
















































IV -1. 1 ntroduction 

LcgUI1lcS arc thc planl prolcin bolh for man anu uomcslic animals. 

il11porlant UUC to to Iﾏ¥. nitrogcn by symbiosis ¥¥'ith rhi 

Thc small gcnolllc short 1 i f-1"c11i1 i ty anu 01 

transroll11ation Illakc Lol/(.¥' japol/;c/ls tablc plant spccics ror a gcnomc projcct such as 

Ii (/110 and sal;va L. L japoll;c/ls has bccn uscd as a Illodcl 

spccics (Handgcrg and Slougaaru 1992). 

Thc gcnus , consisls 01' morc lhan onc hundrcd spccics 01" ui ploius 

tClraploius 2R) and hc¥.aploid spccics. Thc basic 

rcpol1cd as x=6 and x=7 (Fcrnandcs and Orlc ga, 

O'Donollghuc el 01. , 1990; Sall1mOllr e! al. , 1991; Small e! (/1. , 1984). L j(/POI1;CIIS 

(Rcgal) L. japoJ/;clIs RcgaJ) is a dipJoid spccics 

(Ka ¥¥'a kam Kodama , 1989; 0' Donoughuc e! (/1. , 1990; Y ch e! (/1. , 1986) , ¥¥'hi Ic L. 

corll;ni!lIl/1s similar uiploid (211=12) , lclraploid 

('211=24) (Slllall el anu hc¥.aploiu (Baltisbcrgcr, 1990). 

IjJI/lS has bccn studicd using analyscs (Raclson and Granl, 

1989; (:'! Thc RAPD patlcrns ¥¥'crc (Calllpos (:'1 (/1 ., 1994) , and 

¥�.lriations of chloroplasl DNA ¥¥'crc rcportcd (Gaulhicr 1997). Jiang 

and GrcssholT (1997) iucntil�u I1l0lCClIlar polYlllorphislll bct¥¥'ccn thc t¥¥'o acccssions GiCu 

B 1 '29-S9 anu FlInakllra B581 01" L. a DNA amplil�alion l�gcrprinting 

¥¥'i arbitrar) primcr. 

Thc idcnti l� 

3g 

microscopc has bccn di ITicul t bccallsc 01' thcir sI1lall si/.c and lari ty 

Quanti maps ¥¥'crc uc¥ clopcu I"or thcsc on digital imagc 

01' thcir condcnsation pattcrns. Thc condcnsation pallCrn is no¥¥' consiucrcu a kC) 

charactcr to iucntiry and small 

construction 01' a chromosomc map (lto el 01. , 2000a; 1lo el al. 2000b; anu Ohmiuo, 

2000; Fukui e! 01. , 2(00). mapping 01' 45S and 5S rDNAs ¥¥'as also pcrrormcu by 

11 uorcsccncc ;11 s;l/( (FISH) mcthou to locali/.c thcsc gcncs on thc t¥¥'o 

acccssions 01' L. to 

patlcrns. a 500 labclcd and 

uctcctcu on L chromosomcs by thc F1SH mcthod to uctcrminc thc uistribulion 01" 

runctional gcncs on thc LOll1S chromosomcs. 

1n this thcsis , ¥¥'C rcport idcnlil�ation 01' thc chromosolllcs rrom l¥¥'o acccssions 01' L 

Miyakojima and Gifu. Thcir gcnomc ¥¥'crc also dClcrmincu by rIo¥¥' 

cytol11clry 
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IV -2. Materials and Methods 

Plant materials and f10w cytometry 

a cc 

1 , pro¥'i�� by ProL Masayoshi Ka¥¥'agu hi (Uni¥'Crsity 01' Tokyo) 

an� pror. Maknlo (Osaka Uni¥'crsity). Thc nuclcar ¥¥'as mcasurc� by 

Jlo¥¥' cytomc1ry 10 thc mcthod dcsclibcd by Arull1l1gana1han and Earlc (1991) and 

UOI.U el a/. (1997) ¥¥'i th mi nor mo�1'ications. L japollic/{s nllclci ¥¥'crc isolatcd rrom thc 

'2-l1lonth-ol� planLs by chopping thc an� j�tration porc 

samplcs ¥¥'i lh O.lmg/ml 01' propidiull1 iodidc (pI) J'or 60 min. 

plc using a llo¥¥' cytomc1cr (FACS Calibur, Bccton Dickinson) 

cLjuippcd ¥¥'ith an air-coolc� argon-ion lascr tubc ¥¥'ith an cmission 01' 488nl11 

Thc 11 uorcsccn t si ¥¥'crc mcasurc� artcr through a 585nm bandpass l�tcr. 

01' ¥¥'crc lIsing a1 Icasl 500 in triplicatc. Thc nuclci 

rrom Columbia prcparcd by thc samc I11clhod ¥¥'crc uscd as an 

i ntcrnal stan�rd. Thc ¥ al uc '260Mb1'2C (Thc Arabidopsis 1 n1'orll1ation Rcsourcc: http://¥¥'¥¥'¥¥'. 

¥¥'as nllclcar DNA contcnt 01' A. 

Ch.'omosome p.-epa.-ation 

Scc� 01' Miyakojima an� Giru ¥¥'crc scariricd in acid ror lO 

and thcn put on arLcr stcli I Thcy ¥¥'crc 

gcrminalcd al 26
0

C in lhc Jark 1'or 3 days. Root tips about 3 cm in lcnglh ¥¥'crc collcctcd 

gcrminatcd sccdlings an� lï,cù in Farmcr's Jlui� (cthanol : acclic acid = 3: 1) ¥¥'ithout 
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any prctrcatmcnl. Chrol11osomcs ¥¥'crc prcparc� usi ng an an� rｭ

�ying (EMA) mcthod (Fukui , 19(6) ¥¥'ith a k¥¥' Thc root tips 1 nlo 

I 111m maccratcd i n thc mi¥turc ulasc Onol.uka RS. t; 

O.Y7r Pcctolyasc Y -'23 , Scishin Pharmaccutical 4.'2) 1'01' 40 min at 

root lips ¥¥'crc on glass sli�s an� 10 sLcall1 O¥'Cr a ¥¥'atcr bath at 7()OC ror '2 

scc, tappcd ¥¥'ith j�c ¥¥'i lh a fc¥¥' �ops 01' a nc¥¥' ¥'C acclic 

3: 1) , c¥poscd again to stcam , and air-dricd on a hol platc aI6C)"C. 

Cloning and nucleotide sequencing of 5S rRNA gene (5S rDNA) 

the DNA rragmcnLs containing 5S rDNA , PCR ¥¥'as carricd out 

KOD polymcrasc (Toyobo, Japan) and a 01' 

TGCGGG-3 ' , 5'-CGATCATACCAGCACTAATGCACCG-3 ' , to thc 

ccnter 01' thc 5S rDNA coding scqucncc in thc oppositc oricntation. Thc ampliJ�� 

1'ragmcnts ¥¥'crc ligatcd into thc Hillcll sitc 01' pUC18 and tranS1'011l1Cﾙ into f:'. ('oli (JMI09). 

Thc inscrts 01' thc cloncd DNA ¥¥'crc scqucnccd llsing an ABI Plism 3] 0 GcnctJc 

(Pcrkin Elmcr Co. , USA). 

1 mage analysis of condensation pattern. 

LOlllS chromosol11cs ¥¥'crc slaincd ¥¥'i th a '2(k Gicmsa solution (Mcrck) ¥¥'i lh 1115M 

sodium phosphatc blllTcr (pH 7.0) ror 5 min. Wcll sprcad mctaphasc an� promctaphasc 

chromosomc plalcs ¥¥'crc sclcctcd undcr a microscopc (BX50, Olympus). Each of 

LOIIIS chromosomcs at promctaphasc ¥¥'crc idcntiJ�d bascd 011 thc condcnsation pattcrn 

and Iijima , 1991; Iijima el and photographcd on black and ¥¥'hi lc l� 1m 

(Ncopan F , ISO 32 , ). 
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A nal ysi s 01' thc pa1tcrnl.� 01 ¥¥'as 

pcrrormcd usi ng CHl AS 3 from sc¥'cn 

an� l' 

Fluorescence ill silll hybddization (FISH) 

45S rDNA rDNA from L. japollic/(s and c. a. 500 mi:¥cd cDNA 

rrom L japoll;c/(s ¥¥'crc Thc c10ncs from I to 

2 kbp in non-rc�n�nt and non-rctrotransposon cloncs bascd on thc 

cnd c:¥prcsscd scqucncc tags (ESTs) rrom cDNA librarics cons1ructcd rrom young (2-

¥¥'cck-old) L j(/POI/;c/(s plants (Asamizu , 20(0). FISH ¥¥'as canied out according to thc 

in Chaptcr II. 8riclly , 45S rDNA and cDNAs ¥¥'crc labclcd ¥¥'ith biotin-

1 (ﾍ-dUTP (Rochc) by thc nlck 1ranslation I11c1hod and ¥¥'crc dctcctc� ¥¥'ith Iluorcsccin 

(FITC) as grccn lluorcsccncc signals. 5S rDNA ¥¥'as simultaneously 

pl i labclc� ¥¥'ith �go.¥.igcnin-ll-dUTP by PCR using thc 5S rDNA 

l� pri mcr sc1 , and ¥¥'ith Tc:¥as rcd as rcd Iluorcsccncc signals. 

Chromosol11cs ¥¥'CI'C ¥¥'ith 4' , 6 diami� no-2-phcnyl i ndolc (DAPI). 

Iluorcsccn1 ¥¥'as indcpcndcntJy using a Iluorcsccncc microscopc (A.¥.io 

Plan ¥¥'ith thrcc Jillcrcnt l�tcr scts Thc imagcs 01' grccn , rcd and bluc 

II using CCD camcra (MicroMa.\. , 

and ¥¥'crc mcrgcd using Photoshop (\'cr. 5 , Adobc). 
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I V -3. Results and Discussion 

Determination of the genome size. 

Tablc 1 sho¥¥'s thc nuclcar DNA contcn1 01' thc t¥¥'O L japollic/(s 

dctcrmi 

as 472.1:8.98 and 442.8:t2.32 Mbp (mcan :t standar� crror) , rcspccti¥'cly. Thc 

gcnol11c sizc (1 C) 01' Miyakojima than that 01' Gi ru by 30 Mbp. This di Ilcrcncc 

¥¥'as signi l�an1 (/)=0.01). 

Condensation pattern of the prometaphase chromosomes. 

Figurcs IV-IA and 18 sho¥¥' thc mctaphasc chromosol11cs 01' Miyakojima an� Giru , 

80th Miyakojima and Giru had 6 01 ‘ chromosomcs in cach somatic ccll. 

Chromosomcs at thc mctaphasc stagc ¥¥'crc staincd c¥'cnly ¥¥'i th thc G icmsa sol ution 

allllost llniform con�nsation. Thc small sizc and morphological similarity 

madc i t to distinguish thcl11 from cach othcr. 01' 

Miyakojima (Fig. IV-IC) and Giru (Fig. IV-ID) i n 1hc samc magnil�ation 

sho¥¥'cd a promincnt unc¥'cn condcnsation along thc chromosomcs. Condcnsc� 

thc intcnscly slaincù , and dispcrsc� rcgions ¥¥'crc I'aintly stainc� 

Small condcnsalions ¥¥'erc obscr¥'c� at lhc 1clol11cric rcgions 01' chrol11o 

(A lTO\\ 'S, F刕. 1 V -1 C) , ¥¥'hilc no such condcnsations tclol11cric rcgions 01' 

Gifll chromosol11cs (F刕. 1 V -1 D). 

Si.¥. 01' prol11ctaphasc chromosomcs in L japollic{{s can bc iJcnti l�d bascd on 

thc chromosomc spccil� condcnsation pattcrns. Thrcc sc¥'cn G i ru 
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Nuclcar DNA conlcnt 

(pg :::l::: S.E.UI) (Mbp :::l::: S.E.bl) 

0.4891 + 0.00412 472.1 + 3.98 

Giru 442.8 :::l::: 2.32 

Tablc I V -1. Nuclcar ONA contcnts an� 01' L japollﾎclfs I11casurcd by 
11 o¥¥' cytol11 ctryd 

dl o!" on (1301¥ [hp) A B 
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Figurc IV -l. Gicll1sa-staincd chroll1osoll1cs 01' L. japol/ﾎclfS. (A) plalC 01' 

Miyakojima , (B) Mctaphasc platc 01' Giru. (C) Promctaphasc platc 01' Miyakojill1a. (0) 

platc 01' Giru. Arro¥¥'s sho¥¥' Miyakojima spccil� unstablc an� sl1lall 

con�nsations (FUSCs). Numbcrs or 1 to 6 bcsidc thc cbromosomcs indicatc thc chromosomc 

numbcrs �signatcd in tbc prcscnt papcr according lo thcir lcngth ordcr. Bars = 
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pla1CS a1 111 i 111 i ¥¥'i th i n thc slagc 

sclcctcd anu Icngths 01" thcir arms ¥¥'crc using CHIAS 3. 

Tablc 1 V-'2. uata 01 sOl1lalic 01" L .]apoIJﾎclIs. Tablc IV -'2 sho¥¥'s thc nUl1lcrical data 01" thc chroll1osol11CS 01" Miyakojil11a anu Gil"u 

arm I arm ..¥ rm Icngth 

Lcngth Lcngth Lcngth 
1 106 ¥¥'crc dcsignatcu in 1hc dccrcasing ordcr of ¥'C Icngth 

lli�.2 Icngt h 
l11a and Gi fu chromosomcs , rcspcc1i¥'CI)'. Thc Ictlcrs A to F ¥¥'crc uscu 10 

(. ¥) 2.()7 7.57 275 1.32 

2 (13 ) Uﾟ  () 53 2.67 8.3(> 20.19 indicatc thc corrcsponding chrol11osomcS bc1¥¥'ccn Miyakojima anu Giru on thcir 

( 335 0.52 0.80 0.9-1- 7.5-1- 1.16 18.21 

(])) 3.00 0.72 0.85 6.38 1.10 
condcnsa1ion pallcrns anc.l rDNA loci. As a rcsult , thc ordcr Icngth in Gifu 

(E) 3.00 0.68 1 (゚  ¥¥'as chromosol11c B , C, A , 0 , E and F. Our rcsults inc.licatcd a largc dillcrcncc in si/.c 01‘ 

(1 ;) 0.35 2.36 0.3-1- 0.61 10.36 

chrol11osomc A bct¥¥'ccn Miyakojima and Gifu. 
(13) 3.51 7.26 0.7() 1.55 10.77 1.06 

2 3.58 0.51 0.65 1.10 18.52 

3 (. ¥) 0.28 •-1- 9 0.62 1.35 ().98 0.80 1 (, .80 
C�l'u 

(D) 2.60 0.-1-7 1.05 0.75 1,:) 03 
Physical mapping of 45S and 5S rDNAs 

> (1:) 2.12 2.8-1- 0.56 1.00 0.7-1- Figurc 1 V -2 sho¥¥'s 312 bp nuclcolidc scqucnccs of 5S rDNA 01' Gi l¥t. 
6 (F) 0.25 2.85 0.-1--1- 1.05 0.53 11.77 

IclLcrs indicate thc 120bp coding rcgion of 1hc 5S rRNA gcnc. Thc 5S rDNA scqucncc 

11H.lica¥c chromosomcs <.U1J Gif'u. 

1>1 1, (> ng arm Short arl1l ¥¥'as thc samc bct¥¥'ccn to Miyakojima anc.l Gi1'u in both thc coding and spaccr scqllcnccs. 

,'1 S\ ,U1t!<.u'd dc¥'iat.ion 
Thc coding rcgion 01' 5S rDNA of L japolJﾎclIs sho¥¥'s 97.47c hOl11ology to tha1 of G/VC;Ilt' 

lI1ax, and 97.57r to that of O. sa!;va. Thc of scqucncc homology 10 G. tJlax and 

in thc spaccr rcgions arc quitc 10¥¥'. 

Figurcs IV-3A and 3B sho¥¥' thc positions 01' 45S and 5S rDNA loci on Miyakojima 

and Giru chromosomcs dctcctcd by FISH. Thc 45S rDNA loci ¥¥'crc c.lctcclcc.l as grccn 

signals a1thc cnd 01' shOrl arms 01' chromosol11c A (solid arro¥¥'s) and thc proximal rcgion on 

thc short arm of chromosomc F (solid Thc n uorcsccn1 signal on chromosol11c A 

¥¥'as largcr than that on chromosomc F. Thc 5S rDNA locus ¥¥'as dc1cClcd as rcd 

on thc proximal rcgions on 1hc 01' chrol11osomc A (solid arro¥¥'hcads). 

Thus. chromosomc A has bo1h thc 45S anu 5S rDNA loci on lhc short arm. Thc loca1ion 
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1 GGATGCGATC ATACCAGCAC TAATGCACCG GATCCCATCA GAACTCCGCA 50 

51 GTTAAGTGTG CTTGGGCGAG AGTAGTACTA GGATGGGTGA CCTCCTGGGA 100 

101 AGTCCTCGTG TTGCATCCCC TTTTGCCGTT TTTTCGCAAT TCCTTATTTT 150 

151 TTTTTTAATT TCTTAGAAGC CTCGGATGAA TACGAAGTGA ACTACAAAGT 200 

201 TGAAGACAAA AATAAAGTAA TTGCACGCTT GTTTGCCGTT TTTTCGCAAT 250 

251 TCCTTATTTT TTTTTAATTT CTTAGTTTAA CGCATATTAT GTTTTAACCC 300 

301 GCATAACTTT AC 312 

Figurc I V -2. Nuclco1iuc 01' 5S rDNA. Boldracc Ic11crs indicatc 

thc 5S ng scqucnccs. Thc scqucncc da1a bccn dcposi tcd i n thc 

DDBJ/EMBL/GcnBank uatabascs ¥¥'ith 1hc n Ull1 bc r A B 046 I 1 6. 
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anu num bcr rDNA loci and 5S rDNA locus ¥¥'crc 1hc samc in thc 

Figurc 1 V -3C sho¥¥'s 1hc mcrgcd i l11agc and chrol11osol11cs ja/)ollicf(s 

artcr FISH using 500 cDNA cloncs. Thcir signals ¥¥'crc 0¥ cr all 

chromosomc rcgions , ¥¥'i1h a tcndcncy to accumulatc on 1hc tcrminal rcgion ra1hcr 1han 1hc 

anu pro.¥imal rcgions 01' 1hc chromosol11cs. 

Quantitative chromosome maps of Miyakojima and Gifu 

Figurcs IV-4A and 4B sho¥¥' chrol11osomc on thc a¥'cragc 

dcnsity profilcs (CPs) , i.e. , digi 1al data or thc condcnsa1ion 01 

Miy 

condcnscd and dispcrscd rcgions corrcspond 10 thc bordcr bc1¥¥'ccn gray anu whi tc bars on 

thc chromosomc maps. Thc condcnscd rcgions arc di¥'idcd in10 hCa¥'ily condcnscd and 

condcnsed rcgions , ¥¥'hich arc prescntcd by thc black and gray bars on thc 

maps , rcspccti¥'cly. Thc gray ¥'alue 1ha1 dclimits bc1¥¥'ccn hca¥'ily condcnscd and 

condcnscd rcgions ¥¥'as 83 and that bct¥¥'ccn conucnscd anu dispcrscd rcgions ¥¥'as 148 in lhc 

casc 01' Miyakojima. Thc corrcsponding gray ¥'alucs or Gifu ¥¥'crc 58 and 131 , 

Thc 45S rDNA loci are indica1cd as doublc opcn circles and thc 5S rDNA Jocus is sho¥¥'n by 

singlc opcn circlcs on thc chromosomc maps. Faint, uns1ablc anu smaJJ conucnsatiuns 

(FUSCs) ¥¥'crc onl)' obscn'cd mainly a1 thc tcrminal rcgions 01' 

dilTcrcntiate FUSCs rrom 1hc largcr condcnscd rcgions cons1anlly appcaring in thc pro.¥imal 

rcgions , smaJJ soJid circlcs ¥¥'crc placcd 011 1hc map 01" Miyakojima. 

Charactclistics 01' cach L japo l1;{,lIs chromosomc bascd on thc chromosol11c 

(Fig. 1 V -4) arc as follo¥¥'s. Thc condcnsation pattcrns and locations or rDNAs arc sho¥¥'n 

diagrammalically in Figurc IV-4, and thc numcrical uala arc prcscntcu in Tablc IV-2. 
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J V-3. Dctcction or gcncs on thc chromosomcs by FISH , (A) 45S 

rDNA (aITO¥¥') and 5S rDNA ¥¥'crc in Miyakojima and (8) Gifu. Grccn 

chromosol1lcs A and F sho¥¥' thc 45S rDNA loci. Rcd Iluorcsccnt 

on chrnmosol1lc A sho¥¥' thc 5S rDNA locus. (C) Mcrgcd imagc 01' chromosoll1cs and 

obtaincd ¥¥'i lh 500 as probcs. (D) Enlargcd imagc or part 01' lhc 

chrol110S0ll1C indicatcd b) thc arro¥¥' in Fig , 3C. 8ars = 
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p 

2 3 G 1 2 

B C D E B C [) 

• 1 (Q): 

o : 5S rJ);'\, ¥ IOCllS 

• Fl SCs 
Miyakojima Gifu 

Figurc IV-4. Quantitati¥'c chromosomc maps ¥¥'ith thc addrcsscs and Girll) 

bascd on the stCPs. CEN , p, q sho¥¥' ccnlromcric position , short arm and long arm , 

rcspccti¥'cly. Numbcrs 1 to 6 arc thc chromosomc nUl11bcrs 011 thci r Icngths , and A to 

F indicatc corrcsponding chromosomcs bCl¥¥'ccn thc 1¥¥'0 Gray bars rcprcscn1 thc 

condcnscd chromosomal rcgions , ¥¥'hilc solid bars rcprcscnt thc 

Thc opcn bars corrcspond to dispcrscd rcgions 01' thc chromosomcs. Thc 01' 

5S rDNA loci , and faint , llnstablc , small condcnsations (FUSCs) arc sho¥¥'n by doublc , 

singlc opcn and solid circlcs on thc maps , rcspccti\'cly , 
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Chromosol11c A: Mi Chrol11osomc I ¥¥'as lhc Chromosomc D: and Gil"u Chromosomc 4 ¥¥'crc I11claccnlric I"or both lhc 

II had hca¥ lhc ¥¥'holc rcgion 01" lhc acccSS lOns , Condcnscd rcgions ¥¥'crc localcd al thc pro.'¥imal rcgions and , in 01" 

arlll and lhc pro¥imal rcglon 01' lhc long arlll. Gil"u Chrol11osol11c 3 ¥¥'as Mi yakoji ma FUSCs ¥¥'crc localcd on thc tcrmi nal parts 01' both arl11s. 

and had both arl11s. Allhough thc patlcrn 01" Chromosomcs E and F: O¥'cr all morphology , and F ¥¥'crc simi lar to 

rcgions to Chromosoll1c 1, thc distal rcgions 01' thc cach othcr. Both Chromosomcs F ¥¥'crc mctaccntric chromosomcs. 

long arm ¥¥'crc L)UltC dilTcrcnt bct¥¥'ccn and Gil"u Chromosoll1c A. Miyakojima Pro.'¥imal rcgions on arms 01' both Chromosoll1cs E and F ¥¥'crc 

Chrol11osol11c I had t¥¥'O l110rc rcgions at lhc and tclomcric rcgions 01" thc largcr than thosc on thc long arll1S in both acccssions , Thc hca¥'ily condcnscd rcgions ¥¥'crc 

long Gifu Chromosomc 3 had no such c.'¥lcnsion chromosol11al long locatcd at thc pro.'¥imal rcgion 01' thc short arms only in Miyakojima Chromosolllcs 5 and 6 

arll1. Thc distal 01' lhc long arm might ha¥'c bccn loSl during and lhc proximal rcgions of both arms in Giru. A small Lcrminal condcnscd rcgion and t¥¥'o 

di Ilcrcntiation. Both thc 45S rDNA and 5S rDNA loci ¥¥'crc locatcd on lhc short arm 01' FUSCs ¥¥'crc obscr¥'cd on thc long arm of Miyakojima Chroll1osomc 5. A sll1all 45S rDNA 

A in locus ¥¥'as dclcClcd on thc short arm 01' Chromosomc F i n both acccssions. 

Chromosoll1c B: Miyakojill1a Chromosomc 2 ¥¥'as thc sccond largcst subtcloccntric 

¥¥'hiJc Gil'u Chromosomc 1 ¥¥'as thc largcst submclaccnlric chromosoll1c Differentiation between Miyakojima and Gifu 

thc 6 chromosomcs. Condcnscd regions ¥¥'crc distri butcd along most parls of lhc Thc DNA contcnt pcr haploid gcnol11c 01' L japolliclIs Gi fu ¥¥'as rcportcd lo bc 0.5 pg 

arms of lhc l¥¥'o pro.'¥imal rcgions 01' thc long arms ¥¥'crc as detcrmincd by microdcnsitomctry (482.5 Mbp) (Chcng and Grant 1973 , 1973 , 

Thc rcgions on thc short arms arc largcr than thosc on thc Bcnnctt and Smilh 1976). Thc cslil11aled genomc is similar to thal 01' thc ncc gcnomc 

long arms. (Arumuganathan and Erale 1991). 1 n lhis study, dillcrcnl gcnomc wcrc oblaincd 1'01' 

C: Miyakojima Chromos�l11c 3 and Gifu Chromosomc 2 ¥¥'crc lhc t¥¥'o acccssions , (472.] Mbp) and Gil'u (442.8 Mbp). Thc 29.7 Mbp largcr 

thc 01' thcsc si mi lar bctwccn thc t¥¥'o acccssions , gcnomc 01' Miyakojima could bc accounlcd 1'01' by an incrcasc in hctcrochromatic 

although 3 had a fai small condcnsation (FUSC) rcglOns only in Miyakojima. Hclcrochromatic rcgions arc oftcn cluslcrs 01" tandcm 

thc lcrminl 01' both anns. Hca¥'il) rcgions ¥¥'crc also dilTcrcnt rrom cach rcpeatcd scqucnccs as sho¥¥'n in thc casc 01' Tandcm A 01' 

olhcr. Miyakojima 3 had rcgions on both shorl and long and Ohtsubo, 1994). Thc is similar lo thc lcrminal 

2 had only onc rcgion on thc short condcnsation 01' Miyakojima (Ohmido and 1997). Ohmido el al. (2000) cOl11parcd 

arl11. t¥¥'o ricc typcs , lndica and Japonica, and I"ound that Indica ricc has si tcs al thc cnd 01' 
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Japonica ricc In gcnoll1c 01' Indica 

by 37 Mbp duc to thc oJ ‘ othcr rcpcatcd sC4ucnccs i ncl uding 

(Ohl11ido e1 (1/. :2()()()). Thc obscr¥"ation that tropical or subtropical Indica ricc has a 

largcr numbcr 01' TrsA than thc tCl1lpcratc ricc is consistcnt ¥¥'i th thc rcsul ts 

obtai ncd , i.e. distribution and thc nUI11 bcr 01' thc FUSCs anu 

gcnol1lc 

Chcng and Grant (1973) rcportcd thc karyolypc of L japollin/s as l�'c pairs 01' 

onc pai r 01' chrol11osoll1cs. A I though i nlra-spcci l� c 

¥'ariation 01' thc karyotypcs among ¥¥'as not rcportcd in Il1claphasc 

dilTcrcnl katurcs 01' ¥¥'crc rc\ "Calcd , ¥¥'hcn thc 

thc t¥¥'O acccssions ¥¥'crc comparcd. For cxampJc, 1, 

and 501' carry FUSCs c10sc to lhcir tcloll1cric rcgions. Thc FUSCs could 

bc ObSCIycd ¥¥'hcn Miyakojill1a chrol1l0S0l11CS ¥¥'crc only at thc promctaphasc stagc. No 

FUSCs ¥¥'CIT obscn'cd in Gifu chrol11osomcs. Thus , ¥¥'C concludcd thal thc promctaphasc 

suilablc ror analysis of minutc charactcristics among thc 

FISH rcsults using rDNAs as probcs rurlhcr supportcd thc 

idcnti Chrol11osomcs A and F could bc 

1 and Giru Chromosomc 3 , although thc simplc 

chromosomc 411itc dilTcrcnt rrom cach othcr. FISH ¥¥'as cJTccti¥'c to 

bct¥¥'ccn and F , bccausc Chromosomc F has onc small 45S 

rDNA 10CllS at thc proximal rcgion on thc short arm. 

I n thc prcscnt ki nds 01' rDNA loci ¥¥'crc positions on thc 

samc chromosomcs 01' thc t¥¥'o thOllgh thc posi tions and numbcr 01' rDNA loci 

ha¥'c bccn rcportcd to bc qui tc ¥ ariablc c¥'cn among phylogcnctically closcly rclatcd spccics 
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e! a/. 2000). Thc similar rDNA locations rcprcscnL rurthcr c¥"idcncc thal thc 

LO!lfs gcncs arc locatcd at similar positions on chrol11osomcs bcl¥¥'ccn thc t¥¥'o 

Localization of 500 cDNA on chromosomes 

Thc FISH signals using 500 DNA cloncs as probcs ¥¥'crc dispcrscd on 

rcgions cxccpt ror thc ccntromcric rcgions (Fig. 1 V -C ,D) . Thcy tcndcd to bc conccnlratcd 

as small signal CI ustcrs i n dispcrscd rcgions of thc chro l11 osomc, ¥¥'hich corrcspondcd to lhc 

rcgions sho¥¥'n by ¥¥'hi lc bars on thc chrol11osol11c maps. A 1 though furthcr stuuics arc 

ncccssary , thcsc obscr¥"ations suggeslcd that lhc cxprcsscd gcncs locatc on latc 

regions on thc similarly lo thc barlcy chrol11osomcs (KUnl.cl el a/. 

2000). 

The rcsults obtaincd in this stlldy prO¥'idc uscCul inl'ormation l'or gcnol11c ol' 

L japolliclIs. 

55 



Summary 

Gcnol1lc and chrol1l0S011lC dll1lcnsions ¥¥'crc dctcrl1lincd t¥¥'o 01' 

LollIs ja/)ollicf( s , and Gifu 8-129. Thc gcnomc sil.cs 01' Miyakojima 

and Giru ¥¥'crc dctcrmincd as 472.1 and 442.8 Mbp , rcspccti¥.cly. Both thc acccssions 

¥¥'crc di ploid (211= 12) and ¥¥'crc idcnti l�d and on thc 

condcnsation pattcrns and thc 01' rDNA loci. Thc ob¥'ious polymorphism 

i n thc gcnomc and thc chromosol11c morpho[ogy bct¥¥'ccn thc t¥¥'o acccssions , 

01' Miyakojima or c[ill1ination in Gifu 

Thc chromosol11cs L ja/)ollicf(s ¥¥'crc numbcrcd according to their [cngth , Quantitati¥"c 

Illap 01' t¥¥'o acccssions ¥¥'crc also dc¥'c[opcd by thc ng mcthods usi ng thc 

di gl tal data 01' paltcrn. 45S rDNA loci ¥¥'crc on Chromosomcs 

A and and 5S rDNA ¥¥'as on Chromosol11c A by 11 uorcsccncc ﾎJl silfl 

(FTSH) Idcnti 01' thc chrol11osoll1C and gcnomc and 

01‘ thc 4uantiLati¥'C chromosomc map rcprcscnt significant contribution Lo thc L 

gcnol11c projcct as thc basic inrormation. 

CHAPTERV 

Conclusion 

This study has bccn carricd out to rcscarch p[ant gcnomcs usi ng thc advanccd 

mcthods 01' imagc analysis and molccular cytology. Cytologica[ chromosomc maps 

three plants, Lolus and spinach (Spinacia havc 

bccn developed , as thcrc arc no chromosomc maps dcvc[opcd for thcsc plants, although 

they arc in status 1n their genomc analysis , Thus thc 

chromosome map is only a method enabling the 01" gcncs or DNAs 

through the entirc genome in thc case of L. and spinach , Thc quantitativc 

chromosome maps 01' the thrce plants were succcssfully dcvclopcd by imagc analysis , and 

mappcd physically genes on thc chromosomc maps using FISH mcthods. It was a 

prerequisitc to obtain as many good chromosomc samplcs as FISH cxpcrimcnts , 

For this purposc, sevcral conditions 01' the growth of roots from young plants, and thc bcst 

conditions for pretreatment to collect cclls at mitotic wcrc cxami ncd. Thc I1lcthod 

for prcparing chromosomc samplcs was improvcd bccausc promctaphasc chromosomcs arc 

long and are difficult to bc sulIicicntly sprcad. Sccondly , imaging tcchnology was 

to confirm thc accuracy 01' the chromosomc maps. Signal positions in J¥. 

mcasurcd using CHIAS 3 aftcr modit�ation of thc program. Thirdly , FISH proccdurcs 

werc improvcd, cspccially thc dcnaturing conditions 01' chromosomal DNA in ordcr to 

achievc distinct signals on chromosomcs by FISH. Thc improvcmcnt and dcvclopmcnt 01' 

a11 thcse basic cytological mcthods cnablcd thc succcssful 01' chromosomc 

maps. 



In Chaptcr 11 , it that thc mcthod bascd on pattcrn in 

a11 chromosomcs of spinach to bc distinguishcd. 

arm ratios and thc dcgrcc of condcnsation at promctaphasc 

In this stuùy , mctho� was tﾏrst applicd to spinach chromosomcs. Thrce 45S 

rDNA loci wcrc dctcctc� at tcrminal positions arms 01‘ Chromosomcs 2, 5 an� 6. 

Thrcc loci 01" 5S rDNA wcrc also found at thrcc locations al thc long arm of Chromosomc 2 

an� 5. 

Small chromosomcs of A. thaliana had limitcd uscs in thc cytogcnctic study. In 

[Il , fivc chromosomcs and 45S and 5S rDNAs dilTcrcnt colors on 

thc chromosomcs dctcctcd by tcchnical improvcmcnts. Thcrcrorc, a 

quantitativc chromosomc map was devclopcd with localization of 45S and 5S 

rDNAs using A suit of maps , linkagc and and 

nuclcoti� scqucnccs arc now dcvclopcd in A. thc futurc , thcsc maps wi11 bc 

adcquatc for thcir purposcs. Mapping gencs on chromosomes using FISH is a powerful 

tool for invcstigating thc sitcs of transgcncs, translocation and rccombination 01' 

ln Chaplcr IV , of thc gcnomc sizc 01' L. japonicus was carricd out 

using llow cytomctry. Consequcntly, it was shown that the genome 01' one accession, 

Miyako.i ima, was about 30Mbp largcr than that 01' thc other acccssion Gifu. Although 

clcar in karyolypcs bctwccn Miyako.iima and Gifu bascd on the quantitativc 

chromosomc maps wcrc rcvcalcd, 1 identification 

01' Miyako.iima and Gifu was achicvcd using the CP 01‘ thc chromosomcs and 

rDNAs positions by FISH. Morcovcr, it was cstimatcd that gencs 
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wcrc at latc con�nsc� rcgions or tcrminal on thc L 

by FISH using 500 cDNAs as This 

ini'ormation will bc uscrul for advancing analyscs in L 

01' quantitativc chromosomc maps, as shown in this study , is a 

basis 01' and is uscful 1'or gcnomic and cytogcnctic Thc of a 

multicolor FlSH mcthod has bccn csscntial for progrcss in 01' 

mapping of gcncs and thc ordcr of on It us to 

understand thc rclationship bctwccn thc actual chromatin structurc and 

map. A distribution pattcrn 01' individual gcncs and rcpcatcd will contributcd to 

thc undcrstanding of physical an� gcnomc dynamics of thc 

nuclcus. It is anticipated that thc quantitativc chromosomc maps, as shown in this thcsis , 

will be invaluablc 1'or both basic gcnome rcscarch , such as localizing uscful on 

and also on thc appHed as systcmatic brccding plants. 
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