
M u c h D N A departs drastically f rom this 
pattern, h o w e v e r ; the bases fo rm series 
that are repeated thousands o f t imes, s u c h 
as A T A T A T A T . . . , w h i c h o c c u r s in 
several crustaceans. S o m e t i m e s the re
peat ing units con ta in hundreds o f bases . 
I n that genet ic is ts ' w o rk h o r s e , the tiny fly 
Drosophila, o n e class o f repeating D N A wi th 
a un i t o f m o r e than 3 0 0 bases r ecurs 
hundreds o f thousands o f t imes , and o n e 
o f the repeating units o f rye contains about 
500 bases . 

N o b o d y yet k n o w s precise ly what part 
h igh ly repeated D N A plays in the orga
niza t ion o f a ce l l . P resumably n o gene t ic 
m e s s a g e is e n c o d e d in the base s equence . 

Researchers are f ind ing e v i d e n c e that 
this D N A exerts s o m e in f luence o n genes , 
and this is n o t surprising, as at least 5% 
o f an o rgan i sm ' s D N A is general ly o f the 
h igh ly repeated form. T h e propor t ion is 
m u c h greater in s o m e spec i e s : 2 0 % or 
m o r e i n Drosophila, for example . 

One sequence of more than 
300 bases in Drosophila's 
DNA recurs hundreds of 
thousands of times. 

Which modern research tool has caused zoologists to 
rethink their classification of wallabies, is helping 
farmers find out which wheat-rye hybrids come under 
the jurisdiction of the Wheat Board, and has resolved 
the mystery surrounding the origins of an Australian 
all-female grasshopper? 

T h e answer i s : h igh ly repeated D N A . 
D e o x y r i b o n u c l e i c acid, to give D N A its full 
n a m e , has attracted e n o r m o u s attention 
s ince it was d i scove red less than 4 0 years 
a g o to b e the carrier o f gene t ic informa
t ion in all o rgan i sms excep t s o m e viruses . 

T h e s c i e n c e o f m o l e c u l a r b i o l o g y is 
f ounded o n the study o f D N A : its c o m 
pos i t ion , its shape (especia l ly the we l l -
k n o w n d o u b l e - h e l i x fo rm) , its behaviour , 
and the gene t i c c o d e by w h i c h the m o l e 
c u l e ' s cons t i tuen t uni ts d i rec t a c e l l ' s 
chemis t ry . 

B e c a u s e it plays a central ro l e in the 
gene t ics and d e v e l o p m e n t o f animals and 

plants, D N A seems an o b v i o u s subjec t for 
studies o f t a x o n o m y and evo lu t ion . T h e 
m o r e c lo se l y related t w o spec ies are, the 
m o r e similarities their D N A m o l e c u l e s may 
be expec ted to s h o w . 

A l l D N A m o l e c u l e s have an ext remely 
l o n g ' b a c k b o n e ' , attached to w h i c h are the 
bases that const i tute the e lements o f the 
' g e n e t i c c o d e ' . T h e r e are fou r b a s e s , 
k n o w n as A , C , G , and T , and sets o f any 
three o f these make up units o f gene t i c 
i n f o r m a t i o n . M o l e c u l a r b i o l o g i s t s c a n 
often 'read' series o f bases , ' translating' 
the triplets in to the string o f a m i n o ac ids 
w h o s e c o d e they h o l d . 

T a x o n o m i c tool 

But , whatever its funct ion , this D N A offers 
b io log i s t s a n o v e l means o f sor t ing ou t 
re lat ions be tween spec ies . T h e tales o f 
affinity that repeated D N A has to tell c o u l d 
const i tu te a c h e c k o n the stories to ld by 
the o ther structures, habits, and func t ions 
e m p l o y e d i n b i o l o g i c a l c l a s s i f i c a t i o n . 
C o r r o b o r a t i o n w i l l s t rengthen ex i s t ing 
ideas ; con t rad ic t ion wi l l d e m a n d a fresh 
examina t ion o f all the ev idence . 

A g r o u p o f genet ic is ts i n the C S I R O 
D i v i s i o n o f Plant Industry, i n c l u d i n g D r 
J im P e a c o c k , D r R u d i A p p e l s , D r W a y n e 
G e r l a c h , and D r L i z D e n n i s , has m a d e 
several compara t ive studies o f h igh ly re
peated D N A . I n all spec ies so far e x a m 
ined , the arrangement o f repeated D N A is 
c o n s t a n t w i t h i n any o n e s p e c i e s , and 
characterist ic o f the spec ie s ; other spec ies 
have different arrangements . Bu t the ar
r a n g e m e n t s i n r e l a t e d s p e c i e s s h o w 
similari t ies . 

I n the laboratory, the researchers b e g i n 
by isolat ing port ions o f repeated D N A from 
o n e spec ies and m a k i n g it radioact ive . 
T h e n they take s o m e intact D N A f rom 
another spec ies , ease apart the t w o strands' 
o f the d o u b l e he l ix — still in their ch ro 
m o s o m e s — us ing heat or ac id , and let 
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Wheat's ancestry has been 
 ^.investigated using repeating 

D N A . 

Drosophila has several long 
repeated base sequences. 

DNA tells of species links-
by repeating itself 



the strands c o m e together again in the 

p r e sence o f the radioact ive D N A , w h i c h 

they ca l l a p robe . 

O c c a s i o n a l l y p robe D N A w i l l take the 

p lace o f part o f o n e o f the or ig ina l strands 

w h e n the d o u b l e he l ix re-forms. F o r this 

to o c c u r , the p r o b e mus t have the same 

s e q u e n c e o f bases as the por t ion o f D N A 

that it replaces . U s i n g f i lm sensi t ive to 

radioactivity, the scientists c a n find ou t 

whe ther any p robe D N A has b e e n taken 

u p and, i f it has , identify the sites that it 

o c c u p i e s . T h e n they c a n draw c o n c l u 

s ions about relat ions be tween the spec ies . 

T h e p rocedure is ca l l ed in situ hybr idi 

zat ion, because the D N A strands remain 

wi th in their c h r o m o s o m e s throughout the 

exerc i se . 

Kangaroos 

Perhaps the m o s t interest ing t a x o n o m i c 
results to c o m e f rom these exper iments 
so far arose out o f w o r k o n the family 
M a c r o p o d i d a e , t h e w a l l a b i e s a n d 
kangaroos . 

S o m e o f their f ind ings — obta ined wi th 
the he lp o f three P h . D . students f rom the 
Aust ra l ian Na t i ona l Univers i ty and D r 
John Calaby o f the C S I R O D i v i s i o n o f 
Wi ld l i f e R e s e a r c h — c o n f i r m e d c o n v e n 
t iona l t a x o n o m y . F o r e x a m p l e , all the 
kangaroos and wal labies s tudied shared 
the three probes used, suggest ing that they 
d o i n d e e d f o r m o n e re la ted g r o u p d e 
s c e n d e d f rom a c o m m o n ancestor . A n d 
the eastern and western grey kangaroos , 
o n the e v i d e n c e o f their repeated D N A , 
b e l o n g w h e r e t axonomis t s have put them, 
c l o s e toge the r bu t in separate s p e c i e s 
(Macropus giganteus and M. fuliginosus 
respect ive ly) . 

B u t , u n e x p e c t e d l y , all three p r o b e s 
p o i n t e d to the red -necked wal laby (M. 
rufogriseus) b e i n g a c l o s e relative o f the red 
kangaroo (M. rufus) and euro (M. robustus). 
N o prev ious e v i d e n c e had sugges ted this. 

Highly repeated D N A does not carry the 
genetic code. 

No detectable changes have 
occurred in the repeated 
DNA of two wallabies 
separated 12 000 years ago. 

T w o p robes a l so l inked the agi le wal 
l a b y ( M . agilis) w i t h the t a m m a r ( M . 
eugenii) — an in t r iguing result, as the tra
di t ional t a x o n o m i c criteria o f b o d y m o r 
p h o l o g y , s k u l l m e a s u r e m e n t s , a n d 
behaviour reveal n o c l o s e affinity, but their 
c h r o m o s o m e shapes and b l o o d prote ins 
are similar. 

T h e kangaroo study also suppl ied s o m e 
reassur ing e v i d e n c e o f the stability o f 
h igh ly repeated D N A over many genera
t ions . T h e researchers c o u l d find n o dif
ference b e t w e e n the D N A o f the ma in land 
red-necked wal laby and that o f the T a s -
m a n i a n fo rm, Bennet t ' s wal laby, w h i c h 
is convent iona l ly regarded as another sub
spec ies o f the same spec ies . 

I n o ther w o r d s , n o detectable c h a n g e s 
have o c c u r r e d in the h igh ly repeated D N A 
o f the t w o wal lab ies s ince T a s m a n i a b e 
c a m e separated f rom main land Austral ia 
by a rise in sea level about 12 0 0 0 years 
a g o . T h i s impl i e s that repeated D N A has 
the stability needed in a rel iable t o o l for 
evolu t ionary studies. 

Hybrid cereals 

Prope l led by plant breeders, evo lu t i on has 
o c c u r r e d far m o r e swiftly in cereals than 
a m o n g wallabies , and highly repeated D N A 
is p r o v i n g valuable i n studies o f hybr id 
plants fo rmed f rom t w o or m o r e spec ies . 

O n e hybrid cereal attracting particular 
interest a m o n g Austra l ian farmers is trit

i ca le , w h i c h , l ike its n a m e , is der ived f rom 
wheat (Triticum) and rye (Secale). Professor 
C o l i n D r i s c o l l o f the Univers i ty o f A d e 
la ide 's Wai te Agr icu l tura l R e s e a r c h In
stitute has set u p Austra l ia-wide trials o f 
20 fo rms o f triticale in a ques t to p r o d u c e 
types suitable for different r eg ions . Other 
sc ien t i s t s are ca r ry ing o u t s imi la r re
search, l o o k i n g for s u c h quali t ies as rust-
resis tance, sal ini ty-tolerance, and a l o w 
d e m a n d for water. 

T h e nuc l e i o f triticale ce l l s are essen
tially wheat n u c l e i w i th a n u m b e r o f rye 
c h r o m o s o m e s added . I n Canber ra , D r 
R u d i A p p e l s has deve loped a t echn ique 
that s h o w s c lea r ly w h i c h rye c h r o m o 
s o m e s e a c h variety o f triticale possesses . 
T h i s t echn ique invo lves c l o n i n g h igh ly 
repeated D N A to p r o d u c e a purer p robe 
than c a n b e obta ined by the usual isola
t ion p rocedure . 

S c i e n t i s t s c o u l d e v e n t u a l l y r e l a t e 
a g r o n o m i c a l l y desirable quali t ies in par
ticular plant l ines to the c o m b i n a t i o n s o f 
c h r o m o s o m e s that the plants con ta in . 

R y e ce l l s con ta in seven pairs o f c h r o 
m o s o m e s , but f e w triticale varieties p o s 
sess the full set. Hybr ids wi th fewer than 
four pairs are off icial ly d e e m e d to c o m e 
under the jur i sd ic t ion o f the Austra l ian 
W h e a t B o a r d . H i g h l y repeated D N A is 
he lp ing de te rmine to w h i c h bureaucrat ic 
ca tegory e a c h variety m u s t be ass igned. 

T h e other triticale ancestor , wheat , it
se l f boasts a c o m p l e x history o f hybridi
zat ion be tween w i l d grasses. S i n c e the 
gene t ic c rosses have p robab ly been o c 
cur r ing over at least 10 0 0 0 years, wi th 
man ' s intervent ion l imi ted to the se lec 
t ion o f desirable hybrids , wheat ' s c h r o 
m o s o m a l heri tage is sh rouded in s o m e 
mystery. 

T r a d i t i o n a l t e c h n i q u e s o f ce l l s tudy 
s h o w e d that s o m e wheat ce l l s con ta ined 
the c h r o m o s o m e s f rom t w o ancestral spe
c ie s , and s o m e had those from three. U s i n g 
h igh ly repeated D N A , the C S I R O research
ers have c o n f i r m e d this , and have nar
r o w e d the list o f suspects in the hunt for 
the d o n o r o f the m o s t myster ious set o f 
c h r o m o s o m e s , k n o w n to geneticists as the 
B g e n o m e . 

A n y i n f o r m a t i o n o n the ances t ry o f 
w h e a t h o l d s p o t e n t i a l v a l u e to p l an t 
breeders , as it c o u l d he lp t h e m under
stand the p rocesses by w h i c h quali t ies 
s u c h as h i g h yie ld and disease resis tance 
b e c o m e established in a species . T h e same 
cons idera t ions apply to other cult ivated 
spec ies s u c h as ma ize , w h i c h the C S I R O 
scient is ts are currently invest igat ing. 

T h e study o f triticale ho lds s imilar in
terest, emphas iz ing as it d o e s the speed 
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Trit icale c h r o m o s o m e s lined up for 
inspect ion: this variety has six pairs o f 
rye c h r o m o s o m e s (bo t tom r o w ) , labelled 
with a radioactive p r o b e . T h e wheat 
c h r o m o s o m e s ( top two rows) have not 
taken up the p r o b e . 

wi th w h i c h c h a n g e s c a n o c c u r and the 
c o m p l e x i t y o f s o m e o f the n e w c h r o m o 
s o m a l c o m b i n a t i o n s . S o m e t i m e s t he 
c h r o m o s o m e s f r o m different ances t ra l 
spec ies actually swap sec t ions , so no t o n l y 
the n u c l e u s , but even an individual c h r o 
m o s o m e , may b e a hybrid. 

I n triticale, s u c h hybrid c h r o m o s o m e s 
appear m o r e stable and better e q u i p p e d 
to g o successfu l ly th rough ce l l d iv i s ion 
than pure rye c h r o m o s o m e s . T h e use o f 
h i g h l y r epea ted D N A for the d e t a i l e d 
characterizat ion o f triticale c h r o m o s o m e s 
may prove important in he lp ing scientists 
and plant breeders to understand just what 
makes s o m e varieties s u c c e e d . 

Virgin birth 

T h e p r o b l e m o f the al l-female grasshop
per was b rough t to the Plant Indust ry 
g roup ' s attention by Professor M i c h a e l 
W h i t e o f t h e A u s t r a l i a n N a t i o n a l 
Universi ty. 

L i k e s o m e o the r i n sec t s , the grass
hopper , Warramaba virgo, r ep roduces par-
thenogenet ical ly — that is, by virgin birth. 
A s a result, the individuals are r ep roduc-
tively isolated f rom o n e another, and taxo-
nomis t s f ind it hard to say exact ly what 
cons t i tu t e s a s p e c i e s . P ro fe s so r W h i t e 
though t h igh ly repeated D N A t echn iques 
m i g h t be able to th row s o m e l ight o n the 
or ig ins o f the different popula t ions o f this 
grasshopper . 

M o s t par thenogenet ic species keep their 
ancestry a secret f rom evolut ionis ts , but 
s o m e , i n c l u d i n g W. virgo, s h o w e n o u g h 
similarit ies to other spec ies to have sug
ges t ed p l a u s i b l e t heo r i e s . T h e C S I R O 
g roup ' s w o r k has n o w clarified the situ
at ion s o m e w h a t : it s h o w s W. virgo mus t 
have evo lved o n at least t w o separate o c 
c a s i o n s by hybr id i za t ion b e t w e e n s ex 
ually r ep roduc ing spec ies o f grasshopper . 

The wheat-rye hybrid, triticale. 

O n e c ross o c c u r r e d a relatively l o n g 
t ime a g o , and the resul t ing grasshopper 
subsequent ly spread over m u c h o f eastern 
and western Austral ia . A n o t h e r hybridi
zat ion t ook p lace m o r e recent ly and gave 
rise to the par thenogene t ic grasshoppers 
in a compara t ive ly small area nor th o f 
K a l g o o r l i e . I n the l ight o f this d i scovery , 
b i o l o g i s t s have r e - e x a m i n e d the m o r 
p h o l o g y and other aspects o f the grass
h o p p e r s , a n d h a v e f o u n d s u p p o r t i n g 
e v i d e n c e for the theory. 

Chromosome 'fingerprints' 
R e s e a r c h in to h igh ly repeated D N A at the 
D i v i s i o n o f Plant Industry began in 1 9 7 1 , 
w h e n D r J im P e a c o c k , n o w C h i e f o f the 
D i v i s i o n , was invest igat ing the c h r o m o 
s o m e s o f Drosophila. 

T r a d i t i o n a l n u c l e a r - s t a i n i n g t e c h 
n i q u e s had d i s t i ngu i shed t w o types o f 
c h r o m o s o m a l ma te r i a l : e u c h r o m a t i n , 
w h i c h was k n o w n to con ta in genes , and 
he te rochromat in , w h o s e c o m p o s i t i o n re
m a i n e d a mystery. T h e C S I R O team, wi th . 
D r D o u g Brutlag, n o w at Stanford U n i 
versity, Cal i fornia , d i scove red that Dro
sophila h e t e r o c h r o m a t i n i n c l u d e d l o n g 
stretches o f h igh ly repeated D N A , and that 
e a c h c h r o m o s o m e p o s s e s s e d a u n i q u e 
arrangement o f the different fo rms o f re
peated D N A , w h i c h c o u l d therefore be used 

Repeated DNA helps 
determine to which 
bureaucratic category each 
variety of triticale belongs. 

l ike f ingerpr ints to identify ind iv idua l 
c h r o m o s o m e s . 

Drosophila still features a m o n g the spe
c ies s tudied in the Plant Industry l abo
ratories. A l t h o u g h its genes have b e e n 
m o r e thoroughly studied than those o f any 
other animal excep t perhaps the labora
tory m o u s e , the study o f its h igh ly re
peated D N A has emphasized that important 
n e w d i scover ies c a n still b e made . F o r 
e x a m p l e , r ecen t expe r imen t s i n v o l v i n g 
de le t ions o f var ious p ropor t ions o f a c h r o 
m o s o m e ' s he te rochromat in have s h o w n 
that this r e g i o n in f luences the extent to 
w h i c h a gene o n that c h r o m o s o m e e x 
presses itself. 

C u r r e n t r e s e a r c h is a l s o e x t e n d i n g 
k n o w l e d g e o f the genes o c c u r r i n g wi th in 
he te rochromat in — that is , the relatively 
few g e n e s s tudding the l o n g s e q u e n c e s 
o f h igh ly repeated D N A . 

A l t h o u g h still in its infancy as a re
search t oo l , h igh ly repeated D N A has al
ready proved its wor th in several diverse 
fields, and l o o k s set to make further i m 
portant con t r ibu t ions to bo th fundamen
tal gene t ics and appl ied b i o l o g y . 

John Seymour 
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