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DNA % 4IfEEs3E, Xmn I % Bgl II T:i4{k%#, v IVS II probe & hybridization %
TFoltZEEEACHOLND DNANK L EDEMCKER NN FEHE> TULBRAICESR
L. RMMZROMAZARY, F-EFHRETEIEREROLNT, 2~FE/OEHO
Hb F (%) % Hb A, (%) bZ/- EXZHEAANC Ho7z. BEL DNA N K I BRI
C&-oTHXD RN, Cy-AqyCGy-Ay Ffald Co-Cy-Ay BIO ZEMELEDFEICELDHOT
Hotle. COZEHBELEEZEL - HKBERTHONTOY(4 7, &EEFO 5Hine ITE]
fii, Cv—BEF OS5 Xmnl 4L, Gy & Ay—&IEZFA O Hind I 861, V4, &EFA
& 3 Hine I {7, A-BEFAD Ava Il #ifif & B—EEF® 3 Bam HI #{snHRA~NS
f, +—— (=) ————+&RELE (HyIADO-DOESE=E#HBLBETFOHEE
fZFO Hind IR Y ET 4 XADTFEETFRT). CONTAILTHSBFACLSHD
hBRBEONTAILT, +—————— +, Lo EBHRHOTHERECL>T v~
ARSI ZE oo BEDRERLI-bDEEIONT.

A woman possessing an abnormally large size fragment together with a normal
size fragment when her DNA was digested with the restriction endonucleases
Xmn I and Bgl T and was hybridized with a ¢IVS JI probe was discovered.
Hematological and chemical laboratory examinations of the peripheral blood
showed no abnormalities. The contents of Hb F and Hb A, in the total hemo-
globin were within the normal range. This abnormally large size fragment was
considered to be associated with the triplicated y—globin gene arrangement, Gy—
AyGy-Aq or Gy-Gy-Ay by the enzymatic analysis. A family study showed that
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her mother had the same abnormal gene arrangement. The haplotype of the

B-like gene cluster including y—globin gene triplication, Hinc I 5 to the &-gene,

Xmn [ 5 to the Gy-gene, Hind TI within the Gy- and Ay-genes, Hinc I within
and 3’ to the +» B;—genes, Ava TI within the g-gene and Bam HI 3’ to the B-gene,
was decided as + —— (=) ———— + (the minus sign in the parentheses means

the absence of Hind T polymorphism within the second -globin gene in the

triplicated y—globin gene arrangement). This newly produced g-like globin gene

cluster might be derived by crossing over between two chromosomes having the

same haplotype, + — — — ——— +, which is more common in Japanese.
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(D Human y-globin gene

@ «—-Globin gene triplication
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1D FEMm¥E: ~-~<V v % jo1k EDTA-2K
F PLBE AN A > CERIL L e

2)  IMERGTEOE I X OV BmE A
LR TWBEEOMEC L D 1T 7.

3) FWIMROFEL: Kb 0.9% &gk T
Wk, K-CCL % nx ###, @mOL FHEL
1.

4) tEHb gH o fiE: Hb A, FBIT +
m—A T w7 — MNEBKKEEY AL,
Hb FERII7 v ) BEELER LT 7.1

5) Hb R&EM: 7 A +: Carrell 50 1 v
T i) = WIRBE T T 5 7 1P

6) Hb »%E 54 # : carrier ampholyte &
L C Ampholine (LKB Produkt AB) &t O¢
Pharmalyte (Pharmacia Chemicals Co.) %
H\» polyacrylamide gel ¥ (E#EH2.7%,
EAEDS %) (PHEM: 6~9 KXV 6.5~7.5)
BHEILA. 20% =FL 2T I vE0.02M
) VIRWSIR A A & GO EBK L L, BIMK
FEBA BAL, 300V (—@), 16 BHEE
BEfrole.

7) Hb&R « O SEERmERAyBmoL,
EBE# (reticulocyte-rich, ~0.2ml) % 3H-
Leu (100 uCi) &t 7 3 7 WRESHLIZ B L,
37°C, 2Wsl A v/ _— 1+ L 7. AHAEK
THAMEGE, BIKEZ R L2 Bz
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e —AISF AT IS5T7 4 —[HT A
10x150 mm, ¥HEE: 8 MIR%E-Na ) v figeg
#% (pH 6.8, Na* 4t 5 mM—35mM)] i
T DB L. £ O ODygy & HIE Lic D
b, Wik vFrv—vav pyvi— T °H-
Leu DY AR EH KD,

8) DNA oFR$d: K % A AEKTH
%1, MmEREEI(buffy coat) %%, Poncz
B ofEPc X h DNA # B L. PEOD
TE %3 (10mM-Tris-1mM EDTA, pH7.4)
L DNA B E L.

9) DNA oOfilfRESR 1 X % Hik: #5pg
DNA #9515 Bz FlIFREESR % hnx. E#SHMF
ToRIGEEH, 0.8% 7 #r—A/TEA {&
g (pH 8.3) ETE&WKEIL, DNA Wi %
LB, = b wrtrr—2AC Southern blot L
7o 2 2 & CHW - HIREEFRL Hine 1T, Hind
M, XmnI,PstI,Bgl II,Bcl I, Sph I, Eco
RI, Ava II, Bam HI kX Xba I TH b,
Toyobo Ltd. Co., Nippon Gene Ltd. Co. ¥

X" New England Biolabs Inc. ;:»HEEA L
72bDTH5B.

10) Hybridization: 34 7: probe DNA
% Nick translation i k » a-3?P-dCTP
(Amersham Co.) T XA L7z Db, £E
= breir— AL 42°C, #2080 hy-
bridization KL% 78,20 -+ H&E LD

B, X7 4L AT IEA— 5047

57 4 —®{Tot. = ZTHWI probe (%,
&-probe, ¢y IVS Tl probe, y»3,—probe, BIVS
I probe ¥ J O' a-probe TH 5.

BRREER

FEIE B X OTEOBBRBIRIFTH D,
1 & O Mg Bt 3s X OV g O 1L ERy i TR
Db RIS otc. Hb OMERSTH B
Hb A, (3.2~3.4%) % Hb F (0.8~1.3%)
RIEFEHANCSH D, BEOFEELSE T
BEAV FIBEIRT, AR EERRD
[N Iy

G.
5 r—l—l . - 3 (Normal)
X 1 L 1.29 7.0 )
Bgl T L 13 L
pet I 4.1 . 4.9 2.7
Hied I 7.2 < .8.4,.5,.7, 2.6 9.8, .8,
A.G G ) A
5 [G_7| 7ey(or °7) —7 3" (Triplication)
Hmn 1 1129 : 12 .
Bgl II 1 L
pet 1L 4.1 | 4.9 4.9 (.8, 2.7 |
Hind I 7.2 Q.8.4.5.7, 2.6 {.8.4.5.7 26 9.8 .8,
? . polymorphic site ;sizes in Kb ; yIVS 1II probe
Fig. 1. The expected sizes of fragments in the two cases (normal and triplicated
y—globin gene arrangements) with different restriction endonucleases.
Table 1. Sizes (in KB) of fragments in enzymatic digests.
yIVS I
Eco RI Xba I Pst I ’Bglﬂ ‘ Bll | Sph I | Xmn I/Pst I
Control 7.2; 2.7 | 5.0 ; 3.7 | 5.0 ; 4.0; 0.8 13 18 4.4 5.0 ; 2.0; 0.8
Prop. 7.2; 2.7* | 5.0%; 3.7 | 5.0%; 4.0; 0.8 | 18; 13| 23; 18 | 5.0; 4.4 | 5.0%; 2.0; 0.8

Fragments marked with an asterisk have increased intensity.
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v—$4E G TR SR L Figure 1 % Table 1
a3 X 5 e HIREESE Tk, «IVS I
probe & @ hybridization iz k - T 823+ %
ENRTES. Tibb, HIEBE Xmn I,
Bgl T ® Bcl I Dbyt ERACROR
LAV R LG A Y FAMBLT 5. R
FZOBETIE Xmn [-y IVS T TIEH =2 v b
2 — L2t AR 13Kb oSy KB R
7o, F¥7c, Bgl II-v IVS T ©@% 13Kb i <
VIFRBEZEIh S DI L 18Kb 3y FHHE
iz (Fig. 2). BelI-y IVS T ¢i% 23Kb i@

after digestion with restriction endonu-
cleases and hybridization with the yIVS
Il probe.

REAV FRER, WThoB43 H5Kb o
WAMNEE I I, LasLisss, PstI, Hind
I, Eco RI % Xba I TIXEW v Fid Bl
Shich ot FA—Rualk BICfFET S Gy &
Ay SEIR T BCHRAMA BL THRD, P M
RSZD B, WEETH T R REESEY B
LoFne Exbh, o ER, 1HO &E
Tk U HgEREE (Coly —% 7cid-Ay-)
2 1 R BIZT O ADRAT =S
(Cy-AyCGy—-Ay—F 72i3-Cy-Cy-Ay-) DT
tExbh5 (Fig. 3). “hb BEES OB
Hicit Xmn I,Bgl 11 ® Bcl [ @RI X 5
{t#, o-probe & o hybridization 2k » T
fibh, HEEEOHHEITEEOBEIIN
SKb i~ v FABE S h, —F, =dpis
DHETHSKD KE AV I BEshS.

bk, ZoHED DNA i Sph I 1k
L, vIVS I probe ¢ ® hybridization d&&
B, E¥avir—1Tit 4.4Kb v FD&
PNEEIhIoL, FLL5.0Kbiw v
FO3BA Cy-Cy BFID FFFEN HEx bhit., &
D= HPHHEE D 2 DBIZTFIL Co-gEET I
MU+ 25D TH5.P ¥, Xmn [-Pst] =
BEHks vIVS II probe & o hybridization
TREFzvIr—1E A0 EREAELN
o TRhHOREFILEEN B D DNA ¢4 [

N: normal control. P: proband. CEBR. ZDZE M, Gy LAy SR E
Srhy o
——[Wm___° (Deletion)
Xmn 1-L:2% 7.0 - 1.29 2.0
5 g Py 4
Ay
_ maam 3' (Normal)
7.0 .
(Triplication)
' ,—ﬂc7 t7 Sy Ay .
z — B _ 3
{ : polymorphic site  Xmn [—LL-2% 12.0 ,

Fiﬁ. 3. Schematic presentation of crossing over events leading to the deletion and
{ triplication of the y-globin gene, and DNA fragment (in Kb) in the digestion
with Xmn I and hybridization with the ¢IVS Il probe. Gydy and AyGy mean
the newly produced y-globin genes. The region marked with screen tone shows

to be high homology between the Ay-and Gy-globin gene regions.
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FHID RIGEL2EL Cy-$HRIET © 5 i 2dH
% Xmn I Y E i 2D A €7 4 XA
Wz & o IVS I 5[ C©#e o b =dsksssh
D2 DEMLTNEAZN Gyl m & Vi pE
T2 BETFEE-T WS I &% RET59
(Fig. 3). Z DX 5 e RERINORREDESE
7% Hb F % KT % v-2m v D Gy Ay
W ZEE T3 2 EnFRIRLR, RERRED
Hb i Hb F SEIZE L, Hb F tho> o8
WEFND Z LI TE e o7,

v-SGRIET O @S Y b D Bk »
EVBETHDO T e 24 FHMBZ EIKE

Table 2.

N B2

Sizes (in Kb) of fragments in enzymatic
digests of DNA from the members of the family,
and the haplotypes of eight (or nine) polymorphic

i (H13% 3% 1987)

ik b5 o HTHD S0, FE (34)
DO B-EEECT DS O AEY 7 47
LD ~FwxAf T PRETDH ZENTE
(Table 2). zoHf T XETRZEEEKTHD
FD AT L A+
fo. D &4 ST+
AANCERS L SHBT230THS.2 Fi,
BECABNSE———————— D x4 7123k
HEBLWLDOTHS. BEDOHRETS 1D
DT r 2L FILENHLEEL, MR
CHR T A =HERE Y S+ ——(—)———
—+ 2 TERBFEL O, ZDAT e R T
FHAAOFTRDL LSRR
PR X QELLTEY, FA—
DATrEAL T+

sites of each chromosome. +EIDOREERZEDRERERL
Enzymes/Probe Prop. Father Mother b o LTS h? :
Hinc [ /&-Probe 3.7 3.7 3.7; 8.0 O, A-ERRETHAC
Xmn I/yIVS I 8.0; 13 8.0 8.0; 13 B BRI AR B RS
Hind T1/4IVS T 3.5, 8.0 | 3.5;80 | 3.5 80 3, SOFEAI X SRR
Hinc 1 /8,-Probe 7.6 7.6 7.6 FOZFEEEENFET 504
Ava TI/BIVS I 2.0; 2.2 2.0 2.2 DI 5THote (T — 2
Bam HI/BIVS T 9.0; 22 22 9.0; 22 RE),
T, a-gHrr eV BB
5 e Sy Ay b1 ‘5 8 5 F- O BN DT P Nk
— " T Table 3 1< i" X 510, Rb
He X Hd Hd Hc He Av Ba @%ﬁmﬁ:y}ﬂ—/b&é<
Prop- Yoo T ZEo M A—D+—+50F 275 5 nE
Father ‘: -z - -z : - ) h, a—ﬁ/ﬁ\iﬁ{f{% ik EE;‘J&
Mother + - - - - - - + HIEEIh i oTz. ¥k,
- - R OLTh & S FARRORKER
He=Hinc II; X=Xmn I; Hd=Hind II; Av=Ava T; NESR TS,

Ba=Bam HI

Hb F cBi# L v $4&ET

(=): indicates the absence of the Hind Il polymor-

phism of the second vy-globin gene in the

y-globin gene triplication.

OEFIE% 12 Hb F o g4
KRB ERD B D EE X

Table 3. Sizes (in Kb) of fragments in enzymatic digests.

a—Probe
Eco RI Hind Xba I Pst I Begl I
Control 23 16; 4.5; 3.7 16 1.5 12.5; 7.5
Prop. 23 16; 4.5; 3.7 16 1.5 12.5; 7.5
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TRIIRE 2 B (HH\E ) WD
BRCEELY RIFT B, AR
D Hb A% BRT5 B8: afpth
CABEN AT 5T TH S, L
Lishi b, Fiid ORBMK R
RMERC X 5 Hb & % Tk B/a=
1.09 (EE&: 0.9~1.2) &5
L T\ 7z (Fig. 4). Gy- & Ay—gH
BIET OERE D R R TIR
WT7:3THYH, BAWITIX LD
46 REHTS LELIT EDOME
MIZETL, & BB TE
ME eh L b, B-H#EEET

Activities (x 103 dpm) seeeeeee

B-chain
(73u460)
0.6 4
o-chain - 20
(67449)
0.44
o - 10
@
a 0.27 3
; s, .:"‘~-": EARCINRCLIN < 5
4} LS L LJ L] L] l.'
20 30 40 50 60 70
Fraction No.
Fig. 4. Separation of globin chains obtained from the

biosynthesized hemoglobin on CM-52 column chro-
matography and the radioactivities incorporated into
each chain. The number in the parentheses indicate
the total radioactivities (dpm) incorporated into the

relevant chains.

bh, HEEEY RET S FAERC BTk
v 5 I THROERY B35 S LN HEX
RTnw5.P Lal, ZBEEEELET 88
ISR EER 2T 50 Lt b, 20
LOMBEENTDE 2, HI3EETORARLI
RRETTHEECH B L5 THB. 10D
Tod, DX 5 IRIETFREGILRAEE DBEE D
A, =S g =41 OHBHE 8
W5, AT o7 r ¥ vV OEAIIE
T (AT HFOEBI1I%HUT L, %
DR D IT P -/ m E VRS EAZ R,
B-847% Hb OEH & 7e b Hb thd 95 % Ll kA%
Hb A (a8:) THDBRB. Thb v-#En

X

FEDOZEGT IR T E B I iE
BHEEZ TS DnE Litis.,
T RABR X S IHRAEDOE
WEEFHETEEVHE TREER
EELILPTWI EERLTNS
XI5 ThHDH., ZDRDHIBHIEHEH
BEx b ok BET & EFRIE
b o BB & ORI T RS EN
oI EERE O e s, Z DBIET
BELFHTRREIRTRY, W LTk
B—35 &3 7HTE BEL T 5 KEHKSD
BHLHEINT 5.2

E 23

AL 1TH58E 252 T T & ok JIIREETH
KEBEHEREE, EH FEECEHRLET.
DNA Ol & B2 eitiie LTTF Vg Lic [REFE
Tt ONEERARECFEEE) 3 X0 Hb 447,
Hb &5 - a2 LTTF IV E Lz SHEETRME
B UlBERAREREZHY) ML ET.

7rds, APFRTREMOIEE)IFERIKE 7w €2 b
Woe# (61—103) D—MaFHL TiTbhhi:.
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