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But really we are working on this
type of stuff because it challenges us
to get better at...

(i) composition of molecular parts
(ii) reliability of performance
(“noise”, evolution)




OI01010]

BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



BONNET et al., PNAS May 2012 (9 OO0
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢



— P — K

“flipbee”

BONNET et al., PNAS May 2012 (9 OO
*please see Nash & Pollock (1981, 1983) thru Friedland & Lu et al. (2010+) for prior work on flipping DNA and data storage ¢
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We can write one “memory”
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RESET “flipper”




RESET “flipper”




OPEN a ACCESS Freely available online PLOS BIOLOGY

Control of Phage Bxb1 Excision by a Novel
Recombination Directionality Factor

Pallavi Ghosh, Laura R. Wasil, Graham F. Hatfull®

Pittsburgh Bacteriophage Institute and Department of Biological Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania, United States of America

Mycobacteriophage Bxb1 integrates its DNA at the attB site of the Mycobacterium smegmatis genome using the viral
attP site and a phage-encoded integrase generating the recombinant junctions attL and attR. The Bxb1 integrase is a
member of the serine recombinase family of site-specific recombination proteins and utilizes small (<50 base pair)
substrates for recombination, promoting strand exchange without the necessity for complex higher order
macromolecular architectures. To elucidate the regulatory mechanism for the integration and excision reactions, we
have identified a Bxb1-encoded recombination directionality factor (RDF), the product of gene 47. Bxb1 gp47 is an
unusual RDF in that it is relatively large (—28 kDa), unrelated to all other RDFs, and presumably performs dual
functions since it is well conserved in mycobacteriophages that utilize unrelated integration systems. Furthermore,
unlike other RDFs, Bxb1 gp47 does not bind DNA and functions solely through direct interaction with integrase-DNA
complexes. The nature and consequences of this interaction depend on the specific DNA substrate to which integrase is
bound, generating electrophoretically stable tertiary complexes with either attB or attP that are unable to undergo
integrative recombination, and weakly bound, electrophoretically unstable complexes with either attL or attR that gain
full potential for excisive recombination.

Citation: Ghosh P, Wasil LR, Hatfull GF (2006} Control of phage Bxb1 excision by a novel recombination directionality factor. PLoS Biol 4(6): e186. DOI: 10.1371/journal.pbio.
0040186
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We can mostly erase a memory!

A
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signal

Pre”I”  Switch  Hold"0”




Even bigger problems putting together

Integrase Excisionase
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Switch given sustained input pulses
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Switch & hold given 2000’ input pulses
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Switch & hold given 200 input pulses
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Switch & hold given 20’ input pulses
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~3 years and ~750 attempts...
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u Directed Evolution

- Standard Parts (MIT & BIOFAB)

- Computational Design (RBS calculator)










Note, not a formally bistable system

Works b/c we have two relatively
nice A-to-D converters.

What else could you make with
A-to-D converters?




Boolean Integrase Logic: OR
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Boolean Integrase Logic Gates
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Boolean Integrase Logic Gates
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Boolean Integrase Logic Gates
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THE NEW YORK TIMES, MONDAY, MAY 7, 1979

Scientists Examine Tiny Viruses

For Messages From Outer Space

. By WALTER SULLIVAN

A search for messapes from other
worlds is focusing not 0o the heavens but
on certain bacteral viruses,

The search, in Japan, s for special
meaning in the coded genetic sapgnals
within the vireses, It was prompted by
the discovery that the penetic sequence of
one virus seems more contrived than
nataral.

Two Japanese scientists have sug-
pested that part of the genelic sequence S

virtually ing.
In 1973 Dr. H. C. Cnick, codus.
mdmammdmm

gﬂmded that soch MM“
A), a
might have used by advanced civili-

He and Dr. Leslie E. Orgel of the Uni.
versity of California at San Diego pub-
lished this proposal
under the title “Directed Panspermia.
Dr. Orgel is an interaationally recognized
mvestigater of the origing of life.

The passibility that such viruses might
CAITY mMessages is in the car-
rent issve of Jcares by Hiromitsa Yokoo
of Kyorin University and Tairo Oshima of
the Mitsubishi-Kasei Institute of Life Sai.
ences, both in Tokyo. Their attention is
focused on the bacteriad virus,
or phage, known as PhiX.174.

DNA information is in the form of
threeecter ““words,” or nucieotides,
mgan“alphabel that consists of only
four “letters”’ (chemical umits known as
bases). In 1977 Brotish scientists, i the
first dissection of sach a
phage’s DNA, were able to spell out all
5,375 wards of its message. Those words,
groupad into “sentences™ — that is penes
— not only specifly the chemical compos-
tion and structure of the virus but also
control all its functions.

A surprising discovery was that over-
lapping portions of the message could be
read in three diflerent ways, each of
themn meaningful, depending on where
the reading began.

“Difficult to Explain®

This can be compared to a
with no spacing between the letters that
says anc thing if the reader begins with
the first Jetter and something completely
different il he or she starts with the sec-
ond or third letter.

As noted by the authars, “It
is Quite difficuit to explain the angin and
evolution of overlapping penes in terms

of molecular ewvolution.”™ For 1his sesan |

ent happens 10 be aiming an antenna at
the sender at the correct time and rado
frequency. A phage, dntwudma
(s::s the J “twlnp:l
way, apansesay
be automatically

copeed

ansd cover the entire planet ™
They would persist until the evolution
of intelligent hife and, finally, of invest-
gators interested in l.hex :
phapes. A phage like PhiX.17¢ would
one of the first deciphered becagse it is
coe of the simplest. Even such primulive

as bacteria depead on DNA
messages thal may run 1o millices of ps-
cleotices.

Drawbacks as Messeagers
The authors comoede drawbacks 1o vi-

PhiX-14 npb(ms only through infec-
tion of intestinal bactera (Escherichia
coli), but it 1= Saular W

in the journal icarus | B0

encdnthewouuandudndenm-
siration transmisssons from the giant an.
tenna at Arecibo, P.R.

This comsists of using two signals %
transmit a message whose total oumber
of signals is 2 multiple of two prime sum.
bers, such as 31 and 41. mmz
expected o thet the message
should be yed like 3 television pic-
ture made up of 31 rows, each formed of
4) dots or spaces (as specified by the =g-
nals), or of 4] lines of 31 signals,

One or 1he ocher of these arrangements
would form a meaningful pictare.

Various Arrangemests Tried

In the overlapping sequences of PhiX.
174 the investigators have found one of
121 threadetter units — a maitipie of 11
times 11. They have tried varous ar-
rangements ing of 11 Enes of 11,
displaying the four letters of the DNA al-
pabaaslourculon This, they boped,

pmdmmedeaﬂyamﬁnuag-
nal, such as a cross, mtwmw-
vived long-term changes in the DNA se-

quence.

“Unfortunately,” they report, “no sg-
nificant pattern was observed ™ How-
ever, { add, “Further speculation is
irresistible.** Other coding sequences ia
PhiX-174 add up to the of prime
numbers, such as one of ! units (7 times
13), which s0 far has proved wnnsiroc-
m.mauherolmm(utm
41) winch hasnot

““We consider mam

HENRY SCHULTZ DIES;
HEADED CIVIC GROUP

Leader of Anti-Defamation League
in Era of Senator McCarthy

taining 3 necessary centnst policy for the
Organizaton, to Nathan C
Beltk, a writer and 2 league staff mem-
ber during Mr. Schultz’s eoure

As 2 member of the Board of Higher
Education from 1941 10 1969, Mr. Schalz
“had been through the Communist wars

on City College campuses,”™ Mr. Belth

Questioned Senator McCarthy
“He puot the guestion of anti-Semitism™
10 Senator Joseph R. McCarthy “cirectly
in 3 personal mecting and came away
mmmw:mmmm
an anti-Semite,™ )(r Belth said. B, he

R

socalled subversive groups from speak-
Ing on Campuses.

Mr. Schultz, who was born in New York
City, earsad his legal degroe from New
York Law School o 1535 An bosocary
doctorate n the humambies was pre.
0 kim m 1951 by West Vurgina
Coleg=.

was 2 member of the exscutive

Pl

-

irree T the
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Bernard Leach, 92, Noted Potter;
Briton Learned From Japanese

luslnnemSt Ives, Commwall, loday He
was 12 yearsold.

Much of his work was infused with an
Oriental deficacy. The quiet simplicity of
m::::sthn mmmhemw -

m Jaj rs
\elmdandwuied.’“' -
He was cooscious of his debt to the

son of a colonial judge, and stodied art at
the Siade School in London. His father, he
recalled, looked askance at his artistic

ambitions, but &id nothing to discourage |
them.

Mr. Leach traveled widely tn China and
Japan in his early 20's. In Japan ke stud- |
ied under Ogata Kenzan, atamnpomr
who had inspired him to take up the art.

Initial Enthusiasm Recalled

When in his 50's and almost blind, Mr.
Leach, a tall, amiable man, recalled his
imitial enthusiam, "My first child was
born and | was torn between my first
<hild and my ficst kiln,™ he said

The first pots be made sold for the
aﬂ.x.'.uc:my:::l5 miany":

ma udyquck!y
and he recalled how bis prices increased
with each of his exhabitions.

On his retum to England from Japan in
1920, he settied in S<. Ives, a small seaside
resort, andvuhmebdpda'gad.lg
|nese potrer, Shoji Hamada, founded
Leach there. It is still producing
pnt.s with Mr. Leach’s son David In

icharge. Mr. Hamada, described by Mr.
Leach as “my perfect friend,” died in
Japan in Jasuary 1978 at the age of £3.
In the pottery at St. [vesonly 10 percent

Col. Robert Heinl Jr.;
Columnist and Author
Of History of Marines

Specal 1 The New York Trmes

WASHINGTON, May 6 — Rcobert D,
Heind Jr., 2 retired colonel im the United
States Marine Corps and a former synds.
cated columnist and author, died of a
heart attack yeste m  Saime
Barth&lemy, a Caribbean . He was
62 years oid. .

Colonel Heinl was appointed chief of
the United States naval mission to Haiti
in January 1399 and served until he was
ordered 1o leave the country by former

Spol ha The New Yors Torses

o(lhtﬂw)ur'spmhnmdzmm
3,000 survived.

peeces percent,

Mr. Leach recalled, was in the
kiln and the rest was scrapped because it
was below his standard.

At the height of his endeavors, about
30,000 pieces a year were
Mr. Leach and hus workers. were of
the 60 10 ™ shapes he used for objects
such as casseroles, Jugs and Jam pots.

Hemored for His Werk

In “A Potter’s Book" published in 1990,
one of several books be wrote on potlery,

the 'be complained that English collectors

lwm quick to reject work with miner
blemishes even when the artistic ment
Iwas pot affected. 1t is a pity people in
| England are o fussy about techaical im-
| perfections,™ he wrote, observing that a
blot from a quill on a Rembrandt drawing
| would not cause it to be cast aside.

The Times of London summed up a
anwhmive coﬂectmm ion of Nhl;.s Leach’s
sayiing, *Ultimately his produc-

tons are 10 be judged not as objects of
some utility or even as o agree-
able pleces of decoration with technical
felicities of glaze, color and shape
(though these are certainly to be found)
but fundamentally as a translation of
“familiar wirtees’ into stoneware or

porcelain.”

He was honored for bas work in the
United States, Japan and Britain. In 1973
Queen Elizabeth 11 made him a Compan-
jon of Homt “for services to the art of

The 1ollcmg year when he won a
$14,000 prize awarded by the Japan Foun-
dation, Hidemi Kon, the foundation's

president, described him as “'the most
:’::i 1 ceramics artist the world

Mr, Leach is survived by three sons
and three daughters. His third wife is the
American.born Jarnet Damell, one of the
leading potters in 8ritain,

MARY LOUISE GILLERAN

Mary Lowise Gilleran, an administra-
tive assistant to the Metropolitan New
York Chapter of the American Red Cross,
died Tharsday at Roosevell Hospital at
the ageof 61.

Mrs. Gilleran had worked for the
agency for nearly a year and was previ-
ously employed as an administrator for
the American Field Service, Born in Chi-
cago, she attended Southern Seminary in
Boena Vista, Va. She had been a New
Yark City resident for the past 40 years.

lleran is survived by ber has-
band, Robert J. Gilleran, circulation
manager for Family Circle magazioe,

and her daughter, Marianne.

ANRDNG—Jane M. o0 Sendev. NIY | Abeem, Jeve Loazana Cale POLUITT—{sorcre Levire. Ouwr
o evered exter 6 Dine . wo. | SO Wischa  Legagreve.Am | deepes exeiuon of emeents
. > Provip—— Basl endd Kaha PoliY. Detle and
o0, Mary ). Witerd. Twiete Den- | Seffel, Rac . Joveph, Levine and Zeena Kavwel
ma W, Ehen B, Awe F, Do podard, Awve | Moseley, Mary e of o Preutesl, o) e o
A m:rivm(}-wv Borden, jomes  Matr, ERal Ssmgly ceeth of Lew, tutoved wite
Laviny ——y Mewrrark, Eviete | TWANY. dowver. ol usher, Tolte
Alna sarvived Sy 14 graacchikien. | Chawn, Ratert farwily we extend our heartiel! con
Berearg of e Macken Marvary, | o ooy L, OBV | ey
2 Qirton Ave.. Pachvilie Combe, Perrymmn, Cartiy Fiusving Teger, Ing
MY Mats of the Reserraction S | pae Mime ‘ e
. infermeent oty Raod Comete | GiNCheshea. 0. o, L oo, i, Shed &' bl retidce an Sunday
Py, Weilury. B.Y . rivele. fernity | Gadnick, Richard o\ conoy WTRNG May M Wes 8 Aater o
weil receve frisnds Monday. 15 andd | Grmen, Le9 Cormery and 4 retred buldrg
19PN, and Tumslew, 21 PW Ceishaver. A, wan, Jekeme maneger I NTC, 5 mersber of te

* Resy Mary Oaved Carcerder Lodge FAAM

BALANOF F—atinte, Dadend of T Coven. Margaret MYC, el e Dalcing Naregery
lafe N re DalorcsT, Tefter of 2arDe- Seweceil A Agse. NTC. Servined by wite Mery
i dac w oty Scmve | Hemisky. Fram oy, wery Sodiar! Rectewes, ane Sevghler.
Cd'nm'-muﬁm Jrhu BeRiNes  pecrer, Crares | WS Carril Scheieder, also fwo
Arcare, Néchael ' ‘ dchiidren. Faneral wil e of §
Palorracn, et oranalter of | Kashen, Juies Smih, Waeler &.mmmunum
mumhnminn_m $oe, Devan Turerel Mome. Lowvisvide
o W Cramercy Park Coapel, Ine Katz. Nine mmnu.um_.

A od ¥ 3. Tucadw. Mov 8.1 | e Y e rzi asieme wedved. o May &
. Katwe!, Melen Tieger. Bele -
i WM Wite of Charies A, mather of

PEETELL—Rse. Dofowed wile of Chartes Ardrew ] ATr et At
mmm.mmoﬂrn] e, thther ol Wrs Melm M. Krisha
Watery, Willam, Tedty, and Jx and Mrs. U, Meramy e Saracio,
mmmn:"wn n-umum“m-
Services  Norday - et ) servioes pelanie. Kindy
Schearts Broiters “Foress Pak | ACORS-Bewwien EED SOE | rwts corkimwaoes 13 e Hew Yk
c:h M“w o Pesgd el of Cowrnitele Medcy! Con Madcy Cotlpge, Valulla, MY,

B00d, Farest Hals. toe, Seturday. My & Y. A SHTVY B AN—Mary. o Wiklavs

BLLLARD—Arrie Aderms Shrges. In Mass of the Semarraction n Manks.  Faser y bave. Braadwyy A 10150
F ot Covetion. Way 3, WS g-mdmukwnnmo' Brome. undi] Tuesdey. W0 AM
OF 09 Ml Plety Baad Mether of  poamurtie’s Cotsermdd CMet | L s L e s



Directed Panspermia

F. H. C. CRICK
Medical Research Council, Laboratory of Molecular Biology, Hills Road, Cambridge, England

AND
L. E. ORGEL
The Salk Institute for Biological Studies, P.O. Box 1809, San Diego, California 92112

Received June 22, 1972; revised December 20, 1972

It now seems unlikely that extraterrestrial living organisms could have reached
the earth either as spores driven by the radiation pressure from another star or
as living organisms imbedded in a meteorite. As an alternative to these
nineteenth-century mechanisms, we have considered Directed Panspermia, the
theory that organisms were deliberately transmitted to the earth by intelligent
beings on another planet. We conclude that it is possible that life reached the
earth in this way, but that the scientific evidence is inadequate at the present
time to say anything about the probability. We draw attention to the kinds of
evidence that might throw additional light on the topic.

INTRODUCTION

[t was not until the middle of the nine-
teenth century that Pasteur and Tyndall
completed the demonstration that spon-
taneous generation is not occurring on the
Farth nowadays. Darwin and a number of
other biologists concluded that life must
have evolved here long ago when condi-
tions were more favourable. A number of
scientists, however, drew a quite different
conclusion. They supposed that if life does
not evolve from terrestrial nonliving
matter nowadays, it may never have done
so. Hence, they argued, life reached the
carth as an “‘infection” from another
planet (Oparin, 1957).

resistant spore would receive so large a
dose of radiation during its journey to
the Earth from another Solar System
that it would be extremely unlikely to
remain viable. The probability that suf-
ficiently massive objects escape from a
Solar System and arrive on the planet
of another one is considered to be 80
small that it is unlikely that a single
meteorite of extrasolar origin has ever
reached the surface of the Earth (Sagan,
private communication). These arguments
may not be conclusive, but they argue
against the “infective” theories of the
origins of life that were proposed in the
nineteenth century.

It has also been argued that “infective”
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THE PROPOSED SPACESHIP

The spaceship would carry large samples
of a number of microorganisms, each
having different but simple nutritional
requirements, for example blue-green
algae, which could grow on CO, and water
in “‘sunlight.” A payload of 1000kg might
he made up of 10 samples each containing
I0'® microorganisms, or 100 samples each
ol 103 microorganisms.
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THE PROPOSED SPACESHIP

The spaceship would carry large samples
of a number of microorganisms, each
having different but simple nutritional
requirements, for example blue-green
algae, which could grow on CO, and water
in “‘sunlight.” A payload of 1000kg might
he made up of 10 samples each containing
10t microorganisms, or 100 samples each
ol 103 microorganisms.

It would not be necessary to accelerate
the spaceship to extremely high velocities,
since its time of arrival would not be
important. The radius of our galaxy is
about 10° light years, so we could infect
most planets in the galaxy within 10 yr by
means of a spaceship traveling at only
one-thousandth of the velocity of light.
Several thousand stars are within a
hundred light years of the Earth and could

he reached within as little as a million
vears by a spaceship travelling at only

(),000mph, or within 10,000yr if a speed
of one-hundredth of that of light were
possible.
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We speculate that a simple biological system carrying a message and capable of self-replica-
tion in suitable environments may be one possible channel for interstellar communication.
A preliminary experiment was performed to test the hypothesis that phage ¢X174 DNA

carries a message from an advanced civilization.

Electromagnetic waves are generally
accepted as the best medium for interstellar
communication (Cocconi and Morrison,
1959; Bracewell, 1960; Drake, 1961;
Cameron, 1963; Shklovskii and Sagan,
1966 ; Oliver and Billingham, 1971; Pon-
namperuma and Cameron, 1974; Black
et al., 1977), and little attention has been
paid to other information transfer systems.
So far, 13 projects have been devoted to
the search for radio signals which might be
transmitted to us by other civilizations
(Black et al., 1977). Numerous discussions
have also been devoted to the appropriate
receiving systems and frequencies to be
used. However no scientific attempt seems
to have been made to search for messages
from extraterrestrial intelligence (ETI) by
media other than electromagnetic radia-
tions.

The purpose of this paper is to stress
that biological media should not be
neglected as possible information exchange
systems between interstellar civilizations,
and to encourage the examination of
certain living systems, A preliminary effort
has been made to investigate whether or
not phage ¢X174 DNA carries a message

A BIOLOGICAL MEDIUM

It might be possible that a civilization
more advanced than ours prepares an
artificial or artificially modified phage (or
bacterial) DNA which is capable of pro-
liferating actively under suitable conditions
and at the same time carries an intelligent
message encoded in its base sequence. Bio-
chemistry on our planet is still not ad-
vanced enough to synthesize such sophisti-
cated biomolecules, but, judging from the
recent progress in biological sciences, it is
most likely that our civilization will gain
enough information to carry out such a
project within a few decades, It has already
been suggested that there is no technical
difficulty in sending a phage or micro-
organism to other stars (Crick and Orgel,
1973). The message-carrying particles en-
capsulated for safety can easily be launched
to other stars directionally or isotropically
by a civilization such as ours,

Biological media have certain advantages
over electromagnetic waves, The phage or
microorganism carrying the message can
self-replicate after arriving on an ap-
propriate planet. Unlike long distance tele-
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Fic. 1. Genetic structure of $174 DNA, modified
after a figure appearing in Sanger e al., (1977).
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TCA CTA AP ACC me CT6 TCG
CtA  CIT  CCC MG CTG TIC AGA AIC AGA  ATG
AGC  CBC AAC TTC GE6 ATE A ATG CTC  ACA  ATG
CAA
L[S

Sca(fold GAA TG AAC

3

ACA AT (TG TCC ACG GAG  TeC TTA  AIC 1
ACC MG CTE 66T TAC EAC 66  ACG  CCG AAC
| CAG ATA TIE AMAE CAC AMAC GCA AAA AGA  GAG  AITG
| re P I | Cati on | AGA TT6 AGG CT6 GGA MA  GTT  ACT  6TA  CCC  BGAC
| oX 174 CIT 716 66 66 CAA CCT 616 ACe ACA  AMAT (TG
{‘\ ONA C7IC AAA TTIT  ATG C6C  GCT  TC6 ATA A ATG  ATT
‘ GC G6TA TCC ML CI6 CAG  AGT TIT ATC cCY  TCC

ATG ACG CAG AAG TTA ACA CTIT TCG GAT ATV TCT

Fig. 2. One hundred and twenty one triplet
codons from the A protein reading frames, which
are utilized in overlap to code the B protein. The B
protein, composed of 120 amino acid residues, is
coded by this sequence except for the first two and
the last nucleotide bases (Sanger et al., 1977). The
four DNA nucleotides are represented by their
conventional symbols, A, G, C, and T.

J000

Fia. 1, Genetie structure of ¢174 DNA, modified
after a figure appearing in Sanger ef al.,, (1977).




FiG. 3. Possible two-dimensional pictures constructed from the sequence listed in Fig. 2. The
first (a, d), second (b, e), and third (¢, f) nucleotides were arranged in 11 X 11 arrays, respectively.
These letters were put in order from top left to bottom right as in writing an English sentence.
In pictures a-¢, dark squares were given to purine bases; in d-f, guanine and cytosine were as-
signed dark squares,
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Fi16. 3. Possible two-dimensional pictures constructed from the sequence listed in Fig. 2. The
first (a, d), second (b, e), and third (¢, f) nucleotides were arranged in 11 X 11 arrays, respectively.
These letters were put in order from top left to bottom right as in writing an English sentence.
In pictures a-¢, dark squares were given to purine bases; in d-f, guanine and cytosine were as-
signed dark squares,
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oX 174 is known to have || CDSs.

However, analysis suggests ~82

ORFs of length 30+ codons with
butative RBSs...

Going to try exploring “reverse
negative” genomics.
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“No matter who you are, most of the smartest
biologists work for someone else”

“No matter who you are, most of the best bio. parts
you need will be engineered by someone else”

“No matter who you are, most of the opportunities
for what you can engineer will exist somewhere else”

“No matter who you are, most of the issues arising
from what you engineer will ramify somewhere else”

“No matter who you are, most of the best biotechnology
ideas will be imagined and made true by someone else”

39




So what do you (we) do about it?




