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To clone a dinosaur

Quaggas and mammoths are extinct—but genes and proteins
extracted from their mortal remains can ‘live” again

Mike Benton

AN extinct animals be brought back to  life?
Palacon s might say “ves™, but they would
mean only they can reconstrect the bones and

mauscles and work out how the animal walked and what it ate
Yet recent rescarch that we may eventually be able to
clone an extinct animal.

Palacontolopsts have long known 1hat organic matenal
can survive in fossilised bones. In 1908, a Dr Bennett of the
Nateral History Muscum in Loadon reparted onganic tissue
attached 10 the weeth of some foswl fishes. In the carly 1960s,
several sointists in Britain and the US began 10 study the
proteins of fossil bone in more detail. Ralph Wyckodt and
colleagues of the University of Arizona found profein
collagen in fossil boae of the Plesiocene (about | milkon
years sgo! MYA) and the Miocene (5-24 MyA) The crocial
e came from an examination of ultra-thin sections of
the bomes and 1ecth of 2 vaniety of mammals under the clec-
tron microscope. Collagen, a fibroas substance that forms a
tough and fenble mat within bones, tecth and tendans, 1

characienised by a tar
Fn\n_'n of bandi ch
ibre is divided into Jight and
dark stripes which alternate

every 64 nanomctres. In the
fi matorsal,  Wyckofl
S-ubl:":hemsanx banding.

\ the spacing was
reduced 1o about 60 namo-
metres in many Plistocene
specimens, and to about 50
nanomcelres in the Miocene
fossils,  Funher, when
samples of 1hese fossil bones
and tecth were analysed
chemically, the proportions
of vamous amino  acids
making up the prolon
tarned out o be very simalar
10 those bglm the collagen in

™ -
Collagen has also been

from the Pleistocene Rancho La Beea Tar Prs of Los Angeles
showed that their amino-acid compositions were simifar to
those of modern collagen, However, older fossils had quite
different collagen, and it is chearly Nt 10 11y 10 asess
how much of these vanations actually reflect the onginal
collagen, and how much has been peoduced by the processes
of fossilmation and bunal,

Some of the amino &Kuds in bonc also occur guite
frequently in sodiments. Thus, a senous onticism of the
chemacal analyses of fossil bones could be that all of the
amino acids came from the enclossng sodiments. and that
mone, or very few of them, actually mirrored the original
collagen, So we need to measure the amino aad composition
of both the bone and its enclosing sediment as a control.

P Ina m;l‘d rc’;‘ic-' of the fmbepaolc;'m Dl-' btmcs. wn.ilGoi'
rmsieo colieagues at the Roy mal Hospi
London gbool of Dental Surgery found little evidence for
intact collagen in any foswls than the Plastocene. In
most cases, the fossils contaned contemporary proteins, but

these ns  were  most
The African was funted  likely derived from bacterial
1o extinction in 1883 But we  comtamination, In the oldest

have extrocred uy DN from @
wlpreverved dhan

samples, 400 My old, sodi-
ment and bone were very
samilar: the amino acds of

that  collagen s pot
femain intact in fossil bones
for as as might have
heen . We can expect
1o extract this protein with
any confidence only from
Pieistocene fossils, although
in rare cases small amounts
may survive from earlier
times, 3y up 10 150 MyYA at

{densificd in older fossils, v = T G o BV

mificd v fossi =3 ~ ot - of extracting dinosaur

ranging from fish, 190 My G -:ﬂ — ’L_,""'“‘: . proteins!

old of Lower Jurassic age, 10 N - e %< e oy ¥ The proteins of fossil vert-
olites, S00 My :ﬁ of chrates have already helped

a0an age. Graptohics were colonial, Roating organisms
1kt are kmown only from their 1hin external skeletons—olten
shaped just hike hacksaw blades—which are abundant in
ancient dark mudstones. Under the clectron microscope, the
graptolite’s skeleton has a regulatly banded, fbrous 31~
ance which mimics the structure of present-day collagen,
However, chemical analysis has filed to detoct any sign of
amino acuds in the graptolites. An impression, of ghost, of 1he
detailed structure of the sieleton is all that remains, and all
traces of the onginal organic have been lost

This examiple points to one of the main peoblems in study-
1ng the proteins of fossl vertehrates: the vicissitudies of preset-
vation, In geacral, the proccsses of fossilisatzon and the length
of time that a fossil remains bunied sgnificantly affect both
the protein content and its ami id composition, A fresh
bone comains about 20 per cent in by weight, whereas
a fosul boae only 1 MY odd may have only 0 0OF per cent oc
less protein. Extensive studies in the 1960s of bones and soeth

rescarchers l; mmu:e m'mndogc:l‘ cxtingt anin:db ;
wo ways by stodying immu reactions a
diwo\utng 1he sequence of bases making up cloned DNA.
~ In 1980 Jerold Lowenstein, of the University of California
in San Francisco, developed a radioimmuncassay technique
for extracting and measus u%quamnm of protein from
the t:’nﬂ 'gxuuct ank B mct:ﬂm teeth or skin are
ground 10 a fine powder, lagen 16 extracted in
acetic acid, The technique then depends on 6 immuno-
logical reactions: a species recognises proteins from another
:E:»es as “forrign™ and develops specific antibodies against
them. Extracts of collagen from fossil bones and from the
boaes of related living s are ingected into rabbits 10
prodece antibodics specilic 10 cach collagen solution. The
vanous Mmtls:.? (:\:lh_odm in ;oll::;om are then addcdnd bi‘:d the
n solutions, an  “recognise” & 1o
m “own™ mllm‘.‘l\ ntibodies derived from the collagen of
1he Same species ¢ most bisding, and those from distamtly
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related specics show less binding. The amount of binding s
measured by attaching a second, radioactively labelled angi-
body 10 the ﬁm set of unlabelled antibodies. The amount of
radioactivity in the sample then reveals the degree of binding

Lowenstcin pow studied the lmnmnol%ua
relationships of several extinct amimals. In 1981 he examined
some human fosssls ranging froe an Egy N-.n‘ mummy 3000
%_unold to a specimen of Aww aloprs trecres (149 sy okd)

hese all yielded collagen that could be tested immuno-
logcally with various \ving .>r~cs and with humans. The
results confirmed other biochemical data that apes and
humass were much more closely related, and 1hat they shared
a much more recent commoa ancestor than had previowsdy
been believed from the fossil evidence—-5-10 My, rather than
1530 My (New Scientisz, 3 May 1984, p 24)

Lowenstesn and his coldeagucs also tackied the Tasmanian
wolf { Thiacinus eynocephalicn ), an Australian animal which
looked bike 2 wolf, but whn\h
was, of cournse, a marsy

hed relative o lhc
garoo and the opossum.
Thc last Tasmanmian wolf
died about 1930, although

there are ref of more

recent !lé(::‘&t Thc
animal's relationships are
disputed: was it related
directly to the Australian
dasyund marsupials, or 1o
the extinet dog-like South
American marsupsal Bork)y-
aena? Lowenstein obtained
some muscle and skin from
3 swffed specimen in a
muscum uu? ltstcg s
mmunol?m relation-
ships. scitled  the
a:gumcm in favour of the

Moct recently, Lowen-
unns oup has cxammcd
tionships
mmct Steller’s v:a cow :
(Hydrodamalis gigas). This |
gigantic herbivorous marine -
mammal was first observed |
in 1741 on the Kamchatka ¢
Peninsula in castern Siberia. -
By 1768 it had been exier- |
minated. Bone from survive |
ing skeletons of Steller’s sea
cow was compared immunologcally with vanous living
mammals, and the closest resemblance was found with the
Indo-Pacific dugong. and with the Amenican and Afnican

manasees.

Palacontological estimates had put the time of the sea cow's
separation from the dugong at about 20-30 MY, whereas the
immunpological data sugpest something more like 4-8 My,
Funher, mlxomolo?-.al estimate for the dugong-
manatee split was about 45 My, but the pew immunological
data point 10 a common ancestor that lived only 17-20 MYA.

This molecular study, like many others, has tended to shift

COMMON ANCESIONs upwards in time—nearer 10 the present
day. Palacontologists, relying on interpretations of fossils to
place dates on times of divergence, have lended to get carried
away with “ancestor-hunting”. Thus, in the human example
mentioned above, the sticking poimt in reconciling the
palacontological and molecular dates of divergence of the
apes and humans was a fossil called Ramapithecior, dated at
14 My, This fossil was regarded] as an carly ancestral
hominid, and 1t was certxin then 1hat humans and apes must
have diverged before 14 MYA. It now scems that Rame-

Researchers can Aanvey!
-\u{n" @ peodern bn bone ot
akin, froen Rumax
ranging from o i:.;\.;--

masmean v who died SO0 yvars
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a0 (ahove) o the remaaas of an
’\'.Muh:c'.ba us (fefly o)
IO Do wers osd, A yoany

Aoy s orved in the

Russign permad t. fabore
right) I .m‘\"':v sowecr of
“EaIn” prose .‘“‘ el
-'.'...'A-m can reveal Ao closely

icular human characters, and
1 can casily be accommaodated as an carly form that was
pesther haman nor ape, or even as somewhere near the orang-
utan line. The sea cow may provide another example of the
dangers of ancester-hunting. Palacontologists bad placed the
manatee-dugong split back in the Eocene (about 45 Mya)
because an carly animal, Ectheroider, has been identified as
a dupong. A re-examination of the specimens may show that
Eotheroides is just a sca cow, with no particular
relationship 10 cither dugongs or manatecs. We must beware
of the Guinness Book of Records appecach to fossils—the
desire that is, 1o find the oldest or the first example of a
particular living growp without due consideration of the
characiers of that ;mup Does the fossil really have one or
more of the d tic features of the Nving group. or is i
merely a plausible ancestor with no such features? We mest
be suspicious of "plausible ancestors”,
The second, and moce diflicult,
olzms of extinct animals for assessing

puﬁwm do-cs not have any

cach 10 using the
their relationships

n sequencing their DNA. For the first time last year,
Russd! Higuchi, Allan Wilson and their colicagues at the
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University of California, Berkeley, sucoeeded in extracting,

cloning and sequencing the DNA of the quagga (see New
Sdﬁ:fn 13 D(eg:mbcr 1984.)9 21). T
Quaggs (Equice guagga) was a zcbra. ana
lived in Afnca but was hunted to extinction by 1883, Higuchi
and Wilson obtained a small piece of dred muscie and
connective tissuc from the sall-peeserved skin of & quagga that
died 140 years ago. They extracted DNA, buat harvested onl
Mlmmldmcamwmmdly t in i
muscle. They tested this DNA for microbial contamination
by comparing it with the DNA of the living mountain zebea
and then cloned the DNA in bactena 10 increase the amount
available for analysis. The pecces of DNA gwnnngzm
bases long, which the researchers compared with the DNA of
the mountain zebra. There were differences at only 12 bases,
and only two of these differences would have produced
different amino acids in the protein.

Such small difference in the soquences (about § per ocnt of
the bases) would be expocted between any two closely related
m:h is similar 0 ? moua!l“ of di m:’won tween

other living spocics of Eguus, the horses and zebras. Thus,
lhcqmm;‘no(ammhnydi\ L form, and the
molecular cvidence suggests a dase of MY for the split
between the mountain zebea and the quagga,

This date ‘:s ol?‘:‘mum:& .cdlbtr:ua; L?c “molecular
clock™ against dates ting of mayor lincages drawn
from the fossil rocord, The molecular clock hypothesis 1s that
DNA, and peoteins, show approximately regular mtes of
substitution in their bases, or amino acids, over time, and that

netic distance (particularly, the age of the latest common
ancestor betwoen two or more forms). In this example, the
fixed date is for the divergence between cow and human at 50
MYA, and this corresponds 1o a corrected value of 230 base
substitutions between the two, The
between g and mountain 2¢bra cormespoad 1o about §
per cent of 230, thus § per cent of 80 My, which is 34 My,

DNA has now been extracted in some quantities from the
flesh of mammoths, froeen in the permafrost of Siberia
40 000 years ago. However, most of the DNA in these cases
comes from recent bacterial contamination, and elephant-
like DNA is g:m in only tiny quantitics, and much of this
3 ing DNA for encing

deﬂ'adcd (3 mammaoth
wou bcahuumk.mmlkninwldbcdi icult 10

Sreller’s 1ea cow. digcovernd in 1741, exyince by | T68

work out Bow much the DNA had altered as a result of burial
and fossilssation,

Will we ever be able to done a dinosaur? We can obtain
collagen from Pleistocene animals (that is, up to 2 MY old),
and even from many carlier forms from the Tertary (2-65
MYA) Amino acids can occur in older fossils, bet it becomes
harder to disentangle the original veriebeate collagen from
contamination and sediment the !_’unl;_r back n:
time ome gocs. Nevertheless, small quantitics

&Tw
MYA), including dinosaurs.

collagen probably exist in fossils of Mesozoic age
11 may become possible 1o concentrate these tiny quantities
of collagen, by &:diu up huge quantitics of t?»a! bones,
of ¢ven to stimulate the multiphication of the collagen fibres
on an appropnate nutnent medium. Then the mdio-
mmmunoassay technique of Lowenstein could test the immu-
nological nhnooshmlmnuh belonging to wholly extinct
groups, with cach , and with living forms.

Much more speculative is the idea that the DNA of extingt
organisms could be cloned to reconstruct all of its g:mc
materials. The DNA from, say, a quagga, could 1 be
inseried in1o an early embryo of the mountain zebra, in the
bopes that it would take over the processes of development.
Rescarchers could take a zebra’s embeyo that had just been
Fertilised, remove its nucleus and replace it with the quagga's
DNA, The chances of success seem remaote at present, 50 we
Imv.-niont\ny 1o go before biologists can prodace a cloned
dinossur. For a start, they would have to get some dinosiur
DNA, and no-one has found any of that yet: then they would
have to clone it. And what oa earth woukd you choose for the
wrrogate mother of a dinosaur? O
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