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- Short for “Mouse double minute 4 homolog,” also called ‘
HDMX, MDMX, MRP1, MDM2-like p53-binding protein .=:=- aﬁé

- Suppresses the p53 tumor-suppressor. _

- Binds to and activates transcriptional activity of E2F1 ll'_.

- In mice, knockdown of MDM4 results in embryonic death
in 7.5-8.5 days post-conception due to p53 overactivity.

- MDM?2 and MDM4 are structurally similar and are both
mdm2 p21 noxA

inhibitors of p53; whether or not they work in concert or ptprv  Bax
Puma

Target genes

are nonoverlapping is not clear.
(Marine et al. 2006)



Alternative Splicing

RNA transcript (pre-mRNA)

- In eukaryotes, the initial mMRNA transcript is first processed ™%t intron Exon 2
. . . . . Protein— T _\ pyers, S
prior to translation into the final protein product. snRHA\%@\ /' protons
snRNPs

- Introns are removed using a ribozyme called the
spliceosome, and exons are joined together, to produce : /@@\
different isoforms.

- By splicing the RNA, cells are able to gain an additional

components

level of control over gene expression (in addition to spiiceosome l .

Cut-out

transcription factors, methylation, etc.) 6 RN intron

Exon 1 Exon 2

- The locations between individual exons and introns are
called splicing sites, or junctions.



Known Isoforms of MDM4

-  MDMA4-FL is the normal and most commonly
found form in healthy cells.

- MDMA4-S is a smaller variant generated by the
skipping of the 6th exon.

- MDMA4-S results in a protein with only the
N-terminal of the p53-binding domain followed
a frameshift caused by exon skipping.

- Higher expression of MDM4-S in mice is
correlated with higher levels of p53, suggesting
that MDM4-S acts indirectly to decrease the
amount of MDM4-FL.
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Raw Data

Extracted MDM4-specific k-mers, or short
nucleotide sequences, from raw
RNA-sequencing data from the Cancer Cell
Line Encyclopedia (CCLE) database.
Filtered for sequences with a high match
(>30 12-mer match) to MDM4 exons 5, 6,
and 7.

Summarized in FASTQ files containing
individual RNA-seq reads from Each cancer
cell line had two files of RNA-seq reads.
Total of 1,019 human cancer cell lines.

@COVHUACXX120727:8:1102:19105:70433/1
CTTTTTCTGGAAGTGGAACTTTCCTCTGCACTTTGCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATATCATAGAGAGGGCTTGGGTCTT
:
CCCFFFFFHHHHHGHI133333333313333333333133113333F13333333FHIIII31313333333 IIDHGI JHHFFFHHFFFDDDDDDDBCDD
@COVHUACXX120727:3:2110:9230:52687/1
TGAACTCAAAGCTGTGATACAGACTGAAGAAATATGATGTGACATACCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATATCATAGAGAG
+
CCCFDFEFGHHHGIAFHIIJTIJIIJJIFCHIIGHGITFIDHFHCHHIEHGDGHIGAEHB?DGHI TEHHFGIGHT) JF THHIHEHHCHDCDDFDF CEEEEEB
@COUNPACXX120727:5:2101:7350: 67632/1
TTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATATCATAG
+

?@@D=DDDHHAHFHIICFCGIFBDF<: CAHGEHC@FBEH?DGEGG@CHGIIF<F; @FCFFHGH==@ECEEFB; ?@?CC@CCCCCDCCCCCCAC>CCCAC: :
@COVHUACXX120727:2:2111:2184:97087/1
CTTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATATCATA
+
CCCFFFFFHHHHHIJ3331133333331333313361336H33133333333331331333IHIHHHHGF FEFEF EEECEEDDEDDDDDDDDEDDDEED
@CORTFACXX120719:2:1314:7015:25782/1
TTGACTTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATAT
+
CCCFFFFFHGHGHJ3331J3IGHIII111333I13IGGGHHIBGEHTIIIIICEHGIHGIAGHGIGFHHHDDCEB>AEEEAACCDDDDCDDDDDDDCDC
@COUNPACXX120727:6:1305:15976:61465/1
TTGACTTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATAT
+
@C@FFFFFHHGHHIIIIJJTIIHIIIGIIIFGGIGIETJGGHIIHHFIIII 1] ITITHGGHHGIIG ?ACEFFDED>CCCEEDDDDDDEDDDDDDDDECC
@COUNPACXX120727:8:1216:1965:92976/1
GGGATATCGTCTTCTGTAGTTCTTTTTCTGGAAGTGGAACTTTCCTCTGCACTTTGCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCTTTCTTAGCATAT

b
@C@FFDD?FDFHDEEEFGHBH>DHGH>CFGI?CF*CF: CGDHIGDGHIIIIGGGGHDGI??C<=FH@HIIBGE=7=@.=C=CAE?B:?CFCEAACAACECA
@COVHUACXX120727:8:1107:8217:71231/1
CTTCAGTTGGTCTTGACTTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTGACAAGATTCT
+
CCCFFFFFHHFHGJJJJJ33J1J133333313J111133333333333333J1JFGGGIIIITIGFGHHHFCFFDDFFDEEEDDDDDDDCCDDDDDCACAC
@COUNPACXX120727:4:2310:20225:91201/1
CTCTGAGGTAGGCAGTGTGGGGATATCGTCTTCTGTAGTTCTTTTTCTGGAAGTGGAACTTTCCTCTGCACTTTGCTGTAGTAGCAGTGGCTAAAGNNNCA
+

@CCFFDBDDDHGHGIBGBFHIIG>9CCEGIGI?GHBCEBFBGHIIIAFHAAGB. BFGFHIIICGHGGEHEHHHFFDFFFCCEACECEACCBB>CQRCH####
@COUNPACXX120727:8:2211:2565:67729/1
CTCTGAGGTAGGCAGTGTGGGGATATCGTCTTCTGTAGTTCTTTTTCTGGAAGTGGAACTTTCCTCTGCACTTTGCTGTAGTAGCAGTGGCTAAAGTGACA
+
BCCFFFFFCFFHHIJEHIJIIIDBGIIJHIJIGIGABHHIGIIIJIGIIJFIIGGHHIEICIHIIIIIHHHHHFFDFFFDC>BCEEEDCDDDDDCC>CCDC
@COUNPACXX120727:7:1107:4976:77505/1
CTGCACTTTGCTTCAGTTGGTCTTGACTTGGAATATCCATACTGTGATCCTGTGCGAGAGCGAGAGTCTGAGCAGCATCTGTAGTAGCAGTGGCTAAAGTG
b



De novo RNA-seq Assembly

- Used Trinity to align and assemble raw RNA-seq reads per cell
line into contiguous sequences.

- Used MAFFT to align Trinity sequences to view isoforms across all
cell lines.

- Found evidence of an obscure isoform with “exon 6b”

Exon 5 Exon 6 Exon 7
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Junction 16-mers

After identifying isoforms in the Trinity/MAFFT
alignments, created a list of 16-mers specific to splicing
sites (junctions).

Junctions were mapped to isoforms using a matrix
model:

Isoform 5-6-7 contains junctions 5 6and 6_7

Isoform 5-7 contains junction 5_7

Isoform 5-6b-7 contains junctions 5_6b and 6b_7
- Etc.

Exon 5
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Exon 5

Bons MA

Exon 7

Exon 5

Exon6b |AAAVAN

Exon 7

Exon 5

MWW Bone

Exon 7

Exon 5

AAMVAVV) Exon 6b

Exon 7

Exon 5

MW Bons

NWW

Exon 7




Junction 16-mers

Junction 16-mer counts

cell_line 5_6a 5_6b 57 5_i[5-6] 6a_6b 6b_7 6b_i[6-7] i[5-6]_6a i[6-7]_7
22RV1_PROSTATE 66 6 30 18 170 124 38 34 46
2313287_STOMACH 60 2 2 4 74 72 4 4 14
253J_URINARY_TRACT 12 2 8 0 10 16 0 2 2
253JBV_URINARY_TRACT 20 4 34 2 44 36 0 4 8
42MGBA_CENTRAL_NERVOUS_SYSTEM 4 0 18 0 2 4 0 0 6
5637_URINARY_TRACT 14 0] 22 0 14 12 0 0 0
5SM_OVARY 10 0 22 2 10 16 0 0 8
639V_URINARY_TRACT 12 4 28 2 14 22 2 8 6
% 647V_URINARY_TRACT 10 0] 14 0 8 10 2 0 2
c 697_HAEMATOPOIETIC_AND_LYMPHOID_TISSUE 92 10 42 8 116 134 4 18 16
= 769P_KIDNEY 12 6 10 0 22 38 2 2
E 7860_KIDNEY 0 0] 10 4 4 2 4 0
O 8305C_THYROID 4 0 10 2 10 16 0 0 0
8505C_THYROID 4 0 18 0 6 8 0 0 0
8MGBA_CENTRAL_NERVOUS_SYSTEM 22 2 18 8 56 48 12 26 38
A101D_SKIN 8 2 30 2 22 10 4 4 8
A1207_CENTRAL_NERVOUS_SYSTEM 4 2 8 0 18 16 6 6 4
A172_CENTRAL_NERVOUS_SYSTEM 20 2 18 0 38 38 0 4 10
A204_SOFT_TISSUE 14 2 0 0 26 18 0 6 4
A2058_SKIN 26 6 18 4 58 46 4 18 32
A253_SALIVARY_GLAND 12 4 16 4 8 22 0 0 6
A2780_OVARY 48 10 24 10 96 92 12 20 12



Proportion of 5_6a

Anticorrelation between 5 7 and MDMA4-FL junctions

p53 type
@ Mutant (loss of function)
@® Wild-type
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I High

Junction Count Clustering =

Junction k-mer count

—r’d.’ﬁm—ﬁ‘ =

LA 1)

| | II-IH-
I|

frequency —
- Normalize to proportion of total junction counts in I Low @ —_

a specific cell line. ——— —_
- Cluster using hierarchical method. _jﬁ__! — i

- 3 main junction profiles are evident:
- 5 7 and6b_7 (both isoforms expressed)
- 5_7 (MDM4-S only)
- 5 6aand 6b_7 (MDM4-FL only)

I

56a 56b 57 556 6b7 6bi[6-7]i[56]6a i(6-7) 7d



Nonnegative Matrix Factorization

Break matrix V of n samples by m features into
components W and H with intermediate
dimension r.

In this case, separate 1,019 x 9 matrix (1,019 cell
lines by 9 distinct junction counts) into 1,019 x r
and r x 9 matrices (r isoforms).

H is the matrix mapping the isoforms (rows) to
the junctions (columns).

W is the isoform estimate (columns) per each cell
line (rows).

Ultimately unsupervisedly estimates the
frequencies of each isoform.

nxm nxr
—_—A— rxm
Vl,l V],z o V],m Wl,] o W],r
\% Hl,l Hl,z Hl,m
21 Vz,z Vz,m - W24,1 W, . : :
' ' Hrl Hr 2, . Hr m
Vi WV Vm W, w ’ l ’
REV parameters Basis parameters Weights

~



Weight matrices

REV parameters

Basis parameters

Weights

57

7

5_i[5-6] 6a_6b

5_i[5-6] 6a_6b

6b_7 6b_i[6-7]i[5-6]_6a i[6-7]_7

6b_7 6b_i(6-7]i(5-6]_6a i[6-7]_7

40

32

24

r =

5_6b

57

5_i[5-6] 6a_6b

r -

5_i[5-6] 6a_6b

6b_7 6b_i[6-7]i[5-6]_6a i[6-7]_7

4

6b_7 6b_i[6-7]i[5-6]_6a i[6-7]_7

40

40



Future Extensions

- Functional analysis of the 5-6b-7 and 5-7 isoform:s.
- Find enrichment of isoforms in specific cancer types.
- Explore the correlation between MDM4 and MDM2 activity and isoforms.
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