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Mechanism of Cataractogenesis of Ir2 mouse
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SUMMARY

A mouse mutant is an excellent model system in dissecting human disorders. A
recessive cataractous mouse, CXSD (D), showed the first clinical symptom of cataract
at 5 weeks old and the penetrance was complete. In order to identify the responsible
gene, lens rupture 2 (Ir2) by positional cloning, we mapped the locus genetically and
constructed the physical map spanning the critical region. Using total of 586
intersubspecific F2 mice between cataract D mutant mice and Mus musculus
molossinus (MSM), linkage analysis, homozygosity mapping and additive mating
experiments revealed the commonly inherited region at DI4MitZ28 and DI4Mit87. The
construction of STS-content physical map resulted in isolation of the genomic DNA
clones encompassing the critical region and determination of the physical order of 63
STSs that were dispersed among 20 YAC clones and 75 BAC clones. The markers
included 11 genetic, 39 clone-end, 13 gene specific EST markers which map to the
human chromosome 8p21-22. The sequence analysis of the genomic clones revealed a
putative ¢cDNA in the critical region that harbored 27 bp deletion in CXSD mouse
genome, indicating this gene was the cataract-causing gene. Understanding the

function of the this gene will provide a new insight into cataractogenesis.



Chapter 1.

Chapter 2.

Chapter 3.

Chapter 4.

Chapter 5.

Chapter 6.

Chapter 7.

CONTENTS

@ ® 5 A

Introduction

The Current Status of Technical Development

The Contents and Results of This Research

The Attainment of Aim and Contribution

The Further Study and Application Plan

Collecting the Abroad Scientific Techniques

References

33

36

37

38



Hr

c.-.aooon..--.-.-..ég

tEesrNANLA R C s

sescnsannen

acsassenanun

TREITA L AL

Bl

Al1F

---...---oo....--...-...--..].()

raancnnes

sesretcocsccsany

encow

srsesasasses

-.a.....-.~-..-...-g-12

secensan

SRR X |

assaumasan

esvasmracscannvay

.36

37

TR R P R Y R PR

selderisdE.. ...

ks

A6 ATNEHZAM 4

---...........--o¢a..-----.£}2§

ANBEseLsssarersesenRUNEue

“ceseanmae



A1 & A el e
A, dage g 2 ey

1. 7l

)
AN
rg

-uge] dle 9y, RRAAd JsddE 5 ouE A =
oxidative stress, osmotic pressure 5 3733 Q5o Hoddu BuFHJ o
o9 99 d& T3] A

L
T = O
AA e T4 @wmAel crystalling, £38H A9 AEee w@widel MIP,
GAP junction 59 ¥ol7} iz 27 BA7 slgol Bad

a2y O dolzt A Y AR oW JFgs vA WlFes wHse=A
I 71el dE A v

-mEhA sample®] AFAA Ao WUe Hoy Rd FES F¢ FAH

ATFE O 7NAGTE A A 3

- CXSD w92+ autosomal recessive inheritance mode® X.olW A ¥ 5FW

FAF WYL wolk wugl

~CXSD wh$-2t
I 4Ar2) & T3
]

-CXSD vl$-2% BALB/cHeA 9+ STS/A 3w]¢] recombinant inbred A £
AFAE WU vpe2o 99 FAX(r2)E positional cloning 71 o2 F3 3}
I QL. 2 locus® genetic linkage H¥AO0ZHE nlgx GMA 149
D14Mit143 @ DI14Mitl56 Alele] EA3tH D14Mit28e] 717kl EAlste Re R

B,
-9l HA87 FY7 FA6 o fAA wolst FAA ATAL PIAE FFE
FAHOR AT WU Y 7)We 2AY Beyel A



2. BA -9 54

~mid WSl A e o 2009 o, FFolME o 101 oo MU Alge] sHa gl
o] A MAFCZ F 20008 dof o)

-BlEol gl A ex A gan AEe 12%c o2 FHd

“wEkA My 9 T
7

& Agshed #8829

3. AL3] - #3834 &9

g
2
i
v
ol

U S BANIETL A9 oo AE Aole AR 60417F A
F7reta, 2 A8 3 EFAF =T dA 8] Friste A4

~AAR R E Aol A9 42%, $-Euets EFE ofAlotell A= 39%7t

1_.
Wl olala BAHT e AAY

o Uate| A W Ae] ol K= 40-494) Alolrt 4.16%, 50-59A4] Abolzt
13.3%, 60-694) Abo]l7} 37.5%, 704 olAte] 45% 2 el



A 2

=

ro
Qloh

& FUlel 7/=HE o

L =

BUNGE A TH8E doye o AZg Alzbae] ¥ 7 oy
2} blindnessE % ¥ 4 9t} human cataract® 3 W FHEF O

= Yetun genetically 912 At o] dwiEE Aotk wWiyA
A 78 2 7He # AFEE FE AL AETH PPoE HE

o AEHA AT (T4, olF, WEAH, olF FHHA
integrin® ] A, ME Y7 A g A, cytokineo] o3t
therapyell ¢l & +AA &€ 714, oxidative stress®} UVel <9t AL
Ab AR F ool 9FHT Jdoy 58 23 2L in vivo systemol Al f
A HIAF = g4 datold,

ﬁS

BALB/c ¢ STS mouse®] aujo]x @ojzl recombinant inbred mouse
oA Ad EAAH WF modele] HIHUTE (Song et al. 1997
mammalian genome). ¥ A7z WU AJAFAARE H3]| 7] A6k
Ed &9 CXSD strain®] 99l FHAAE positional cloning 7| H o2
FAs3 Aok 2 AFHY 9 locuse genetic linkage analysisel ¢
&l mouse FA A 149 DI14Mit28 H 9ol <4 Holgde AL ¢dd.

Yol A+ positional cloningeo] &+ AFHAAE EHss
Wil AFAbeElvl ¢EAA g dF Wy 01‘35! LR 94 2 A%
2, UA F dAE Alx"E brt gle B 9=

A7 el

2. =9

=re] AS Wy dd FAA FHEE A oF4AI Je #Ho

o ompeamd B ooy AdA AR WuAo] co-segregation I

7}¢} E Ao E dJAFHAT FEEHI Slo] on F£R3AH Fx oy
ARl crystalline, lens A% AME29 Mip, gap junction protein % ¢

AAFHAZE delAd gloh. =3 WA lens® B4 lens e HHA
ol H7 d¥ dFe HIZ £ RT-PCRE o]&39
human(Kantorow et al. 1998 IOVS)3® rat (Sun et al. 2000 Exp Eye
Res)E WA o® AEHI Jvf. rats dige=z & A+ organ

10



culture® o8 Z2oE vivo systemo] ofHes Aol glow
humang o] €3 ZF$E ¢ sample©] oFd pooled samples® 7] A 7F
o] ztolE F At Uth Hgk olE AFWT ofdgt I 9o AT
A Z(Kantorow et al. 1998 Mol Vis) RT-PCRelgte 7l€d AT
AU o

11



LIr2 M 4 #AdAE 37 A8 97

positional cloning WHoZ WU FAHAE ¥ 7] Y8l genetic linkage 4
o2 F38 72 genetic “?45‘] ¢l D14Mit1433} DI14Mit86 AlelE dizd + U+
transcript® ¥ 33 A4S physical mapS BAC clone(Halok et al, 1996) ©]

£3to] 23 o (Kim et al. 2003)

- o] Bol WAZ FAANES databaseEFE &<ldte] A4-23dE mouse
cDNAE STSE 7/lE&t 3 physical mapdl mapping.3td o™ a4t

A =2 &85t

- o]Eo] UARAAY 7t S FALE 7] 938l genetic linkage
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#H 1.cumrent status of the physical map

Genetic distance:D14Mit 143-D14Mit 39(0.6¢cM)

Physical distance Estimate: >1.6Mb

Total clones
YACs
BACs

Total markers 62
Genetic
Gene
Clone—-End

a5
20
75

11
13
38

Marker Resolution 23Kb/marker
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g7 2. 2A30AM MEE clone~end STS

Sequencel5 >3 )

MEE16GE/T?
MB328CY/SPS

Rys

GCCRETRATG TR CCHE

AAME BRI TCGAMG GG TCA,

TCAGGACCCCTGTGTCATCT

ATGCATTATCTGEGGCAAS

MB451420/5P6

CCABCAGAGAC AMCTTITGRAS

ACACTGCCATCCTICCTCAT

MBS13HB/5PE

CTGTCGCATACCCTAGCCAT

GETAG AGCWCGCW

ME442]

P23/SPE

TTCCASGG AMGEAMAICTCT

GGTGATGARGCCAGR TCATA

MBASOHIE

TOCAGATGATATCCC ASTCG

IMB4S1 A20/T7

GGACTICTG AGCCATCCCTT

|AGAGGCATGGATGAGCTGTT

MES28CO/T7

ABC AGCACGACQUATACTIT

ACGTGACCTGACATGAGCA

MB308KI13/T7

CCCTTCCAIGTICTTCCTICA

TGCCACCACCACAITICTTA

MBS 13HB/T7

GATTTGCGGACTCTGTCCTT

TGCCACCAGGACATTIGTTA

MB309KIS/SPE

TCANTGGGCAMC TGTGAGA

TTTGC ATACTGGCTGTEGTC

MB314C14/T7

CHTTCAGCALGAMCATCA

AGGCTTGGCTAC AN CTG A4

WMB4T4P20/T7

GCAMMCGACAL TGASGCA

MBRET019/
MB4ZSMI/SPE

'l

GIGTGAGTCAGGET
3GGCTGCTGTITAT

ATTCTATGCACTOGAICGGE

TCTGGAGCACATTCATAGLG

MBAZ50 7 EPE

CCATY CAG GGCTGCTGTITAL

TCTGGAGC ACATTC AT MGCG

ME4 74P2/SP6

GCANTCCTGETOGAMMATG

AGGCTIGGIC TIGICCARM

MBABEHZO/TY

TGCATTGGAATATGGAGCAG

GAGAC AMGCATACGCCCATC

MB4BEKIB/SPE

AAGGTGTIGTCTCTCTGATCC A

TCTCCATTCTCCCTITACCTG A

MB290D10/T7
HEASOH
MBASOHI 6/T7

6/SP8.

AMGACTCAGAMCCCTTGCTG
| 6/SPE | TTCCACCTCACACE AETCHG |
CAC H5GG ATTACCCARTGCT

GITGTTGCTCTGATCTC ACCTAS

CLABGH MGGTATTGLTEGEA

AECEACCTITCTITIGETE

| AGGGAMTCTTIGTEGCCTCT |
AARTTCTG TAMGGTTTGLCATGC|

GECTGTTGTICTAITTCCATGA

CCACAMBCAETCTCCACA

GACAGTCAGAAMGECTTCC A

GGATGGGEGACTITIGGTAT

TCTTGAMGGGCTGCTAMGGA
CCTITGICTCTGCACG ATCA,

MB359E] 0717
MESSBG1/5P8

TTGTOAATGCTC TACCCATCE

MBA57TG1/17

MBISSET1D/SPE
gﬁ

MBIESGI 17

LCAGCABATGCTOGTGAGG

GGCCCAGGTITGATTCCTA

TICTTACCGGTIGGGACATC

| CTTGGGATTCTICCCCTITC
ATGC AGGC ALAACCCTATG

MBAS7G1/SPE
MBSEBG1/TT
2g-431P12/17

GTTTGGTGGITITCGGGTT

23-431P12/5P6

TICCTTGCTGTGETIGLC

CCTCTCCOGCAIGCTAAA

25-413M 8/ 17

CHC AECECCACCTAMUATT

GEGGATCCTCATGTIGTICA

13F13/SP6

TGAATC AAGGGE AATCMGAG

AETCAMGGAC ACCAGGAMCT |

CATCTCTTCCCTCH AOGGTA

TOOGCLGAETC ALALAAEC A,

TCTGATGCCAGTGTCTCGAT

ACTCCAZGTITCCCCTG

23‘358823:"7’?

TGGGGATAGAGTICGITCG

CTCCCCTGGCAATTAGTCAA

23-42TKIB/TT

GTGTTCACCAMGCATCCACA

GCTCAMGGGLACTETITIC

23-42 7K

6/SP8

GTCCAMGAEGCCTEGTGTA

ATGGACTCTGCCCCTAGGTT

Cezfil

TGCTGACCATGCGAGTATGT

GIn GCTAGCTAATT GCCCL CCA

C22/SPb!
024/SF6

TCCTCTCCCTCTCCTCL

GTGCY

ﬁCWmCCCW A

CHTG
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33. SEQUENCING 2 #

Known gene ~ Crystallin (80, 16%) gamma-i

{3862) M.musculus gamma-B-crystallin gene
gamma-1, gamma-2, gamma—3
pMouse lens aipha—A—crystallin
Mus musculus beta-B1 crystallin
Crya2, Cryba2, Crybad, Crybb3,
Cryga. Cryge, Crygd, Cryge, Crygs
crygs
Crybal gene, crybb3 gene, crybad gene

- Mitochondria DNA (34, 6%)

— Ribosomal (22) Rpl13. Rpl13a, rpl18, Rpl23, Rpl26
Rpl28. Rps15, Rps16,. RPS26, Ubab2

~— Gene (226)

Unknown gene Unknown EST (69)
{69)

Mouse eye cDNA seq &%

B Known Genas &
ESTs
D mitochondria

ribosome

unknown gena
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F 4. List of Genes

Mutation
Gene name Primer sequence Contig )
analysis
¥ TGCCTGAARAGTCAAGCCTG
Adam No —
R TGATGACTACCGACTACCAGAA
F CCCTTCTTTTCCCTTCCAG
Egr3 No -
R GGTGTGAAAGGGTGGAAAT
F TCTGAGAGGGCCACAGAGA .
Srev9 Yas Negative
R CACCATCGGTGTTTITCTTG
F ATGGCTCATGCCTGTAATCC
Lor2 No -
R TTCCTTCCTTCCTTCCTTCC
F CCCTTCTTTTCCCTTCCAGT .
Nkx3-1 Yas Negative
R CAARACTTGCCTGGCTCTCTC
F CAAACTCTGTTGGGGCATTT )
Bnip31 Yas Negative
R AATGATGCAGGTGACTGGTG
F CCTAGGTGGCTGGGGARATA
Atrc2 No -
R CTGGCCGTTTAAGAAAGCTG
F GGTTTTCGGCTGAGTACTGG .
Ste Yas Negative
R GGAATTCACCAAAGGCTTCA
TG
L0C51312 F TCTGTCTTGCGGATCTTCAC No .
R CTCCGTGAAGGGTCACTGTT
F TGGCCAACTAGCATGGAGAT
Lox12 No -
R AAGTGGGGGTTGGATCTTCT
F CCTTGGGGTTTGTTTGAGTG .
LAP70 Yas Negative
R TCTGAACAGTGGGACGACAG
F CCGAGTGCTGGGATTAAAGG
Dtgnl No -
R GGAAAAATGCCCAAGTTGTC
PPPIR2A F TGAAGGCGTTCACTGTGTTT Yas Excluded
R CATGGAGAAAGCTGTGTGGA
F TAGGAAGGACAAGCCACACC
Tgfblid4 © No -
R GTGACACAACGGTGACGGT
mAdam28 F GCATGTTCTGGTTTGTGLCT vas Negative
R CACATCAATCCCCTCCAAA
F TTTTCTGGCTCGTGGGAAT .
mdecys Yas Negatlve
R CAAAAACCAATGAATGAAG
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3£ 5. Polymorphisms found in genes

Decysin
cDNA Primer Nucleotide |DB{AJ242912) A.A
fragment sequence position /CXSD/STS change
41 T/C/C None
1 510 F: GCCACTGGAGAGACCATAGC 44,45 TC/GA/GA None
R: GAGGCTTTATTTGATATCTC 121 A/G/G Asp—Gly
152 Cc/T/T None
F: CTATGAAGGCCACATCCAAA
401 - 930 509 T/C/C None
R: GGATCCTTTTCCCCAGGTTA
F: AAGTGTCTTTGGTGGGCAT
808 - 1240 none none
R: CACCTTGCATTTCTAGATGA
F: CCACGCCCTTGGTATGAA
1088 - 1490 none none
R: GAGGCAGGGTCTGGACTTCT
Adam?28
cDNA Primer Nucleotide |DB(AJ242912) A.A
fragment sequence position /CXSD/STS change
F: AATTCGGCACGAGCTCGTGC
none none
R: CCTTGACTGATGATTCCCCG
F: AAACAAGGTCACCACAAGCC
341 - 774 none none
R: AATTGGCCATCTCAAGCACT
F: CCTGCCACCAGGTTGATTA
624 - 1015 844 G/C/C None
R: AGGTGAACACATCGACGACA
871 1280 EF: CAACACCACCCTGGAAAACT 1001 G/T/T None
R: GATATCTGATGGCAATGGGC 1004 G/A/A None
F: GAGCAGTCACTAAGGTTCCA
1257 - 1596 1352 G/C/C Glu—Asp
R: ACATTTGCCCTTCAAGCAGT
F: AAAGCAGGTTTCCAGTGTGC
1391 - 1779 none none
R: CTGATCCGCCTTCACAGAAC
F: CAGGAACCAAGGTTGCAAAT
1633 - 2098 1978 C/G/G Ala—Gly
R: ACTGCTAGGGGGAAAAGCAC
F: TGTCAGTGCAAGGAAGGAAG
2001 - 2429 2172 C/T/T Pro—Ser
R: CAAAATTTCGAGGCTTCCAC
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Figure 1. Sts Content Physical Map of /r2 region
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6. Putative genes identified by GENESCAN

*genes (RPCIZ23-324C9)

Gene number DNA size

O [oo] ~1 ()] [$,} -3 %) N |l

10

*genes (RPCI23-358B23)

Gene number

1

<Ny s o WwWwN

© o«

1719
987
222

57
228
216
492
885
732

2823

DNA size

1386
678
783

1062
615

3357

1128
393
345

1272

bp
bp
bp
bp
bp
bp
bp
bp
bp
bp

bp
bp
bp
bp
bp
bp
bp
bp
bp
bp

Protein size

572 a.a

328
73
18
75
71

163

294

243

941

Protein size

a.

a.

a

a

462a.a

225a.

260

354a.

204
1118
375
130
114
424

a.

a.

a.

a

a

.a

28

Homology

gag gene
Intergrase, RT

No similarity

No similarity
SH3 domain contain, pol RT
No similarity

Similar to DOCK180

Homology

Similar to DOCK180
Similar to DOCK180
Similar to DOCK180

Similar to DOCK180

Unknown
GnRH-GAP precursor
Similar to hypothetical protein

REVERSE TRANSCRIPTASE



2% 3. Genotype of offspring of CXSDxSTS mating

k2 Genes Genolyping

e
o

L

Tonplate: meuse geremie Dg,  300hp

2000y

Figure. Genotype of r2 mice. 27bp deletion in genomic
DNAs of mice affected with 2 gene mutation.
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19 4.

Figure 4.JTdentification of transcripts by Nortbern blot analysis

ks f% Y
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s SRR

Full length cDNA sequence
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