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Masafumi Murar : Induction of Somatic Mutation of

Cryptomeria japonica by Gamma-Irradiation
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Table 1.

HEILERMOMBMEERE ZHEE

Frequency of somatic mutation of each cultivar
(rooted cuttings)

§ | ITERE [y B OREE Do
Cultivar Nt o oier| somatic | somafic | mutation

’ | irradiation mutation per plant (%)
7 = A ¥ Kumasugi ‘ 35 8,170 81 2,31 1 1.0
T b x A F Motoesugi 32 6,709 61 1.91 0.9
7 A ¥ 2w A F Masuyamasugi 36 4,668 66 1.83 1.4
Y 77 7 ) Yabukuguri 21 4,031 30 1.43 0.8
4 v 7 R F Sanbusugi 36 4,994 47 1.31 0.9
b avx 7 Hitoyoshimeasa | 27 5,127 28 1.04 0.5
7T ¥ & F Ayasugi | 30 1,062 19 0.63 1.8
¥ Ak vV RAF Yamehonsugi 28 3, 600 17 0.61 0.5
AF /¥ eA¥ Okinoyamasugi 29 3,657 16 0.55 0.4
K A A F  Bokasugi 29 4,333 16 0.55 0.4
A T Y Measa 36 4,505 13 0. 36 0.3
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Table 2. 7 = AFDEAEHH LU S URHOHRAIIBIREFUHE
Frequency of somatic mutation of seedlings and cuttings of Kumasugi,
Cryptomeria japonica D. Dox
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S | irradiation ’ er plant | (%)
J = XD EARL T i
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7= A (S L&) c - 5 3
Cuttings of Kumasugi 39 8,170 8l 2.9l 10
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Table 3. £ LAZHORMBEREEOEH

Kind of somatic mutation of each cultivar (rooted cuttings)

ok m H@[ V %%{HE’*@E%EE@@*T Kind of somai&jc mutation
ES # 1€E§§%§L%%ﬁ way (727 7~ % ofe | \,ﬁ)? B wem |
Cultivar | No- of L. = |Red- 1Gre§n; White | >
somatic | Chloro- Waxlcssl Mor- r sugl in | sugi in |primary | Varie-
1mutat1on phyll i PhOIOgy\ Wmt winter | leaves gation
t |
7 K;masi\tgi¥ { 81 45 10 20 1 3 1 1
ffazsu:v\;;a;{; 66 43 8 13 0 2 | 0 0
JVYZbuZugitm / 30 14 1 13 0 \ 2 | 0 0
ﬁ-sééé;s;;i#r 47 26 0 18 2 | L 0 0
éz'tZyi;Zi;ZzZ | 28 14 2 10 0 2 0 0
7 AJ:/as;;ri * 19 4 0 14 0 0 1 0
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8 g‘k/zln’;: y:nj zz* 16 9 Y 7 0 0 0 0
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Table 4. 7 <=2FD
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Kind of somatic mutation of seedlings and cuttings of Kumasugi,
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Frequency distribution of somatic mutation

per flashed shoot after irradiation.
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Differences of the kinds of
somatic mutation by ex-
posure doses.

Frequency distribution of sectorial
chimera of chlorophyll mutation
by exposure doses.
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Table 5, R Bl MiIc X 2 A I BEREROHE
Frequency of somatic mutation following different irradiation seasons

S — - _ e S
. o v e | EsERRE Lt | % o oo | K, H DD
WA | geEt e w pemadre DR VR LG DR | hgaade
Y ; Ry iR omatic
Irradiation No. of plant | No. of somatic i%.ogfsﬂii‘?eerd Noin%ft:(t)fgﬁtm mutation
seaéon irradiated mutaticn irradiéfgon pér P}?ﬁt B Eaér(%};oot
.
6 /] 88 86 6,320 2.6 1,36
June
8 A
August ‘ 33 | 145 3, 800 4.4 3. 82
lo /%j y 1= i
October 27 70 11,7585 | 2.6 0. 60
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D O (D

BERERCE L LSRR AN S L. 10 SORETE, 6 NoREEIK LT, RGBS LUTH
T BEENE <, BTRICHA Ui O ORRIINRIRA OB Z 6 H ORGHTIE L TR D58

HRZER LT
IRHIZE SR RO RN O $HEE 12 Table 6 3L ¢) Table 7 IR Lz L HC, 10O IIBAT
LEIIC I D EIL e, 6 H ORI TIRIERBEZE RN A6.5%, T v 7 AL AREEDR

29.1% WILHEEA T, HERMBLARNAEROIEOE 2 i, 8 N TRIHRRERIT < O EH

,
[\
o
2

NN

BIUOED

THUAEMOEED F1/4THD, BOD3MAIET 7 v/ A VALERLVER
U, 10 H DRSS CHLE L fo 28]
FEDDIL MBI 5N

LTH-Tee TRITIZD

EOBFREIIMORARMOBELD &<, Vv 7 A VRERO M

Table 6. 05 84 51 | & 1< X % 4K 1 )j‘xl g RIS R

Kind of somatic mutation following different irradiation seasons

Won R il v'*’, 7 } 0)& Kmds of somatic muta’mon i )
o4l R K UvITAVRA ‘ i R | Gl
Irradiation season Chlorophyll i Waxless i Morph\ 1osrv | Total
6 A  June 40 (46.5%) 21 (24.49) ‘ 25 (29.19%) ‘ 86 (100%)
e N ] o
8 H August 38 (26.2%) | 56 (38.6%) | 51 (35.2%) | 145 (100%%)
10 Ji October 46 (65.79%) ‘ 9 (12.9%) ) 15 (21.4% s 70 (100%)
N R SO | o
Table 7. RS UNC J 2 KIS AL SO TER I L O ML
Kind and frequency of somatic mutation following different
irradiation seasons
% & % Chlorophyll | 7y /XL X Waxless | J¢ 1B Morpho]ogw
T8 B 1 N : & ) Y R = 1
R B 0 n @ffx il L/w, QQM \u D DA g 5370;%111‘
v 1IN
Irradiation | | Somatxc I jSOﬁ;at]C Somltm Lé\cfrﬁitlc Somat_lc
season ! e gs | mutation : mutation l PN mutation
mutation X mutation 4. | mutation
per plant | P shoot per plant | PSF shoot l per plant | P€% shoot
. | (%) . @) TP @y
6 H 1 0 63 0 1 3r } ) 1 0. 4(
June L2 \ 0.63 0.6 _ | 0.33 ‘ 0.8 | 0. 40
o » : L s | )
August 1.2 1.00 7 1,47 ’ 1.5 1.3
10 b . o | . } ‘ ‘ ) ‘ .
October 1.7 0. 39 0.3 : 0.08 ‘ 0.6 0,13
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WAL REBOZPICX 3 HEREATENVEEN LRV
L k& ik
MENT 7 = 2F 0 ULREEAO Tz, TR 40 FBICE UREITY, B84 ] 20 BICEES O &
BN 2BHEn — A DJREEER 30 cm OHRBEFRICAT, 18080 3AREZ & UTERICHE L,
MR 5 B 7 BiCiTy, #, R, BRUZSHRO3IEMEL, TNENOHIKw VY Y A—r— 1275
Ik G 7 v == THER13%, TAMNEE (Z0W, KEEHEE 14.5%) 17%, %L UC/KREED
H12.0%) %, 16.6g BLU59.8g 13X T L,
HOEHARBAG R V= — BRI BICB T A 75R T, 0, 300, 600, XU 900R AR L7,
BENCH U7 SRIZiRE 0 23.4 m OIEHICE &, TN ENOMESAICIiCHEY, BA K REE,

DRI MBEHIIMMAIFES H 5 B 5 18 RIS TIT - 72,
JEIPIC U 7eSRI3 IS Lo BURICIR (v ) v 2A—03—125) A 16.6g 23 EC LT, HEORILEA

D120 LIS RE BOBIERIC D LT, PINKS X UL INK TR 4EICO TN ORMEE THH
UWEZEMNFE U, FMERICRIERRERZBIET 5 LN TE I,

2. EERHR

Table 8 IWARLEDIC, X TIERBERICHE Uk REGERHOEGBEDL L, WY
19K TH o720 20T, 300R DFEH58 4, 600R DFEIF40AK, HILTPI0R OFEH4ARTH 7o &
NN LT, MEBIUEEKEHIC600R THEMEL S, DT 300R, RN, BT I00R
DIETH D, DB & B BROEBEDIZEIEIE L.

Y Y OEMNEAZEROEERIHEX S LCHEXE S 600R THRbE L, ZEXTIE300R TES
B, DT, 600R BLUI0R DIATH - 7o

TR FEA: Ut MO B R B IC & » TR E S BIL 2 10 DIC, #pk & By g Lok b ok iiase

Table 8. IR B O EVIC L A2EMWHEERERZDEE

Frequency of somatic mutation foﬂowing different amount of fertilization

Tk s | et | e (5 D DERAR
_ TR OABF s B | gk Eh oo Vr\ OB Raggmds %0 @{Zli*ﬂ ’ ééé;ijk%ﬂl
jjﬁ HE] ij;: 1 .:yk.,tt;. FAS »-1'3-\‘ [ER -2 ‘ 5)\71\ %( 1\ L/f &%( H@/‘c b)\; \ Sd{q}é&{&
A - | Irradiation No. of | ""No. of  [No. of flashed Somatlc .
mount of . | e \ e mutation
fertilization dose | plants | somatic | shoots after | mutation or shoot
g i (Roentgen) 1 irradiated mutation ‘ irradiation per plant pe (%)
0 | 25 0 1,038 0 0
e N | | |
e e 300 24 s | 1,814 0.33 0.6
Non- 5 : | -
fertilization 600 24 11 5 958 0. 46 1.2
900 24 0 1 95 o | 0
0 27 0 754 0 0
o o 300 24 9 1,458 0.38 .8
Medium 600 24 11 j 1,657 0. 46 .7
900 24 2 176 0.08 1.1
0 25 ; ¢} ‘ 809 0 0
E2 U S 300 24 21 | 1,476 0.86 | 1.4
Large 600 | 23 14 1,835 0.61 ! 0.8
900 I 24 2 | 224 0.08 0.8
_ I |
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=
Q)
o
®
O
=
;:..A

H’ 9 AR AT B B K

Wi e H AT AR TRUR 722 {}\ ORE P
)[R ' R R O N e RIS i
; No. of ﬂ'xs}\ed A’\Io of “Somatic SOT]"atEC
Amount of No. of plants | e e mutation
fertilization irradiated | shoots after somatic mutation er shoot
e | irradiation mutation per plant | PEf SHoo
S ‘ R B
e g K ; ‘ . i
Non-fertilization 72 2,367 ‘ 1 0.26 0. 80
i L !
mMeiﬂLlum H 72 3,291 32 0.44 0.97
‘ - N
% ‘
= 71 ‘ 3,547 37 0.52 1.04

SRR - OBRIZIETITIE 6D, Table 9 W/ RLTWA LS, &

TR EE 52 22 HICK > TEROBEMROEEE R LTS, Fi, T

hE:
H
S
5
i
G
N
7
2
R
i
\#
M
Qg
\lF
&
S
ot
1
<

ZERe)
1 MR ETE
HAT 40 AR IT & LA ZER ¢ 3AMA &L,

TR L7,
M =
86~12H, BXU10

YA

TIRALES B i T

Fr o T L W

UTZo MBS IE LI

[HROMBE LTZOF

iV, 8, 55, d X ORI D B

IR BRICHOIIHED 2 ~ 3 D—REZE LT, 20 0 FHO TN TORES LGS 2

- =1 =y 3
%, W

I
ECAXDYDIE L. WMEIERTHOREMD 2 ~3 D—REEEL, 2N o THO—REE R

EDEDL LSOO Uc— R

LD 2~3ecm PIND & ATUDTE L,
ST AT A SRR 5

6 A OIS T, FPNCH LOEEETAE L,

& 5 O TRIBARPNC IR 7

LIZDT, 3T

B ks R
Table 10 Z7R LTz & 512, BIEIC K - THAH 380 U7 B £ O RUNISIINC 3 0 T b Iy i
B LTEHD LT
T1/4 LW Uics 8 HoBIETI,
BXU1S WD Ui, F7, 10)I0OMETHE

XD 1//3 B IO

TERICHR LT, 21

BUSE X O FE 48

T
e x//_o

eneEn, 1b8LU0 17 &

1/

Table 11 /R L7z L D10, WBOBIEATTIE D ETN D OAFIINIEARE BROREMED - /oo HEH]S
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Table 10. FL77 2 5T5EME B X O MBI & 2 B D FH: K

Number of shoot followmg different pruning treatments and
irradiation seasons

_ e s B 1Ll i .

Roat W | W o omom | Eamgy HREELE Of*%( E B
Irradiation Pruning No. of plant | g, " ots Mean No.
season treatment irradiated } after irradiation of shoot

woow :
No pﬁming 33 6, 320 192
5 B 0E 3 ,
6 B June Light pruning 33 2,036 ‘ 62
g % E 33 478 | 14
eavy pruning ‘
w3 E
No pruning 33 3, 800 ‘ 115
55 B TE |
8 A  August Tight ;) runing 33 | 1,818 | 55
;% Box 33 1 1,185 | 36
eavy prumng ;
411% BOE “
No prunmg 27 11,755 435
. 5 B 5 , '
10 A October Light pruning 27 | 1,968 91
wmoooB E |
HeaVy pruning 24 | 1,209 59
Table 11 #H X UEM D OEMIAEREEDHE
Frequency of somatic mutation per plant and shoot
ST e
W W w m m T2 sy R
Irrsaeilsa;)téon Pruning treatment No. of somatic Soﬁitéioﬁu%;lfn
. mutation per plant| P
# 37 %€ No pruning 1.7 0.9
6 A  June 55 H] 5 Light pruning 0.8
‘ i B0 5 Heavy pruning 0.4 1.0
4t 37 £ No pruning 2 2.4
8 A  August g5 37 % Light pruning 1.0 1.8
i T % Heavy pruning 0.8 1.8
i@ BT 52 No pruning 1.7 4
10 §  October g5 ®Y % Light pruning 0.5 7
i BY 5% Heavy pruning | 0.4 0.7
XOEED OEMREREROHL I EDRHORHTEE, PNTHBIUHNEDIRE K57, U

U, RETRICHEA U7 18 0 ORMIIRREROHILIT 6 H K TIRMIEXA0.90%, 985 ERK M
1.28%, B XUMITERA1.06% T, B[EWEROEHYD ORESREGEP -7 8 A ORA TRMEE
KOFENEL, 2.37% THoToo Fh, BBICRIWERIZN TN 1.82% & 1.86% TH 7o 10
HOBBR TR EROBEENE, HWEXKMIIERDIZIZHG TH -1, U, BENTRERRI
BOFEE LI -T2,

Lip L, FEOHREZTNTHER TSRO FHOWEZTHREON—REDHS % &) TOERMmER
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Table 12. T & # AL 51 © M f1 18 28 4R 28 2 O B [E

Frequency of somatic mutation in relation to upper or lower crowns

—_— . | By . &%9@%%
. . boma ic
Irradiation Pruning S o Total No. of mutation
season treatment Crown position branch ! ‘aomat_m per shoot
mutation (2
Bl By 5 I # Upper* 528 19 3. 60
6 A Light pruning N Lower®* 1,508 7 0. 46
June o B i I ¥ Upper 308 4 1. 30
Heavy pruning | | i Lower 273 1 0.387
RN | b # Upper 724 28 3.87
8 jj | Light pruning R #% Lower 1,094 5 0.46
August | h B i + ¥ Upper 1,043 22 2.11
| Heavy pruning F # Lower 142 0 0
! S —
| R S =) b #6 Upper | 1,398 14 1,00
10 bl ! Light pruning T % Lower 570 0 0
October ‘ i Eg i = # Upper 1,049 9 0. 86
| Heavy pruning | " 3 Lower 160 0 0

W%T‘c ‘No pruning,
#1375 Pruning.
BROBETH B, Table 12 R LIz LS IC, WD LM & H5E L i O kil R o
EHELTH DL, 6BX08ORFOBWER U ELE $HTOHER, heh, 3.60%
L 3.87% Thotzo TNICIWOLT, 6 BB LV 8 ARMKOU DI - 728 TOMEE 0.46% TH -
7o 6 A XU 8 A ORI DG EAELT - foi CTOMBIBRIERX D 1/8 10D Lico WITERIT - 72

B3 o DERAIIERAE RIZ 6 AR TR 1 AR LI s, 2OXDIT, MWERTH &Ik
O RIS ARZE RO E LD Ui,

£S5 2

BLENCORLIL DI, ZFDS Tk 7w A D 2 DOEERBICHI RIS E1T - ok, <
NENDHRIDEMIC & 5 AR RZEROBE T HBEMA A X - T EOEIIZRED 5NN LS TH
%o

I, HRATEROEIC K A AR ZE RS BT R BR DR RIC K D
SRR £ A RHEREREROME SR AR E LT, £0%HE
LIpEIPD, ED1D2OHREFEZ OGNS, DFD, ~T iR
KT NE, FHBEEBREINDL C LK 5, 15, RETARREES

bDEFEZOND,

- L AR FLE s
o FRIEMHITHL

T TE S TN
T HIHDK

AT B

FHPRDE  OBETZ~T 0 TR TOLHH, EHIZERARMSE (HE LT T SIMRT
H5o
ORI X A U7 IR AR BB i 7 v (R SRR & 2 WIIHIRRERIC I DU

ETHE, RSN FeHE Ufe & W UZESRE SIS U7 [A—lE O BRZRIC L0, HLBzFD+E
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LLTHMT AR TH D, BIED LT A, AFDBEETHTEHDICETHONTHILN, 20Dk,
TR SR IRENT X - THE U7 R HIRZE R E RO R WS ERERICE 5 THRAE Lz D EH 2 W
SHMTEILND, ZOXIBHEBRETERE LTSI EEZRTL5DTH S,

ZOEHELT, 7= AFOHEZREOKRS, H>TAHLEDOMEEGAFICULERER NS LR E L
LTOEEL T &, ZDMDIERBERZICK ABFRITOEE LI -7z, Table 3 )JORLZ KD, 7=
AEDE UREOHEENC X » THRAE U7 R IIRERZEROW, YU LPIERRICE I 2EKRTH - 7,

Fi, $YTRFE, ATH, TPIRF, FT2AF, BRURHIZAFEDS LRBOHRZREICK
> TERRICHET 2 FHEEETFICE 5EBHIIOHE Lis (RIEB KTHIE - R340,

FICHOHRE R T 5 T 2105 - TRAET 2 RMITRAL RO B IR DR DG LA, I O
MW, BROMEOHPICK > TR »To T, HBROZDICE > THRILL, WHADEKDEELALID
AR ARE BOFHE B0 EICH A § 42— REICB D TE L, FHORICENTED » 7o, BEH
&> THRMREREROEES LAY, 8O THELEL, 27T, 618510 HORHEOIF
TH-Too Fho, BIEERRT B ERMEEAEROERE DB RS oIz, COXIBEHINICOL
T, DEDQIIRFENMBEZ SND, T5hB5, AFOERMNERERIPORERICGER LIc AR
BHLZ N E b b

D RHBERERDZEAEEROERECIVET S EEDN TS (Nysox 3XT Kock!®),
2) Table 13 IWRL T2 & HIC, £ DRMIIEAEREOILHIOMED, BELTHERLEL -

(\\

N

rhen B DIERRIEE B LT, BOEVS CEn D, CNEOERKORSHERAKERIC LS b0
THY, —BBGUERERICES DL BN

Table 13, 2 X O A MPERTEEEKOEN KR
Rate of normal pollens of somatic mutation in Cryptomeria japonica

| | TR R (%)
% 2 | 7 - ; SRR TS Bk D FEAE Rate of normal pollenls
Number [ Cultivar | Kind of somatic mutation hS) Jitet iz‘géﬁ\ H?ﬂ?zg

! Control Somatlc

o qqqqq | o 3 |_mutation

1 f 7 < A ¥  Kumasugi : ji2 BE Morphology 93. 6 ‘ 44,7

2 7 = A F Kumasugi i BE Morphology 87.2 14,9

3 7 = 2 ¥  Kumasugi F &  Morphology —_— 96. 8

4 7 = 2 F Kumasugi ’ $id A&  Morphology 86.9 62,3

5 7 = A2 ¥  Kumasugi ; e B8 Morphology 36,7 33.8

6 J <= & ¥  Kumasugi 517 #E  Morphology 98. 4 36.7

7 7 = A ¥ Kumasugi bz #E Morphology 98.1 3 10,2

8 7 < A ¥ Kumasugi 7wy AL A Waxless 45,9 ‘ 94, 3

9 J = 2 ¥ Kumasugi Ty 7 A A Waxless 98. 3 9.4

10 7 = A ¥ Kumasugi £ Hi F¢ Green in winter — 97.3

11 7 = 2 ¥  Kumasugi & 1) ¥ Green in winter 99. 4 95.8

12 7 < A F  Kumasugi i 4 # White primary leaf 97.9 95.8

13 7% b4 v Kumotoos: 2 #E  Morphology 93.0 24,4

14 7%+ A4 v Kumotoosi | # #% % Chlorophyll 99.5 50.7

15 5777@%@%%%@ 7w Z LA Waxless 96.8 34.1
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EOTIC, MRAREERE S, Fio, K0 EHIICHAHEE S S EE TS 3 RIHCE 0 TER
o & IEF AR OBES A3 Loicd, BHERDEPT L, RRMIEN—HEAICER U R A 2L
R, DFVBEDE LTHETE 2 CIERTARANETE0THA 5. L L, WI1HTHEN X

S, MEEMHARYT, £ ba YA TY, KHAF, B 2 2A¥OHY

TR, TERE &
HICHIBRT TR RZE RO S T TR o 7o CNOEDAFO MK - TEY, 2Dk
BO RSO EHC XS ISHFEIEZL > TODDEFL oML DL EDMRNINSERE RO 4
W LIFEIRESEZ oMb, Fhe, RMUEREROREET, FED O OEEEIHINICKD 51088,

RN Uiclify, SHBEIEICBOTHLE 6D E b D,

BoE EEHMEBOMMEEEY > CCRGOBEL
PR ———

HE BRI X TR D BFEET 5 C L3 { OWIEHIC I DIEE N TL
ERDF 4 7 ICBE LT, £ORMEEKOE L
BRSO BRI DO TR E B0,
EEN T, A OERMIIIRARZIE AR F 4 7 DREE LTS 284 MR E O HREH O 72
DI b & R OB O 2 DO IC DD TSI BIE 2TV, RN RE T DR+ 4 7 OR/E
ICDNTHEEET - 120

W1 EESBHESOEE

1 BPREE DT

7= AFD LS LRI % 30 cm D HELEGKIC SANEZ & L, 128k, 36 KA FERAMEHCE L 12,

ST v~ —HBBHEED av v P 6012 LD, 111 100R THEZ, 0, 300, 600, 8K 900R &
UM Uteo TRONZIERT 42 45 6 H 20~30 H ORNZIT - 1o,

FIRS P O R I U7 MBI IRAHE T Y i &, i 40 HERE T 1 HE &I
103 10 RO/ S O AN Uz, 3L ZCEENT, 7272 6Ics 5 7 TIRIC 24 B HIRE E R, 5~
BERSIR TR, 5 Y Fa—7 v ) — ZOREARE L TRUKE, 95 7 0 YICEB Lz, U 10~

D)
N
°

L L/, U (’r[] 77 471\

RS & DTS

0p QESICN 78 b— 2 THEOFE L, Y0 -V THAT T 4 YRR LI DO TREOKED T
ERDITFNTNA—NTIARKET b - TE, +7 5= T5~10040%KEL, EELDmiE
LD FvTua—vTHRLICHEKL, 75 A7)~ T10~30 Bl £DHEBKL, *
TV ESE LT, BRI SV A TE U TTREICE L,

2. E B

T 75 = VIEERAESARR A RBT S, L L, BEHEREESSZ Y Moy 7 7 = viT
Ko TROINICLLE S, Fi2, 77 A7) — VMO RE 2 ted 5, LbL, v 7 7=V
Filbk, TSRS 232 2o MR DML I B Rt S s K 10 Do 1, BEE S U IR A
Y7 7= Ik - TBRENE L5 I 5o

(1) 300R M

300R ZHG L7 7 = AF OEES MR E B2, HEERD - UBTRERTH -1
(Photo. 1),



— 146 — WERBRIBUIERE #3105

AT %2 A BICIE 2 L O Iss b mEERRLN, EFERECYY 5= v RER LIk, X
GBI F— 2 NOFIED LEIIE LIsw 243, FRIFEACOXES BB E WESHEBRITEE T

% (Photo. 2),

BE#KTHA~8 HEICKB A LEEOE LVEAREEAN ARSI RZLKERLT, NIRTOEETS
5, UL, 13&AZDOXHESZMBIEIRMIEE M EELZT (Photo. 3), F—sdthilthihi TF

BT DB TS (Photo. 4),

BEHKRTHRI0O~I4 BRI THHBRMNEZEA~8 ABICBIERINALSTB BEELIE S, COHEE

TRELABOBHILRBEI NI,

RS T 16 B BB RSS20 IO LEDICEEIC AR - T, XHESZEEOZ
OB KCHBY 7 5 = VLK > TRET 200, i, ZESEMBOBED & S LHIE
&5 (Photo. 5), DWW T, XRSEMMRO BRI &/ 125K A%4: L (Photo. 6), £ DREH
EREEZVR L, # LOEHESZHEBETER Uk (Photo. 7),

(2) 60OR M

TR T Y A OETES SR 300R ZJRET L7c b DICH T, BUBEE,RE L, HHEOZMEMRE
TARTH7 7= VYBERLT, MREEREMHEITERVRETHD

R #h4~8AEIIEEE, BEALE O ZEHEAZEO MO TR O BRI & b HILHATR
(Photo. 3) MEE SN T B0 S SEEOMETRE 300R JAH OB & K & 15EO M3 SNt

JASTHE T # 10~24 BEHZ TOBEHMC L A EEORKRRE T, HEOBEOIRE B TNE, —
DOETES I ZEICEIE LTy

300R # R L7z A X HOXTES 2SI MANK TR I6 HELE LD, MiioBELBD . Zhi
L, 600R A MRA L ORIESZMBOEEITEN, AR TR1P KR S LD RICHOE
EhthE - 720 300R ZJRH LcXESZMM cRE S L LR, ZHSZGERO—IOMIIEL DS
B E LT, B LAEES 2 (Photo. 5~7) ®, F/, EESZUEBSZEAICHLT, 20
ETENBMRO T OER DN R & b By, il DOEHEEERT 284 (Photo. 8) $%
CEERE NIz, S00R 2 WS Lo 2 ¥ FICHE LT ETHA B D584 A LT, i 3 o &
BL, ZTMEREINIEELEZ VLS TH 5,

(3) 900R R

900R HE4I T3, 300R B LU 600R ZKUH L7z b DICHARENE L, BEKTEHICT TICEHE
DSBS LTV A DRI NS,

AT & 2 ZETEA ZBOREDRINAT & LT, ERETHEEINLLIIC, BUHIEREICY 7
5= VYHRERLEY, 20T, TARMREHOMIEOEIEILE 5, DT, ZESZMEEO RIS LIEN
LIS B ENVHIEFEE L DB BHIDX D Thbo 900R DA T R4 HHICIE A L, THRRE
BEDMEAL LAY, F—abE5Icin s

IREHA T 72 30~32 B BULE TIRARO BRI A S NIR . 5EAICHEHIL Ui ZTEABEMBOEIGIL 8 ~
9E L EDND, AR TH# 34~ HHIK 2 LBEEDOEXE LBA LN, 13EAEDETHSZMBIT
AVCHEIE LT DO T, RS SR E D LOETENEET 4o ZIRD A L TR 0WERIC
i, BREBCTHEINIERUIOIBBEDTEEZLEL LI THD
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W2 EENZUHEM OIS DNA OFREEE L E1E
Lo MPRtE Dk
7o AWV EUBE L DG ETT » fo BRI SR LT L & - D I R o

DOH TN TERMEKR TN EAP S THESICAO BBETT o7, 1D 37y v

T T 10 AN o Fee V7 ) VI, TKRTV VI (7 asiltle, JKEHE 1ce, KREQS

ClQ

B LR 100 cc) T 48 WEIEIE Lico 6 ~ 8 MK T, 7Y Fo—7 v ) ~XZRL

THUKL, W95 7 4 VICEE U, WA 10~20p OESIZI 78 b— 4T

FUB =TT T g VAR U, T F TV A — v TRKEETRO RIS X D ERKE TH - T
i 60°C thic 5 PRI AN THLER DS
b &E, DINT, T ox AW VT 40 S~ 1 IR L e
10 ce, BLU1BUEER 10 cc OBEGHIC 104542 31

NTFNT—TRIKL, FYo—ERLT, BRI SV ATHA ULREICE U,

Tolze DNT, EICHKITAT

&, WKTS kY, 1 HIER

Z D%, FEHK20cc, 10%

EEAKTHRY, =F

i )

T o AT VRGBSR, X7 LT RS IFEN TV S, DNA R X B K%

ZEXD EDLDTEEICT ) v

L, RICF A& ) R—20 707 e VS

VY R—=2ZDTNVFe FERT 7 v v ERIRLTHREREILD, DNA OFEEGREZNET L EEDNT

W5,
2. PG R

(1) 300R JEH

MU T 2 N O T R ORI L, EWICRAIN TS (Photo. 9, KA THR2~40H
1% & Ly ol pEb N, EHARMRO 2~ 3 WERERHID IR REINTO . M

g6~ NEIIRS L, 7 a A0y Y BUBIC LD s i b 0, Jefasy

RAdo %72, LRWICETSZMMO F—ApFBIC7 5T B, WS 16 HEEEY,

1 TSR 5 DB A E D, RS ZHMO— B RAESNIEY 5. 0%, %

Fe i U 7o 22T Z9A0 A O TR D BRI

\

(2) 600R [

600R A5 L7281 d, 300R ARE Lciha SIRBkC, JEHRO BN &R 15k
<, ERUBEESBMESEESNL, L LE2h, BiH4 HHEIY, Eaiealisoibn, M
R A ROI NIV DREIER IS (Photo. 10),

IS 30 HEI S TR OEEDRD 517, HEG LA 2N LoZESZMMIE LI - T
Who TDW, SEAITHIE U - o 3ETHS 241
U, DWT, NEIAERE UTEE U EES BB TER SN S . TR SRS
TS U2tz T OB DA 524 L DT LR MR IS,

HE

g

WRIEE T, F— A O/DB DRI T 4 A VAV

FERIT X b ik

(3) 900R A4

T 4 AN Y RISIC & DGR T - B E Y 7 5=V ET 2 A M) —~ VDT

I, BEEOIEMEDEILS L HIC
IERIR B PEF RO Th 5o 900R TIRIBHFK I 0 T & BEFEID TR 2R D % st L1S

{155,

b de 75 AN VEIBTE, TR ICRBINELLL0
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M, BERS BRI CLEFRBEOE DS WY + A V7 VEJRC LD QB LIS 5 72 b DD, LIEWVICEIE

AEHBOLWICD & DD, EFSZHMOMIG ML & E BT Xm0 &5 K fsh
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Induction of Somatic Mutation of Cryptemeria japonice by Gamma-Irradiation
Masafumi Murar‘®

Summary

This paper reports the experimental results on induction of somatic mutation of Cryptomeria
by ‘means of gamma-irradiation emitted from cobalt-50 or cesium-137. The study consists of
the frequency of somatic mutation being investigated in various irradiation exposures and
under different conditions of experiment :in part II, the reason of seldom occurrence of
chimeric Sorhatic mutation in irradiated Cryptomeria plants were examined anatomically.

Part. I. Some factors affecting the induction of somatic mutation.

1. The differences of the number of somatic mutations among cultivars.

Two-year-old plants of thirteen cultivars of Cryplomeria were irradiated with gamma-ray
of total exposure of 600 Roentgen(R) in the gamma-field of the Institute of Radiation Breeding
situated in Ibaraki prefecture, Japan. Exposure rate was 100 R/day. Among the cultivars,
eleven were rooted cuttings which were treated in June, 1966, and two lots of seedlings of
Kumasugi were treated in June, 1967. No somatic mutation was detected on non-irradiated
control plants. By the irradiation many somatic mutations were induced in the following
materials, open-pollinated seedlings of Kumasugi, cuttings of Kumasugi Fy seedlings of
Kumasugi X Kumotoosi, cuttings of Motoesugi, and Masuyamasugi. However, the maximum
number of somatic mutation in relation to the number of newly appeared shoots after irradia-
tion was counted in cuttings of Ayasugi, which stroke small number of new shoots in com-
parison with the other cultivars. On the other hand, it is known that a few numbers of
somatic mutation were appeared in cuttings of Measa, Okinoyamasugi, Yamehonsugi, and Boka-
sugi. Especially, mutants in Measa were few in number. Kumasugi showed a strong tendency
to react irradiation and gives mutants. The author, therefore, supposes that this cultivars
has special genetic difference from the other cultivars for somatic mutability.

Somatic mutations such as chlorophyll abnormalities, morphological abnormalites, waxless
(reduced wax-coating), extremely deep red colour in winter (red-sugi), pale yellow needles
in flushing time (Ousa’s “white primary leaves” WPL), winter-green, and variegation, were
detected in the irradiated cultivars. Though all somatic mutations were classified into above
shown seven types, phenotypic variation was observed in each type. For instance, somatic
mutations of chlorophyll abnormality include the colour change such as white (albina), creamy
white (xantha), light green (viridis), and their intermediates. It seemed that these colour
changes were almost all except light green.

Somatic mutations of morphological abnormalities include change such as twisting of
needles, sparcely attached large needles, small and densely needles, and various types of
malformed shoots needles.

A somatic mutation named waxless mean those whose shoots and needles have reduced

wax-coating on the surface of them, showing bright green colour, and they are accompanied
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with short needles. These two types of somatic mutations, chlorophyll and morphological
abnormalities, were recognized in all thirteen cultivars and the frequencies of them were
higher than those of other types.

On the other hand, the frequencies of other types of somatic mutation were comparatively
low. The mutants of the type “red-sugi” were observed in cuttings of Kumasugi, Sanbusugi,
Measa, and open-pollinated seedlings of Kumasugi. Somatic mutations of the type “green-sugi”
were also few in number and observed in cuttings of Kumasugi, Sanbusugi, Masuyamasugi, and
Motoesugi. Somatic mutations of WPL, which seem to be of the same character as the orna-
mental variety, were now and then induced in very small number in cuttings of Kumasugi,
Avyasugi, and open-pollinated seedlings of Kumasugi. As stated above, Kumasugi seemed to
produce various types in comparison with other cultivars.

t was supposed that the frequency of somatic mutation in relation to the number of
newly emerged shoots afer irradiation differed by the orders of main branches among the
cultivars. Frequency of somatic mutation of every cultivar was higher on those branches
near the top of the stem, and decreased on the lower branches.

2. The difference of the frequency of somatic mutation under various radiation exposure.

Since Kumasugi showed a very high somatic mutability, this experiment was made using
two-year-old cuttings of this cultivar. The frequency of somatic mutation was investigated
under various radiation exposures from total exposures of 1,600 R at 50 R/day in the gamma-
field and in a gamma-room. The plants were irradiated in October, 1964. Number of somatic
mutation rates, i.e. per plant and per newly developed shoot were increased in a manner
showing a straight line. There was difference in the type of somatic mutations according to
the inten sities of exposures. Abouts half number of somatic mutations was of chlorophyll
abnormalities and waxless were about ten percent of all mutants. And it was noted that the
relative frequency of sectorial chimera, which was only recognized in chlorophyll abnormarities,
also maintained a constant level among the various radiation exposures.

3. The frequency of somatic mutation in the different irradiating season.

The cuttings of Kumasugi were irradiated in spring, summer, and autumn. It was observed
that the irradiation in spring and in autumn, especially, the latter was less effective. A low
efficiency in autumn was, perphaps, caused by shortage of recovery period. By the irradiation
exposures in autumn, relatively higher frequency of somatic mutations of the type of chloro-
phyll abnormalities was seen. While by summer irradiation, the frequencies of other types
of mutants were obtained, such as waxless or morphological abnormities.

4. The effect of fertilizing on the mutability of cuttings of Kumasugi.

The higher the levels of fertilizing, including N, P, and K altogether, the larger the
mutability and the highest rate of mutants for the newly formed shoots was 1.04 per cent.
The deficiency of fertilization reduced the frequency of somatic mutation, When the levels
of fertilization were the medium, the frequencies of the mutants were also intermediate.

5. The effect of pruning immediately after irradiation in cuttings of Kumasugi.

One hundred plants were divided into three groups and they were exposed to irradiation
of 600 R. After the irradiation, one group was pruned heavily, another group was not pruned.
The pruning, especially when it is heavy, reduced the frequency of somatic mutation.

Part II. Anatomical studies on radiation damages and recoveries of apical meristems and
the reason of seldom occurrence of chimeric mutants in irradiated Cryptomeria plants.

1. Radiation damages and recoveries of apical meristems.
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Two-year-old cuttings of Kumasugi were irradiated with exposures, 0, 300, 600 and 900 R
of gamma-ray in the gamma-field in June, 1967. Shoot apices were fixed, embedded in parafin,
sectioned, and stained with safranin-fastgreen, or examined by Feulgen’s reaction.

1) Effects of irradiation exposure

Meristematic cells in shoot apices and at the needles axils showed no radiation damages
at the last day of the 300 R irradiation at 100 R/day. Radiation damages appeared in the
cells of some shoot apices and young leaves 2 days later, but damages were very slight. By
the 6th day, the damages increased very much, and some shoot species were completely killed
which could be recognized microscopically. Apparently, healthy apical meristems, too, cells
‘were almost degenerated, and therefore, the shoot apices became flattened. All young leaves
near such apical cones were damaged. Some shoot spices, however, were seemingly normal.
By the 16th day, new primodia were newly differentiated from the active single cells or groups
of a few cells in the damaged shoot apices and these primordia developed into new shoots.
Then the shoot apices were completely killed, new shoot apices differentiated from the needle
axils just beneath the shoot apices.

According to the increased exposures, radiation damages of the meristematic cells at shoot
apex and at the needle axils were severe. In the radiation exposures of 600 and 900 R, re-
covery of new primordia developed from the single cells or groups of a few cells were 29th
and 35th day after the irradiation, respectively.

2. The reason of seldom occurrence of chimeric mutants in irradiated Cryptomeria plants.

The mutants of Crypiomeria induced by the irradiation are usually not chimeras but com-
pletely or wholly changed mutant shoots. The process of recovery of the apical meristems,
studied above, will give an explanation of why the chimera is rare. However, this can also
be explained from the view point of the growth type of Cryptomeria.

Cryptomeria has the type that cell division in the apical meristem and subsequent differ-
entiation of tissues and organs take place continuously during the elongation of the shoots
throughout the growing season, as observed in Cryptomeria, hinoki cypress, or red-wood.

Trees such as mulberry, tea plant, pine, and persimon form so called winter buds in
which primordia of branches, flowers, leaves are fixed when the shoot elongation is almost
seased.

Trees, such as Chamaecyparis obutusa, C. pisifera, Sequoia sempervirens, all have the same
growth characteristics as Crypfomeria that they show wholly mutation characteristics as
Cryptomeria. ‘This characteristics seems to indicate that competition among the cells occurs
severely in the trees of this growth type, because cell division is always carried on in their
apical meristems, during the growing season. As result induced mutants become visible, the
competition seems to have an important role, resulting not in chimera but in completely or

wholly changed mutants.
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Shoot apex by the 8th day after irradi- Shoot apex by the 6th day after irradi-
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Shoot apex by the 18th day after ir-
radiation exposure (300 R).
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Primodia (arrow) were newly differentiated

from the active single cells in the damaged

shoot apex. Double stains of safranin and
fast-green. <150
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radiation exposure (300 R).
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Damaged shoot apex.
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Shoot apex by the 30th day after ir-
radiation exposure (600 R).
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31st day after irradiation exposure
(900 R).
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The shoot (arrow) was completely killed, and
new shoot apex (Ns) developed from the
needle axis. Feulgen’s reaction. X150
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Shoot apex of 10th day after irradiation
exposure (600 R).
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Normal shoot apex.
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600 R exposure.
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New shoots (Ns) developed from the needle
axis. The arrows are stunted shoots.





