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Transferrin and Hemoglobin Polymerphism in

Feral Horses (Equus caballus)

Abstract

The Nocth Anualcas ferel horse (Eqeus cakaiiod) 3= quiie whrandexi (45, LRI, ye Iuitle 32 know= whocl their origine, the
genetic mmpasities oF thiz populstion, or their relitinnship 2o demestic frocdi To sudy thess relubosstips wa sxa=ined
“rabein eerislions 12 hesoglobiz wad the plasma ey riaderis pmorg fieral and domesstic forees 10 assess theer rlarion.
#2p fo nne acntrer, Eighresiz Ferad horses frem eix penctically isplazed herds cepr esented (1] Prysr Moonoalz, MT,05) {hadliz,
[D, 451 Moo, Gh, (4) Fowell My, ¥V, (3) Devil's Lake, CA and Kiger Pl O Wine domesti hinises S=soribed as Barhs,
fromn Furlsrsille, CA were glss axamined. Plasma trazsfrrring were separased oy polsazryamide gel ltropharesis whole Biod
wae snbinciod 1o woelesitie Fousing u bdentify hemegeabin polvaarphiene Four different frenafurca varicnts wems identilicd
wrd tan Praorand Challie zorves diffeved signifeamtly (P < Q0T from the eztice populetion in translerrin Zreqgennces, Intar
hrtl wiraTion was bess wmnng the: s far wewtarn bards Cean beowesn themerdves and the Pryoe ens Chelis horgee, Fuur hemaghobin
sllelizs were idennfied, snd Gals the Preor hiorsss Galed oo confarm 1o Hlféf'WEinhﬂ; equilibridim, The Fortervilli Barks were
ieddatinguiahade from she feral Borves om 1e basis of wransferrin end hessoglebin pobmurphise It cppears the Frace Eores
and ta @ lesser dagree: the Chass Borees, huve diffesent rramederrin wndio tamngichiz palymorpkieme from the e ocher herds
. general, they sicew 385 diversily emeg these two paramelins The apusee for this Lok of divereity wre ot Gnown but may
be fae result of & pogelision botlenesh end geneiie drift, ur scleientaly diffent coggos iroar the ethez herds

Introduction

Tn spite of & relatively large population, relatively
litle 12 known about sither the origin or iolegy
of the North Amercican feral horss [Eguus
rebollusl, These homes, eatimated at 45,000 10
50,006 in number, represont & myriad of breeds
snd it has become increasingly apparent that
feral horsss are pot & homageoous populetion,
There appear 1o be gignifieant differences be-
tween feral hefges and their domeatic counter.
parts, and between difforent herids of fersl hoTses
with respect to snatomy (Hall 1972}, size (Hal!
1972, Dephardr 1948), eolor patterns (Hall 19572,
Peiet (971}, bebavior (Raxd 197%, Milter 1979,
Nelsan 1980, Klingsl 1979), adrenal physiology
(Kirkpatrick er al 1977} and reproductive biology
iKirkpatrick and Turner 1986}, However, the
cforementionsd  differences  botwesn  various
populations of fernl horses and bietween feral
horsoe and daomestic horses are the interpeets-
tiops of sodeerinalogists, behaviorists, and
reproductive phyvziologiste. A shift o genetic
studics 15 & logical next approach to learning
more anont the diversity of feral hories.

The examination of serom proteine has been
ased mecessfilly to distingeish varlous breeds
af domestic horses {{}EJUH! ”}'ﬁﬂ, Eaminski 1965,
1063, 1070, Helme and Allen 1971, Alien and
Dalten 1975) a8 well ns for waciou: captive

nopulatives of Praewalskis's Horse {Podlizehonk
and Kaminski 19711, mules, donkeys and sobras
{Blake o¢ ab 1981, Osterhoff 1960} and leclandin
ponics (Hesseltior 1966) Kamineki (1978} haa
shawn differences in transfarrin phenctypes
which are striking snd significant for differeat
horee bresds and populations,

Kilmartin and Glage (1967) and Cloge (1970
demnnstrated four distinet heritable slphachain
sequences. [solectric fucusng techniques have
heen used by Ryder e ol (1579) to identify
hemoplobia polymorphisms and their frequencies
in E. proemolsis,

Sigee no provious studies of Fern! horse
genetics have bean teported, it was of interest
to examipe thiz aspect of theie bislogy. Conse-
quently, sllefie variations and frequenaies al the
trunafierrin locus, and of hemoglobin were ex-
amimed ameng six geoetically isnlated feral borse
herds in the western United States aod & herd
of domestic horses deseribed as Barks,

Methods and Materials

Whele bluod sed plasma sumples were eollected
fram 86 ferzl horses from six diffsrent 2od
reproductivily isnlnted herds, The herds incladed
Prvar Mountain, Montana (N = 8}, Kiger Platean.
Oregon (M =211, Challis, Idaho (N="9), Madoe,
Cn (W=231 Powell Meuntnin [[ave National

Morthwest Science, ¥al, 62, Ma. 1, 1598 2]



Forest, Nevads) (% =8), and Devil’s Lake, CA
(N = LTy (Figure 11 Whols blood and plasms were
nizn callested from oise domestic horses helong:
ing to the Wild Horse Research Farm in Porter
yille, CA: These latter horses were sxid m he
Barbs, & hreed originatly dodigenous 10 North
Africa, Bisod wase callectsd by venipupctiars from
horzes gathered by rownduep, and stored frozen
as p]a,ama_ or who'e blond, T8 was 'imPI.i-.IHiJ.‘-L:"' 4}
geparate horses by harem band aod berd Joca-
tion wae the only rharucterization posaible,

Figure L, Gesgraphle leeation of shedy herde,

Transferrins were separated from gther bood
proteins by vertical polyacsylamide slab-gel elee.
trophnresis ns described by Maizel (1%71) Stark
ing and resolving gels wars 2.5 peccent snd 7.5
percent polyscoylamide respectively, Samples
were prepared for electrophoresis by placing 3
micraliter plasma aliguots fin 3 microliters of
Tris-chizride buffer/glveernl, pH 6.7, and ooe
microliter of 0,25 pereent bromphenal blae, Five
microliter sampies of this mixters were subjected
ta electrophorssis,

Elcotropharesis was corried oul on an LKD
Multiphar 2117 elestoephoredis uaid. The buffer
system was Tris-glveine, pll 8.3, a5 described by
Davis {1964). Preelectcophoresis, s condition
necessary for concentrating the protzin sample,
was carried out for t2n minutes at SOmA and

oo Kirkpatrick and Gilluly

230 Y, The remuainder of the rup was carried sut
at 200 W pnd 1020 fur foor howrs, Froteing weone
stained with (L0285 pereent Ceosasie Hlue H-250
and & pereent acatie asid, Gels were stored in 3.5
pereent azetic weid and photepgrapbed against &
light tahle.

Hemaoglobin polymerphiom was examaned Ly
isveleoLric focusing as dessribed by Ryvder (1578
The soelectric locasleg waz sarried aut in 1.5
mm, 5.8 percent polyacrylamide berizental slab
gel: oe an LEB Maltipher onit, Three mlaf pH
&8 amphaline (LR} was incorporated i each
gel. Blood samples were preparsd by placing 20
microliters of ved cell hemolyvsate in 50 miora-
liters of 0.1 parcent KCN, The hemolysats KEN
mixturs wag abzorbed in 5 ¥ B mm Bhatman No.
3 filtor paper sod placed directly oo the gel oo
the cothade side. The anode Loffer was | m
H.PO, and the cathode buffor was 1 m NaOH.
[soelectric focusing was carried out a1 25 mA 2od
400 %, ar 10PL, for A0 minotes, ofter which tha
filter paper was removed. The fovusing was aom-
tinued at 800V for three hours, Gels were fixed
in 125 prroent trichloroacetic ascid

Dhata were reated statistically by chisdgquare
analyzis. DiTerences were considersd significant
at the P« 000 leval of confidenee.

Results

el clectrophoresis yiehied four traosferrin
phenotypes amang the 86 feral aad nine denestic
horzes. These four alleles, depicted in Figure 2,
were identified a= JF1, Msl, Ljl, and Lzl accord-
tog to the classification scheme of Kaminsii
{1976}, Table 1 gives the frequencies for cach
allede,

Chi-zquare analysis of observed allele fre-
guengize did not, for the mast part; violate thoss
expected in o Horde-Weinberg distribution. Al-
lsle frequencies for both the Pryor Mowntain
harses and the Challis borges differsd signifi-
cantly (P = 0.08) from the expectsd allele dfre
quencies for The entire population sxamined. Chi-
sguare anaiyeiz of allels frequencies between in-
dividual herds revenlied significant difflsrences 1o
14 of 21 eomparisens [Table 3 Mioe of those
sigrificant differences {or 64% of the total
sigotficant differonces) wers found betwepn the
Pryar Moustain borees {31 and other herds and
the Challi= horses {4) and ather herds.
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Flgure 4. Bending pazterns for che four mansterrin poly

macphiems. The fvar differset forme of E2a anzyma
tranztarrin pre indsoaind by she pootess bande b
vaen the deshe: lines.

Particnlar alleles wers alzn =xamined for
unigqueness lo populations. The Ljl allels wes

found loanly two populations, the Pryor Moun-
fzut aod Powell Mouatain herds Lo the Peyor
Mountain hecd 1t rve-.prumn:zd. thres of the nig]ﬂ
horess pxnmined I:FI-T.E-%}, whereas in the Pawell
Mouontein herd it waz found in oniv one of the
cight horsss, The Msl alieie wos maost comman,
being displayed in all herds except the Challis
groap. In the other six herds this allsle presented
at & higher feeguency then any other, In the
Challis herd ooy the J6T allele was evidant; this
herd was the oely one 1o demonstrute o single
gllele type. Several herds (Kiger, Mudao, Powell
Mauntain and [evil's Lake) contdined harees
possessing allele tvpes unique to them within
ench :|.||:||'.|u]u.1.'inn.

Isvelecinia focusing of hemoglolin resulied
:iﬂ E:i:}lfr 1w nr !-aur bﬂ.l'l.d.l I.FI.I'I.H l'lllﬁl'i 1T l'll:l.l'l.l']l
al the F‘H B ude of the g-.-.| TEpTessn elaw!!
alpha kemoglobin, with glvzine, while the hand
o hands ot the F'H A gide represent “fast"! uiph.q-
hemoglahin, with wglutomine, In turn, both the
fazt and slow hemoglohin varients have eicher
astyr er aaphie, both of which have different izn-
clectric prints, The genes controlling she hemo-
globin variants are labeled BL fa* -
8" ) and BIL (g = a2t The heroo-
globin genotypes for the %3 horses in this study
are shown in Takle 3, The Bl and Bl forms ap-
[eRE in nppmt'inm:‘qi}- e:e'pml numbers and the fre-
quenszies for these penes for all hesds, collecilvely,
do net differ significanthy (1" = 0,05 from thoss
pxpocied in & Hardy-Weinberg dismribution.
Among tndividual herds, only the Prvor Maun
Lain borses differed signsficanth (P < 0,02) from
2 Hurdy. Weinherg distribotion.

TABLE I Transferrin prenarype freguenmes pmeceg one domestie end son terad papulatees af harsee

Fheastrpe

Herd Liestion M In Mel Ll Lal X T

Prrar Mounzazm, MT a8 1] 3 2 [ LT Pkt
Eiger Flamzau, O 2 H (4] 0 i =03
Chelliz, [D W U 1} Q [N 2471 LA KN}
Mosdae CA =3 i 1] O 4 15 =5
Formnihl ME, MY & i 7 u] L 333 =030
[lewil's Lake: CA 17 T 0 H [H 235 EARECH |
Porterviile, 4 5 kil 3 il 1 L | =05
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TAELE 2, Lomperseon of sheyrvod ransherrin wllide Tewquensies beiwoes bhaode

Herd focation N I:'\'J:mplrl-.‘i. Te X P
Pryur Mountain H —_ —_ -
P Kiger Platenz 1530 =03
3 Callis T Y
23 Moo Z5.20 =2 L0%1
B Fosesll Mi. 444 =10
i Dievil’s Luks LA o (LG
o Porierville 8 <003
Kige Fleinan 2l - - =
G Chelhs 053 <002
3 Madap T.15 <05
g Posell Mo wid > 1d
IF Deeil's Lake 1AL 2050
G Parpzrville a5 L0
Challie ] = . e
A Mada: 2 = 0k
8 Faws Mi 1554 =00
7 Dievii’s Lake H38 = (10E
L) Fartervills 1206 < 04l
Mo 23 —_ — —_
H Fuwell ML a3 = LT
L7 Devil's Lake 1r.g2 <Ll
] Partersiils 273 e 1
Powel My H a = e
17 Dievil'n Lk =4 5] el
k| Parteevilli: 2,24 =0l
[Hewil™s Lake 17 - - .
L Horiecville L1 <l
TADLE A, ![E:rh’:ﬂlullln I:-uuul::fpl"_'i bip Hard
Geuatype
Herd Location i BB I1mit OILEIL P
Pryor Mouncun ] 5 2 | = 000
Kigur Platamu 21 5 o '] =10
Lihals 9 & 3 z =088
Mo 23 & 114 5 =5
Pawell Mowntain a ] a i Y R
Dewil's Lok [ 1 H -] L b
Purtezvills 4 L & i .50
Tulal ga #H a0 ) =L

= prnhthili'.:.- Leal grenulype Irequensy diftars from w o sormal MeodeiZan distribokes by changs

dpes)
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Dizcussion

There ars four major peints of interest which
emarge from this study of fersl horse genetics.
Firat. of ten known transferrin variants in eqaids
(Chuang and MeEenee %85 onls foure wees iden-
tified amang tha %3 horses ezamined in this
atucy, L[4 g abefar atudy of 162 feral donkeys
Blake et al (I8AD fowmd all ten variznes presenl
The ten varinnts are gontrallad ]:nl,- andominnnt
putosomal alleles (Gahne 1966 zod impart oo
known selective advantages, Coosidering the
probable diverae arigins of the preaedt day Tapal
horse herds, it might be exposted thal a laegee
number of variants would axist.

4 second signifieant feature of this shedy i
the possibility that one or moce of the Zeral horse
hords Dnvestigated possessss significant gonetic
differences fromm the others. The hvpothesis
teated was that the trapsfecrio Jeet tn all six feral
herds and the domestis herd were in equilibrivm,
Thais ]L_l.'pl'.l[huﬁla ks n.*jl:u.'Lud. for Lals tis P.r:ﬂ:r:
herd (X7 = 2388 P = {02} and the Challis herd
(X* = 2471, F = 0021 Additippally, the
bypothezia that heooglobin pelymorphiam soe-
fermed wra Handy-Welnberg disiribetion among
the 95 harses oollectively and among such herd
wus lested. The hypothesis thot the hemoglobin
pulymorphisms conformed to Hardy Weinberg
l?l.]u:UL:i.Ll:u Arig the eotice %5 borsed wus ool
rejapted (X = .59, P > 0.7 bur equikibriom
poong the Pryor horses was rejected (X2 = &0,
B o= 003, This suggesta that these two herds,
the Prynr and Challis popuelations ([} have exs
perienced 2 grest deal of inbreeding over the
venrs, (2] have different origing, o7 {3) have passed
through signiticant gpenetic bottlenecks semetime
i the pasi. The Pryor Mounbain hecd L= well
izalated by the Bighorn Basin of Wyoming and
the Prver Mountaing of saatern Mootara. Sim-
tlarly, the Challis horses are ssparated from ather
berds by the Solmer River to the rorsh, and
mounidins Lo the east, south and west. The re-
maiming four feral herds, knweyver, extend seross
a region—weastern Nevada oorth across northern
Califoroia and inta central Oregrn—in which
mbgration powld E:ll-'i:':.' kave acoarred, There are
na formidable barriers acroee theit eollestive
ranges {Figers 1L Conaequently, these dote sug-
geal & mixing of genes nmeng the four western:
mial Berds and = geastie isolation among the
Pryor and Challis hecds, whick is then reflected

in differencas i transferein and hemoglobin
palymorphisine. It has beon presomed that the
lazgest single sourcs of feral horses wae the stock
turned looee guring the Great Depression. Dur-
ing the almost 60 vears since that time, ar 10 to
12 generations of horses, itis puraly speculative
whether sufficient migration could have occarred
tr acsnunl for the homageneity of the fowr weat-
ern herds

A secand interpretation of the differences in
pabvmarphism is thas the eastern, and porticular-
Iy the Mantana horess kad & very different arigin
than that of the western herds, Early journals
document the existence of the Preor horses os
early as 1810, Little i= known about the hread.
tvpe from which the present feral horee herds
originased, but this most be considersd as a
gnsl.-i]'!-'i]ir!.' for genstic diffsrpneae, or a lnck
thereof, nmong diffsrent populstions, & third
passibility is that of inbreeding, At the time of
this stizdy the Pryar herd had approximately 125
animals; Challis, 110 Kiger, 2515 Madoe, 491;
Powell Mooantain, 240, and Devil’s Lake, 136 The
foue westers herds bave histerically been copb-
sideranly larger than the Pryor or Challis herds,
Anecintnl evidenee indicates that tha Pryor
prpilation may have heen as bow as 1015 ani
mals by about 1900; after two hord winters in
1977-78 and 197879 1ke Pryor herd was redwosd
to ahant 30 horeeses and leas than 5 hrrnding
slallinns. Thus, the differences demanstrated El}'
this study may mml:,r refinnt graetie drift, emzred
by a kistoricn! “bettbeneck'" and a degree of in-
Yreeding in the small Pryor and Ghallis populn-
tians aod o jcoad mixing of genes in the ather
faur, I inbreeding 15 suggested, it is notewarthy
thot meither the Pryor nor the Challis herds sui-
fer from o dechne in :Fﬂ.1|'i:ng Tates, which are
grealar thian 20 pErcanl and cansistent with mpet
other westaen heeds (Kirkpatrick 2nd Tarner
15d46].

Tt i impunriznl tn exercise same caution in
J'.u.ll::p:zu':llq thess rEru.lLu, Aance |:-r|.|;|-' a small
percentage ol toial berd sopulations were s2m-
pled, OF the 125 Pryor dorses, ooy &, or 6.4 per.
cont, were sanepled. Similar perceatages of horses
from ather ranges were sampled, with the lazgest
HTOUp {Mi:lr]nn_:l =il Tr]'.rrl,-.lmnl;fng r_.r,.l}' 4.6 piercen
of the wwial papulation on that range. %hile
gtatiztical differences are evident, care must be
taken in attributing these differcoces o entire
popaiatians,

Tramaterrin and Hemoglobia Polymorphizm |o Faral Horses 235



Fioully, the cxamination of transfersin and
hemoglobin polymorphisms among the domesiic
Pocterville Barhs fail=d o provide a unique
genetic marker with whizh fo Hisring;l.'i:.'n these
borses. In faet, the similarity of the transferrin
polrmorphizems between the Porterville horses
and thess of the Foer westeen bherds, and par-
ticutarly those of the Modoe range (X* = 2.74,
P = 0.20} suggests o vomman ariging only five
of the 14 significant differences among the 21
inter-herd compariscis were found among the
faur westeen fezal berds and the Porterville herd,
Alse, with the eaception of the Pryor Mountain
kerd, the hemoglebin polymorphisms for the
pther six herds were indistinguizhable in form
and froquency from thase found o demncstic
breede (Kilmarzin and Clegg 1907} and Egsns
prresaiskd (Byder e ol 19790 The posaibilisy
that other genetic markers axist which might
diztingiish the Barbs of Portecville cannot be
riled ant by this lEmited eiady,

The determinztion of effective population
gizes in faral horse kerds wonid be desirabls
(Berg 1986). Currently there are no data avail-
able infersing geastically sffestive popelation
stzes in the pacticular herds studied, ar for thar
watler i other Morth Amscican [eral hores
herds. Avadability of appropriate sstimotss,
derived from a larger view of enrrme poly-
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