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ABSTRACT

The PrP ge no ty ping of sheep for se lec ti on from the po pu la ti on of in di vi du als with scra pie re sis tant ge no ty pes

has be co me a very im por tant com po nent of the scra pie era di ca ti on stra te gy. 

Ho we ver, a li mi ted num ber of sheep did not seem to pos sess a stand ard “two al le le” ge no ty pe, but rat her

three or more PrP (pri on pro tein )  al le les (com plex ge no ty pes). One hy po the sis is that the se ani mals are blood

chi me risms, due to ex change of blood with their co-twin du ring ge sta ti on. In this stu dy, blood from sheep with

dif fe rent ge no ty pes was de li be ra te ly mixed (mi mic king chi me rism in vi tro) and ge no ty ped using real-time Po ly -

me ra se Chain Re ac ti on (PCR) and Res tric ti on Frag ment Length Po ly morp hism – De na tu ra ting Gra dient Gel

Elec trop ho re sis (RFLP-DGGE). At cert ain mix tu re ra ti os, com plex ge no ty pes were de tec ted. This ex pe ri ment

shows that if the com plex ge no ty pes di ag no sed in vivo are due to blood chi me rism, they can to a cert ain ex tent be

de tec ted by the se tech ni ques.  

SAMENVATTING

PrP-ge no ty pe ring bij scha pen vormt een zeer be lang rij ke bij dra ge in de stra te gie voor de era di ca tie van scra pie en de

se lec tie naar scra pie re sis ten te ge no ty pen in de po pu la tie. Bij een be perk te groep scha pen werd niet het stan daard “twee

al le len” ge no ty pe ge von den, maar een ge no ty pe dat be staat uit drie of meer PrP-al le len (= com plex ge no ty pe). Een mo -

ge lij ke ver kla ring hier voor is dat bloed chi me ren (d.w.z. bloed uit wis se ling tij dens de dracht met de co-twee ling) aan de

ba sis lig gen van deze com plexe ge no ty pen. In deze stu die werd bloed van scha pen met een ver schil lend ge no ty pe ge -

mengd (= na boot sen van chi me ren in vi tro) en ge ge no ty peerd met re al ti me po ly me rase chain re ac ti on (RT-PCR) en

res tric ti on frag ment length po ly morp hism – de na tu ra ting gra dient gel elec trop ho re sis (RFLP-DGGE). Bij be paal de

ratio’s van het ge meng de bloed wer den com plexe ge no ty pen ge de tec teerd. Dit ex pe ri ment toont aan dat, in dien de in

vivo ge di a gnos ti ceer de com plexe ge no ty pen te wij ten zijn aan bloed chi me ris me, deze kun nen aang etoond wor den met

de ge bruik te tech nie ken tot een be paald ni veau. 

INTRO DUC TI ON

Scra pie is the ol dest known trans mis si ble spong if orm

en cep ha lo pa thy (TSE), ha ving been des cri bed in the li te -

ra tu re sin ce two and one-half cen tu ries ago. It is a fa tal

neu ro de ge ne ra ti ve dis e a se that oc curs na tu ral ly in sheep

and go ats. Cur rent ly, the eti o lo gy is con si de red to be an

in fec ti ous dis e a se with a ma ter nal and ho ri zon tal trans -

mis si on, whe re host ge ne tic fac tors play a cen tral role

(Dic kin son et al., 1974; Hun ter et al., 1993; Belt et al.,

1995; Smits et al., 1997). Scra pie sus cep ti bi li ty in sheep

is as so ci a ted with pri on pro tein gene po ly morp hisms (Hun -

ter, 1997), in par ti cu lar re gar ding the co dons 136 (va li ne (V) 

– ala ni ne (A)), 154 (ar gi ni ne (R) – his ti di ne (H)) and

171 (ar gi ni ne (R) – glu ta mi ne (Q) – his ti di ne (H)). The

geno ty ping of sheep has be co me very im por tant for the

“clas si cal scra pie” era di ca ti on stra te gy and the bree ding

pro gram ai med at pro du cing TSE re sis tan ce via se lec ti on 

of the ARR al le les (Eu ro pe an Com mis si on, 2003). The

TSE Re gu la ti on 999/2001 (Eu ro pe an Com mis si on,

2001) re qui res ac ti ve sur veil lan ce of sheep and go ats by one 

of the ap pro ved ra pid scree ning tests for TSE. Addi ti o -
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nal ly, scree ning of the PrP ge no ty pe dis tri bu ti on of the

dif fe rent breeds in the EU Mem ber Sta tes was also sug -

ge sted in or der to set up a glo bal bree ding sche me with

the main goal of eli mi na ting TSE in the Eu ro pe an sheep

po pu la ti on (Eu ro pe an Com mis si on, 2003). A bree ding

pro gram is com pul so ry in all Eu ro pe an mem ber sta tes.

Sur veys in Gre at Bri tain on po ly morp hisms at co dons

136, 154 and 171 re ve a led that in a small pro por ti on of

the se te sted ge no ty pes (0.08 %) it has not been pos si ble to 

re port a stand ard “two al le le” ge no ty pe (Daw son et al.,

2003; McKe own et al., 2004). In fact, it ap pe ars that cer-

tain ani mals car ry three or more PrP al le les, so that re sults

such as ARR/ARR/ARQ or ARR/ARH/VRQ/VRQ, etc.

could be re por ted. The se ge no ty pes have been des cri bed

as “com plex ge no ty pes” (Daw son et al., 2003; McKe -

own et al., 2004). The se ge no ty pes are not cau sed by con -

ta mi na ti on of one blood sam ple with blood from anot her

sheep at the mo ment of sam pling. When the sheep con -

cer ned were sub ject to ad di ti o nal sam pling, the re-sam -

ples pro du ced re sults iden ti cal to tho se of the ori gi nal

sam ples. Till now, no ot her re ports on the se “com plex ge -

no ty pes” have been des cri bed in li te ra tu re.

The most plau si ble hy po the sis for ex plai ning the se

im ba lan ced pro fi les may be that some de gree of blood

chi me rism oc curs due to twin-twin trans fu si on in ute ro

(McKe own et al., 2004). Chi me ras are ani mals which are 

com po sed of two or more dif fe rent po pu la ti ons of ge ne ti -

cal ly dis tinct cells  that ori gi na ted in dif fe rent zy go tes. It

is known that chi me rism can oc cur na tu ral ly, though ra -

re ly, in twin sheep (Jönsson and Gus tavsson, 1969; Szat -

kow ska and Swi ton ski, 1996) and can lead to the de ve -

lop ment of free mart ins. Free mart ins ari se when vas cu lar

con nec ti ons form be tween the pla cen tas of de ve lo ping

he te ro sexu al twin fe tu ses, with re sul ting XX/XY chi me -

rism and mas cu li ni za ti on of fe ma le lambs (Pa du la, 2005).

The pur po se of this pa per is to test whe ther “ar ti fi ci al chi -

me rism” achie ved by mixing blood from sheep with dif -

fe rent ge no ty pes will re sult in the de tec ti on of “com plex

ge no ty pes” in vi tro. This in vi tro test will be ne ces sa ry in

or der to set a thres hold for such ca ses for the pur po se of

dif fe ren ti a ting the ac tu al PrP ge no ty pe of the ani mal from 

the in ter fe ring PrP ge no ty pe. 

MA TE RI ALS AND ME THODS

Non-co a gu la ted blood sam ples of sheep with dif fe rent 

ge no ty pes (pre vi ous ly con fir med both in blood and in

brain) were mixed in dif fe rent pro por ti ons (Ta bles 1 and 2).

In to tal, 21 dif fe rent con cen tra ti ons were ana ly zed for

each mix tu re (Ta bles 1 and 2). The ge no ty pes of the se

mix tu res were ana ly zed using a com bi na ti on of Res tric ti on

Frag ment Length Po ly morp hism and De na tu ring Gra dient

Gel Elec trop ho re sis (RFLP-DGGE) (Bos sers et al., 1996)

sup ple men ted with  real-time Po ly me ra se Chain Re ac ti on

(PCR) (Re nard et al, 2005). All sheep in vol ved ori gi na ted

from the TSE epi de mi o sur veil lan ce and were all TSE ne -

ga ti ve ac cor ding to both ra pid (TeSeE – Bi o rad) and con -

fir ma to ry tes ting (Roels et al., 2004).  

RE SULTS

The com po si ti on of the mix tu res with in cre a sing con -

cen tra ti on of the ARR haplo ty pe is gi ven in Ta ble 1. The

DGGE ana ly sis of the cor res pon ding mix tu res is shown

in Fi gu re 1. The se re sults de mon stra te that the ARQ

haplo ty pe is so le ly de tec ted in lanes 2 to 4. The in ten si ty

of the ARR band, which ap pe ars in lane 5, gra du al ly in -

cre a ses un til it be co mes equal to the in ten si ty of the ARQ

band. From this point on, the ARQ band slow ly de cre a ses 

in in ten si ty un til only the ARR band remains detectable.

The same mix tu res were ana ly zed using real-time

PCR (Fi gu re 2). The re sults con fir med that the pro bes

were in deed al le le-spe ci fic. For exam ple, in sam ple 1

(0% ARR; Ta ble 1) no flu o res cent sig nal could be ob tai -

ned with the mu tant pro be but an am pli fi ca ti on plot with

the stee pest slo pe and the hig hest va lue of re la ti ve flu o -

res cen ce units (RFU) was de tec ted with the wild type

pro be, whi le the op po si te was ob ser ved for sam ple 21

(100% ARR). Sam ples with an in ter me di a te per cen ta ge

of ARR and ARQ ge ne ra te am pli fi ca ti on plots with

smal ler slo pes and lo wer RFU va lu es, in di rect re la ti on

with their con cen tra ti on in haplo ty pe. Fi gu re 3 shows the

com bi na ti on be tween flu o res cent sig nals pro du ced with

the wild type pro be and the mu tant pro be for an in cre a -

sing of ARR con cen tra ti on. We ob ser ve a pro gres si ve in -

cre a se of the flu o res cent sig nal with the mu tant/FAM

pro be and a de cre a se of wild ty pe pro be/VIC sig nal. The

re sults of the DGGE ana ly sis of a more com plex haplo ty -

pe mix tu re, na me ly ARR/ARH – ARQ/AHQ, are shown

in Fi gu re 4. From la nes 2 to 22 the con cen tra ti on of the

DNA ex trac ted from blood of ge no ty pe ARQ/AHQ in -

cre a ses with de cre a sing con cen tra ti on of the ARR/ARH

ge no ty pe. The com po si ti on of the mix tu res is gi ven in

Ta ble 2. La nes 2 and 22 re pre sent pure ARR/ARH and

ARQ/AHQ ge no ty pes, res pec ti ve ly. The haplo ty pes ARQ

and AHQ, which be co me de tec ta ble from lane 4, cor res -

pond to 10% of ARQ/AHQ DNA ad ded to the mix tu re. In 

lane 9, cor res pon ding to 35% ARQ/AHQ, the in ten si ty

of the dif fe rent bands is almost equal. The bands cor res -

pon ding to the ARR/ ARH haplo ty pes were no long er de -

tec ta ble from lane 14. The re sults of the real-time PCR

ana ly sis of the se mix tu res are shown in Fi gu re 5. In con -

trast to sam ple 147, sam ple 127 (50% ARR – 50% ARH;

Ta ble 2) has no flu o res cent sig nal for the WT 171pro be,
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Ta ble 1. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent ge no ty pes: ARR/ARR and ARQ/ARQ.

Sam ple num ber 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Blood ge no ty pe

                     

 ARQ/ARQ (µl) 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Blood ge no ty pe                      

ARR/ARR (µl) 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

                      

% ARQ 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

% ARR 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

                      

Lane DGGE

(Fi gu re 1) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Fi gu re 1. DGGE ana ly sis of PCR-am pli fied DNA. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent
ge no ty pes: ARR/ARR and ARQ/ARQ. La nes 1 and 23 are con trol la nes that con tain three com bi ned al le lic va ri ants (mix tu re
of three plas mids: ARR/ARQ/ARH). La nes 2 to 22 are DGGE pat terns ob tai ned from the dif fe rent mix tu res (see Ta ble 1). 

Fi gu re 2a. Flu o res cent sig nals for the WT pro be/VIC (Q /
co don 171).

Fi gu re 2b. Flu o res cent sig nals for the mu tant pro be/FAM
(R / co don 171).

Fi gu re 2. Real-time PCR ana ly sis. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent ge no ty pes:
ARR/ARR and ARQ/ARQ. Only the re sults of five mix tu res are shown (0, 25, 50, 75, 100 % ARR). The num bers on the
graph cor res pond to the mix tu re num bers (see Ta ble 1).



but it does have an am pli fi ca ti on plot with the stee pest

slo pe and the hig hest RFU va lue for the mu tant 171 pro -

bes. It also de mon stra tes a sig nal for the WT 154 pro be,

but no sig nal for the mu tant 154 pro be. Sam ple 147

shows an in ter me di a te in ten si ty with both 154 pro bes

(50% ARQ – 50% AHQ). We also ob ser ved a strong flu -

o res cent sig nal for co don 171 with the WT pro be, but no

(or a very low) sig nal with the mu tant pro bes. The re mai -

ning mix tu res de mon stra te a sig nal in di rect re la ti on with

their con cen tra ti on in haplo ty pe ARR, ARH, ARQ and

AHQ. Fi gu res 6a and b show the com bi na ti on be tween

flu o res cent sig nals of wild type pro bes and mu tant pro -

bes for an in cre a sing of ARQ/AHQ con cen tra ti on for

co dons 171 and 154. We ob ser ved a pro gres si ve in cre a se

of the flu o res cent sig nal of the WT/VIC pro be and a de -

cre a se for two mu tants pro bes (Fi gu re 6a). 

DIS CUS SI ON

Free mar ti nism is a com mon form of in ters exu a li ty

found in catt le and sheep (Rejd uch, 2001). It oc curs in

twins of op po si te sex and re sults from the ex change of
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Fi gu re 3. Com bi na ti on be tween flu o res cent sig nals of wild 
type pro be and mu tant pro be for in cre a sing ARR con cen -
tra ti on. Mix tu res of two non-co a gu la ted blood sam ples of
sheep with dif fe rent ge no ty pes: ARR/ARR and ARQ/
ARQ. They are mixed in dif fe rent pro por ti ons, va ry ing
from 0 (= 0%) to 200 µl (= 100%), with ra ti os of 10 µl (=
5%) (see Ta ble 1). 

Fi gu re 4. DGGE ana ly sis of PCR-am pli fied DNA. Mix tu -
res of two non-co a gu la ted blood sam ples of sheep with dif -
fe rent ge no ty pes: ARR/ARH and ARQ/AHQ. Lane 1 is a
con trol lane that con tains three com bi ned al le lic va ri ants
(mix tu re of three plas mids: ARR/ARQ/ARH). La nes 2 to
22 are DGGE pat terns ob tai ned from the dif fe rent mix tu -
res (see Ta ble 2).

Ta ble 2. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent ge no ty pes: ARR/ARH and ARQ/AHQ.

Sam ple num ber 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147

Blood ge no ty pe

                     

 ARR/ARH (µl) 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Blood ge no ty pe                      

ARQ/AHQ (µl) 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

                      

% ARR 50 47,5 45 42,5 40 37,5 35 32,5 30 27,5 25 22,5 20 17,5 15 12,5 10 7,5 5 2,5 0

% ARH 50 47,5 45 42,5 40 37,5 35 32,5 30 27,5 25 22,5 20 17,5 15 12,5 10 7,5 5 2,5 0

% ARQ 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 30 32,5 35 37,5 40 42,5 45 47,5 50

% AHQ 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 30 32,5 35 37,5 40 42,5 45 47,5 50

                      

Lane DGGE

 (Fi gu re 4)

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22



he ma to poi e tic tis sue cells that ta kes pla ce through ana -

sto mo sed ves sels of the fe tal mem bra nes that are for med

in the ear ly pos tim plan ta ti on sta ge of in trau te ri ne life af ter a

ge sta ti on pe ri od of  30-40 days (Lil lie, 1917; Jönsson and

Gus tavsson, 1969; Zhang et al., 1994). In the case of he -

te ro sexu al twins, the sexu al de ve lop ment of a fe ma le

co-twin is al te red due to the ac ti on of the male hor mo nes

that are pro du ced by the male co-twin (Szat kow ska and

Swi ton ski, 1996). An ex change of he ma to poi e tic stem

cells be tween the se two fe tu ses also ta kes pla ce (Szat -

kow ska and Swi ton ski, 1996), an ex change which is

sta ble and re sults in long-term post na tal he ma to poi e tic

chi me rism (Zan ja ni et al., 2005). This re sults in stem

cells from one twin being pre sent in the ot her and vice

ver sa (Szat kow ska et al., 1998; Keszka et al., 2001; Ver -

berckmoes et al., 2002), which is evi den ced by leu ko cy te 

sex chro mo so me (XX/XY) chi me rism. Se ver al ca ses of

in ters exes in sheep have been des cri bed (Jönsson and

Gus tavsson,1969). The re are even re ports sug ge sting the

he re di ta ry ten den cy of cert ain breeds to de ve lop pla cen -

tal ana sto mo ses be tween co-twins in sheep (Gill and Da -

vies, 1991; Szat kow ska and Swi ton ski, 1996).

Ne ver the less, the cho ri ons of twin sheep com mon ly

fuse, but ana sto mo sis of blood ves sels is rare (Jönsson

and Gus tavsson, 1969). Although free mar ti nism is li ke ly 

to oc cur in only 0.03 % of the to tal sheep po pu la ti on

(Smith et al., 1998), re cent stu dies in di ca te that the pre va -

len ce of free mar ti nism in sheep is in cre a sing (Par kin son

et al., 2001).

Till now, no stu dies on the de gree of blood cell ex -

change in such ca ses have been pu blis hed. Qu es ti ons

454 Vlaams Dier ge nees kun dig Tijd schrift, 2006, 75

Fi gu re 5. Real-time PCR ana ly sis. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent ge no ty pes:
ARR/ARH and ARQ/AHQ. Only the re sults of five mix tu res are shown (0, 12.5, 25, 35, 50 % ARQ). The num bers on the
graph cor res pond to mix tu re num bers (see Ta ble 2).

Fi gu re 5a. Flu o res cent sig nals for the WT pro be/VIC
(Q/co don 171). 

Fi gu re 5b. Flu o res cent sig nals for the mu tant pro be/FAM
(R/co don 171).

Fi gu re 5c. Flu o res cent sig nals for the ot her mu tant pro be/
VIC (H/co don 171). 

Fi gu re 5d. Flu o res cent sig nals for the ot her mu tant pro -
be/VIC (H/co don 154). 

Fi gu re 5e. Flu o res cent sig nals for the ot her WT pro be/
FAM (R/co don 154). 



such as what per cen ta ge of the co-twin’s blood is ex -

chang ed re main unans we red. When blood cell ex change

is only li mi ted, “com plex ge no ty pes” may not be de tec ta -

ble with the cur rent ly avai la ble tech ni ques or they may

only be de tec ta ble at a high ra tio of the li mi ted al le le in the 

blood mix tu re. When he ma to poi e tic stem cell ex change

was abun dant, the de tec ti on of the dif fe rent al le les was

pos si ble at lo wer ra ti os of the blood mix tu re. In fact, a dif -

fe ren ce of 5% in the ra tio is suf fi cient to de tect the ot her

al le le in a blood mix tu re. The two tech ni ques used make

it pos si ble to de tect the pre sen ce of com plex ge no ty pes.

When cur ves are ana ly zed in real-time PCR, such as

for exam ple ARR/ARQ and ARQ/ARQ, the only dif fe -

ren ce is no ted for pro be 171. Pro be 171-VIC (Q) has an

am pli fi ca ti on plot with the stee pest slo pe and the hig hest

RFU va lue for ARQ/ARQ (ho mo zy go te), but for ARR/

ARQ (he te ro zy go te) the slo pe be co mes less steep and the 

in ten si ty de cre a ses. We can ap ply this ob ser va ti on to

com plex ge no ty pes. The pre sen ce of a haplo ty pe is ea si ly 

de tec ted and the flu o res cent in ten si ty and the slo pe of the

cur ves de ter mi ne the im por tan ce of this haplo ty pe. A

sharp slo pe and strong in ten si ty in di ca te that lar ge

amounts of the pro be are fixed and re ve al the im por tan ce

of the cor res pon ding al le les. In Fi gu re 2, the sam ples 1

(ARQ/ARQ) and 21 (ARR/ARR) are clear ly iden ti fied

as being ho mo zy go te, whi le sam ple 11 can be re gar ded

as ARR/ARQ he te ro zy go te. A com bi na ti on of in ter me -

di a te cur ves for dif fe rent pro bes, al ways com pa red to

non-com plex ho mo zy gous and he te ro zy gous con trol

sam ples, can pre dict com plex ge no ty pes. For exam ple,

the cur ve pro fi le for sam ple 6 is be tween that of a ho mo -

zy go te and a he te ro zy go te for the WT pro be. At the same

time, its pro fi le for the mu tant pro be is be tween non-de -

tec ti on and a he te ro zy go te. This re sult is not pos si ble for a 

sim ple ge no ty pe. It is in di ca ti ve of a com plex ge no ty pe

with two different al le les. In Fi gu re 5, a com plex ge no ty pe

with 4 dif ferent al le les is shown (ho mo zy go te pro fi les are 

not re pre sen ted in Fi gu res 5b and 5c). For sam ple 132,

cur ve pro fi les be tween non-de tec ti on and a he te ro zy go te

were found for all three pro bes. It is clear that, des pi te the

fact that the pro fi les be co me more com pli ca ted, the de -

tec ti on of com plex ge no ty pes with more than two dif fe -

rent al le les is ea sier.

Using the ana ly sis in DGGE, the in ten si ty of la nes gi -

ves an in di ca ti on of im por tan ce of dif fe rent al le les, but in

this case the tech ni que for de ter mi ning a com plex ge no -

ty pe is less po wer ful. Most tech ni ques de tect the dif fe rent 

al le les only qua li ta ti ve ly, whi le quan ti ta ti ve tech ni ques

are ne ces sa ry to re ve al the pre sen ce of more than one of

the same al le le. This is es pe ci al ly the case in chi me rism

of ge no ty pes con sis ting of only two dif fe rent al le les (e.g.

ARR/ARQ and ARR/ARR).

Cur rent ly, one of the most im por tant is su es is to de ter -

mi ne the real ge no ty pe of the ani mal. Indeed, the real ge -

no ty pe de ter mi nes the offspring ge no ty pe, which  is the

ba sis of the bree ding pro gram for TSE re sis tan ce via se -

lec ti on of the ARR al le les (E. C. De ci si on 1803/2002).

“Chi me rism” has litt le im por tan ce in this pro gram and

we are qui te con fi dent that the two tech ni ques show real

ge no ty pes and in di ca ti ons on the pre sen ce of chi me rism.

To this end, the real-time PCR tech ni que is more ac cu ra te,

sin ce we can com pa re flu o res cen ce in ten si ty and the slo pe

of the cur ves. Ho we ver, con trols should al ways be used

(ho mo zy go te, he te ro zy go te for each pro be) when ma -

king com pa ri sons.  

In con clu si on, this stu dy de mon stra tes that if the com -

plex ge no ty pes di ag no sed in vivo are due to blood chi me -

rism, they can to a cert ain ex tent be de tec ted by the se

tech ni ques. Ho we ver, a real field stu dy of cert ain sheep

bree ding li nes and/or twins is nee ded to con firm this hy -

po the sis and to quan ti fy the in ci den ce of the phe no me -
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Fi gu re 6. Com bi na ti on be tween flu o res cent sig nals of wild type pro be and mu tant pro bes for in cre a sing ARQ/AHQ con -
cen tra ti on. Mix tu res of two non-co a gu la ted blood sam ples of sheep with dif fe rent ge no ty pes: ARR/ARH and ARQ/AHQ.
They are mixed in dif fe rent pro por ti ons, va ry ing from 0 (= 0%) to 200 µl (= 100%), with ra ti os of 10 µl (= 5%) (see Ta ble 2).

Fi gu re 6a. Com bi na ti on of flu o res cent sig nals of 171 pro bes. Fi gu re 6b. Com bi na ti on of flu o res cent sig nals of 154 pro bes.



non un der na tu ral con di ti ons in dif fe rent breeds and ge -

og rap hi cal are as. In the fu tu re, it would be in te res ting to

work with a wild chi mer, com pa ring blood and tis su es to

de ter mi ne the real ge no ty pe in an ef fort to eva lu a te real

com plex and ar ti fi ci al chi me rism. 
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