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Ammotragus lervia: Progenitor of the Domesticated Sheep or Specialized Offshoot

of Caprine Evolution?

In a recent article in this journal, NADLER, HoFFMANN
and WooLrr?! postulate on the basis of chromosomal
characters that the ‘true sheep’ lineage (genus Ouvis) and
the ‘true goat’ lineage (genus Capra) diverged first with
the ‘true sheep’ lineage then evolving ‘through an inter-
mediate, aoudad-like form’. Behavioural studies have also
resulted in considering that the aoudad, Ammotragus
lervia, also variously known as the Barbary sheep and
the Barbary goat, is close to the ancestor of the modern
sheep2. CuRTAIN? cites studies on the primary structure
of haemoglobin C from Ammotragus lervia as suggesting
‘a close relationship between Ammotragus and the direct
ancestors of the domestic sheep, the f-chains of the A and
B haemoglobins of the latter having arisen by duplication
and mutation of the ¢-gene of the former’.

In the course of reviewing literature on the biochemical
polymorphisms of domesticated species? we have noted
that the biochemical data- at present available do not
support the idea that 4. lervia is particularly close to the
domestic sheep Ouvis aries. Data available on the amino
acid sequence of various haemoglobin chains from repre-
sentatives of the genera Ovis, Capra and Ammotragus
are summarized:

The a-chains. The wu-chain locus is duplicated (I, and
I1,) in both A. lervia and the domestic goat Capra hivcus,
but not in the domestic sheep O. aries5 ¢, although many
breeds of domestic sheep have been surveyed for haemo-
globin heterogeneity and genetic polymorphism?. The
domestic goat I - and II -chains differ by 4 amino acids.
Ammotragus 1,- and 11,-chains differ by 3 amino acids.
Yet, domestic goat I, and Ammotragus 1, differ by only
1 amino acid, a conservative replacement of threonine
for serine. Similarly, goat 11, and Awmmotragus 11, differ
by no more than 1 amino acid substitution. The un-
duplicated «-chain of domestic sheep haemoglobin differs
by 2 amino acids from 1, of Awmmotragus, whereas I, of
the domestic goat is exactly intermediate between the 2,
differing by 1 amino acid from each. A difference of this
small magnitude is not significant (and, as mentioned
later, A. levvia B¢ differs by 2 amino acids from C. hircus
B¢ and by 1 amino acid from O. aries C) but the similarity
in sequence between duplicated «-chains in domestic
goat and Ammeotragus lervia is significant?®,

The B-chains. There are sufficient differences in the
primary structure of various species-specific and gene-
tically polymorphic f-chains to allow useful comparison,
best done by the square matrix pattern of differencess,
though the original papers and a more recent source®
has been used for the actual number of amino acid dif-
ferences (Table}.

The total number of differences from other §-chains is
greatest for Ovis aries BB variant and for Ammotragus
lervia BB, 39 differences each, and least for Ovis musimon
fB,only 18. Are the comparison of total differences between
the various species statistically significant ? Using the ¥2
goodness-of-fit one-sample test?, and correcting for conti-
nuity, the y% = 11.95 (6 degrees of freedom) in testing the
null hypothesis that the total differences do not differ sig-
nificantly from the expected average difference 28.57; this
fails to be statistically significant (p approximately equals
0.07). However, SIEGEL® recommends using the more pow-
erful Kolmogorov-Smirnov one-sample test. For the order
of g-chains given in the above comparison the maximal
difference |Fo(X)—Ss00(X)| = 0.0543, which is statistically
significant at the 0.01 level where the maximal difference
must be greater than 1.63/(200)1/2 = 0.0408. The x2
test can be made more powerful by testing against specific
alternative hypotheses, e.g., the alternative hypothesis
that the total divergence of Ammotragus pB, 39, is signifi-
cantly greater than the total divergence of O. musimon
fB, 18, for which against the average of 28.57 and cor-
recting for continuity y2 = 7.00 (1 degree of freedomy),
significant at p < 0.01. Therefore, as it has the least
number of total differences in comparison with other
p-chains, mouflon 3 is much more likely to be closer to a
hypothetical ancestral ovine-caprine f-chain than is
aoudad f$B, which is along with sheep B the most diver-
gent.

The [C-chains. Ammotvagus leyvia is unique among all
sufficiently studied ovines and caprines in that some
individuals of A4. lervia synthesize a fC-like chain con-
tinuously as adults, without the requirement of severe
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[® Sheep p4 Sheep p®Mouflon 3= Goat f* Goat B Goat p® Aoudad
Sheep (Ovis aries) B 0 7 5 6 7 8 6
Sheep (Ovis aries) B4 7 0 2 3 4 5 7
Mouflon (Qvis musimon) §& 5 2 0 1 2 3 5
Goat (Capra hircus) BE 6 3 1 0 3 4 6
Goat (Capra hircus) 4 7 4 2 3 0 1 7
Goat (Capra hircus) B 8 5 3 4 1 0 8
Aoudad (4 mmotragus lervia) fB 6 7 5 6 7 8 Q
Total differences 39 28 18 23 24 29 39
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anaemia or other hypoxic stress, the unusual g¢-like chain
called fc@a), Other individuals of A.lervia synthesize a
typical ovine-caprine ¢ chain which differs by eight
amino acids from A. lervia fC) 10, Otherwise, the evolu-
tion of C-type chains is relatively conservative, for
A. lervia B¢ differs by only 2 amino acids from C. hivcus
p¢ and by only 1 amino acid from O. aries and O. musi-
mon BC1L. Another remarkable feature of A.lervia pCine)
is that the middle of the chain, tryptic peptides T-9 and
T-10, contain 4 amino acid substitutions not found in
other 8¢ chains but shared in the sequence of the foetal
chain, y, of sheep and goats.

Accordingly, the haemoglobin data suggest that A.
levvia is no closer to Ouvis than to Capra; indeed, the
nature of the «-chain duplication indicates that there is
more in common between A.lervia and C. hircus than
between A.lervia and O. aries. However, especially with
the unusual g¢®a) chain and the total of 39 differences
between A. levvia B and other f-chains, it might be best
to regard the aoudad as distinct from both Ovis and
Capra, perhaps representing an early offshoot from the
ovine-caprine stock which has retained some primitive
characters but has also evolved some uniquely specialized
ones.

Such a position would not be incompatible with the
zoogeographic information, for Ammotragus levvia occurs
n a restricted part of northern Africa, distinct from ‘the
great arc’ of Ovis in Eurasia and North Americal?, The
distinctness of Ammotragus is shown by its failure to
produce viable hybrids with either domestic goats or
domestic sheep, although development of A. lervia x C.
hivcus foetuses proceeds to term, whereas A. lervia X O.
aries fails to be conceived?s.
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In contrast to suggestions that Ammotvagus levvia is
close to progenitors of the domestic sheep, discussions of
data for both biochemical® and chromosomalt characters
suggest the mouflon, Ouvis musimon, as a better candidate.
As CLARK?® says, ‘the Barbary sheep (Ammotragus). . .,
for reasons it would be interesting to have restated, is
excluded from any part in the ancestry of African domestic
sheep’.

Summary. Data on haemoglobin do not support sug-
gestions that the aoudad Ammotragus lervia is close to a
hypothetical ancestor to the genus Ovis in general or to
the domesticated sheep Ovis aries in particular. Ammo-
tragus haemoglobin is more like that from the domestic
goat Capra hivcus than that from the domestic sheep
Ovis artes, but also shows some unique characteristics,
perhaps more specialized than primitive.
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PRO EXPERIMENTIS

A Method for Distinction Between RNA and DNA in Aldehyde and Osmiumtetroxide-fixed

Electron Microscopic Autoradiographs?

Histochemical procedures in electron microscopy usu-
ally require a special fixation or other treatment of the
tissue prior to embedding. If an investigation with tissue
fixed and embedded according to a routine procedure is
in progress and one wishes to perform a histochemical
reaction, the fixation, embedding, and preceeding ex-
periments have to be repeated. This is especially time-
consuming with electron microscopic autoradiography,
as the exposition time of the autoradiographs ranges from
weeks to several months.

The present paper shows that the so-called ‘regressive
staining method’ described by BERNARD ? for the distinc-
tion of RNA and DNA on aldehyde-fixed tissue can also
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Processing and staining of autoradiographs for conventional contrast and RNA-DNA differentiation

Solution

Time of treatment for

Conventional contrast

RNA-DNA differentiation

5 min
a few sec

Microdol -X- (Kodak)
Dist. water
Na-thiosulfate (3%)

Dist. water (room temp.} 3% 10 min
Dist. water 37°C 30 min
Acetic acid 37°C 15 min 4%,
Dist. water (room temp.) 3% 5 min
Uraniumacetate 2,5%, in dist. water 6 min
Lead citrate® 3 min

no longer than 3 min

5 min

a few sec

no longer than 3 min

3 % 10 min

30 min

up to 20 min, up to 8%,
3% 5min

none

3 min




