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A CHILD IS.BORN

150 million sperm released
20,000 lashings 2 h journey

Survival time ~48 h

1 cell

birth
102 cells

~27,000 genes — 100,000 coding transcripts
To specify 210 different cell types



COMPACTING THE GENOME

Each cell contains 2 meters of DNA packaged in a
3 -20 um diameter space

Sperm cell DNA is 13 x more compact

How is compaction determined?

How does compaction dictate phenotype?
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SPERMATOGENESIS
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CHROMOSOME 16

HUMAN GENOME

3,000,000 kKb
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SYNTENY OF THE HUMAN AND MOUSE
PROTAMINE DOMAINS
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COMPARATIVE SENSITIVITY
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THE HUMAN PRM1- PRM2 - TNP2
MULTIGENIC DOMAIN
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THE HUMAN PRM1 - PRM2 - TNP2 DOMAIN IS A
DISCRETE STRUCTURAL UNIT DURING DIFFERENTIATION
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BOUNDARY ELEMENTS' & 5.3
POSITION EFFECTS iy,
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3" BOUNDARY EUNCTION &
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RECAPITULATING THE NATIVE
DOMAIN
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GLOBALDISTRIBUTION OF HISTONES
AND PROTAMINES IN HUMAN SPERM

DAPI HISTONE PRM1 MERGE DIC

DAPI HISTONE PRM?2 MERGE DIC




ISOLATION OF HISTONE AND PROTAMINE
ASSOCIATED GENOMIC SEGMENTS IN
MATURE HUMAN SPERMATOZOA
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ASSAYING HISTONE AND PROTAMINE
GENOMIC ASSOCIATION IN MATURE
HUMAN SPERMATOZOA
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HISTONES AND PROTAMINES IN
..~ HUMAN SPERMATOZOA '
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THE NUCLEAR MATRIX pomOSomE Terite,,

Nucleolus
Nuclear Pore
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PROPERTIES OF 74,000 S/IMARS

Compartmentalize Transcription:
*Source of transcription factors
Stability
*Functioning as boundary elements
Compartmentalize Replication:
Origins Replication Initiation

Compartmentalize Recombination:

*breakpoint cluster regions
eguide retroviral integration



CHARACTERISTICS OF MAR SITES

Constitutive:
Exhibit cooperative mass binding
*SAF-A i.e., hnRNP-U
*Lamins

NuMA/actin (nuclear mitotic apparatus protein)
Facultative:

Exhibit highly-specific binding

*PARP, SATB1 T-Cells, SATB2 and BRIGHT B-cells

*Topoisomerase



THE NUCLEAR MATRIX
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Positioning Function
A threading function: MARs are selectively utilized



THE PROTAMINE LOCUS IS ASSOCIATED
WITH THE NUCLEAR MATRIX
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Nuclear Matrix Isolation
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THE SPERM NUCLEAR MATRIX OF

CHROMOSOME 16
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THE HUMAN PROTAMINE LOCUS: aCGH
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NUCLEAR MATRIXATTACHMENT
DURING MOUSE SPERMATOGENESIS
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EPIGENETIC MODIFICAFMON OF THE DOMAIN
DURING SPERMATOGENESIS

acH3K9/14

acH4K16

me2H3K9

HP1

SATB1

M
M
M

[X]

acH3k9/14 ™

acH4K16

me2H3K9

HP1

SATB1

M

M

Top2a 3 MM



N
@)

W
@)

FOLD ENRICHMENT
3

FOLD ENRICHMENT

40

30 -

20 4

10 7

AN EPIGENETIC MODIFICATION OF THE DOMAIN
DURING SPERMATOGENESIS
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POTENTIATING THE Prm1—Prm2—Tnp2
DOMAIN'DURING SPERMATOGENESIS
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POTENTIATING THE Prm1—Prm2—Tnp2
DOMAIN D@ING SPERMATOGENESIS
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POTENTIATING THE Prm1—Prm2—Tnp2
DOMAIN'DURING SPERMATOGENESIS
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POTENTIATING THE Prm1—Prm2—Tnp2
DOMAIN'DURING SPERMATOGENESIS
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LOCALIZATION OF RNA WITHIN
THE SPERM NUCLEAR MATRIX
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-RNase ‘ .
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LOCALIZATION OF SPERM RNAs
TO THE NULCEAR MATRIX

DAPI Ropporin Merge

Decondensed nucleus
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Sperm RNAomics

Direct hybridization L~

1.8x108 spermatozoa
Pool

RNA > 200 nucleotides
Arrays & DGE

RNA < 200 nucleotides

\ 20 ng Solexa small RNA DGE

0.75 fg/spz 18-30 nucleotides



. .
Distribution of small RNAs -
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SUMMARY

The potentiated protamine domain is maintained in an open
chromatin conformation independent of histone association.

Potentiation appears to initiate through a topoisomerase
mediated mechanism.

Organization of chromatin by the sperm nuclear matrix
appears markedly different than somatic cells.

Regions of strong attachment with a background of
attachment to the nuclear matrix across the chromosome.
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