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1 Everyone’s Genealogical Mother

If family trees were charted indefinitely backward, they
would eventually converge on a small group of ancients who were
ancestors of us all. Now biologists suggest in a report to NATURE!

that a single female living between 140,000 and 280,000 years
ago in Africa was an ancestor of evervone on the earth today. In-
evitably and to the probable delight of creationsts? many scien-
tists are calling her “Eve. ”

The authors point out that the hypothetical Eve®, unlike the
biblical onc. was in no sense’  the one ancestral mathet of all hu-
mans. There were other females reproducing at the time who have
modern descendants. But Eve is the only one who appears in
everyonc’ genealogy, a conclusion the biologists reached by
studying mitochondrial DNA (mtDNA).

Most of the DNA in human cells is in the cell nucleus, in the
form of chromosomes. Since chromosomes come from both par-
ents, this nuclear DNA is reshuffled with each generation, confus-
ing the line of inheritance. But there is also DNA outside the nu-
cleus. in mitochondria, substructures within cach cell that are re-
sponsible for producing energy the cell needs. Since the sperm’s
mitochondria do not survive fertilization intact, mtDNA is inherit-
ed solety through the mother. The only way it can change over the
gencrations is through mutation. And that mutation, evidence
suggests, proceeds at a steady, known rate. To calculate how

much time has elapsed since the mutations that gave rise to®



today’s variations began®, the scientists need merely determine
how much change has taken place.

To measure this change, the biologists examined mtDNA
from 147 individuals representing five broad geographic regions.
The scientists analyzed the samples by mixing them with restriction
enzymes, proteins that cut strands of DNA at specific sites. After
compating the resulting fragments, the scientists used a computer
to analyze the differences between the mtDNA samples and con-
struct a “family” tree. Those differences were so small that they
could be explained by assuming the existence of one ancestral
mtDNA. Then the biologists extrapolated backward to calculate
when that mtDNA existed in other words, when Eve lived.

The facts that mtDNA is maternally inherited and that Eve’s
along has survived mean that she was the only one among her fe-
male contemporaries whose descendants included some females in
all succeeding generations. Descendants of the other females alive
during Eve’s time eventually included generations that produced no
children or only males, thus halting propagation of their mtDNA.

By considering the geographic origins of the 147 people, the
biologists were even able to determine where Eve lived; samples
from those of sub Saharan African descent showed the most intra-
graoup differences, implying_that their mtDNA had had more time
"*to change and thus that their ancestors arcse earliest. This finding
plus the structure of the family tree indicated sub Saharan origin,
a conclusion that agrees with” current archaeological and anthro-
pological theory. ’

The researchers concede some uncertainties; about the muta-
tion rate, for example, and whether it is constant. Still, they
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say: “the evidence shows mtDNA is a good molecule for tracing
relationships between populations in general. It is a way of weld-
ing molecular biology and anthropology. Sometimes fossils are
misleading. We’re trying to build better pictutes of how humans
evolved. ” . ‘

.

Explanation of words. {]f&:

ancestor [‘aensests ] a person, esp one living a long time ago, from
whom another is descended Hie N

anthropological [enfraps'lodziks | of the scientific study of the na-
ture of man, including the development of his body, mind,
and society ANBEH

atchaeological [ake'lodzikel | of the study of the buried remains of
ancient times EWER

assume [a'sjum] to falge as a fact or as-true without proof {R#%

biblical [ 'biblikel] of or abont Bible (X422, T(FZ )i

biologist [ bai'sladzist ] a person who studie: living organisms. and
vital process 4 %X » '

¢chromosome [ 'kroumessum | one of the linear or sometimes circu-
lar basophilic bodies of virnses, bacteria, blue-green algae,.
and the cell nucleus of all other unicellulaf or multicellular
organisms that contain most of all of the DNA or RNA com-
ptising the genes of the individual dfa ik

concede [ken'sid] to admit as true. Kk

converge [ken'va:dz ] to come together to a common point £
LI L

creationist [kri'eifsnist ] a person who believes in the theory that
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matter, the various forms of life, and the world were created
by God out of nothing e
descendant [di'sandant ] a petson or other liveng thing that has an-

other as grandfather or grandmother, great grandfather, etc.
fa R

DNA ; desoxyribonucleic acid R EALERER

enzyme ['enzaim] a chemical substance produced by certain living
cells, which can cause or hasten chemical change in plant or
animal witheut itself being changed fif

extrapolate [ ik'stracpoleit ] to guess from facts already ey

fertilization [ fatilai'zelon ] the act of starting the development of
young by sexual or other means 2K

fragment ['fragment] a small piece broken off ey

genealogy [dzni'zladzi, | the study of the history of the members
of a family from the past to the present Rig

geographic [ dzi'ogrefik ] belonging to or characteristic of a particu-
lar region Hh

halt [ halt] to stop =01

hypothetical [haipe'8atikal ] supposed to be so; not yet proved to be
true of known to have happened Ry

inevitably [i'nevitabli] cannot be prevented from happening
AL AR, R 38 5 |

inheritance [in'haritans | the act of receiving (quality of mind or
body) from one’s parents, grandmother or grandfather, etc.
gL

intact [in'teekt] whole because no part has been touched or spoit
SR K2R

intragroup [intra'graup] within group i)

"



mitrochondrial [ maita'kandriol ] 5% TR L)

mitrochondria [ maita'kandris | pl. £ Pk

mutation [ mju'teifan ] the aition of change in the cells of a living
thing producing a new «uality in the material or parts of the
body  ABFEFH

protein [ 'prautin] any of many substances (present in such foods
as meat and eggs) that help to build up the body and keep it
healthy HHR

propogation | propa'geifon | the act of living things to increase in
number by producing young wry

reshuffle [rifafal ] to move to different positions again HH
2

sperm [spam | a cell produced by the sex of a male animal, which
swims in a liquid and is 2ble to unite with the female egg to -
produce new life ¥+

survive [sa'vaiv ] to continue to live R
Comprehension Exereise. IEREH ).

1. Who was an ancestor of everyone on the earth according to the
research of the biologists?

2. How did the biologists reach this conclusion?

3. How is mtDNA inherited? Why is mtDNA called a good
molecule?

4. How did the biologists calculate when Eve lived?

5. Why were the biologists able to determine where Eve lived?



Notes: 8.

1. “NATURE”  ZEHRHCE BRI

2. to the probable delight of creationists = perhaps it makes
creationists pleased

3. Eve EiE, Y (Adam) 2 F (X Z2))FFriip it 7
BHIRLA. :

4. in no sense=in no way AR

5. gave rise to=Ied to &

6. To calculate how much time has elapsed since the muta-
tions that gave rise to today’s variations begam, *++ B
H 8R1E , . that gave rise to today’s variations £
E 18 A, 4 mutations

7. to agree with=to be in accordance with. H5..HA4

Translation; %3
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6



Y r R R E SRR E BB mDNA B 15X A%
M.

KERAEANGDEFH DNA BRESRE P, B2 USEHE
HIE B . BT R R A SRR SRS T kA, BRI AR
Kt DNA B E S —REFAS XHEREF XA 4
BET . BEARZIMLE DNA, ERELN & F, B
BMXFHERRAUEEARTFENER. & TH TR
PR 2R o BB IR, R I mtDNA FUE N B R85 Tk, T
—RX—RME—F RN REE. BLIEARERU—A
REMCHMERETE BERTHHSHSRMERYR
BRA 2 BEF G, B ERABHABRET ZRHELR
AT,

ATHEFIRRET ZERKHEN, ~HEYERMRE
HARMEXIRE 147 A A B mDNA H1TTRE, T A&,
Bl Z A HE 0% FIZEHS E S B DNA 2B SR BIREE—
BRDHTHER FHERELRT BRI E, A8
BT mtDNA K5 2Z B 2R, R T — K. XS ZR
B2 53R BN, BB AT RIA — 4 R4 mtDNA 77
ETFH 205, W R E A B AL AR, '

mtDNA R 838 5 H A B A mDNA ﬁ%?%%@
LR bR R R AL i~ — N ESRERPHE LY
A TSR ERARH MO L i ERRERAEFRE
A BE X W T (169 mDNA § %5,

WX 147 AFTERBEKIEAPIR, ¥R EZ R
Wik B S, NEMMSRIENARGR S RS
Z IR 2 3 B, X R b A9 mDNA 254k iy B 16 B, X
HEH T MHEERERRE . XMRAENERE RN
MWEAT AREETEMMAI XM ERE4REHTEMA
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2 The Universe in Depth

The image shown here. which resembles nothing so much as
a blackboard spattered with paint. is in fact one of the deepest
views of the universe ever obtained. 1t encompasses a patch of sky
barely 1% the size of the full moon. Yet virtually every point of
light in it is a galaxy. Moreover the faintest galaxics arc 27th
ma.gnitude' —about a billion times fainter than can be seen with
the naked eyc—and are more than 10 billion light—years away.

This particular view is one of a series of 12 such images pro-
duced over the past 3 years by J. Anthony Tyson of Bell Labora-
tories and Patrick Seitzer of the National Optical Astronomy Ob-
servatories. Tyson discusscd it in some detail at a recent workshop
on galaxies. *

To minimize the number of foreground stars, he explained,
he and Seitzer pointed the telescope at the South Galactic Pole,
which lies in the southern constellation of Sculptor; their line of
sight was thus perpendicular to the plane of the Milky Way. To
maximize the depth of the search, they exposed the image for a to-
tal of 6 hours, using a very sensitive charge- coupled device?
(CCD) detector to collect the light. And to get color iﬁformation
they repeated the process using filters for three different wave-
length bands. .

The resulting image is remarkable for several reasons, not the
least of which® is the sheer number of galaxies it contains. “If

you look at the faintest galaxies you can see that the sky is filling
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int,” explained Tyson. In this image the coverage is already ap-
proaching 30% ; moreover, the coverage will only increase as
longer exposures probe even deeper. But a sky coverage that ap-
proaches 100%; is a recipe disaster®, as first pointed out by Jo-
hannes Kepler in 1610: if stars (or galaxies) were scattered at
random in an infinite universe, then an observer’s line of sight
would eventually intersect a star no matter where he looked. The
night sky would be as bright as the surface of the sun. (This argu-
ment was rediscovered in 1823 by the German astronomer Hein-
rich Olbers; it is now known as Olbers’ paradox. )

Obviously, said Tyson, the night sky is a good deal darker
than the sun. And the reason is that we do not live in an infinite
unjverse —at least, not of the kind envisioned by Kepler and Ol-
bers. In the real universe we not only look outward in space but
backward in time, toward the Big Bang®. Beyond a certain point,
the galaxies have to thin out” because they are still in the process
of forming. The significance of the image shown here is that mag-
nitude 27 may be very close to that point.

To see why, said Tyson, consider that the light from all the
galaxies in the universe blends into a diffuse background light on
the sky, in much the same way that the sound of individual rain-
drops blends into the diffuse sound of a rainstorm. Astronomers
have even been able to set upper limits on that background: it is
roughly equivalent to the light of a single tenth magnitude star
spread over a square degree of sky. And yet the integrated light of
all the galaxies in the 27th magnitude image is already some 70%;
to 80% of that limit. “In a sense, we’ve almost gotten to Olbers’
paradox already. ” said Tyson.
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Another intriguing hint comes from looking at the very
faintest galaxies in the image. on the average one might expect
them to be quite a bit smaller than the not-so-faint galaxies, said
Tyson, since they are presumably farther away. But in fact they
are not much smaller. Moreover, this is a real effect, since the
galaxy images are several times bigger than the blurring caused by
atmospheric turbulence. “What this tells us is that we really are in
a non-Euclidean universe®,” explained Tyson. Beyond a certain
point, it turns out that Einsteinian curvature actually causes im-
ages to get larger with distance. The 27th magnitude galaxies seem
to be near that point.

Still another intriguing feature of the 27th magnitude image is

- the color of the faint galaxies, said Tyson: they are very, very
blue compared to the brighter galaxies, despite the fact that they
are presumably further away and have a larger redshift. “Since
the effect is competing with redshift,” he said, “these galaxies
must have an enormous ultraviolet enhancement. ” This suggests in
turn that the galaxies are producing hot, massive young stars at a
very high rate — exactly as one would expect in galaxies that are
themselves quite young.

“If you take the number counts and colors, and fold them in-
with models of galactic evolution,” said Tyson, “you find that
you need to start the galaxies at a redshift of 6 to 10 in order to get
the colors we see. ” That is , the faintest galaxies in this image are
roughly 1 billion to 2 billion years old, which in cosmic terms is-
practically newborn. Tyson is the first to admit that such conclu-
sions need a lot of refinement before they are reliable. Nonethe-

less, it is clear that with deep images such as this one , as-
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