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Porfyriny se pfevazné vyskytuji jako koordinacni komplexy s ionty kovl (Fe, Co, Mg). Metaloporfyriny funguiji jako
prostetické skupiny biologicky vyznamnych hemoproteinti; hemoglobin, myoglobin, katalasa, peroxidasa, cytochrom-c oxidasa,
cytochromy (b, ¢, P450), tryptophan-2,3-dioxygenasa, methylmalonyl-CoA mutasa,

homocysteinmethyltransferasa, a chlorofyly
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Biosyntéza hemu
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Regulace exprese aminolevulatsynthasy 1
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Klasifikace lidskych porfyrii sdruzenych s deficitem specifickych enzymu biosyntetické drahy hemu

Porfyrie

Mutovany gen
a
deficitni enzym

Aktivita
enzymu (%
normélnich
hodnot)

Typ porfyrie
(Priibh)

Dédi&nost

Hlavni symptomatologie

Biochemické nalezy*

Erytrocyty

Moé

Stolice

Porfyrie z deficitu

5-aminolevulinat-

dehydratasy
(ADP)

Akutni intermitentn|
porfyrie (AIP)

Kongenitalni
erytropoeticka
porfyrie (CEP)

Porphyria cutanea
tarda (PCT)

Hepatoerytropoeticka

porfyrie (HEP)
Hereditarni
koproporfyrie (HCP)

Porphyria
variegata (VP)

Erytropoeticka
protoporfyrie (EPP)

5-aminolevulinat-
dehydratasa

(ALAD)

porfobilinogen-
deaminasa (PBGD)

uroporfyrinogen Il
synthasa (UROS)

uroporfyrinogen-
dekarboxylasa
{(UROD)

uroporfyrinogen-
dekarboxylasa

(UROD)

koproporfyrinogen-
oxidasa (CPQ)

protoporfyrinogen-
oxidasa (PPO)

ferochelatasa

2

Hepataini*
(Akutni)

Hepatalni
(Akutni)

Erytropoeticky
(Chronicky)

Hepatalni
(Chronicky)

Hepatalni*
(Chronicky)

Hepatalni
(Akutniy

Hepatalni
(Akutni)

Erytropoeticky
(Chronicky)

AR

Neurovisceralni

Neurovisceralni

Fotosensitivita kaze

Fotosensitivita kliZe

Fotosensitivita ktZe

Neuroviscerdlni a ob&as

fotosensitivita kiaze

Neurovisceralni a
fotosensitivita klize

Fotosensitivita klize

Zn-protoporfyrin

uroporfyrin |,
koproporfyrin |

Zn-protoporfyrin

volny protoporfyrin

ALA,
koproporfyrin

ALA, PBG,§
uroporfyrin

urapoﬂzn‘n 1,

koproporfyrin |

uroporfyrin,
heptakarboxyporfyrin

uroporfyrin,
heptakarboxyporfyrin

ALA, PBG,
koproporfyrin

ALA, PBG,
koproporfyrin

koproporfyrin |

isokoproporfyrin

isokoproporfyrin

koproporfyrin,
protoporfyrin

protoporfyrin

*Uvedeny pouze hlavni zvySené komponenty.

1 AR = autosomaini recesivni, AD = autosomalni dominantni.

1 Tyto porfyrie maji také erytropoetické viastnosti véetné zvy$eni erytrocytarnich porfyrind.
§ ALA = 5"-aminolevulinat, PBG = porfobilinogen.
9§ D&digny deficit UROS je Easteéné odpovédny za familidrni (typ Il) PCT.




Mutace genti kédujicich enzymy biosyntetické drahy hemu jsou pfi¢inou dédiénych porfyrii
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Clinically Latent AIP

Heme-Mediated Feedback Repression

ALAS1
Glycine

-+

Succinyl CoA ALAS1

ALAD
—» — ALA ——» PBG —{}—>HMB —»>—>-> HEME

ALAD

PBGD

PBGD

Decreased Heme-Mediated Feedback Repression

Clinically Manifest AIP

Fig. 124-13 Enzymatic block in AIP and loss of heme-mediated
repression of hepatic ALAS1 when the disease is made clinically
manifest by precipitating factors such as drugs, steroids, and dietary
alterations. In the presence of PBGD deficiency, factors that
stimulate heme synthesis result in decreased availability of heme

for the regulatory heme pool in hepatocytes. ALA 5-aminolevulinic
acid; ALAD = 5-aminolevulinic acid dehydratase; ALAS1 = ALA
synthase, housekeeping form; HMB = hydroxymethylbilane;
PBG = porphobilinogen; PBGD = porphobilinogen deaminase.




Kategorie bezpeénych a nebezpeénych Iéku u akutnich porfyrii *

Bezpecné

Pravdépodobné bezpeéné

Potencialné nebezpecné

Nebezpecné

Acetaminophen
(paracetamol)383:268

Acetazolamide®2:22¢
Allopurinol383.386
Amiloride3®3:388
Aspirin383.968
Atropine382.968
Bethanidine3®3:384
Bromides*®8.°74
Bumetanide®®®
Chloral hydrate3?:255.383
Cimetidine*s®
Corticosteroids®7383
Coumarins®®?
Fluoxeting383.386.387
Gabapentin“®®
Gentamycin®®®
Guanethiding3?:279.38¢

Insulin383.967

Ofloxacin®®®

Penicillin and
derivatives?7°-383.967

Narcotic analgesics®®:3¢3

Phenothiazines®®-383
Propranolof?79:1008
Streptomycin?79-383
Succinylcholing83-967

Tetracycline®”®

Adrenaline®®®
Azathioprine®8.993
Chloramphenico|®68-962
Cisapride®*®
Colchicine?33:383
Cytarabine®®”
Chloroquine®33:383
Digoxin®®3
Daunorubicin®”
Doxazosin®*
Estogerd ™™

(natural/
endogenous)

Ibuprofen3®®
Indomethacin®®®
Labetalol®®®
Lithium?383
Losartan®®®
Methenamine?”®
Methylpheni(iatt:;83 908
Naproxen32®
Neostigming?79.383

Nitrous oxide®7383
Penicillamine33
Procaine®®?
Propanidid?79-382
Propofol®83
Propoxyphene?79:383
Rauwolfia alkaloids?™®
6-Thioguanine®®”
Thiouracils®2
Thyroxine®8
Tubocurarine3®?
Vigabatrin6®
Vitamin B27¢
Vitamin C27°

Alfadolone acetate?8%:98¢
Alfaxolone?8%:986
Alkylating agents
[cyclophosphamide, ift
busulphan, altretamine
(hexamethylmelamine);
dacarbazine, chlorambucil,

and melphalan may be
safe,.)]m.m.am 987,988

Altretamine (hexamethylmelamine,
see alkylating agents)

Amitriptyline (see tricyclic
antidepressants)
Benzodiazepines®83.989.990
Busulphan (see alkylating agents)
Captopril (see ACE inhibitors)
Cephalosporins®8®

Chlorambucil
(see alkylating agents)

Chlordiazepoxide®©8.969.991
Clonidine'5:992

Cyclophosphamide
(see alkylating agents)

Cyclosporin383.993
Diazepam?68.969.991

Diltiazem (see calcium
channel blockers)

Colistin®®®

Dacarbazine
(see alkylating agents)

Diphenhydramine382.969
EDTA (see iron chelators)
Etomidate383.986.994
Estrogens (synthetic)474:99%
Erythromycin38®
5-Fluorouracil®®

Gold compounds
(see heavy metals)

Fluroxene®96.997
Heavy metals383.967.971.998
Hydralazine®®-383
Hyoscine®®?

Ifosfamide

(see alkylating agents)

Imipramine (see tricyclic
antidepressants)

Iron chelators (DFO, EDTA)
Ketaming383:390

Lisinopril (see ACE inhibitors)
Mefenamic acid®®?

Melphalan (see alkylating agents)

Mifepristone (RU-486)299.1000
Methyldopa383:971
Metyrapone®®®

Nalidixic acid®3
Nikethamide?83.967.969.970
Nitrazepam383.991
Nitrofurantoin?79:383

Nortriptyline (see tricyclic
antidepressants)

pemazoc'-nezw.aaa.sn ,986,1001
Phenoxybenzamine®®
Procarbazine®®®
Pyrazinamide®67.1002
Spironolactone3®:383
Theophylling382.967
Tiagabine*6®

Tramadol*®®

383,386,967,968,1003
Tricyclic antidepressants

Troglitazone'004:1005

ACE inhibitors
(especially enalapril)380-383

Antipyrine (phenazone)®®3.967.968
Aminopyrine (amidopyrine)383.967.968
Aminoglutethimide383.962
Barbiturates?48.254.256.383.968

N-Butylscopolammonium bromide®®®

Calcium channel blockers
(especially nifediping)380-382.384

Carbamazepine323.467
Carisoprodol®®3
Chlorpropamide383.967.970-972
Danazol*7547¢

Dapsone382-973

Diclofenac®?

Enalapril (see ACE inhibitors)
Diphenylhydantion?56.466.467.974
Ethosuximide (see succinimides)
Ergot preparations®83-971
Ethchlorvynol®”

Ethinamate®°

Felbamate®®®
Glutethimide?79-969.971
Griseofulvin®:975

Ketoconazole®®*
Lamotrigine*©®.976
Mephenytoin383.969.877
Metoclopramide?68-362.978
Meprobamate9-383.969
Methyprylon39.383.969
Nefazadone®®”

Nifedipine (see calcium
channel blockers)

Novobiocin383
Phenylbutazone3+-383.967.968
Primidone383

Pargyling3°:383.969

Progesterone & progestins®70:97¢
Rifampin383.980.981
Succinimides3#3-969
Sulfasalazine®?

Sulfonamide antibiotics?36-383

Sulfonmethane (Sulfonal) &
sulfonethyimethane(Trional)®83

Sulfonylureas83-970
Trimethadione®82.969.877
Valproic acid*66.984
Tranylcypromine®6®

Léky (generické nazvy) jsou zafazeny do ¢tyf kategorii v zavislosti na sile dikazu o jejich bezpe¢né aplikaci.
Je znaéné mnozstvi dikazl pro klasifikaci 1€kl na kategorie “bezpecné” a “nebezpecné”, avéak malo dikazi
¢i konfliktni dukazy pro dal$i dvé kategorie I€kl. Tento seznam zdaleka neni vyCerpavajici a nereflektuje véechny
informace a nazory o aplikaéni bezpe¢nosti 1€kt u akutnich porfyrii. Nékteré citované reference mohou odrazet

spiSe konflitni nazory nez podporovat tuto klasifikaci.
Dalsi informace jsou dostupné na webové adrese Americké porfyrické nadace: www.enterprise.net.apf




Souhrn biosyntézy protohemu
a negativni regulace 5-aminolevulatsythasy,
klicového enzymu pro biosyntézu biologicky vyznamnych metaloporfyrini.

Porfyrie, vrozené poruchy metabolismu protohemu.

zvysena koncentrace volného protohemu

( Protohem (asi 300 mg denng)
Cyklus

trikarboxylovych
kyselin defekt

v biosyntéze
I fneymy protoporfyrie
aporepresor (8) ferrochelatasa erytrohepatalni

\ protohem protoporphyrin IX [autosomalng dominantni dédiénost]

sukcinyl-CoA
Cytoplasma 2H"  Fe® defekd

v biosyntéze
enzymu

@ glycin i i porfyria variegata
/— hepataint

represe biosyntézy 5-aminolevulitsynthasa [autosomalné dominantni dédiénost

5-aminolevulatsynthasy
(negativni zpétna vazba) HSCoA + CO, protoporfyrinogen Il

¥ 2 c02 defekt

v biosyntéze

——————— 5-aminolevulova
@ Koproporfyri . enzymu

| hereditarni koproporfyrie |
[ hepatalni |
O, [autosomalné dominantni dédiénost|

kyselina Mitochondrie

koproporfyrinogen Il «———

¥

5-aminolevulova
kyselina Cytoplasma

@ porfobilinogensynthasa
N 2H,0 4 NH;4 Hy0 aco,

porfobilinogen —©L> hydroxymetylbilan _G)L. uroporfyrincgen Il —@L- koproporfyrinogen Il

porfobilinogendeaminasa uroporfyrinegen-lll-synthasa uroporfyrinogendekarboxylasa
defekt

v biosyntéze
enzymu

defekt defekt
v biosyniéze v biosyntéze
enzymu enzymu

[ akutniintermitentni porfyrie | [kongenitaini erytropoeticka porfyrie] porfyria cutanea tarda
hepatalni | [erytropoeticka] hepataini
[autosomaln& dominantni dédiénost| [autosomalng recesivni d&dienost | [autosemalng dominantni dédiénost|

Porfyrinogeny jsou bezbarvé, zatimco porfyriny jsou zbarvené a kaZzdy
porfyrin vykazuje charakteristické absorpéni spektrum jak ve viditelné tak

i v ultrafialové oblasti. V8echny porfyriny silné absorbuji svételné zafeni

o vinové délce blizké 400 nm (Soretllv absorpéni pas).

Porfyriny emituji silné €ervenou fluorescenci po ozareni ultrafialovym svétlem.




Biodegradace hemu

O, NH HN NADH NH HN {,

, At NH HN
mikrosomalni neenz matlcka NH N blllverdln
4 M M reduktasa M H M

hemoxygenasa M X M decyklizace C i
H P AR R P oW

o~hydroxyhemin biliverdin bilirubin

Mechanismus odbouravani hemu na biliverdin a redukce biliverdinu na bilirubin.

Konformace bilirubinu ukazujici intramolekularni strukturu
vodikovych vazeb mezi NH a O skupinami a OH a O skupinami.
Pres pfitomnost polarnich karboxylovych skupin bilirubin je
nepolarni a lipofilni. Po pferuseni intramolekularnich vodikovych
vazeb bilirubinu glukuronidaci nebo konverzi bilirubinu na
konfiguraéni nebo strukturni izomery vznikaji ve vodé rozpustné
bilirubinové pigmenty.




| fenestrované

,." 'l endotelie
l [

.1"‘ALB:BIL

GST BIL '
BIL
Disseho |
prostor L : BpG _
= BIL \5_

'\ ALE:BIL | -+ %ludova
[] (1

'.l.' krevni ".'I

sinusoidni

jaterni

kapilara Transhepatocelularni transport bilirubinu. Bilirubin (BIL) nekovalentné navazany na albuminu
(ALB), tj. komplex ALB:BIL, prochazi v sinusoidalni krvi pfes fenestry endotelialnich bunék do
Disseho prostoru, odkud disociovany bilirubin vstupuje do hepatocytu pfes jeho plasmatickou
membranu mechanismem usnadnéné difuse zprostfedkované bilirubinovym transporterem (BT).
Uvnitf hepatocytu je bilirubin navazan na glutathion-S-transferasu (GST) a komplex GST:BIL
difunduje do hladkého endoplasmatického retikula, kde je disociovany biliruin esterifikovan na
monoglukuronid (BMG) a pak na diglukuronid (BDG) u¢inkem bilirubin-UDP-glukuronidtransferasy
(UGT1AT1). Bilirubinglukuronidy jsou aktivné transportovany pres kanalikularni plasmatickou
membranu hepatocytu do zluci. Aktivni transport je zavisly na ATP a je zprostfedkovan MRP2
transportnim proteinem.

| ﬁ l GST . J’P@F | q‘}\} J)l kapilara




Stanoveni bilirubinu jako diazopigmentu van den Berghovou metodou

Pfimo reagujici bilirubin Nepfimo reagujici bilirubin

Estery bilirubinu Neesterifikovany bilirubin

(hlavné bilirubin monoglukuronid (hlavné komplexy
a bilirubin diglukuronid) bilirubin : albumin a
bilirubin : fosfolipid : aloumin)

a) po denaturaci s methanolem,

b) po vytésnéni s acetatem,
benzoanem, kofeinem, nebo
difilinem.
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Souhrn katabolismu hemu a metaholismu Zluéovych barviv

hemoglabln
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Gy
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4

{
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1 molekula albuminu obsahuje <

bilirubin

komplex bilirubin<albumin - +
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1 vazebne misto s nizkou afinitou pro bilirubin albumin

NV

dané mnoZzstvi albuminu v plasmé ma saturovatelnou vazebnou kapacitu pro bilirubin

enterchepatalni cyklus
urnbilinngenﬂ a urobilin

Hepatocyty u Gilbertova synhdromu maji
snizenou schopnost piflimat kilirukin

rs

stolice wg—

+ GH
+12H
|sterkobliiin 44— sterkobillnogen

8niZzena konjugace hilirukinu & glukuronovou kyselinou s& vyskytuje u novorozenecké Zloutenky,
toxického pagkozani a vitavyeh jater, Criglerova-Najjarova syndromu, a Gilbertova syndromu
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" sinusoldalni pol hepatocytu |
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velmi mala frakce je reabsorbovidna

Snizena sekrece konjugovanehoe bilirubinu se vyskytuje pri obstrukci
Zluéovodﬂ, Dubinavé-Johnsonové syndromu a Rotarové syndromu
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Faktory ovlivnujici koncentraci neesterifikovaneho bilirubinu v seru

Vzestup Pokles®

Hladovéni® Ultrafialové zareni
Fyzicka aktivita Kortisol

Tehotenstvi Sulfonamidy
Estrogeny, oralni kontraceptiva Fenobarbital
Alkoholicke napoje
Sepse

©Zejména u Gilbertova syndromu
*Bud z divodu migrace bilirubinu do tkani (¢imz vznika riziko jadrového
ikteru u novorozence, napf. po podani sulfonamidl) nebo z divodu zvyseni

metabolismu (esterifikace) bilirubinu v jatrech (napr. po podani fenobarbitalu,
ktery indukuje tvorbu UGT1A1).




Interpretace hodnot neesterifikovaného (nepfimého) bilirubinu v séru

Koncentrace
neesterikovaného Rychlost Odklizeni
bilirubinu v séru produkce bilirubinu
umolil bilirubinu jatry

obvykle normalni obvykle normalni
zvySena nebo normalni | normalni nebo snizené
zvySena nebo normalni| obvykle snizené




Fyziologicka Zloutenka novorozenctu:

celkovy bilirubin a neesterifikovany bilirubin v séru
u 10 novorozencu narozenych v terminu a

u 23 novorozencu narozenych v predterminu.

Predc¢asné
narozeni /-—- \

novorozenci /

=)
O
=
=
£
=
S
i~
-~

Novorozenci
narozeni
v terminu

Celkovy bilirubin
= - = Neesterifikovany bilirubin

2 4 6
Stari novorozence (dny)




4E, 157 bilirubin

42, 15Z bilirubin 4E, 15E bilirubin

(pfirozeny
bilirubin)

4Z, 15E bilirubin

Fotoizomery bilirubinu. Pitomnost dvou methenovych mistkl obsahujicich dvojnou vazbu je pfi¢inou vzniku
konfiguraénich (geometrickych) izomer( bilirubinu. Kazda dvoujna vazba mize existovat v Z nebo E konfiguraci.
Prirozene se vyskytujici, nejvice stabilni a ve vodé nerozpustna forma bilirubinu je Z,Z izomer. Tento izomer podleha
fotoizomerizaci na konfiguracni izomery (Z,E; E,Z a E,E), které jsou mnohem polarnéjsi v disledku nemoznosti
tvorby intramolekularnich vodikovych vazed a jsou vylu¢ovany z jater bez glukuronidace. Urcita ¢ast fotoizomert

bilirubinu je taktéz vyloucena do moce.




Laboratorni vysledky u zdravych jedinci a u pacientd se tfremi rtiznymi pfi€inami zloutenky

Bilirubin

Stav N
Vv séru

Urobilinogen
v mogci

Bilirubin
v mogi

Urobilinogen
ve stolici

Zdravi 3 -20 umol/l

(z tohoto celkového*
bilirubinu je asi 95%
tvoreno bilirubinem
nekonjugovanym)

0-4mg/24 h

Nepfitomen

40 - 280 mg/24 h

Hemolyticka
anemie

Obstrukce

ZluCovych cest

Zvysen konjugovany
I nekonjugovany

Akutni virova
hepatitida

r . k%
Zvysen nekonjugovany

Zvysen konjugovany ***

Zvysen
Nepfitomen

Zvysen v preikterické fazi.

SniZzen nebo nepritomen
v ikterické fazi (nastala-li
mikroobstrukce Zlu€ovych
kanalk().

Nepfitomen

Pritomen

Pritomen
(nastala-li
mikroobstrukce
ZluCovych
kanalku).

Zvysen

Stopy nebo absence

Snizen nebo stopy

*Celkovy bilirubin je bilirubin nekonjugovany a konjugovany dohromady.

**Nekonjugovany bilirubin je bilirubin neesterifikovany (tj. nepfimy).
***Konjugovany bilirubin je bilirubin esterifikovany (tj. pfimy).
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Fig. 125-10 Schematic representation of the human UGT7A locus,
located at 2q37. This locus contains multiple genes that express
bilirubin-UGT and several other UGT isoforms. Exons 2, 3, 4, and 5,
located at the 3’ end of UGT1A, encode the identical C-terminal
domains of all UGT isoforms expressed from this locus. Upstream to
these common region exons are a series of unique exons (exons 1A1
through 1A12), each of which encodes the variable N-terminal
domain of a different UGT isoform expressed from this locus. Each
unique region exon is preceded by a separate promoter region
(shown by arrows), permitting independent regulation of gene
expression. Transcription can start from any of the promoters,
producing transcripts of varying lengths. The unique exon located at
the 5’ end of the transcript is spliced to the 3’ end of exon 2, and
other unique region exons present in the transcript are spliced out.

ny
1A6 2345

Thus, based on differential promoter usage, several mRNAs, each
encoding a different member of the UGT1A subfamily, are generated.
Genes belonging to this locus are named according the unique exon
used in the expressed mRNA. Thus, when the transcription starts 5'
to exon 1A1 (transcript 1 in the figure), the mRNA encoding bilirubin-
UGT is generated. This gene, which consists of exon 1A1 plus the
common region exons 2 to 5, is termed UGT1A1, and the expressed
enzyme is termed UGT1A1. If, on the other hand, the transcription
starts 5’ to exon 1A6 (Transcript 6 in the figure), an mRNA consisting
of exon 1A6 plus exons 2 to 5 is generated. This mRNA encodes a
UGT isoform that accepts simple phenolic substrates, but not
bilirubin. According to the current system of terminology, this
gene is named UGT1A6, and the expressed isoform is termed
UGT1A6.
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Fig. 125-16 Genetic lesions causing Crigler-Najjar syndrome type |,
Crigler-Najjar syndrome type Il, and Gilbert syndrome. Crigler-Najjar
syndrome type | is produced by mutations, deletions, or insertions
within the five exons that constitute the UGT1A1 mRNA. These
genetic lesions may cause premature stop codons or substitution of
a single amino acid. In two cases, there were mutations in the splice
donor sequences on intron 1 and splice acceptor region of intron 4,
respectively, resulting in the utilization of cryptic splice sites within
exons, with consequent deletion of a segment of an exon from the
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Splice-site
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mRNA. Crigler-Najjar syndrome type Il is also caused by genetic
lesions within the coding region of UGT7A1. In these cases,
however, the mutations result in single amino acid substitutions
that reduce the catalytic activity of the enzyme, but does not abolish
it. In contrast to the two types of Crigler-Najjar syndrome, Gilbert
syndrome is associated with a variant TATAA box, which contains
two extra nucleotides, TA. This results in reduced expression of
structurally normal UGT1A1.




Hlavni diferencialni charakteristiky Criglerova-Najjarova syndromu typu | a Il a Gilbertova syndromu

Crigleruv-Najjaruav syndrom ) )
Vlastnost Typ | Typ II Gilbertiv syndrom

Celkovy sérovy bilirubin, pumol/l 310-755 (obvykle >345) 100-430 (obvykle < 345) typicky < 70 umol/l
v nepfitomnosti hladovéni
nebo hemolyzy

Rutinni jaterni testy normalni normalni normalni
Odpovéd na fenobarbital Zadna pokles bilirubinu o > 25% pokles bilirubinu k normalnin hodnotam
Jadrovy ikterus obvykly vzacny nepfitomen

Histologie jater normalni normalni obvykle normalni; u nékterych
pacientu zvySeni lipofuscinu
Charakteristiky ZIuci
barva: svétla nebo bezbarva pigmentovana normalni tmava barva
frakce bilirubinu: >90% nekonjugovany nejvétsi frakce (pramér=57%) hlavné dikonjugaty bilirubinu,
monokonjugaty bilirubinu av§ak monokonjugaty zvySeny
(pramér=23%)
Aktivita typicky nepfitomna, vyrazné snizena: na 0 az10% sniZena: typicky na 10 - 33%
bilirubin-UDP-glukuronyltransferasy stopy u nékterych pacienti normalnich hodnot normalnich hodnot
Dédi¢énost (u vSech syndromu recesivni predominantné recesivni promotorové mutace: recesivni
autosomaini) substituc¢ni mutace:

7 z 8 dominantni,
1 Udajné recesivni




