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Cloning:

Making an identical copy

Epigenetics:

Transcriptional control that does
not directly involve DNA base sequence,
and can be reversible without mutation




1. Reproductive vs
therapeutic cloning




ELIZABETH! I HAD
I THOUGHT BOB HIM
PASSED AWAY CLONED.

LAST YEAR.

SIR LEW GRADE Presents
A PRODUCER CIRCLE PRODUCTION

GREGORY LAURENCE

Artisan, 1978

A FRANKLIN }. SCHAFFNER FilM

THE
BOYS
FROM
BRAZIL

if they survive . will we?

and starring LILLI PALMER

“THE BOYS FROM BRAZIL" Executive Producer ROBERT FRYER
Music by JERRY GOLDSMITH Screenplay by HEYWOOD GOULD
From the novel by IRA LEVIN Produced by MARTIN RICHARDS
and STANLEY O'TOOLE Dirécted by FRANKLIN J. SCHAFFNER
R ..1'_.‘:?'._‘:: @'Lowu—....-—. Mesaite om AL M l-m.au!-,; '
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Why clone?

Reproductive
replacement baby
infertility
spare parts
gene therapy
useful producer animal

Therapeutic
autologous stem cells

gene therapy

4

Cultured
pluripotent

Obtaining Human Pluripotent Stem Cells  stemcells

from an adult
'

@,
ﬂ/“" )

QY

Adult Adult stem cells

Therapeutic cloning

Y @ £
O O—-@—C

Somatic Nucleus Oocyte Totipotent Bldstula Inner cell mass
cell cells

———
DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 21.22 (Part 2) Sinaver
2003 Al




2. History: the question of
cellular potency

AT

Glass

/needle
.

Cells in 8 cell

sea urchin
RESULTS /
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are not
SNl =IW

totipotent.
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3. Testing the potency of nuclei

Glass needle
5

e Extract
V4 /’\ Nuclear transfer method  §oor
(( % for cloning frogs/ circa 1963 nucleus
2 v / N
Meiotic N—" 2
spindle l micropipette
P ///
B> Remove /—\ { Donor nucleus
7 inserted int
1 ' egg chromosomes Inserted Into
( ) plus spindle enucleated cell
\ // \—J
A\ /4
Membrane
heals
N Somatic cell
V4 N\ nucleus
(( \ in an
\ J/ activated egg




Developmental stage from which nuclei were taken
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®
Isolate |
single ceIIS@ culture > 0% form
— ® embryo
®

— )
Isolate ' e— 100% form

500 cell single nuclei® transplant into normal embryo
frog embryo enucleated egg

Cellular versus nuclear potency

4. SCNT Methodology




10 ey

Dolly:
first mammal cloned by |
nuclear transfer 1997 |

e
© Roddy Field, the Roslin Institute

11a Cloning mammals using adult somatic nuclei

(B)  OOCYTE DONOR NUCLEAR DONOR

Eggs
o M@iotic Udder f:ells
1 spindle grown in
G, stage

l Remove spindle

@
3 \Micropipette
/-
Enucleated Transfer cell
€88 into enucleated egg
Y
®

Y

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 4.8 (Part 2) S
© 201
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11b

@ Egg and cell fused

* Embryo cultured
7 days

Blastocyst
forms

Embryo tranferred to Birth of Dolly
surrogate mother

Cloning mammals using adult somatic nuclei

Microscope set up for
nuclear transfer

1:\ J - . H”m* UULALI .‘j = =

1 40mm wd © 0w O
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Isolation of somatic cell nuclei
Kevin Eggan and Rudolf Jaenisch, Whitehead Institute

14

Removal of egg chromosomes (metaphase plate)
Kevin Eggan and Rudolf Jaenisch, Whitehead Institute

12
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Injection of somatic cell nucleus into enucleated egg
Kevin Eggan and Rudolf Jaenisch, Whitehead Institute

5. Problems with animals derived
from nuclear transfer

13



“Large Offspring Syndrome”

In Cloned Mice

normal cloned

17

survival

@ clon=
QO control (spermatd ingection)
@ control (natural mating)

1 s. 1 s. 1 s 1 e Ll $ 1 . Ll 3 1 s, 1 . 1
0 100 200 300 400 500 600 700 200 GO0
age (d)

Early death of mice cloned from somatic cells

14
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normal early gene  morua
expression patterns

Bortvin et al, 2003 blastocyst

¥To9x e

~ g T NoNmn T §
DL LEERITREE
TSI BITETLILS
- A
vcCcdaaac=2000480a

Normal
a-cell
embryc

Normal

Embryos ks
derived from

cumulus cells

do not show

Normal
blasiocyst

Cumulus

Cumulus
morula

Cumulus
blastocyst

Cumulus

19

14
-
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i

Gapd

Oct4
Dppal
Prame
Pramel
Pramel5
Napd2i1
Dpoa2
Dppald
Dopad
Dppad
Pramel
Hsh
Pigs2
Tnfsg6

Cumulus
cells

pm8

3
~

o
B

Cumulus clones

‘

b14

“

Individual cloned embryos are different

Bortvin et al, 2003
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20 Most nuclear transfers result in partial blastulae
B. Nuclear ransplant embryos

Compete blastuls Partial blastula Parnal blastula

A Potency of cells in partial blastulae?
blastocoe!
Parual Animal or Disseciate
blasila exqquasorial J|E
cgions °°°°°°°°°°°° oo:

o
coc0”® °l;c°0
_,y Soo 00

Crall o hosts

Byrne et al, 2003

A. B.

Graft on host GFP Muscle in
2 Prefeeding tadpole Epidermis Notochord

Normal muscle from abnormal cloned embryo

Gastrula Tadpole Pre metamorphic tadpole

stage stage 40 stage 58
1.5 mm 6.5 mm 80 - 110 mm

. —>
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6. Epigenetic control
of gene expression

22

The kitten “CC” is a non-identical clone produced
using somatic nuclear transfer from “Rainbow” (B)

(A)

Genes in A and B are same, gene expression is not.

17



23 How identical are identical twins?
Concordance (= do both twins share a trait?)

o lﬁ i
1

3

sc_lerodefma 98% iden

&

ELT I Pl

asthma‘5;1‘%‘ idéﬁfiéal, 24% ‘fraternal

& Core of eight
3. histone molecules

Core nucleosome =
146bp DNA + core histones
2A, H2B, H3 and H4
Linker histone = H1

nm 2

300

“

DNA is packaged
into chromatin

700
. 1'1400 nm

® 2001 Sinauer Associat
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Pluripotent progenitor - Q& Q% $®'®® IW 2 5
Open, highly dynarmic chromatin structure

| \
Differentiation signal

/
y N
# — &
‘—m;???fwﬁsg@nﬂ *%Q{Lﬂas?f@ﬂ?qsa@

Closed chromatin structure
Nucleosomas mmebilizad by remodeling
complexes in inhibitory positions
ng

08B, Bl

Balanced chromatin structure
Inhibitory &nd activating mechanism enable
response in either direction

Permissive chromatin structure
Nuclecsomes mobilized or evictad by
remodelling complexes 1o enable access

Determination, differentiation and chromatin

Kaeser and Emerson, 2006

DNA Methylation

19



(A)
|
K Methylatlon N( l
07 >N
Demethylatlon |
DNA DNA
Cytosine 5-Methylcytosine

In DNA, cytosine can be replaced by 5-methyicytosine:
this does not change the base sequence of the DNA

27 Methylation of Globin Genes
(B) represses their expression
Unmethylated Methylated
pl‘OIDOtel‘ promoter
e-globin gene /\ v-globin gene
r—’% 3¢

1111

6 Weeks :; e — I R —— Gy DN A
| Active sl Inactive
e-globin

a

5 3
Bidi S
12 Weeks m o A'X'A' Mﬂ&"‘
$8ée Inactive Active .
|—> v-globin

a
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28 Cell type 1 Cell type 2
Gene 1 | —mmm——— e —
4@ 4@ 4@
expressed not expressed
Gene 2 e — ——— S—
Me T 4@
not expressed | expressed
Gene 3 —— o —
4@ 3
not expressed expressed
Cell type-specific methylation patterns
help regulate which genes are expressed
Another epigenetic control
29
paternal or maternal-specific methylation = imprinting
e
egg M Gene 1
—— imprinted
e — @ Gene 2
T — imprinted
_@ @ Gene 3
—— not imprinted
sperm —— .Ge“? 1
imprinted
_@ @ Gene 2
e — imprinted
_@ @ Gene 3
L

H.Sive MIT 2006

not imprinted
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Global changes in paternal and maternal methylation
during mouse development

L

L A
- & W

2 ﬁ'.- oo B 4 ‘ Ferlling  1-001
Igh s o w J 90 stage
| =
o
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-
-
>
@
=

2cel
stage

o
=

Primoerdial Mature
Germ cells Embryo
Red: maternal
Santos and Dean, 2004 Blue: paternal
31
cG ——
GC Germ cells
and embryonic cells
De ROVe: establish
methylation methylation
= patterns
CG
Somatic cells
Maintenance DNA maintain
methylatlon replicationcell type-specific
methylation
patterns

GC
m
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(a)

32 @ \irect DNMT recognitio ~

L

CO000C - O0CHOd

WV W

(b)

TF/DNMT recognition ‘ N
N

CHy
SO0 — © ,\ o'¢

Q

(c)

>

RN signal recognn:}- .

"'HJ

@goo - 'o@Poo

T8S

Targetting de novo DNA methylation via

DNA sequence recognition
Klose and Bird, 2006

33

Primordial

(

new Mel germ cells Cell type A
R\ | Cetree
+ o o B »m

sperm new Me
now | EGHEE
Imprinted Embryonic
Me patterns Me patterns \ Cell type F
Somatic Me
patterns

Gene Methylation (Me) patterns

(and therefore gene activity) change during development

H.Sive MIT 2006




Histone modification
and DNA methylation connection

6 H2A/H2B H2A/H2B
B
“Histone code”. *RPrrre ¢
Sites of histone “K-K-K-K-K-K—K
H3, H4 4 91418 2327 36
acetylation and
methylation I I O ,
—K—K—K—K—K—-.(:D
5 8 1216 20

Grewal and Mozaed, 2003
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dsDNA is shown as one line .
In chromatin 35

DNA
) T is wound around

histones DNA histone proteins
Histones must be
: removed or modified

to activate transcription

transcription

Methylation of cytosine
prevents histone

removal/modification and so
4@ 4@ represses transcription

Histone removal, and therefore transcription,
is inhibited by DNA methylation

H.Sive MIT 2006

36 In chromatin
DNA
T is wound around
hi‘s_tcv)::as DNA histone proteins

Addition of acetyl groups
to histone proteins
unwinds chromatin to
activate transcription

Methylation of cytosine
represses transcription

s W

Transcription requires acetylated histones and is
inhibited by DNA methylation

H.Sive MIT 2006
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DNA Methylation
inhibits transcription

because...

MeDNA binds specific
proteins

which bind
Histone Deacetylase
(HDAC)

which...
de-acetylates histones
are therefore inhibits
transcription

DNA methylation directs histone de-acetylation

H.Sive MIT 2006

3%, direct inhibition MBPs and
of TF binding repressor
recruitment
ek
H r\

() Ac (d)

DNMT/HDAC/HMT Repression of o8
linkage elongation

Multiple mechanisms of DNA-methylation
mediated repression Klose and Bird, 2006
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Key:

(a) Sa5PCTD  Ser2 PCTD
Acetylated Deacstylated B  H3Kams
3 8 a unstable etable .
nucleczomss | nuclsosomes ;|  H3K3e™

Q  Acetylation

e
Kin28

Promoter ! Tranzcribed region &5

o}
No Cik1, no Set2

Acstylated and bl !
R = e " Mellor, 2006
mig & Absrrant in'rt'im_ion of tranacription = G/‘
Nucleosome modificatioh"diiffng transcription ______

Rephrasing:
why cloned embryos are abnormal
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Primordial

(

new Me germ cells Cell type A
\de-Me

oo 7| e
+ > [oce | [T [t | s
sperm new Me ‘ _
now e [EEHEEE

Imprinted Embryonic
Me patterns Me patterns Cell type F

Adult methylation patterns
do not normally
revert to embryonic patterns

H.Sive MIT 2006

erns

40
Methylation patterns (chromatin structure)
and correct gene expression

Normal development

Egg/sperm B “competent” state

|

Embryo [ carly genes active

V

Adult [ 2dult genes active

H.Sive MIT 2005




41 Methylation patterns (chromatin) and
competence for correct gene expression

After somatic nuclear transfer

Adult donor nucleus

‘ inject >> enucleated egg

DNA reprogramming
v | N

normal eTbryonic ‘ Highly abnormal
~0% HE failed
somewhat abnormal
H.Sive MIT 2006 may develop

7. How to reprogram nuclei?

29



How to reprogram adult nucleus
to an embryonic state?

42

adult donor nucleus

‘ inject >> enucleated egg >> ICM

Sequential partially reprogrammed nucleus >> cell line
nuclear transfer [ NN

‘ inject >> enucleated egg

normal embryonic pattern
>> pluripotent ES cells,
normal embryo

H.Sive MIT 2006
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Table 1. First nuclear transfers using determined and differentlated cells

% of total
nuclear transfers
reaching muscular

Species Donor tissue Donor stage response stage Ref.
Xenopus laevis  Endoderm Muscular response stages 23-26 17-24 3
X. laevis Endoderm Heart beat stage 36 9-13 3
X. laevis Muscle Muscular response stage 26 2 42
X. laevis Intestinal epithelium  Early feeding tadpole stage 47 1-3 4

Table 2. The combination of first and serlal nudear transfer results

% of total
nuclear transfers
reaching muscular

Species Donor tissue Donor stage response stage Ref.
X. jaevis Intestinal epithelium Early feeding tadpole stage 47 20 4
X. laevis Skin outgrowth Adult 11-12 14
X. laevis Kidney, lung, heart Adult 13 47

Serial nuclear transfer increases developmental potential




44 How to reprogram adult nucleus
to an embryonic state?

adult donor nucleus/cell

!

Incubate in “reprogramming factors”

{

normal
embryonic nucleus/cell

H.Sive MIT 2006
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Oocyte nucleus
+ mouse nuclei
Low mag.

. {
po

10 min post-inj.

Injection of mouse thymocyte nuclei into frog oocyte nucleus
Byrne et al, 2003
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&

& R &
& ¢ & S
) .,ﬁ l\b’ B \\7’

L __ I __ J

Spliced m. ocr-4 H
il
DS e e e e .

Activation of oct4 expression in mouse thymocyte nuclei
injected into frog oocyte nuclei

Byrne et al, 2003

Deproteinization and demethylation decreases

47 delay in activation of oct4 expression
from mouse nuclei injected into frog oocytes
@ Plasmid DNA
AQE— © Genomic DNA -
@ Nuclei
T
e
1 O
% 8
o )
g
: s
8
c
g
’—
1 2 3 4

Days incubation at 17°C
R~ =on and Gurdon, 2004
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Primordial (

new Mel germ cells Cell type A
\de-Me
v oo o B »m

sperm new Me

newMe
\_ ISSUE dlfferent maternal and
paternal Me patterns
needed for normal development,
so may always need egg + sperm.

H.Sive MIT 2006

[

A

48 | Stra8 INEGEPIN—SV40| NEO —— Stra8-EGFP

1.4 kb

Selection for
sperm markers

2

Embryos/pups \:;

Functional sperm derived from ES-derived cells
Nayernia et al, 2006
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Creating germ cells from ES cells (maybe)
Scholer et al 2003

8. Current and future issues

34



50
Issues

Ethics
Use of human embryos
Source of eggs/ surrogate mothers
Fate of abnormal babies

Methods
How to clone primates?
ES cells >> eggs
How to reprogram adult nuclei
Gene therapy

35



