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To REPRODUCTION,
WITHOUT WHICH

OUR SUBJECT,

OUR AUTHORS,

AVD OUR READERS
WOULD HAVE Begp
IMCOSSIBLE ...
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N ANCIENT TS

R MNCESTORS
HAD A FIRST-RAND

KNOWLEDGE OF
NNTURE. 1 THosE
DAYS, EVERYONE WAS
A BIOLOGIST, AVp
The WORLD WAS
A CLASSRoom If

‘MM A SCENTIAC
MOoV...

\‘




PEOPLE MADE

THIS INCLUDED

rﬁm THEIR EARLIEST GLIMMERINGS OF THOUGKT, IT5 spip, )

NON-LIVING TAINGS. EVERYTRING WAS SUPFOSED To
BE ALIVE, A FIT SUBJECT OF "BlgLO(aICAL' FI;I;DEAgC)HT

NO DISTINCTION BETWEEN LIVNG AND

- ANIMALS. ..




[N TE COURSE: OF THEIR STUPIES, OUR ANCESTORS Muer
HAVE NOTICED AN OBVIOUS FACT: S0
0 REPRODUCE THEMSELVES, —C TRINGS TENDED

... AD, TO Tle
PRIMITIVE

MIND, T MY
WeLL HAVE
SEEMED TAAT
EVEN ROCKS
COULD “GIVE
BIRTH" To
L\TTLE PEBBLES!
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(" AW SCHOLARS BELIEVE THAT TRIMITIVE PeoPie SAW
-4 NO CONNECTION BETUWEER REPRODUCTION AND SEX.
THE NINE MONTRS BETWEER CONCEPTION AND BIRTH WAS
SUPPOSEDLY ENOUGR To STYMIE THE SMARTEST STONE-
AGER.. AND WHAT DOES SeX HAVE To po WITK THE
REPRODULTION OF ROCKS 22H

FOR WEEKS IVE
ﬁvé%)o‘l;{qi%wa, AVD

INK
THeY Do V..

£ >
\

%ﬂmﬁ Irmﬁ»

‘ EVER NOTICE
Eﬁg Vs ANYTHIND FUNY
SULIGHTLY pPoUT BABIES
SKEPTICAL. AND SEX?
IT SEEMS
PoAIBLE
J:QKTMI—%E - . .
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MISSeD THE Y //r &, 5 |
CONNECTIOP, 7/ o
i l BE SHY.
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RS e, o g

0 .
uHE Te0PLE FiRaT 0 %,
PONESTICATED AMRALS — %5 » AN ~
"D S THER RePRODUCTIVE R
i o Gl B PR
BIRTH N P\UOTH%EBA,GOP'

“““

%
W A s B R S dp B FRY

\T MUST RAVE Come
A5 A GREAT SHDCK
T0 DISCOVER THAT
MEN RAD SOMETHipE
To DO WITH MAKjve
YABIES... |T5 5pD

T0 WNE CAUSED
Ble ClMNEEs (N
SOUIETY, SUCH A5
TATHERS Dy
PATERIIY S5,
MARRIAGE, PND Te
PRTRIAR Gty — BUT TS
15 A BIOLOGY BOOK,
D NE WOPT &0
(PO ML TRAT...



ALONG WITK Tis
CAME THE ROTION
THAT LIKE
?Hiégg LIKE— §
REALLY °
GEMNETIC IDEQ.-

AVD S0 pEGAp

W&%@@Tﬂ@

R "séLécTive
BREEOING.” The
o o
|

ARIMALS &}f\’n&ag
CROOSIN6 The
'Fgg%?f'{'e?ég%tgam%s

UCTiov,
WO (£TTING k

RID OF THE
“WOHST.

RESULT ©
p BRED oF
PROUD, TOUGH,
WILD AMIMALS
Whs REDULED
TO S0METHNG
DOCILE, oo,

WO SHEEFISHY R_TRWMPK of

PRACTICA.



4 & THE SAME TIME, PEOPLE WeRe DoMESTICATING Pmﬂﬁﬁ

EARLY FARMERS USED THE SAME METHODS AS THE
ANIMAL HERDERS, WEEDING oUT UNDESIRPABLE STRAINS
AVD PLAVTING OPLY THE BEST SEEDS.

THIS NAPFENED ALMOST EVERYUHERE IP THE WORLD = SCRAWNY
WEEDS WD GRASSES WERE GRADUALLY TURMED T RICH,
YRODUCTIVE CROPS. RICE, WHEAT BARLEY, AND DATES IV ASIA 5
CORY, SHUASH, TOMATOE?, POTATORS, AND PESPERS IN AMERICA S YAMS,
YEAMUTS, AND GOURDS N AERICA —ALL SPECIALLY [MPRoVED BY
RUMANS I

HMAM...
EVERYIWHERE
BUT EUROPE,
THAT 15...




EEQ“P HA¥E ,
00... THEYRE
st LSS gl
NO\SY ABOUT |T
TI;AN ANIMALS,
EARLY ON
PEOPLE rfOﬂ(ep
OF FoLLINATION :
fLLEN DUST
MUST LAND ON
& FLOWER
PEFORE \T (AN
YRODULE
FERTILE SEEDS.

DAUGHTER, LET

A
IRDS

AMD THE hUMApS..-

THE EARLY
FARMERS REALLY
DIDN'T KNow
WHY CoLLiNATION
WORKED —450
They ADDED
SOME MAé/C,
sT o &

00 THE SAFE
5I0E..-

Tt Pre
AATRIN TRIESTS,
POLLIMATING

A DATE PALM,
PROUND 80D 8.C.

WART WoULD SPuKk PUKS
ROEPEN IF WE WiT BIED
IPY'T WEAR THest SUITS, umpy”
BIRD SUITS?




( This CoMBIOATION OF SCiepCe WD MAGIC 15 NiceLY ILLUSTFATED\
B4 N BIBLE STORY.. BEMESIS, (RAPTER %0, OR...

FLOCK OF Wo FATHER\W-LAW LABAN. A5 PAYMENT, Jpcos
MAY TAKE ALL THe “SPECKLED MID SPOTTED™ PWINMIALS FOR HIMSELF,
WHWILE LABAN KEEPS TRE TURE BLACK ONES. THE Tio 6ROPS ARE
NOT T0 [WTERBREED. |

THE BIBLE DESCRIBES JACOBS FERTILITY MAGIC CAREFULLY:

ne STRIPFED T BARK F’ZOM» WIL}Ow RODQ' ARD "MI\DE TE WHITE
MPEAR WHICH WAS [V THE RoDS, ThEN SET THEM NeAg THE
WATERIWE HOLE.




THE IPEA BEUIND JACOB'S AcTiop 1S
\e TAAT LIKE BEGETS LIKE: _
Bf SHoWING THE WHITE 1N TAE
WILLOW RoDs | HE WAS TRYING
T0 BRiNG OVT THE WHITE P

LTﬁ&A';,;é BLACK ANIMALS
CAL
P LED SYMAATHETIC

N

THE ToIT, GENETICALLY SPEAKING, 15 THis: |

} SUGLEST fou
READ THE
ORIGINAL To SEE
Ry _LABAN

DESERVED

N FACT Tue PURE
BLACK MINALS BIRE SPECKLEP OFFSPRING -
JACOB'S FLOCK INCREASED ! Wiy 27 R

—ARD So

WELL COME
BACK To TS
LATER !

WERE WE SEE ACCURATE GEMETIC OBSERVATION SIDE-8Y-S\DE

WITH A NEAR ToTAL LACK OF (JNDERSTANDING.

LABAN CERTAINLY
PIDV'T OET |TH

\ﬁu €ET J
Y GoATY
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[;‘,OME OTHER GENETIC [TEmS FROM ANCIENT HISTORY:

THE CAINESE
DISCOVERED
"WALTZING™ MICE,
A MUTATION WHICH
CASES THE
ANIMAL To STAGLER
AROUND N
CRCLES.

TAE HINDUS OBSERVED
TAAT CERTAIN DYSEASES
MAY "RuN IN THE
FAMILY. MOREQVER ,
THEY CAME T0 BELIEVE
THAT CHILDReN
INRERIT ALL THEIR
PARENTS CPRARACTERISTICS.
"N MMAN OF BASE
DESCENTS CAY - NEVER
ESCATE AIS ORIGINS, "
SN THE [PWS OF
MAYU...

~

Yeuorop, & 6RegK,

AP
BREED) b THE

HOUNDS D%JURPZDEE."

i\




SeverML OTHER GREEKS, TWIRKING
MORE DEEPLY ThAM XENOFHOY,
DEVELOYED THE FIRST REAL THEORIES
OF HEREDITY — W OTAER WORDS,
™Y ADDRESSED THE QUESTION:
"Wy Do CRILDREY RESEMBLE THEIR

YARENTS 77

EXCEPT THE
(KD

es
RESEMBLE THE
MILKMAR?

ACTUALLY, ONE PHILOSOHIR,
SOCRATES, WONDERD
W ThEY SOMETIMES
DON'T ... & USED
To S8 TUNT THE So%
il D
WBDFE GOk fOR NOING. .
WE SHOULD ALWAYS
BEAE TS (N MIPD,
THAT ROT EVERY QUALITY
& INRERITED..

NPORTUNATELY , B SXCH
@wmmcw HOpEsTY,
SOCRKTES TROVOKED Tie
ATiens T T KM To

DEATH -
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THE MOST COMERENT
CREEK THEORY OF
HEREDITY WAS TUAT
OF THE FAMOUS DOCTOR
HIFFOCRATES.

Woriee: &

WIPPocRATES
RECOBNIZED THAT
The MALE CopTRIBUTON
™ A Qu's
HEREDITY 15 (ARRIED
[N '%Lso%ﬂe’ﬁ/é

% t

A r"UlEv HERe WAS
A SIMILAR Lo |©
womew-

THESE FLUIDS, HE REASONED,
WERE MADE THROVOHOUT THe
BODY, AND TheN CoLLecTeD o THe
REPRODULTIVE OROAVS,

The SEMEY
o FROM THE FINGERS
K HAD THE MATERIA

To MaKe MORE
FiNeeRs 5 Tuat
from Tue BAIR
MipE HAR, efc
ErC ETC...

AT 10N, A SORT OF
AT Ly ETIO, B T ek TACE,
AND WHETHER [he CHILD'S HANDS
WERE MORE LIKE MOMS OR DAD'S
PEENDED (N (WHOSE FiNbER-SEMEN




UNFORTUNATELY, THE GREEK WROSE \DEAS MOST INFLUEN(ED
LATER GEVERATIONS WAS NOT RIRPoCRATES, BUT
ARISTOTLE., WHen 1T CAME To SCIENCE, ARISTOTLE

NEVER LET KIS IGNORANCE STAND IN TRE WAY OF HIS
TEORIES !

@loLo6Y ¢
i CAN DO VT
WITH MY

s crosep!

ARISTOTLE — CALLED "THE PERIPATETK BECAUSE HE PACED
WHILE HE LECTURED — BELIEVED TUAT ALL INHERITAMCE CAME
FROM TUE FATHER... TRE MALE SEMpp, ¥E SAD, DETERMINED
TUE BABY'S YORM, WHRILE TWE MOTHER MERELY PROVIDED
THe MATERIAL PRoM WHICH THe BABY WAS MApE...




\ES, THERE WAS NO GETTING AROUND |T-.. THIS SEEMED Tp
\MPLY THAT ALL CHILDREN OUGHT To BE BoVs... WHO Knows?
MAYBE TS REVEALED SOME SUBCONSCIOUS (Uisp oF
ARISTOTLE'S... THE ANCIENT GREEKS PID VYALye Boys
MORE HIGHLY THAN GIRLS.

W MY VERSION of

The \DEAL STATE, ALL

YHILOSOPHERS WouLD
B REQUIRED To deT

YREGONT, AT LEAST
ONCE ...

l"

B P

KR UTRNES

B ————
1

PRILOSOPHER
COULD HARDLY
16VORE Tie
EXISTENCE OF
FEMALE
BABIES.

HE PATCHED
Up Mo Theory
BY DECLARING




\
Wk05€ FLUips A FINE THEDRY ... gxCEPT
MADE MYy spechies?

THAT IT DoEsN'T ACCOUNT

BROWN-GMED PEOPLE OFTERY

HAE BLUE-E9€p BABIEs,

D DOUT FoRéET JACKHS'S
KECKLED GOATs.

N6 THLOSOoPHeR,
EMPEPOCLES,
TROUGKT Tis
WIGRT RESULT
FRoM THe
MOTHER'S
OALING
LONOINGLY

AT SThuEs L~
PREGUNIDY. Noa

" WS WRONG,
LAY LosT
YOVR MARBLEZ "




bRep CiviLazATioN MAY wpne TERISHED, Bur.




MANTLE PASHED
To_Tie

IROVIANSY

Who HAD
WTTLE TaSTE
FOR PRILOSORHY .
ThEY PREFERRED
The TecHMoLooy
OF DEATH

To TAe
SCleNCe OF
Lire.

WHAT WAS Your
CRAME"

|
\—

THE ONLY GENETIC IDEA They ADPED WAS THAT MARES
COULD BE FERTILIZED WE‘TTHE WIND...

- __—- oy . @:}
=
= &ggk%g,@ £ == 2
S OME.T = oo g S
- %fﬂcmb %%@

Tie (WRoKb
WAY..
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5CICE FADED <1 UM AR . =
WA To MERE ‘ G Xy )

Liste OF “mo “
LI ¥ obARius

T |
b
él’IEUIHE o \
I

WRET P\Re We To

f“kKe OF STORIES

LKE HALF A Cow |
FALLIpO FROM

ey b A
THUNDERCLPP ¢

TieReS LW
GRE 1T 5 e
QONWI'ELL 6TALE R
2
A JO?EM DER OF




ONg MEDVAL IDEA ESTECIALLY
\MPEDED UNDERSTANDING. IT WAS CALLD

ORIGIPRTING
WiTh e GREEKS,

TS WS THE
PELIEE THAT
LIVING
ORGANIEMS
CoulDp ARIE
(SPopTAREOUSLY")
fRoM NON-
LWVING MATTER.

YROM DECAYING
MEAT ... Hogslgﬂmg
s
fRoes, MICE, AN

PULS
pomp(awg% SLIME
(oME To Lirg |



115 NOT kMEp To
VMGG Wi
SPONTIREDLS
LR kTiOP MDD
QL AABLE:

IN M WORLD
WHERE 5LIME
WAS COMMON,
OVE SAW T
RArrEN
QERY DAY/

Yoy S6€ woy peLigF W 6?0")-”"% NOT MUCH
GENVERATION OONFLICTS  TH FAMILY RESEM -

"CENETIC” TRINKING? JF A fROG BLANCE, 15
COMES YROM SLIME, \T ,

DOEAN'T MAKE MUCH
SEPsE 1o TALK ABVT
IVERITED RQUALVTIES,
poes (T 27

A 1N THE V7™
CENTVEY, & SIMPLE

W 7
7
o CHALLENGED

EXYERIMENT
SUCCEEARULL
z- 5PONTANEOUS
o (ENERATION..
21




THE ELEGANT
PEMONSTRATION
WAS PERFDRMED
BY THE
\TALIAN
FRANCESCO

( Rep! PLACED fleces oF FREAM
MEXT 19 JARS... SOME OF Tig IR
He CAYPED TIORTLY \WTH CHEESE-
CLOTR WHILE LEAVING THE REST
OVEN T0 THE FLIES.. oo

AFTER 50ME TIME HAD PASSED,
REDI FOUND MAGEOTS ONLY
e ofed MWKs.

Toe MROLOTS GREW, STIFFEND W0
COCOONS, AND FINALLY EMERAED A5
PULLY FORMED FLIES!

Tovs, Rept WAD spowp TAAT
MAGEOTs CoME FRoM FLIES, ANP

FLIES COME FROM MAGLOTS.
NOTHEG VISIBLE WMD BEEN

“SPoN TANEDUSLY BENERATED"  FROM
Tue ROTTING MEAT

J
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T THE “SPONTANEQWS,

GEVERATORS' WERENT ] .
POUN_ YET.. L &

50 - WE WERE
WRONG ABOUT
FLIES..so
WHAT?

PEOPLE STILL BELIGVED
TAAT FLEAS CAME fRoM
SAND, WEEVILS FRom
GRAY, EELS FROM THE
DEW, €1¢, L, EC...

¥ KRN Y N X X XK KK I WK KK K XKL

FLEMS, EELS, MID
WEEVILS, (N TURR,
WERE DisPosed of
B4 ANTON VAN
LEEVWENHOEK
(“LAY-ver-fook ™), AM
AMATRUR DUTCH
SUEPTIST AND The
ARST To MAKE
SHSTEMATIC LsE

OfF e
MICRﬂSCOPE.

g% ’/ﬁ
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USiNG s simpLe
INSTRUMENT — JsT
RN EXCELLENT EvERIECE
REALLY — | sEUEp ok
YoLLOWED THe LifE
HISTORIES OF VARIOUS
SMALL CREATURES.

RIS TREATISE op

Te FLEA o A
CLASSIC ¥

TS MWTE Ap
VESPIsED CRENTURE,
fe weote] 1o AVDoWED
Wk AS CRERT A

CERFECTIOP (v (5 KD
AS PR (ARGE AMMAL."

bﬂﬁ!?l%ovﬂzeo THAT FLEAS, Like YiZH, DOWLs, ARD
HUMANS, WERE SEXUAL BEINGS !

K My (J0RDs: Yes... LEpWEMROBK HAS
%‘E [NQUirRY (N ALREADY CORRVPTED
oMY LEMD To Tie MORALS oF

24




=1 THE PUTCH SclepTisT
MADE TWo MORE
ORERT DISCOVERIES:

HE (AS THE FIRST
T see

BACTERIA,
TE ULTRA-SMALL

Pss
RAVE BElomg,
S0 |MCORTANT i

Mo ics
NoDGEL eat

2 =i

: @ .‘3@ ——

a‘?@}; S D e

> () 3 5.9 J———
%0@%’%?@

AND He DisloveReD
THE EXGTERCE of
GPERM CELLS.
EXPMIPIG SeMep,
™ “WoRMs.*



ONE MIGHT 5Py THAT Tigs
DISCOVERT OFgep A Wiole
IT SPAWNED WRONG IDEAS..
TOR (NSTANCE, LeBumEpHOEK
HMSELF BELIVED EACH ReeM

CAL COUTMMED A Com
VEW ORGAEM [0
MINIRTURE .

THE OBVIOUS PROBLEM WAS :
\F THIS "PRE-FORMED"
ORGANISM WAS A Boy \T
MUST ALREADY WAVE TN
TESTICLES, WMCH WoulD
CONTAIN MIMIATURE
SPERM, WRICH WoULD
EACH RAVE EVEN TIMIER
YREFORMED ORGANISMS...
AD INFIMITUM ET
ABSURDUM 1l
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(fs Lopb A5 LueRe TALKIMG (pmpt) L

WNLE

,’ ’ . ' L 4

LEEVWENKOEK o S |
gFECULPtTBP LEMMg SE [ /(f

BOUT P Wm, HouR ORGANS! ) FALLOPl;’
g&? SCL { émizﬁ L. CopTROL YOURSELF]
AN @
RoLE I = o
REPRODUCTiON.

Vfiuam Harvey ™

1578-\657) STulen
The DEVELOPMENT
AND CONVINCED
MMSELF TUAT ALL
ANMMALS MU&T e
ROM E665. “EX
uOUT OF E@‘ﬂ, ALL.u

J
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WARVEY BEGAN THE KUNT FOR Twe MAMMALIAN fo6.

WE PERSVADED THE
Kive To LET jim
LOOK FOR MAMMAL
EGO5 IN THE ROYAL
DEER PARK ... DozZeNS
OF DISSECTED DEER
LATE?, RARVEY AP
To ADMIT FAILURE.

> SIbR:
6UES | LND

FOR 200 EARS THE
WUNT WENT ON... ANpD
STILL NO ONE COULD
lé?p%RTE THE ELUSIVE

(FT 5 NOT HARD T0 %€EE WYY NOT.- NOT 0P IS THE WWMRUPﬂ
E6L WCROSCHPIC, ITS ALSO FMRLY RARE...

MANMALS LAY l |

VERY Few EbbH:

A Humpp FEMALE
PRODUCES ONLY
ONE A MONTR,

IN CONTRAST
To T He MALE
Tape oF MLLIOW
OF SPERM
CELLS .

28




r?:UT THE SEARCH
WENT ON.-TRERE WERE
S0LID REASONS PR

€5,
Yeope PRE

BELIEVING MAMMALS fJustT MeHLY
HAD EG6S: WE WAV sggtaueos‘
OVARIES AND OVIDUCTS.. CKER>:

IT WOULD BE PRETTY
SILLY POT o RAVE
ECLS, Too...

4 7,
L !

IN FACT, SCIENTISTS GREW SO SURE €665 WERE THERE, TAAT
WHEN ONE WAS FINALLY seeh —A Dob's Ee6 (N 1827 —
\T CAME AS MORE OF R RELIEX THAP N SURPRISE X

; SI6N
T2 ABRUT
TIME..

THE ONLY ReMANIpL N
RIDDLE WAS ANSWERED
(MER OSCAR K/EFTWI& ’
0BSERVED THAT
FERTILIZATION
WK e OpPIOP Of
p SIPOLE SpegM
i A Sipole pet-




—n

Bis?

SOME PRoGRESS e
e, W 4£?*
b N L
gvrj;?gor SViL 7
LANT SEX. gfa—
e N
[ 1100, THE

CAMERPRIYS &
QUITE LIKE

SEXVAL NATURE OF
PLANTS HAD BEEN
LARGELY  RESOLVED
BY CAMEKAKIVS
AME SOUNDS
LIKE A ?LM’T...ND

HOWED TRAT FLOWERS BORE SEX ORGANS

THOSE OF ANIMALS.

AND THEY STHUC
TEM RIGHT IV
THE AIR-.
SKAMERUL ¢

~
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STIEMA
OVARY

The MALE PPRTS, ANTHERS

CONTAIE ToLLER, fum”ca ’ THe FEMALE YART 45

15" LIKE SPERM IN ANIMALS. Toe STIGMA, To W
THE ToLLEN ATTACHES.

Te Yo JUST TO

(oalf' PaRT OF COMPLICATE

i7) el MATTERS,

PENETRATES MANY FLOWERS
HAVE poTH

e, MALE AD

CAVSWG TEMALE
ORGANS

¥ 1795) MD Go THEY

To Pevely CAY FERTILZE
TUEMSELVES.

MY MOTieR
% BY The OAID BABIES ARE Yo
EARLY [800%, BOTA COME YROM CALLISL
PLANTS AND ANIMAL= CABBAGE MY MOTHER
WERE KNOWN To %€ A Lipe
VAL ... Te MALE ?

\BUTeD YoLu® OR
OPERM 5 THe TEmALE EOES...
A0 SYONTANEOVS CENERMIOP
WA DN YTo LAST
L — pLMOST...

31



\

ITh ALL

THis TALK
ABOUT SCIENTISTS,
LET US NOT
foReET
THe PRACTICAL
GENETT Q15T6 -

) ;Mﬁ OF GREAT
E é PRACTICAL

TS OF
LEAD, MORE OR
LE‘/P DIRECTLY,

Botozeny o
THE GEYE. J
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/" LeTh SEE WHAT THEY ALREADY KNEW FROM exmlewe:\

SoMe STABLE VARIETIES NEARLY ALWAYS
BREED TRUE, THEIR- OFFSPRING HAVING
TRE SAME CAARACTERISTICS AS THEIR
PARENTS. SOME CoMmMOp EXAMPLES
ARE MACKINTOSH PPPLES, ARPBIAY HORSES,
LABRADOR RETRIEVERS, PEOTLE WITH
BLVE EXES | Erc e ETC...

oN Tie OTHER WAND, S0ME
BREEDING GROVP5 SHlow GReAT
VARIATION. JACOB'S FLOGK 15
AN EXAMPLE OF VARIABLE
(oLoR. PEDFLE WITR BROUN BES

CAD RAVE BLUE-4ED C!MLDIZW)

\T S
SOMETIMES _.
@ P0S518LE TO \MPOSSIBLE NYBRIDS
MATE PARENTS

FROM TWO DIFFERENT
VARIETIE® TD FORM

HYBRIDS.

FOR EXAMPLE, A
MULE 15 BALF WORSE
AND HALF DONKEY.
OF COURSE, NOT ALL
WUBRIDS ARE
FPosslBLE W

_
33



WIBRIDS Re DiFFicuLT
10 PREDICT... THY
AY Se6M VIRTUALLY
PAVICL To e

. OB THe
AND WHEN HyBRIDS
PRECD (1T HYBRIDS,

/N
(i
‘IJ%’;‘a

e RESILT (5 |
VARIATION IV The ) "
EXTREME i iy, n\
il
L t"‘ﬁ;'fmﬂ‘%,
EVEV STABLE

@ V65, DCASIopALLY

PRODVCE "SPORTS " —
OFFSYRING DIFFERENT
TWESE ARE oFTey
OROHY DEFECTIVE

"MONETROSITIES"...
; l
DACHSHERR! , %R%MS% iy
[ . l opL
¥ QubHTy g !
£ THe STUBBY- LEGHED
SHEEP WHICH
PEPEARED AROUND
1200.




( B CROSSING These STORTS BACK WiTH j
NORMAL TYPES, 147 CENTIRY TARMERS

BAD MANAGED To CREATE SEVERAL pew
STABLE VARIETIES. THEBE WERE MW TYPES ® = N
OF WNEAT, SEAS, AVD STRAWBERRIES ' |
YORVLESS CATTLE, AND STUBBY- LEAGED

A}
\2

BUT |T UM STILL A WATTER
OF TRIAL AVD ERROR... (T

| ¥ We coULD
WD 30 CEE geide BREED A SIX-LEGEH
WOVDER IF There MiiTy'T Yofec, beD
PG A SCIGTIHC WY CLERy, O IP
0f SBLECTIG GLrE:
PHPpTAGEDUS
RAITS 1o
CREATE pelw
VARIETIES.
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RHEVER s

DESPITE A 600D HEAL

OF WORK, NO TRULY GENGRAL
LAWS OF INRERITAP(E  WERE
DIoCoVERED.

SoME NUESTIOATORS CONFUSED THEMSELVES ©Y CHossive
BREEDS TAT DIFFERED 1P 100 MANY CUPRACTERISTICS- .

P
CAREFUL CoOMT
OF THE NUMBER
OF VARIETIES
PRODUCED
FROM EACH
CROSS.

( INDEED, THE SROBLEM SEEMED W
WOPELESS... GRADUALLY, ECIERTISTS

BAVE VF TRYWG D TURED To

ENGIER RROBLEMS... MDD TRAT (5 lpy,

WHES THE (AWS OF IDHERITANCE WERE

VR wnd ToHoReg o

THETY YEARS...
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e

.
it fumar O

ﬁ;“% Firy 1o o s
= Sf 4 < HAD FALED To FIND

MY PRECISE (AW OF
IWHERITAWCE.  OBMOUSLY,
mscovampe The RiGHT'

\
I

1)
Km

MULA, IF FosSIBLE,
_________.. lx 108 RING
ERHUMAP e CE
. R e
MRACLE oF wd\’
k ND WONDER 1T RAPPERED o A MaNASTERY... )

OREGOR MENDEL

(1622 1884) WAS pp
AUGUSTLAP MONK
FRoM BRONY, BUSTRIA.
v ﬁlpée SPARE TIME,

BRED
?EA PLANTS
THE MOMASTERY
GARDEWS.
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BUT MEMDEL WAS
NOT JusT pV
AMATEUR CARDENER,
BVT A 5CIENTIST
WO STUDIED Wi en

YLANTe mOST P =
CAREFULLY —
HE CALlep THEM
Ri& ‘CliLpren,

-

( CroosiNG TEAS WAS THE MIRACLE OF LuCk: THEY ARe PERFEZTLY
SUTEY To GENETIC RESEARCH, WITH A PUMBER of STABLE
VARETIES WHICH MAY FoRM WpRIDS -

€ TYfe MPDE SMODTH,
?ﬁ%@%sehew%w
L
X0 WRFNKLW...

" EF come s
I u?aae PLUMP,
WILE OTHERS

WERE CINeHeED. .

THERE Wefe GREEN PeAS ApD Tftwwa GREY 566D-CohTe AUD
WATE; WAITE ALOVERS APD PURPLE. THERE WERE DifpeReNCES
W The ColoR of THe UNPIPE Voosk'me ColoR OF 5e&D

ALBUMIP, AND THE FOSITION OF ThE FLOWERS.
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EVERY PP FLoWeR

HAS BOTH MALE OLESS

D FEMALE WE PRACTICE

gfggqgﬂkfg(m I L
MILY PLARDIG.

FERTILIZE AMILY PLARYY

THEMSeLVES.

YBRIDS - )

e e Teb e DD e
TIoMA Y
WRILE STILL |MMATURE
To Fﬁevéy' w foLLER TAKEN %
e g ESRep
4 FATHER

FIVALLY, KE TIED BAGS N TS
OVER Tig nou%%% N
T KEEP OUT AW MEVDEL
STRAY WAS
pbLE TO
COMROL

THE
PARENTAGE
OF ENCA
GCEPERATION-
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[ WADELS FPST MAJOR RESUT WAS THe DISCVERY OF

WINANCE. WAAT BAPPEVED ey A TALL PLANT wAS CRos5ep
WATH A SHoRT 2 ONE MILHT EXPelT /\Iap:um- SIZED PLAMTS,

‘!1

MENDEL EXPRESSED
Ths By sAie
TWAT TALLpESS

YLUMP PoDS ovex

A PINLHED .
il B
(¥ P51\, Tee R CohTs, et
;};A\T c‘)g 5THK0;J .
CALLED RECESSIE. 45
N Every CASe
OpE TRAT WAS
FOUND T $€
POMINAMT,

P

oD €
&prm\!ak hlf’k;fh( Lep:

[T DPP'T MATTER ma\ PARENT coTﬂuﬁvTeD Te YoLiey
WHICH THE EGO. M TALL-SHoRT AVBRID WAS atw‘;ys mﬁfl.o

\




WHEN THE HYBRIDS o \
QLF' FERTILIZED, ABOUT 30 CONTINUING THE

%% - FERTILIZATIOV,

Iy OF THER OFFPRING VR SR

WERE SHORT. 7 RBUT ONg TALL (N
THREE TRODUCED

ONLY TALLS, WRILE

THE RECESSIVE

TRAT REAPPEARED ¥ THE OTHERS \IELDED

BOH TALLS AND
SKOPTS |V THE
RATIO R?) Ri 5o
THE SKRORTS
ONLY SHORTS.
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SOMETHING

(m'enms INTERPRETATION:
THERE 15
, N

IV POLLEN APD Gy
E6G WCH AT
DETERMINES NV Zas s

THE HEIGHT OF A ALV
This “SOMETHING' WE CALL A

GENE

EACK PoLLER GRM® AND EGG HAS ONE HEIGHT BEVE, SO
L TRE YLANT ?ORMED BY THEIR UMM HAS TWO.

The GEVE MAY BE ONE OF TWO DISTINCT TYPES, OR

%\g ALLELE, 4,15

TALLNESS 3
THE OTHER O, 4, @'—’\
l5 R SHORTNESS, A a

(" M PLANT MAY HAVE THE SAME OR DIFFEREXT MLLELES. )

Tue ALLEE A
\6 DOMINAUT OVER
. TRAT 15, Tie

?LMJT WITH THE
COMBIBATIOY Aa
& TALL. THe
ALLELES Do NOT
‘BLEPD.

_




BREEDS WWTA
PA 27 foLLeN A
THE GEVE...
(N THIS CASE,
THE ALLELES
266 THE SAME -
—50 e
OFFSTRING WILL
AGAIN BE AA. OR
TU. LIKEWSE,
aa CA \ieLD
O dd. TheE
ARE Tie STABLE
& TALL
VARIETIES .

MENDELS FigsT
HERID WS A
CRo%S BETWEEY
AA N‘)D aa -
Te ToLLep (R €0)
oM AA COVTAINS
oMY A, WwHLE

Ve et (R Touer)

m 2a CONTAINS

[RESULT
Aw, WHA
o TALL -
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( WREP ThE RYBRID
AL FERTILVZED,
\T5 ALLELES
A MWD a ARE SORTD
RAMDOMLY
NN e uep
CRAWS AND E665.
BoTh A AD @
EAR, AND I
Roveily ERUAL
PROYORTIONS.

Y
A a A

Wiy oo MWD PoLLER UPITE, THERE ARE FOUR PosHBiLiTigs

! e 60T
F%YOF ThE bIMP"

GURT follgy, AU PolllE.  SHET DU ay ToLLER,
L‘MOFT €66 €66

wiicH ARE
SUMWARIZED (N
THIS SQUARE:
EAMR AIBLE

WAL v
OF T“f
SMALL
BOYES-
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(

ANTS,
A5 MAIDEL opAeR
TeM. TvE ARST e

GANERATION PR
W T CROANG,
SQUE

7 TRUE-BREEDING
TALLZ (AA)

LoTalts WHICH
2 mAY BREED
SHORTS (Ag)

% TRUE-BREEDING
SHORTS (4a)




qua LSO CROSSED SMOOTH-PEA PLANTS T WRINKLED, \
PURPLE FLOWERS WITH WRITe, €7c ETC ETC. IN EVERY CASE,
{6 YOUND TAE CHARACTERISTIC To BE COTROLLED BY

A SI6LE GENE WITH TWD DIFFERENT ALLELES, oE oF
WAICK WAS DOMINANT OVER THE OTRER

So VT SeEMeD THAT ow CAp ¢
LAt 2

OF TWESE LITTLE
“SoME T(RES,” ONE

uqzeow&‘zv TemT
OF TG ORGAPISM,
PRETTY CRolpep!

WITROUT EVER SEEIN6 A
GENE, MENDEL COpPCLUDER
TUAT HEREDITY (9
CONTROLLED BY THesE
"WToMS OF IBHERTAUCE,"
WHCH MEVER BREAK oOF
BLEND, MANTAIBING
THER CAARACTER YRoM
GENERATIOR TO
OEVERATION.-

LORD KNOWS
THEY wosT
Be Ty !/
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INALLY, MENDEL MADE CROSSES
TWeed PLAPTS DIFFERING D
TWO CHARACTERISTICS — YOR DXAMIRLE, N
A TAL TLAST Witk SMOOTA SegD5s mD
A SHORT YLAPT WTH (PRIDKLED SeeDs,

TE QUESTION HERE \2: ARE HEAGHT
AND SMOOTUNES CORRELATED SOMGHOW,
0R o THey ACT INDEREPDEMILY (vuev
THE PLANT REPRODUCES 27

Al e
THAT R ug (ED

MK
NS 5. 5 15

THE CR0%5 15 BETWEEN AASS aD aass.

@% 3

ARSS aass
4
@?@

SINE TALLNES
ND SMOOTHNES
MRE DOMINANT
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Now PR Te Selr-foLYNRTIoN ¢ THE HYBRID:

q ]
,',ﬂ THE GENES FOR HEAGKT
o AND SMOOTHVESS

[\

OF EACH OTHER, Tueh
ALL TwesE Poc,ﬁaw
YoLLEN

BE EQUMLY LiKELM -

SORT OUT |NDERADERTLY

S MID o5 WD

0,

0~
IV WHCH
CASE, THE
CROSSING
< seune
A\ ' Gu«-: THes.

OR: NP 0 1 15 W perveL
1 ARSS OBSERVED — A RATIO Of
1 3 SRR T L
4 PaSs \?‘RWWCD%WWM'
1 APss NCIALE
2 Aass} 5 ThLL, WRkkLEy 555’3" 77 é’y’f-’g”ﬁe
i aa95 A OF ONE GENE

3 SPORT sMooTk S0RT ovT we'cwe%« Y
1 4453 !
TE A
T RoTieh (ucu%’m)
[ aass | SHORT WRINKLED | Sge Taar s ‘prICiPLE"
b BN'T QUITE TRUE ! )

£
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NOw TART WEVE Seep

OW GENES WORK ThiS 66)-TEK DEAL
‘:IERe‘ﬁ A BT OF WEANS ELEPHANT
s e ey bl
IN CASE Yoy SHOULD
EVER WANT TO Bk A

PROTESSOR . .
EAVESDROP Op A TESS0R

MODERp GENETICIST..

WELL... NOT THAT KivD
0F JARGOP--

LENETICISTS msﬂp@uuslu
BETWEER AV ORGAVISM S
PHENOTYPE —WhAT IT
LoOKS LIKE — AWD IT5
GENOTYPE — AT
ALLELES IT HAS.

SAME
PEpOTYPE
DIFFERENT
GENOTYPE

Homozveous WiTa
RESPECT 1o A

OWEN GEVE 1F 115
Twp ALLELED Mee
THE SAME, ND
HETEROZY60US

¥ They'Re Homozyeous HETEROZYGOVS
QIFFERE})T.

(B8 OREANISM 15 ) TN

50 Now You Kiow
WHAT A BENETICIST
MEANS B - 2
“PHENOTYPICALLY SMODTH,

GENOTYPICALLY
HETERDZY60U .




“N N%\mew — WERE SPELL VT

[N A POsITION T R ME!
To. UNDERSTAND JACOBS /5‘
SPpUKLED FLOCK - !

THE ALLELE
for A BLACK COAT,
%L T B, WS
WAVT, THERE
whs aLso p
RECESSIVE
ALLELE , w, fOR
WHITE SpeCkLES.
MANY OF [ABMYS
PHENOTYRICALLY
BLACK AMIMALS
SELRETLY HARBORED
Ths w, 50 TR
KIDS WERE
COMENMES SOECKLED™

N OTuER g5
WOoRDS — Those 6OATS
WERE
HETEROZY- GOATS!

» ACTVALLY, THE GENETICS OF CoAT COLOR ARE MORE COMPLEX LT THE FRINCIELE |5 ThE
SAME : RECESSIVE ALLELES.
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T AGK
fa s u""’“'““
oW ¢
You TELL 1F 1T A A
WETEROZY60TE ? .

FOR [NSTAMCE, [N HUMAYS BROWY EYES ARE DOMINANT OVER
BLUE CALL THE GERES B MWD b ﬁ%(’amggw

—

- Bow CAY Wg TELL |F
THIS BROWY- EYED Persor
> BB R B ©

oNE WAY 15 To g | RAVE
CRoss A WITH A o b oF
ReCESSIVE WOMOZYLOTE— THS EXPERIMENT..
LE, A BLUE-EYED Mowds YOS,
PERSON, bb. You KNOW.--.

IF AN OF THE LITTLE
HYBRIDS HAS BLUE EYES,

Tue BROWN-EYED PAREMT MusT
HAVE BEEN A HETEROZfGoTE,
Bb. \F HE IAD BCEN B
ALL THe CHILDRE® WOULD
Kavg Bepd Bb, WITH

PROWP EYES.
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- FOR EXAMPLE, MY FIRST
WFE HAS BROWN BYES, MID | HAve
BLUE £YES. ONE OF OUR SONS
- T

WFE MUST B, Hérfﬁaz$eous-

(THE BLVE-Brep BOY MUsT RAVE

ONE ALLELE PRom HER.)

TRY Dojpl TRE SQUARE ! )

NOW THAT
TUATS SETTLED,
LETS GET /\

DIVORCE !

'gz oswvgveugfﬁums BLUE EYES "%Rce rvg;. IF OUR CAILD HAD
. WHAT (DoULD WE MAKE OF THAT 7
e Stk 1 D We MAKE OF THAT? BETTER

TAKE 'Y
i T ﬂwﬁg! ' 5 @
L

“SRRTY? Oh..
MAYBE IT WAS
A SPORT... THAT

WOULD EXPLAIN

IT.-. REW HEH- -

SORRY,.
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Soe. EXAMPLES
OF DOMNANT D
RECESSWE GENES
IN WMANS:

BROWN EYES AR
ﬁ Pomwme;(r oueR BLE

CoLOR VI5ION |5
ﬁ DOM\F:! ANT oveR COLOR

BLIFDNES.

* RARY HEADS ARE
POMINNTI' OVER BAMD

pie T funy T QR
e TRGUE 15 DompPMIT
ovaz THE IPABILITY TO
COfL Twe ToNGUE.

npbag“t%?ﬁ AR

DOURLE DOSE OF RECERVES
ALSO CAUSE SUCH

ARE DISENES AS YEMD -
ARIL(A, SICKLE -CELL ANEMIA,
TAY-SACKS SYNDROME
TWALASSEMA, vaRﬁéh\
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W PRINCIPAL
RESULTS:

HEREDITARY TRAITS ARE
GOVERVED BY GERES WHICH
AN THEIR 1OEPTITY 1D
RDS. GENGS ARE NEVER
LENDED ToGETHER.

No coMPRoMiSE
Wit Recess ves

1

RET
HY®
b

oNe foRm (‘ALLELE) of
7] A GEVE MAY BE
DOMINANT ovVER RYOTRER.
T RECESNE 68Ves Witk
voP OF LATER I

EACK ADULT GANISM
HAS TWO COPIES OF EACH
fRom EACH OARELT.

2,

CENE —ONE

Wiy ToLLEP OR SPERM WD
EbLS ARE PRODUCED, THEY
EACK GET OpE CFY.

DIFFERENT ALLELEB ARE
O SORTED (WT TO STeRM
AND €66 RApDOMLY AMD
INDEFEPDENTLY. ALL COMBINATIONS
OF MLBLES hRE EQUALLY
LWCELY

ARBBCCDDEEFFGGHA
Aa BBCCDDEEFFGGHR
2ABBCCDDEEFFEG

aa BBCCDDEY

AA LBCCDD

AR BLCCDD)

fa BLCCH AR GH A

A Y FE G :
(A L/ . s

»-) UL % SICRILY AT AT 0o THESe s 4 exc

RECT... DOMINARCE 1S SOMETIMES ONLY PARTIAL... THERE

ARG OREANISMS WITKH ONLY P SINGLE SET OF SENES - AID SOME
YOUR SET5... PAD DEVIATIONS fRom \PDE?eeTpmf[. PnésoRTMWTMTuRp

OUT To B0 VERY IMEORTAPT...
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ﬂ\ENDEL PRESENTED KIS THEORY IV 1865 Tt U ﬁ
NATURAL SCIENCE SOCIETY... |’1Z'Y?UT THEM "TE“Est?r’f

kﬁlfoRTuumv(,
0BODY CARED PBOUT
Tie PROBLEM ANY
“%'L‘S‘b&} ;gr::o FAS
1ON...
AND, BESIDES, S(M ¥
1879, BIoLoGISTS
g:{oTEleep Diﬁ_‘I[RNT@
E NEW THEORY
oF EVOLUTION, i
AND COULDM'T BE
BOTHERED WITH
MENDEL'S EQUATIONS.

B THE TIME MENDEL DIED, THE SCIENTIFIC CoMMUNITY HAD ToTALL
TORGOTTEN HIS WORK. “MY TIME WILL COME," Hs—Ysmp, NoT !
LONG BAFORE Mo DEATH IV (2D4...




Now Vol SEC THEN.. )

WHILE MENDEL'S WORK ([
f NEGLECTED, OTHERS wrzsm %)

FINDING WOMDERFUL THNGS
IN The MicEo-woRLD. é

tJOWADA%'l WE

Take I FoR

ORA THAT ALL
R e P

o E oL it
VT TS

FULLVTNAP'

AS FAR BACK AS TRE [600's
ROBERT KoOKE (ig35-(703) HAD
NOTICED Tie CELLULAMR -
STRUCTURE oF CoRK.
BUT IT WASH'T UNTIC THe
|B20S TUAT SCIENTISTS,
ARMED WITH BETTER
MICROSCOPES, REALIZED
THAT ALL oF US ARE
DVIDED WO LITTLE
COMPARTMENTS.
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THE AVERAGE RUMMI CoNTas
TRILLIONS OF CELLS .
OTHR CREATURES, SVCH
b doT of . Si6le
OF A Sip6
CeLl. cms“ wﬁ’uz »
AL RACES MID S12es.

MOREOUER, SCIENTISTS SAW THAT ALL CELLS COME FROM THe
PIVISION OF p PRE-ENISTING CELL. BEFORE DVISIOY,

TiekE |5 NO
SIONTAVEOUS
GENERATION
0F CELLS!
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r 5 MICROSCOYES |
{AMF’QOVEV T CELLS
INTERNAL STRUCTURE
EMERGED..

FIRST OF ALL, THERE

wﬁg m? quocL509—~
¥ THE

@UC LEVUS WAS

SOMETHING WEIRD.

Jyst BefoRe CELL

PIVISION, 80ME SHORT,

3TR|N67 OBJECTS SUDDENLY
ARED, DoUBLED,

AND TREN YANISHED!

TWre were Pbpep
"CHROMOSOMES "
MWD WEKE The cu/se
OF Muck Devate /

¢ FDSO?M%
A
cmvm(»r ROMISES —
L ey -
Tngléﬂ PPEAR.-- THE BRCK BEULT N Ap e

— oplY op€ ¢o () 2
mtuﬁ%! NH ™ gD ‘ M 5"- ) i Ceus

<

"We- - Ap

% K o .
\T WAS APALLY AGREED —
CitoMoSoMES Dop'T REALLY
DE-MATERIALVZE oF DISHOLVE .
THEYRE_JuST Too SKINNY
MoST OF THE TIME To BE
VIGIBLE WITA A CoNVvENTIONAL
MCRobCoPe. DURIPGL CELL
DInsor, . Toey
ColL 1P, BEOMNG THICK
ENOVER To SEE.
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CAREFUL STUDY REVEALED WRAT HACPENS To CAROMOSOMES
PURING CELL DIVISIOP. )

FIRST -WHKE STILL INVISIBLE— NEXT T AND
T™HE CARoMOSOMES WWPLICATE W B%ﬁ@/\nqsw
THEMSELVES, REMPNING ATIALAD TRE MICRoSCOTE -

%r El?e S°0T CAAD Twe CEVTRO-

i s By Tie CENTROMeRES DIVIVE As
FIBROVS SPINDLE FORMS, ON THE SPINDLE ﬁg?ﬂs TU6 The
WHicH b CHROMOSOMES CHROMOSOME PAIRS APART.

WE CHROMDSOMES KRRV WE MICLEAR MEMBRAVE RE-
gn’ THE o?FoQge ?owz, %RM%-, THE CHROMOSOMES
AND THe SfINULE DISPERSES. UNWIND INTD INVISIBILATY AP

e CaL PVIDES,

= b

o R

THs TRDetss 15 CALLED
MITO6165.
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[Tne TROCESS OF MITOSIS 1o EXTREMELY ﬂ
ACCURNTE. 1T ENSURES TUNT GVERY *DAVGHTER"
CEL GETS A TeRfECT AUD COMALETE SeT
g CkoMOSOMES. |N PARTICULAR, THE
umaﬂ? OF CUROMOSOMES WiLl BE THe |
B EVERY CELL. BACH sfecws As V15
cuMﬁCTéﬂlST I (HROMOSOME NUME*ER

Voo My
RIWVE NOTICED
THAT ALL

1
e
€ EVEN.
mze 15

Felar s

p ﬁzﬁsov
_}RP\T YoIvTs
0 T
ﬁ:ﬁgmoeom%

V@R‘( MATERAL

OF l
e
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e NS I
v b s bV o e sy,

2> /
“‘\{\IOOOOOODOOoOooo o0 g/

~
O -,

Z8[ SPEKM ANVEGE IRE oo
2 L%EEH%ELLI-&STXJE‘W TN
-— g 0 S—
2| NONBER, F ClboNosolEs - -

y !

,/00coooooo o000 D000 .

//’(f/’,u(,“‘

THE SPERM AND Eolo—
T GERM CELLS OF
GAMETES, AS THeY
ARE KNOWN — EACH
CARRIES A BALF seT
OF CHROMOSOMES.

\ T WORKS LIKE THS:

AT FRTIZATIOR, TREIR - :
Wcted W gnie 30 o N

gﬂwzfﬁméarmgb Efﬂe)ia : oV
CoMPLEMBT 0of gmoybgom (

PRoM Tis CaL ARISE

ML OTHERS BY MITDSIS. A

L
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MORLOVER, 1T (0AS
DISCoVERED (BY THE
AMERICMN
IN 1402) THAT EACH
CHROMOSOME FROM
Tie SPERm CAp BE
MATCHED WITH A

VIRTUALLY \DEPTICAL
ONE YROM Tie Ee0.

Taey Re DoUBLED MID
Z CONTRACTED.)

Hus, Twege 'RE REALLY ALReADY Two COPIES oF EUERY
Q\'RDM

vm EXAMOLE, Tk 46 CHRoMosoMEs, REALLY jAve
53*%%5 PARG :  ONE fRoM BACH TAR COMBS YROM
Mom M0 ope ¥&oM DAD.

THIS SVOLESTS

TUAT THERE
MUST BE A
SPECIAL KWMD
OF CELL DIVISION
JlA‘:T FOR MAKWG
* i
Y i, 6
WELL EXNPLMY !

METES...

62

WiLLIAM SUTTOP

_ (1T5 EASIER To St e
\

0soME IV THE CELL. THESE ARE CALLED “HomaLocous
LPA/KQ“—“‘PPDMDLOMU‘:" MEANING “SPME SHAPE.

j

_/



grll‘ljéﬂf’f:,oce%, CALLED MEIOSIS, 14 ACTUALLY A DoUBLE
510N

AS IV MToSIS, TRE CHRoMoSOMES  ©UT Toey THE HOMOLIGoUS
DouBle MWD Trace - gm':tggqmes PAIR OFF —

o T BEE
ETLEWR
Feiig o | {( JI,' )%/
T L) Q\\ /// \W{%

WHep They Remcu Tug YOLE, T THE CHRoMOS0OMEZ Ti
SPIDLE VANISHES, M NEW 5
HWDLES TOR " THE OTHER WAY,”

SEPARATE, AS IN MITOSI5.




MeoS1s RESULTS
W FOUR CELL>
EACH WTH HALF /&5
Toe CUROMOSOMES  /f
OF THE ORIGINAL.
COUNT ‘EM —

3 Vs & N Tws
ChoE.

W0Te THAT WHICH Copy (PomoLob") OF EACK CHRoMOSOME GOES
TO WHICK CELL 15 COMPLETELY RANDOM.

EACH OF THese CoMBIRTIOPS
> BUALLY AS
it F — o
‘le _——— | EE—_—— o | oo
ABOVE. | S— — | ==
— T | S
—

NI AT 15, THE CitRoMOSOMES 0By THE LAW OF
w//m IWDEPEUDENT ASSORTMENT. | ]

64




NCE_MEIOSIS p¥D MITos|S

WERE UNDERSTOOD, BIOLOGISTS \ 7/
BEGM To SUSRET TRAT ~ —
CHROMOSOMES MGHT BUVERY )
A oy oSoeD N

X (\

INWERITARCE ... WD SCIENCE

AR WARGHED — BACKWARD,

To e LAaws OF Meppel Y

fRIGNDS 1

)

4 ] P

v
A ‘r Q
© A\
i

SR\

ToWkD THE MO OF e 19™ CeNTURY THREE SenTisTs,
PORKING [NDEFENDENTLY, MORE OR LESS DUPLICATED THE
AUSTRAD MORYS PXPERIMEPTS AMD RESULTS. Ty weRe:




[Iv Tie xR 1100, AL THee SehReueD The SieyTifC
LIBRARIES FOR PRECURSORS OF THEIR OWN WORK, Aup ALL
FOUND GREGOR MEWOEL !

/ { BRIWG UR

SO y T REAF,

L W AX) - .
“ X " (- +

[ pPTR Trey WO
ANIGHED KICKING
THENGELVES, DeVRIES,
DistoVEry To - -
WORLD. Wi

/7
w(ﬁ%dm‘ WO

8 MOLDGOVS
o1

QIROMOSOMES [P
BRAGSHOTPER CELLS,
PvD SCK NG

WO ey T
pentl

-
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To SUMMARIZE-

AT e? oo T2y D

CHROMOSOMES BEHAVE LIKE GENES. THEY
RETAIR THEIR IDAVTITY | WBRIDS, DD Ty

SGOREONTE |NDEPERDEVTLY WHED GERM CetlS
MRE MADE. TWREXORE, IT'S LOGICAL TO
BSSUME TUAT GENES L1E 0N CHROMOSOMES.
(Tieke MOST 86 MM GBS OB FA OpE,
BECNSE TReRE NOST BE FAR MORE Gepis
T Tig P DoZA CHRoMOSOMES TWRICAL OF
MOST SPeies -)

THE TWo COPIES oF
A GIVEN GENE LIE AT
THE SAME PaINT ON

HOMOLOGOUS CHRoMoSoMES.

1.6 I Tep AW TS TURNS oUT To
ope' G747 TH6 OTuer B Tﬁue.T--ng onc;r
FoR Heaiy CoRY MusT PeopLe LOOKED MORE
Lies e peerLy (Mo Te MATTeR,
WG — — THey DISCOVERED A
Faw Tipos MepPDeL
HAON'T REALVZED...

67



@01; OPP% @)bétgog‘;r th% OREMIEMS
J U

u&or&osame& MMy LpWER Spees,
Like Some FUNGL, ANVE JUST A Gnble
€T

Al W A
SIN6LE ET oF
CLROMOSDOMES 1S
chllep HAFPLOID,
ONE WKTR Ti0 SeAs 15
Gionarap oF
DIPLOD WiLE OUR

GERM "(SEX) CELLS
ARE RAPLOID.

N 3
HARLOID

DRLOID OREADIGMS |MCLIDE ALL Tip
FAMUAR MAMMALS BHD BIZDS MDD MAVY
AT, AAPLOIDS [NCLUDE MALE ROREY B, MAY
6L WO NSEYUN ONE-CaLED CREATURES.

: ML Tt
Brroer mt T
POLYPLOID OREMISMS,

WiTi r&ﬂwﬂ(’tg sg\’-s of
OMDSOMES-

it e

Mg DLy tLop.

(NOT Fehs, Tovek )

LIKE Te€

e OTER MAPR TROBLEM WITH MEMDELS THEOR
WhS THE ?ng\e\?w C?F lu%EPWDaW ﬁ%owmemi-

P Reuse MCASURE OF HOW WRONG IT Wi e
To THe PBILITY TO MAP OUT BXACTLY WIRE OP THE

CUROMOSME TAK OF 115 B MOHT LIE. .- RN ON.-.
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B e i e

N WERE
JUST ABSTRACTIONS,
LETTERS Mov COULD Jupble
To EXPLAIN AFD PRepcy

how HEReITARY QUALITIES
WoULD Be PASSED

ALopGe To FVTURE
GENERATIONS .

A A
Mow eflT PPE%FEE% ATf T

A

Wi AR LR TN IR (§@6@
LAy tg SoME ORDER ALONG
“THE CHRoMOSOMES oF

CeLl , AVD THE Two
ALLELES OF EACH GRVE
WERE 0N THE TwD
CHROMOSOMES oF A
PomolLoeoUs “pAIR .

OME MEHRT WONDER
F 175 Eos.swua T
MAKE A GEANE MAF
SHoWING JUST IWHgee
ON EAG (WRoMO-
SoME ALL THESE
HEREDITARY U5
MIGRT g D




TE pVSWER To THIS

PE;E DED ON A SEEMING

FARAPOX, FOR W ONE

RESPECT MENDELS FIPDINGS
CONFLICTED WITR THE /
OBSERVEV BEHAVIOR of "y
CRROMOSOMES, . g -

NAMELY —
THe YRINCIPLE Of
INDEPENMDENT
APORTMENT !

OBSERVE : THE NUMBER OF GENES MUST BE TREMENDOUS TO
GOVERN A CoMPLEX ORGPNISM  BUT THE NUMBER OF
CHROMOSOMES |N A CELL Yo FAIRLY SMALL . A FEA PLANT HAs
WST 7 PAIRS OF CAROMOSOMES, A HUMAN 23 o

ColtLUSIOp
MaNY GENES
Op EACH

CAROMOSOME !

e —

e
<

THE PRoBLEM: (F TWO GEMNES LIE OM
TSE SAME CHROMOSOME » HOW CAN
THEY BE INPEPENDENT 27 PFTER
ALL, CRROMOSOMES DON'T BREAK ARART,
Do THEY 7 SROVLDN'T VIFFER?';
GENES SOMETIMES BE LINKED 77

PAYSICALLY
LINKED — B ThE
CHR2MOSOME !

S0 — Vo GENES
ASSORT |NDEPEN-
PENTLY OR NOT?




WELL, \T TURNED OUT

BN /( 7

> OR (AS ITS CALLEDY) CRoSSING OVER.

\

'géiffgsﬁ LINKAGE BeTWeer CERTAN
ES..
g

CHROMOSOMES ALSO ENOALE iN A
©ooD DEAL OF GENE SWAFFING,

_J

T |LLUSTRIYE, LETS LooK
AT THE EXAMPLE OF THE

ORDINAR
72/»*'10/47'&

F
¥, GPRDEN- VARIETY

WITH MUTANT
MAONNAKE ~

AN TRY NOT To EAT
THE EXAMPLE UMTIC
PETER CLASD.
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TomAToes HAVE A SKIN-
TGXTURE 6ENE WITH A
Recesste ALLELE, p,
WHICK CAUSES HAIA’y FRUT
e MARKET /)

lkeu\lse The, HEIBHT GENE PAS A Recﬁ%ws puee, d )
wsmb pw!\RF PLWTs

Tie ReSPTIVE
pogmwr ALLELES
AR

WHICH
CAJSES SMDOTH
FROLT, MID d¥,
WHICK MMGED '

2,
1\/

To TesT Te CRipUPLE
OF INDEPADENT

RSSDRTMERT, u!6
O CROSS B
Dousle RECESSIVE,
ppdd, WK A
He*feﬁo’z%om
prrdd®.

&'

HAIRY, DWARF smmfé, TALL
pptdd*
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SUCPeSE MENDEL WhS RIGHT, D Tie p's WERE INDepeoDenT
OF THE d's.

| ng‘%) T#rf?sd*
: \
- WOULD MAKE 6A-
F VeTes Witk ALL
CoMBIRATIONS
& OF ¢S MWD
as.

Recfgewe N ptd
ppcd ¢ N DN
i grld >
' A 4

‘ i )
14 SMOOTA, TALL !( RARY, TALL k SMovTh, DWARF # HAIRY, DWARF
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NOW SuPese p AD 4 LIE OO TaE SAME CRoMOSOME .
They T HYBRID pptddt KBS [Ts ALLELES ob A
fOMoLOGOUS PR

Tie - F A Pt
e
p 4 pr d*

P S P A N

¥ TS CASE, ONLY Tvo TYees OF GAMETES CAp 6 MMDE -
pd PP pfd*, FATHER MM THe YR PREDICTED BY MEPDEL - J

e

o556 WITH THe Dov
RECEANG vpdd , VE oot

SMoOTH, TALL ¥ HA:V, va#F
Srear el
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AND OF CDURSE,)  WHEM TiE CROSA 15
phO's O THE ACTUALLY MpDE
S0 OF Tt WHAT DOES ONE

AvaELS” ACTUALLY GET: A 9050
SPLIT OR PN EgUAL

4- WA 3eUT 7

-~
(v Seems T NEITHER SRRY ot *
PREPICTION |5 CORRECT.

ALL TR TYPes Do
MRPEAR., BUT IV TesE
YROPORTIONS -

SMOOTH, TALL WAIRY, TALL  SMOOTH, DWARF  PAIRY, DUARF
prod’ ppddr pprdd  pp dd
\_ 48 7 2% 2% 46 % _)
15 0k, |15 CERTAINLY
L CAP TAKE Tag CLOSER TO THE
DISATPORTMEAT.. PREDICTION BASED oD
UPKAGE TUAW To
MENDEL'S. BT IF
P AND & ARE
LINKED, Thep
WHERE DID ThpsE
1% COMBIATIONS
COME FRomt 22
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115 (ALLED CKOSSING OVER :

PURING MEIDSIS, WOMOLOOUES
LINE UP WITH CORRESPONDING
ALLELES 0PPo5TE ONE MOReR.

=<

Prar
Foa

SOME SEOEMENTS CRUSS
OVER -

WHEN TUAT HAP To R
HETEROZYEOTE, %e OF THE
RESULTING GAMETES LET THE
"RECOMBINANT ™ CHRoMOSOMES .
HEMCE THE EXCEPTIONAL CROS9ES !/

© @

('NoT To PRoLONe THe MY5TERY — THE GEVES p AND d ARE OV THE )
SAME  (KRomDSOME, BUT Cuzomosomesp CAN EICHANGE oEVES.

]

(AT (O

NSV

S,

AT CERTAIN PoIRTS, SEEMIVGLY

“Chosey” AT RAVDph, THE
CHROMOSoMES TOUCH !
P 4
P

WHEN THEY SEPARATE
HAVE NEW ComBmPhgpmeY
OF ALLELES.

p d°

o<

7 d

CoVAENTIIUCI) A=K,

OTe: THANKS To
&Lﬁﬂ?"‘b gVERT The
osoMes

ERom o
(a5 ALONG To YoUR
OFFSPRING ARE NOT

EXACTLY You
A
CoMBloNTiop, - R

{
T

)/

1
b‘j«
Yy (G

YBr 3) R AINRTDIT
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ﬁ@ncf, (Rossit OVER WAS

DISCOVERED, \T WAS
RUCKLY Seey To BE TiE

,K:A’F}?Agfﬁomosomf

(’FFp-F

Two GENES WHICA
TRt

0

RARELY SETARATED

BY A CR0%S -

%vgeézmg ki
TeY ARe

SEPPRNTED MORE

FREQUEPTLY,

AJD T VeERY THAT 15,
GRERT DTS, CROSANE ONER

Ty ACT

YREQUENCY

DISTANCE




W~ —

g = D o =
A Y A i A N e A el i TN D N e LTSS -.;\

(" < I oW oy WAKe. B 661 AT WITHOUT eveg SEait

:\ A S GEME v
! /
N FiRsT MAKE A VAST NUMBER oF /
{ CRosH& BETWEEN INDIVIDUALS 4
A\ VIFFERING IN VARI0US PAIRS
\1 OF TRAVTS... /
N AE c PE F 64 f
A (o] x1l.03 o4\ 95| %8 44 |4
.‘; Blur|o (2t 313 48] | ‘\
! . 07| 30 VEXT, 4EE o OFTed EACH PAR
} ¢ |0 Lai ao-; . i | 5‘@FAFATBD BY CROSSING ;
Dot OVER (Y LopkiNG NTTHE
f £ ]-3|.5¢4 2 - 1o OFFSPRING) .
Fles-4f e i
VAR | The TLOT THEM OUT Those )
o T s  MOST CLOSELY LINKED y
f WiLL B2 clostsr
’f TDGETHQE, . ':
/ eTe! Ry
:‘ c =
{ L 2 Do 6 it e

SINE 1415, MAPPING HAS Besp Tuey Wop'T
AYLIED To A VARETY OF LET U5 DO
CROMISMS, NEMRLY 1000 GENES BREEDIC

HAVE Been MAFED 1N The
PACTERIM tf,coc/-,pﬁw EL
¥ THE ToMATo; 200 Ip THE -
HOUSE MoVBE ... app A FEW

- AUNDRED N Humap BEeS,
ALTROVGAL TS WAS DonE BY

PIFFERERT MEAVS...

EXPERIMET..

™
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-
1
?n PROGRESS!

S0 FAR, WE HAVE peed
THRKING OF BBES As
"ATOMS OF [NRERITANCE‘—
UNCHAROING, IMMYTABLE
UMITS OF HereDiTy,

A SLiGHT
ERAGGERATIOP!

29 NOT O ARE Gepes
MUTABLE, BUT TheY
VO MUTATE FRoM
TIME TO TIME , OWINé
To CoPYipl ERRORS
AMD VARIOUS
ENVIRONMENTAL
[NELUENCES.
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THese MUTATIONS —\T
MEANS “CAANGES N
LKTIO - PRE FAIRLY RARG:

e CRANCE NG
A MUTA'nopogx FANW

(lo(lfzv 6ENvG (M M INDIVIDUAL
lr—_::}>jl N 100,000 g E g é

EVEN KT Tito RATE, TWEY Do ADD UP/ A pUmAR HAS SomE

200,000 GENES, SO WE (ARRY AN AVERAGE OF TWO
MUTATIONS  AYIECE. s

GRENT
SMADES!

(A CHANGE
OF Geyes MAY
CAUSE GR08S
pM%fecTe, BuT
ST OF THE
TIME, MUTATIONS
ARE MORe
SUBTLE.
OTHRNGE ,
NED ML LOOK
LiKE
MONSTERS.




SOMETIMES, MUTATIONS
MERELY ReSULT IN

A NEW RECESSIVE
ALLELE, LIE HAIRINESS
IV ToMATOES.  You
DON'T SEE MWYTHING AT
ALL UNTIC Two
IMDIVIDUALS "WiTa THe
%BME MUTP\TIOJ\ MATE
TO FORM A ROMOZYGOTE.,
Hep

SOMETIMES MUTATIONS ARE COMRLETELN SILENT — pRODUCI, NO
c“pwaé AT R‘\LLT — P\SD SOMETIMES TR@;‘ CASE CHAS&CS So
SLIHT A5 0 BE BARELY PERCERTIRLE....

toT R S0 OFTEN
T caxfic “¢RROR"

N B OF PosrTive
s
Lok MuTAeT
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(M'UTPmONS ARe NOT
ALWNG SPONTANEOUS...
FAR FROM \T. ALL
5 OF OUTSIDE
%‘e UWCEE %R IMFA?E
NopaL  FREQUEDC
OF MUTATION--. -
SUok AGENTS ARE
CALLED MUTAGENS.

Some CREMICALS
ARE MUTAGENS..

>so (S MOST RADIATION... RERMANN MULLER Whe THE FIRST To

PEMONSTRATE. THE MUTAGENIC POWER OF 4- L
£ ATED FRUT rueg (»‘?Avomgf ﬁﬁ”ﬁ%&'ﬁ&ﬁa‘;”g

HE IRRA
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WTATIOP N BODY CELLS (8IMATIC CELLS, AS DISTINGT fRom
GERM CELLS) MAY BE INWNDLVED \N CANCER...IT MAKES
SENSE: THE GENES CONTROL BVERYTHING ABOVUT THE
CeLL, INCLUDING THE PROCESS OF DVISIOP. ALTHOVSH
THere ARG STILL MANY MYSTERIES ABOUT CANCER ) IT
INVOLVES MUTATIONS THAT LEAD TUE CELL To DIViDE

OUT OF CONTRoL.
\_ d

MM MUTAGEIC AGEVTS ARE MSo CARCINGGEMNIC (Cmiep-
ClSIN6) —WHCH 15 Wy Tyg FOOD + DRuG PeoPLE LooK
DUT PR WITAGENIC FooD MODITIVES. - D Wiy Yoo Spoul
LIMIT YOUR SUNBNTIMNG, BRETIALLY \F You RAVE PALE

SKIP. (ULTRAVOLET LIGHT (5 WTAGEYIC )

@R
R

A LRI EY
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WHAT DETERMiNES

THE CoLR OF PEA
FLOWERS, THE
TEXTURE OF TomAToEs,
THE PINCAING OF " __
PEA YOS —EA  queR (7
OF THESE QLALITIES
15 RuLeD BY A
SINGLE GENE...
BUT WHAT
GOVERMS THAT
MOST 0BVioyS,
INTERESTING, QWD
(v Humaps)
SUBSTANTIAL
VIFFERENCE BeTineg)
INDMDUALS -
ey
AV FEMALE?

Bl

(" THRoVeHoUT HISTORY,
50 MAWY TyMieRs

TACKLED s quesTiop
THAT ONE | 8™ CeNTURY
WRITER WAS INSPIRED
To Compite “2.67 A
GROUNDLESS (MTOTIES, 738
HIS DWN GROUPDLESS
HYPoTUESIS BECAME
Te 237,

\_




BT OF COURSE TS
v mog OENES...
NOT LopG PFTER
HOMOLoGOVS
CHROMOSOMES WERE
DISCOVERED,
SoMeBoDY I;JDTICEV

HUMAR MALES HAVE
ONE PAIR THAT I5
NOT RomoLosOus )

" Tig LARGER OF THESE CHROMOSOMES
WAS CALLED X 4 THE SMALLER. ¥/

THE oMLY GENETIC DIFFERENCE BETWEEN (HUMAP) MALES AN
TEMALES |S THS: (1omap) HALES AKD

THe OTIER 22 OTHR FARS OF CHROMDSOMES ARe THE SAME.
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@'ﬁ JUST? MAKEB : \
SVRE THIS YRODU

BOY AYD GIRL \ aw{}@ @
bABIES 1N THE (/ |

BIGAT AMOUNTS.

Dan

MEIDSIS PRODUCES EGLH CARRYING THE X CHROMOSOME , SPERM
PRE EQUALLY DIVIDED BETWEEN X AND J —




HOWEVER, The

BASIC GeNETIC QuesTiop
REMAPS : WHICH
?gg&;ﬂ% RESPONSIBLE
19 1T TRE Y CHRoMoSome
TWAT MAKes A

e oo
DOSE OF X To

MAKE A FemALE?
WHAT ®OULD HAPPEY
TO SOMEBODY WiTu
TWO X CcAROMOSOMES
AP AY 27

THESE QUESTIONS ARG ANSWERED BY LOKING
AT CASES OF FAULTY MEIOS/S... SoMETIMES
TeRE 15 AV ERROR IN MAKING SPERM:

NO Sgx CiiRomp SoMg

BoTH Sex E
CiRomosomes

T|}l\ts ACTUALLY

The XXY ("KLENFeLTERS

SYNDROME")  6Rows P MALE.

BV IN Tue YRESENE oF Two
CRROMOSOMES, Tig ' CAVSES

MALENESS.  Tie gGLe X
OWws W feMALE,

P!

"KLEFELTERS '
N HNDROME*
“TURNER'S HNDROME
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THeR RBRORMALITY 15 THe "SUPER MALE combiATiop XYY,
A}E)H%ROCW% IN ABOUT ONE BIRTA 1 A THOUSAWD. ' YY CHILOReP
oROW WP TO BE NORMAL MALES — EXCEPT THAT 8D of

IN PRISON ABOUT 20 TIMES MoRe OFTEY THA® THE REST of
The POPULATION. PBOVT 5% oF ALL PRISONERS HAVE

AN OXTRA ¥ CHROMOSOME. SOME SAY :

BEWARE
Te CRIMPAL
IKARYOT1PE *

XENPIORE = AV ORGAMSM'S TATTERY OF CRROMOSOMES

g

MoST EEVETIUSTS WOULD BE MORE CAUTIVS. THE VAsT
MpJoRITY (DVER 95 7-) OF XYY MALES ARE NOT I
TRISON... 50 VTS |MROSSBLE T0 SAY TWAT THE XYY
KARIOTYRE (AUSES CRWWINALITY !
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Do ANIMALS
Do IT WATH
X5 MWD Y52

(" NOT NecessARL{. SEX DETERM- )
NATIOP 5 HANDLED ALL SORTS
OF Wis, TRUGH MAKM, MADY

K‘l;éfdgs OVO\FWE THe SAME SYSTEM

BUT MMONG BRDS 1S ST T
OFFostTE —

AND BEE> ARE REALLY Bee-TARFE:
MmaLES DEELP fRON UNFERTILI2EP
Cus. Twere N HAF Lo,
Wierehs NL PIPLOIDS Pee remAle
(The VAST WA JoRITY oF THE Hve ).
OTHRWISE, BCES HAKE PO Speticc
sgx (HROMOSOMES,

Wil You Listey
TO ME" { ‘5%&0
BUSTER, ITS LIKE
YoV'RE oMy RALF
THERE SoMETIMES!
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’/WTHEP Tuere ARE THe TRUE ODDITIES, WITH Mo GENETIC \
VIFFERENE BETWERY MALE AVD FEMALE AT ALL...

WHEN THE LARVA OF THe MARIVE WoRM
Pl 11 e

1 T fird k MET -
(ONb FEMALE . i *

.

PhSIs & IT MATURES

LANDS &V g0

SRnE S (g ) WD MALE

?;?owy@fa «; Love, b

BODY.. GY %3 115
r/ .’

[ AD SOMETIMES
s@%ﬁf DifFERENES MRe
SIMPLY SUBTLE...
CERTAI® TRoTOZOA

RAVE Tio Sekes,
BUT TWOY DIFFER
ONLY N {Q “g%ew
of(E OMYENE USUALLY
EERODVCE AgeXuaLLy,

NROPRT.

L@R%Y TUST M
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“RAVED CEMES

oW BACK To HUMANS..
M WEVE SeeN TWAT ALL
e 685 ACCOWTING  FOR
PURELY SEX-RELATED MATTERS

ARVE ACCUMULATED OY JusT
WO CARoMOSOMES , f ToR.

feMALE , Y PR MALE...

~
£ ARE THERE ANy ™)
OTHER GENES
ON THESE CHROMO
%mgs 4

("

THRLS B oD EChoop D ok JUMANS ERioIT SHERAL )
ERR TO BE SEX-LINKED -

PERATS TRAT

XWEMOPRILIA = A FAILURE OF THE BLOOD To <LOT. HEMORHILIACG CaN BLEE? To DEATH
FROM A AMALL LUT. o1



FRoM Tiks [ TAKE THE EXAMPLE OF BALDPESS: )
You MeRT

QpcLIPE BALD
THAT TRESE
GEVES IE
op Tite ¥
CHROMo2OME —
BUT YoU'D
BE WRope
ACTUALLY,
HEMOPHILIA,
COLOR- BLINDESS, .
M fERepTARY Koo X
BALDNE PRE T
ALL CAUSED ;ﬁg&g’r% %JOQ%NA{EFE T%AR%VE
1 .

r ) Tne

;W%iézo?fmgu VOMINANT pON-BALD OV TiE OTHeg.

Hhio
<’

i CALL

UT \T sHows Up IV MEN BecAuse
THE Y CHROMOSOME JIAS NO
ALLELE FOR TUAT GENE AT ALL.
IV THE ABSENCE OF A DpomipANT
ALLELE, THE RECESHIVE |5
EXYReSSED

. y
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LETS SEE KOW THESE SEX-LINKEP GENES ARE FASSED ALONG:

Suefose A
NORMAL WOMAY
(XX) HAS
CHLDREN BY

A BALD MAY

Lp\, )

ih

vmm_?f

-

THE DWGHTERS (Xauok
AR ALL cnmegs..f"""og
EP«LD THEMGELVES, Trey STILL

PRRY Tie RECEAA .
The SoNS MRE NOPYEAP?L@ ¢

N g e

MERIT BALDPESS
oo WooR T
NEXT GENERATIOR = SufPose
ONE_OF Tue CMRRIERS
MAARIES A
NORMAL MAN. Y

ON TiE NVERAGD,

HALE THE DAUGKTERS

WILL ¥ CARRIERS, A

WALE THE SONS WILL

Be BALD!

W Y e
ERANDEATHeR !



HEMOPHILIA Foliows
THE SAME PaTTerp.
THE MOST FAMOUS EXMDLE
WAS QUEEN VicToRria
OF ENGLAND, Wito
whs A CARRIER.

THERE (5 No ReZoRD OF HEMOPRILIA 1N VICTORIA'S
PVCESTORS . 50 WE MAUY ASSUME THE DEFECT pPRARED
IV BER GENES A5 A SPONTANEOUS MUTATION. THIS HAPPENS

WITH HEMOPHHLIA IV AV BSTIMATED 1 CAsE IV BBRY

50,000 TARENTS.
> P
) ‘&oug %
gl CRAWVOMOTRER |

5 A g

TI As)
Y, N\UTAU _ "
(a’

. s
¥
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HEMOPHILIA 15 PASSED PLONG JVST LIKE PALONESS, AND
You (AN SEE THE PATTERN I W\CTORIAS FAMILY TREE

€ VICTORIA ALBERT O = NoRMAL FEMALE

CARI 7Y

ChRHIER - vormaL MALE
.- MALE HEMOTAILIAC

Ale -
A

[ VICTORAS NUMERAUs BRoOD INTERMARRIED WITH THE ROYAL
HOUSES OF EUROTE, SPREADING THEIR MEPICAL PROBLEMS
INTO PRUSSIA, SPAIN, AND PRE-REVOLUTIONARY RVSSIA..

wAIT! pON'T
SoT! N SERATCH
COULD Be FATAL!
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JvsT LOOK
Wow FaR SCIENCE RAD (oME
BY The EARLY |4™ CewTury:
MEVDEL AMD RS KERS
WAD YOLISHED OFF ALL
THo%E QLD PUZZLES: e
RoLE OF MOTHER AMD FATeER,
THE NATURE oF HYBRIDS
AND SPOoRTS,™ WHAT DETERMINGS B
SEX , BVD pver WHAT CAUSES
Tre QUALTIES OF LVING
THINGS...

ALL THESE PAD

BEEY EXPLAINED YES— WIY DD GEMNETICISTS
N TERMS OF WEAR YOINTED BEARDS??
GENES ... .

Geves AMD BERY v
LochTeED, WAFPED,

MVD THER
H
NUERITAVCE
PALYZED. VoW JusT
ONE RUESTION
REMAWED ~~.

CET READY
To TRAVEL To
UNEXPLORED
TERRITORY 1
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RERE WE SEE A
COUPLE OF TYPICAL
LIFE FORMS: A
GORILLA AND A
BANANA ... TME
QUESTION 15 ~—

ROW Do TAE GENES
WORK To MAKE THE
GORILA. A GORILLA

AND TRE BANANA A
BANANA... 22
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w

FROM UERE YoU CAN SEE
RoW TUE GORILLA 19
MAVE OF CELLS. To
UNDERSTAND THE APE,
WE'LL UAVE To MAKE SE%
OF WHAT 6065 O 1P THESE
TINY CHEMICAL FACTORIES.

ONFORTURKTELY,
NOT ML
GORILLA
CELVS PRE
MIKE -
TuesSe RED
BLOOD CELLS
ARE DIFFERENT
PROM SKIN
CELLS IR
JEVERAL
WAYS .
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(SIMILARLY, THE BA
OF CELL TYRES..

NENA PRESENTS A WIDE DIVERSITY )

..BACKR OF WHWKCH
\S FILLED WITKH ALL /
BRTS OF Vel

1 Tiner 6ODIES... 7

FIOURE OuT rr

HAM.-.. TRE 6OLO1
BODN CONMECTED To Tue
ENDORLASMIC RETICULUM...
The ENDOPLASMIC RETIC-
VLUM COMNECTED To

THE NULLEAR MEMBRAVE.
- NUCLEML MEMBILANVG
COMVECTED TO...
IBIGK <

r --- MMING BANAVAS AND GORILLAS EX

TREMELY HARP TO




Iy EACT, GRILYS PN
ANANMS ARE
?OM?LMTED, TeAT
fOR MANY NEMRS
SUENTISTS DESPARED
s
MOLECULRR GRRGTICS
OF PLPNTS AND
ANWMALS.

WHYy DIDN'T 1
STEN TO Y MAMA

INSTEMD, TREY
STUDIED A MUCK
SIMPLER ORGANIZM:
A TiNY CREATURE

OUND LIING @Y

Toe BILLION — v
RIGAT...IN... HERE *

™% 15 Tue
BACTERIUM
ESCHEREYIA
COLS, TAAT
TrRiveS 1IN THE
INTESTINES OF
AND
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WE TEND TO

TAINC OF BACTERIA

IN TERMS OF DisepsE,
BUT £.-CoLt (ps 115
UsUALLY CALLED) 15
ACTUALLY QuITE
BENIGN AND USEFUL...

UKE OTHER BACTERIA
E.CoL{ 15 FAR
LESS COMPLEX THAN
THS CELLS ofF HIGHER
UFE FORMs, 1T
LACKS MOST of THER
INTERNAL ORGARIZATION,
AND 1TS CHEMISTRY,
WHILE CoMmeLICATED
ENOUGH, |5 MUCH
SIMPLER THAN THAT

OF APES AID BANANAS.

ETS GET INSIDE
[LONE OF Tﬂgee
E.CoLl AD SeE
How |1 LOOKS...




TRAT TANGLED
MASS 15 THE SINGLE
CHROMOKOME
CONTPINING THE
GENETIC MATERIAL .
TRAILING OFF Te
%ROMOWZ\E ARE
ME |
ZTRAVDS. WiTh
DOVBLE BALLS
SLIDING ALOYG
THEW, THE SITE
OF SOMe
ACTIVIT.

<°A

TS 15 TRE VIEW
TROM INSIDE THE BACTERIUM
E.COU i/ ALTHOUGR 1T

LOOKS PRETTY CONFUSING
AT FIRST, WE CAN MAKE

OUT A Few oBviouUS
FEATURES
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N The MipDLe
GROUND, SoME
LARGE, LUMPY
MOLECULES ARE
RLLIvG ppART ARD
PUTTING TOGETHER
VARIOUS (ONG,
STRINGY THIpES
AVD ALL AROUND
ARE TNy BITS

0F RAW MATERIAL
APD PLENTY OF

. WTER. (CAMT Do
WIToo T 174 )

i THIS 6 THE PICTURE WE NegD TO
2 UNDERSTAND. Tp DO S0, WELL
% WAV To 66T EVEN SMALLER AYD
23 LOOK AT EACH PIECE [P TURN-



NUTROGEN

SURPRISING AS I'T MAY SEEM

ALMOST EVERYTUING (N THAT SoLFUR
CoMPLEX PICTURE (S MADE OF — —

JUST S[X DWFERENT ELEMENTS- - y

\

IN THE CBLL THESE ATOMS ARE Joped TOGETHER 1o
FORM MOLECULES. e e

(.

@ &
3
ANOTHER SMALL ONE 1S

THE PYRAMID - SKAPED
PHOSFPHATE , POy

THE SIMPLEST AND MOST
ABUNDANT BY FAR (S

WATER , V,0.

BIT BDIGEER ARE
THE R!M@ SHAPED
TS ONE
15 at.ucose CeW 0y,
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[ BUT MOST IINDS OF MOLECULES

N THE LIUNG CELL ARE ENORMOVS,
COMSISTING OF TROUSAPDS oF
ATONS. TheSeE MACROMOLECULES,
ThOUGH | ARGE , ARE GBNERALLY
MADE B STRINOING TOGETHER
MANY (DPIES OF IDENTICAL
SUB-ONITS,

SURROURDED
BY SUOAR!

™ 18 HeAvgp!

FOLYSACCHARIDES FOR
EXAMPLE | ARE 00ST CHAINS OF
SUGAR MOLECULES. TYPICAL
PoLYSACCHARIDES ARE
STARCH AND CELLULOSE.

——?

W

H

MACROMOLECU)L €5,
HAVING AT LEAST OME
B0 WHICA 15 REVELLED

; ®4 WATER. LiPiDS

FORM o may

') COMPONEST O
CELL MEMBRAVES
ANO INCLUDE THE
ANIMOL FBT5 D
VEGETABLE OILS.
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(R TILL MORE COMRLEN, BUT MOST [MEORTANT IN GERETICH,
NRE THE MUCLEIC ACIPS MWD PROTEING.. WhTeh CLOSGY.

THe BUILDING BLOCKS
NUCLEIC PCIDS ARE R
CALLED MICLEDTIDES.

AW INDIVIPUAL NUCLEOTIDE
\TSELE WA 3 COMPONENTS:
A SUGAR, N FHOSFHATE,
D A BASE, LIKE 50 —

SPHATE
oS

THese ARE HOOKED TOGETHER TO MAKE A LOMMMMUMUG
SUOAR-PAOSPRATE  “BACKS

ONE" WIT 5 O
S1iCKNG OFF : N R A SEQUENCE OF BAses
Sugar— base
pho‘:?hafe
\euqqr— base
phoef(:hafe
Yugay - base TS MAY 60 op
/ YR MILLIONS 0OF
phosphate NUCLEOTIDES !

‘ETC ¥

WERE WKTAOUT ALL THEIR Pesiy NP5, WHICH WE ILLUSTRATE

WsT CLUTRRR UP THE PICTURE () HDROGER. AToms. (et

- - Mou see? opNe

©) Less oxyoen!
(TeonyRiosE ).
i,

106



THE PHOSPHATE e A
HAVGS

FRoM THE

SUGAR

Y
WELL TOUCH THE BASES e Rl
LATER ......... FOR NOW &3
WELL JUST SAY THeRE o Q
ARE 5 KINDS, WITH THe L p{c |
NICKNAMES 4C 6 T, .'%_. o
AND (. S .
N AW GIVEN MUCLEIC <
ACIP. MACROMOLE CULE, &L O
ALL THE SUEARS ARE Ce
THE SANE. 5%
NucLEC ACIDS (WITH S %
BEEAE
EIC ACID, G
»—' R ANA. Teose Witk p-{A)
DEOXYRIBOSE ARE e
GiFp .
. (L
ook Dy, v p{G]
£h ©
%)eaggesomqm ilosb enT o 0
BE DIFFER el
O OVE NUELECTIDE To Q.
Tﬂé %&vab guuéeicﬂacws o
OF MESSAGEA \ S RN
N 50ME 4TRANGE MOLECOLAR (ANGUAGE! S g
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T WOULD
s e
To Exétmr’-»

BAGTES

PRE THE MOST COMPLICATED
MACROMOLECULES OF ALL.
The BioLOGIST MAX fERVTZ
A
5 CAREER — ANALMZIN
ONE OF THEM : HEMOGLOBIN,
THE PROTEW TRAT CARRES
OXYoeN TUROVGH THE
BLOODSTREAM . FOR TS,
PERUTZ RECEIVED Tue
NOBEL TRIZE IV |9LZ..

ET N A CERTAN SBNSE, PROTEINS ARE SIMPLE, Too: LIKE
OTHER MACROMOLECULES , THEY ARE LONG CHAINS OF SMAL(ER
SUBUNITS .

. ACTUMLLY, HEMOGLOBIY 15
| awo PNR&FI?-‘U(I:\H CHMINS
SMMETRICAL TARGLE .

O PROTEIN
MOLECULES fRE
AMING AciDS,
(NCR pRe foT
NAMED AFTER

DI AMIN,
THE FORMER
PICTATOR OF
UGANDA .

—




THE TYPICAL AMivo ACID
LOOKS LIKE THIS -
YT5 THAT CLUSTER of

“OTHER ATOMS THAT
COMPLICATES MATTERS ...

— - GLYCNE 5 LEUCINE

‘QmTeu SIMP= HAS A BRANCH:
p o 1]
oeq Jeca®
H ‘ H F
+- ,@\‘H
H oW
gzine o
"\®_*.‘ C PHEN YL AL ANINE
v “_@_H HA5 A RivG: TRYPTOPHAN
N> HAS RINGS of
P-@-@ @ RINGS:

Y ' " ‘g'" ‘/f “\ tI* o
ASPARAGINE WAS M \"@?Cg.}-n
EXTRA RITROGEN " .
:,f@:" —@

H- @ @ﬂ

v CH




\|

I8 ALL, 20ME 20 \ ,\

“STANDARD" AMiNO "\® " d’. o ©

ACIDS 60 WTO 2 -@~-@-K-o- @,

PROTEWNS - @ f'| pl@*ﬂ

Mo ACD R " " ~1@*‘,o"‘

GLYCINE o AP

H

PLAME MR L i Two o TR oy o TogETHER

VALIKE VAL To FORM & PEPTIDE..VERY VEFPY..
[ LEUCING Lev /@SLD SOME MORE MWD YU T A

I‘»qeucme ILE C//A%{}.pﬂpf » OR FROTEIN

SENG SR

THREOMNE TR

| PSPARTIC ACID psp
6LYTAMIC ACID 6Ly

LMoINE L%
ARGIMING ARo
ASTARAGINE py
6LUTAMIE é\N
({sTENE Y6
METRIONINE MET
DUENYLALAMIME PHE
TYRoSING TYR
TRYPTOPHAN ™
RISTIDWE Hi5
PROLINE fRo

* (NYDRoGENS OMITTen! )
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NOT ONE

EVERY TRoTEN HAS A PRECISE NOMBER
AUD GETS

AND SeauENCE OF AMINDG ACIDS.
WTUAL ATTRACTIONG AMoNb THEM
CAUSE THE CHAIN To Colt UP iNTo A
FAIRLY  ComRACT, BUT FLEXIBLE SHAPE.

OFTEN, M WiTu. '
HEMOLLOBIY, *;WEFM

POLYPEPTIOE  CHAINS
M oL TOCETHER .
-

WIAT Do PROTEINS
o FOR A CELL?
YoU PROBABLY THIMK
OF THEM 6 sOMETIYE
TRAT

You
KVow ABOUT PROTEINS
PROTEN IN g rKE

TINOERNMLS, FEATHERS,
AND HOSR..-

BUT ACTUALLY,

M05T PROTelNS

ARE SOMETHING

ELSE POAN...




ENZYMES ARE PROTEINS WHICH TAKE APART OR por )
TOGETHER OTHER MOLECLLES. EACK ENZYWE 15
RESPONSIBLE FOR JUST ONE SPECIFIC REACTION.

A TYPICAL ENZYME LIES THE ENZYME Bips o THE
IN WAIT FOR THE RIGHT MA
MOLECULES TO (OME Nzam SMALL MOLECULES

N7~

. AND COMBINES TugM... &JLMO; 6# ELEA%%CULE'

THE ENZYME ITSELE REMAINS  IN A SIMILAR WAY, PYGESTIVE
UNCHAKGED N THE PROCESS. ENZYMES BREAK DOWN (ARGE
MOLECOLES. SEVERAL KINDS

FOR EXAMPLE, CHOP SUGARS '
OFF POLYSACCHARIDES A1
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r"

THESEC PROTEING ARE 50 [MPORTANT BECAUSE VIRTUALLY
SOME ENZYME .

WHEN CHEMICALS COME
UP THROUGH THE R0OOTS
OF THE BANANA TREE,
TWE PLANTS ENZMES
CONVERT THEM

INTO TRE CONSTITUENTS
OF A BANANA...

ThEN, WHEN TRE GORILLA
EATS TUE BANANA, The
AVES ENZIMES DIGEST
TUE FRUIT AND TURN

IT INTO A APE...

.. AND LIKEWKE FOR
E.COL, WHRICH HAS
\TS OWN ENZYMES.../

AND WHAT
00 YOU SUR-
RosSe MAKES 1
THE ENZYMES.

ml @chcmﬁe»m
is made by
its @‘mym@ss
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O CEME, GG ENLYME )

THE RELATIONSX(P
BETWEEN GENES AND
ENZMES FRST
BECAME CLEAR (P
THE L9403, THANIRS
RFORMED BY
RI0LO6ISTS GRORGE
BEADLE AND
EPWARD TATUM
WORKING WITA
MUTANT STRAINS
OF THE CoMMON
BREAD Molp
NEUROSPORA
GROWKN 1IN BATUS
OF CHEMICAL
NOTRIENTS.

EACK MUTANT wps
FOURD To REQUIRE
MORE CHEMICAL
NUTRIENTS N IT5
DIET THAN WERE peEDED
B’y NORMAL MOLD
FOR EXAMPLE, ONE
MUTANT KRAD O BE
FeD AN EXTRA AMIND
ACAD  WHILE ANOTUER
OReED M
CERTAIN VITAMY
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e )
[ T REASOR, T \ WRILE

Loty G| e woraums |

NORMAL MoLp COULD NOT-

WA.S ABLE To o BECMSE TAE\I
MANUFACTORE n| LACKED

Tee MISSING SOME OF

NUTRIENTS FROM | RenEYMES

{
OTHER GHEMICALS.- T 00 So. -
— »

BY EXHAUSTIVE
CROS5S- BREEDING

ANO BIOCHEMICAL O, To TURN
P-NNHSI%, Te I'T AROUND...
SCIENTISTS DISLOVERED
TWS: THE MUTATION
OF A SINGLE GENE

LED T THE LACK
OF A SINGLE

ENZYME . (B

=N - <k <‘:§?a
‘e S o e

F W e G e N M o g e g *a##r****g*#%

The mebabolic role
of the gdenes is to male
enzymes,and edch
B gene is respousible Sor
§ o, specific enzyme.

L e it i -

IN SHORT:
ONF GENE,
ONE ENZYME v




r'—S_o THATS WHAT GENES DPO—MAKE

ENZYMES — BOT STILL NOBODY
UNDERSTOOD EXACTLY WHAT
THeM WERE ... TROUGH A FIRST
STEP I8 TUAT DIRECTION HAD
BEEN MADE |V THE 19905

Y/ FRED GRIFFITH..

. J
w S\
CRIFFITH WORKED WITH Two The OTHER LACKED A
STRAINS OF THE PNEUMON(A CERTAIN ENZYME USED |
PACTERIUM PNEUMOCOCCUS. OV MAKING Thg THCK OuTER
WAS THE VIRULENT *WILD TUPE' CAPSULE SBEM IV THE WILD
FOUMND IN __ Tyee.
= =
Z Q
o W\

CAUSED DISEASE ... HAND, BAD NO EFFECT.

WHEN INJECTED INTO Mick, THE MUTANT PNVEUMO -
The WILD TYPE INVARIABLY  COCCUS, ON THE OTHER




[ Now 6RIFEITR_BOILED SoMe |
OF THE WILD TYPE, MANGLING
AND KILLING THEM.

[ As EXPECTED, THESE HEaT. )
ICILLED BACTERIA DID po
HARM.

i
{ !
MY NERVES
ARE SroT /

( THER, JUST To BE THOROUGH,)
RIFFITR MIXED Somg

HEAT- KILLED WILD TYPE
WATR LIVE MUTANTS.

[ OESPITE THE FACT THAT )
EACR IN6REDIENT Was
HORMLESS IN ITSELF —

[ ot ONW DID THE

MKE Dig, eUT
LIVE WiLD-TypE
FNEMIOCOCCUS
WERE FOUND
THER BOD/ES !
GRIFFITH COULDN'T
FIOURE Tiis OUT
AT ALL i
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/EVENTUALHI IT WAS UNDERSTOOD THIS WAY: w

THE GEMNES

OF THE WILD
TYPE HAD
SURVIVED THE
BOILING AND
INFILTRATED
THE LIve
MUTANTS,
TRANSFOBMING
THE HARMLESS
BACTERIA T
THE DEADLY
WILD TNee ¥

i

IN THE 1940's, oSwALD AVERY SET OUT To \DENTIFY
TRIS“TRANSFORMING FACTOR™

BOILING BACTERIA
BY TRE VATFUL.,
AVERY PRECIPITATED,
EXTRACTED,
CENTRIFVGED,
ANALMZED,

OVER AND OVER...

UNTIL AE RAD
A THIMBLEFUL
oF PURE
GENETIC
MATERIAL ...
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Wuew AVERT MNOUNED 5 RESULTS I8 (9440, FEW SeenTaTS
BELIEVED HKM!!Y B
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THE DPIRAL STNRENGE

ONA?
15 TAAT A
GOVERNMENT

ABENCY

BEFORE AVERY
SCIENTISTS RAD

YA L{TTLE
ATTENTION TO DN A.

THeY Kbew T
CONTAINED TAE SUGAR
DEOXYRIBOSE,

PLENTY OF PHOSPHATE,
MND FOUR BASES,

THE FOUR PASES ARE KNOWN A5 A, €, G, ANO T, WHicH

ARE SHORT FOR:

H

H
iﬁwmme

THESE WERE ASSUMED To BE PRESENT |N EQUAL PROPORTIONS,



AFTER AVERY, HOWEVER, RESEARCHERS BEGAN To LOOK
MORE CLOSELY...

ERWIN CHARGAFF voumy.

& g OMROSITION OF
PNA VARIED FROM
ONE SPECIES To ANOTER,
IN PARTICULAMR N THE
RELMTWE AMOUNTS OF
ThE BASES ACT G.

@ NMYONA,
THE NUMBER oF A s
WAS THE SAME AS
THE NUMBER OF T 5,
SIMILARLY, THE
Léléh\BER oF C5 was

UAL TO THE

NUMEER OF G's .

WHAT DI THIS MeAN ¢
CRARGAYF COULDN'T SAY...

BY STUDYING X-RAY
PICTUKES OF DN A
ROSALIND FRANKLIN
WAS ABLE TO SHOW
THAT THE DN A
MOLECULE YRopABLY
MO THE corkscrew
SUACE OF A HELIX
WITh Two o- THReEE
CRAING ...

BUT WAS IT Two
OR THREE...?
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I8 051 JAMES WATSON AND FRANCIS CRICK CRACKED
THE PUZZLE.

BY TLAYING WITA SCALE-MODEL ATOMS, THEN OBSERVED
TAAT APENINE FYTTED TOGETHER WITA THYMINE,
WRILE GUAMINE PAIRED NATURALH WITR »vrosma

H

' e
CAGR BASE PAIR T WAS ALSO CLEAR A DID NOT AT\
WOULD BE HELD WITh €, NOR G WITH T.
A0t BNONG Qf;igi)
A WEAYX ATTRACTION

TAAT MAY OCCUR
BeTweeN A HYDROGEN
Op ope VMOLECULE A
MWD A NOW- BYDROOER -
ATOM 0P ANOTHER A
MOLECULE. ®

&’Lf; : A )
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s EACH OF THESE Two
BASE PRIRS 5
NEARLY FLAT:

5 WATsON AND
CRICK PROPOSED To
STACK THEM UP

ONE AFTER ANOTHER,
LIKE STAIRSTEPS.

Two SUGAR. PAOSPANTE
STRANDS WiND :

AROUND THE
VTsIDE .

ONE COMPLICATION:
THE TwWo STRANDS

WIND |© O%Po.grpg

DIRECTI : ™

SUGARS OV ONE STRAND G N, ei%

ARE_"UPSIDE DOW Q=

COMPARED WITH TUOSE O ()

O¢ THE OTHER STRAND— @43 o afe
T SU6AR
PHOSPRATE

_ J
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Eﬁnts (ODEL CLEARLY )
ot Mo

OBSERVATI AT THE

NUME!ZBR OFTs 15

EQUAL TO THE MUMBER

OFAS: T AD A ARE

ALWAYS PAIRED ToeeTHER!

TS 15 Tue PRINCIPLE
OF COMPLEMENTARITY -
S
CALLED [T5 CoMPLEMENT

WAT 500 M CRICK €0T
Tug WEA Il Twey WRoOTE:

*1t has not escaped
our notice that

the pairing ... im-
med.zr;cl ng’

a poesible copymg
mechanism €or

the genetic
matérial,”

W FACT, \T 15 ThE KeX
To THE GENES MAID
FNCTIOPS: REPLICATION
AD PROTEIN GINTHESIS.
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REBEICATION

GENE -COPMING, OR DN A REPLICATION, AS WATSON AND
CRICK SAW, 15 SIMPLE N PRINCIPLE. EACH STRAND OF
THE DOUBLE HELIX CONTAINS THE INFORNMATION
NECESSARY TO MAKE IT5 COMPLEMENTARY STRAND,

[ SCHEMATICALLY, VT WORKS LIKE TUIS: WHEN THE DN A\\
15 READY To MULTIPLY, TS TWO STRANDS PULL APART:

A
>
-t

A T B,

¢ N
i cocn o 7 10 s (o0 T
é @
C @ G
AT T &
a 6 G
AT T A
A 5 T A
' I8

\
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N PRACTICE, THE

PROCESS OF REPLIA-
TION 15 FAR Moge

COMPLICATED.
EVEN IN THE MUCK-
STUDIED £.COoL/

\T IS |MPERFECTLA
UNDERSTOOD.

[\ —

("W E COLI REPLICATION Bodms WHEN A “SNIPPING enzume )

(UT THE DN A STRAWDS APART AT A SMALL REGION CALLED
THE ORIGIN.

é?? P N THE NEIGHBORHODD ARE PLENTY

L OF FReE AUCLEOTIDES , TUE
BUILDING BLOCKS FOR THE Naw
STRANDS. EACH NUCLEDTIDE
ONSSTS OF A SUOAR, ONG OF Tue

fOUR BASES, AVD TUREE -
P PRATES TRAILING ALONG. B

_ J
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Py

WAGN n FREE NUCLECTIOE
MEETS 115 (OMPLEMENTARY
BASE ON THE ON A, IT
STICKS, WHILE THE "WRONE
NUCLEOTIDES BOUNCE
AWA.

N\

As THE “SPRPING'
ENZYME OPENS THE
DMA FURTHER,
MORE NUCLEOTIDES
ARE ADDED, AND A
"CLIPPIVG" ENZNE
PUTS THeM ToLETHER,
KNOCKING OFF THE
EXTRA PAOSPRATES.

' TIIS PROCEEDS ALONG BOTA STRAUDS)
PNy SMULTANEQUSLY — b OPPOSITE
£1,) )V DIRECTIONS. THE “CLPPING EN-
R ZYME CAN GO ON(Y ONE WAy,
STRAMD, WHILE BACKING UP THE

P OTHER IV A SERIES OF SPUE’TG.
a0




(01«:6 REPLICATED, THe
TWO NEW CAROMOSOMES

WAVE TO BE DISENTANGLED
50 TUAT CELL DIVISION
CAN OCCUR.

o

Tue QiICTURE WE
WAVE OF DN A
REPLICATION 15 STILL
SKETCHY, FOR EXAMPLE,
UNWINDING THE TWO
STRANDS OF THE
bousLe HELIX
INVOLVES ROTATIONS
AT &PEEDS OveR
8000 RFPM,

HoW THIS PAPPENS
15 8TILL NOT

KX F K o A N Y e e e N A F NN K

WHATEVER THE DETAILS,
THE PRINCIPLE OF
COMPLEMENTARITY 1S
THe KEY To REPLICATION,
AS WELL AS TO THE
GENE'S SECOND MAN

FUNCTION:




NZ{MES PRD

OTHER PROTEIMS
COME [N MANY
SUAPES, BVT IN
Lo
ALL ALKE.

uNFOLD MY PROTEY,,
AND You'LL FIND TS
gMPLY A CHAIN OF
AMIpo ACIDS.

GET 60 OF Tue ED5,
MWD THE YRoTEW

PiLL RE-POLD (T58K,
oWp T0 Tie MM

Tie CoMPONENTS.

.

NETRACTIONS Py fgi7

(ACTUALLY, MANY PROTEING NQ
HELP FROM ANOTHER “CHAPERONE
PROTED To FoLD UP.)

AT 15° THe SEQUENCE DETEPMINES Tt STRUCTNE]
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N VIEW OF THg RELATIONSKIE BETWEEN GEVES AND PROTEIS,
THIS SUGOESTS TURT THE SEQUENCE OF DNA MusT
SONGHOW VARALLEL OR REFLECT THC SEQUEACE OF THe

) )

A C
AT 6 6 /T A
T T S G/C T
%) 1 B ° \
l ll l v l v l l« v J/ v \P
6LN
VAL SeR ARG ®
vD-0-P-0-0-0-O-Q-0-P-0-0
3 * o 3
do : i
Q@ &
® @

The seqaonce of
base pairs may be
thought of 4s 2 sexes
of “Words” speci ing
the order of amf'z;o
acids i 6a0h protein.
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To MAKE THe
TFAN‘E'LATION Fikom
PN A “WoRDS” B
AMINo ACiDS, S0ME

SOVMSTICATeD
(Qg)wwwa mauvﬁz‘f
ME5 (VTo PLAY...

| 4) MESHNGER. MoLeCULE
5 wﬂeo FROM DD A.

o ——- - ——"

'.b,'.;‘r-f:_{ ptt
11 ./’-':.;';“_:} )
ﬁ oL AR CAGE 0o AAGUGA & s
yce // <7 ‘?
FAMILY 4% 37
L N g )

'y " ‘HEAPGLBTOB"
\h MoL ECuLes

! KOLDS THOG 19
k\) hemer? RAE A letps oPm

S ) e % A LARGE BoDY (WK
wﬂom ACIDS.

() e o
Me PAETLY oR
ENTIRELY MADE of
THAT OTHER
PUCLEIC ACID :




~

RNA —RIBONVCLEIC ACID — RESEMBLES
DNA: A SUGAR-PHOSPAATE BACKBONE
WTH A SERIES OF BASES ATTACHED.

THe

22 175 SU6AR 15 RIBOSE,
RATHER THAN DEOXRIBOSE,
RuUA 15 UsvALLY
SINGLE - STRANDED 5
AND 1T 1S MUCA SPORTER—
50 TO 1000 NYCLEOTIDED,
COMPARED WiTW A
MiLLIoP OR MORE 0 PN AY

AND FINALIM, WHILE THE BASES A,C, AW G [

PRE THE Same AS IV UNA, RNA HAs N
OLACE OF T AVOTHER BAsg CALLED uracit (‘v’)

WHICH, LIKE THYMINE | 15 COMPLEMENTARM
To APENINE:
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r ProTE £SIS Ee6INS WrEY A Reblop OF DN A j
1 ’F@A%%N%ART AND A MOLECULE OF RMA 1S
BUILT ALOND ONE STRANO B AN ENZMME CALLED
RN A POLYMERASE. TAS PROCESS 15 CALLED
TRANSCRIPTION. —

|7 HAPPENS A% I
ON A REPLICATION: EACH
BASE OF THE RPA 1S
COMRUBMEVTARY T THE
CORRESPONDNG BASE

O e DVA.
c_.
a1
A O
“ ’ o
NP THIS RNA 15 CALLED Tue
7 & MESSENGER, OR mRNA .
5 e FECAUSE T CARRIES THE
S LENETIC MESSAGE FRom THE
‘. ONA To THE PROTER FACTORY.
L/

THE "WORDS"
OF THE
MESSAGE
ARE THIPLETS *
OF BASES —
A-U-6, A-CA,
%%PTL:EAL
Mﬁ\MéJ fOR OME
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E ACL 3-BASE Covop
STANDS FOR A SIp6LE
AMINO ACID, AND THE
WHOLE mRNA STRAMD
ENCODES A PROTEY
(0R SEVERAL PROTES)- _‘
TS JsT LIKE A ¥
MeSsAGE 1N CODE — ’

THE GEENETIC COPE

g’n\cwa This Cope BeopM) [P

|96!, wHen MARSHALL
IRENBERE WPS NBLE TO mAKE
P SPECIAL mRNA, wHose opLY
BASE WAS URACIL, RefenTer OUR
AND OVER - “poy. 1"

mmmmmmﬂ

FROM \T g OBTANED P PROTEW
ONASTING ENTRAY OF The AMWO
ACID PHENYLALANINE .

8@@ UUU WRS The CoDOR FOR PN ALANINE .
NVBI(T( I\WN%CODW V0V —> Phe
OLY-A, M — L
foLy-C\, AD 5.
oLy -Ve, TolyY-Uev, THE COMPLETE
ET, ETc, ETC, V6V —7 (ope Thse
UNTIL Tve cope GUU
%;‘3,5;;‘&%1 wo —>



FIRST LETTER

SECOD LETTER

v o A G
uou b UAY 2, v
ot B e |f T
GA  5Top
ove ¥ | uee A R el A
Cov cev CAU cov v | §
cuC ceed e cm% 5| Coc c |8
C CUA Lev CCR% fro CIW% 6up COA e A &
avc CCh CAG C 66 ‘ ;nj
R
AvY ACy ARV AGU v
A 23% E e ace [ g AAC} o Aécﬁ Sk | ¢
MG mer | fce mmi Lys | Kl ae | P
AAG P66 6
GUY 6LV GAU 66U v
G ggﬁ VAL 6Ce L opa GACE hsp 66C L oy 1 C
Ve 6Co A6 666 A

Tve cove 15 REPUNDANT: WiT 64

P0SSIBLE CODOPS, BUT ONLY 20 AMID
ACIDS, THERE MUST BE "SYNONYMS,”
DIFFERENT (DDOPS WHCR ENCODE THe SAME
AMIpo ACID.

SMLIEPT

HERE PRE “SToR” SIGNALS . THREE Comons
Do NOT EPCove MY AMIBO ACID KT ALL.
THESE SERVE To TERMINATE MEzoAGES.

A[LS@? Tie CoDE 1S NOp-OVERLAPPING . Tie “IWORDS
foLLOW EACH OTHER WITHOUT GAPS OR OVERL APS .
We'LL SEE SHORTLY HOw [T KYOWS WHERE To START.. .




[ T ACTURL TRANSLATORS
OF Tve ETlC
DG ARE A OROUP
OF RVA MOLECULES
CALLED TRANSFER RWA,
OR ¢tRMA. OWING TO
PAIRING AMOPO 1TS
%%SthRNAS

T TeemsgLves
INTo TS Key SAAPE.CD

-

The Loop

ENO oF tRYA
RAS TiReE
UNPAIRED Bpsks.
TS "ANTICODON
MAY BlPD

WITk THE
(OMLEMEDTARY
Covop of
mRVA.

AT Tug “TAIL"
12%%

of
UM |5 A
SITe PR
ATTACHING
k sIVGLE
AMIBO pCD.
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@OF EACH ANTICODO, e

NT}:\EI;%C‘C? (;}'\‘_’Z ENZYME P‘%%V
WAIC €S IT
MND ATTACHES THE LINKED, [A|[A]

ACPROPRIATE AMINO ACID THe

T 1TS £RNA. ANTiCoDOp
Bivpo

To e
COMPLEMENTARY
Copon

oF

MESSAGE.

SCHEMATICALLY, THiS
1S THE WAY A
STRING OF BASES

15 TRANSLATED

INTo A CE OF
AMINO ACIDS.

[FloWBYER,

ERURMENT 1%? MAKE
RIBoSOME.

137



5N RN e AT

THe FIvAL. IN6REDIENT | Tug PROTEI-
MAING APPARATUS |5 AN OBIECT
THaT HOLDS BVERNTHING jp PLACE,

T™s 1S Tre
KIBOSOME A
Povele BALL OF
ABOUT 50 ?R()Tgips
WRAPPED 0P Wity
RNA Tws
RNA 15 CaLLeD

THE RIBOSOME HAS TWO
S5L0TS I8 WHICH MOLECULES
OF TRNA CAN FIT SNUGLY.

- N
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f NOW O MAYE A PRATE |-
WAEN THE mRUA READS
0UT THE DPA SEQUENCE,
T ENTERS A 5€A

OF RIBOSOMES..

(" OME WALF AT A TIME, A RIBO-
SOME BINDS ONTO THE mRVA.

ﬁns’ BINPING SITE 15 )
LOCATED AT OR NEAR THE
COPopy A0+ 6.

THUS, A-U-6 \S ALWAYS THE
(FIRST WORD" OF EveRy rrxessf\é—t-:,\

ON TUHE RIBOSOME.

AUG PD THE NEXT )
CODON EACH BORD WiTh
COMPLEMENTARY tRVA ',

WHICK FIT INTD THE SLOTS




[ EACA tRNA CARRIES a [ AN ENZMME 1N THE RIgoSome )
ACtDH(AA{)THE Fﬁng gsemm LINKS THE Two AMING ACIDS

ALWAMS BEING METHIONINE AND THE FIRST tRNA FLOATS
WRAICK 60ES WITH A-U-6. AWAY.

[ THE RiIBOSOME THEN MovES ) | ANOTHER €RNA AND AMipo )
VOwN THREE MORE BASES. ACID BIND oM.

THe AMNO ACIDS
ARE LINKED; THE
"EMPTY" ¢RNA 5
VISCARDED; AND 50
THE RIBOSOME MOVES
ALOND Tue MESHAGE,
PILIVG Up ptpo AciDs,
WHCR FOLD THEMSELUES
INO A PRoTEI.
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[ 1uis PRocESS (OTVVES | | 1T STovs BECAUSE TreRe 18 )
UNTIL “THE RIBOSOME REACHES| | NO tRNA WITA ad ANTICODOR
ONE OF THE "STOV" SIONALS. To MATCH.

[ THE COMPLETED PROTEIV 15 CLIPPED OFF BY ANOTHER )
RIBOSOMAL gpMIvME.

1T 1S ALso ComMop
AT TS YT FOR THE
PROTEI TO BE TIDIED
UP in VARIOYS wavs.

\_

OF To VO 115 JOB:
STRUCTURE, ENZYME,
OR WuiTeveR. .

[ FiNaLLY, THE RiBosole, . AND THE NEW
MESSAGE, AND tRNA MACROMOLECULE GOES
DissociaTe ...
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'rw THE LIVING CELL, ALL THESE PROCESSES ARE GOING ON A
TOGETHER. TS 1S How YT LOOKS N E.COLJ.

IN BACTERIA GEPERALLY,
PROTEIN-BUILDING BEOINS
WHILE THE mRNA 1S
STILL PEING TRANSCRIBED
FRoM Tue GeEpNe.

RIBOSOMES AT ONCE. NOTE KOw
THE PROTER FoLDS (NTo VT8 FINAL

THE MESSAGE 15 READ BY SEVERAL fa‘
ORM AS iT IS BENG ASSEMBLED. %

AND NOW YoU UNDERSTAYD
kow GENE> WORK —
IV E. COLI /




1.

X

e

FoR A MOMENT
How MUCK wE'VE
ALREADY FOUND
ENCODED N THE
CHROMOSOME,,

THERE ARE Sepuer(es
ERaDING TV
TRAPSFER RV A MOLECULE ...

..SEQUENCES FOR

mRNR, WHICH ARE
TRANSLATED INTO
YROTEW ...

.. AID SEQUENCES
YOR RIBOSOMAL
RN A, Mo
FATS DIRECTLY
INTO THE

STRVCTURE (F
Tite R\BoSoME. .

TRULY, T DNA 15

Te BLUETRINT O
ALL THE CELL'S
ESANTIM PARTS,

BLUEPFINT 1
‘s THE
PR TELT?

wl'b T3 Agk
. o) |
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WE BEGAR BY ASKiND ABOUT
BORILLAS KpD BAPANAS, ppp
ENDED VP INSIDE SOME INSio-
A AgoU
TR Lire roras 1 EoT

( FIRST S0ME MoRE JARGON: THE CELLS OF PLANTS, MUMALS,
AND OTitgr ADVANCED CREATURES — IN FACT, ANY CELL WITH A
NUCLEUS — 15 CMLED N\ EUCARVOTE (“You-CPRRY-oAT"),
MEMING “6opp NUCLEVS" 1N GREEK.

EUCARYOTES CONTMN ALL
SORTS (F BoDIES, BUT
e Ky 15 Tie NUCLEUS,
WCH CONTAINS THE
CHROMOSOMES .

("PRO- CPRRY-0MTS™), MEANING *BEFDRE

The TiN BACTERID, WiTH THEIR SIMPLER
% STRUCTURE, PRE CALLED PROCARYOTES
NUCLEVS" 1N GREEK.

e Deh %
TRAT PROCARMOTES
MUstT UAVE BVOLED

FORE TvE .
?vizoge comIi-?u (AT c e
BUCARYOTE.

\—
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[ eucrRYOTES MWD PROCARYOTES
CHPRE THE SAME BASIC GENETiC
EQUI?MWT:

~MESSENGER

X
v :
5 I8 ALL LiFE, THE GENETIC
" CODE IS THE SAME —

A FACT WRIG

sni’opwe( ASLUL%E%Ts
W

THAT e

Come
COMMOP ANCESTOR.

-

AND EU... o
oy
To peolp LIKE Ki$$ING
WITH, vcAROTes  ( Sroter )\ Taeoail elasTic.
HAVE ALL TR
Borome e
NUCLAS, SEPARATED .
FROM THE 6E1ES

BY A MEMBRAJE.
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~

INDEED, pow DO ,
EV(AMRYDTES MAKE PROTENS
THE APSWER 15 THAT

THE NUCLEAR MEMBRAPE
HAS PORES. TWesE ARE
Bl ENOUOK To ALLOW
RNA AND VARipus
ENZMES, Like RUA TOLY-
MERASE, TO VA% ThRuoK, 2
BUT RIBOSOMES PRe 4
Too Bl o FIT,

; " } ’
L PR > “®

WITAN THE NUCLEUS, mRNA 1S MADE S [0 BATCRIA — ot
ey COME CerRTAIN MODIFICATIONS... oK

AT THE "START gND
|5 USUALLY ADDED
A MODIFIED, UPsIDE -
DOWN GUANINE
"COF.

AT The OTeR
END GOB% A
5TRING OF

NUCLEDTIDER .
MAKING A PoLY-A
TAIL W TO
SeverRAL RUPDRED
NUCLEDTIDED, [0
LENOTH.

THE FUNCTION OF TheSE AND OTier
ADIUSTMENTS To EUCARYOTIC mRMA 1S
UNKNOWN,
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(THE NEXT MOVE CAME AS A GREAT SWRPRISE To GENETICISTE: )
A COMPLEX. OF PROTEIN AND RNA GRABS Tue mRNA, FORMING
LooPs, LIKE THIS —

N P
O QR
T
&
THE CoMpLEx —CaLLED A SPLICEOSOME—

THEN SHERRS OFF THE LOOP, DYSCARDS IT, 4PLICES Tue
REMANING PIECES TOGETHER, AND DEPARTS.

THIS 15 BIZARRE! EUCARYOTIC GENES COMTAIN‘:I'UNK DNA"-
NON - COpiNG MESSAGE SEQVENCES TUAT UAJE To BE CUT pUT

BEFORE TUE GeNe CAN BE EXPRESSEDY

To kEEeP
SPLICEoSoMES
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1T MOST MYSTeRwous !l
RIGKT IV THE MDDLE

OF A PERFECTLY 600D
GEME, TRERE MAY BE
CEVERAL MEANINGLESS
}mgﬁgﬁ%;m
NUCLEDTIDES LOP6 - ThEsE
ARE CALLED

INTRONS.

WHAT Tugrte
DOIG TAERE
15 AUYBODYS
GUESS !

SRR

7 >
v *JUNK
BEo

FOR Some REAsON, EUCARYOTES SEE
FIT TO LEMNE INTRONS IN THE
CUROMOSOME , ONLY REMOVING THEM
FROM wmRNA AFTER TRANSCRPTON .

THE INTRONS ARE SoMEHOW
RECOGNITED BY THE SPLICE0SOMES &
(BuNpL.E3 oF PROTEN aND RNA
RESEMBLING A RIBDSOME ),
WCH GRAB THEIR EDS Anp
SNIP THeM OUT BEFORE
PROTEIN SYNTHEDIS.

A...-\A:; W)
FL
.

Y

NoTe TUAT Tug REMOVAL MUST
e PERFECT EVERY TIME. A
SHFT OF WST (Vg BpSE
WoULD TuROW OFF EVERYTHING
"DOWNSTREAM”,  RUININD

TeE PROTEIN. MoST MYSTERIOVS.

#
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’

.

0 FPR,
pLms 8
ACTIOP 16

5TiLL TAKING

VLACE |VSIDE

UITABLY ¢k
TMLED, WD
TRIMMED, 15
RERDY To

GO...

pS 1T PASSEL THROUGH The WCLEAR s
MEMBRAVE, THE RIBOSOMES BEGIN 7
“ReADIVY OUT" THE PROTEI, Mock Tie s 17 -
SAME AS I PROCARYOTES.

r — iy o
i e ‘,”’7/%
TEw f;’;,"’/
To 00 115 JOB; /
i A
D T
PTo “ScRAP", ==
£g¥ugﬂeTPst =
O
e pl';aeus —
FOR RECYCLING,
TOGETHER WITH
THE ENZYMES e

THAT DO THg JoB - —-
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AMM-- 1000!)06@)6; .
1000 NULLEOT(DEG;

ANOTHER

GENE... THAT'S 139
: X MiLLioh-- MY M
Drvegepcs Bemiecy €U A0 GAQT) 7y

A BACTERIUM [S 1N THE SHeer
NUME’ER OF GRNES = 200,000
[ A HUMAY, 4000 B E. ol

L’J \ ngqﬁ'& Livipe
[A

To HELP OROANZE ML

THAT STORAGE, BUCARYOTES
WEAP Tufilti DM AROUYD
PROTEN “SPoo(

EACK ‘SPopl™ «—OP Nuccfostm'
CORE, To pE PROFER —
Copél5T6 OF SEVERML

TROTEINS BOUND ToGETHER:

EACH CORe RAS f SPIRAL
GROOVE FOR THE DN A,
WHCR Maes Two

TURNS PROVMD T
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WHEN p BVCARYoTiC CELL WANTS To DIVIDE, DN A REPLICATION

BEGING AT MAMY SITES AT ONGE (UNLIKE iy E. COLI, WHERE
IT BEGINS AT ONE SITE).

WHILE REPLICATIOP 15
STILL | PROGRESS,
The Tw0 vew STRARDS pe
ALREADY INDING ONTD NUCLEDSOME
CoReS. ONE STRAYD INHERITS Te
OLD CoRes, MD THE OTHER GETS A
Mgl SET.

7 e g )
AS WEVE Seep, JUST \(//\T@ \
BEORE CELL DIWISION, _ /, X > By

Te CiRoMOSOMES & R

SHORTER MO THICKEY.
Tws MUST INVOLVE
SOME WA OF
PackIve Tie
NUCLEDSOMES, BUT

T GCEMENT ; P
PROBLEMS. @ /Z, \ D
ol ' @
A
L -,Q 4/
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X

M
'f w-nun LY

A Thirp
LR
18
TN kageoR LoTs
OF %0-CAMLED
REPETITWE D P M-

4‘" f : :

Tﬁ Hﬁ@ PECoLARITY

OF PUCARYOTIC GENES @ THEY
HARBOR LOTS OF SO-CALLED
FEPETITIVE DN A... ThestE PRE
gg CES OF UCLEOTIDQS g
R Mmemsayas MANN TIMES.

HUMPANS, FOR

AMPLE, uhue ONE
Ex i CE OF SOME
3 BASE PAIRS

WRICK APPEARS NEARLY
A MILLION TIMES .
TS 19 A SUBSTAPTIAL
CHUNK OF QUR ToTpe /
WART CAN 1T

Mepp 224

Yy
(AL

ONE SEQUENCE 0F 300
BASE PAIRS IcH
MPENFS NEMRLY
f MiLLIOP TMes.

THIS 15 B
wa"'armL




4 )

A PSSIBLE ANSWER (S THAT
THESE SERUERCES CoRSIST
OF “SELFISH DN A
%m%\e nggzb?gmm wpc%mpg
. D,
00 2GS , 1T e B
S

NST "HITCHING N RIDE”
0N OUR cwgomoeoﬂﬁs ]

e MRATY of EQUENLES of
EVCAR{OTIC GERES: | (et TiDES
Rerehr

ok ok!
T GET e
\DEA

e UARBOR (0T

WHERE MIGHT TilesE
GEPETIC HTCHNKERS
CoME FRom ?




gﬂe POSSIBILYTY 15 VIRUSES ARE THE SIMPLEST
HAT LIVING THINGS KNOWN—
THEY Mg FRo IF THEY'RE TRULY ALWVE AT
ALL... TheYRe SORT of
ALIVE MD NOT ALIVE...

EVEr SIMPLER ARD SMALLER
THAN A BACTERIM | A
VIRUS WA oY Two g\ﬂv
A BIT oF NUCLEIC AcD
WRARPED UP | N PROTEIN
COAT :

Sl T ac
Y

e
) PROTEV copr
MO K Tew

MES
Roove e
REPLICATIOP -

154



BUT A ViRVS
CAN'T REPRODUCE
0N (T2 OWN,
BOCWSE (T LAKS
RiBCsoMes AND
THE REST oF . VIRUSES

A LVING CELL'S LANDIYG oP
PROTEN- MAKING h PACTERIVM,
R Viks tog
ONLY “LIvE" AS A
FARASITE, BY
INVADING A

PWb TAR G

o Riag m@%
ENZYMES, mip
ENER&Y.

OME IT 6ETS 115 DNA OR RUA INTp THE HOST, THE
VIRUS_BEGINS 10 REPRODUCE WILDPLY, STRAINING THE
Ceu 0 ThE BURSTIp6 COIT !
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THATS A TYPICAL LIFE-STYLE (OR NON-LIFE-STYLE) FoR A
VIRUS, BUT SOME VIRVSES ARE EVEN SNEAKIER: They
ACTUALLY  INSERT THEIR @ENES INTO THE HoST CELL'S DA

RNA NIRYS ENCODING
PN ENZUME TUAT
MAkEs A DNA coty
OF 175 RNA AND
SeLICES IT INTD THE
WoeT CHROMOSOME.

THIS 15 OVE Rehsop
WHY SOME VIRAL
mgﬁléi”e6 Pﬁ% VIRus'
GEVES CNV'T BE
COTTEP RID ofF

YOUR OWN CAROMOSOomES
MAY BE DIRECTING

THE TRODUCTION OF
MORE VIRUSES |l The

AIDS virus worgs

TS (WAY.
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\T5 FoSSIBLE TUAT SOME
0F Tie WITRIE
AND “JUNK" D N

N R CHROMOSOMES
mpY HAVE CoMme FRom
TRls SOURCE - ANCIEPT
VIRUSES THAT MANAGED
T0 INSERT

THER REREDITARY
BLUEFRINT (MTo OUR
AWCesToRS PV A

SUBVERSWE
ELEMEPTS !

IF S0, The
"EDITING” OF
mRVA MAY HAVE
EVOLVED AS A

W0 Tile MDDLE
OF GENES.

o A

THERE'S ANOTHER
WAY A Cell
ChY CONTED WM
PARASTIC DN A:
Shi e
GENES ”mw.
TUAT'S fow (UE
ot

"W
SPQUEPCEs -
THEY'RE THERE
BUT (E

|GNORE THeM!
- y

157

TS5 CALLED
" ReEPRESSIVE
ToLeRAVEE."




Nukats r) S emindice

(4 am'

oW TUAT

WE Know
WHAT ceves
REALLY ARE,
WE CAN GET A
W BETTER
ORAP OF
MUTATION BVD
LPOMINANCE.

A MUTATION I
A GENE 15 JusT
A CHANGE |V THe
DN A'S SEQUENCE
OF NUCLEQTIDES.
EN A MISTAKE
AT Just ONE
FOSITION (W
HAVE & PRoFOUMD
EFFECT.

Rege 16 A SMALL
BUT DEVASTATING
MUTATION IN THE
pENE YOR HEMOBLOBIN,
Tue PROTEIN WHICH
CARRIES OXYoEN

¥ T BLOOp.

Goop GEVE MUTANT GEVE
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(" e Reaso, or cogs, 15
 TRAT THg CHANGE (5 REFLECTED
IV TWe PROTEN WICK TRE

%gk‘»ge egggp%%.. gmsr 'ﬂ]t_e mRNA
’ 0
PROTELY-. o, PP THeN e

)

A ey — A A ¢ U

A g
BLN ST

TS ESPECIALLY DIBASTROUS MUTATIOY, WHICH INTERRUPTS
THE PROTEIN ¥ THE MIDDLE, CAUSES A SERIOUS CONDITION

CALLED THALASSEMNA, AN IMABILITY TD MAKE HemooLOBiy.
UHE VICTIM SUFFERS FROM A PAINFVL LACK OF OXY6EN.

SOMETIMES A CHANOE MRY MAKE NO DIFFERENCE AT ALL. IF

YoU REFER BACK To THE CODE TABLE, Mou'Ll RECALL THAT

175 S0MEWHAT REPUNPANT — MEANING THAT ONE AMING

PCID MAY Be ENCODED B SEVERAL DIFFERENT CoDoNS .

C
RN
6

a cDGIN
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.
0CChsIoNALLY, THe "MIsTAKAS AMID ACID MW FIT I FAIRLy )

WELL (THOVGR USURLLY (&% TuAY PERAECTLY ).
obb..1 S€em
1o HAVE LosT
SomMe BITE...

SomeTiMes —ONE |8 & BLUE MOON — Tie YROTEIV
M BN WORK BETTER Tapp PEFORE.

BUT MosST

OF THE TimE,
A MVTATIOP
JUST RUIpS
e YROTEP.
(s MUK
ERSIER TO
W 07 00
T (WRie Y
¥ Vv Doyt r=
7, TeX mainb
RMDom CpANGES <&
IN 5OME
ROUSCHOLD
NOLIANCE !l




BARER, o

WE VoTeD TUAT MoST

MUTATIONS ARE
RECESSIVE, Now WE
CAY SEE WHY -
A MUTATION USUALLY ,
CNSES N INABILITY
To MAKE & ENZYME.
v THE CXAMILE nBole,
THE MUTANT GEME
FALED To MNKE
HeMOGLOBIN.
W\
RowWeER, We
]/ e Two 5675
0F CAROMOSOMER.

EVEN (F A MUTATION oo GHPE 8rD Cepe
AWT‘) a'E OF THﬁMr {7
THE “INGURANCE" GENE \V4

‘a,’“ib jgtu TRODUCEE I1T5 eMobLoBi Mo REMOELOBIP

o i L Y

WHEP YoUR Gepet
A Dovele WSl Mv(E LAPsEs,
DosE oF WUTANT TRATS Whep SouD
GENES WILL BETICR 66T MEDICAL
BE AYFLICTED \WSURARICE !

WA
TRALASSEMIA .
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WE DIDW'T MENTION |T
EARLIER, BUT SOME ALLELES
Chy BE

%@ﬁaum&m

MEARING THAT A
RETEROZYLOTE MA
BOTH PReNOTYPES,

A ENAMPLE |5 BLAOD
GROUPS. |

TheRe 15 A GELETICALLY
DETermpeD SEQUENCE
OF SUGPRS LYING 0P Tg
SUREME OF Eep BLOOD
Cels. ppe ALELE IA,
M SeQuepte A.
MOTICR MLELE, T©
MAKES sequetce B

@,

RER Sl

I ROMOZHGOVS TOR
IM VouR BLOOD HAS

%}M SERUERCE A
NS 1S TVPE A BLODD

D AINNLLY, There
15 A THMED
ALLELE, 1O mmac
NO SUGPR

ENCE.
TYPE O BLOD 15
RECESSIVE -
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A RED BLOOD CELL Be@wS
IT5 EXSTENCE AS A BONE

MARROW CELL,
A VERFECTLY
Go0p
EVCARYOTE,
BUT
LACKING 1IN
HEMOGLOBW.
AT SoMe POIPT,
A MARROW CELL «“
BLOOD CBULS ILLUSTRATE BeAb> AT
ANOTUER Commop
PACT OF LIFE:
ONE KIND OF

CELL CAN TURN
INTo ANOTHER

EMEReES AS A

@weﬁcm‘n

THe VoINT |5 Tris - Tue
W € _ 4
TIME, BUT IT whASH'T §
' WS PXPRESSED —
¢ Whice BRINGS Y5 To '
OV NEKT SuBELT...
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ALL THE HIGHER LIFE
FORMS EXHIBIT AN
\MPRESSWE (OLLECTIOP Of
CeLL TYPES: NERVE,
BLOOP, MUSELE, SKIN, EYE,
LYMPW, ETC ETC ETC...

DesfiTe TweR

DIFFERENCES,

ALL THESE

CELLS NAVE

YRECISELY

Jeshve
OF 6ENES,
AJSE

?Tﬁcw PRk >

PRom OME
FERTILIZED
EAX

Xps WSUAL, TRERE PRE BXCePTIONS !
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CLEARLY, DifFeReNT
OENE> COME
INTO PLAY

IV DIFFERENT
CeLLS... S0
EACH CELL MusT
WAVE WAYS
OF “DECIDING
WHICH 6Epes

T0 "TURp oN"
AND (WER

0 DO \T...

EVEN THE LolLY BACTERIUM NEEDS To REGULATE 1T GENES,
WHEN Fo0D 15 AVAILABLE, 1T NEEDS To MAKE ENzymes To

DIGEST 1T WHEN IT RUNS Lo o AN AMIPO ACID, |T HAS
To SWTHESIZE MORE; E1C ETC £TC.
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e FIRST To FIFD A
form OF GEVE REGULATiop
R g
MONOD AND ¢
FRANCOIS JACOB,

IN THE LNTE (950%.
TheY EXAMINED
E.COoLI5 PBILITY

To DicesT THE
SVGAR LACTOSE.

CeLL WALl ‘
ATt
THe Xl@m

IN RALF.

¢ ,/
e

A

A
I

\ ¥ REAL NAMES: BETA-GALACTDSIDASE AVD PERMEMSE, ReSPECTIveLY

s SV )

LY.y Yo o2
[
’
-4
f

ra U T
EESHONA

& ‘3'3' ! \.\

o \r..l"" e

A

.

=

A

> .‘-\_:-
b
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{ WITHoUT Bowe INTO

THE DETAILS OF Ts

e e
TE / #

A i

IACOBS MAIY

RESULTS :

HIRST THey FoUND THAT THE GEWEs for
Y A Z, AULED “lac X" AND “lac 2
LAY TOGETHER, SIDE- BY- 5IDE, Op THE
CHROMOSOME. SUCH A CLUSTER OF 66165,
GNCDD b RELATED EVz YME WD

Reail TE]? ToCETHER, |6 CALLep M

OPER@]:

s 1o Tie “lac oPerop "

|4— lac V-‘)Ié—-lqc 044-—- lac Z

wxz Aswr To EXCLNP

\_ W5 p

AT The SM?T OF TS

(A0 BVERY) OPEROP |5 p
PROMOTER REGION, HERE
CALLED lac 9. TS 15

THE SITE WHERE THE ENZYME
RNA FOLMERASE BiNDS
ONTo THE DNA To BEGIR

(Bidb THE MESSAGE
INTD wRNA . (sE€ p- 18.)

167



et
THPE OF ReGULATION

16 S|MPLE :
SO0ME PROMOTER
Rewiops ARE

L
MORE ATTRACTIVE N
TO RNA folimerase e

%\:omeas. s @&@W"

The A
MUCH%EDFDFWZ ME
HAS A PROM
WieRe PoLYMERASE
MAY EASILY Beo)p
TRANSCRIPTION,
gﬁ%l&éﬁewms
Iy SMALL
e
PROMOTER REGION-

[ (Wt Apour

THE LACTOSE
OPERON, (HOSE
ENZYMES ARE
SoMETIMES NEDED
[P QUANTITY
(WHED LACToo
lE?ur 0Tl u)Jnse
0T gD
AT ALL 22

168



MONOD « JACOBS \DEA:
THERE (S A PROTEN,

" [REPRESSR,

WHich $im5 O TE DA
AT A SPoT BETWEEN
T YROMOTER APD
THE FIRST GEME, lac Z-
TS SEOT |5 CALLED

lT“e (?P@@@T@[%w

THE REPRESSOR —  T3RQ
WHCH THE FREVY (65 Qs
SLIENTISTS NEVER ' !
OBSERVED DIREALY —
SIMPLY BLOCKS Tye
ACTION OF RMA fo{MERASE
MNP S0 SIS Dowy

THE ENTIRE OPERON.

—~
ONE MORE THING APOUT THE REPRESSOR: IT CAR ALso BID )
T0 LACTOSE™  BUT DOl 50 CAUSES Tie REPRESSOR To
"PLEX" AND RELEASE THE DpA:

_

* ACTUALLY NoT LACTOSE ITSELE, BT A DERWATIVE SUBSTANCE — BUT NEVER myip If
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(10 THE NORMAL STATE OF )
NEFAIRS, THE REPRESSOR SiT5
ON ngporemwz. REPRESS NG
THE GEPE - P

(" pLONG COMES & UTTLE )
LACTOGE, ATTRACTING THE

REPRESSOR -

\_
\T FLEXES, ORMSTING THE WOAR,
r%\pf R{fA éoLYMEBASET%LIPS | )

HROVGH ¥

THE ENTIRE ORCROY 15 THEN |
rext’aessw REPEATEDLY.HEN

- y

DioesT \T..

(" He Newy MADE PRoTEWS
BRING I MORE LACTOSE A

o

)
-

[ FINALLY, LHEP ALL THE LACRSE )

15 Gope, THE REFRESSOR -
FL&Es ApD RETURNS To 1T
SP0T Op TWE CUROMOSOME.




REPRESSORS

TURN OUT To BE

A CoMmop why

T0 REBULATE

“INDUCIBLE" ENZYMES—

LE, ENZYMES WHICH

ARE MADE |n

RESHDNSE To A

CHEMICAL~LIKE

LACTOSE ...

BUT DESPITE Tuis

BRILLIAMT IDEA,

MoNOD LD JAcoP

AP o
Fivw

ReP

RESR. (T
MAINED A
EORETI e PosSBIUITY

ThesE
REPRESSORS MRE
MORE ELUS{VE TRAR
b PERFECT
SAVCE BEARNAISE...

~UNTIL 1467, wile) (ALTER GILBERT PPD B. MGLLER-ILL, Usis |
\é@aﬁﬁm TEHNIQUES, WERE MBLE T ISOLNTE TRE ELUSIVE

THER RESULTS MADE
PLAIN (WHY 1T

A Ber So UMD
To AND Tiem

A SINGLE E. Colt
BACTERIOM HAS
ONY FIVE T
TEN MOLECULES
0F LAC RefRezpop-
LATER, GILBERT
MANAGD TO
BRAD MUTANT
E.COLI TukT
PRooV (D 1T

N MU L PMREER
AMOUNTS, ..




NOTHER MeTHOD OF
RE(OULATION @OES B*r THE NAME of:

AT ENUAWO

eucc ALY W5 GoverNS py E. CoLi

-TATIOV' -4} OPEROP ResfopsiBLE foR

CDD?TFUCT% THE AMivo
ACD HISTIDINE .

4 r: eﬁ,@
R, :g-“ G-
[ o/,b\@
\té) e
HeV E.cCoLy ) \
(| uN's Low o e;’,?#ﬁ:: 5 oo
ST;us ESSERTIAL @
VFF, Tie .
BACTERIYM PRODuCES 6' *'
A GROVP OF
NINE PRoTES,
WKCH cap
BULD Wstione
MoLECULES
YROM SCRATCH.

24
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Mo AN OFEROR, WITH AP IMTIAL PROMOTER RESION .
ONLIKE THE LAC OpeROP,
TS ONE NAS NO PLAGE
YR P REPREZSOR.

INSTEAD, THERE 15 A
"LEADER SEGUENCE "
ENCODING A CEPTIOE
RICH IN AISTIDINE —
THE VERY STUFF WE'Re

("hs BefoRE, AL O ENZYHEs ANE THER GovEs CLUSTERED

TRYING To MANUFACTURE.

\ _/
/ RNA ToLYMERASE BEGINS BY ) f/ THE LEADER Eyee eucooe?
TRApchggewb THE LEADER T WSTIDINES I A RO

(\F WISTIDINE |5 PLENTAUL , TuE

Rigosome Zips ALONG, Anp
A LooP FORMS IN THE wmRNA .

Tuis LooP BUMPS THE
RVA POLYMERASE OFF TUE

OPERON, HALTING TRANSCRiPTION.

/
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I, ON THE OTHER HAND, HISTiDINE
1% IN SHORT SUPPLY, THE
RI1BoSoME FALLS BEYID THE

LYMERASE.

W THis CASE, » DIFFERENT
Loof FORMS, WRICH, BY PREVENTING
THE FRST Loop, ENMBLES THE
POLYMERASE To GO ON, AND THE
OCERON 15 EXPRESSED

" THE NEWLY MADE PROTEINS
60 TO WORK ASSEMBLING
ReTIPWE.

cr

A SWORTAGE of
RISTIDINE TURNS THE
GENE ON, Wnile

A @STIDINE GLuT
TURNS T
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’THE YORTRAMT OF THE
GEVE, AS SKETCHED By
mq{pm AND FiLLED [0
I%E?w}?) %SE RATIOpS,
[ AN OBJECT
FIKED D UNCHAPGING,
ADE FROM 0CCASIDPAL
MUTATIONS.

MORE RECENT DISCOVERIES SHow & (Geve
MORE: MOVABLE AMD PLASTIC... IV PACT, 4‘5\ @

S GeNES, )

AN EVIYME
(OR ENTYMES)
WG CA0
(hcg A
PARTICULAR




How DOES THIS ;
Re6

QT %Ege 2 LETS %&)ﬂe
an HYPOTHETicAL GEPE X
X NVERTING EVIYME,
ww WE MGHT AS
|6 epgw 0F AS “FLIPPASE,
s DED INo A Reblop

STREAM FROM GENE 4
?RDMDTE‘R: xs

'mm@a

e

Je—

o ,

FLIppase" 'J =

f .

IT IWVERTS MEST
INCLUDING Gssgﬁ)p

6ENE MDD (ENE X'S

SePARATED fRom
ggp OMOTER,
X RAS pEcy
SiLEPCED. THEN
c%ev THE TIME
0 €5 To Turp
Taeﬁ?sq( ON,
Re@lomw
Re-INVERTED
BRINOING THE
X-PRoMOTeR
INTO PLACE.




Suca MOVABLE
SECTIONS Of

TRANSPOSON 7

ARE Commop | Boty
PROCARYOTES
BUCARYOTES. BEAIDES
NVERTING, Trey Ch
JUMP PRom PLACE
To PLACE, From
CRoMOSOME To
CHROMOSOME. THE
FULL FUNCTION OF
TRANSPoSONS 15
STILL A mYSTERY.

(" T MOST SPECTACULAR EXAMPLES OF JoMPING GGUES ARE
THE ONE5S EPCODWG ANTIBODIES.

PReTne Wi
SERVE RS> TWE BopY's
DEFENSIVE  WEAROKS.
i A

!
AYD OTHER '

RARMEUL [IWADERS.
TRERE ARE LITERALLY
BILLIONS OF
&;ocaﬁﬂmép ANTIBODIGS
EACH KEVED TO

THE EXACT SHAPE

OF IT5 “epgmy .
il
GENES ?
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( RATHER THAP JAVING BILLIONS OF Genes FoR ADTIGODIES,
Te CHROMOSOMES CARRY A “ToOL KIT™ OF A FelW HUNDRep
PARTIAL GENES.

o CERTMY 9’
CELLS, Tuese w
BiTS OF DNA

ARE CUT UP

M 2 Q‘u

REMRANGED,

EACH

RECOMBILATION

STELLING VT

TWE GEME

oF A

PARTULAR
ANTIBODY.

Wow TiE ORGANISM RebULATES Tis PROCESS 15 STILL A R
AS PRE MOST MATTERS OF EVCARIOTIC Gepe Beaumwom[%g '

QUESTION OF PEMOGLOBIN (p-163 ), ToR EXAMPLE, REMAINS
WITHOUT AN ANSWER.

VTS CLEPR THAT

THe FLEXIBLE (ENES

OF EUCARYOTES

k)éu B AN ACTIVE
€A OF RESEARCH

IN YEARS To

hME.




DENETIE BNeneES e

LIVING CELLS ARE
NOT THE ONLY ONES
CAVABLE OF REARRANGING
GeENES I Nop SCIERTISTS
T00 HAVE THE FOWeR-

.. & GREATER PoweR
THAN BIOLOOI5TS
HAVE EVER KNOWP-.




f foR ONE THWe, PeofLe
CAN NoW SPLICE
TWo PIELes oF Dy A
IV THE TEST TUBE —
JWT LIKE SPLICING
FiLm...

(o ) " (LL CALL VT
9 ‘GOPZILLA ! J

Tue CoMBINATIONS CRV BE PRETTY BIZARRE: MosT COMMOpLY,
WMAY GENEs ARE ATTAGHED To THOSE OF A BACTERIUM,
LIKE £ CoL/... _

.
\LL ATTACH 6ODS
LITTLE ACRE" To
"WVA VILLA,..

WWKT ARE You -
A MAN R A
MICROBE 2



QERUARS
YoUD CARE
To EXYRESS

OURSELF
‘\1"0“’1 i‘“bﬂ\"g’"."

THE KEY 15 1
THE GROW oF
ESSENTIAL ENZymes
We'VE Seed
HOVERIMG pROURD
THE CHRoMOSOME,
LIKE So MANY
WoRKER BEEZ
MINSTERING TO
TRER Queep-
THESE pN2yMES
rsﬁvo‘ WIND,

PWIND
jnlé{;tpscmee,

RESF,

REPLICATE,

)
TN
EEV%RAL- WM |
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6ENE SPLILING DEFENDS
Op A SPECIAL TyPe OF
QUTTING ERZYmE
CALLED A ReESTRICTION
ENDONUCLEASE, O0R
RESTRICTION ENZYME
FOR SHORT,

A RESTRICTION
ENZYME
MAKES A

“STAGGERED
N(CKH
=
(7 setoric
OF BASES.
¥ 8B BB oF

THE ENZYME ECO-R{ ,
R EXAMPLE, RELOOMIZES
OOLY THE SeqQUENCE
6-A-AT-T-C-

CTTARG-

fco-pz

TS
SWAF%HME
CiMp Here

THs CREATES TWo Dieces
OF DNA (0Tl IDERTICAL
T-T-A-A “TAUS" (BECAUSE
C-T-TAQ-G 15 Tie SAME A
15 COMPLEMERT READ
BACKWARDS | )

18

c-@
Q £\
A T
A
¥



E.COLI VSES
ECO-RY TO
Chop vp
“ENEMY" VIRAL
DPA,
BUT Rymays
HAve vt
EovsTRCT

E
USE. v

N0.. STOCK ShARes

I8 GENETIC ERGIRGERING
CoMpapiEs..

(" ey beow Witk DR ROM o DIFFEAGT souRcEs, sy -\

E. Cotl WD RUMAD, AMD TREAT BoTH WITH EO-RI 4y THE
SAME TEST TUBE. ,

THIS GIVES TiEM BOTH

THE "SELF- BACKWARDS -
(DMPLEMENTARY " TAIL
T-T-A-A.
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[ THE TAILS SNAP TOGETHER, AND, PFTER TREATMENT WITH

LIGASE, DN EPZYME THAT SEALS NICKS IN THE SUAAR-
PROSPHATE CRAIN, TvE RECOMBINAMT DN A 15
CompLETE/

WAAT KAPPS
Whepy
RECOMBINAYT
et
INTo A

LIU6 HoTem?
UNDER SOoME
COPOITIONS,
IT TuR¥S
gglET“AT
SPLIUING
CAN BE

USEFUL N
PRACTICE..

WA CAY
You DO (iTH
TAIS HYBRID w
MOLECULE?
2\




THE TECHVIQUE 15 CALLED

AND T WIRKS LIKE
Twe:

FIRST, CHOOSE A Humay
GENE ENCODIVO SOME
USEFUL PROTE|N.

15 THERE A
YROTEIY
TRAT Puts
You THRovgH
MEDICAL

FOR YoUR BACTERIAL
DVA, ou VEED
SOMETHIVG THAT WILL
BE REPLICATED oNCE
s RETURNED To
THE CELL — A

VECTOR' So-chuiep.

LUCKILY, E. CoLI WAS s
RINGS OF DN A CALLEDNLL
FLASMIDS | SEPARATE FRom
THE CHRoMOSOME. You CHOOSE
(OR ENGINEER!) A PLASMID
CONTAINING THE SEQUENCE
GA-AT-T-C, pANp REMOVE T
FROM THE BACTERIUM.

JUST AS pBOVE, YOV SPLICE
TAE HUMPY GENE INTO THE
fLASMIp —

[

MO PUT IT BACK INTo
coL/t.

A
£

AHSTER! MAHSTER/
quﬁﬂ SEQUEPCE
WHAT DO’ WE" Dp 5
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THE PLASMID
5 REPLICATED
ALONG WITH

EVERYTHING
ELSE (N

THE BACTERIUM.

BE FRUITFUL
MWD Diuipe!
FEED

[

=

WITHIN A FEW HOURS

WE CAN HAVE A
BILLION BACTERIA IN A
FEW PROPS OF CULTURE ~—
AND A BILLION Coples OF
THE HUMAY GENE

\F WE'VE
INCLUDED THE
FROPER REGULATORY
REOIONS AS WELL,
THE BACTERIA
%FDULP EXPRESS

He GENE, AND

We CAN EXTRACT
SUBSTANTIAL
AMOUNTS OF

THE HUMAN
fROTEN:
MIRACULOUS

2

186




(" Tue PReceDURE S0UDS SIMRLE —ARD, 1S PRINCIRE VT 15 1N |
“gaz'ﬂce n"ze Cn egm@%?ﬁ &A’w"ﬁ%f THe CoLKS (N
The LABS HAVE SOLVED MosT OF Tose PRACTICAL PRoBLEMS.
WE CAY NOW CLONE JusT ABOUT WY GENE WE WANT.. LsuALLY
B € cOL, BVT OTHER FAST-ORWING ORGANISMS
WORK , M5 WELL, EVEN EUCARYOTES LIKE YEAST —

i MOT ONLY
oo | FULFILL THE
MNIMUM DALY

'm"ﬁw OF
VITAMINS A BCD, MDK,

BVT ALS0 | TASTE

LIKE ROAST DuCk(INe

MDY PREVEPT
CApNCer.!

"BREAD of THE TUTURE!

\T5 Even Coosigle To CLONE GaEs INTO tummy Caus,
%gg%" T ONLY{ WORKs I A DI, NOT IV A REAC

BVT ONE oF
Tvese DA,

===
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f

AT LEAST 3 YROTEINS NOW CRODOCED BY RECOMBIFANT DA )
HAVE MgDicAL CossipiLITe, .-

HUMAN GROWTH HORMONE
PREVENTS ONE TYPE OF
OWARFISM. PEDPLE WHosE

GENETIC MAKE -UP WoULD
OTHERWISE LEAVE THEM
A BIT "SHORT," CAY
GROW NORMALLY IF
GWEN ADEQUATE
POES. %0 FAR

PEMAND STILL EXCees | '

SUPPLY, BUT NOT
fOR "LONG" !

Y

\
S

OTHER MBANS..BUT
SHOULD NOW pecoMe
MORE TLENTIFUL, AD
Q554N CWEAYER
WAKING LiFE EASIER
FOR DIABETICS —

.

INTERFERON, Trg
\IRU4 - FibHTER, UsED 10
BE 50 SCARCE \T COST

A TRILLION DOLLARS
AN OUNCE -BU} Now |v§’,
MADE BY THE VATFUL
’IKILMDPZ oF £ Coll.
UNPORTUMATELY, Mo oVE
KNOWS EXACTLY (AT To
Vo WiTH (T, Tuoued
CUPICAL TRIALS CoMTIMUE
AMWD WGH pofes...

\T MAY CURE CANCER l
oR THE COMMOP COLD !

s




VENTURE

CAPITALIsTS
|

pioLoey |l

£ g

DNTERPRISE

T GENETIC
?Vaﬂefﬁwé
OMPANY,

.

\CROSCOPIC
INVESTMENTS .

J

BACK IV THE UNIVERSITY, THIS |5 THE CAUSE OF Some CONCERN...

€ {NQUIRY
tesdoe
el

CAN OFEN
RESEARCH BE
GUIDED BY THE
PROFIT MoTIVE 2

To PIRTY OUR
Hﬂ!% WITH
MERE MONEY?




(... WHICH AASPT SLoweD : )

THE OROWTK OF IWDUSTRY ="
AT ALLl WHERE Do
L 6ET MY HANDS )

2 e -;/:’.-/;;__‘;:f" =

B 5. |ERES THE |
AMBUL ANCE 2

T0...
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MM MAYBE |
S SHOULD TALK To A
Ay €| Do

=r

> TR

- - LI RN
e NS

2 LA * /“

HO WILL
e
ATENTS 0P THE

NEW TECPNOLOGYZ
B
o/ PATERT,
PYWAY? A plecE
oF EQUEMEYT?
PV EXTER MENTAL
PROCEDURE ?

3
;alﬁlf; 0/

At
%‘O

TWis QUESTION WAS ALREADY GOVE To The SUPREME COURT,

WRICK RULED THAT NERLY INVENTED LIFE FORMS (ry
BE YATENTED! .

SomeBopy
OWES ME ThRee
BiLLiOP YEARS
WORTH oF BACK
RoyALTIES

(" 50 THe
72 M TRoSRE Y 50D
TROFESSORS AQQUSE T oaNE
EACH OTHER OF ?&%ﬂtﬁr
Y_éalg‘(;’ e Eﬁ‘"‘“’s I, plocovereR
g)ﬂ ... GRAD 8‘:\\21“6?2““'
AN WAT o OYeL,
CAMNGED FoR NO Ry

PARET RERSOP- R?
OF COURSE

Tﬁ%& e

\ JERLOUSY..




/BT FORGET 8BouT MONEY... JMET PBOUT

OR HEALTH 27 From THE FIRST DAY

OF GONETIC ENGIVEERING, PEOPLE RAVE
WORRIED pgQuUT o

N e L) BREEDIVG MONSTERS

THE FEAR WRS TUAT TAMPERING WITR £.COLIS DNA MIGHT
CREATE A SUFER-DEADLY GERM BY ACCIDENT.

REMEMBER, E. CoLl
LIVES IV THE RUMMY
INTESTINE — FF A
VIRULENT STRAIP sHoup
ESCAYE  FROM e
LP@, TWEE MDY

Fr"!a{ No ‘?I')I‘D?Plt“‘)

WAVE oAt

PRANKENSTEINS MOopsTER
POULD LoOK

LIKE Tws?

ACCORDINGLY, SCIENTISTS VOLWTARILY APOPTED GUIDELINES
To LIMT POTENTIAL HAZARDS.. '
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PMA.. SoVND$
A BIT (ke
PRETOTLE -

THE MoST ENCOURMGING THMPG IS THIS: THE STRAY OF €. (BLI
USUALLY USED FOR CLOMING GENES HAS GROWP So *DOMESTioATED
DURING 1T5 YEARS IV THE (A8, TRAT [T CAP Mo LoNGER SURVIVE

IN THe Humap GuT"

WE'Ve CReNTED
A WIMP I

Gd MMec Tuere'S NOTHNG To WORRY AGOUT:-
THOUGH 115 TRUE THAT THE SAFECUARPS
ADOPTEl” BY UNNERSITIES DON'T GEMERALLY APPLY
To TRIVATE CoMPAIES
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WHATS MUCK MORE LIiELy

16 THAT SOMEONE (MILL MAKE A
VEADLY GERM ON PURFoSE.
o WOULD WAT To Do

WAT, YoU psik?

| cal'T

IMAGINE #/

Te GENERALS HAVE BeeN KNown To TURN MeEw
TECAVOLOGY To MILITARY USE, ANp
THEY USUALLY FIND SCIENTISTS

RefERT AFTER
MC: ‘ITS PURE
RESEARCH I
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VE CNY TAKE SOmME
COMFORT PROM THE FACT
THAT BIOLOGICAL WPRFARE
[5 BAWED BY
WTERMATIOPAL TREATY,
BUT YOV NEVER

KNOW..

% A
C\WEST YoLiTim

DOES THis POTENTAL FOR flagm
MEAN Tmnr beNe sn%ipé
HOLD BE STovpep 27
ALMOST WITHOUT EXcepTiop,
The BioLogisTs 5 o *
WY REJECT THE MEDIcAL
MDVANCES hlopo WATH THE
MILITARY vses 17

BESIDES, THE YOISONS THAT COULY BE MADE THIS WAY ARE
PROBABLY NO WORSE THAN THE ONES THAT ALREADN EXIST wHiLe

MEDICAL APVANCES TROMiSE

10 BE TRULY REVOLUTIONARY




60 FAR, THE suCCessE3 (N TS RELD
HAVE CoME (M VIRUSES BCTERA,
YEAST, AND PLANTS, Bu‘l wer\’c
GETTING MUCH CLOSER T
WORKING DIRECTLY WiTw HUMAN
BEINGS. |

WA MOKING TEsT5 OF RUMAVS,
SCIENTVOTS MUST dPPLY A DYFFE g‘/r
STANPARD FRoM TUAT QoleRN )M
BxPeltheNTe ON ANIMALS OR
BACTERIA.

TARTS WY WE KWOW SO lerd
WHAT Chses CANCER IN FATS...
pow CouLy Yov _ -

AsK FOR

D0 M GAPERMEAT ;
To AND Tie VoLUNTeRS
CAVsEs OF

CANCER IV

HUMANS 77
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MRICA |5 To 584, EXPERIMENTS op AUMANS STIR U
(CONTKOVER‘)V, A 600D EXAMELE BEMG RECENT AT fl:,'ﬁl"‘Pl'é
To TREAT THALASSEM/A.

AS You Recpll,
TS CONDITION (5
AN
C \Yeeo ’

N A
D e
CODON ¥ TWE WDDLE

OF THE GENE FOR
OV OF 115 CUAINS.

\—

TRALMSSEMA VICTIMS
CP;;' SUFFER FROM
ANEMIA | BONE DEFORMITIES, MWD o

HEART PROBLEMS.

Y1 ReqViRe PRequUEVT
BLocD TRANSASIONS
S B v
LWVE Love. W1 Do

(" Wik e SUCeess )
OF RECOMBINANT DN A, .

DWOCTORS BELAN
To Wope TRAT
THE DiseASE COULD .
%E CURED BY 4
SPLICING A GoOD 2!
GENE INTO A :
HUMAN  CHROMOSOME.

LM y
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SOUNDS GOOD), EXCEPT THAT THRE- SAME

MOPROACA UPD ALREADY FAILED REPEATEDLY

IFNR dﬁ;\\lCS.CSTI‘(\.L, A TEAM OF DOCTORS
C.L.A. DECIDED TO T

RUMANS  ANYWAY. RY AT o

THEY REMOVED BONE
. MARROW CELLS FROM 4
TWO PATIENTS TIIGH

BONES. ( REMEM A 6OOD
s e | Voo
. |
o Ly (ke Few SPLICED |-
ADITED fe“u'm
Pow) TE | v
OLp MWARROW '
(VD ONE
e NEl
LS ThE
oe)

;GlEN: THERE
GOES THE
EXPERIMENT.-

Ap2OLUTELY
,» NOTHING !
(élm’_e TeN, THE

EXPERIMENT HAS
WORKED — IN MICE.)
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TRE DOCTORS TOOK A LOT OF FLAK FOR Tws EXPERIMENT,

SEVERAL OBJECTioNs WERE RAsep.

| NOT evey A FART OF THe
PROCEPURE WAD EVER |
WORKED [y ANIMALS. TS
STILL NOT AT ALL
CLEAR How To INSERT A
HUMAN REMOGLOBIN GEME
INTO. A MAMMAL cetd |p
SUCK A WA TUAT 115

EXPRESSED |V MY Quay

T e A8

- RO v mannacs YNl
22 rs ST, Na

WRIM - &

THE EXPERIMENT WAS )
PISAPPROVEP BY U.C.LA'S
COMMITTEE OF HUMAp SUBJE(S
USE. WOWEVER, IT HAD BEEN
APFROVED BY THE Two
oSPITALS IT WAS
CARRIED VT (0 ITALY AND
I5SRAEL).

TUE RADIATION CERTAWLY )
PIDN'T HELP THE PATIENTS.
ON THE OTHER KAVD, TeY
BOTH FULLY WDERSTOOD
WHAT WAS BENG DONE, PP
Tuey_GAVE THEIR CONSENT.

(" AFTERWARDS, THE DoCToRs )
WERE DISCIPLIVED, ORE of Tuem

LOSIRG Hi6 posiTiob AS
DE?ARTEf:evfrmcuwa...

50 YoV 566 — HUMAN
BXVERIMENTS CAN BE
PANGEROVS |




NEVERTUELESS, THIS 19 PROGABLY TUE WAY TUE FIRST GENETIC
THERDPIES WILL BE DOVE, BECASE BOVE MARROW 145 THE

EnSIEST TIS5UE To TRANSPLANT.

s8N P4~

c P b o~

TUERE ARE SEVERAL DISEASES TUAT MIGHT BE TREATED THIS WAY:

TUALASSEMIA, OF COURSE,
ALTHOUGH THE (ICLA EXPERIENCE
SHoW% T WoN'T BE EAY.

SICKLE -CELL ANEMIA < A
HEMOGLOBIN ABNORMALITY AFFELTING
MAINLY BLACK PEOPLE. Tels wil( €€
EVEN HARDER BECMISE THE MUTANT
GENE 14 CODOMINANT, ¥oT RECESSIVE.

AP HEMoGLOBIY

REGULATION (5

$Tiee A

PUZZLE.-..

HEMOPHILIA, Due o Tie LACK OF A
BLOOD PROTEI), MIGHT BE THE EASIEST
To CURE'

You may
BREATHE
GASIER, MY
PRINCES!

AVD THERE ARE IMMUNO -
PEFICIENCY DISEASES CAVSED By
RECESSIVE. GENES IV BONE MARROW.
AT PRESENT, PEOPLE WITH THESE
DISEASES UAVE TO LIVE IV GERM~

FREE 1S0LATION CHAMBERS.
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Of CoURsE, THERE

ARE FCWER RESTRICTIONS
ON PLANT AND ANIMAL
EXPERIMENTS THAW QU
HUMANS.  (Twis BoTHERS
S0ME PEOPLE, @Y THE
why)

\

0 PROGRESYS WAS BEEN MORE RMPID AMONG QLANTS AND ANIMALS.
ALREADY THERE ARE BREEVS OF CoTToN, ToMATD, Ap

To8A(o WiTh Av ADDED

KRy FORTUNATELY,
A ToBAO WS ALRE
Bisonovs v g4

RUMANS -

BACTERIAL GERE THAT MAKES THEM

SQENTISTS ARE EXATED ABoUT
TRANSGENIC BNIMALS — ANIMALS
THAT CONTAIM p FEW GENES
FROM ANOTHER SPECIES.

‘M HAVING
THE STRANOGEST
CRAVING Fop
DINNER...

GET ME
I AM

ONE EXAMPLE ARE PIGS WITH
BOVINE GROWTH HORMONE. TUEY
GROW FASTER AND LEMNER, BuT
AL50 UMWE OTHER PROBLEMS, LIKE
ULCERS AND ARTHRITIS =50 you'tL
ga\g; To WAIT FOR THAT “BORK"

PROTESTER




TRANGEVIC PLANTS AND
ANIMALS CAN PASS ON
THEIR NEW GENES To THER
OFFSPRING, BE(MISE THE
GENES ARE INSERTED pT A
VERY EARLY STAGE OF
PEVELOPMENT, ALLOWING
THEM To GET INTO SPERM
AND B66 CELLS. PERFORMING
THESE EXPERIMENTS ON
RUMANS WOULD THEREFORE

RASE SOME HARD CTRICAL
[25VES .

You pod'T HAVE TO MAKE THE
BABY PERFECT — JUST BETTER
THAN ANYONE ELSE'S...

rBu‘r WE'RE GETTING CLOSER. THERE ARE ALREADY LiVING “TEST mﬂ

BABIES” — FERTILIZED W A TEST TUBE AND THEN, AFTER M FEW
PIVISIONG, IMPLANTED IN THE MOTHER’S WOMB, WHERE THEY
DEvELOPED NATURALLY.

REY, Mom!
Wow YA Dop'?

“DoN'T DRoP
TUAT TEoT
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T 0BVjpUs VeXT 5Tep
WOULD BE To ENGINEER
THe EMBRYO |V THE
TesT TUBE ..

THis COULD RANGE FRop

GENE THERAPY —
AXING SPeurtc DEFES — N
TO-.. WHD KNOWS WHAT 27

AT THE EXTREME, IT WAY BECOME PosSIBE Tp C
FPEOFLE. The Bb5 NUCLEUS WOULD BE REM&EDWJ
ALTOGETHER AND REFLACED WITR A MCLBUS tRom ABOTHER

INSTEAD,
He LITTLE

él, wouww’
Wa ;
WReLATED,
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SOUND  FAR-PEICHED Y WELL, SCIeNTISTS HAVE ALRE
SUCCEEPED IV CLOING M A

Mo MICE VD FROGS...

e TECHUQUE MAKES |T PossipLe
MAKE MULTIPLE Cppies oF LIVING fo
WPMIDUALS! 15 Tis™ naT we wanT
To Become, A WORLD o CLOMES 22

A P PR

WE- 566 NOTH (w6
WROMe WITH - (T /

‘1ou MOIT wel AsK:

Wit WILL BE CLoMep?
wiLL DECIDE? it

\T_BE BASED PupeLy oM

MopeY 2 wil I;EBE LEGAL'

WILL THERE 8E PEOPLE -

EREEDERS SELECTNG Tie

WOST *FIT" foR REPRoDUCTIN? Y,

b
.’*‘"

STAND PSIDE,
WEAKLIpES!

| Q™
SN v 75
- __/ \ i -
w =
{ S~ ) r/;,/ Z
NS T THE LST TIME ANYORE
7 TRIED To BREED A MASTER
P RACE, IT WAS AN UPRAPPY

EXPERIENCE, To SAY THE LEAST..
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OrR MAYBE WERE BEWe Too 6LOOMY.. WMBE TiE FUTURE

Wikl BE A BLORIOUS TIME WHEN PeOPLE WILL BE

ENGINEERED To AT CLOTHES INSTEAD OF VICE VERSA I
Po You PAVE

700 BLUE BLAZERs
INA 42 REGULAR?

WE Chy BREED
erie

o
AW
/}’ # OR Vo WE "

L2 VINK RAMRY

MMCQ’:) o

gleﬁv BC INCEENSE THE
LONED TO NUMBER oF cEpes
RESIST foR oKy YIbHENT
BCOLOGICAL \ o SCRed oot
DISASTER (osMic ll'ﬁYS-"
LIKE THE Yeh, WelW *
greie | WMEPLEU
NTMOSPHER(C -
OZ20pE 1t
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r
% NOT ONLY oV
| 4001#”0 MY oUR

" WITH ouR EXPLODIP6 NOPUL

1T HARDLY NEWS TUAT ALL
LIFE 15 IPTERDEPENDENT.
GORILLN EXTS BAPAPA Y
BANANA EATS CHEMICALS FRom
THE SOIL; SOME OF THE CHEMICALS
GET THere FRoM BACTERIAL
ACTIOP; OTHER BACTERIA AD
THE ACES DI6ESTion; STILL
OTHERS BREAK DOWN (15

W ASTE PRODUCTS , ETC ERC
€. ..

RESOURCE - K00GIPG, MODERP AGRICULTURE,
AND PoLLUTION, pRe CHANGIPG Tre
ENVIROVMENT Sp DRASTICALLY TUAT

UNDREDS OF PLART AIMAL
SPEC! ES 60 EXTINGT evegv YEAR.
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(" TAAT MEANS TEWER A FEWER DIFFERERENT GENES

BEMALY [V THE BIOSPHERE. ONCE 6ONG, TheYRE 6ONE FOREVER !

TS INCREASIVOLY TRREATENS 2
LIFE AS A WHOLE ...

EXAMPLE, |F THEFE <
oY & KINDS oF

PRPLE, THEY MAY ALL

BE WIPED OUT B A VIRS

0F BLIGHT...

WHEREAS, IF Tiege WERE

5D VARIETIES, CRAPLES

ME BETTER TWAT SOME
oF M m geT
RESILTNIT M0 SURVIVE -

How DO

‘fer?té nkltfe
£

AvpLES’

(" SEVERAL CoupTRIES ARE ADDRESSING
THS PROBLEM, SAVIVE AS MANY

PLANTS A5 D551BLE BY COLLECTPG
TR SEEDS. tasatl

UNFORTUNATELY,
TheRES NO SUCH
WA To SAVE
ANIMALS,




PERHAPS GENETIC ENOINEERING
WiLL BE ABLE To HELP pY '
CREATING NEW COMBINATIONS 0N THE OTHER
BUT Tis 15 STiLL v THE HAND, THE
FUTURE... > ggﬂéslslunfs
g GENETIC
© ENGINEERING
WILL BE
o LUNTED BY
o THE LIMTED
NUMBER
o] OF ALLELES
LEFT To
RECOMBINE.
°0
/

WE FIND OURSELVES N,
POWERS, COVEROM Tep BY oUR OWY AWESOME

o The
o R
FACE THE
Ty
foRESTS, é%oes




of THE OTHER HAND, (WE MUST DEAL
WITR THE GROWING POWER OF
EENETIC ENGINEERING. IT
PROMISES — OR TAREATENS —To
ALTER THE VERY MATURE OF
HUMABITY. (T RAISES QUESTIONS
WHICH WE BARELY HAVE
VOCABULARY TO PISCUSS MUCH
LESS sociaL AP PoLITICAL
WSTITUTIONS T DECIDE.

Wik foWeER COMES The ResfopsiBiliTy of CHOOSING WISELY.
1B PART, TS DEFENDS OF ACCURATE INFoRMATIN. I A SEMSE,
KE HAVE COME FULL CIRCLE, To A TIME WiteN EVERYONE
MWST BE A BIOLOGIST, AND Tae WORLD JS A CLassRoom!
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Adenine, 120, 122
AlDS virus, 156
Alleles, 42—50, 54
co-dominant, 162
combinations of, 54
recessive, 81
Amino acids, 108-m
Anthers, 31
Antibodies, 177-178
Anticodon, 136-137
Aristotle, 14-15
Asparagine, 109

Assortment, independent, principle of, 48,

70
Attenuation, 172-174,
Avery, Oswald, n8-rg

Bacteria, 25

Baldness, hereditary, 91-93

Base pairs, 122-123
sequence of, 130

Bases, 106, 107

Beadle, George, 114

Bibliography, 210

Biological warfare, 194195

Blood groups, 162

Body cells, 83

Bone marrow cell, 163

Bonellia marine worm, go

Bovine growth hormone, 201

Breeding, selective, 6

Camerarius, 30

Cancer, 83

Carbon, 104

Cell division, 57

Cells, 5664, g7-101
turning into other kinds of cells, 163
types of, 98-99, 164

Cellulose, 105

Centromere, 59

“Chaperone” protein, 129

Chargaff, Erwin, 121

Chromosome mapping, 6978
Chromosome number, 60
Chromosomes, 58-70, 102
genes on, §7, 69-71
“recombinant,” 76
in sperm and egg, 6162
X and Y, 85-89, 9193
“Clipping"* enzyme, 127
Cloning genes, 185-188, 193
Cloning people, 203
Co-dominant alleles, 162
Codons, 133137
complementary, 136-137
Color-blindness, 9192
Complement, 124
Complementarity, principle of, 124, 128
Complementary codon, 136-137
Correns, Carl, 65-66
Crick, Francis, 122-125
Crops, productive, 7
Crossing over, gene, 11, 76-77
Crossing square, 44-45, 48, 73-74, 93
Cysteine, 109
Cytosine, 120, 122

Darwin, Charles, 55
Deoxyribonucleic acid, see DNA entries
Deoxyribose, 106
DeVries, Hugo, 65-66
Digestive enzymes, 112
Diploid organisms, 68, §g
Diversity, genetic, 206208
Division, cell, 57
DNA (deoxyribonucleic acid), 107, nog,
181
“junk,” 147
recombinant, 180, 184, 188
repetitive, 152-153
“selfish,” 153
sequence of, 129-130
DNA replication, 125128
Dominant trait, 40-48
examples of, 53
Double helix, 123125



E. coli, see Escherichia coli
Eco-Rr enzyme, 182-183
Egg, 29
chromosomes in, 6162
mammalian, 27-29
Empedocles, 16
Endonuclease, restriction, 182
Engineering, genetic, 179-198, 206~209
Environment, 206, 208
Enzyme Eco-Ri, 182183
Enzymes, n12-16, 129, 181
“clipping,” 127
digestive, 112
genes and, g6
“inducible,” 171
“snipping,” 126127
Escherichia coli (E. coli), 100-102,
185-186, 192193
histidine and, 172-174
lactose and, 166171
replication, 126
Eucaryotes, 144148
Experiments on humans, 196199,
202-20%
Extinction, species, 206—208

Fertility magic, 9
Fertilization, 29

plant, 31
Flippase gene, 176
Flowers, 30-31
Franklin, Rosalind, 121

Gametes, 61
Gene cloning, 185-188, 193
Gene expression, 174
Gene mapmaking, 69-78
Gene mutation, 79-83, 158-161
Gene regulation, 164-178
Gene splicing, 180184
Gene suppression, 174
Gene swapping, 71, 7677
Gene therapy, 203
Generation, spontaneous, 20-23
Genes, 42, 54, 96
bacterial, 201
on chromosomes, 67, 60-71
dominant and recessive, 4048, §3
enzymes and, 14-116
flippase, 176
jumping, 175-178

partial, 178

sex-linked, 91-94
Genetic code, 134-137, 145
Genetic code table, 135
Genetic diversity, 206-208
Genetic engineering, 179195, 206~-209
Genetic engineering company, 189
Genetic research, peas in, 38~49
Geneticists, 32
Genetics, practical, 6
Genotype, 49
Gilbert, Walter, 171
Glucose, 104
Glycine, 109
Gonick, Larry, 215
Griffith, Fred, 116-117
Growth hormone, human, 188
Guanine, 120, 122
Guanine “cap,” 146

Haploid organisms, 68, 89
Harvey, William, 27-28
Hetix, double, 123125
Hemoglobin, 108, 158-159, 197-100
Hemophilia, 91, 94-95, 200
Hereditary baldness, 91-93
Hereditary traits, 54
Heredity, theories of, 12
Hertwig, Oscar, 29
Heterozygote, 4952
Hippocrates, 13
Histidine, 172-174
Homolog, 64
Homologous pairs, 62-64, 67
Homozygote, 49, 51
Hooke, Robert, 56
Human growth hormone, 188
Humans, experiments on, 196-199,
202~20%

Hybrids, 33-34

Mendel and, 39
Hydrogen, 4
Hydrogen bonding, 122

Immunodeficiency diseases, 200

Independent assortment, principle of, 48,

70

“Inducible” enzymes, 1n
Inheritance, 11

Insulin, 188

Interferon, 188

Introns, 148

212



ABeUT THE [AUTHORS ¢

THE AVTHR 6R - AUTHOR
of MMY Books oF BRAPHIG
NON- R(TION oV Serelsvic
AVD HISTORICAL SulsecTe
A BRAOUATE OF WNRVARD °
IV MRTH, HE DRofPEp ovy
0F GRMOVNE SCHOOL To
PURSUE SoMETHNG REALLY
TAEFICULT : RENDER G
INFORMBTION {N LV ITLE
PICTURES . WE Livie WiTh
s FaMILY (v S
FRANOWCO .

MARK WHEELIS,
WHEN NOT CLIMBING Rodks
OR RAFTING RIVERs, 15
SENOR LECTURER N
MUROBIOLOGY KT The
UNIVERSTY OF CALIPORMA
kT oM. BES(DES TRAGHNG
o e

! P INRITTEN
M RESEMRCH PMPERS
AN 15 Co-WTHDR OF THe
%rf;_w;’w Tﬁj‘rm

C RoSY,
WORLD. W Lives
W Do WITH W5 wicg,
CHILDREN, DOG, AND
MICROBES.

215

LARRY GONICK « T




REFERENCE/SCIENCE

THE CARTOON GUIDE TO GENETICS
LARRY GONICK AND MARK WHELLIS

Have you ever asked yourself:
Are spliced genes the same as mended Levis?
Watson and Crick? Aren’t they a team of British detectives?
Plant sex? Can they do that?
Is Genetic Mutation the name of one of those heavy metal bands?
Asparagine? Which of the four food groups is that in?
Then you need The Cartoon Guide to Genetics to explain the important

concepts of classical and modern genetics—it's not only educational, it’s
funny too!

“If you can’t learn Mendelian genetics from this text,

| guess you never will."
—NEW SCIENTIST

“It puts textbooks to shame.”
—MATTHEW MESELSON,
PROFESSOR OF BIOLOGY, HARVARD UNIVERSITY
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