2 9 SEP 2003 MAN- PLANTED FOREST, METHOD OF PLANTI NG TREES AND METHOD OF
GROW NG PLANTS BACKGROUND OF THE | NVENTI ON The present invention relates to
a plant grow ng techni que such as planting trees, and nore sgg%@g&bly,
to a technique of selectively growing young trees or the |ike C S
resistant to ultraviolet rays so that vegetation such as a forest which is
resistant to ultraviolet rays can be reliably obtained. There has been

di scussed MANeRLANTDED hEORESE, aMBTHOIY i @t PIAVSTINGOPIRRES aNbh.
Because especially the ozonosphere of stratosphere surrounding the earth

i s recent MEAEEIDOBGROVEINGtPIoANAlSt rays cone to the earth from outside
and has been confirmed to show bad influence on biology on the earth. For
exanpl e, as to human body, there has been reported the increnent of danage
due to ultraviolet rays, and it has been confirned that the increase of

skin cancer cases are dBACKGROUNPOFAHEANRENATGY ultraviolet rays.
Thus damage based on ultraviolet rays was thought to cause the occurrence

of active oxydde Preseat inventibntiedafesetent plamiegronring teabnijuedibweh ashei r
phar macol ogi cal , bi ochem cal properties on several danages caused by

active oxPHEHINGAr¢éesngndemose spemificaNy OFo HEChNENT bDskIEhEvelyagrostiages t hat
damages based on conventional ultraviolet rays are mainly by studying on
thei r ef f ¥e¥WBE oreRsin@h thedlikaswhich niai nesistginésto ultravuolet astyst sotthiag, t he
present inventors has reached to the conclusion that ultraviolet rays have
al so gi veNeBvtgtwangyels asnaf foresit which jis ngsistinbdd wlteaviolet miyggesst beeason

t hat darrag ,%glr:ﬁ):tded to the 2 9 SEP 20 forest is acid rain's exertion. For
exanpl e, &¢laRIEHARAdY district in Germany, a report dealt with big

damage covered | ar area where so_man
9 'thelc'éJ e_has %een discussed recgntly on the issue of ultraviolet rays

problem on earth. Because especially the ozonosphere of stratosphere
surrounding the earth is recently destroyed, the ultraviolet rays come to the
earth from outside and has been confirmed to show bad influence on biology
on the earth.

For example, as to human body, there has been reported the increment
of damage due to ultraviolet rays, and it has been confirmed that the
increase of skin cancer cases are due to increment of radiation by ultraviolet
rays. Thus damage based on ultraviolet rays was thought to cause the
occurrence of active oxygen. Niwa, one of the present inventors, has studied
their pharmacological, biochemical properties on several damages caused by

active oxygen for long years.

SUMMARY OF THE INVENTION
The real states that damages based on conventional ultraviolet rays
are mainly by studying on their effects on human body as the main topics.
In contrast to this, the present inventors has reached to the conclusion that

ultraviolet rays have also given big damages on forest.

It is disclosed that the biggest reason that damage forwarded to the



trees uprightly withered by acid rain. The acidic oxides such as sul fur-
contai ning oxides existed in the industrial burning, were dissolved in the
rain drops and resulting becone acidic rain. The investigation gn %Psﬂﬁ
~damage was peforned repeatedly by the present inventors who vESi $RY e
damaged donestic forest and obtained many results. The present inventors
observed the damage of the donestic forest by repeatedly visiting severa

pl aces of férest damagidd ralr' e dxetfios e WrabxSinpld, | 6t Schwiiz¥/al@ drtaid e
i nvestigation about the observed states, the present inventors

i nvesti gaGegntdisy, a tepost ResSivikE biddamidi® dover&d Bargkhita Wiateadi Manyai n
strongly concerned with abnornmal phenonena of withered trees found "l argely

in the fotess GprigltlyThetltas@des J¥by raasSTheyadgicdugided idy ayi Qlighr- rays
found as the main factor in relating to forest damage to our further

resear ch cestaihingTbeidesiexistetl BOthain@XSFNEPuBRHL! ¥ c0d HERIRST actthef
ultraviolet rays exerting the forest danage. As the present inventors

vi ened t heaimodepis ardbresgdtiag decoduacidicwhin.avi ol et rays, it is necessary to
take a practical neasure rapidly to inhibit such forest danage. Because

enl ar gi ng t he Thiephedstipativh onotivs phenegandas hrfotrhéd viepkatedlpdiatihen
increasing of world scale, it is a top urgent action to be taken for
i nhi bi ti ngredent davegtorsawhedvisityd uthiar duhnigetd davesderforgt tdiel sBvEnhal
factors exerting to forest damage. If the danmages were dealt with no
policy, i mamerdsuitsce, the forest trees withered uprightly worl dw de by
the ultraviolet rays. And the prophecy is forest will be disappeared with
gl obal scal e. Theepudsieat tinvéntone opsesedt thendemizige rofi thet dormegir ésest bg danmage
on forest 2 9 SEP 20M caused by ultraviolet rays. The man-pl anted forest of
t he presenepeatodin visiting sevenad plareszddherdamhged foresbins severnbdidtyicps.ant i ng
seedling having mulyiploid ( TASUSEI in Japanese). The chronobsone nunber
of the seddiarngsdetailed phuestigatiaretabmpitotlle observed states, the present

inventors investigated that it is possible that the factors other than acid

rain strongly concerned with abnormal phenomena of withered trees found

largely in the forest found. The damages may possibly be due to ultraviolet

rays found as the main factor in relating to forest damage to our further

research result.

There is not so far examined before on the effect of ultraviolet rays
exerting the forest damage. As the present inventors viewed the forest
damage state due to ultraviolet rays, it is necessary to take a practical
measure rapidly to inhibit such forest damage. Because enlarging the
depletion of ozonosphere and the ultraviolet radiation increasing of world
scale, it is a top urgent action to be taken for inhibiting the damage caused
by ultraviolet rays during the several factors exerting to forest damage. If
the damages were dealt with no policy, in the future, the forest trees
withered uprightly worldwide by the ultraviolet rays. And the prophecy is

forest will be disappeared with global scale.

The object of the present invention is to suppress the damage on forest



The seedlings are those of a conifer. The seedlings of a conifer are
seedlings selected fromthe group consisting of Japaneses cedar and
‘Japanese cypress. The chronosone nunber of the seedling is Ob?@iﬂgdZﬁH a
nmeans of increasing the nunber of chronosones such as breedi ng an

nmut ati on. The nethod of planting trees of the present invention is :
characterized in that it conprises the steps of : selecting seedlings
havi ng mulchupédbd uleakyiBsaiR, and planting the sel ected seedlings. The
chronmosone nunber of the seedlings is triploid or tetraploid. The

seedlings ar e Thoeawpléntedniorest of The Hesehi Mevertfor? 16 @RhFSteAzEd SaEd! | Ngs
of Japanese cedar or Japanese cypress. The chronosone nunber of the

seedl i ngs that dbtcanstititeyd e plsntihg ddedliagshadinghmulyipisad OTARUSEPSanNes
such as breeding and nutation. The nethod of growi ng plants of the present

i nvent i on Japaabse AcTley ¢lr@ehdsdnidatimbler of OP EésdEndshie t8ipdlddr tatddpldidi al |y
formng vegetation which is significantly resistant to ultraviolet rays,

as conpar &henisebdlirgetski thoseonst t¢drefbrof Tié pée@uﬁngba&t % chiifeelfetively

growi ng pl ants whose chronobsonme nunber exceeds the basic nunber intrinsic

of the speeedlngd rseléuted sfreai filpatgronp comdibtingobfl"dapbARRE! cddar)apdnese )

nmeans those chronosones with nore than 3-fold of fundanental chronosone by
mul ti plyi dgpanesgcypressnBke chfornbsane samberofitidesdliclr naigaims] by a

possessing nore or less , by 1 to few, than the basic nunmber is acquired by
t he speci esearfunof hacreseng tthehoulmbebeofhochedmbémhehapichi ds eediny @ind whi ch
is normally observed in plants, is not included into the scope defined by
the 3 29SEPRGEIBMf or ementioned " nultiploid ". DESCRI PTION OF THE PREFFERED
EVMBODI MENTS The follomjzg describes the exanples state of performance and
details. The Beetidthgd of elantingdrees| cfrthedpresert invemsidmot dfarpktarizedg trees
and nethod of growing plants in this invention is ultra-violet-resistant

in that it comprises the steps of @ selecting seedlings having multiploid

chromosome; and planting the selected seedlings. The chromosome number

of the seedlings is triploid or tetraploid. The seedlings are those of a conifer.

The seedlings of a conifer are seedlings of Japanese cedar or Japanese

cypress. The chromosome number of the seedlings is obtained by means of

increasing the number of chromosomes such as breeding and mutation. The

method of growing plants of the present invention is characterized in that it

comprises the step of artificially forming vegetation which is significantly

resistant to ultraviolet rays, as compared with vegetation constituted of

diploid plants, by selectively growing plants whose chromosome number

exceeds the basic number intrinsic of the species.

In this specification, “multiploid”( TASUSEI in Japanese ) means

those chromosomes with more than 3-fold of fundamental chromosome by

multiplying integral number of chromosome, and those chromosomes

possessing more or less , by 1 to few, than the basic number is acquired by

the species. Furthermore it should be noted that haploid, or diploid which is

normally observed in plants, is not included into the scope defined by the



(including "UV-resistant” abbreviation afterwards). The afforestation by
choosi ng UV-resi stant seedling and a nman-planted forest with capacity of
possessed resistant property against ultra-violet rays. Upon Self@@g@“zﬂ
seedl i ng possessing UV-resistant property, a standard of nultipl Oi

(TASUSEI ) chronosones acquired by the seedling is adopted for selection.
The nmultiploid stated here neans the case that the seedling having nore

than tri p|£bﬁ1ﬁé}{t%mp‘ﬂﬁ§ﬂti§ﬁb «standard is suggested for the first time by
the present inventors. Trees having nultiploid chronbsones possess their

resi stance against wultraviolet rays than the diploid trees normally
observed. In the man- planted forest forned by afforesting UV-resistant

seedling , the o tqn%qq forateg M i bserved in the
trees having di pquPg C ror(r)olgoorrlgs W Iqjlli]gg |n¢%m®¥mgly. The

abnor mal phendhienfolbwdhgascitibeetivé bXhbiG dt8td Adrforndyhdttad dbgames of
evergreens, deciduous trees their |eaves fall at the season of not

falling. This dﬂmse&mﬂir@e@iiﬂmdrﬁplehﬁ@ﬂfféxjest,_omléﬁq&iiﬂﬁﬁﬁrﬂm%itﬁeég\éh@ et
rays, and this can be inhibited. For description of several kinds of tree

and ascer tmethodheofefgrowiaty plantshiis ithikeniniventibA tife ubrarAbRS-retiBeint
followng article and di scussion are given in detail. ( Exanple ) In the

Exanpl e, thodedinga{B¥-rdsigthatt ahbesciatiad aftervheds. (The -affcibstael@wby2 9 SEP
2003 were collected and subjected to experinment about ultraviolet
resi st anceho¢sioy-U¥siesistane spedliny Ridcea fom-planteddoicsorwith Gameltgsef t he
rice leaf was used. Rice, a nonocotyledonous plant is well known for its
r esi st anc@oasgsisag resibtard\proberty against Theawidalet tagaf sanpl es used in the
experinent were grown at Tosashim zu city, Kochi Prefecture, Shikoku,
Japan . The rildpon ea¢lepiioe of obé¢ellirgl possessinge PVaeestant Tompehiyyi au city
and subj ected_ to measurenent

standard of multiploid ( TASUSEI ) chromosomes acquired by the seedling

1s adopted for selection. The multiploid stated here means the case that the

seedling having more than triploid chromosomes.

Such standard is suggested for the first time by the present inventors.

Trees having multiploid chromosomes possess their resistance against

ultraviolet rays than the diploid trees normally observed. In the man-

planted forest formed by afforesting UV-resistant seedling , the occurrences

of damage from ultraviolet rays observed in the trees having diploid

chromosomes will be inhibited effectively. The abnormal phenomena such as

tree withering uprightly, dying of leaves of evergreens, deciduous trees their

leaves fall at the season of not falling.This abnormal phenomena is thought

to be caused by ultraviolet rays, and this can be inhibited.

For description of several kinds of tree and ascertain the efficacy of
this invention in the examples, the following article and discussion are given
in detail.

( Example )

In the Example, those leaves of plants described in items (1) - (3) below,



of enzyme activity, etc. by the nethod described later. (2) OGsnunda Leaves
of osnunda which is spontaneously growing in Tosashim zu, Japan , were
collected as the object of experinment. As well known t hat osrz;g%&,%ern,
its plant evolutionary is old than other trees. Many reports h

t he cases that osnunda possesses the adaptability to the environnental
conditions by acquiring the nmultiplying ploid of chronobsone of the

speci es. (WreGyolbertpér amd ssibiectsd bloaekpeiinfsmtehboutrulfras st tre¥gtgl@ant to
ultraviolet rays, the | eaves of gymosperns were included into the objects

of experi fdfiV-rebistdiadd les 1-4 of this Exanple, KUROVATSU tree (English
name: Japanese black pine tree ), SUQd tree (English nanme: Japanese cedar)
and HI NOKI(1k r &ic¢Engl i sh nane: Japanese cypress) spontaneously growing in
nmount ai n of Japan, their |eaves were adopted for the object of

experinments. These |eahpsrspl esf ahmpleackhpi fice degfrwagdusedr ®se,t ees
were collected fromthe places and nunerated as shown in Tables 1-4. Bl ack

pi ne tree nforeotyledéneus phhrteisiwelbdknasn' éanits aesitatde pEaias) ultzavielwn to
be sensitive to common WV rays and bl ack pines resistant to W 2 9 S EP
2003 rays rayer diheafties lebbr earnplead uasd " Tn Thhe esipriranénd| wete piroen War e
separately described in Table 1, assays for SOD activity, GSH Px activity
and | i pi d}ﬁbﬁadxﬁmul eyl Konbi Prpéactureyeshikiblnt evpamr e Tlas ridenieas twaieed in
Tables 5 and 6, neasurenments for triploid species and tetraploid species
resul ti ng cPHested foemifine pladesrat Tobashimieu eityl sol pebjectedeid. mBa®nGnter® 2003
[Table 1 ] Conparison of |ipid peroxide |evels, SOD and gl utathione

per oxi de (OESREYRp astivity, ete dybdiemethdddesceibiedtlater. Japanese bl ack pi nes

and W serzs)i ti ve Japanese bl ack pines.
2)  Osmunda

Leaves of osmunda which is spontaneously growing in Tosashimizu,
Japan , were collected as the object of experiment. As well known that
osmunda, a fern, its plant evolutionary is old than other trees. Many reports
dealt with the cases that osmunda possesses the adaptability to the

environmental conditions by acquiring the multiplying ploid of chromosome

of the species.
(8) Gymnosperms such as black pines etc.

As a sensitive plant to ultraviolet rays, the leaves of gymnosperms
were included into the objects of experiment. In Tables 1-4 of this
Example, KUROMATSU tree (English name: Japanese black pine tree ),
SUGI tree (English name: Japanese cedar) and HINOKI tree (English
name: Japanese cypress) spontaneously growing in mountain of Japan, their
leaves were adopted for the object of experiments. These leaf samples of
black pine, cedar and cypress trees were collected from the
places and numeratedjas shown in Tables 1-4.

Black pine tree ( hereinafter abbreviated as “control black pine ) is

known to be sensitive to common UV rays and black pines resistant to UV



*P<0. 01 between Wresistant and sensitive black pine trees. SOD GSH- Px

Li pid Sanpl e naneactivity activity peroxide (unit/gr)(unit/gr)Levels (n
mol / gr) Nakami kata -73391460. 02150. 003218.02. 1 W Tosashi ni zu 2 8RER00Y.
01710. 002116.72.0 resistant JapaneseQoita -8201280. 02690. 002918. 22. 3

bl ackEi -425358460. 01900. 002220. 72. 8 Pi nesTsuyasaki - 50461730. 02360. 003522.
23. 3 Msaki -90346410.02300. 003623. 43. 0 Nami kat a- 73456590. 03310. 005222.
03. 7 Tanakgs(b436R4MRr GBLAKIRO 20 G- fosytatt bBALIGALPwARS60. 003318, 42. 9
Yoshi da -28171060. 02460. 003923. 52. 8 Sendai -290245310. 02330. 003919.92.7
Mtoyo -1Q389mtbB7AeORT6M 00I%Me h3-as%aﬁyeéﬁg@§%%§f*v&30@§ﬁr1@;@%%%@3- 6
Cont r ol No. 1252300. 01770. 002320. 53. 2 WNo. 299110. 01420. 001822.94. 1

sensi ti veNad3igitl perBRidelI80lsChsrberfcled. '
JapaneseNo. 4356460. 02060. 003721. 93. 5 bl ackNo. 5352420. 01980. 001718. 72. 4

pi nesAver age240D3rther00id 44 dembattd3ed in Tables 5 and 6, measurements for

triploid species and tetraploid species resulting from crossing and mutation

were also performed.



29SEP2003 [ Tabl e 21 Conparison of |ipid peroxide |evels, SOD and GSH Px
activities in SOD GSH Px Lipid Sanple Poly activity activity peroxide
nanepl oi dy(unit/gr)(unit/gr)Levels (n nmol/gr) B-42X472560. 018Q0.
002319. 92. 3 Control B-112X614730. 01550. 002021.32.9 9 SEP 2003
Japanesedi pl oi dsB- 132X552710. 00190. 000327. 53. 0 cypressD-42X8741040.
01070. 001626.43.9 D 92X549650. 00280. 000325. 73.5 D- 122X68388- 28. 83. 7

D- 142X466600. 00770. 001222. 93. 6 Average60146 t0.00940.000224.64.1
A-83X479710. 01230. 001724.73.4 A-133X543700.01190. 001527.83.6
Artificial AA243X685890. 00140. 000228. 14. 4

Tri pl oi dsA-543X505700. 00580. 000822. 73. 1 A-583X558550. 00790. 001221.12.3
A- 723X67474- 19. 1{TahleA 17 T3X4RPERO0F M6 DEoxiA0 130, 86D 3nTrfinxda2G10. 01000.

001221.52.5 C- 2235486 3OSHFh? 6 QetiRdHelwod By FestdarOR090 9RO 000822, 22. 8

pines and UV sensitive Japanese black pines.

Sample name SOD GSH-Px Lipid
activity activity peroxide
(unit/gr) (unit/gr) Levels

(n mol/gr)

Nakamikata -73 | 391+ 46 0. 0215=%0. 0032 18.0+2.1
uv Tosashimizu -63 | 225+29 0.0171+0. 0021 16.7+2.0

| resistant

Japanese | Ooita -8 201+28 0. 0269=%0. 0029 18.2+2.3
black Ei-425 358+46 0.0190+0. 0022 20.7x2.8
1 Pines Tsuyasaki-50 461+73 0.0236=0. 0035 22.2+3.3
Misaki -90 34641 0. 0230=%0. 0036 23.4+3.0
Namikata- 73 45659 0. 0331%0. 0052 22.0£3.7
Tanabe -54 367+t44 0. 0214=%0. 0027 20.5+2.8
Yasu -37 195+21 0. 0236=0. 0033 18.4+2.9
Yoshida -2 8171106 0. 0246=%0. 0039 23.5£2.8
Sendai -290 245+31 0. 0233+0. 0039 19.9%+2.7
Mitoyo -103 896+107 0. 0276+0. 0030 24.1£3.8
Average 423+ 56% 0.0237=+0. 0035 20.6L3.6
Control | No.1 25230 0.0177+0. 0023 20.5%3.2
uv No.2 99+11 0.0142%+0. 0018 22.9+4.1
sensitive | No.3 141+18 0. 0198=+0. 0031 21.1x£2.9
Japanese | No.4 356+46 0. 0206+ 0. 0037 21.9+3.5
black No.5 352+42 0.0198=0. 0017 18.7+2.4
pines Average 240+ 37% 0.00184+0. 0031 21.0£3.8

*P<0.01 between UV resistant and sensitive black pine trees.



C-503X58982-21. 13.1 C-553X57775-20.92. 7 C 603X62474-19.42. 3

C- 1403X646830. 00260. 000419. 92. 7 C-2253X100512021. 12. 1 Aver age60651 tO.
00760. 001822.03.9 Japanese cypress triploid 8 2 9 S E P 2003 %EﬂQEFJQk
Conparison of |ipid peroxide levels, SOD and GSH Px activities®i _
trees of Japanese cypress SOD Lipid Sanple Poly- activity GSH Px Peroxide
Namepl oi dy(unit/gr)(unit/gr)Levels (n nollgr) D ploidsAso-72X459550. 00690.
000924. 42. 9 JapaneseSaeki - 172X423540. 01600. 002021. 22.7
CypressHiji-42X544760. 00190. 000223.52.5 (Pl usKusu-62X459590. 01710.
002720. 72. 4 Trees) Taket a- 82X655850. 00680. 000924.02. 6 Average508 -!- 78
0.00970. 001822.74.3 t Triploi dsM soshi -43X420460. 01360. 002023. 12. 3

Fuj i - 23X5827 5Tl 60. @fdpdtod &f Bpid peroxide levels, SOD and GSH-Px activities in —
' Japanese cypress triploid

Lipid

Sample | Poly SOD GSH-Px
name ploidy activity activity peroxide
(unit/gr) (unit/gr) Levels

(n mol/gr)

) B-4 2X 472+56 0.0180=£0. 0023 19.91£2.3
Control | B-11 2X 61473 0.0155=0. 0020 21.3£2.9
Japanese | diploids | B-13 2X 55271 | 0.0019+0.0003 | 27.5+3.0
cypress D-4 2X 874104 | 0.0107+0.0016 26.4%3.9
D-9 2X 549165 0.0028+0. 0003 25.7%3.5
D-12 2X 683188 - 28.8%+3.7
D-14 2X 46660 | 0.0077=x0.0012 22.9%3.6

Average 601461 | 0.0094+0.0002 24.6+4.1
A-8 3X 1479+71 0.0123=+0. 0017 24.7%+3.4
A-13 3X 54370 0.0119+0. 0015 27.8+3.6
Artificial | A-24 3X 685189 0.0014=0. 0002 28.1+4.4
Triploids | A-54 3X 50570 | 0.0058%0.0008 | 22.7+3.1
A-58 3X 558+55 0.0079+0. 0012 21.1£2.3
A-72 3X 67474 - 1 19.1£2.4
A-77 3X 482+77 0.0065=£0. 0011 20.8+3.3
C-6 3X 559=+61 0.0100£0. 0012 21.5%x2.5
C-22 3X 548165 0.0126=£0. 0017 19.5+2.3
C-37 3X 58069 0.0055+0.0008 | 22.2+2.8
C-50 3X 589182 - 21.1x3.1
C-55 3X 57775 - 20.9+2.7
C-60 3X 624+74 - 19.4+2.3
C-140 3X 64683 0. 0026 0. 0004 19.9£=2.7
C-225 3X 1005120 21.1x2.1
Average 606511 | 0.0076=x0.0018 22.0£3.9




Average501 76 0.01210.002618.64.1 t Tetrapl oi dSanko- 4X19021900. 01030.
001221.53. 4 Hinoki Ki so-4X4X905990. 00580. 000716.2-!-2.5 Averagel403 i -
0.00810.001318.8 2. 8 t tP<0.001(between tetraploids of plus tmepgref
Japanese and diploids or triploids ofJapanese cypress, between tetraploids
of plus trees of Japanese and diploids or triploids of plus trees of
Japanese cypress) 29SEP2003 Sanpl ePol y-, GSH- PxLi pid SOD

Nanepl oi dyacti vityactivityPeroxide (unit/gr)(unit/gr)Levels (n nol/gr)

Di pl oi dsNaga-92X121. 40. 01340. 00214. 60. 5
JapaneseAki t a- 12X374. 40. 00960. 00155. 00. 6

Cedar Saga- 32X212. 50. 01140. 00183. 10. 5 (Pl usSaeki - 102X526. 70. 01040.
00154. 10. 5 [Teses} KGosakioR X2BRId80r &I1d:ABvel  BDM ardGIH=-PX activities in plus

Ni shi ka-2X172. 20. 00930. 00115.98:s%f Yapahelyipage27 3.80.01080. 00194. 30.6

212

Sample | Poly- SOD GSH-Px Lipid
Name ploidy | activity (unit/gr) Peroxide
(unit/gr) Levels
(n mol/gr)
Diploids Aso-7 2X 459+55 | 0.0069=%0. 0009 24.4+2.9
Japanese Saeki-17 | 2X 423+54 | 0.0160£0. 0020 21.2+2.7
Cypress Hiji-4 2X 544+76 | 0.0019%0. 0002 23.5x2.5
(Plus Kusu-6 | 2X 459459 |0.0171+0.0027 | 20.7£2.4
Trees) Taketa-8 | 2X 65585 | 0.0068+0.0009 | 24.0+2.6
Average 508 = 78 | 0.0097=0. 0018 22.7+4.3
T
Triploids Misoshi-4 | 3X 42046 | 0.0136=%0. 0020 23.1+2.3
Fuji-2 3X 58275 | 0.0106=x0. 0012 14.1x1.5
Average 501 + 76| 0.0121=%0. 0026 18.6x4.1
T
Tetraploid Sanko- 4X 1902£190 |0.0103=0. 0012 21.5%3.4
Hinoki
Kiso-4X 4X 905+=99 | 0.0058=0. 0007 16.2+2.5
Average 1403 =+ 212 | 0.0081+0. 0013 18.8+2.8
t

+ P<0. 001(between tetraploids of plus trees of Japanese and diploids or triploids
ofJapanese cypress, between tetraploids of plus trees of Japanese and
diploids or triploids of plus trees of Japanese cypress)




Tri pl oi dsQoi - 53X161190. 01410. 00197. 00. 8 Kuj i -303X415. 30. 00920. 00143.7

0.4 Onta-23X317440. 01500. 00249.5 1.1 Kyurin-3X108110.01820.00238.7 3X1.1
Fuj it su-3X236280. 01580. 00228.2 281.2 M yoshi
Kuga- 13X598. 20. 01150. 00138. 0 1.2 Averagel4523 t0.01350. 00217.

- 3X95120. 01090. 00

Tet r apl oi dKanaga- 4X35894300. 01760. 00178. 2 wa-sugi 0.9
Cr - 384X26842950. 01280. 00209. 3 1. 2 Aver age3136400. 01520. 00258. 7 1.3

ri ceTosashi - 29413524 G&AJLisbB 22 ¥ e?cﬁ:Y@ele%ezféj GS tiviti 1
OsmundTosashi - 13941810. 08890, 04 + s Le g ;Eﬂd 41 LoD P& Lol bt
lipid perpxide tevets, —ScB aet+ ;pq A PRSPINAS e, 0001
tetraploid and tdiploids of a%ﬂnﬁgqtr E@é’ of anese CE8HPX t 1 ed
cedar rice | eaves and osnundName ploidy act1v1ty activity Peroxide
(unit/gr) (unit/gr) Levels
(n
_ mol/gr)
Diploids Naga-9 |[2X 12+1.4 | 0.0134+0. 0021 4.6*+0.5
Japanese Akita-1 2X 37£4.4 | 0.0096=0. 0015 5.0*=0.6
Cedar Saga-3 | 2X 21£2.5 |0.0114%+0.0018 | 3.1+0.5
(Plus Saeki-10 | 2X 52%6.7 |0.0104+0.0015 | 4.1+0.5
Trees) Kunisaki | 2X 26+2.8 |0.0104%0. 0017 45+0.7
-3
Nishika- | 2X 17x2.2 | 0.0093%0. 0011 5.0+0.8
wa-2
Average 27 + 3.8 0.0108%0.0019 4.3+0.6
§
Triploids Qoi-5 3X 16119 | 0.0141+0.0019 7.0=0.8
Kuji-30 3X 41+5.3 | 0.0092=x0. 0014 3.7 =
0.4
Onta-2 3X 317£44 | 0.0150+0. 0024 95 =
: 1.1
Kyurin- | 38X 108%£11 | 0.0182=0. 0023 8.7 =
3X 1.1
Fuyjitsu- | 83X 23628 | 0.0158%0.0022 82 =+
28 1.2
Miyoshi- | 3X 95112 0.0109=£0. 0011 6.1 =
10 0.8
Kuga-1 3X - 59%8.2 | 0.0115%0. 0013 80 =
1.2
Average 145231 | 0.0135%0.0021 7.3 =+
1.2
Tetraploid Kanaga- | 4X 3589£430 | 0.0176%0.0017 82 =+
wa-sugl | 0.9
Cr-3"8 4X 26841295 | 0.0128=0. 0020 93 =+
1.2
Ave_rage ' 3136+40 1 | 0.01520. 0025 8.7 =
: § 1.3
rice Tosashi- 2941352 | 1.3841+0. 1522 71 =
leaves mizi 8.5
Osmund 1. Tosashi- 1394+181 | 0.0889=+0. 0115 51 +
mizu 8.1

1P<0.0001 between tetraploid and triploids of plus trees of Japanese cedar.
§ P<0. 00001 between tetraploids and diploids of plus trees of Japanese cedar.

- 10

FopEr A2

0. hm‘ ween
esLigid Japanese



MD. 00001 between tetraploids and diploids of plus trees of Japanese cedar.
2 9 SEP 2003 As shown in Table 1, ultraviolet-resistant (UV-resistant)
Japanese bl ack pines was conpared with ultraviolet- sensitive glgrggpemx
bl ack pines (as control) on SOD activity, glutathione peroxidase (GS )
activity and |ipid peroxide levels. In Table 2, diploids of Japanese
cypress were conpared with triploids wth |lipid peroxide |evels, SCD
activity and GoftdRowactihvThile N uﬁ&ﬂv@ol%t-r@éi@iﬁtd&l\ﬂﬂe'sﬁwhgsJ&?Qnese
tetraploids of plus trees of Japanese cypress were conpared with

i ndi vi dualblSIDpaedd WdsycorSitrdiX wagh uVirbyideserddifive JAPaaKsdB1d@Y plrfes | N
Tabl e 4, conparisons of SOD activity, GSH Px activity, lipid peroxide
level for (dépbnirdd) ohr SODOAEvIBNdlueh iAo Petiski@hsd (GSHE PLESCtHN: ty d@ganese

t
cedar, rice | eaves and osnund. The conparison of Table 4 with ables 5 and
6 whi ch wdipgdgesoxidbdevdlat er. The extracts fromthe | eaves of diploid,
triploid and tetraploid of Japanese cedar and Japanese cypress, were

conpar ed in Tdb Tablea2ddiplaids oﬁd&@ﬁhb@&g&ﬁe@é WS ®yIredwktdbireplaidsi N t he
colum of sanple added, for a mark used to description, the sanple size

with 0.6 gvithilipid peeoxidd lesels 30D anivithaad GOHAPL gbtivg’ , 6.0 gr/nl "x10".
In Table 6, the data of rice |eaves are included for conparison. The
i ndi vi dual enzZynEablet 3, vdiploidsidtriplpidd qed eetirapldidy 6f phertrebe oplaphsese
described in itens (1)-(3) were assayed. Testing itens for neasurenent of
enzynme acteypressyware corSpBred tiith iydividudla$OiDonetipty 0GiSHEPx 4&SHtPand
activity and catalase activity. The results obtained are shown in Tables 1-
4. The filyudeerexidhdewelby nmean SD style. On the other hand, catal ase
activity for those plants other than rice |eaves was utterly not
det ect abl e andnt Hkghle r ésgomparisoasnof SBDwractivitfabGEH -Px4 actiRityarkipidg t o
the quantitative analysis of |ipid peroxide level, its level - 11

peroxide level for diploids, triploids and tetra-ploids of plus trees of

Japanese cedar, rice leaves and osmund. The comparison of Table 4 with

Tables 5 and 6 which were described later.

The extracts from the leaves of diploid, triploid and tetraploid of
Japanese cedar and Japanese cypress, were compared in Table 5 and 6 as
described later. As shown in Table 5, in the column of sample added, for a
mark used to description, the sample size with 0.6 gr/ml is termed as “x1”
and thus 3.0 gr/ml “x2”, 6.0 gr/ml “x10”. In Table 6, the data of rice leaves
are included for comparison.

The individual enzyme activity and lipid peroxide level for the plants
described in items (1)-(3) were assayed. Testing items for measurement of
enzyme actitivty are: SOD activity, glutathione peroxidase (GSH-Px)
activity and catalase activity. The results obtained are shown in Tables 1- 4.

The figure is shown by mean+SD style. On the other hand, catalase activity
for those plants other ;chan rice leaves

was utterly not detectable and their results were not shown in Tables 1-4.

Regarding to the quantitative analysis of lipid peroxide level, its level

- 11 -



2 9 SEP2MB was neasured by using TBA reaction nmethod of converting
docohexanoic acid into TBA reactive substance. The | eaf honbgenates from
individual plants described above were prepared as follows angg

sanpl es. Leaves collected were fromthe plant in (1)-(3). The collected

| eaves were powdered with a mll. The | eaf honpgenates from i ndividual

pl ants descri bed above were used as sanples. The procedure for preparation

for these waaimdwueednat asiny TB2S reablioSmethbd 6f BOYStinsado&heREAGRT i N
95% et hanol solution for lipid peroxide formation test or in physiological

sal i ne foracidhise TBAtrsactivesubdtanced.i pid peroxide formation test. Both
cases were at concentration of 60 ng/m . The suspension solution was

exposed to sorlsateahhoafogéhiVdsofrokb indoAadll pMARr dsarited aBbve tWidre
solution was centrifuged (at 1300g). procedures as shown in Figure 1, the

super nat anirepafddes dellows farghiusod asesemples. dadvent@llettd Rard SrofP@epart is
for the preparations of sanple for |ipid peroxide |evel dertmnation. The

ot her one phast fn |(1)-&8)edHeheallighed Jeavas kb€ powdeee®arithon mif. The 1é4fl trate
was used as sanple for SOD activity assay and the renmainded filtrates were

used as sawmegehatecfval asdyidiB flunes estribetisaliaaaysre (156Das sagysles.i tati ve
anal ysis) To add the m xture prepared as described above to 0.2 m of the

assay m xthe premduae fongrepatdtiore foanhbian teafXhalasgemated ugiengs @2llows.and t he
resulting 02-quantity was determ ned fromreduction quantity of ferri-
cyt ochr onel'lds (pawpden W9s Byspéredasptincab%absloamdnsdution55Q lipidragsuxdd with a
spectrophot onet er (Beckman). The quantity of SOD contained in sanple is
defi ned adormatipndigst ianin qlsidlogical sabdaciongthope oektomeher ahasipidnd 1
unit of SOD is expressed by unit/ng protein. In this analysis, sanple
i tsel f notPesexigleifprmption tehk Botbacisesrwere atycorknbrmtion of 60 0ng/mlh&he
medi ati on of 02-, a small quantity of - 12 2 9 S EP 2003

suspension solution was exposed to sonication (at 15W for 15 second).

After sonication, the solution was centrifuged (at 1300g). procedures as

shown in Figure 1, the supernatants after centrifugation were divided into

two parts. One part is for the preparations of sample for lipid peroxide level

dertmination. The other one was filtrated through 45 p m filter. One portion

of the filtrate was used as sample for SOD activity assay and the remainded

filtrates were used as sample for catalase, GSH-Px activities assays.

(SOD ‘s quantitative analysis)

To add the mixture prepared as described above to 0.2 ml of the assay
mixture containing xanthine-xanthine oxidase producing 02—, and the
resulting O2—quantity was determined from reduction quantity of ferri-
cytochrome ¢ (type III) by the optical absorbance at 550 nm measured with a
spectrophotometer (Beckman).

The quantity of SOD contained in sample is defined as the reduction
quantity of reducing cytochrome c at 50% and 1 unit of SOD is expressed

by unit/mg protein. In this analysis, sample itself not only inhibits the

_reaction on cytochrome ¢ without the mediation of 02—, a small quantity of

- 12 -



cytochrome ¢ would be directly reduced. Wth these factors, the real SCD
quantity was cal culated by the fornmula: unit = {a -(b-c)}/(a/2) where a:
‘absorbance obtained by the addition of xanthine oxidase al one. ﬁ:s 2003
absor bance obtained by | eaf honbgenates in the presence of xan?t |r§£>

oxi dase. c: absorbance obtained by the addition of |eaf honbgenate al one
before the addition of xanthine oxidase. (Catalase Activity Assay) The

cat al ase agtichirbmevewodRl b tireegly eadu&igl. vel ocity of reduction of hydrogen
per oxi de (H202). The velocity of reduction was neasured for 12 - 30 seconds

in the pré¥ithchest factafs, hhoResnB0D gadmliBswadthldilatedIReHd RPARAANEt er at
240 nm Activity was expressed with the fornula shown 'below. K= (2.3/18)X

| og (Al/ A2) Al: Absorbance neasured for 12 seconds at 240 nm for the assay
m xture of total volume at 3.1 m consisting 10mmol /L H202 dissolving in 3
m of 50 m nol /L pnitasé yibje)idaNate buffer solution and 0.1 m of | eaf
honogenat e. A2: Absorbance neasured for 30 seconds at 240 nm for above
assay mixthere In this assay, hydrogen peroxi de used as substrate may have
the possibility of instability and thus substrate, hydrogen peroxi de was

subst i t ut @d abyorbadicawbpanedhgt the ddditibhof xasehin® G82aéh hnel | eaf sanple -
13 2 9 S EP 2M3 solution was suspended in 2.8 m of 0.05 nol/L potassium

phosphat e bbuftfserbarsm obfeaned giy Teaf) hombgemates uire thaprce@iceablf I@nthine
prei ncubation for 5 mnutes. Thereafter, to the preincubated m xture, 0.2
N sodi um peedidase.

c: absorbance obtained by the addition of leaf homogenate alone before the

addition of xanthine oxidase.

(Catalase Activity Assay)

The catalase activity was determined on the velocity of reduction of
hydrogen peroxide (H202). The velocity of reduction was measured for 12 -
30 seconds in the presence of leaf homogenate samples, using a

spectrophotometer at 240 nm. Activity was expressed with the formula

shown below.
K= (2.3/18)X log (A1/A2)

Al: Absorbance measured for 12 seconds at 240 nm for the assay
mixture of total volume at 3.1 ml consisting 10mmol/L. H202
dissolving in 3 ml of 50 m mol/L potassium phosphate buffer
solution and 0.1 ml of leaf homogenate.

A2 Absorbance measured for 30 seconds at 240 nm for above assay
mixture

In this assay, Hydrogen peroxide used as substrate may have the
possibility of instability and thus substrate, hydrogen peroxide was

substituted by sodium perborate. In this case, 0.002-0.05 ml leaf sample

- 13 -



sol ution was added in cuvette and the reaction was started. The data was
recorded for 2-3 mnutes at 220 nm (GSH Px Activity Assay) For GSH Px
‘measurenent, the method of Law ence and Burk, connecting to vvi%p '%i on
of NADPH by gl utat hi one reductase was used. The oxidation pot€ 83}%’90
NADPH was neasured at 37 Cwith a spectrophotoneter, its wave | ength at
340 nm The assay m xture was consisted of 50 nmmol /L potassi um phosphat e

buf f er solselution (s susPenddd ingl.8 lmebhylosnedi/apaatauhaptetplatdtdferl
mml /L NaN3, 0.2 mmol/L NADPH, 1 onmol /L glutathione, 2 unit of gl utathione

reduct ase,soltdort . (pHnfol), Ltheumeintuby dvapetapti de 30 °¢0 pretidubation for 5
tert-butyl peroxide solutions. To the above m xture, |eave honbgenate was

added to makmteheThessiftdr] ng thel ptdinoubatedBivigel0® N sodhiis pdiBogZy ME
activity measured by this nethod is showmn as the quantity of NADPH

oxi di zed petutiomutas. addBdeina@iviettd y ahd theawactiyn Wi étaptdd OTRE dads afsdi ng to
Lowy's nethod. (Lipid Peroxide Assay) The pol yunsaturated fatty acid
4,7,10, 13Fecda®led¥or Ak odnttesato220 andi.d was diluted to 200-fold in 94%
ethanol. To the test tube previously poured with this substrate, then
vari ous concentration of honogenate was added and subjected to radiation
with ultraviolet rays. In the experinent, honogenates of 0.6, 3.0 and 6.0
ng/ M condGH-Atxi Activiy dssagk ed. After radiation, the solution was
anal yzed by fl uorosgectromstry to measure the - 14 2 9 SEP 2003 quantity
of TBA ( thi ob&mbi@9H Bx aviehs)yrefeatwadhe heethold af hawremed cand eBaikati on
and at 553 nmfor em ssion were set in an equipnent of Hitachi F-2000
f | uor ospeconpptiand tevath oxidatians of NAIBPEHhbywglutiathiomear8uEtasthwasuaed.i ty of
TBA substance was .adopted as |ipi cliug)er oxi de quantity. Furthernore,
significa ediqxvl\gag%epotency for NADPH was measured at 37 ‘C with a
spectrophotometer, its wave length at 340 nm.
The assay mixture was consisted of 50 mmol/L potassium phosphate
buffer solution (pH 7.0), 1 mmol/L. ethylenediaminetetraacetic acid, 1
mmol/LL: NaN3, 0.2 mmol/. NADPH, 1 mmol/L glutathione, 2 unit of
glutathione reductase, and 1.5 mmol/L cumene hydroperoxide or 10 mmol/L
tert-butylperoxide solutions.
To the above mixture, leave homogenate was added to make the
resulting solution volume was 1.0 ml. Thus the enzyme activity measured
by this method is shown as the quantity of NADPH oxidized per minute.
The activity is shown by unit/mg protein according to Lowry’s method.
(Lipid Peroxide Assay)
The polyunsaturated fatty acid 4,7,10, 13, 16, 19-docosahexanoic acid
was diluted to 200-fold in 94% ethanol. To the test tube previously poured
with this substrate, then various concentration of homogenate was added
and subjected to radiation with ultraviolet rays. In the experiment,

homogenates of 0.6, 3.0 and 6.0 mg/ml concentration were tested. After

radiation, the solution was analyzed by fluorospectrometry to measure the

_14_



anal ysis was perfornmed by Student t-test. The result of t-test denonstrates
the significant difference between two groups. (ldentification of Ploids of
“Chronosone) Pol oi dy of the previously described trees was detegg?ggﬁgﬁﬁ
cytol ogi cal analysis by using root ends cells or flowytonetri s by
using leaf cells. Discussion on Tables 1-6, was perfornmed as follows. As
shown in Tables 1- 4, rice and osnmund | eaves (ref. Table 4) showed an

appar ent hjugntitSCGF GBA Wi thiobidititieseid). BHYesver [Bhgbh &t 515Ush &%
Japanese bl ack pines, Japanese cedar, Japanese cypress. Especially, GHS-Px

of rice | eatitatibavad as 5580mafer bndi8dionnwbrd senth SRR AGHIMENt bf dsityewiy hi gh
as 2941 unit/g. As can be seen from Table 4, the SOD activity for rice |eaf

i s hi gher F-2ha0 fhuvosepeetraphdtorhéeienr] trees tested (except Japanese cedar, a
tetraploid plant) , and in sone cases, the highest SOD activity, showed a
100-fol d act iThe yeoflt iis shuiwduaithomeanatr §. B.r'Eee tgeahedy of TBAN®sdandesmnd

| eaf al so showed the SCD activity as high as 1394 unit/g. Gymosperns

pl ants as waradastedsasdimdiperasidemamtity. Tahirehdrngdie) siphificantafiffeeseebl ack
pi nes possessing ultraviolet-resistant property, its SOD activity is found

'to be appamadydiy vasgherfotrad byhStualedit tateyt. Jhlpanesidt bl atkst ddmesstrtys

exanpl e, the SOD activity of the Japanese bl ack pines possessing

ul t ravi ol éheségnificant diffexpecd petiveeehlt3vo Efoups.t /g on average, and it is nuch
- 15 2 9 S E P 2003 higher 240 37 unit/g on average of the ordinary
Japanese bl ack pines. Fromthe above results, it is ascertained that in
the case the tree possesses the ultraviolet-resistant properties, the tree
has hi gh $bbrgificagianyof Plphdssofelramaespase) t hat SOD activity play a role to
protect them from damage _of ultraviolet rays. Wen conparing the SCD
activity of trifsleidy sﬁgeéhés preveualyd deseribagl direess peas edetaredneds byhown i n
Tables 2- 3, especially_ in the individual

cytological analysis by using root ends cells or flowcytometric analysis by

using leaf cells.

Discussion on Tables 1-6, was performed as follows. As shown in
Tables 1- 4, rice and osmund leaves (ref. Table 4) showed an apparent high
SOD activity than those of gymnosperms plants such as Japanese black
pines, Japanese cedar, Japanese cypress. Especially, GHS-Px of rice leaf
showed as high as 1.384 unit/g and SOD activity as very high as 2941 unit/g.

As can be seen from Table 4, the SOD activity for rice leaf is higher
than those of individual trees tested (except Japanese cedar, a tetraploid
plant) , and in some cases, the highest SOD activity, showed a 100-fold
activity of individual ordinary tree tested. In Table 4, osmund leaf also
showed the SOD activity as high as 1394 unit/g.

Gymnosperms plants as the test subject, as shown in Table 1 (P<0.01),
Japanese black pines possessing ultraviolet-resistant property, its SOD
activity is found to be apparently higher than the ordinary Japanese black
pines. For example, the SOD activity of the Japanese black pines possessing

ultraviolet-resistant property is 413+56 unit/g on average, and it is much

._15_



trees , the tetraploid species tree showed a higher SOD activity than
triploid species tree. The plus tree of the Japanese cedar (sanple nane
Kam kawa cedar, Cr-38c) as shown in Table 4, showed a very h| h SOD
activity than those ordinary trees. In such Japanese cedar, Sﬁﬁbam%nt
increase of SOD activity was found in trees possessing tetrapI0|d
chronosone. In contrast to this, both diploid and triploid trees showed no

appar ent iligheng40 &f37508t/gasnt hvértage cBaBoRSardJa E)gntas@biacw;qnesr oxi de
| evel, it was denonstrated that those cedars wt guantity of resin

have a very |iFidng thiephBowrerexilés itf Rf HB&dreAindRi dH4tYif QHR AR tMel Brelt her
trees. The difference of GSH Px acti vi ty between ultraviol et-resistant

Japanese kjoasssp ks uitirdvislétrsithat ps@RtiesVehefrdb 'Pl%%ﬁ’ll%ﬁ‘%‘ﬁ%%iz t3Ck
pines as control in Table was not found (refer to Table P>0.05). "Thi s

may suggéBtisthhay suggdselthhi SO h@ueftygkg/ BXoB 180/ pRstedd fHent Fidng el
resistance. 2 9 S E P 2003 [Tabl e 5] arison of SOD activity and the

ef fect of dfiyttrdvipdetordydati on by the g , an n apanese trees Lipid.
per oxi dati on average Sanpl esPol ypl oi dySODV\( ) control 45

Activity' LTV(+Whent compa@ihg uthie /SODSarweivetyadse dpiptaiit spbeiks * {r@e68ind

r/m)124. 614.9 S 202X13315x5*(3.0ngr/m ) 73.39.5 x10*(6.0mr/m ) 33,8 4.7

X1115. 313.te®raploid species tree, as shown in Tables 2- 3, especially in the individual
trees , the tetraploid species tree showed a higher SOD activity than triploid
species tree. The plus tree of the Japanese cedar (sample name Kamikawa
cedar, Cr-38c) as shown in Table 4, showed a very high SOD activity than
those ordinary trees. In such Japanese cedar, the apparent increase of SOD
activity was found in trees possessing tetraploid chromosome. In contrast to
this, both diploid and triploid trees showed no apparent increase of SOD

activity.

Secondly, as to the lipid peroxide level, it was demonstrated that those
cedars with small quantity of resin have a very little lipid peroxide

formation ability compared with other trees.

The difference of GSH-Px activity between ultraviolet-resistant
Japanese black pines and ultraviolet-sensitive ordinary Japanese black
pines as control in Table was not found (refer to Table 1, P>0.05). This may

suggest that no relationship of GSH-Px enzymes with ultraviolet resistance.
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5-222X14917x 571.4 9. 2 X1031.5 4. 4 x 1221.524. 3 S-232X42154x 5137.917. 9
X1060.3 7. 2 x 1174.6 19. 2 S-253X62981x 5112.514. 6 X1063.910. 2 X

182. 710. 7 S-263X2173260x 562.1 9. 9 X1043.65. 2 x 1150.624. 0 S-283X30933x
589.213. 3 X1041.9 6. 7 x 184.210. 9 S-304X1382193x 562.3 8.7 X4 &4P. 03t 6 X
179.4 10. 3 S-314X1447231x 557.3 9. 1 X1037.1 5.1 x 172.9 9.4
S-324X1096164x 561.4 7. 9 X1051.9 8.3 x 171.612. 1 5-334X1237160x 549.5 6.
4 X1038.4 6. 1 x 186.011. 1 S-344X1645213x 564.1 9.6 X1044.1 7. O

X1140. 115. 4

[Table 5] Comparison of SOD activity and the effect of lipid peroxidation by the
extract of leaves among 2X, 3X and 4X in J apanese trees

Lipid peroxidation
average
Samples Polyploidy SOD UV(-) control 45
Activity- UV(+)control 260
(unit/gr) Sample added % control
x1*(0.6mgr/ml) 124.6-14.9
$5-20 2X 183*+15 | x5%(8.0mgr/ml) 73.8%9.5
x10*(6.0mgr/ml) 33,8+ 4.7
x1 115.3+13.8
S-22 2X 149+17 x5 714+ 9.2
x10 31.56+ 4.4
x1 221.5+24.3
S-23 2X 421154 x5 137.9+17.9
x10 60.3% 7.2
x1 174.6£19. 2
S‘25 3X 629481 x5 112.5+14.6
x10 63.9+10. 2
» x1 82.7+10.7
S-26 3X 2173+260 x5 62.1+ 9.9
x10 43.6+5. 2
x1 150.6+24.0
S-28 3X 309+%33 x5 89.2+13.3
x10 41.9% 6.7
x1 84.2+10.9
S-80 4X 1382+193 x5 62.3+ 8.7
x10 42,71+ 4.6
x1 79.4+ 10.3
S-381 4X 14474231 x5 57.83+ 9.1
x10 37.1%x= 5.1
x1 72.9x 9.4
S-32 4X 1096164 x5 61.4+ 7.9
x10 51.9+ 8.3
x1 71.6412.1
S-33 4X 12371160 x5 49.8+ 6.4
x10 38.4% 6.1
x 1 86.0+11.1
S-34 4X 1645213 x5 64.1}+ 9.6
. x10 441+ 7.0
x 1 140.1+15.4
S-36 4X 1105+154 x5 94.8+15.1
x10 53.7+ 6.9
x 1 136.6+19.1
S-38 4X 1046135 x5 111.6%15.6
x10 89.0£10.6

*x1 denotes 0.6 gr/ml as unit and the column “sampl added” shows multiple
of theunit -
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S-364X1105154x594.8 15. 1 x1053.7 6. 9 x 1136.619. 1 S-384X1046135x

5111. 615. 6 X1089.0 10. 6 extrac t of |eaves anon 2X 3X d 4X i J *x1
denotes 0.6 gr/m as unit and the columm "sanpl added” shows multiple of
theunit 2 9 S E P 2003 [Tabl e 61 Conpari son of SOD activity ar)zdgtsré%f\ngect
of |ipid peroxidation by Lipid peroxidation Average

Sanpl esPol ypl oi dySODUV(-) control 45 activityW+)control 260
(unit/gr)Sanpl e added% control xI*(0.6ngr/m)163.017.9

H 12X16019x5* (3. Qrgr/ ni ) 98. 211. 7 x| O¢(6. Ongrim )58.5 7.6 x 1151.821. 2
H 22X35245x 5103. 411.3 X1056.8 6.2

[Table 6] Comparison of SOD activity and the effect of lipid peroxidation by
the extract of leaves among 2X, 3X and 4X in Japanese trees

Lipid peroxidation
Average

Samples | Polyploidy | SOD UV(-) control 45

activity UV(+)control 260
(unit/gr) Sample added % control
x1*(0.6mgr/ml) 163.0£17.9
H-1 2X 16019 | x5*(3.0mgr/ml) 98.2+11.7
x10%(6.0mgr/m]) 585+ 7.6
L5 x1 151.8+21.2
- H-2 2X 35245 x5 103.4%11.3
x10 56.8t 6.2
x1 170.0£22.1
H-5 3X 57880 x5 114.3+17.1
x10 60.8+ 7.2
x1 95.2+13.3
H-6 3X 1066138 x5 53.1%t 6.3
x10 45.2+ 5.8
x1 139.1%+15.3
H-7 3X 742189 xb 87.6%10.5
x10 40.4* 4.4
x1 123.6+14.8
H-8 3X 821106 x5 78.4+ 9.4
x10 38.1+ 4.9
x1 92.5%£12.9
H-9 3X 1280+140 x5 62.3* 6.9
x10 39.0% 4.6
x1 52.61+ 6.8
H-10 4X 17734265 x5 37.8%t 6.0
x10 25.3% 3.5
x1 90.8%12.7
H-11 4X 1232+172 x5 61.4+ 7.9
x10 32.3%+ 4.8
x1 455.21+54.6
rice 2941+352 x5 298.3+£38.7
leaves x10 165.0£21.4

*x1 denotes 0.6 gr/ml as unit and the column “sampl added” shows multiple of the

unit
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X 1170.022.1 H 53X57880x 5114.317.1 X1060.8 7.2 x 195.213.3 H 63X1066138x
553.1 6.3 -x1045.2 5.8 X 1139.115. 3 H 73X74289x 587.6 10. 5 X1040.4 4.4 x
1123.614.8 H 83X821106x 578.4 9.4 X1038.1 4.9 x 192.512.9 g
H-93X1280140x562.3 6.9 X1039.0 4. 6 x 152.6 6.8 H—104X1773265§ §§?.§n%.o
X1025.3 3.5 x 190.812.7 H 114X1232172x 561.4 7.9 X1032. 3 4. 8 x 1455.254.6
rice.2941352x 5298. 338. 7 | eavesx10165. 021.4 the extract of |eaves anong 2X

X and 4| I9BAEBE e bl RS S e BaL M S e cof o

"sanpl added" shows multip unit per oxi de

. . i 0.6 /[ m
formation w@ﬁogﬂm@%ﬂg.@t% Wﬁgggﬁgﬁa RigHOb bt AP Wfoddtiale mg/ i)

and a high concentration
inhibited the formation of lipid peroxide. This is clearly shown in Tables 5

and 6.

As shown in Tables 5 and 6, when tetraploid tree leaf samples are
compared each other, it is clear that in those samples of high SOD activity
whose inhibitory effects is strong in presence of low sample concentration.
This may suggest that SOD activity plays a role to inhibit formation of the
lipid peroxide as cytotoxic role . This meéns that the higher SOD activity,
the more extensive inhibition on the lipid peroxide formation.

For example, Japanese cedar sample nos. S-26, -30, -32, -34, -36 -38 in
Table 5 and Japanese cypress samples nos. H-6, -9, -10, -11 in Table 6, have
higher SOD activity than 1,000 unit/g. Among them, nine cases: sample nos.
S-26, -30, -32, -34; H-6, -9, -10, showed a lower lipid peroxide formation
(indicating in column of x1 of Table 5 ) with addition of low sample
concentration than controls.

In the case of rice leaf’s sample, the formation of lipid peroxide was
inhibited regardless of low concentration of homogenate (see “x1 column” of
Table 5) or high concentration (see “x10 column” of Table 5). Thus SOD
activity demonstrated a high activity as those of GHS-Px activity and
catalase activity. Among the leaf samples tested, the rice leaf showed the
highest level for lipid peroxide formation. Samples other than rice leaf, their
catalase activities were not detectable and thus data are not included in
Tables.

On the other Hand, the higher SOD activity, the stronger anti-
oxidation effects are known as usual. The SOD plays an important role of

removal of active oxygen.
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inhibited the formation of |ipid peroxide. This is clearly shown in Tables
5 and 6. As shown in Tables 5 and 6, when tetraploid tree | eaf sanples are
conpared each other, it is clear that in those sanples of high SOD activity
whose inhibitory effects is strong in presence of |ow sanple Z28r8EmMpldti on.
This may suggest that SOD activity plays a role to inhibit formation of the
| i pi d peroxide as cytotoxic role . This neans that the higher SOD activity,
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formation o per oxi regar OW COHCGHPI’ ation

of hormge I |l e 5) or high concentration (see "x10
col um” oPaél'a ﬁg&%dk)é Lig%m gc’ttfgélas{)y denonstrated a high activity as

those of @QyRX wihbMin yolggﬁghﬂgt alB %Féél\'r/l y. ffdArqg{gl z Qﬁpl ‘%ﬁ& sapml es

tested, the rice leaft sh hi ghest erox dé

formation. s&@é%ﬁ@y%hﬁ%hté%ﬂ@eﬂﬂrﬁﬁohQﬁfox?f%%?%5d1cﬁ?t al ase act ivities were

not detectable and’thus data are not inc Tabl es. On the other

hand, the hi ghBut S6darafid ¥d tie ekﬁ@rlﬁ{ernQQE?éSLﬂ&I th tOSOﬂﬁBét‘?fitf fafrgqutl?h are

known as usual. The SOD plays an inportant role o renova act

oxygen. - ak9obtdifedShh #Mprent GRVSH IS 38 Qﬁoééntxfeégtﬁ?fs§eésfhé el@hifddett O

formati on of active oxygen, the existence of ultraviolet rays Is not
negl ect ed.rekist4 0@ Rhey @aeSthod@ht tHGila9M F@ACtIRPRO TIBEICE thendekrd Mbih

increase of ultraviolet radiation forwarding to
the damage exerted from environment by using the anti-oxidization agents
such as SOD containing ikn their leaves. Until
now, no reports concerning the self-protection against the environmental
damage, by trees using anti-oxidization agent possessed in the trees. This is
the new finding by the present inventors.

The anti-oxidization ability of ultraviolet-resistant pine tree
(hereinafter abbreviated as “UV-resistant”) was compared with that of
ordinary pine tree. Usually, reports on induction of GHS-px activity in
response to oxygen radical were available. But in the experiments
performed by the present inventors, no result oh apparent change of GHS-
px activity paralleled to SOD activity was not established.

Regarding to catalase, there was a report dealt with the occurrence of
catalase induced by the oxygen radicals in tree. But in the present
experiment found no occurrence of catalase except for rice leaves. This
may be considered fhat terpene, etc in the homogenates inhibits the

activation.

It 1s well known that like the enzymes such as superoxidase, the low
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earth. Based on this evidence, apparent increase of oxygen radical had been
identified. Like human beings, trees Cccur withering uprightly when
exposing to ultraviolet rays and succeedingly to high concentration of
oxygen radical. But according to the experinental results tha2 9XHP a03ivity
are high, as obtained by the present inventors for those trees possessing
ultraviolet resistance, they are thought to play a function to protect

ant1 - oxt arapAllar, e RAR NG B LORREE AR Ol MU 2BeRbi 1 now,
|

dammge. | b ERCEdhEl Holdh ?I’.%Sé.@f?%?ﬁ%r‘?gﬁ‘a@ﬁ}ae possi‘s%ée‘;'ev“'ﬁ{ﬁe%ﬁ‘ﬁi%82 Thi's

is the news {bﬁqﬁﬂﬁ1&%’ aﬁ[%%tlele% o n%(ﬁﬁ'éc?ﬂir fil; !r)lélg)égggéa;'so%o%bl lity

of ultravi ol et- resi I'ne Tree er el na

"UV-resi S%)% forhe \ﬁabc‘utcfﬁgg gdswg ?5% ygi‘for%re(a' T@fsyc cﬂ?detdrt% %al Ly,

reports (0] UCtI on PX ac response to Oxygen ra i’cal were

| abl t ,
eva a0 oyl 4 PGS HELLOLIEG B LR DRSTETE: GRUARIES, o
was not e%s%yé%df]ﬁgb eXte él"vg'o:ig%ér?r @]%gjsase there was a report dealt with

t he occurrence cata ase uce y the oxygen radicals in tree. But in

the present  expeEidiRg ttoftﬁggéjogg‘ét(ﬁgﬁigsicﬁﬁc%v@n 8&{5&&5@;@%&)@% df ce

| eaves. This may be consi at terpéne, efcin't onogenates

inhibits §BD a@@fvhwﬁ&ehrdrﬁog&nmﬂ II)DIEB?Mh'oBé‘TtréeF;&sé&%u%‘EMEEZd augh as

super oxi dase, the l'ow - 03 nol ecu wel g tances for

exanpl e, \téﬁﬁﬁldldceé%x%cimlydﬂfé @etx%@%ia tredd B¥ve & i SOD abfvity HiRgHy WEh
the experinent in this invention, study on anti-oxidization function of

| ow ol ecyhafpregdihveRtiRe Wigt Hiate. MHere RPAS 6 EREubLTonidIPER Rllatibhkigipt | Vi ty
performed. It is concluded that SOD, a
between extent of SOD activity and ploid of tree done by others, the results
obtained by the present inventors as mentioned above are utterly beyond
estimation.

When consider on the relationship of SOD activity and multiploid of
chromsome, an increase of locus of chromosome encoding SOD , this brings
the increase of SOD quantity existing. This consideration may be
affirmative as referring to the evidence for example, in human beings,
Down’s syndrome was found to have three chromosomes ( trysomy )
containing Cu,Zn-SOD loci and this leading to an increase by 50% of SOD
quantity.

Though the increase of SOD activity found in the trees of triploid
and of tetraploid individually, in the experiments performed by the present
inventors, an promoting level of SOD itself was not confirmed. This is to say
that another elucidation may be applicable to consider, however It is
concluded that locus 6f SOD chromosome is not found to increase in the

individual sample tested.

And rice leaves are thought to possess the ultraviolet light resistance,
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strong anti-oxidizing enzynme is occurring in the tree | eaves for protecting
itsel f agai nst excessive oxygen radicals. Succeeding to the above

‘di scussi ons, when consider the relationship of SOD activity and
chronosonmes of plants, those trees possessing triploid and ~t &t% &pP @003,
especially the tretraploid trees have a high SOD activity found by the
present inventors first time. There Was no di scussion on the relationship
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be not only high than those of Japanese s tree of

Japanese GHRhegPmeRierths Anth ANBshsPelingh AHdS tPg REI L Ich Bhﬁ{btt hefdrhees.
Furt her nore, c%?gfag%amas har dl y é%?ectaéﬁe ﬂn t he treég rice Ieé&es
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activity possessed by the "tree'in response to the environnmental oxygen

radi cal anmguMipgledi ol ellnf@¥$ing adaptability against the environmental
perturbation by acquiring multiploid fact is also reported recently in
bacteria.

Furthermore, from the experiments described above, in the Japanese

cedar, Japanese cypress possessing ultraviolet-resistant properties were
proved to have triploid and tetraploid of chromosomes.
While even those ultraviolet-sensitive gymensperms, strengthen their SOD
activity by multiplying their ploid of chromosome, to protect themselves in
response to the increased exposing time to ultraviolet rays and oxygen
radical. This is to say that the species appeared to have adaptability is
considerable.

On the other hand, it is considerable that UV-resistant black pine tree
increases SOD to protect itself without the relationship of multiploid of
chromosome in contrast to the ordinary black pine tree. It
is also thought that thé UV-resistant black pine tree does not adopt the

measure to be taken for multiplying its chromosome into multiploid. As

a general thinking, the increased UV-B( B region ultraviolet rays distributes
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t he nonocotyl edonous plants can acquire the high adaptability agai nst
environnental ultraviolet rays. For exanple, a fernis nore primtive plant
t han gynmensperns and angi osperns, and it is well known that a fern acquire
the high adaptability by nmultiplying their chrompsone nunber t2d8 SEP 2003

mul tiploid. Inproving adaptability against the environnmental perturbation
by acquiring nultiploid fact is also reported recently in bacteria.
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mul ti pl yi r&grxteggléﬁdiﬁ’xl Ocloqch% P&E{ét%[rggiss.one, to protect thenselves in response
to the increas

exposi ng ultraviolet rays and oxygen radical.
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bl ack pine tree is correspondi s hypot hesi s. ere two types on

acqui si ti GRoRdcyddlelbRb @ ﬁlfﬁfts GRERRSARE By r@%@é‘gssﬁhe QRE&JME% rbﬁsf%&éér al or
artificial cross, the other one is nature nutation suc as branch change
type or thBafartthei dlatk Metad,i apiinkbe COAMAYSCINRE JhFRERN eypEBIRINGTe 2

fern, conparing to gymespernms and angi osperms pl anﬁs, many ki nds of fern
al ready acgperietertyiderfiraied by thé prédeht iKAGWars iddicate that both osmunda

and the rice leaves showed a stronger SOD activity than other trees.
Gymnesperms plants such as black pine, Japanese cedars, and Japanese
cypress, etc., should to demonstrate their actions in response to the real
environment by multiplying their chromosome having SOD gene , as the
present inventors observed so.

From survey of references on agriculture and gardening field, it is
confirmed that in the field of improvement of kind of plants such as green
tea, apple, banana, tulip, orchid ete, polyploid is used in many cases. But in
the conventional Japanese cedar, Japanese cypress, etc , the multiploid
species are found to grow not so good as the ordinary
diploid species. This value of multiploid species was utterly not noticed by
the forestry industries.

In the plus tree of Japanese cedars and J apanese cypress, the present
inventors found out tile natural triploid species among the sterile species
with cell biological research. The reports together with the results obtained

by present inventors, reveal that only 41 clones of Japanese cedars and two
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nonocyt ol edonous pl ants such as rice etc. possess the ultraviolet

resi stance than the bl ack pine, Japanese cedars and Japanese cypress. The
experinments perfornmed by the present inventors indicate that bqgth osnmunda
and the rice | eaves showed a stronger SOD activity than other #r%&§P 2003
Gymmesperns plants such as bl ack pine, Japanese cedars, and Japanese
cypress, etc., should to denonstrate their actions in response to the real
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is used iny@A%e.gases. But in the conventional Japanese cedar, Japanese
cypress, etc , the nultiploid species are found to grow not so good as the
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I y. Thé effort

species of triploid by using artificral crossing technolo
was per f orgredetyinéeftsisNng between diploid and tetraploid species in
Japanese cedar and Japanese cypress, respectively. The artificial triploid

speci es bred tNgmebf ak eAtddy griwtt bof Gradifiela® <Tbsng WRIRofd0BhédisPdvdL 9r ow
better than diploid species by the present inventors. Nanely, a better
growt h of cahfirhdddctledn ¢hes@nREntibhil eFploifesiESTMRSs concluded that it is

p)ossible and beneficial to use the multiploid to breed Japanese cedar and
J apanese cypress.

Furthermore in the lipid peroxide assay, the leave homogenate of
tetraploid containing a high SOD activity, apparently inhibited the lipid
peroxide formation. This evidence may suggest that trees protect themselves
from the damage by oxygen radicals introduced by ultraviolet rays through
multiplying their chromosomal number.

Those Japanese cedars except tetraploid cedar, containing
comparatively small resin than other trees, showed a low lipid peroxide
Level and low SOD activity. Such results were identified in Tables 2-4.
Because this Japanese cedar contains small resin, it is clear that the formed
lipid peroxide can be estimated to be small. This means that treatment of
low lipid peroxide formation, a low SOD activity is considered to be enough.

Namely, it is considered that Japanese cedar not needs to use high

SOD activity to treat the low lipid peroxide, because, cedar tree does not

produce the quantity of lipid peroxide.
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confirmed than the conventional triploid one. This is concluded that it is
possi bl e and beneficial to use the multiploid to breed Japanese cedar and
Japanese cypress. Furthernore in the |ipid peroxide assay, the | eave
honmbgenate of tetraploid containing a high SOD activity, appad 8riBR/2003
inhibited the lipid peroxide formation. This evidence may suggest that
trees protect thenselves fromthe damage by oxygen radicals introduced by
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occurring cﬂ&'fmbgoﬁlg%dlﬁﬁéi’?t accel eration tendency of ozonosphere damage. A
fern, an evolutionary nore primtive plant than gymosperns and

angi osper ms pl g3k Sin a4dee ' eI ILARIP HaAsts! Egcl‘%ﬂ#f & Jelrlels¥ gﬁ?dg”%hd the

di sadvant age of environnental perturbations yl ng nosomnme

number . AlJ@ahnBsd BRsRsNaeM Brripied ﬁ%ﬁnﬁeﬁliﬁg%qﬁﬁe&mﬂﬂ%aﬁﬁ@@r and

Japanese cypress, 1t is found that their seedlling acquired the ultraviolet

resi stant rpeiap@it Ypriderdy P! didbplABRL" tEEHORSOMBsAMBD furhBed N the
conpari son of the ultraviolet resistant species with the ultraviol et non-

' esi stant copffiré®n dheailtdahviolet fédibidind spbeiks aatiRtRe LIRESi0MY gord-ound to
e resistant species. Especially, triploid, tetraploid trees were found to have
this tendency.

On the other hand, although some species with natural cross, grew not
good or became sterile, it is confirmed that some species obtain a good
growth characteristics by artificial cross.

Namely, for Japanese cedar, Japanese cypress, etc. the means to
acquire adaptability by multiplying ploid into multiploid were found
to be adoptable. This production of multiploid descendants by artificial
crossing etc. can be said as the effective method to protect trees from
increasing tendency of oxygen radicals induced by ultraviolet rays.

This invention is not necessary to limit to the form of above examples,
all the examples if not separated from the object of this invention is termed
as within the range of this invention.

For example, thé above needle-leaved trees such as Japanese cedar,

Japanese cypress were explained and this will be considered also to adapt to

the broad-leaved trees. And this also be considered to adapt to evergreen
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this tendency. On the other hand, although sonme species with natural cross,
grew not good or becane sterile, it is confirmed that sonme species obtain
a good growh characteristics by artificial cross. Nanely, fo? Jg gnese
cedar, Japanese cypress, etc. the neans to acquire adaptabili ﬁ e 2003
multiplying ploid into nultiploid were found to be adoptable. This
production of nultiploid descendants by artificial crossing etc. can be
said as t ff i tQ..p e r f i in e ncy of
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resistance by multiplying 1ts chronosone nunb IS experinen

was not O%Qﬁ‘é?%e-bgus]@f}?é}éfﬁe%éﬁ%km&%fﬁih%ecreégf'ere m ght of course be

sone speci es of Japanese black pine trees acquired the ultraviolet rays
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kinds of pine trees. It is considered at t strong plant species of
ul travi ol efan' 88 k&leafe@trofPth d8ta3fla28  FDISTCOR SR nfdBREATAH Pthe ket

chronosone. And the selected plants are planted in the plenty sunshine

area to kefBntd'greshla@bad h thaplét t§tsunsBiise ARS & ROGLLHY @?Bn?@ﬂ’drﬁ%lett hi's
means are considered to be the positive protection of plant ecol ogical

P e S F R Ao i e
hexapl oi d ploteptionosfasdant beolbgical Bevizanmeneshthe abéai nabl e.
Though the above explanation is focused on the triploid and tetraploid,
Those multiploid trees such as pentploid and hexaploid chromosomes will be
the same result obtainable.
In the man-planted forest of the present invention, damages such as
death of trees caused by ultraviolet rays are significantly inhibited .
Accordingly, if the scale of ultraviolet radiation on the earth increases due to
the progression of destruction of the ozonosphere the man-planted forest of
the present invention will reliably be remained. By employing the method of

planting trees of the present invention, a man-planted forest having such

resistance to ultraviolet can be formed.
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In the man-planted forest of the present invention, damages such as death
of trees caused by ultraviolet rays are significantly inhibited .
Accordingly, if the scale of ultraviolet radiation on the earth i ncreases
due to the progression of destruction of the ozonosphere the n@ﬁlﬁfadﬂﬁd
forest of the present invention will reliably be remained. By enpl oying
the nmethod of planting trees of the present invention, a man-planted
forest having such resistance to ultraviolet can be formed. 2 9 SEP 2DM
What is claimed is 1. The nethod of planting UV-resistance trees, which
conprises the steps of selecting seedling having nultiploid; and planting
the. selected seedling. 2. The nethod of planting UV-resistance trees
according to Claim1l1l, wherein the chronpbsone nunber of the seedling is
mul tiploid such as triploid and tetraploid 3. The nethod of planting
UV-resi stance Wheéés deioarddsng to Claim 2, wherein the seedlings are those
of a conifer. 4. The nethod of planting UV-resistance trees according to
Claim3, wherein the seedling of a conifer are cedar or cypress. 5. The
nmet hod of pl anting - j St . : i_.n o Claim4, . wherein the
chr onosone nun%ér Jﬁgtﬁgﬁgéeg??ﬁﬂéﬁfgﬁgg%gﬁégﬁ g§&ﬁ€§%§13?mpPﬂ%?g5%ing t he
basi ¢ nunmber oftepbranbaecmy seddlinghadiremMuliptbidUbAd ipihtin§ -thd hRIdEeIhod of
pl anting UV-resistance trees according to Claim1l, \Werein the seedlings
are those of ase#ffli@er . 7. The method of planting UV-resistance trees
according to Claim1l, wherein the seedling of a conifer are cedar or
cypress. 27 2 9 SEP 203 8. The nethod of growi ng UV-resistance plants,
whi ch conpri seg. t herheSihemoaf ofagibhtiigCURLrkYisfaAtET ey @063 r@hG AP WinEh, i S
significantly resistant to

: wherein the chromosome number of the seedling is multiploid such as

triploid and tetraploid

3. The method of planting UV-resistance trees according to Claim 2,

wherein the seediings are those of a conifer.

4. The method of planting UV-resistance trees according to Claim 3,

wherein the seedling of a conifer are cedar or cypress.
5. The method of planting UV-resistance trees according to Claim 4,
wherein the chromosome number of the seedlings is obtained by means of

increasing the basic number of chromosomes such as breed and mutation.

6. The method of planting UV-resistance trees according to Claim 1,

wherein the seedlings are those of a conifer .

7. The method of planting UV-resistance trees according to Claim 1,

wherein the seedling of a conifer are cedar or cypress.
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ultraviolet rays, as conpared with vegetation constituted of diploid
pl ants, by selectively grow ng plants whose chronbsonme nunber exceeds the
basi ¢ nunber of the species. 28 2 9 SEP 2003

8. The method of growing UV-resistance plants, which comprises the
step of artificially forming vegetation which is significantly resistant to
ultraviolet rays, as compared with vegetation constituted of diploid plants,

by selectively growing plants whose chromosome number exceeds the

basic number of the species.
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