCCGRRCCCGAGRCRRGGGEARGCCEGEACAGCGATARAGEEETAGT 320
321 CCTITTICTICTICCTGCCIGOCTCIGOCTIGATICTCOCCRRCCTCTCAGETTT 371
321 GGRARRGLAGRGEACGERCGEAGACGEARCTARGAGEETIGEAGAGTCCRRR 371
Restriction table:
Enzyme Recognition frequency Positions
HpylE88III IC'nn GL 2 214, 231 -

Figure 14: Restriction map for the normal Sequence- Enzyme: Hpy188III.
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$ Restriction Map: PKLR™_Exon 6 from C:\Users\Fawziyya\Desktop\PKLR_Exon 6.gb [r=l = ]

(=] é’% % EE |Courier New =] lg_jl B/7U
L3 ! 1 ! i

* 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I Iﬂ‘
-
16l CTCCTITGI GCGGRRRAGCCAGCGRCGT GECTGCCETCAGEECTIGCICT G T COGEARGGRACACGECATCARTATCATCA 240
161 GAGGARN A CGCCTTTCGETCGCT GCACCGACGGCAGTCCCGRC G GACCELEECCTTCCTGTGCCGTAGTTATAGTAGT 240
Hpyl88III
241 GCRARR R TTGAGAACCACGRRGECETGRRGAGETGAGECTTIGGECTCTIGTTCCCCTTCGECCCTGTCGCTATTCCCCRATCR 320
241 CETTTTARCTCTTEETECTTCCGCACTICTCCACTCOGRARACCCGRAGACARGEEEARAGCCGEEACAGCGATARGEEETAGRT 320
321 CCTTTCITCTCCTECCTGCCTCTGCCTTGATTCTCCCAACCTCTCAGETTT 371
321 GGARRGA AR CEACEEACGEAGACEGARCTARGACEETTGEAGAETCCRAR 371
Restriction table:
Enzyme Becogniticn frequency Positions
Hpyl88III TC'nn GA 1 214

Figure 15: Restriction map for the mutated Sequence- Enzyme: Hpyl188lII.

Diagnostic report of PKLR Exon 6

Diagnostic report

Restriction Enzyme Map:

1 GCCCAGAGGGACT GGTGACCCAAGTGGAGAACGGCGGCGTCCTGGGCAGCCGGAAGGGCGTGAACTT GCCAGGGGCCCAG
80

1 CGGGTCTCCCTGACCACTGGGTTCACCTCTTGCCGCCGCAGGACCCGT CGGCCTTCCCGCACTTGAACGGTCCCCGGGTC
80

81 GTGGACTTGCCCGGGCTGTCCGAGCAGGACGTCCGAGACCTGCGCTTCGGGGT GGAGCATGGGGTGGACAT CGTCTTTGC
160

81 CACCTGAACGGGCCCGACAGGCTCGTCCTGCAGGCTCT GGACGCGAAGCCCCACCTCGTACCCCACCTGTAGCAGAAACG
160

“G” changes to “T” (loss of restriction site for enzyme Hpy188lil at 231)

161 CTCCTTTGT GCGGAAAGC CAGCGACGTGGCTGCCETCAGGGCT GCTCT GGGTCCGGAAGGAC ACGGCATCAAGATCAT CA
240
161 GAGGAAACACGCCTTTCGGTCGC TGCAC CGACGGCAGT CCCGACGAGACCCAGGCCT TCCTGTGCCG TAGTTCTAGT AGT
240

Hpyl88III Hpyl881III
241 GCAAAATTGAGAACCACGAAGGCGTGAAGAGGT GAGGC TTGGGCTCTGTTCCCCTTCGGCCCTGTCGCTATT CCCCATCA
320
241 CGTT TTAAC TCTT GGTGC TTCCGCACTT CTCCACTCCGAACCC GAGACAAGGG GAAGCCGGG ACAGC GATAAGGGGT AGT
320
321 CCTTTCTTCTCCTGCCTGCCTCTGCCTTGATTCTCCCAACCTCTCAGGTTT 371
321 GGAAAGAAGAGGACGGAC GGAGACGGAACTAAGAGGGT TGGAGAGTCCARA 371
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Restriction table:

Enzyme Recognition frequency Positions

Hpy188illl TC'nn_GA 2 214, 231

PCR product 322 bp
Normal 213 bp, 17 bp, 92 bp
Mutant 213 bp, 109 bp

Restriction enzyme

In this report, the enzyme HPy188lIll was considered as there is a loss of restriction site for this

enzyme at position 231 in mutated sequence of PKLR exon 6. The enzyme Hpy188lIll recognizes
the sequence “TCNNGA”. Enzyme Hpy188lil cuts this recognized sequence after TC (such as: TC|

NNGA). This enzyme has a reaction condition requirement of 37°C. Hpy188lIll can be denatured by
heating at 65°C for 20 minutes. Helicobacter pylori 188 is the genomic source for Hpy188Ill.

When “G” was mutated to “T” at position 233, there was a loss of restriction site. At position 233 in
the mutated sequence of PKLR exon 6, the sequence changes to “TCNNTA”, therefore the Hpy188llI
cannot recognize this mutated sequence and thus causing a loss in the restriction site at 231. Hence
in the mutated sequence, only one restriction site is remained at position 214.

In the normal sequence, there are two restriction sites for the enzyme Hpy188lil (at position 214 and
231). Therefore, when primer sets are used on both the normal and mutated sequence, different
sizes of PCR product can be obtained.

Primer sets
The primer was obtained by using the NCBI Genome browser
Searching accession number U47654 > Get FASTA sequence

Copy FASTA sequence > Go to “Pick Primers” and Paste in “Pick primers”
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http://www.thelabrat.com/restriction/sources/Helicobacterpylori.shtml

S NCBI  Resources ¥ How To (@

Nucleotide | Nucleotide v || |
Advanced

FASTA~ Send to: v
Change region shown

Homo sapiens pyruvate kinase PK-R isoenzyme gene, partial cds; and pyruvate
kinase PK-L isoenzyme gene, complete cds
GenBank: U47654 1

Customize view

GenBank  Graphics Analyze this sequence
»U47654.1 Homo sapiens pyruvate kinase PK-R isoenzyme gene, partial cds; and pyruvate Run BLAST

kinase PK-L isoenzymes gens, complete cds —> (.
CATTCCATGGATCCCGCAGCCCCAGGCCCACACTGAAAGCATGTCGATCCAGGAGAACATATCATCCCTGC

AGCTTCGGETCATGAGTCTCTAAGTCCCAAAGAGACT TAGCAAAGT CCATCCTGATTGGEGCT CCAGGAGS Highlight Sequence Features
TAAGAAGEGGAGACAGAAGCCATGEAACATAGGAGEAAAATGAGEGT GAAAACTAGGAGCCAGGCTGGAG

GECATAAATGATCCACATCAGCCACTGGCTAGGTGGGT T TTGGAGAGGAACGTACGTTCTTCAGAGCCTC Find in this Sequence

CCGTGTET TAAATTATGGACCCTGECCTGGETCTTTTCCAGGCCCTATAGGCAGGCCAGAGCACAGCATG
TR A GGAAC A T ATGRT T TaGA T TRGO O TG AT AC AGGEC TTOrAATARLAM ARGE

Primer-BLAST

Blf Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST).
Reset page Save search parameters Retrieve recent results  Publication  Tips for finding specific pri

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @) Clear Range
CATTCCATEETCCCRCAGCCCAGECCCACACTGAANGCATGTCGATCCAGGAGAACATATCATCCCTEE o c T
AGCTTCGGTCATGEETCTCTAAGTCCCAAGAGACTTAGCAAAGT CCATCCTEATTGEGGE TCCAGGAGE . rom [}
TAAGAAGGEEAGACAGAAGCCATGEAACAT AGGAGGAAAATGAGGGTEAAAAC TAGEAGE CAGGC TEGAG Forward primer |3511 j530 ' Clear
GGCATAAATGATCCACATCABCCACTGGCTAGGTGEETT TTGEAGAGGAACETACGTTCT TCAGAGCLTC R .
CCGTGTATTAAATTATGGACCCTEECCTGGETCTTTTCCAGECCE TATAGGCAGECCAGAGCACAGCATS PNEE R primer (3810 I33‘¢D

Or, upload FASTA file Choose File | No file chosen

Paste FASTA sequence of

Exon 6is from 3510 to 3780.
U47654

Extra 100 bases was added to
get primer sets easily.

Figure 16: Getting the primer sets

(& | @ Secure | https://www.ncbi.nlm.nih.gov/tools/primer-blast/primertocl.cgi?ctg_time=1512393394&job_key=JS_6e-uY5jDBCNYPe295PQFOQwEsZ1gS

pps BY Signln @ DITLTTC [ Google Scholar

R 71

Detailed primer reports

Primer pair 1

Sequence (5'-=3) Template strand Length Start Stop Tm GC%  Self complementarity
Forward primer GCCCAGAGGGACTGGTGA Plus 18 3511 3528 6061 G667 4.00
Reverse primer GGTGATGGGGAATAGCGACA Minus 20 3532 3813 5953 5500 200

Product length 322
Figure 17: Detailed primer reports.

The forward primer and reverse primer are highlighted in the diagnostic report section on page 25.
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PCR product

PCR product is obtained from the forward primer till the reverse primer (including both primers when
counting the PCR product. If there is a restriction site that the enzyme will cut, then PCR of different
sizes can be obtained. In this report, the PCR product is of 322 base pairs (bp). Hyp188lIll cuts at
TC’NNGA.

In the normal sequence, there are 2 restriction sites (at position 214 and 231) that leads to two cuts
and the different sizes of PCR product: 213 bp, 17 bp, and 92 bp.

In contrast to the normal, there is only one restriction site (at position 214) in the mutated sequence
of exon 6 of the PKLR gene. Therefore, in the mutated sequence, there is only one cut that produces
2 PCR product of size: 213 bp and 109 bp.

3.0 Conclusion

The various mutations on PKLR have different effect on the exons and thus causing different issues.
A diagnostic test and report for the genetic mutation of exon 6 on PKLR has shown an effect on the
restriction site with the use of enzyme Hpyl188Ill. Less restriction site in the mutated sequence
changes the number of splice site and simultaneously changes the number and sizes of PCR product
generated compared to the normal sequence that originally had 2 restriction sites and 3 PCR
products. Further diagnostic reports can be helpful by focusing on the effect of other genetic mutation
on the PKLR gene.
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