(B¥6) BEIEEFtEIF—TFXh

RERERE (FHERE)
BEARBERE 2TEEY BB &8

[R4] =~ Xz UEfER (OMIM#609029)

DRE] B8 47 XX or 47,XY,+der(22)t(11;22)(g23;q11)

PIIBHRFEEIZ X5 22q11 KV Tfiz, 11923 LV BMBIOERES FY VI —
SAENE t(11522) IR 2 FF OB D88 1 B2 3:1 DR E T 10 L 5.,

(SRRl REA CGHTARERRESSASEE 2 5 OBREHIE C 1L A AN S t(11;22) 9 Brim e {7
KZ 2349 10000 A, =+ X o/ VIEMEREEBRE A3 1000 AL HESND),

[ER] MCA/MR (multiple congenital anomalies/mental retardation)% &4
Do FAUEREL (B, DB, DN THEA L) ERMELER 57% (ASD,
VSD, PDA, MIf#FIRIERE T 72 &), WIR - AR ORS . 4178 &
HY., FERBOHERIK T, PREES, WLEE, 0%, RERIE,
BANEENFEIEIE, REEE, WHEEE, BHEE. Tuhi, 58
PR RSRER, RERRG) 200,

(o] Qe BUfmiTic X 5, S5PESRE PCR & AR,

[B(R] BRI Y RO R SRIT, BRHEREREE DR 90%., R 5%,
5%. denovo IXFE L, t(IL22)WHEREERE L, REAER, TiE. B
[BIRED Y, BETEREREE OFRESRIT 23-3T%RE, H4& R IZEFKA
38 (55) %, ¥IMrHRE 55.4 (41.2) %, T~ X = /VIEMERE 5.7-6.1 (2.2°5) %

FEIMIEBHERRE OBE),

HAERT O QL ERIR A CRRWTATRE, t(11;22) P97 B AR R 1 1 7 T D 2 36
TN, TOREHENETHD 1 LEHEETH DI, HRE L T8
BIPR 72 HAERTRE W 72 & CHRMRIC BB BT AE BRIE AN RD 73 % & — R ASHE AN
LTW5,

(B 1~ & 23 STk
1. t(11,22) http://www.fujita-hu.ac.jp/~genome/11&22/
2. Emanuel syndrome.org (Chromosome 22 Central)
http://emanuelsyndrome.org/
3. KT, BBER —~<Xo VERBOBRKG L EE NRF 514),
443-450, 2010

_39__



368 V35 308 Y3 26
1 2 3 4
Il
128% 8 2 Ok

<JiE B >

7 7o MI—BR (I-3;357%) LA+ (1-6:30 %) Kiw., HE%K. 3ED
FEHEO®BICE 1 FE2BREIRL, @BFALIRNHE, TO2E¥%IC, $2
FOBREBREIRTHZS, RICTLEFRXE, 8L, /8, AZ20h
D WELEEEIMNSELS | A% 3 5 A ORR/NER CRAeRRELB I 2
ST, FORER. 47,XY,+der(22)t(11;22)(q23;q11) & HIBA L 7=, /NER O FIBE
L OEREBAZMWZZ ERN oz ), RIBIXIRDOESHIZONWTEL D
EREHELENE LV E L, BEARTHLVEEZEL Z 8L, RT3
ASE T, T2 2 ADFELNNT, BRT-DITERREEL LiEh0,
FITE, REOEK (-7) B\5,

<a—)L7 LA >

B 1 ROEREORKER, 5 2 F2° 47,XY,+der(22)t(11;22)(q23;q11) & H|BA
L7-#%DOHEO GC (RBIZHOWT, FHOFR, 728 92)

Wi 2, IRFOBREEHAERZENICOWNTO GC ((REIFZW, BFRATZEIC
2UNT)

<A v >

I IAT U MDIFEALE, REZETAEBRRETCRET D, 771
PR DAREZIITT LT, (R, DEEYFR— N2 89 TEX B0,

- REFDZDWA L6 TERSY, BRORRAN~OTR (82 £ TOHEOH
RN FREMEZ &> T2 F N LWV dh2),

- WREEE L TWORWIHERE R DO ERATRZENIZ DV T,

_..40_



(BEH7)
IVXITIVERBEEERDOHTE

PCRIZ&L I FHDIRE LB K (der(11). der(22)DIREIEE 1/13.681 A %G I O I O

vV VvV VvV v ¥
l s s
der(11)

123 456 78 910111213141516

BYPOHENGIGEE - FEGERERESR 1/18241A

FOT. BAAFLESL548 ANDREAE d&(ZZ J
THREE (274 A EHMHRREIZ274A
IYXI)VEEEOWE \
FHREZLND DREFE S
Yf:‘/ w° FHEEELSS
: EMREEDS
274N 29A 245\ 5/47.5=10.5%
l! ‘L (A1)
- @ BEHNEEREE
1AYTILEE2 ADFELEEDE(BR22ENSFE/RK20 @ RAEERERE
FETOME)  GERREN SEEREENETNIR il j
22.6 A 32A \

t(1122) RSB REENCEFTNLERDHEE

BMHAERE THERE
¥ t(11;22) REE 41.2% 55.4%

Y,

TOFRMNMREABEHELTIKE, HAHHEL1005 A
1B ANDRAZENEET S,

|

HRADOAO 181,800 A/I[Z1L12,184 A

THEREE (L6092 A EHRREEX6092A

e 'l

1THYTIVEERADFELER DL GERREND

IYRILERBEOREAETLDY tA122) B RGEERRE NS ETNIEROHEE
¥ v BHRRE  KEREE
LHREEETI9A SEHEREEF25A TYXTILERE  36% 5.9%
BATOIIXIIVEZEBEOEER 7430 /

_41_



WA - R
KRB RF R IER S ERE T v & — - BI5ERT - S - HE

TV XT/VERRE 11 flOo0BEX 2 - BHEREAERE T
Hirschsprung /., EHi7e EOAOHEDIT N, Ak FRER, Bt EELA . &
A, BPEREHEREICKERE L T\, HE o~ X o UEERS BHE
D THFRE~/L =7 (CDH) OFMERIL 8% & . —HAEE (1 A/3500 25 15000
HAE) IR TEETH D, HIR IR <72 (fFES A) IKBREH= o7 <
v 26mg AL L, ~ 7 AR{FO CDH DFELZ B LR, ~ v X EICE
(7% CDH DAL 15% (92 PTH 14 L) | FHETEALIE 80% (92 PTH 74 PT (80%)
EREThoT, BERA~OBERLGIBEICL D~ A EFO CDH ARIT 18%

(56 ILHT 10 JB) Td o728, WAL 39% (56 PLH 22 L) & i LikaE L
710 S —MEBEEEROARER T, BIEZKSh CDH5T fld5t . 2 4

(CXTL, BRSBTS 2 M T U, TR R, BABRE®REITERE CDH 2B\ Th
EEOREFENELN, REEERT X D VEGEBROBEEHARASHETEL D 5
CDH OHHENER LR D A REME IR EN T,

FooHE - EHRIT
EINLRENEIRBE KT - FRISBAEHE - 2%

HEOMA B IO - EBEEL ) — AD T~ X VBRI 1SS LT, % DRk
RIERZRL, 3322 —va TTEOER R ELX R 720305, 4£7E EoREE RN
MEDILGENZO S TRE X (To70. HEEIMTHEES PO, a3a=s—
TAVATEIDORRFR IS OW TEBEBHIBZITV BRSO TRtk & B0k B(A )
EARa=l—ay OFRPISTEDPEI D AACOF B ATEEHEIZ SV TREEL
72 WAEENE, EITEAHE R A I RSN RS EATE AL T, B -
RAVRBTHRETHE ATV BB SReaia =t — v a A TENC A+ AR -7,
A58 S i A T —abfﬂﬁ?“—ﬁ&n 2= vaATEOREY BIEIZ, BHE
B AT o7z, BRI, 32 Y R EDSERICO A9 RIERB L UaIa=
T alATENIDWT, ZOHBEIILOFERL | S HT-> CTOEAF#OE
FREBELI, REMNZBOTIE, ©o<K0ELTTIEH AN, 4 RIER . st 2ot
T, ala=F—va Wb BEEL, BRER LR RN, TNETICRWLESH
TODRMERRIEINA T M AERZER LIRS TIEBE . BB AE SRR £
DRI =0 — 230 (AAC) ZEAMEL TV EDEE M I RIS LT-.

_43_




WHgEm g - KAEESC
RERS/NEERE 4 — - BiaH - BRREE

TV XT)VEEREITRAREEE2RRE TAEREFIEGRH THY . BIRDOR
BIDNERREZE CTHD Z ERL, k2 2FE L, REBRZE 22T &N
ED LD LI ENEEEZ T ADEMDL DI REERERERE 114
DEAEELHEE T T2, RRBBEIIZE S -F ICHE4 R LEEEN R E
BERITL T, BBECHR 2 SR OF OB L TEIMERE OLEK
BEWCGEL o TWz, ZO LS BE - FROLEZEL U TEr RBER
EEBEE L TV A0, RERE CIIFRESDELZE I I TV, a2
SEEIL, BHERS/PRERY ¥ —DRBEMIEDFEFERZ LB LT,
RELFELZERNRITIOEE (ZXA7Ta, 4pE/VI— Ry T T 4R
A—FTvv, a4y UA FRIER, 774 —0 4 V—DOKEER) T
TEIZ 5T, SEHBMEERIL 12 FKik (BN 52%) THRABUL 27 ATFE - 72,
FEFBESORWHRDEB TR, EREBEICI2ERBOERNRIIEEREE
Do TDIOHIZ, FHE TI/NRERBZMMERN, £ 7-iikE cix—Eo#
FBOEBRBICE N A REFEGREOER Y ¥ —HiEL2 b O EEEEOE
ENEEEEZT,

_44_




MR (WF9ERERE)

FRE KA

LE A ML

FERFEH

=

7=

&

Ry

AR

Ohye T, Inagaki H, Kogo
H, Tsutsumi M, Kato T, T
ong M, Macville M, Medne
L, Zackai EH, Emanuel B
S, Kurahashi H.

Paternal origin of the de novo ¢
onstitutional t(11;22)(q23;q11).

Eur J Hum
Genet

18(7)

783-7

2010

Tong M, Kato T, Yamada
K, Inagaki H, Kogo H, Oh
ye T, Tsutsumi M, Wang
J, Emanuel BS, Kurahashi
H.

Polymorphisms of the 22q11.2 b
reakpoint region influence the fr
equency of de novo constitutiona
1 %(11;22)s in sperm.

Hum Mol Ge
net

19(1

2630-7

2010

Sheridan MB, Kato T, Hal
deman-Englert C, Jalali G
R, Milunsky IM, Zou Y,
Klaes R, Gimelli S, Gem
mill RM, Drabkin HA, Hal
cker AM, Brown J, Tomki
ns D, Shaikh TH, Kurahas
hi H, Zackai EH, Emanuel
BS.

A new palindrome -mediated rec
urrent translocation with 3:1 mei
otic non-disjunction: the t(8;22)
(q24.13; ql1.21).

Am J Hum
Genet

87(2)

209-18

2010

Kurahashi H, Inagaki H, K
ogo H, Ohye T, Tsutsumi
M, Kato T, Tong M, Emal
nuel BS.

The constitutional t(11;22): implj
cations for a novel mechanism 1
esponsible for gross chromosoma
| rearrangement.

Clin Genet

78(4)

299-30
9

2010

Kogo H, Kowa-Sugiyama
H, Yamada K, Bolor H, T

ki H, Taniguchi M, Toda
T, Kurahashi H.

Screening of genes involved in
chromosome segregation during

sutsumi M, Ohye T, Inagameiosis I: towards the identificat

ion of genes responsible for infe
rtility in humans.

J Hum Genet

55(5)

293-9

2010

Nishiyama S, Kishi T, Kat|
o T, Suzuki M, Nishizawa
H, Pryor-Koishi K, Sawad
a T, Nishiyama Y, Iwata
IN, Udagawa Y, Kurahashi
H.

CD9 gene variations are not ass
ociated with female infertility in
humans.

Gynecol Obst
ct Invest

69(2)

116-21

2010

Nishizawa H, Kato T, Ohta

S, Nishiyama S, Pryor-Ko
ishi K, Suzuki M, Tsutsum
i M, Inagaki H, Kurahashi
H, Udagawa Y.

Genetic variation in the indolea
mine 2,3-dioxygenase gene in pr
e-eclampsia.

Am J Reprod
Immunol

64(1)

68-76

2010

INishizawa H, Kurahashi H.

Genetic variation in the indolea
mine 2,3-dioxygenase gene in pr
e-eclampsia (Reply).

Am J Reprod
Immunol

64(5)

317

2010

Nagao S, Morita M, Kugit
a M, Yoshihara D, Yamag
uchi T, Kurahashi H, Caly
et JP, Wallace DP.

Polycystic kidney disease in Ha
n:SPRD Cy rats is associated wi
th elevated expression and mislo
calization of SamCystin.

Am J Physiol
Renal Physi
ol

299
(5)

F1078-
86

2010

I[chino M, Kusaka M, Kuro
yanagi Y, Mori T, Morook|
a M, Sasaki H, Shiroki R,
Shishido S, Kurahashi H,

Urinary neutrophil gelatinase-ass
ociated lipocalin is a potential n
on-invasive marker for renal scal
rring in patients with vesicourete

Hoshinaga K

J Urol

ral reflux

183
)

2001-7

2010

._45_




Kusaka M, Kuroyanagi Y,
Ichino M, Sasaki H, Maruy)|
ama T, Hayakawa K, Shiro
ki R, Sugitani A, Kurahash
i H, Hoshinaga K.

Serum tissue inhibitor of metallo
proteinases 1 (TIMP-1) predicts
organ recovery from delayed gra
ft function after kidney transplan
tation from donors after cardiac
death.

Cell Transpla
nt

1
(6)

723-9

2010

Inoue Y, Mori T, Sakurai
A, Mitani Y, Toyoda Y, Is
hikawa T, Hayashizaki Y,
Yoshimura Y, Kurahashi
H, Sakai Y.

Correlation of axillary osmidrosi
s to a SNP in the ABCCl1 gen
e determined by the smart-ampli
fication process (SMAP).

J Plast Recon
str Aesthet S
urg

8

6 3

1369-7

2010

Ohtsuki M, Morimoto S, Iz
awa H, Ismail TF, Ishibash
i-Ueda H, Kato Y, Horii

omura M, Hishida H, Kura
hashi H, Ozaki Y.

T, Tsomura T, Suma H, N|

Angiotensin converting enzyme
2 gene expression increased com|
pensatory for left ventricular re|
modeling in patients with end-st
age heart failure.

Int J Cardiol

(2)

145

333-4

2010

Kato T, Inagaki H, Tong
M, Kogo H, Ohye T, Yam
ada K, Tsutsumi M, Eman
uel BS, Kurahashi H.

DNA secondary structure is infl
uenced by genetic variation and
alters susceptibility to de novo t
ranslocation.

Mol Cytoenet

=

18

2011

Taniguchi-Tkeda M, Kobaya
shi K, Kanagawa M, Yu C
C, Mori K, Oda T, Kuga
A, Kurahashi H, Akman H
O, DiMauro S, Kaji R, Yo
kota T, Takeda S, Toda T.

Pathogenic exon-trapping by SV
A retrotransposon and rescue in
Fukuyama muscular dystrophy.

Nature

367)

478(7

127-31

2011

Tsutsumi M, Kogo H, Ko
wa-Sugiyama H, Inagaki H,
Ohye T, Kurahashi H.

Characterization of a novel mou
se gene encoding an SYCP3-like
protein that re-localizes from th

ing prophase of male meiosis I.

e XY body to the nucleolus dur]

Biol Reprod

85(1)

165-71

2011

Miyamura H, Nishizawa H,
Ota S, Suzuki M, Inagaki
A, Egusa H, Nishiyama
S, Kato T, Pryor-Koishi K,
Nakanishi 1, Fujita T, Ima

gihara I, Udagawa Y, Kura
hashi H.

yoshi Y, Markoff A, Yana

Polymorphism in annexin A5 ge
ne promoter in Japanese women
with recurrent pregnancy loss.

Mol Hum Re
prod

17(7)

447-52

2011

Nishiyama S, Kishi T, Kat]
o T, Suzuki M, Bolor H,
Udagawa Y, Kurahashi H.

otein 3 gene variant is associate
d with unexplained female infert

ility.

A rare synaptonemal complex pr]

Mol Hum Re
prod

17(4)

266-71

2011

INishizawa H, Ota S, Suzuk
i M, Kato T, Sekiya T, K
urahashi H, Udagawa Y.

Comparative gene expression pro

with severe pre-eclampsia and
unexplained fetal growth restricti
on.

filing of placentas from patients

Reprod Biol
Endocrinol

107

2011

INishizawa H, Suzuki M, P
ryor-Koishi K, Sekiya T, T
ada S, Kurahashi H, Udaga
wa Y. ~

[mpact of indoleamine 2,3-dioxy
genase on the antioxidant system
in the placentas of severely pre
-eclamptic patients.

Syst Biol Re
prod Med

57(4)

174-8

2011

_46_




Kugita M, Nishii K, Morit/Global gene expression profilinglAm J Physiol|3 0 0F177-82011
a M, Yoshihara D, Kowa-S| in early-stage polycystic kidney| Renal Physi(1) |8
ugiyama H, Yamada K, Ya| disease in the Han:SPRD Cy 1ol
maguchi T, Wallace DP, Clat identifies a role for RXR sig]
alvet JP, Kurahashi H, Nagnaling.
ao S.
Yoshihara D, Kurahashi H,[PPAR- {gamma} agonist ameliorAm J Physiol| 3 0 OF465-72011
Morita M, Kugita M, Hiklates kidney and liver disease in | Renal Physi(2) 1
i Y, Aukema HM, Yamagulan orthologous rat model of hulol
chi T, Calvet JP, Wallace |man autosomal recessive polycys
IDP, Nagao S. tic kidney disease.
Ahmed WA, Mori T, NishilLack of Association between OrSleep Biol R 9(2) |73-7  [2011
mura Y, Kitanaka T, Kato |exin Receptor Genes Polymorphilhythms
T, Bhardwaj KA, Kurahashjsms and Obstructive Sleep Apne
i H, Suzuki K. a Syndrome in Japanese.
[nagaki H, Kurahashi H. |Cruciform DNA. Encyclopedia | In p 2012
of Genetics, [ress.
2nd Edition,
Elsevier.
Kurahashi H, Tsutsumi M, Molecular basis of maternal age-{Congenit Ano| In p 2012
Nishiyama S, Kogo H, Inarelated increase in oocyte aneuplm (Kyoto) |ress
gaki H, Ohye T. oidy.
Kurahashi H, Ohye T, InagMechanism of complex gross chl] Hum Genet| In p, 2012
aki H, Kogo H, Tsutsumi [romosomal rearrangements: A co ress
M. mmentary on Concomitant micro
duplications of MECP2 and AT
RX in male patients with severe
mental.
KRITHGR., BRI T v X T VREGERE DR B & B/ NER 5 1443-452010
= 4 0
RILHGE, Livija Medne, BB TEMRR 200 GBS AAEES 7| 3 1/169-172010
everly S. Emanuel, BHEIEOMNT 2 HE L LB IR(112|Y V7 33) 3
il 2) BT AR EFE
P =E]0, PEIRARAT, RUL)ZESR ARHERPR CHubh 2 e lEER AR O El 6 0]1277-10011
A, FHIIEE, BEsEE PR (9) 285
ial
ERETE, TRRL, FTHEEWRE S T X F 2 CASEEME LN | 39(1/1042-12011
I e, s B2 1) (044
KILEGTE., BAE it A 5l A e 3 20 00 i B 43 B - IR & A ) 7 vk p120-12011
5y 5 & B R OE N AV 21
Ty AT
M E . BiEIEH RO BH S FIC R T AHORFEHZEE S In p- 2012
MADID#RE L & T = v 7 NEEE ress
AL NDAT=A A

_47..__




HESE  (WH9Em#E)

RFE R4 ML H A BV FEARES B N—U | HRE
Yanagihara I, Nakahira K,  [Structure and functional J Biol Chem [285(2116267- 2010
'Yamane T, Kaieda S, characterization of Vibrio 1) 74
Mayanagi K, Hamada D, parahaemolyticus thermostable
IFukui T, Ohnishi K, direct hemolysin (TDH)

Kajiyama S, Shimizu T, Sato
M, Ikegami T, Ikeguchi M,
IHonda T, Hashimoto H
Hamada D, Hamaguchi M, |Intrinsically Less-ordered effectors|FEBS J 277(112409-1 2010
Suzuki-N K, Sakata I, from Pathogenic Gram-negative 1) 5
Yanagihara I Bacteria: A case for EspB from
Enterohaemorrhagic and
Enteropathogenic Escherichia coli
Nishihara M, Sonoda M, Birth length is a predictor of J Pediatr 23 913-20 [2010
Matsunami K, Yanagihara K, Jadiponectin levels in Japanese Endoclinol
Yonemoto N, Ida S, Namba |young children Metab
IF, Shimomura I, Yanagihara
[, Waguri M.
Namba F, Hasegawa T, Placental features of Pediatr Res  |67(2) {166-72 [2010
Nakayama M, Hamanaka T, |chorioamnionitis colonized with
'Yamashita T, Nakahira K, Ureaplasma species in
Kimoto A, Nozaki M, preterm delivery.
Nishihara M, Mimura K,
'Yamada M, Kitajima H,
Suchara N, Yanagihara [.
Nishihara M, Yamada M, Transcriptional Biochem 393 |111-7 2010
Nozaki M, Nakahira K, regulation of the human Biophys Res |(1)
Yanagihara I. establishment of cohesion 1 Commun
homolog 2 gene.
Ohnishi K, Nakahira K, U [Relationship between heat-induce[FEMS Micro |318 |10-7  [2011
nzai S, Mayanagi K, Hashi|d fibrillogenicity and hemolytic [biol Lett ¢))
moto H, Shiraki K, Honda jactivity of thermostable direct he|
T, Yanagihara I. molysin and a related hemolysin
of Vibrio parahaemolyticus.
Nozaki M, Wakae K, Tamaki|Regulation of TCR Vg2 gene Int Immunol |23(5) [297-30 [2011
IN, Sakamoto S, Ohnishi K, [rearrangement by the S
[Uejima T, Minato N, helix-loop-helix protein, E2A.
Yanagihara I, Agata Y.
Miyamura H, Nishizawa H,Polymorphisms in the annexin AMol Hum Re [17(7) |447-52 |2011
Ota S, Suzuki M, Inagaki |5 gene promoter in Japanese wo|prod
A, Egusa H, Nishiyama |men with recurrent pregnancy lo
S, Kato T, Pryor-Koishi K, |ss.
Nakanishi I, Fujita T, Ima
yoshi Y, Markoff A, Yana
gihara I, Udagawa Y, Kura
hashi H.
Mimura K, Tomimatsu T, Ceftriaxone preconditioning Reprod Sci |18(12{1193-1 |2011
Minato K, Jugder O, confers neuroprotection in neonatal ) 201
Kinugasa-Taniguchi Y, rats through glutamate transporter
Kanagawa T, Nozaki M, 1 upregulation.
'Yanagihara I, Kimura T.

_48_




Okamoto N, Kawame H,
[Fujiwara I, Takada F, Ohat
a T, Sakazume S, Ando T,
Nakagawa N, Lapunzina
P, Meneses AG, Gillessen-
Kaesbach G, Wieczorek D,
Kurosawa K, Mizuno S,
Ohashi H, David A, Philip
N, Guliyeva A, Narumi
Y, Kure S, Tsuchiya S, M
atsubara Y.

d related disorders: dephosphoryl
ation of serine 259 as the essent
tal mechanism for mutant activat
ion.

Yamashita K, Yoshioka Y, |Silica and titanium dioxide Nat 6(5) |321-8 [2011
Higashisaka K, Mimura K,  nanoparticles cause pregnancy Nanotechnol
Morishita Y, Nozaki M, complications in mice.
Yoshida T, Ogura T, Nabeshi
H, Nagano K, Abe Y,
Kamada H, Monobe Y,
Imazawa T, Aoshima H,
Shishido K, Kawai Y,
Mayumi T, Tsunoda S, Itoh
N, Yoshikawa T, Yanagihara
I, Saito S, Tsutsumi Y.
Mitobe J, Yanagihara I, RodZ regulates the EMBO Rep |12(9) 911-6 2011
Ohnishi K, Yamamoto S, post-transcriptional processing of
Ohnishi M, Ishihama A, the Shigella sonnei type 11
‘Watanabe H. secretion system.
Namba F, Ina S, Kitajima H, |Annexin A2 in amniotic fluid: J Obstet 38(1) [137-44 12012
Yoshio H, Mimura K, Saito |Correlation with histological Gynaecol Res
S, Yanagihara L. choricamnionitis, preterm

premature rupture of membranes,

and subsequent preterm delivery.
Shigeta N, Ozaki K, Hori K, [First report of Arthrobacter spp.  |Fetal and In - 2012
Ito K, Nakayama M, bacteremia with intrauterine fetal |Pediatric press
Nakahira K, Yanagiharal.  |death (IUFD) and maternal Pathology

disseminated intravascular

coagulopathy (DIC).
AT, LIRSS Mo ARG, IBR © 7 U A DA A MEWE | B AR & %4 pr |- 2011
PEAR T MR VA M B TDH DR & HAE B ess
MYEAETF. U B 758 1004E DRk & fiE < (L L EH  [49(6) 366-7 2011
EIRIT, @tk T XE)VERREIRISE T2 = [EEERFEB  |40-54 [2010

Ra=r—va ryXEORL I XEHE

werEt v
Z — W 5e A
Kosho T, Miyake N, Hata |A new Ehlers-Danlos syndrome [Am J Med G|152A [1333-1 2010
mochi A, Takahashi J, Kat {with craniofacial characteristics, |enet A (6) |346
o H, Miyahara T, Igawa |multiple congenital contractures,
Y, Yasui H, Ishida T, Ono |progressive joint and skin laxity,
K, Kosuda T, Inoue A, K| and multisystem fragility-related

ohyama M, Hattori T, Oha| manifestations.
shi H, Nishimura G, Kawa
mura R, Wakui K, Fukushi
ma Y, Matsumoto N.
Kobayashi T, Aoki Y, NiihMolecular and clinical analysis ojHum Mutat |31 284-29 12010
ori T, Cavé H, Verloes A, |f RAF1 in Noonan syndrome an 3) 4

_49_




Miyake N, Kosho T, Mizu |[Loss-of-function mutations of C Hum Mutat [31  [966-97 |2010
moto S, Furuichi T, Hatam [HST14 in a new type of Ehlers- @) ¢4

ochi A, Nagashima Y, AraiDanlos syndrome,

E, Takahashi K, Kawamur

a R, Wakui K, Takahashi

J, Kato H, Yasui H, Ishida

T, Ohashi H, Nishimura

G, Shiina M, Saitsu H, Ts

urusaki Y, Doi H, Fukushi

ma Y, Tkegawa S, Yamada

S, Sugahara K, Matsumot

o N.

Dai J, Kim OH, Cho TJI, |Novel and recurrent TRPV4 mut{J] Med Genet 47(1 [704-9 (2010
Schmidt-Rimpler M, Tonok jations and their association with 0)

i H, Takikawa K, Haga N,| distinct phenotypes within the

Miyoshi K, Kitoh H, Yoo [TRPV4 dysplasia family.

WIJ, Choi IH, Song HR, J

in DK, Kim HT, Kamasaki

H, Bianchi P, Grigelionien

e G, Nampoothiri S, Minag

awa M, Miyagawa SI, Fuk

ao T, Marcelis C, Janswelij

er MC, Hennekam RC, Be

deschi F, Mustonen A, Jian

g Q, Ohashi H, Furuichi

T, Unger S, Zabel B, Laus

ch E, Superti-Furga A, Nis

himura G, Tkegawa S.

Shimizu R, Saito R, Hoshi [Severe Peters Plus syndrome-like|Congenit Ano(50 197-19 |2010
no K, Ogawa K, Negishi | phenotype with anterior eye stajm 3 9

T, Nishimura J, Mitsui N, |phyloma and hypoplastic left he

Osawa M, Ohashi H. art syndrome: proposal of a new

syndrome.

Komatsuzaki S, Aoki Y, N|Mutation analysis of the SHOC2J Hum Genet|55(1 [801-9 |2010
ithori T, Okamoto N, Henn| gene in Noonan-like syndrome 2)

ekam RC, Hopman S, Oha jand in hematologic malignancies.

shi H, Mizuno S, Watanab

e Y, Kamasaki H, Kondo

I, Moriyama N, Kurosawa

K, Kawame H, Okuyama

R, Imaizumi M, Rikiishi T,

Tsuchiya S, Kure S, Mats

ubara Y.

Furuichi T, Dai J, Cho TJ,|[CANT1 mutation is also respons{J Med Genet [48(1) 32-7 2010
Sakazume S, Ikema M, Mijible for Desbuquois dysplasia, ty

atsui Y, Baynam G, Nagai [pe 2 and Kim variant.

T, Miyake N, Matsumoto

IN, Ohashi H, Unger S, Su

perti-Furga A, Kim OH, Ni

shimura G, Ikegawa S.
Matsumoto Y, Miyamoto |Two unrelated patients with MR|DNA Repair {10  [314-21 2011
T, Sakamoto H, Izumi H, |[E11A mutations and Nijmegen bl{(Amst)

Nakazawa Y, Ogi T, Taharjreakage syndrome-like severe mi

a H, Oku S, Hiramoto A, |crocephaly.

Shiiki T, Fujisawa Y, Ohas

hi H, Sakemi Y, Matsuura

S.

_50_




Dai J, Kim OH, Cho TIJ,
Miyake N, Song HR, Kara
sugi T, Sakazume S, Tkema
M, Matsui Y, Nagai T,
Matsumoto N, Ohashi H,
Kamatani N, Nishimura G,
Furuichi T, Takahashi A,
Ikegawa S.

A founder mutation of CANTI
common in Korean and Japanes
e Desbuquois dysplasia.

J Hum Genet

398-40
0

2011

Sakazume S, Ohashi H, Sa
saki Y, Harada N, Nakanis
hi K, Sato H, Emi M, End
oh K, Sohma R, Kido Y,
Nagai T, Kubota T.

Spread of X-chromosome inactiv
ation into chromosome 15 is ass
ociated with Prader-Willi syndro
me phenotype in a boy with a t
(X;15)(p21.1;q11.2) translocation.

Hum Genet.

131

121-30

2012

Shimizu K, Okamoto N, M
iyake N, Taira K, Sato Y,
Matsuda K, Akimaru N, O
hashi H, Wakui K, Fukushi
ma Y, Matsumoto N, Kosh
o T.

Delineation of dermatan 4-O-sulf
otransferase 1 deficient Ehlers-D
anlos syndrome: observation of t
wo additional patients and comp
rehensive review of 20 reported
patients.

Am J Med G
enet A.

155A

1949-5

2011

Niihori T, Aoki Y, Okamot
o N, Kurosawa K, Ohashi
H, Mizuno S, Kawame H,
Inazawa J, Ohura T, Arai
H, Nabatame S, Kikuchi
K, Kuroki Y, Miura M, Ta
naka T, Ohtake A, Omori
[, Thara K, Mabe H, Wata
nabe K, Niijima S, Okano
E, Numabe H, Matsubara
Y.

HRAS mutants identified in Cos
tello syndrome patients can indu
ce cellular senescence: possible i
mplications for the pathogenesis
of Costello syndrome.

J Hum Genet

707-15

2011

Hirai N, Matsune K, Ohas
hi H.

Craniofacial and oral features of

letion and mutation of NSDI ge
ne.

Sotos syndrome: Differences in
patients with submicroscopic de

Am ] Med G
enet A

155

2933-9

2011

_51_




European Journal of Human Genetics (2010) 18, 783-787
© 2010 Macmillan Publishers Limited All rights reserved 1018-4813/10

www.nature.com/ejhg

Paternal origin of the de novo constitutional

t(11;22)(q23;q11)

Tamae Ohye', Hidehito Inagaki', Hiroshi Kogo!, Makiko Tsutsumi!, Takema Kato!, Maoqing Tong!,
Merryn VE Macville?, Livija Medne?, Elaine H Zackai®, Beverly S Emanuel®* and Hiroki Kurahashi®!

The constitutional t(11;22)(q23;q11) is a well-known recurrent non-Robertsonian translocation in humans. Although
translocations generally occur in a random fashion, the break points of t(11;22)s are concentrated within several hundred base
pairs on 11923 and 22q11. These regions are charactetized by palindromic AT-rich repeats (PATRRs), which appear to be
responsible for the genomic instability. Translocation-specific PCR detects de novo t(11;22)s in sperm from healthy males at a
frequency of 1/10%-105, but never in lymphoblasts, fibroblasts or other human somatic cell lines. This suggests that the
generation of £(11;22) rearrangement is linked to gametogenesis, although female germ cells have not been tested. Here, we
have studied eight cases of de novo t(11;22) to determine the parental origin of the translocation using the polymorphisms on
the relevant PATRRs. All of the eight translocations were found to be of paternal origin. This result implicates a possible novel
mechanism of sperm-specific generation of palindrome-mediated chromosomal translocations.
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INTRODUCTION
The constitutional t(11;22)(q23;q11) is a well-known recurrent non-
Robertsonian translocation in humans. Carriers of this balanced
translocation usually have no clinical symptoms and are often identi-
fied after chromosomal malsegregation resulting in the birth of off-
spring with an unbalanced form of the translocation. The unbalanced
individuals have a distinctive phenotype called Emanuel syndrome
[MIM 609029], that consists of severe mental retardation, preauricular
tag or sinus, ear anomaly, cleft or high-arched palate, micrognathia,
heart defects and genital abnormalities in the male.!? Most constitu-
tional translocations generally occur in a random fashion. However,
the break points of t(11;22)s are concentrated within several hundred
base pairs on 11q23 and 22q11, which are characterized by palin-
dromic AT-rich repeats (PATRRs).>~ Recently, molecular cloning of
various translocation break points has shown similar palindromic
sequences on other chromosomes, such as 17q11, 4q35.1, 1p21.2 and
8924.1.5711 It has been acknowledged that palindrome-mediated
genomic instability contributes to a diversity of genomic rearrange-
ments including not only translocations, but also deletions and gene
amplification.'>!? Palindromic sequences have the potential to form
stem-loop (hairpin or cruciform) structures by intrastrand base
pairing in the single-stranded DNA. Thus, we proposed that such
unusual DNA secondary structures give rise to genomic instability that
leads to the recurrent translocation.!413

As all of the t(11;22) break points are located in a small region
within both the PATRR11 (~450bp) and the PATRR22 (~595bp),
we established a PCR detection system for translocation-derivative
chromosomes.® Using this PCR system, de novo t{11;22)s are detected
in sperm from healthy males at a frequency of 1/10*-10°, but never in

lymphoblasts, fibroblasts or other human somatic cell lines!?'8,
suggesting that the generation of a t(11;22) is linked to meiosis.
However, female germ cells have not been tested because the number
of human oocytes that can be examined is limited. To investigate
whether the translocation is meiosis-specific or male germ cell-specific,
we attempted to determine the parental origin of de novo t(11;22) cases.

MATERIALS AND METHODS

Samples

Samples were collected from cases with de novo constitutional t(1 1;22)s and
their parents after obtaining written informed consent. Genomic DNA was
extracted from peripheral blood samples, chorionic villus or amniotic fluid
samples and saliva samples. The study was approved by the Ethical Review
Board for Human Genome Studies at Fujita Health University.

DNA analysis

Translocation-specific PCR was performed as previously described.'s The
primer sets were designed on both sides of the PATRR on chromosomes 11
and 22 (Figure 1a). We directly sequenced the PCR products on the ABI Prism
3100 Genetic Analyzer.

Amplification of PATRR11 and PATRR22 was also performed as previously
described.”!¢ The PCR primers were as follows; 199F 5-GAGAGTAAAGAA
ATAGTTCAGAAAGG-3" and 190R 5- CCACAGACTCATTCATGGAACC-3'
for PATRR11, -469F 5"-CCATATGCAGT TATAAATATGTTTCATGATTAT-3" and
+440R 5-ACAAGTAAACAGGTTTTCAAAGCT-3' for PATRR22. The PCR
condition was to heat at 94°C 2min, 30 cycles of 10s of 98°C and 10 min of
60°C. Each PCR product containing the PATRR was cloned into the plasmid
vector, pT7Blue (Novagen, Madison, WI, USA), and then sequenced. We used
the SURE strain (Stratagene, La Jolla, CA, USA) to maintain the highly unstable
PATRR insert.
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Figure 1 The PCR system to determine the allele type of the translocated or normal chromosomes. (a) Translocation-specific PCR. Black arrows indicate
each proximal and distal unit of the PATRR11, whereas light gray arrows depict the PATRR22. The PCR primers are indicated as arrowheads. The PATRRs on
the normal chromosomes were amplified with a PATRR11-specific primer set (black and white arrowheads) or that for PATRR22 (vertical-striped and gray
arrowheads). Translocations can be detected using one primer flanking the PATRR11 (black or white arrowheads) and one primer flanking the PATRR22
(vertical-striped or gray arrowheads). Stippled boxes indicate the AT-rich regions flanking the PATRR22. To determine the size of the AT-rich region, we
performed nested PCR. The first PCR amplified the PATRR22 or der(22) breakpoint region using specific-primer sets, respectively. Next, internal primers
(stippled arrowheads) were used to amplify the AT-rich regions flanking the PATRR22. (b) Determination of the parental origin in family 6. PCR was
performed to amplify the AT-rich region adjacent to the PATRR22. The figure shows the ideograms for the normal chromosome 22, and the der(22). M: 1 kb
Plus size marker, lane 1: the der(22) of the translocation carrier, lane 2: chromosome 22 of the carrier, lane 3: father, lane 4: mother, iane 5: heterozygote
for the 355 bp- and 121 bp-alleles 6: heterozygote for the 179 bp- and 121 bp-alleles, 7: homozygote for the 121 bp-alleles, 8: no DNA. The additional band
observed in lane 5 originates from the heteroduplex. Allele type of the der(22) of the carrier corresponds to the paternal type, and that of the PATRR22 of

the normal homolog to the maternal type.

We determined the genotype of the size polymorphism at the AT-rich region
adjacent to the PATRR22 by PCR.” The PCR primer sets were as follows; 22a
5"-CCCAGTGTGAATTGGGATTCAG-3" and Rev-22¢ 5'-CAGTAGTATGGATC
CGTTGGAGG-3. Three different length PCR (355bp-, 179bp- and 121 bp-
allele) products can be identified. We determined the allele type of the der(22)
and PATRR22 separately by means of a nested PCR (Figure 1a).

RESULTS
We studied eight carriers of de novo t(11;22)s and their parents. All
t(11;22) carriers were diagnosed by standard karyotyping followed by
fluorescence in situ hybridization with appropriate probes. The testing
of their parents provided the information that the translocation was
de novo in origin, which was also confirmed by translocation-specific PCR.
To examine parental origin of the translocated chromosomes, the
PATRRs and flanking regions on chromosome 11, 22, der(11) and
der(22) were amplified by PCR and the nucleotide sequences were
determined!® (Figure la). The highly polymorphic nature of the
PATRRs allows one to distinguish between alleles of the translocated
and normal chromosomes in the t(11;22) carrier and permitted us to
analyze the segregation of the rearranged parental homologs.

European Journal of Human Genetics

In family 1, the allele type of both the proximal part of the
PATRRI11 on the der(11) and the distal part of the PATRRI1 on
the der(22) of the translocation carrier corresponded with either of
the normal PATRR11s of the father but with neither of the mother
(Figure 2 and Supplementary Table 1). On the other hand, the
PATRR11 on the normal chromosome 11 of the carrier corresponded
with that of the mother but not with that of the father. These results
clearly indicate that the translocated chromosomes are of paternal
origin. Similarly, the PATRR11 on the der(11) and the der(22) of
the translocation carrier in family 2 corresponded with one of
the PATRR1Is of the father but with neither of the mother. The
PATRRI11 on the normal chromosome 11 of the carrier was entirely
deleted. The mother, but not the father, was found to carry this deleted
allele, indicating that the translocated chromosomes are also of
paternal origin.

In family 3, the PATRR11 on the der(11) and the der(22) of the
translocation carrier corresponded with one of the PATRRIls of
the father but with neither of the mother. Although the PATRR11
on the normal chromosome 11 of the carrier was not determined, the
results indicate that the translocated chromosomes are also of paternal
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origin, In family 4, although the allele type of the proximal part of the
PATRRI11 was not informative among the family members, the distal
part of the PATRR11 on the der(22) of the carrier corresponded with
the one in the father, not with the mother. In family 5, we did not
obtain a genomic DNA sample from the father. However, the proximal
sequence of the PATRR11 on the der(11) corresponded with neither of
the maternal PATRR11s, one of which corresponded with the carrier’s
normal PATRRII1 on chromosome 11, suggesting that the trans-
location was also of paternal origin.

Two cases (family 6 and 8), whose allele types of the PATRR11 were
not informative, were analyzed for the segregation of the PATRR22,
instead. Because of the difficulties in sequencing the PATRR22, we
used the size polymorphism of the AT-rich region adjacent to the
proximal side of the PATRR22” (Figure 1a). In family 6, the proband
carried the 121bp-allele on the der(22) and the 179 bp-allele on the
normal chromosome 22, respectively. The father was found to be a
homozygote for the 121 bp-allele, whereas the mother was homo-
zygous for the 179 bp-allele, indicating that the translocated chromo-
some of the carrier was derived from the father (Figure 1b, 2 and
Supplementary Table 2). Similarly, the proband in family 7 was found
to carry the 179bp-allele on the der(22) that was derived from the
father. In addition, the information of the PATRR11 also supported
the paternal origin in this case (Supplementary Table 1).

In family 8, because even the genotyping of the flanking poly-
morphism was not informative, we finally performed sequence
analysis of the PATRR22. The PATRR22 on the der(11) of the
translocation carrier corresponded with one of the PATRR22s of the
father but with neither of the mother. The PATRR22 on the normal
chromosome 22 of the carrier harbored a small deletion at the center
of the PATRR22. The mother, but not father, was also found to carry
the deleted PATRR22, indicating that the translocated chromosomes
are also of paternal origin (Figure 2 and Supplementary Table 3).

All eight of the translocations were found to be of paternal origin.
The difference in paternal origin was significant (Fisher’s exact test,
P=0.00016). The break points of the eight families were within both
the PATRRs but not identical to each other. Thus, we concluded that
the paternal origin of de novo t(11;22) in these families can be
applicable to other cases of t(11;22).

DISCUSSION

It is well documented that de novo numerical chromosomal abnorma-
lities are preferentially of maternal origin, whereas structural
abnormalities arise predominately in paternal germ cells.'®? One
exception to this generalization is the Robertsonian translocation.
Although it is one of the best known non-random constitutional
translocations, ~95% of de novo Robertsonian translocation cases
originate in maternal germ cells.*! An oogenesis-specific mechanism
has been assumed for Robertsonian translocations. The centromeres of
acrocentric chromosomes are brought in close proximity during
formation of the nucleolar organizer regions during the prolonged
prophase of female meiosis I. Thus, homologous recombination
between centromeric repetitive regions may be involved in the
generation of Robertsonian translocations. The t(11;22)(q23;q11) is
another example of a recurrent constitutional translocation in
humans. Despite the similarity between the two PATRRs with regard
to AT-richness, no substantial homology is observed between the
PATRRI11 and the PATRR22.” Thus, homologous recombination does
not appear to be responsible for the t(11;22). In this study, all eight of
the de novo t(11;22)s were found to be exclusively of paternal origin.
Our result implicates a novel mechanism for sperm-specific genera-
tion of the t(11;22).

European Journal of Human Genetics

One way to account for this observation is the difference in the
number of cell divisions between spermatogenesis and oogenesis.
The number of cell divisions in oogenesis is relatively constant with
approximately 22 divisions throughout the female lifetime. In con-
trast, spermatogenesis reaches roughly 150 divisions by the age of 20
years, with a linear increase of about 23 cell divisions per year. There is
a positive relationship between paternal age and de novo gene muta-
tions by replication errors.?? The genomic instability of palindromic
DNA appears to be primarily mediated by stalling of the DNA
replication fork at a region that forms a hairpin DNA structure.??
The secondary structure-mediated replication errors during the
numerous cell divisions in pre-meiotic spermatogenic cells might
contribute to male-specific formation of de novo t(11;22)s. Indeed, a
positive relationship between paternal age and de novo occurrence of
non-recurrent translocation has been reported,?® although such a
relationship has not been observed for t(11;22).2

On the other hand, experimental data suggest that a replication-
independent DNA cruciform can potentially be a target for a
structure-specific nuclease and contribute to palindrome-mediated
translocations in humans.?® Cruciform extrusion is energetically
prohibited in genomic DNA under standard conditions, because suffi-
cient negative supercoiling is a prerequisite for the formation of a
cruciform DNA structure.?” However, successive transitions of chromatin
components from histones to protamines might cause dynamic changes
in DNA superhelicity. DNA dissociation from histones may involve
accumulation of free negative supercoiling that potentially induces
cruciform extrusion at the PATRR leading to male-specific formation
of de novo t(11;22)s. Thus, conformational changes of the DNA during
chromatin remodeling in post-meiotic stages of spermatogenesis might
also account for the general fact that structural chromosomal aberra-
tions predominantly originate in paternal gametogenesis. This work
implicates a possible novel mechanism of sperm-specific generation of
palindrome-mediated chromosomal translocations in humans.
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The constitutional t(11;22) is the most frequent recurrent non-Robertsonian translocation in humans, the
breakpoints of which are located within palindromic AT-rich repeats on 11g23 and 22q11 (PATRR11 and
PATRR22). Genetic variation of the PATRR11 was found to affect de novo t(11;22) translocation frequency
in sperm derived from normal healthy males, suggesting the hypothesis that polymorphisms of the
PATRR22 might also influence the translocation frequency. Although the complicated structure of the
PATRR22 locus prevented determining the genotype of the PATRR22 in each individual, genotyping of flank-
ing markers as well as identification of rare variants allowed us to demonstrate an association between the
PATRR22 allele type and the translocation frequency. We found that size and symmetry of the PATRR22
affect the de novo translocation frequency, which is lower for the shorter or more asymmetric versions.
These data lend support to our hypothesis that the PATRRs form secondary structures in the nucleus that
induce genomic instability leading to the recurrent translocation.

INTRODUCTION

The constitutional t(11;22) is the most frequent recurrent non-
Robertsonian translocation in humans. Carriers of this
balanced translocation usually have no clinical symptoms
and are often identified after the birth of offspring with an
unbalanced form of the translocation, the supernumerary-
der(22)t(11;22) syndrome (Emanuel syndrome). Patients
with the supernumerary-der(22) syndrome have a distinctive
phenotype, which consists of severe mental retardation, pre-
auricular tag or sinus, ear anomaly, cleft or high-arched
palate, micrognathia, heart defects and genital abnormalities
in the male (1-3).

The t(11;22) translocation represents a good model for
studying the molecular mechanisms that contribute to

genomic rearrangements. There are several reports describing
multiple cases of t(11;22) balanced carriers including de novo
cases (1,2,4). The recurrent nature of this translocation
prompted the examination of the t(11;22) breakpoints for a
specific genomic structure, culminating in the identification
of palindromic AT-rich repeats at both breakpoint regions on
chromosomes 11¢23 and 22q11 (PATRR11 and PATRR22)
(5-8). All the breakpoints were located within the
PATRRI11 and PATRR22, near the center of the PATRR but
different at a nucleotide level among individual families, con-
firming that the rearrangement is recurrent (9). Indeed,
translocation-specific PCR using the sequences flanking the
translocation junction fragments from both derivative translo-
cation chromosomes detected multiple de novo t(11;22)s in
sperm derived from normal healthy males (10).
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In our previous study, we demonstrated that the nucleotide
sequence of the PATRRI11 was hypervariable and varied
among individual alleles. We calculated the de novo transloca-
tion frequency based on the occurrence of positive PCRs and
reported that the polymorphisms of the PATRR11 affected the
de novo translocation frequency (11). Tt is reasonable to
hypothesize that PATRR22 polymorphisms might be another
important factor in the generation of the t(11;22) translocation,
although the data also showed that the PATRR22 has little
influence on the frequency. Our recent studies have indicated
that the PATRR22 also manifests variation at the nucleotide
sequence level, but we did not find any large-scale size poly-
morphism similar to the insertion/deletion polymorphism seen
for the PATRRIL (6). Indeed, the translocation frequency
varies moderately among individuals with the same
PATRRI1 genotype, promoting the speculation that subtle
polymorphisms in the PATRR22 affect this variation.

In this study, we analyzed the de novo t(11;22) translocation
frequency as a function of the PATRR22 allele type. It is well
documented that the PATRR22 is located at one of the
chromosome 22-specific low-copy repeats (LCR22-B), which
have been identified at multiple loci on 22q11 (12—14). The
duplicated sequences share 97-98% sequence homology
with each other, preventing genotyping of the PATRR22.
This is due to competing sequence that produces excessive
background during PCR amplification (6). In the current
study, we utilized the genotypes of PATRR22-flanking
marker to determine whether the de novo t(11;22) transloca-
tion frequency could be associated with variation of the
PATRR22. Further, we optimized PCR conditions for amplifi-
cation of the PATRR22 using new LCR-specific primers. This
approach identified rare PATRR22 variants facilitating the
ability to analyze the association between PATRR22 variation
and t(11;22) formation.

RESULTS

PATRR22 genotype did not affect the total frequency
of de novo t(11;22)s

To investigate the effect of PATRR22 polymorphisms on the
frequency of de novo t(11;22) formation in sperm from
normal healthy males, the translocation frequency in individ-
uals with various PATRR22 genotypes was determined. To
avoid the potential effects introduced by PATRRI1 poly-
morphisms, individuals homozygous for the L-PATRRII,
the allele most commonly seen in the Japanese population,
were selected (11). Among these subjects, the frequency
of translocation ranged from 6.01 x 107°% to 1.65 x 107

relatively narrow range when compared with variation of
greater than three orders of magnitude induced by polymorph-
isms of the PATRRI11. The AT-rich region flanking the
PATRR22 manifests size polymorphisms (A allele, 355 bp;
B allele, 179 bp; C allele, 121 bp) (6). The initial analyses
of eight PATRR22 alleles from four individuals suggested
that these polymorphisms appeared to be linked to the
PATRR22 polymorphisms. This linkage disequilibrium was
confirmed by further analyses of additional 16 alleles (3 A
alleles, 6 B alleles and 7 C alleles; data not shown). Thus,
we utilized these polymorphisms as a surrogate for the
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Table 1. Association between the type of PATRR22 polymorphism and total
frequency of de novo translocations

Case Genotype PATRR11  Template  Positive  Translocation
of AT-rich  genotype DNA PCR frequency®
region (ng/nh)

1 A/C L/L 100 23/44 224 x 1073

2° A/C L/L 50 30/50 555 % 107°

3 A/C L/L 100 10/50 6.76 x 107

4 BIC L/L 50 39/50 9.18 x 10™F

5 B/C L/L 100 35/51 351 % 107%

6" B/C L/L 10 21/50 1.65 x 1074

7 c/ec L/L 100 33/71 1.89 x 1075

8 c/re L/L 100 17/26 321 % 107%

9 crc L/L 100 18/39 1.88 x 1073

14> A/A L/AS 10 7/50 457 % 107°

aThe total frequency was calculated based on the total number of positive PCR.
"The first two examinations of these samples showed positive results in almost
all of the aliquots, precluding the estimation of the exact frequency of the
translocation. We therefore used 50 ng (Cases 2 and 4) and 10 ng (Cases 6 and
14) of DNA as a template in these cases.

genotype of the PATRR22, which is difficult to determine.
We identified three major genotypes, A/C, B/C and C/C.
Although the total translocation frequency varies among indi-
viduals (Table 1), we found no statistical difference among the
A/C, B/C and C/C groups (P = 0.14).

PATRR22 allele type affects the frequency
of de novo t(11;22)s

To circumvent the effect of various factors that potentially
affect translocation generation, we determined the allelic
origin of each translocation product and determined the allele-
specific translocation frequencies in each individual (Fig. 1).
In the case of A/C heterozygotes, the translocation was more
frequently generated from the C allele than from the A
allele (P =10.0033; Table 2). The PATRR22, regardless of
the genotype of the AT-rich region, manifests an almost
perfect palindromic structure, showing >98% homology
between the proximal and distal arms (Table 3). However,
the size of the A allele PATRR22 is 583 bp, which is 14 bp
shorter than that of C allele PATRR22 (597 bp). The A
allele PATRR22 carries a short asymmetric region at its
center, whereas the C allele of the PATRR22 does not.
Thus, short size or central asymmetry might influence the rela-
tively low translocation frequency of the A allele.

Although the percentage of translocations from the C allele
was marginally greater than that from the B allele in B/C het-
erozygotes, statistical analysis indicated no significant differ-
ence (P = 0.06). The size difference between the B and the
C alleles is only 2bp (595 bp versus 597 bp) and both are
similar in their symmetry (Table 3). Since allelic preference
varied among individuals, it is hypothesized that subtle
nucleotide alteration among the same allele type might influ-
ence the variation of the translocation frequency. We
sequenced both the B and the C allele PATRR22s in all six
B/C heterozygotes. All the sequences from the B and C
allele PATRR22s were identical to one another except one
case that manifested a two-nucleotide substitution in the
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Figure 1. Analysis of the allelic origin of de novo t(11;22) translocations. (A) Nested PCR strategy for determining allelic origin of the der(22) of the t(11;22).
PATRRs are shown by thick arrows, and the AT-rich region flanking the PATRR22 is indicated by a hatched box. PCR primers are shown by thin arrows to
indicate the location and orientation. (B) Representative results of the nested PCR. For an A/C heterozygote, the first PCR can distinguish the allelic origin of the
PCR products based on product size (upper panel). For a B/C heterozygote, the size of the first PCR product is similar to one another (middle panel). The second
PCR can clearly distinguish between the allelic origins (lower panel). Two bands were observed in lane 2, suggesting that the template DNA includes two or

more translocations. M, size markers; P, DNA from t(11;22) translocation carrier served as positive controls.

Table 2. Association between allele type of the PATRR22 polymorphism and frequency of de novo translocation

o>

Case Genotype of the PATRRI11 Frequency Positive Allelic origin
AT-rich region genotype PCR A B C

1 A/C /L 224 x 1079 23/44 1 (4%) — 22 (96%)
2 A/IC L/L 555 x 1073 30/50 5 (17%) — 25 (83%)
3 AIC LA 6.01 x 1076 9/50 2 (22%) — 7 (78%)
10 A/C L/AS 145 % 107 19/50 1 (5%) — 18 (95%)
4 B/C L/L 9.18 x 1073 39/50 — 20 (51%) 19 (49%)
5 B/C L/L 255x 107 35/51 — 17 (49%) 18 (51%)
6 B/C L/L 1.65 x 107 21/50 — 9 (43%) 12 (57%)
8 B/C L/s 135 x 1077 18/50 e 7 (39%) 11 (61%)
12 B/C L/S 1.60 x 107 30/73 —_ 14 (47%) 16 (53%)
13 B/C L/AS 8.72x 1076 22/88 — 10 (45%) 12 (55%)

L, long PATRR; S, symmetric short PATRR; AS, asymmetric short PATRR.

Table 3. Characterization of the polymorphic PATRR22 alleles
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PATRR22 Size (bp) Accession number Homology between AG (kcal/mol) AG/mt
proximal and distal arms (%) (kcal/mol)
Standard A allele 583 AB261997° 98.6 12.57 0.022
Standard B allele 595 AB538236 98.7 9.66 0.016
Variant B allele (Case 5) 595 AB538238 98.0 14.03 0.024
Standard C allele 597 ABS538237 98.3 13.24 0.022
Variant B1 allele (Case 15) 553 AB533274 100.0 2.71 0.005
Variant C1 allele (Case 15) 509 ABS533275 98.8 5.47 0.011
Variant C2 allele (Case 16) 539 ABS533276 99.6 5.67 0.011
Variant C3 allele (Case 16) 457 AB533277 96.9 19.90 0.044
Flanking AT-rich region (A allele) 355 AB261997° 893 49.35 0.139

*AB261997 includes sequence information of both PATRR22 and flanking AT-rich region of A allele.
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