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龍生龍，鳳生鳳，老鼠的兒子會打洞。
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簡報者備註
簡報註解
人工受孕為上等人
英文名「Gattaca」並非英文單字，而是用DNA當中的4種鹼基「AGCT」加以排列、編輯而命名，當中闡述窮人家庭出生的男主角文森（Vincent）從小就被社會視為「瑕疵人」，父母為此砸錢透過基因編輯技術，訂製了他的新弟弟安東（Anton）。
電影指出，安東比文森小2歲，生長速度卻比他快，因此從小打鬧、競逐，文森都成為安東的手下敗將，在那個社會中，談戀愛要先拿頭髮驗DNA，基因評比分數佳才會獲得心儀對象，而「瑕疵人」每在社會刑案發生時，被警方優先列為約談對象，遑論「瑕疵人」想追求需求理論當中的自我實現。
儘管社會風氣如此，文森卻沒放棄成為太空人的夢想，當太空人要通過各項基因測試，因此他找上基因黑市商人，向1名擁有完美基因卻因意外殘廢的男子購買身分，用他的DNA通過檢測，並藉由不斷自我鍛鍊，達到基因編輯人輕易能克服的各種困境與體能，最後成功成為太空人卻沒人在意，但他說「命運是沒有基因的（there is no gene for fate）」，而借他身分的完美基因人也表示，「我只是借你我的身分，你卻借我你的夢想（I only lent you my body. You lent me your dream.）」。
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簡報者備註
簡報註解
聽起來好像很深奧
先來問大家一個問題：人和螞蟻和細菌和植物很不一樣吧？可是我們都有一樣共同的東西，這個東西是構成生物的最基本單位。
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簡報者備註
簡報註解
聽起來好像很深奧
先來問大家一個問題：人和螞蟻和細菌和植物很不一樣吧？可是我們都有一樣共同的東西，是什麼東西呢？這個東西是構成生物的最基本單位。
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簡報者備註
簡報註解
體染色體和決定是男生女生的性染色體。女生有XX，男生有XY。除了XY以外，其他這些染色體都是同源染色體，每一對裡的兩條基本上非常相似，
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簡報者備註
簡報註解
其中一條是爸爸給我們的，另一條是媽媽給我們的。
染色體是什麼呢？
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簡報者備註
簡報註解
染色體是超級緊密的結構，我們把染色體拉長了來看，


__M’—w

HESOHEHSEHE
HIDNA DNAZEE RS 12k

http://activity.ntsec.gov.tw/lifeworld/content/images/ch_gene_c6a.jpg

‘ﬁ G pna
double

helix

Histones

€ fu B E MBS DNATE R

https://[pmgbiology.files.wordpress.com/2015/10/00-eukaryotic-chromosomes. jpg

L

et


簡報者備註
簡報註解
染色體是超級緊密的結構，我們把染色體拉長了來看，
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右旋。複製時分開，乖乖配上相對應的鹼基。


http://activity.ntsec.gov.tw/lifewc

k%ﬂ»i(

Chromosome

Supercoils

¢ _

FEIcHA

https:I/pmgbiology.files.wor,_,V“‘_H_._. =

Y Fhymine Adenine

Oecccsscsnsa H—N

N
H
C GGuanine
H 4y

Cytosine

Cytosine

N
/
H
Guanine G C

{a) Double helix

(k) Antiparallel orientation of strands

5’ to 3’ direction



簡報者備註
簡報註解
右旋。複製時分開，乖乖配上相對應的鹼基。
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1. Gene expression is tissue specific.


(Nature, 171, 737, Apr 25, 1953)
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Gene expression is tissue specific.
Watson 28 years old and Crick 37 years old


(Nature, 171, 737, Apr 25, 1953)
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Gene expression is tissue specific.
Watson 28 years old and Crick 37 years old
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nueleic acid (D.N.A,), This
structure has novel features which are of considerable
biological interest.

A strueture for nucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their manuscript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) Wo believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleie
acid, This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3/,5’
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis, Both chains follow right-
handed helices, but owing to
the dyad the.sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg’s® model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
amis faure SoPully  the outside. The configuration
ribbons symbolize the ©f the sugar and the atoms
::;“J:h‘:}’dh“[ﬂh;sl‘:g‘i'l' near it is close to Furberg’s
zontal rods the pairs of standard configuration’, the
bases holding the chains sugar bcing T'ough[y pcr’poudi—
ltnﬁe:r'::rrkg (:]illemn';ﬁen;:‘t:i cular to the attached base. There
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is & residue on each chain every 34 A. in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residues in the same chain, so that the
strueture repeats after 10 residues on each chain, that
is, after 34 A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the strueture could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases, The planes of the bases
are perpendicular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only oceur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bages can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and eytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to eytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray data®® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material,

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
8 knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R, E. Franklin and their co-workers at

(Nature, 171, 737, Apr 25, 1953)
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ﬁiﬁll"eugtﬂre for Deoxyribose

Watson 1.D. and Crick F.H.C
Nature 171, 737-738 {1‘1:3:

April 25, 1953: James Watson and
Francis Crick's classic paper that first
describes the double helical structure
of DNA. With some understatement
they note that the structure
"“suggests a possible copying
mechanism for the genetic material”.

ecul Confi uratl nin
ium hymu ucleate

Frar‘.l-lln R. and Gosling R.G.
Nature 171, 740-741 (1953)

April 25, 1953: Rosalind Franklin

and Ray Gosling provide further
evidence of the helical nature of

nucleic acids, and conclude that the

[:I'h-EISDhrJtE' backbone lies an the
outside of the structure.
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Elnle:ular Stru pf
eoxypentose un: eic Acids

Wilkins M.H.F., A.R. Stokes AR, &
Wilson, H.R
Nature 1?1 738-740 (1953)

April 25, 1853: From the same
issue, Wilkins, Stokes and Wilson
analyse the X-Ray crystallography
evidence, and suggest evidence that
the structure exists in biological
systems.
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Nature 171, 737-738 {1953}

April 25, 1953: James Watson and
Francis Crick's classic paper that first
describes the double helical structure
of DNA. With some understatement
they note that the structure
"“suggests a possible copying
mechanism for the genetic material”.
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Wilkins M.H.F., A.R. Stokes A.R.
Wilson, H.R.
Nature 171, 738-740 (1953)

April 25, 1853: From the same
issue, Wilkins, Stokes and Wilson
analyse the X-Ray crystallography
evidence, and suggest evidence that
the structure exists in biological
systems.
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nucleic acids, and conclude that the
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outside of the structurea.

Photo 51
7 st fank
TR X R
BE - L
T EHTEDNARE
RIS E AR -


簡報者備註
簡報註解
Previous models are wrong
hypothesis


ﬁobel Prie 1n ?
Physiology or Medicine E,\J A
1962 =25 - 24 a s [t

EEE*

Wﬂl'

>

Francis Harry James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 1962 was awarded jointly
to Francis Harry Compton Crick, James Dewey Watson and Maurice
Hugh Frederick Wilkins "for their discoveries concerning the
molecular structure of nucleic acids and its significance for
information transfer in living material’.
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The Nobel Prize in Physiology or Medicine 1962 was awarded jointly

to Francis Harry Compton Crick, James Dewey Watson and Maurice
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Hugh Frederick Wilkins “for their discoveries concerning the
molecular structure of nucleic acids and its significance for
information transfer in living material’.
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ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTG
ATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTITCCGTC
GCTTCTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTH{
CCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT]
GTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCT|
AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATG
CGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAG
AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
ACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG

AACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCA(

CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
AGGGCCTGACTCAGACTGA157CATTCTCCACTTCTTGTTCCCCACTGACA(G
CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
CCGGGGCTCCACTGAACAAGTTGGCCTGCACTGGTGTTTTIGTTGTGGGG
GAGGATGGGGAGTAGGACATACCAGCTTAGATTTTAAGGTTTTTACTGTGA
GATGTTTGGGAGATGTAAGAAATGTTCTTGCAGTTAAGGGTTAGTTTACAA
AGCCACATTCTAGGTAGGGGCCACTTCACCGTACTAACCAGGGAAGCTGT|
TCACTGTTGAATTTITCTCTAACTTCAAGGCCCATATCTGTGAAATGCTGGA
GCCCTACCTCGGAATGCTGGCATTTGCACCTACCTCACAGAGTGCATTG
GGTT2207AATGAAATAATGTACATCTGGCCTTGAAACCACCTTTTATTACA
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ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTG
ATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTITCCGTC
GCTTCTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTH{
CCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT]
GTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCT|
AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATG
CGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAG
AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
ACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG

AACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCA(

CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
AGGGCCTGACTCAGACTGA157CATTCTCCACTTCTTGTTCCCCACTGACA(G
CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
CCGGGGCTCCACTGAACAAGTTGGCCTGCACTGGTGTTTTIGTTGTGGGG
GAGGATGGGGAGTAGGACATACCAGCTTAGATTTTAAGGTTTTTACTGTGA
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ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTG
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AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
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CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
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CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
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BERNACKRIAZE-0EHRELEGZE

ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTG
ATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTITCCGTC
GCTTCTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTH{
CCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT]
GTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCT|
AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATG
CGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAG
AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
ACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG

AACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCA(

CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
AGGGCCTGACTCAGACTGA157CATTCTCCACTTCTTGTTCCCCACTGACA(G
CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
CCGGGGCTCCACTGAACAAGTTGGCCTGCACTGGTGTTTTIGTTGTGGGG
GAGGATGGGGAGTAGGACATACCAGCTTAGATTTTAAGGTTTTTACTGTGA
GATGTTTGGGAGATGTAAGAAATGTTCTTGCAGTTAAGGGTTAGTTTACAA
AGCCACATTCTAGGTAGGGGCCACTTCACCGTACTAACCAGGGAAGCTGT|
TCACTGTTGAATTTTCTCTAACTTCAAGGCCCATATCTGTGAAATGCTGGA
GCCCTACCTCGGAATGCTGGCATTTGCACCTACCTCACAGAGTGCATTG
GGTT2207AATGAAATAATGTACATCTGGCCTTGAAACCACCTTTTATTACA
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ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTJ
ATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTITCCGTC
GCTTCTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTH{
CCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT
GTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCT|
AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATG
CGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAG
AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
ACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG

AACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCA(

CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
AGGGCCTGACTCAGACTGA157CATTCTCCACTTCTTGTTCCCCACTGACA(G
CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
CCGGGGCTCCACTGAACAAGTTGGCCTGCACTGGTGTTTTIGTTGTGGGG
GAGGATGGGGAGTAGGACATACCAGCTTAGATTTTAAGGTTTTTACTGTGA
GATGTTTGGGAGATGTAAGAAATGTTCTTGCAGTTAAGGGTTAGTTTACAA
AGCCACATTCTAGGTAGGGGCCACTTCACCGTACTAACCAGGGAAGCTGT|
TCACTGTTGAATTTTCTCTAACTTCAAGGCCCATATCTGTGAAATGCTGGA
GCCCTACCTCGGAATGCTGGCATTTGCACCTACCTCACAGAGTGCATTG
GGTT2207AATGAAATAATGTACATCTGGCCTTGAAACCACCTTTTATTACA
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ECACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTACGATCGTGCCTTA
EGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTCCGY
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAACGCCATTTG
ATTCACCACATTGGTGTGCACCTCCAAGCTTGGTACCGAGCTCGGATCC
CTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACAC
GCGTTCGGGCTGGGAGCGTCTTTCCACGACGGTGACACGCTTCCCTGGA
GCAGCCAGACTGCTTTCCGGGTCACTGCCgssATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGACCTATGGAA
ACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
GATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGGTH
AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCA
AGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTG
ATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTITCCGTC
GCTTCTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTH{
CCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGT
GTTGATTCCACACCCCCGCCCGGCACCCGCGTCCGCGCCATGGCCATCT|
AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATG
CGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAG
AAGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATA
TGGTGGTGCCCTATGAGCCGCCTGAGGTTGGCTCTGACTGTACCACCA
ACTACAACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCGGAGG

AACAGCTTTGAGGTGCGTGTTTGTGCCTGTCCTGGGAGAGACCGGCGCA(

CGCTTCGAGATGTTCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATG(
AGGCTGGGAAGGAGCCAGGGGGGAGCAGGGCTCACTCCAGCCACCTGAS
TCCAAAAAGGGTCAGTCTACCTCCCGCCATAAAAAACTCATGTTCAAGACA
AGGGCCTGACTCAGACTGA157CATTCTCCACTTCTTGTTCCCCACTGACA(G
CCCACCCCCATCTCTCCCTCCCCTGCCATTTTGGGTTTTGGGTCTTTGAA
TTGCTTGCAATAGGTGTGCGTCAGAAGCACCCAGGACTTCCATTTGC
CCGGGGCTCCACTGAACAAGTTGGCCTGCACTGGTGTTTTIGTTGTGGGG
GAGGATGGGGAGTAGGACATACCAGCTTAGATTTTAAGGTTTTTACTGTGA
GATGTTTGGGAGATGTAAGAAATGTTCTTGCAGTTAAGGGTTAGTTTACAA
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L CACCGTGCATGQGRATTGGTGGAAGTAAGRTGGTACGATCGTGCCTTA
 GAAGGCAACAGACGGGTCTGACATGGATHRGACGAACCAGTSAATTCCG
GCAGAGATATTGTATTTAAGTGCCTAGCTCGATACAATAAAGRCCATTTG
ATTCACCACAHGGTGTGCACCTCCAAGC'ITGGTACCGAW CGGATCC
GFAGARCCACCGTCCARBGAGCAGGIAGHTGCTGGGHTCCGGGGACAC
GCGTTCGGGCTGGGAGHFTCTTTCCACGACGGTGACACGCHCCCTGGA
GCAGRSAGACTGCTTTCCGGGTCACTGCCossATGGAGGAGCCGCAGTCA(
CCTAGCGTCGAGCCCCCTCTGAGTCAGGAAAGATTTTCAGACCTATGGAA
ACTTCCTGAAAAGAACETTCTGTCCCCCTTGCCGTCCCAAGCAATGGATGA
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Figure 1. Dynamic changes in overall genomic methylation during mouse development. Note that the curves reflect the 5mC content of the whole
genome. Individual genomic loci might follow a distinctive pattern of reprograming.
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> Nature. 2023 Mar;615(7954):900-906. doi: 10.1038/s41586-023-05834-x. Epub 2023 Mar 15.

Generation of functional oocytes from male mice in
vitro

Kenta Murakami 7 2, Nobuhiko Hamazaki 7, Norio Hamada 1 2, Go Nagamatsu !,

Ikuhiro Okamoto 2 4, Hiroshi Ohta 3 4, Yoshiaki Nosaka 3 4, Yukiko Ishikura 3 4,
Tomoya S Kitajima °, Yuichiro Semba ¢, Yuya Kunisaki ' ©, Fumio Arai 1, Koichi Akashi ©
Mitinori Saitou 2 4 7, Kiyoko Kato 2, Katsuhiko Hayashi 8 2 10 1

Affiliations + expand

PMID: 36922585 DOI: 10.1038/s41586-023-05834-x 2023031 5
Free article Nature

Abstract

Sex chromosome disorders severely compromise gametogenesis in both males and females. In
oogenesis, the presence of an additional Y chromosome or the loss of an X chromosome disturbs
the robust production of cocytes’°. Here we efficiently converted the XY chromosome set to XX
without an additional Y chromosome in mouse pluripotent stem (PS) cells. In addition, this
chromosomal alteration successfully eradicated trisomy 16, a model of Down's syndrome, in PS
cells. Artificially produced euploid XX PS cells differentiated into mature oocytes in culture with
similar efficiency to native XX PS cells. Using this method, we differentiated induced pluripotent
stem cells from the tail of a sexually mature male mouse into fully potent oocytes, which gave rise
to offspring after fertilization. This study provides insights that could ameliorate infertility caused
by sex chromosome or autosomal disorders, and opens the possibility of bipaternal reproduction.

©® 2023. The Author(s), under exclusive licence to Springer Nature Limited.
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A model of the post-implantation human embryo derived from
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Science announces the breakthrough of the year!

Check out the scientific breakthrough winner, runners-up, and areas to watch for 2016!

CRISPR

X %ﬁ"':l:ﬁ SEE

B2

- N

AL ZTS

2015F AR

SA R an 1E 5T
E,..\..FEA*EDNAF?'?U

EDITORIAL

Breakthrough to genome editing

, T, G, C: the alphabet code for the nucleotides
that are the building blocks of life. Minor, but
consequential, changes in this DNA coding can
change gene function. Researchers have long
sought better ways to edit the genetic code in
cultured cells and laboratory organisms to si-
lence, activate, or change targeted genes to gain
a better understanding of their roles. This, in turn, could

a pact to fight climate change. Of those that made the
short list, most notable are the stunning images from the
New Horizons mission as it swept past Pluto; the mis-
sion is Science’s “People’s Choice” for the Breakthrough.
Also startling was the discovery that the mammalian Iym-
phatic system extends the immune system’s reach into
the brain, opening up possible new routes to treatment.
In a form of modern-day alchemy, yeast was engineered

open the door to beneficial
applications, from ecological
to agricultural to biomedical.
Over the years, several edit-
ing methods have been devel-
oped, but they have suffered
from a lack of specificity, dif-
ficulty in assembling the mo-
lecular constituents, or con-
cerns about off-target effects.
Recently, accomplishments in
genome editing across biolog-
ical disciplines have been so
remarkable that the method
known as clustered regularly
interspaced short palindrom-
ic repeats—or CRISPR—is
Science’s 2015 Breakthrough
of the Year (see p. 1456).

The 2015 advances using
CRISPR that warrant this rec-
ognition have been on mul-
tiple fronts. Researchers have

“..CRISPR is poised to
revolutionize research...”

to produce opiates. We gained
experimental  confirmation
of the correlation in the
quantum state of two widely
separated particles, a pro-
cess called “entanglement”
Improvements in seismic im-
aging provided long-sought
confirmation of the existence
of mantle plumes, responsible
for midplate volcanoes such
as Hawaii. Our line of defense
against Ebola virus has been
bolstered with the success-
ful development of a vaccine.
Psychologists led the charge
in research reproducibility.
And affirming that there is
still serendipity in science, a
new member of the human
family was revealed from a
hidden cave in South Africa
harboring 1500 human fos-

now delivered on the method’s promise to, for example,
disable retroviruses encoded in the pig genome that had
posed a safety concern for organ transplantation from
pigs to humans. Concurrently, CRISPR was used to de-
velop a potent gene drive, a system that allows the rapid
transmission of an introduced gene throughout insect
populations faster than natural selection would permit.
CRISPR should make it easier to study human genetic
diseases, because it can quickly create cell and animal
models for study and for the testing and screening of
drugs. For certain diseases, genome editing of somatic
cells may lead to potential therapy. Because CRISPR is
poised to revolutionize research, the international com-
munity gathered earlier this month to address the im-
plications of this technique for modifying human germ
cells and embryos, articulating guidelines that clarify the
ethical bounds for researchers, funders, and publishers.
Many other achievements in 2015 gave CRISPR tough
competition. One that came too late to be considered is
last week’s agreement in Paris by nearly 200 nations on

sils. DNA sequencing has now settled the origin of Ken-
newick Man: Native American, with Asian ancestors.
Choosing the Breakthrough is easy when new re-
search resolves a long-standing question, such as the
experimental confirmation of the Higgs particle in 2012.
More commonly, the road to success is marked by glim-
mers of hope, setbacks, and uncertainty as to whether
time will prove the value of a new finding or technique.
Science has been tracking genome editing since the ini-
tial successes with zinc fingers; in 2012, we named tran-
scription activator-like effector nucleases (TALENS) as
a runner-up Breakthrough. By 2013, researchers were
embracing CRISPR, enough so that it too was a runner-
up Breakthrough. The Breakthrough nod in 2013 went to
cancer immunotherapy, still in early clinical trials at the
time. Our hope is that in 2 years’ time, CRISPR will have
brought to many diverse fields in biology the enduring
level of excitement and optimism that immunotherapy
has brought to cancer patients.
Marcia McNuit



r(\m BREAKTHROUGH
LU IV of the YEAR

Science announces the breakthrough of the year!

Check out the scientific breakthrough winner, runners-up, and areas to watch for 2016!

CRISPR

22
0154 B AR

A an [E 3T
,..\..F$EA'+EDNAF$'§|

AR IZNE 2 &
SEWNC L

EDITORIAL

Breakthrough to genome editing

, T, G, C: the alphabet code for the nucleotides
that are the building blocks of life. Minor, but
consequential, changes in this DNA coding can
change gene function. Researchers have long
sought better ways to edit the genetic code in
cultured cells and laboratory organisms to si-
lence, activate, or change targeted genes to gain
a better understanding of their roles. This, in turn, could

a pact to fight climate change. Of those that made the
short list, most notable are the stunning images from the
New Horizons mission as it swept past Pluto; the mis-
sion is Science’s “People’s Choice” for the Breakthrough.
Also startling was the discovery that the mammalian Iym-
phatic system extends the immune system’s reach into
the brain, opening up possible new routes to treatment.
In a form of modern-day alchemy, yeast was engineered

open the door to beneficial
applications, from ecological
to agricultural to biomedical.
Over the years, several edit-
ing methods have been devel-
oped, but they have suffered
from a lack of specificity, dif-
ficulty in assembling the mo-
lecular constituents, or con-
cerns about off-target effects.
Recently, accomplishments in
genome editing across biolog-
ical disciplines have been so
remarkable that the method
known as clustered regularly
interspaced short palindrom-
ic repeats—or CRISPR—is
Science’s 2015 Breakthrough
of the Year (see p. 1456).

The 2015 advances using
CRISPR that warrant this rec-
ognition have been on mul-
tiple fronts. Researchers have

“..CRISPR is poised to
revolutionize research...”

to produce opiates. We gained
experimental  confirmation
of the correlation in the
quantum state of two widely
separated particles, a pro-
cess called “entanglement”
Improvements in seismic im-
aging provided long-sought
confirmation of the existence
of mantle plumes, responsible
for midplate volcanoes such
as Hawaii. Our line of defense
against Ebola virus has been
bolstered with the success-
ful development of a vaccine.
Psychologists led the charge
in research reproducibility.
And affirming that there is
still serendipity in science, a
new member of the human
family was revealed from a
hidden cave in South Africa
harboring 1500 human fos-

now delivered on the method’s promise to, for example,
disable retroviruses encoded in the pig genome that had
posed a safety concern for organ transplantation from
pigs to humans. Concurrently, CRISPR was used to de-
velop a potent gene drive, a system that allows the rapid
transmission of an introduced gene throughout insect
populations faster than natural selection would permit.
CRISPR should make it easier to study human genetic
diseases, because it can quickly create cell and animal
models for study and for the testing and screening of
drugs. For certain diseases, genome editing of somatic
cells may lead to potential therapy. Because CRISPR is
poised to revolutionize research, the international com-
munity gathered earlier this month to address the im-
plications of this technique for modifying human germ
cells and embryos, articulating guidelines that clarify the
ethical bounds for researchers, funders, and publishers.
Many other achievements in 2015 gave CRISPR tough
competition. One that came too late to be considered is
last week’s agreement in Paris by nearly 200 nations on

sils. DNA sequencing has now settled the origin of Ken-
newick Man: Native American, with Asian ancestors.
Choosing the Breakthrough is easy when new re-
search resolves a long-standing question, such as the
experimental confirmation of the Higgs particle in 2012.
More commonly, the road to success is marked by glim-
mers of hope, setbacks, and uncertainty as to whether
time will prove the value of a new finding or technique.
Science has been tracking genome editing since the ini-
tial successes with zinc fingers; in 2012, we named tran-
scription activator-like effector nucleases (TALENS) as
a runner-up Breakthrough. By 2013, researchers were
embracing CRISPR, enough so that it too was a runner-
up Breakthrough. The Breakthrough nod in 2013 went to
cancer immunotherapy, still in early clinical trials at the
time. Our hope is that in 2 years’ time, CRISPR will have
brought to many diverse fields in biology the enduring
level of excitement and optimism that immunotherapy
has brought to cancer patients.
Marcia McNuit




2016
f‘ﬁﬁﬁ;?@ﬁiﬁ 8 2 -

ifer Doudna and Emmanuelle Charpentier

BRERERE FE3ARER:
GRS a0 | ERGAE | PRALEDR

5] CNA NEWS




KRR

-]tﬂﬁ/l\ Bl wasmo—m (REHD b, ©AssREEe 201 6
CRISPR E RTF—H0MH” (Next (?eneration Leaders) Z

—, EETHE, (AT bttt AEaES

R 3%\ Jer| mmmssnnmk, RETRE, > Charpentier

Next Generation Leaders

BATRE R (s
141 BB AR

Feng
Zhang,
Biomedical
ploneer &
nine others

- /’
“J. ’ "4
%
who are A .
remaking :
the world
.

2016




2016F AR
19814 ARSI+ -FEISI9 E » BRBENE » 3 £2 % th th T 20 B
B REMBERENSRABE =ah R, “F"\“
vy | ¥ S AR ZFE DO

gl Bt W B R R ENE=

=K
X




2017%

OB = ENE R B IS8 CRISPRE i
BERGmEARMmERIE(C/T A/G)

Nature's 10

Ten people who mattered this year.
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DAVID LIU: Gene corrector

A biologist developed gene-editing tools that are new to

nature, and that could one day save lives.

BY HEIDI LEDFORD
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The study is the first instance of patients in the US
being treated with a CRISPR-based therapy. http://
bit.ly/2DIxd3D

Two Patients Treated with CRISPRed Cells in
Immunotherapy Trial
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Press release: The Nobel Prize in
Chemistry 2020 r——

English
English {pdf)
Swedish
Swedish (pdf)

VETENSKAPS-
AKADEMIEN

THE ROYAL SWEDISH ACADEMY OF SCIENCES

E-ﬂ'monuelle Charpentier, August 2015

7 October 2020

The FRowyal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry

2020 to

Emmanuelle Charpentier
Max Planck Unit for the Science of Pathogens, Berlin, Germany

Jennifer A. Doudna
University of California, Berkeley, USA

“for the development of a method for genome editing”
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in two common blood disorders
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CRISPR/CasY9-mediated gene editing in human tripronuclear

zygotes.
Liang P, Xu 'Y, Zhang X, Ding C, Huang R, Zhang Z, Lv J, Xie X,

ChenY, LiY,SunY, BaiY, Songyang Z, Ma W, Zhou C, Huang
J.

Protein Cell. 2015 May;6(5):363-72. doi: 10.1007/s13238-015-0153-5. Epub
2015 Apr 18.
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scientists are creatiihg
CRISPR babies

A daring effort is under way to create the first
children whose DNA has been tailored using
gene editing.

by Antonio Regalado  November 25, 2018
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簡報者備註
簡報註解
但也有利用 CXCR4 的 HIV 病毒
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簡報者備註
簡報註解
「永和有永和路，中和也有永和路，中和有中和路，永和也有中和路」一樣，當 Cas9 在按圖索驥、尋尋覓覓的過程裡，難保不被繞昏了頭，眼睛一花就識 DNA 不明。而且，科學家也的確發現，Cas9 並不是個完美偏執狂，它一點也沒有在追求下刀處的 DNA 序列必須跟 crRNA 序列百分百吻合，而這，也就是「脫靶效應」（off-target effect）的隱憂源頭。
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« End joining provides an efficient way to restore reading frames without mosaicism

words
- Unrepaired DSBs persist through mitosis and result in frequent chromosome loss
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+ Off-target effects of Cas9 cause indels as well as chromosome loss
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「永和有永和路，中和也有永和路，中和有中和路，永和也有中和路」一樣，當 Cas9 在按圖索驥、尋尋覓覓的過程裡，難保不被繞昏了頭，眼睛一花就識 DNA 不明。而且，科學家也的確發現，Cas9 並不是個完美偏執狂，它一點也沒有在追求下刀處的 DNA 序列必須跟 crRNA 序列百分百吻合，而這，也就是「脫靶效應」（off-target effect）的隱憂源頭。
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簡報者備註
簡報註解
而這「一剪刀下去、之後全憑天意」的結果，讓露露和娜娜體內細胞的基因序列都有嵌合突變的問題。「一般認為」（因為在演講中，寶寶和相對基因在前後投影片的標示並不統一），露露體內有 4 bp 鹼基對的短少、與額外多 1 bp 兩種基因編輯造成的突變。而娜娜的情況更讓人皺眉，娜娜不但體內某些 DNA 還帶有完整的 CCR5 正常基因序列，另外檢驗出來的突變只是短少 15 bp 鹼基對，讓娜娜的變異 CCR5 蛋白只是比正常蛋白少了 5 個胺基酸，之後序列與正常蛋白無異。而這短少的 5 個胺基酸是不是足以造成 CCR5 蛋白質結構上的破壞，不但尚未可知，就算變異 CCR5 蛋白的表現的確受到影響，那其他正常的 CCR5 基因序列，還是可以製造出正常功能的蛋白質。
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簡報者備註
簡報註解
人工受孕為上等人
英文名「Gattaca」並非英文單字，而是用DNA當中的4種鹼基「AGCT」加以排列、編輯而命名，當中闡述窮人家庭出生的男主角文森（Vincent）從小就被社會視為「瑕疵人」，父母為此砸錢透過基因編輯技術，訂製了他的新弟弟安東（Anton）。
電影指出，安東比文森小2歲，生長速度卻比他快，因此從小打鬧、競逐，文森都成為安東的手下敗將，在那個社會中，談戀愛要先拿頭髮驗DNA，基因評比分數佳才會獲得心儀對象，而「瑕疵人」每在社會刑案發生時，被警方優先列為約談對象，遑論「瑕疵人」想追求需求理論當中的自我實現。
儘管社會風氣如此，文森卻沒放棄成為太空人的夢想，當太空人要通過各項基因測試，因此他找上基因黑市商人，向1名擁有完美基因卻因意外殘廢的男子購買身分，用他的DNA通過檢測，並藉由不斷自我鍛鍊，達到基因編輯人輕易能克服的各種困境與體能，最後成功成為太空人卻沒人在意，但他說「命運是沒有基因的（there is no gene for fate）」，而借他身分的完美基因人也表示，「我只是借你我的身分，你卻借我你的夢想（I only lent you my body. You lent me your dream.）」。
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