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1 Mendel 

and 

Pea Plants 

\VE AU. K'\'O\V that children usua1Jy J'esemhle their par 
ents .  A child will have some features like those of its 
futhtr, others llke those of its mother. 8r()thcrs or sis
tel's wiU often look alike. 

·11111 parents will have tall chiidren; blut-Cyc�I parents 
will have blue-eyed children; bkLck-skinnecl pa.reots will 
have b�•ck-skinned children. 

These phydcal cl,aracteristics are inherited. 
This is true not only or human beings, but also of 

animal., and plants. Young living things resemble tl1cir 
rxi.rents. An oak tree docs nOC give birth to a giraffe, 
aod an oyslcr does not give birth to a clru1dc:lion. For 
that matter, hm beagles do not give birth to a spaniel. 

How docs lnheiit::mce take place io such a wny that 
ph)'sicaJ characteristics arc paSS(...'<.I on from pa.reots to 
their )'Otmg? 

It is hard to tell in human beings. In the Grst pla.C:.'t\ 
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GREGOR JOHANN MENDEL 1822-1834 
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there are so many different dutntcteri.st:ics th:,t it is hard 
to keep Lnic.k of all of them. Then, too1 it takes a long 
time for childreo to grow up so thal you can study their 
characterisLjcs a.od oorn[»trc them to those of their par
tnts. 1t would also help to have a great 11uinbc�r of chil
dren so that )'Ou <.,,)uld study many cases, and a single 
t)llir of human bein..�s don't really have e,,ough of them. 

Finall}', you cao·t actually experiment. You can't try 
to arr.mge to have a man with a lo,,g nose ma1ry a 
,vo,na,, with a short n0$c in order to see what the noses 
are like in their childl'ell. )bu can't then arrange to have 

a mail with a shorl nose many :1 ,1;uman with a long 
nose to see if that makes a differe11e<:. )(}u just have to 
look an)und for those people who ;we all'ead)' ,narricd 
and try to 6nd interestiog ca�es autong tl1em. That can 
take a long. long time. 

Over a century ago, tJ1ough, an Ausbian monk 
nam(xl Gregor Johann Mendel (�1 EN-del, 1822-1884) 
had an idea. 

What Mendel really wanted was to be a high sd1ool 
teacher. hut he had to pass an e.iuunin�1tion for that job, 
and he failed three times. He was very disappointed, 
but he decided he "':,uld fod better i f  he devoted h im 
self to his hobby, which was botany, the study of plants. 

Tilat was wl1en an idea came to him. In 1857, he 
decided that breeding plants wa� the best w:�y to study 
the inhedl:ftn<.-c of physical characteristics. For one 
thing, plants stay put, so you can <.'(mtrol them easily. 

·nu::n, too. you can easily control plant breeding. 
Plants produce sex ,:ells in tht.: Dower: At the center of 
most 00\vers there is a pistil conta.iJling ao egg cell in 
the ovule. )bu can take 1,cllen (containing a sper1n cell) 
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CROSS-SECTION OF A FLOWER 

from one plant and put it on Lhe pistil of a.nothcr pkmt, 
in any oombination you wish. This is cross--polli,wtion. 
\Vhc;u tlu} pollen lands on the top of the pistil it grt)\vs a 
tube dawn which the sperm cell travels. It unites wilh 
the egg <.-ell in the ovule in a pn)(.'CSS callc..'<.I fertiliza
tion. After fertilization, the ovules develop i11to seeds 
whid) can be plant(..'() and which will quickly grow. 
Then you can compare the chatacteristics of the new 
plants with the old ones that produced the pollen 
grains and the ovules .  

In foci, you c<m take the pollen from o pru1icular 
plant and put it on a pistil of the same plant (se/f-1m· 
lim,tion). The seeds that would be produced in this way 
would have but one J)ar(:nt that was both father :tncl 
mothei: Thot could simplily thing.,. 
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MENDEL'S GARDEN IN BRONN, AUSTRIA 

For eight years, :vJeodel pollinat<.'<I pea plants in dif
ferent ways and studied the results. 

As a,, e.xample, he started with pea plants that were 
quite short when they \Vere full-grown-only about 011<: 
aud one-half feet high. I le sclf-poUin:.1tcd ,1 brge num
ber of them, and once the .seeds were f\)rlll(.'<I, he 
plant(.'(! t·hcm. F,vcl)' one of the seeds th�1t he planted 
grew into a short pea plant. 11,e short pea plants bred 
tmc. 

He also \\.'Orked with pea plants of a different \t;triety 
thnt grew to be  quite tall-six to seven feet high. He 
.seJJ:pollinated a large number of them :md then 
planted the seeds. He found that some of those tall 1:x:a 
plarlls produced .set."!J_s that gn:.·w into taU pea plants 
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CROSSES OF TALL AND SHORT PEA PLANTS 
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every time. The>• aJso hR:d true. Other tall pea plants, 
hO\vevcr, prodoC<.-·d seeds that did not breed true when 

they ,.,·ere self-pollinated. About thr<:e-quarters of their 
seeds grew to be t.aU pea pfants, bot one..quarter gr(.'W 

into short pea plants. 
Mendel was a,,ionisl1ed. All the tall pea plants look<: cl 

CJ<octly alike so fur as height wa.< co11ccmc-d .  Why 
should some bre<..."'<I tnic ::md some not? 

He tried ,.mother experi,nent. ·nlis time.: he cro.ss
pollin8lcd I - le took the pollen from tall pea pla,1ls that 
bred true and put it Oil the pistils of short pea pl:mts. 
He aJso took 1>01Jcn from .short pe a plants and put it on 
the pistils of tall pea pi.u,l<. 111c seed.s that lormed 
would hn"c l;\1,.u parents, one tall and one short. \\'t)uld 
some of the plallt.S be tall and some short, or wouJd 
they all be medium height? 

Agafrt Meodel was astonished. for neither of those 
things h�1ppened. There ... vere no shorl pea plants and 
no medium-height pc.a plants .  E\'ery last seed, eveo 
though it was from one tall aild ooe short plant, grew 
iHto a tall pea pl.ant. Each one '"-as just as tall a� it 
would h."'e been if both the pollen grains and tJ1e 
ovule.,;; had oomc &om taU pea plants. 111e shortn<.'SS 
characteristic had simply disappeared. 

Mendel then took these tall pea plants he had grown 
and self.pollinated them. None or them bred true! Of 
the S(.'(..°()S they produced, about three-<1uarters grew 
into tall plants, arld one-quarter into short plants .  

·111c shortness characteristic had not disappeared 
after all. It had jusl hidden for one generation and then 
appeared in the next. 
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Mendel expl:tincd this by supposing that eve11• plarH 
h;:id t·wo fuctors inside itself lhal controlled lhe iuhcri
tanoe of a pa.rticn1ar ph)•sical ehttnteteristic-one co,,. 
tributed by each 1w-cnt. (\\'hat exactly those faciors 
inighl he, Mendel didn·t know, of c..."Our:,e.) 

The fucto,· tliat brought about t;Jlness could be calle d 
'/' and the r.1(..-tor that brought ahout shortness could be 
c:Jled s .  

A shorl planl would have two s·s. so that we could 
dcS<-'1ibe it as ss. Each sperm cell produced b)' an �· 
planl c:ould have one of the two factors and so would 
h,,ve an s .  l n  the same way, each egg cdl would ha\'e 
a n s .  

\Vhen a sperm cell from a short pea plunt combined 
with an .;.-gg <,clJ from a short pea pLmt, the seed ,muJd 
receive an .s from the sperm cell and another s from the 

egg c,ell. ·J11c S(.'(.'<I would be ss and would grow joto a 
short pea plant. TI\is ,1,.-ould happen to all short pea 
pl.ants, and thc.:y would breed true. 

A tall pea plant might have two fat..-tors for tallness. It 
"Quid I.><: 1T. Every spenn cell and egg cell il pro
duced would be a 1' , aud the oombi1wtion would be IT, 
so that the seeds would grow into tall pea plants. Soeh 
tall pea plants would also hn.:c.:d tn1e. 

Rut suppose the sperm cell from a shorl plant were 
combined wilh an egg c..."CII from a t.lll plant. A sperm 
cdl s would combine with an egg (-ell 1', and the seed 
formed "ould be s'f

. If the sperm cell from a tall plant 
w1;::re combined with the egg oell of a short plant, a 
sperm cell '/' \\Quid c:ombine with an egg cell s to form 

a seed that would be Ts. Either way, �·T or Ts. the 
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seeds would produce tall pea plants. 111e T would 
drown ou t the eff1.:ct of the s .  Tallness ,,uokl be dmnl· 
n(mt (from a Latin word mcaning .. master') and short· 
ness "''Oulcl OC recessive. (from a L.itin word rneaniog ··to 
draw back"). 

But suppose you were to take a tall plant th!tt i.s Ts 
(or s'() and use it to produce new plant'i. It , ... ould prcr 
duce sperm cells thttt t·(mtaio one of the factors-either 
one. I lalf the sl>enn cells would be r, ru,d half "ould 
be s .  111e same \\�mid be tme of the egg cells; half 
would be T and half would be s .  

If the spenn celJs were allowed to combine with the 
egg cells, each spc;rm cell T would combine with either 
rut egg cell T o,· an ey_� c-cll • to produce a seed that 
would be either TT or Ts. Each .sperm t.-cll s would 
combine with either an egg cell T or an egg cell s to 
produce a se<...>(i that ,1,-ould be either sT or 8S. 

1'0ur kinds of seeds would be produced: TT. Ts, sT, 
and ss, all in equal qnantitjes. The IT. Ts, and s1' 
S<.'<.'<ls would all grow to be tall pea plants, while the ss 
seeds would grow IO be short pea plants. All together, 
thr(:c-quarlers of the .seeds would give rise to tall 
plants, and one-qua11er to short plants. The TT plants 

and the ss pla11ts ,,lmld breed true; the 'fs plants and 
the sT plants (both of them tall) "'mid not breed true. 

Mendel tested his pea plants for other chan\cteristics 
and found that his explanation ... ,rorked for those d1..1rac-. 
hnistt<.'s, too. He tried combinations of chanteteristic.,;;, 
studying plants that lmd green seeds aod that gi-ew tall. 
others th:." had gn::en seeds and grew short, still others 
that had yellow seeds and grew tall. and, finalJy. some 

tl,"t had yellow s,.'C<ls and g)'ew short. He found that he 
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wuld explain which "uuld bn.>t-d true in both charuc
teristics at onc.-e aud which would not, and what propor· 
tion.s of all the different kinds he would ge t .  

Once Mendel had ii all "orkcd out, he  realaed that 
scientis ts might not listen to him. Afler all, h .... was just 
a monk who was ao arnalcur botanist, and he hadn't 
even pasS<.-·d the test that would have enable d him to be 
a teacher in a high school. 

lie thought, tlierefore, that he had better send a 
copy of the paper he wrote to .some important profes. 
sional botanist. If that botanist thought Mendel's work 
wa.� ,vortlmrhilc, he would .sponsor it. and then scien
tists would listen. 

Mendel sent it to a Swiss botanist, Karl \\:ilhelm von 
Niigeli (fon-NAY-guh-lee, l 8 l 7 -lS9I). Von Ni,geli was 
one of the mo.st import,mt botanists in Europe, and lu; 
must have bee11 getting a gn.v.i.t deal of mttil from people 

of all so1 1s who wanted to interest him ill ll1cir ideas. 
Probably, '"'n Nilgcli glnnc,:.-d CA>u:�ly at Mende l's "mk 
and thought: just another amateur. 

He serlt Lhe material back to Mende l, who was teni• 
bly discour:,ged. In 186.5 and 1869, Mende l managed to 
get his papers publMu. :c.l in a respectable .scientific jonr· 
naJ, but not a re.a11y large ooe. Since no one .sponsored 
the papers, other botanists paid no attention to Lhem. 

Mendel was .so discouraged that he never did any 
more bn:·<:ding experiments. He became abbot of his 
monastery in 1868 and devoted himself entirely to his 
monastery work. He died in 1884, not knowing that he 

would someday be fa.moos. Von N;i.geli died in 1891, 
nt.,.•cr drt>aming that he had made a terrible m.istnke 

and that despite aJJ his S<.-ientific work. he would he 
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re1nembered most of all for not having paid alleo.tioo to 
Mendel. 

But then, for over thirty years after �tendel's papers 
were published, no one else paid t,ttcntion IO him, 
either. 
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2 De Vries 

and 

Mutations 

T1-1£ l.'IHt:.RJTANGF. OF physical chamcteristtCS docs not a l 
ways prooeed as expected. Plants and animals do oot 
nl\\'1)'S produce young that completel)• resemble them
selv(::s. 

Eve')' oocc in a while. young plants or animals are 
bom that are diOereo.t from their parents, a.od from 

their brothers and sisters. It is as though something has 

gone wrong with whaLCvcr it is that controls hcrodity. 
Often it is de�lr that somelhirlg has reall>' gone 

wrong. be<."ause the young plant or animal is a]] dis
tort(.'1:1, one way or another, aild <loc.sn ·t live long .  Tilen:: 
may be mo-headed calvc ... >s, and other defonnitics. They 

,,.,::n) On<;.e caUed spo,ts, as though nature was playing a 
grim sort of game. 

In days past. many people thOl•ght that such a dis 
torted birth was a w:.\ming &om supel'l)atoral J>O\"-ers. 
Since the bi11h w-as ' 'agaiost nah1re," it might wc11 be 
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HUMAN HAND WITH SIX FINGERS-A MUTATION 

lhal other things t'Ould happen that were also agai11sl 
nature. Nen<ous people e.(pected c.. ... '11 things to be on 
the wl\y. Sports ,i..·ere therefore also called monsters., 
from a L'ltiJ\ ,mrd mea11i11g an .. omen" or "warning." 

Sports were chiefly noticed among domestic animals, 
but only farmers and herd,;;mcn 1>aid attention, and 
usually they died or were killed .  \Vhen sports occurred 
in humrul births, they ,,.,;re usually hidden aw::1y, and 
often ,Ued. 

Scientists geftcra1ly paid no attention to them, even 
though some sports were usefuJ. 
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In 1791, ror instance. a .Massachusetts farmer named 
Seth Wri_�ht discovered that one of his sheep had gi,•en 
birth to a lamb with '-'1-!l)' short legs. It \YaS hcaJthy in 

all other ,v.1,ys. \Vhen the lamb grew up, he was unable 

to jump ov<!r the fcnocs with his short leg.s, so he , .. a� 
forced to stay in the pasture. 

SHEEP WITH SHORT LEGS 
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\Vri.ght saw that this would he usdul, sin<.'t he didn't 
have to wo1,y about that particular sheep getting out of 
the..: pasture and having to be c::ha'>(.-d. He:: hrcd the 
sheep and found that this resulted in other short-legged 
lamhs. In a few years, he had a whole herd of such 
sports. 

Eventually the herd di(...'() out, hut anotll(:r sl1ort 
legged sport showed up i1\ Notway. and again such 
herds ,vere developed. Even so, thnt didn·t S(.'Cm to 
attract the attention or scientjsts ,\1\o might be inte .... 
ested in heredity. 

But then, in 1886, a Dulc::h botanL,;t, Hugo de Vries 
(duh-VREEZ, 1846-1935) noticed something interesting. 

HUGO DE VRIES AND HIS PRIMROSES 

An Amc..:ri<..'an pb�n t, the evening primrose, had been 
inb'Oduced into the Nethe1·lands, and de Vries came 
across a colony of 1l1csc plants gn)\\ting in :.tn unused 
mead°"� They must all have grown from the seeds of a 
particular pl.ai11 thal had somehow taken 1oot tlu.tre, �mcl 
yet de Vries oou1d see at once that some of them ,vere 
quile diffen::nt from the othc.:rs. 

TI1e different ones were sports, but the)' were quite 
able to grow and flourish. He Jug up some nnJ brought 
them back to his own garden, whel'C he experimer\ted 
"ith them qoite as Mendel hod done with his pea 
pla1\ts (though, at the time, de Vries knew 11othiog 
abotot Mendel). 

De Vries tOun d that while seed,; from the cvrning 
primroses usually produced plants just like the pLmt 
tltat had prod1u: .•c.·d the SC:.'<.'<ls. every once in a wldlc tl1e 
new plant ,,.'as quite different from the old. De Vl'ies 
called such a sudden change in heredity a umt"tiuo, 
&om a Latin word for ·'change." Since then, scientJsts 
don ·t speak of sports or monsters, hut only of mut;, . 
tions. 

ln his work, de Vries noti<:ecl the same things that 
Mendel had noticed. He gathered Ggures carefi,lly, to 
shO\v what proportion of plants had a paiticular charac
teristic and what (ll'Oportion another dwactcristic::. J .jke,: 
Mendel, he fuund that to expL'Un his observations, he 
h.ad to assurne that c1ach pl.ant t,'C)utain<:d hvo fa(...'tors 
controlling each physical characteristic, that one fa.ctor 
,1r,as prcscnl in the pollen grains aml one in the ovules, 
and that these combined with eaC:h other according to 
chan<.-c. 



Dy 1900, de Vries \\�\S ready to publish hi.!i \,urk. to 
describe hL,; /m1.,w of inherit"'u.:e. 

l\\'O other botanists, unknowo to d(! Vries and to 
each other, had alsu work(.'(( out the same laws of inher
itan<.:.-e, and both of them we1-e also ready to publish in 
1900. The)' \I/ere a German bot:tnist, Karl E1iC'h Cor 
n::ns (KA\VH.-enz, 18&.&-1933) and ao Austrian botanist. 
Erich Tschermak von Scyscnegg (CHER-rnahk-fon-ZY
,.enck. 1871-1962). 

Each ooe of these three botanists, before publishing 
hi.s "urk. looked through e-..arlicr scientific journals to 
see whal had already been done in the field. Imagine 
the amazement of each ooe when he came across Men• 
del's [Xl{)erS and s:.,w that Mendel had figured out t l1c 
laws of inheritance e.'<actly a<; he had. Only Mendel had 
done it nearly forty ye,.us before. 

All three botanist,;, de Vri<:s, Co1Tens. and Tsche� 
mak von Scyscnegg, published their papers in 1000, 
but each one gave full credit to Mendel. That is wh>• we 
n0\11 speak of the Mendelian laws of iuheriton.t-e and 
why �tendel is oow famous. Of oourse, he was dead 
loog before his "urk ·was rediscovered. 
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Flemming 
and 

Chromosomes 

MeA.'1WHJL£, iHHOl!CHOlrr 'fH£ 1800s, scientists were 
looking at 11arious part:, of plants and animals. They 
used microscopes in order to see aJI the tfrly details. 
111cy kept noti<. .. '1.ng sfructures in living orgnnisms that 
were too small to be seen excepl with a microSi.'()()C. 
and these ,b"c-tures they «died cYJ�. 

CeJJs were more dearl)' seen in plant,; than in ani
mols. In 1838. a Cerrnan boumist, Matthias Jakob 
Schleiden (SHLY-den. 1804-1881), announc-ed that •II 
plants were made up entirely of cells. which were sepa 
rated from each other by thiu walls. He said that cells 
were the building blocks of plant life. 

The next y<:ar, a Cerrnan biologisl , 11K-<>dor Sch\li'a.nn 
(SHVAHN. 181�1882) broadened the idea .  He said 
thal all animals, a<; well a<; all plants, wen.: made up of 
ceUs. and tl1at in animals they wel'e separaled from 
each other by even thinner membranes. &-hleiden and 

27 



Sclw,clnn had thus advanced what came to ho calk·d the 
,.:ell theory of life, and it turnc....J out that they ,i.•ere 
C.'OrreC'l' 

ln 1845, a German biologist, K:irl von Siebold (ZEE· 
bohlt, 1804-1885), showed that microscopic liviog thiog� 
ooukl even be made up of a single cell. 

Any livio,g thing large enough to be seen with Ilic 
ntlk(..-d eye is mnde up of a number of rells of different 
kinds, and is called a multicellular Qtgani.tm. ·t1u; larger 
the organism, the greater the number of cells. Multi· 
ceJJular org;ctnisins grow hy adding to the nomber of 
c..-eUs that make them up. and every one of them started 
a� a siogle l-ell. In animals and plants the original sing}e 
cell i.s an egg cell . 

nucleus 

chromatin 

cell membrane 

ANIMAL CELL 
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PLANT CELL 

nucleus 

chromatin 

cell membrane 

cell wall 



A human bciog <.'Olltains about 50 hillion 
(50,000,()(X),O(X),(XXl) c-clls when it is fully grown. but it 
begins life as a .single cell. 111,at .siogle cell divides into 
two. The cells grow and then divide in two again. It 
only t.lke.s �1bout forty.five divisioos for a sin gle l'CII to 
become fifty tri1lion. 

But how do c:ells divide? Whal takes place inside the 
cell dudng the division? 

You might suppose that cells arc just tin)' drops of 
liquid lhat split in two the way a ,vater droplet migh t 
:,l)IH to foml two droplets. ·nu11 can't be .so ,  however, 
because undc.:r the microscope you can see that tho c: elJ 
is not just a drop of liquid. It contains still smaller 
.structures inside itsel£ 

Even befo� tJ1,e cell th(.'(U)' WJS \\,:,rked out, some 
scientisls had noticed a small structure, surrounded by 
a thin membraoc of il.S own, near the center of the cell. 
In 1831, ,, Scottish botanist, Robert Bl'O\m (177�18581 
fuund this stmctun.: so frequently that he suggeslcd 
that all c-elL, had it. He called Ll1e small stn,cture a 
nucleus, from a 1.atin \\Urcl meaning "little out,·· 1x,._ 
(."Jttse the structure lay at the center of the ceU like a 
little nut within a roomy shell. 

S<:hleiden. one of the louudcrs of the cell d1eory, 
thought lhe nucleus might be the key to cell divis ion. 
lie thought that perhaps new cells budded out from 
the surfac:.e of the nucleus. 

Von Nageli (the man who had failed to see the impor
tance of Mendel's work) showed in 1846 that this was 
not so .  Still, tJ1,e nudcus hr1d to be involved in cell divi
sion somehow. If a cell is divided into hvo pieces, and if 
one piece ha.� the nucleus whi]e the other does oot, the 
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piece without the 11uclcus dies. 111,e pi(.'(.."e of the cell 
u;ith thf· 1111dc11s r< .'<-'()V(: rs, �'TIJ\\'S, �mcl continues 10 
divide. 

Yet how w<:rc scientists ever going to 6nd out just 
what happened during the division? TI1e contents of 
the cell a.re t.ranspan!1lt . \Vhatevcr is $(:tu looks like a 
dim sh.aclO\,� Magnification doesn't help much here. l l  
ju.sl mak<·s the shadow bigger, b111 the details still don't 
really shO\v. 

In the 1850s and nfterwarcl, hO\vcvttr, chemists were 
learning lo produce all kinds of chcmica.ls that ,vcreo ·1 
found in nature. In pa.rticula1� they \\Urked hard to pro 
duce <.'Olore<:I chemicals: chemicals that could be used 
to dye te.ltile.s in brilliant <.'Olors th:..1 t wouldn·t wash out 
or fade in the sunlighl. Dyes became a huge new 111. 
dustry. 

It O<.(!mTtd to some hiologisls thal l-clls <.'Ould be 
dyed as well. If thel'e were all sorts of cliffel'cnt struc• 
t\lf(.'!i inside a t'Cll, they might have different d1 emkal 
makeups. Some particular dye might combi11e with 
some stnu .. iures bot not with othe'l'S. Then, under the 
microscope, some parts of the ce ll's interior might be 
b,ightly colored. and other parts might not be. In that 
way, the inlerior could be studied more easily. 

During the 1870s. a German biologist, \\.hither 
Flemming (l�L905), used dyes i11 this way. Ht found 
one dye that was absorbed b>' certain regions inside the 
n1.1dc11s bot by nothing else in the:: <.-ell. Under the m i 
croscope, those regions could therefore be seen easil)'. 

Flemming call(.-d the mntcdnl inside the nucleus. 
\\1lich absOl'bed the dye, chromatin (KRQH.inuh-tio), 
from ,1 Creek word for .. color 

... 
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'What Flemmiog did oext was Lo look at a section of 
r..-1pidly growing tis.soc under tl1c micn)sc;.'Ope. Most of 
the cells were at diffe ,-ent stages of cell dhrision, as ooe 

would exp<.-c::t sin< .'t it was gn:,wing ,  but nothing was 
clearly visible without the dye. 

Plemming dyed the tissue and then put it under the 

microscope. Of course, the dye, in combi,,i,,g with ma. 
terial in the cell , poisoned the cells and killed tl1em, so 
that Lhe process of 

,:ell divisioo did ,10L actual ly (.'()n· 
tinue. However, different cells w-ere ki11ed at different 
stage.., of cell division. It '"a� like looking at different 
:,1ill pictures from a moving picture, in jumbled order: 
ff )'OU studied it hard enough, )'Oil oould put all the 

stills into the right order and, in that way, figure oul 
what ,\a� happening. 

Flemming vel'y carefully WOl'ked out the order of 
C'\'ents in cell division and, in 1882. published a lx,ok in 
which he described all the details. 

As tl1c pTOC'CSs of t-ell division begins, the chromatin 

material comes together within the oucleus aod fc)nns 
tiny mds. Hkc stubby bits of mic:rosoopic spaghetti. 
Flemming called each of these rods a chromosome 
(KIIOl ! -moh-sohm), from Greek words meaning "col
ored body." Of course, chromosomes show 110 <.'Olor nat· 
orally, but the)' were colored after being exposed to 
Flemming's special dye. 

As t-eJJ division continues. each chromosome forms 
a,,other one just like iL�clf. so that each one is doubled. 

'Then the membrane of the nucleus seems to melt 
awa>'· All the double chromosomes gather near the cen
ter of the cell and tl1en mo\'e apru't. Of each double 
chromosome, one moves tO\,�}rd one end of the cell and 
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MITOSIS SHOWING THE FORMATION AND DIVISION 
OF CHROMOSOMES 

the other toward Lhe opposite end. l ,, thi.� way, there is 
a complete set of chromosoinc�s at each end of the c;.-clJ. 

A membrane appear:, �uound each set of chromo
somes so th:;1t tt new nucleus is funned at each end of 
the cell. The ,:ell 1-hcn pinches together at the center 
and SCp..'tn1t�. 111ere a.re Lhcn two cells, each with its 
own nucleus. 

Other s continued Flemming's w'OJk One of them 

,va.s a Belgiau biologist named E(louarcl von Beoedcn 

(heh-NAY-den, 1846-1910). 
In 1887, B<.:ncden shO\\'ed that all the cells ill n par

licufar t)1:>e of plant or animal always have the same 

number of chromosomes .  lo cell division, this number 

is first doubled. so that after a divisio,, each daughter 

33 



cell always ha� lhe same number of chromosomes as 
the migjnt1l cell had. 

.For instance. we now koO\Y that every hmnao celJ 
has 46 chromosomes. \Vhen a human cell divides, t>a<.-h 
chromosome fonn.s one like itself so th:u there are 92 
chromosomes in the cell. 46 of these chromosomes go 
to one eod of the t -e1l and 46 to the other: In Lhe end 
the1-e are l\,'O <.'Cits, each with 46. 

reduction division of a 
male pri mary sex cell 

gperm 
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MEIOSIS 
reduction division of a 

female primary sex cell 

(fj) 
" (l(l 
00 •• 
II 00 

Q]? �7 
G) @@@ 
egg cell 

'Whel\ sex cdls a.re formed. each gets only half o set 
of chrouwsomes. 111is process is called meiosis and the 
division that takes m)loc-e is Cilll(.'d a reduction division. 
This mc..>ans th:lt in plants and animals, s-penn cells and 
egg cells have ol\ly ha.Jr the nonnal number of chromo
somes. 'rbus, in human bein�. though there arc 46 
chromosomes ill each <.,ell, SJ.x:nn <.-ells and egg cells have 
only 23 chromosomes. 

\Vhen a humtm sperm cell combines with a human 

egg oell, the 23 clm:,mosome.s of one are added to the 
23 chromosomes of the other: TI\e result is a ··tcrtili,..(.-d 
egg cell" <.'()nta.ining 46 chromosomes. half from the fa .  
ther and half from the mother. 

As the forti1ized egg ceU divides and divides aod di
vides. every oew oell that is formed ha� 46 chromo
somes, half llke those from the father and half like 
those from the mother. 

35 



4 Morgan 
and 

Fruit Flies 

B10LOC1srs 010;,lT SEE the real lmpOrl'itnCC of the ,-..'()rk 
of Flemming and Beoede,, u11til 1900, when de Vries, 
Correns, and Tscherrnak ,'On Seysenegg redisoovercd 
the Mendelian laws of inheritance. Then it was possible 
to see that the chromosomes 6t the Mendelian laws 
perfectly. 

The first to point this out was the American biologist, 
Walter Stanborough Sutton (1877-1916). In 190-2, when 

he was onl)' twenty-five, he pubUshed a paper in which 
he sh<nved that all the duomosoincs cxist< .'<l in pairs 
which were very similar to eaoh other in structure. fo. 
stead of thinking of human cells as containing 46 duo
moso,ne.,;, lhey should be thought of as oontaining 23 
chromosome pairs. 

·nu::n, in 1903, he shO\\red that sperm cells and egg 
cells have one of each pair of chromosomes. The 23 
chromosomes they each have are a kind of 

half set .  (It's 
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.WA AA 'Jl,. 
/ Y etromosome 

X chromosome 

THE 46 CHROMOSOMES IN A HUMAN MALE BODY 

CELL IN 22 PAIRS + 2 SEX CHROMOSOMES 

like imagining every celJ a� containing all the letters of 
the alphahel, both t-api�,I and small. In thal ease the 

SC>< cells would also have every letter of the alphabet, 
bul only the c::apit�r only the small leucrs.) 

The fe,tilized egg cell has 2.'.l d1romosome pairs 
agai,,, bnl of each pair, one comes from the father nnd 
one from the mother. 

Tiiink IJ<ld< to Mendel's pea plants. 
Suppose there ,vcre a chromosome in the pea-plaiH 

cell that <.'Ontrolled tallness or shortoes.,;;. ·n,.at chromo · 
some might be a r or an s. The chromosome would 
also have its partner, which \\Ould also help to t'Ontrol 
38 

HUMAN SEX CELLS 

tallness or shortJ\ess, and it ""ould be �1 Tor :m $ also .  
As a result, the chromosome 1:>air would be IT, Ts, sT, 

or ss. 

The spenn ceU of a 1T plant would ah...ays have just 
one chr(nnosomc of lhe pair and ""uuld be a T. The 

spenn cell of an ss pl;mt would ahi,,ays h.ave one chro
mosome of th<: pair al)d ,\ould always be a s. In the 
case of a1\ sT plant or a Ts plant. the sperm <:ells would 
get one of the pair, so thal half of them would be s and 
half would be T. The same \\.Uukl be true of the egg 
oells. If you imagine sperm cells atld egg cells combin
ing to fonn .seeds, ;.u\d l'emember th�1t T is dominant 
over s. then �tll of Mendel's laws "ould \\'Ork out. 
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ll was truly amazing. \Vithout knowing anything 
about chromosomes, and by just Jooking at lhc result of 
his pea-plan t  pollinations. M<:ndel had described ex
actly what chromosomes do. 

Of course, there were bound to be some pu22liJ\g 
points. For one thing, there weren't enough chromo 
somes. H umo.n ceUs h�1ve 23 pairs of chromosomes, hut 
if each pair controlled one physical chanic-teiistic. that 
would he 23 t.-har..1cteristics. and that just iso ' t  heliev
able. Human beings inherit far more than 23 physica1 
ch.aract<:ristics. 

The aosv,,-er to tJ\at problem is �1Ctrndly a simple ooe. 
It must be that small portions of eacah chmmos:ome con
trol particular chara(..-tc1istk'S. TI1ese portions occur all 
along the length of the chromosome, lik<: beads on a 
string. 11lerc may be dozens, hundreds, eve ,� thou
sands of such portions on eac-h chromosome. 

In 1909, a Danish botanist, Wilhelm Ludvig Johann
sen (yoh-HAN-sun, 1857-1927) suggested that each 
chn;unosomc portion that controls a physical charnc..'
teristic be called a gene QEl::N), from a Greek ""rd 
meaning ''to gh'e biith to." Tile suggest.iOn was 
adopted, a.ncl from then on everyone considered chro 
moso1 m.:s to be strings of genes. 

But there were other problems1 too-harder ones . 
For instance, what pmcluces males and females? 
Among human beings (and many other animals). l,alf 
the children bom are male and half :ire fem,Je. Male
ness aod femaleness are very important physical charnc..'
teristics, yet they don't follow Mendelian laws. Me,1-
delia.o laws show a new generation to p<>SS4.."SS a)J of one 
characteristic and ,1one of the other. or to be divided up 
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CHROMOSOMES OF AN INSECT. ALONG THE 
LENGTH OF EACH CHROMOSOME LIE SEVERAL 
THOUSAND GENES. 
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3 to L At no tjme do they show a djvfsion ofl lo' l, a� in 

maleness and fcrn:llencss. 
TI1is was one of the proble1 ns that i1\lerested an 

American hiologisl, Thomas Hunl Morgan (1866-1!}15). 
To investignte it. he began to make use, in 1908, of a 
small insect ca11cd a fruit fly. Jts scientific name is Dro

wphilll (droh-SOF-ih-luh� 11,e advantages (�· using it 
,1,-ere that it bred very qui<..-kly and produced maoy 
young. It was small and dido't require inuch room or 
much feeding, 8nd its t-ells had only four pafrs of chro
mosomes. 

Fruit flies usualJy have red eyes. but occasio,,ally 
Morgan came across one with "··hitc cycs. \\!hen Mor
gan put rt white-eyed male with a l'ed-eyecl fomaJe in a 
bottle, all the ollspring were n.:d-cyed. 111.it """ to be 
expct'ted b)• the Mendeliao laws if red eyes were domi
nant over white eyes .  

When Morgan b1-ed the red-eyed ollspring •mong 
tl1emselves, the n.:sult wa.s J'(,,d eyes and \\1tite efes in a 
3 to 1 division. A.gain. this was whal Mendelian laws 
predicted. 

There was, however, a surprise! All the white-eyed 
Ofos were mole! \Vhy \V.LS that? 

Morgan looked more closely al tl1c dm)mosomes of 
the fruit fly. Jt turned out that tl1e females had four 

pe1fect pairs. 011e of these pairs was wlmt Morgun de
cided Lo calJ a pair of X-cltromosomes. r-.fale fruit Aics 
httd three perfect pa.in;. but had only one X-c:hromo· 
some. ·J11cre Y.'l-\S no partner to it. 

This meant thal when • fcm•le fruit Oy fom1ed egg 
cells, each egg cell would have one of each chn:imo--
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red-.yed female red-eyed male 

FRUIT FLIES . 
whl� male 

some pair, and each ,mule! therefore have one X-clno
mosome. 

When male fruil flies fo,med sperm cells, each cell 
v.ould have one of each of three chromosome pairs, but 
the X-dhromosome ,i.'Ould have no partner. 1bat meant 
that haU Lhe spenn cells v.ould have an X-chromosome 

and hol:f would not. 
If a rruit-fly egg cell combined with a spenn ceJI con

taining :an X-chromosome, the fertilized egg cell would 
have h\.'O X-chromosomes and would develop into a 
femole. If the egg <-cll combined "11l1 a spe,m cell that 
did n� contain an X-chrow.osorne, the fertilit.<.xl egg 
c.-eU v.'OuJd have only one X--chromosome and would de
velop into a male. 

Since the mo type:; of sperm cells occur in equal 
numbers, half ll,c fertilized egg cells would develop 
into males and half into females. 

(Ibis sort of thing also happens in human beings. 
\<\\,men have 23 perfo<.-t pairs of chromosomes in each 
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female ma1e 

CHROMOSOMES OF THE FRUIT FLY 

c.."CII . .  Men have 22 perfect pairs plus an X�-h.romosome. 
\\1\ich has as its partner just a little stub called a Y 
chromosorne.) 

How doe..,; thi.,; explain LJ\e rea.�n why lhe white
eyed fruit flies were all ma1es? 

TI\e gcoe lhal controls eye color in frnit Uics is on 

the X-chromosome. A fema1e fruit By \vith a l'ed-eye 
gene 011 both X-chroinosomcs (RR) ha.� n:."<l eyes. Even 
if she has a white-eye gene on one of the chromosomes 
(Rw or wR), she has .;;<1 eyes, for red cy<-. are domi
nant over white e)'es. Only if there were a white-eye 
gene on each X-chromosome (ww) woul d a female have 
v.1\ite eyes. However, LJ\e white-eye gcoc is quite rare, 
so to have it on both X-chromosomes is very rare in
deed, and one hardly ever finds a fi;n,alc, fn1it fly with 
white eyes. 

ln males. there might be a r(..-d-e)'\: gene on the sin
gle X-chromosome (RO), and it would theo haw red 
eyes. 1berc might aJso be 11 male with a ,i.rhite-eye gene 
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on the X..chromosome (u:O), a n d  it would h:n'C white 
eyes. One whit(..�)'C gene is enough. for thel'e would 
be no second x .. chromosome i11 a male Lhat would <."<'lr ry  
a dominant T(.'04 cyc gene. 

Suppose a white-eyed male (rcO) were mated with an 
ordinary 1-.::<l-ey,..J fem:ile (IUl). E,1Ch egg cell ""uld be 
R, but there would be two kh1ds of sperm t.'t:Us, 10 :mcl 
0 .  Half the fcrtili 'tecl egg ceUs ,vould get the X..chmmo
some with the ro and would he Rw. ·n1ey woolcl all be 
fomalcs and would aU have red eyes. The other ha.If 
,1;uuld get no X-chromosome and would be RO. 111ese 
,1,,0111d :dl be males and ,.,ould all have red eyes. 

But what if these rcd-eyc,J offipring, fem,�e Riv and 
male UO� were mated among themselves? Half the cgg 
cells ""uld be ll and half would be w. Either one of 
them might get an X-chromosome from 1hc spcrrn <.-ells 
and \\Ould then produce females. In that case, half lhe 
females "'mid be Riv, half ""uld be !lll, and all "'mid 
have red cy<.'S. 

On the other hand, the egg cells might get no X 
chromosornc from the sperm and ,muld then produoo 
males. In that case, half Lloc maks would be RO ,rncl 
have "�' eyes, while half d1e males ""uld he u.() and 
have white eyes. This means that one -quarter of all the 
offsp,inJ; (half of d1e half that arc onalc) would have 
while eyes and they would all be males exactJ)' a.� Mor 
gan observed. 

Morg.m desCJibecl the eye-color charactcdstie in fruit 
ilies a(;, sex-linked. Sex-linkage c..m be impol'tanl in 
human beings, too. Color blindness, for instmce, is 
sex-linked in human beings. It is almost ahvays males, 
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female male 

all red-eyed 

A CROSS BETWEEN A RED-EYED FEMALE AND A 
WHITE-EYED MALE 
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F 1 CTO-S-S 

red-eyed female red..eyed male 

female male 

red eyes 

A CROSS BETWEEN MEMBERS OF THE F 1 GENER• 
ATION 
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and hanll)' ever fomales, who are <.'Olo11o.hlind. And it is 
females who (."atT)' thal characteristic in their geoes 
without sho\ving it, and who can pa.,s it Oil to their sons 
(not to their daughters). 

There are other kinds of liokage ,  too. Every time a 
chromosome is passed on from parent to chi]d, a whole 

string of genes is passed on, Eve•')' characteristic oon
troll1.."<I by eacf1 of these genes is passed on. 

Thus, if some characteristic of fruit-Dy wing� and 
some characteristic of fn.1 it-Oy lc;.-gs are oo tl1e same 

chromooome, Lhoy should always be inherited togethe1: 
111e youog should always have either both or oeither: 

MO'ltLn wa.� able to shO\\' that thi.s wa.,; exact])' what 
h�ppenoo in &uit Oics, and by 1910 Sutton's suggestion 
wa.,; proven. that the chromosomes were �1cnde1's fuc. 
tors. (�torgan \\01l a Nobel Prize in 1933 for his work. ) 

Still, Jinkagc is not perfect. Fruit mes might inherit 
characteristic A and characteristic B together over and 
O,..\:r ugajn, so it might .seem beyond douhl that both 
charactc1istics were on tl)C .same chromosom<..----o..nd 
then something would go wrong .  'There '"'Ould always 

be a few fruit Bies who \\(lu]d inherit d1aracteristic A, 
but nm ch:uacterlstic B. or vi<.'C versa. TilCn, if those 
fruit flies thaL showed hroken linkage were hl'e<l among 
themselves, the l\\O characteristics would stay unlinked 
in their offspring. 

MO"ltln could .see what was happening. ·J11e chromo
somes dou ·t hne up neatly at c.,::11 dh•ision like soldiers 

on parade. 1l1cy look li ke a taJ1gle of spaghe t t i .  1l1e two 
duomosomes of a pair are bcut a1vuml each other and 
sometimes exchange parts. TI1is is called crvssiug-oi>er. 

TI1e part with ll1e gene <.'()ntn:>lling characteristic B 
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might join tlu:: other member of the pair. The equiv
alent part of the Se(.'Ond d1romosome ,night join the 
first, which would then have a slightly dUJ'crent gt,:nC 
p1'0ducing a somewh;,1t diffo n::nt characteristic than the 
usual one. The egg c:el l or sperm ceU gets n chromo
some that contains the gene ft)r characteristic A, but 
cha.roc-Cc:ristic B is ill a fom, slightly different from its 
accustomed form. 

In 1911, �,torgan disclL,;secl the crossing-over of chro 
mosomes with a t\venty-year-old student of his, Alfn:.·d 
Henry Stwtevnnt (STUR-tnh-,'llnt, 1891-1970). Sturte

van t had a11 excitiilg idea. If t·wo gene:; were far aptu1 
on a chromosome, ttlmost any cros.,;over would separate 
them . A dividing line almost anywhere on the chromo
some would do the trick. 

I f ,  on the other hand, f\\O genes were close together 
on the chromosome, they "Vl!ld hru-dly """ he sepa
rated by crossing.over. 11le dividiJlg line would have to 

+ -+ 

CROSSOVER OF CHROMOSOMES 
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wild type mutant type 
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A SIMPLIFIED GENE MAP SHOWS THE POSITION 
OF CERTAIN GENES ON ONE OF THE FRUIT FLY'S 
CHROMOSOMES. 
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take place just between the two, �ind there ,voti ldn ' t  be 
much room for that. 

·111crcf orc. if one were to Shady h°"' often different 
sets of characteri sties become unlinked, one could 6g
un.: out how fu.r a1,art the different chAraCttristi<:s are on 
the chromosome. 

As the distan(,-c bctv.x.->en more and more sets of 
characteristics was \\iorked out, one might fi:11d that h\lO 

genes are Ht Opt>0site ends of a chromosome. A third 
gene might be s.omewhere in between, but coos-idcr
ably closer to the sewnd. A fuurth gene might be fuirly 
close to the first, aod so on. and so 01�. 

Defore long, there "uuld be a chromosome mop, 
which \\Quid locate <.·very gene and identify the physi
rol characte1istic it oonb'Olled. In 1913, when he was 
still on1y twcuty-hVO, Sturlcvant publish(.'() a paper in 
which he described how his idea wol'ked. For years af
terward, he pnxlu<.-cd better and better chromosome 
maps. 

By 1951, he had ""rke<l out " chromosome map that 
slwwed the location of aU the genes 011 all fou r fni it ny 
chro,uosomcs. 
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5 Muller and 
X-rays 

\VHY SHOULD THERE be bot h a red-eye geoe aod a 
white-eye gene, each capable of being in the same posi
tion on a chromosome. so that one chro1 nosornc might 
have one and its 1)3ir rnig)lt have the other? After aU, 
the red-eye gene is the norrn.'11 one fur that d1Ma(..1Cris
tic; it is <.'(:rt.ai11Jy Lhe most coin.non of the two. It must 
have been the one that existed to begin with, and at 
every <..-ell division another red-eye geoe must have 
hee11 lonned. \Vhere, then, do the unusual white-eye 
genes oome from? 

·nw fact is that mutations do take place, as de Vries 
had shown. 

De Vries had, hO\,iever, wOl'ked only with plants, a.nd 
the question arose as to whcthc.:r animals undergo m u 
tations, too. Certainly, there were many reports of inu
ta6on.s among domestic animals, like those short-legged 
sheep, b111 scientists would feel more comfortable if 
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thc,:y <.ould sh1dy mutations in their own laboratories 
and not have to  clepe nd Oft reports from farmers and 
hcrdsn1cn. 

Morg,.m, in his e.1periments wilh fmit flies, notK.-ed 
l.hat �'ery once in a v.iilu)e a mutation would take pla.oe. 
For instance, he migl\t start with rccJ.cycd fruit flies 
that bred true. All their oflspring would be red-eyed, 
and all the offspring of those offi;pring "uuld be red
eycd, too. 'l11ere would be no sign of white eyes any· 
where. 

But then, every once in a v.1\ile, a white.eyc.·d fn.1it 
Hy wnuld appear. \•Vhcr(: did it <.'Ome from? 

Morgan had another student, Hennann Joseph 
Muller (1890-1967), who ,va,; pmticularly interested in 
this mut1tion problem .  His notion wa� that each gene 
had to be made up of atoms in a very complicated ar
rangement. During ceJI division, each gene on each 
chromosome somehow has to produce another gene ex· 
octly like itseU: "1th aJI the atoms p«xisely in place . 

Most of the time. this was done, but it was only nat. 
ural to suppose that every onc.-c in a while there V.'Ould 
be a mistake:. Some atoms would get out of place, and 
the gene that was produced \1,0uldn ' t  work quite in the 
way it was supposed to. It would be a different gene 
vnr iety. and the color of the eye, or the shape of the 
wing, would be different as a result. 

Anything that made- it harder to keep the atoms in 
pl8<,..'C, or that made it ea�ier h)r lhcm to get out of 
place, should then increase the number of 1nutations. 

For instance, all atoms vibrate, or jiggle. This is the 
eOect of the energy they contain. The higher the: tern· 
perature, the greater tl1e energy they c..'Ontain, and the 
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more rapidly they jiggle .  Muller reasoned that if all the 
:.ttoms were jiggling moru rapidly than usua1, it would 
be harder to produce a complicated gene with all the 
;;itoms exactly in pl::t(..-c. 

If this reaso1\i11g of 1'.·tulJer's was right, then muta
tions would incretLSC ifhe kept the fruit flies at a slightly 
higher tempel'ature th.ail usual. 

In 1919, MuUer tried this, '""' he diswvcrcd that he 
wa.., quite right. TI1e oumber of mutations did go up 
with temperature. 

lt ,,,;;1sn·1 enough. though. TI1e 1\umber didn't go up 
very much, and Mul1er couldn't improve thing.s by con· 
tinuing to n,isc the temperature. If he raised the tern· 
perature too much, the fruit Dies would die. \\as there 
something besides heat that would stir up tlu) atoms 
and get in the way of a perfect duplication of a gene? 

Only ;1bout a quarter of a <.-entury l,cfore. X·n\ys 
were dL.,covered. 11\ese are a high-energy kind of radia· 
tion. l f  an X ·ray hits a complicated set of atoms, i t  sets 
them a.II to <111ivering strongly-so strongly t..hat the 
whole array might break apar t .  \Vhat's more, X·rays can 
penetrat e maucr so that the)' call reach the chn)lllO. 
somes inside the fruit Hy very easily; they wouldn"t be 
stopped at the skin. 

It seemed to r..•luller that it ,,'Ould be much better to 
expose fruit flies to  X-rays titan to an inc.·n.:nsc in tern· 
perature. locreasiHg the tempel'ature affected all the 
atoms without exceptions; X·rays affected only those 
aloms the)' struck. If X-rays hit a gene, the geoe would 
be broken up. but the rest of the fruit fly's body would 
be left intact. Tilat meant that he could add a great deal 
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of energ)' to the chroinosorn<.'S withotit killing the fruit 
Ry altogether. 

By 1926, it ""' clear that he had hit the bull's-eye. 
x.rays '"'Orkcd n.s he suspecte<:I they would. ·nu:! m\1 ttt· 
tion rate went way up. 

·nliS diS<.'Overy was useful in that it supplicxl biolo-. 

gists with a great many mutations of aU soJ'ts, which 
they could use to study the details of inheritance, to 
map chromosomes, and so on. (Muller received a No,. 
bd Prize in 1946 for this work.) 

It also e.'\:plainc::d what makes X-rays and other en er 
getic kinds of radiation so dangerous to pt...iople. It up
sets the function of the chromosomes . From then on, 
Muller \\Orked hard to ,vam (X'Qp)t· against using X
rays nec: dlcs.sly. 

It showed, too, ho,v it "'as that muh1tions took place 
under natural conditions. 

All living things are constantly exposed to ditTere1H 
kinds of cnerl!,ry, TI1ere are highly e,-.crgetic particles 

called cosmic rays th.at (.'Onsh'.mtly bombard the earth. 
TilCl"C arc energetic pal'tides aod radiation thr1t arise 
from tiny amounts of radfoactive atoms which arc a l 
ways present everywhere about us. There is e"en sun
light. and <.'ertaiu clu.: mic-Jls that occur around us na l 11· 
rall)'. All of these things can intcofcrc witl, the perfect 
duplication of genes and all c..m woJ'k to pnxlucc dif . 
fon; nt varieties of particular genes .  

This means tl1at e"ery gene that humao bcing.s (and 
other living thin�. Loo) J)l).SSCss exists in many van. 
eties . This makes heredity a f.'U more complicat(:d mttt
tcr th:m it ,muld be if every gene existed in one vari. 
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ety. 11\iok of all the different shapes and si7..es of noses; 
all the dilfen.:nocs in hands, ears. height, coloring, 
teeth, voice, and so on" It is I.K.'<.-::)11SC of this variety that 
you ctm so ea.�ily n:cogoize e\'eryone you !...-now by ap· 
pea.ranee, by \'Oice, by manne r of walking, and in rnany 
other ,va.ys. 

"men, too. if there \vere no mu tations so that all 
genes existed in a single variety, all members of ,1 spe· 
cies \,rould look alike .  

As it is, every si ngle liviog thiog has its  o,vn mi.x of 
hundreds or thousands of genes �md i.s differe nt from 
ever)' other. Among animals of a particula.i· kind, some 
arc fiLStcr, some are smarter. some can hide more casily, 
some can live better on a particular variety of food-ru.l 
because.: each ha� its own complicated t-ombin:uion of 
gel\es .  

This means that some individual animals can manage 

to survive more successfully dum others of the same 
kind. Some varieties of genes, or <:ombil\atioos of vari
ctit's, arc more useful in tl1e long run. Other varieties 
are paiticularly useless nn<l pul their owners under 
soch a disad\lan tage that they don't live long. 

Useless genes tend t o  diminish in 11111nlK:r a� pla1Hs 
or animuls that possess them die quickly. Those genes 
may l\eve1· completel}r vanish. fur n(.•w examples will 
tum up every once in a while a,; l\ew mutations. 111ey 
will not nourish, however. 

Useful gene.: varieties that give a.i\ advantage to those 
living things that possess them will enable those par· 
ticular creatures to live longer and better, and to have 
more children (many of whom will be likel)' to inherit 
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that gene vruiety). Such a gene type will increase and 
become more and more common. 

111c W:l)' in which useful genes b(...'(.'Ome mol'e wide
spread. and usele.'is gcm . . -s l ess widespread, is (,':'.tlled 
natutal sele, -tion. NaturaJ f<>n:.'e.S (the need of )jving 
things to compete with each other for food and mates 
a.od safety) select the useful gen e  varieties and ,nakes 
them oommo11. 

Mosl mutution.s that take pla<:,,c re.suit in rather poor 
gene varieties. and even very haru1ful ones. Tit.at 
doesn 't m:1tter. It is the V(:ry few useful mutations 
which increa,;t� ::ind .spread. 

Each different kind of plant or animal experiences 
mutations and natuml selectioo and therefore comes to 
fit i t s  environment rnorc and more efficiently. Enough 
changes might take place over a few m.illion vears to 
ham one kind of animal into a slightly diffc�nt {and 
more emcicnt) kind, or ioto t-wo or more different 
kinds. 

There is a slow evolutio11, so tlul.t birds and mam
mals, fur instaoce. gradually arose by slow .stages, 

HONEYCREEPER BIROS WITH CURVED BILLS 
EVOLVED FROM A COMMON FINCH-LIKE AN
CESTOR. 

through random mutation and naturaJ scloction, from 
reptiles. From simple insect-eating mammals resem
hliog present -day tree�shrews, such animals as Jemurti, 
monkeys, and ap es gradually develop(.<!. 

Several million years ago. some rat.her primitive apt:,"
like mammals spilt up into several varieties by '"'3Y of 
ra ,,dom mutation aod natural selection, and one or 
those varieties e\'entually develop ed into modem m, -m. 

Our pre.sent understanding of this process began, io 
part, lx:<:atL'it: a monk couldn·t pass the test that would 
have allowed him to setve as a teacher, so tit.at he de
cided to in terest himself instead in the growing and 
l,n::,,ding of pe.i plants. 
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