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ABSTRACT

Se ve re com bi ned im mu no de fi cien cy (SCID) of hor ses is an in he ri ted au to so mal re ces si ve de fect car ried

by pure Ara bi an hor ses and their crossbreds. SCID fo als have a de fi cien cy in the num ber and func ti on of

ma tu re lymp ho cy tes and are very pro ne to in fec ti ous dis e a ses. The de fect is cau sed by a mu ta ti on in the

PRKDC gene co ding for the ca ta ly tic su bu nit of the DNA ac ti va ted pro tein ki na se (DNA-PKcs). Iden ti fi ca ti -

on of the cau sa ti ve mu ta ti on made it pos si ble to de sign a ge no ty ping test for iden ti fy ing car riers of the de fec -

ti ve al le le and to use this in for ma ti on in se lec ti ve bree ding against SCID. Here, the first fre quen cy sam pling

of the SCID al le le in the Bel gi an po pu la ti on of Ara bi an hor ses is pre sen ted. Four hun dred and thir teen ani -

mals were ge no ty ped, 25 or 6.05% of which were found to car ry the SCID al le le. Cal cu la ti ons ba sed on the se

re sults sho wed the SCID al le le fre quen cy to be around 3.1% and the oc cur ren ce of SCID to be 0.096%. 

SAMENVATTING

Se ve re com bi ned im mu no de fi cien cy (SCID) bij paar den is een au to so maal re ces sief over er ven de ziek te voor -

ko mend bij Ara bi sche vol bloe den en bij de na ko me ling en van hun krui sing. Veu lens met SCID ver to nen een dui -

de lijk te kort aan func ti o ne le, ma tu re lym fo cy ten en zijn bij ge volg heel ge voe lig voor in fec ties. De de fi ci ëntie

wordt ver oor zaakt door een mu ta tie in het PRKDC-gen co de rend voor de ca ta ly ti sche su been heid van het DNA ge -

ac ti veer de pro te ïnekinase (DNA-PKcs). De iden ti fi ca tie van de oor za ke lij ke mu ta tie maak te het mo ge lijk om een

ge no ty pe rings test te ont wik ke len waar mee dra gers kun nen op ge spoord wor den en waar van de in for ma tie kan ge -

bruikt wor den bij de se lec tie om SCID te gen te gaan. Hier wor den de re sul ta ten be schre ven van een eer ste fre quen -

tie be pa ling van het SCID-al lel bij de Bel gi sche po pu la tie van Ara bi sche vol bloe den. Vier hon derd der tien die ren

wer den ge ge no ty peerd via een zelf ont wik kel de DNA-test. Vij fen twin tig die ren of 6,05% van de ge ty peer de paar -

den ble ken dra ger te zijn van het SCID-al lel. Ge ba seerd op deze re sul ta ten werd de SCID-al lel fre quen tie be re kend

op 3,1% en het voor ko men van SCID op 0,096%.  

INTRODUCTION

Se ve re com bi ned im mu no de fi cien cy (SCID) was

first des cri bed in hor ses in 1973 (McGui re and Pop -

pie, 1973). A si mi lar dis or der has also been des cri bed

in man, mice and dogs. SCID in hor ses is li mi ted to the 

Ara bi an hor se and its de ri ved breeds and is in he ri ted

as an au to so mal re ces si ve dis or der cau sed by a 5 base

pair (bp) de le ti on in the PRKDC gene co ding for the

ca ta ly tic su bu nit of the DNA de pen dent pro tein ki na se

(DNA-PKcs) (Shin et al., 1997). Affec ted hor ses are

in ca pa ble of ge ne ra ting an ti gen-spe ci fic im mu ne res -

pon ses due to im pai red V(D)J re com bi na ti on du ring

ma tu ra ti on of T- and B lymp ho cy tes. This de fec ti ve

gene re ar rang ement le ads to the eli mi na ti on of lymp ho -

cyte pre cur sors and near ab sen ce of func ti o nal T- and

B lymp ho cy tes. Affec ted fo als pro du ce no an ti bo dies

af ter in fec ti on or im mu ni za ti on and fre quent ly die be -

fo re the age of 5 months due to in fec ti ons. First signs

of dis e a se of ten ap pe ar be tween two days and eight

weeks of age (Per ry man et al., 1978; Bjor ne by et al.,

1991). The im mu no lo gic de fects in SCID fo als can be

cor rec ted through bone mar row trans plan ta ti on (Bue

et al., 1986). 
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Hor ses with one SCID al le le (he te ro zy go tes or car -

riers) ap pe ar nor mal but will trans mit it, sta tis ti cal ly,

to half of their offspring. Hen ce, the de fec ti ve SCID

al le le can spre ad (un seen) in the po pu la ti on un less

coun ter me a su res are ta ken. The best way to pre vent

this spre ad is to iden ti fy car riers by me ans of a DNA

test (ge no ty ping) and to pre vent the bree ding of the se

ani mals. A se cond re a son for iden ti fy ing car riers is

their hig her risk of de ve lo ping ne opla sia. The DNA-

 PK en zy me is ex pres sed in all cell ty pes and is be lie -

ved to play an im por tant role in DNA re pair (Ander -

son and Car ter, 1996). Ara bi an hor ses that de ve lop

sar coids, the most fre quent tu mor in do mes tic hor ses,

show a sta tis ti cal ly hig her fre quen cy of the SCID al -

le le (18% car riers in ani mals with tu mors com pa red to 

8% car riers in nor mal ani mals)(Ding et al., 2002).

Inte res ting ly, the fre quen cy of sar coids is also hig her

in Ara bi ans com pa red to ot her hor se breeds (Mo ham -

med et al., 1992). The se fin dings sug gest that DNA-

 PK can act as a tu mor sup pres sor through its DNA re -

pair func ti on.

Here we re port the ge no ty ping re sults of a sam ple

of the Ara bi an hor se po pu la ti on in Bel gi um.

MATERIAL AND METHODS

Ani mals and sam ple col lec ti on

Blood sam ples were ta ken on EDTA or he pa rin to

pre vent co a gu la ti on. Sam ples from a to tal of 413 Ara bi an

hor ses from all over Bel gi um were col lec ted. Of the se,

369 were stal li ons and 44 were ma res. Pre fe ren ti al ly

stal li ons were sam pled sin ce they pro du ce more off -

spring than ma res and thus have a hig her chan ce of spre a -

ding the mu tant al le le in the po pu la ti on 

DNA pu ri fi ca ti on 

100 µl of the blood sam ples was was hed three ti mes 

with 10 mM Tris-HCl (pH 7.5)/1 mM EDTA (pH 8).

Ly sis of the whi te blood cells was per for med at 56 °C

for 45 mi nu tes using 10 mM Tris-HCl (pH 8.3), 50

mM KCl, 0.5% Tween 30 and pro tei na se K (100

µg/ml). The pro tei na se K, which se lec ti ve ly di gests

pro teins, was sub se quent ly in ac ti va ted by in cu ba ti on

at 96 °C for 15 mi nu tes. The ge no mic DNA thus ob tai ned

was used in the fol lo wing PCR (po ly me ra se chain

reac ti on) am pli fi ca ti ons.

DNA am pli fi ca ti on

The PCR am pli fi ca ti ons were per for med in a to tal

vo lu me of 10 µl using a T3 Ther mo cy cler (Bi o me tra,

Götting en, Ger ma ny). The re ac ti on mixes con tai ned

20 – 200 ng ge no mic DNA (2.4 µl), 1.5 mM MgCl2,

200 nM dNTPs, 70 ng of each pri mer, 1x PCR buf fer

and 0.5 U Bi oTaq po ly me ra se (Gen taur, Brus sels).

The pri mers, which were de sig ned on the ba sis of

the equi ne PRKDC (DNA-PKcs) se quen ce pu blis hed

by Shin et al. (1997), sur round the po si ti on of the 5

base pair de le ti on.

The pri mers used are:

EcabPRKDC+2 *CATTGAGCTGTGGATATAGTCATTC

   EcabPRKDC-2  TCATTGGGTCCATTTTAGCA

With * in di ca ting the po si ti on of the an cho red flu o -

rochro me Cy5.

This pri mer pair am pli fies a 126 bp frag ment of the

nor mal (wild type) PRKDC al le le and a 121 bp frag -

ment of the PRKDC SCID al le le.

The fol lo wing ther mal cy cling pro fi le was fol lo wed

af ter 5’ of ini ti al he a ting at 94 °C: 30” at 94 °C, 30” at

60 °C and 1’ at 72 °C. This cy cle was run 35 ti mes and

af ter wards fol lo wed by 10’ fi nis hing at 72 °C. 

A po si ti ve (known car rier) and ne ga ti ve con trol

(in clu ding no ge no mic DNA) were ta ken along with

each run. 

Alle le sco ring (ge no ty ping)

PCR pro ducts were lo a ded on a 4% po ly a cry la mi de

gel and se pa ra ted using an ALFex press (Phar ma cia,

Uppsa la, Swe den) se quen cer. An exam ple of a gel re -

a ding is gi ven in Fi gu re 1.
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Fi gu re 1. Exam ple of a ge no ty ping re sult of a ho mo zy go te
nor mal hor se and a car rier (he te ro zy go te). Frag ment
lengths of the al le les (nor mal = 121 base pairs; SCID al -
le le is 126 base pairs (bp)) are cal cu la ted by ca li bra ti on
to an ex ter nal DNA lad der (ru ler at the bot tom of the fi -
gu re) and two in ter nal size mar kers (100 and 150 bp). 



RESULTS

Of the 413 hor ses te sted, 388 were ho mo zy gous for 

the nor mal al le le and 25 or 6.05% were iden ti fied as

car riers. Sin ce SCID hor ses die be fo re the age of 5

months and all ani mals te sted were adults, no ho mo -

zy go tes for the SCID al le le were de tec ted, as ex pec -

ted. On the ba sis of the se facts, the pre va len ce of the

SCID al le le in the Bel gi an po pu la ti on of Ara bi an hor ses

can be es ti ma ted at around 3.1% and the oc cur ren ce of

SCID at 0.096% (cal cu la ted as su ming Har dy-Wein -

berg equi li bri um).  

DISCUSSION

Se ve re com bi ned im mu no de fi cien cy was first des -

cri bed by McGui re and Pop pie (1973) in two fo als in

the sta te of Was hing ton (USA) and la ter also in ot her

coun tries. The same aut hors es ti ma ted the fre quen cy

of car riers in the USA at 25.7% and the fre quen cy of

af fec ted hor ses at 2-3% (Pop pie and McGui re, 1977),

con si de ra bly hig her than what was found here. Stud -

dert (1978) es ti ma ted the fre quen cy in the Aus tra li an

po pu la ti on of Arab hor ses at clo se to 30%. Be fo re the

iden ti fi ca ti on of the gene mu ta ti on cau sing SCID and

the sub se quent de ve lop ment of a ge no typing test es ti -

ma ti on of the fre quen cy of SCID in Ara bi an hor ses was

com pli ca ted by dif fi cul ties in di ag no sis. SCID fo als

were re cog ni zed by low blood lymp ho cy te counts and

low im mu nog lo bu lin le vels, but sin ce the ma jor phy si -

cal cha rac te ris tic of SCID is hy popla sia of the lymp hoid

tis su es, a de fi ni te di ag no sis could only be made post -

mor tem (Fels berg et al., 1992). Incor rect di ag no sis

was pro ba bly not the only re a son for the high in ci den -

ce re por ted by the se re search ers. It is pos si ble that the

sam ples ana ly zed by them were not ta ken ad ran dom

in the po pu la ti on but had a bias in tro du ced by se lec ti -

on car ried out by bree ders who had ex pe rien ced pro -

blems in their bree ding stock. A third pos si ble re a son

for the big dif fe ren ce is that se lec ti on against the

SCID al le le has re du ced its fre quen cy dra ma ti cal ly,

but this seems un li ke ly gi ven the re la ti ve ly short time

pe ri od in vol ved. 

The fre quen cy es ti ma tes des cri bed here are more

in line with tho se pre sen ted in three ot her stu dies

using a ge no ty ping test to de tect car riers. Ber no co

and Bai ley (1998) found a car rier fre quen cy of 8.4%

in the Ara bi an hor ses in the USA and cal cu la ted the

SCID al le le fre quen cy at 4.2%. In a se cond in de pen -

dent stu dy in the USA the car rier fre quen cy was found 

to be 8.9% (Ding et al., 2002). A stu dy per for med on

UK Ara bi an hor ses found a car rier fre quen cy of 2.8%

(Swin bur ne et al., 1999). The re sults of the four ge no -

ty ping stu dies are sum ma ri zed in Ta ble 1.

Unli ke in dogs, whe re two ty pes of SCID in he ri tan ce

have been des cri bed, one au to so mal re ces si ve (Jack

Rus sell Ter riers and Welsh Cor gi) (Bell et al., 2002)

and one X chro mo so me link ed (Bas set Hound) (Som -

berg et al., 1995), only one type has been des cri bed in

hor ses. All SCID fo als ge ne ti cal ly te sted so far are ho -

mo zy gous for the 5 bp de le ti on in the PRKDC (DNA-

 PKcs) gene. So the same gene mu ta ti on seems res pon -

si ble for all SCID ca ses in Ara bi an hor ses and breeds

ge ne ti cal ly in flu en ced by or de ri ved from the Ara bi an 

breed. This fin ding points to a com mon ori gin of

SCID in the Ara bi an breed. Pre li mi na ry ana ly sis of

the pe dig rees of car riers in di ca tes that the mu ta ti on

was pre sent in a stal li on from the ear ly 20th cen tu ry.
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Ta ble 1. Sum ma ry of 4 SCID ge no ty ping stu dies in Ara bi an hor ses.

Population Total N tested N homozygous

normal

N carriers (and %) Re fe ren ce

   USA 250 229     21 (8.4) Ber no co & Bai ley, 1998 

   USA 258 235     23 (8.9) Ding et al., 2002

   UK 106 103      3 (2.8) Swin bur ne et al., 1999

   Bel gi um 413 388     25 (6.05) This stu dy

N = num ber of ani mals.



This par ti cu lar stal li on si red se ver al studs that were

used world wide and hen ce could have spre ad the

SCID al le le (Ber no co and Bai ley, 1998).  

Prac ti cal ly, this me ans that SCID car riers can be

iden ti fied by a sing le ge no ty ping test, as des cri bed

here. The re sults of the ge no ty ping test can be used in

bree ding sche mes to re du ce the fre quen cy of the

SCID al le le and the in ci den ce of SCID ca ses. Sin ce

this DNA test can be per for med at any age, fo als can

be te sted ear ly on. The most ra di cal way of re du cing

the SCID fre quen cy would be to avoid bree ding with

car riers. Ho we ver, this would mean that the ge nes of

car riers with a high bree ding va lue would be lost. For

this re a son one can ar gue for al lo wing bree ding with

the se va lu a ble ani mals as long as they are only cros -

sed with ho mo zy gous nor mal ani mals. Ne ver the less,

one should keep in mind that the mu tant SCID al le le

will thus re main in the po pu la ti on be cau se half of its

offspring will have in he ri ted it and will also be car -

riers, in turn trans mit ting the SCID al le le to half of

their fo als. For this re a son, sys te ma tic ge no ty ping of

the se offspring for the SCID al le le will also be ne ces -

sa ry in or der to avoid car rier x car rier cros ses in the

fol lo wing ge ne ra ti on, be cau se 25% of such car rier x

car rier offspring would have SCID.

Anot her ar gu ment against using car riers in bree -

ding sche mes is the pu ta ti ve as so ci a ti on of the SCID

al le le with ne opla sia, as ex plai ned in the in tro duc ti on. 

The fre quen cy of SCID car riers in ani mals with sar -

coids was 18.6% (19 ani mals of 102 te sted), which is

sig ni fi cant ly hig her than ob ser ved in non-tu mor be a -

ring ani mals (8.9%) in the same stu dy (Ding et al.,

2002). Ho we ver, more stu dies should be per for med in 

or der to get more con clu si ve re sults con cer ning the

as so ci a ti on be tween the SCID al le le and tu mor de ve -

lop ment.

In con clu si on, bree ding with car riers can be jus ti -

fied in some ca ses but should be avoi ded whe ne ver

pos si ble.
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