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The advantage of having multiple copies of the genes

r:ncorling the RNA components of the protein-synthesizing

machi.nery * rRlTAs, 5S Rì\iA, tRl\TAs - is well established

and gene rlosage is especi.alJ-y impor"cant during rapiri

growth (Long and Dawid, 1 980) . Thus, inc}usion o,fl rRl'{A

genes in the inverted repeat s of organt;l-J-e DIIAs may

represent an atlaptat j-on Í1o i: ra.p:Ld. gr: owth" HoÌrevs¡, i t

has ye'u to br: established that both copies of the rRNA

geneii in the organelle are functional"

0ne property tha'u invertecl repea'ts a:re <':xpected to

confer is that of reversal of polarity of the single

copy regions -l-ocated be bween t'he repeats (Adet¡urg and

Rerquist, 1972; Guerj.neau et àI, 1976; Koloclner ancl

Tewari, 1979) . This orientationaJ- or .filÍ p- fll-op

isomerization is -bel-ievetl to occur'uhrough

intramolee tùar rec ornbination betr¡reen al-igned r:epeat

regions. The poLar:j by oli the unique regions between the

j-nr¡erterl repeats can'oe observed. when restrictj-on

anal-ysis shows asyrnrnetric clearrage r,uj-th respect to the

inr¡en bec-[ .r'epeats (Gorrion et àI, 1981 ; Pa]-mer , 1gB5) "

The presence of both orientations of unique regions in

equj-rnolar proportions \^/as conf irmed f or A. 4l gþ:1'].?Lne by

appropriate restriction anal;rsis" The same situation

occur:s in é: ?tÞiqeë-]4gl¿s (nudspeth et aL, 19ü)"

The presence of fl-ip-flop isome:rs j.n ¿¡.bout equirnolar

prî o,oor bi ons in the population of "A.gþ1J.9 mtD\TA moleeules

indicates that hoinol-ogous recombination i s taking place
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on a time scal-e comparable to that o-f the cel-1 cycle.

The :llac.'u that t'he ax1s about r¡rhich -flIip-flop occurs is

irlentical to the rnidpoint between any two homologous

restriction sites r¡ri-thj.n the repeats (F:-g . 12, a:ìîrows) 
'

also argues for'uhe occunllence ofl Ìloinologous

r-^combination. Other mechanisms for generatitt'g

iîlr_p-fl_op iso.me.rs ryoulcl exactl-y reverse an entire

unique .r'egion only 'b¡r r:oincidence, whereas identity of

mi_dpoints is expected i-r homologous recornbinatj-on j.s

occunr:ing (Huds,oeth et aIrl)B:5) " In addition, our

ma.n nr'n¡¿ stud j_es a,s well as s Ludles ¡¡ith other Achly-a-_o .

. t-,specles lluospeth et a|, 1gB3; Shurnarcl et z)I, 1986),

and stutlies with chloroplast DNAs (Bed.broot and

Kolodner , 1g79), slior¡r thab -Î n al,.l genofres ¡uith inverted'

re;oeats, the r:epeat ¿.ìr:rns are always identical. This is

believed to be d.ue to copy-choice correction be'i,weert

the two segrents leading to hornogen-LzaLion (1çolodner

antl Tewari , 197g; Palmer, 1955) " fndeed, intt"amolecalar

homologous recombination rnay be a univeirsal- -[eat ure O'í]

DNA rnol_ecules containing inverted repeats. sevr:ra]-

other cit"crll-ar DNA molecr-Lles containing 1.al:ge inverted

repeats have also been anal-ysecl -flor the presence of

.fllip-flop isomers. These include the chlor:oplast

genomes of corûmon bean (Palrner , 1gB5) , soybean (Pal-,ner'

et aL, igB4), the ,f e::n Ogg1$L? (unpublished results of

?al.rnr:.¡ cj ted in Paliner, 19Bi), and the cyanelle DNA of

!ygn-o-ph.gl¡-Ì pglgÈo-{? ( Bohnerl, alid lo flf e1-hartl b, 1982) "



161

In each case i t r¡¡as found that the population o.ii DNA

molecules contains approxirnate-l-y equi.rnolar a;nourtts o.fl

the trn¡o f lip-flop i somers, Siin j.l- ar1-y, t he 2 'wt plasmid

of Ðec-qlfqf q[ySgÊ qglq-Yi-9:a9, whÍch contains an invertecl

repeat of 599 bp, exists as 'r,wo f -l- 
j.g- f 1-op j- soLne,r"s

(Guerineau et aL, 1976). In acldi-'bion, llrt,' l-,Lnear"

genomes ofl seveì:al Herpes siinpl-r:x i¡ir:uses contain two

sets ofl invr:rbed re,oeats, àfrd aJ-l four possible

"i11 .Lp- f ì-op lsorners are present in equimolar proportions

(Roj zman, 1979) " fn the c¿ìse ofl the S. cerevisiae 2 wn

plasinirlu it has br:en .iiounrl that r-^combination betv¡een

the repeat regíons is mediatecl by a speci- a7J zed-

site-specific recombination pr:otein encorlerl Ìt;r ¿ì gene

(-pf,p) carried. on the plasrni.d j- bselfl (Broach, 1982) "

The ilLrnc'uional inportance o.fl -[1ip*flop isomerization,

i. ï any, has not yet be en determined . one s ugSested L: r¡,'l-e

of the sr.,ritching system in the S. cerevisiae 2 wn

plasntid j s bìrat Lnteirconversion ,rtay act as a genetic

switch atlowing alternaLe 't,ran,scripb j-on o f illanking

genes (Broach, 1982) . It i s possible th'at i n

mitochondria, fl1-ip-flop Í.sorneri-zatj-on is j ust a

,ohysjca-l- consequence of the.oresence of inverted

re peats j n the rntDIVA and has no f unctional signif i'-cance.
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The physical inaps of the mt genomes of four

heterothallic -A_chlya straj-ns have been analysed and

compared (Shumard et àL, 1 986) . The strains inclucle-

A. ambisexualis E-87, A. arnbisexualis 734,

A. heter osexual:l s 1-4, and. A "
heterosexualis 8-6

(hereafter referred to as E-¿17, 754-, 1"'4, an'J 8-6).

A mini-ma]- coIûposite roap -r'¡as del'ir¡ecf ilor those strains

by rebai-ning onl-y the 41 restriction sites he'l-d in

cornmorÌ by a.11 f our strains and b¡r sef ecting the minirlum

str¿rin rlistance bc'tween any tlrro cornrnon si bes

(:rs determ.inc-.d.'0y systematic side-by-side comparisons

o f DI\TA fL:agment J-engths generated by comrnon restriction

sites) " Analysis of the DNA fragrnenL J-ength di.flfler"ences

revealed flour re.gions of bire rnl, genorne ssubjec'c fo

irisertion even'bs as compared to the minimal composite

map" O-f these :iiour' .regions, ti¡¡o occur in the large

unique regLon, one i.n the sril¿,:.-l-1 uniclue region, and one

::egion is in the repeats (¡'iS. 28, sites joined by

ar'.roi,,rhr¡erd-s)" Cr:'rrpr:.r:ison olÎ the A. kf e!gt-?q? physical

nrap to those of bhe heteroth¡aLlic strains (f'tg" ?-Pr)

indicates that inse:rt ion/de1e tion r:venbs ap,oear to have

or:curred. jn ihe same regions of the A. klebsi ana mtDlTA

as in the other Achþq strains. This wo¿ld acco'¿ni, i-n

part, -flor some of the common si-bes betr'ueen 'che sbrai-ns

being ourt of regi_ster. s_Lrle-by-side length cornparisons

o iî conrnon DI,TA llragrnents would 'oe req'uired to determine

rno ìie prec-'Lse location and actual s j-ze of any insert i-onf
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liligure 28. Alignm ent of the A. klebsiana and

A. e¡nbl'-se:cual-is F-87 restrir: tion maps " ì{aps are

l-i-ne¡¡.r'.i-zeri at one irepeatfLarge r.rnique region junction.

So-l-id areas I indicâ-Lt-'r0i.nirûI'ln exl;en-i; o-f invertecl

repeat regi-ons. Si- tes cotlillorl 'üo both A' 5.f-{9-s-til,:i¿¿ and

-D-E7 aL:e joined b¡r r¡ertj.cal on rì.ea¡: vertical lines.

.lSoxed s j- i;els o,l the E-87 map inrlÍcate si tes comrnon to

w 87 , 4 . ?qll lË9:T Wå1"9 73 4 , 4: 'rLet-op o"sexuali s '1 *4. , a'nd

A. heterosexualis 8-6. Sites unique to one oil,

or" p¡nirlon 'ùr> 'cr.¡o o r" i;lni:ee o f n*87, 7's4, 8*6, ancl 1'4,

à(e i. nrl.lca'cecl above the ll-8'7 rnap. Sj. Ì;es on the f 87 map

j o.ined .by arrowheads indicate regi-ons o,fl :lnse rtiotf

de,l-et ion events. Regi ons 't hat hyb r: i.d.izecl to spec i. fl-i r:

gene probes are incl"j-c¿lì;e11 on.both inaps: f, fl-, IIÏ, are

cytochr"orre c oxiclase subunits T.e II, and TfI; 6 and 9

are ATPase; s ubunits ,6 and 9; cyt b i s apocytochrome 'o;

"ygrl_ is L:nito-r j-l:osorna-.1- protein _:[3I1; S and Tt àre srna-]-l-

and 1-arge rRÌdAs; 5? and 5? indicate thr-' r(rsp(:)c'r,ivo

u'errnini of the rRlilA genes. Clonecl -ílragrlents o.fl

A" klebsiana mtDNA are -Lnrlicateci by pl{AK5 ( Ucff4) antl

AR6 . 5 (¡coRI5). tìestricti-on sites: B, Bel:IJ; C, QL?l;

F], ; H, !lp-?I; 1{, *r!p3J; r, H?lI; l,t, Ð+qtJ{; P, T:.:!"I;

lìo ÐcoRI-; S, QglI; T, Sgllf; V, Pvuf l-; X, ,[bg.I.

Restrict:l-on and gene inapping for E-8'7, 714, 8*6, and"

1*4., f rorn lluclspeth e i; a1-, 198'5, cLnC Shunla¡:iL e b r¡"f-, 1 986 "

-.?sï-nLI
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deletion event between the A. kl-ebsi ana and the

heterothal-1ic strainsf genomes. In one case, hoi,,¡r;i¡s¡,

.bhat o-ílthe insertion jn the rrepeab region of 754, 1-4,

and 8--6 r'el-¡¿'uirre to Þ-87, compaÍ"ison of the E-87 and

A. klebs i.ana maps reveal-s the pr esence o:fl a r r: l-at j-ire T-y

large :Lnsertion in the é" lSlç_þp.-i9"" mt.l)NA' Tltj-s regi on

is deiiine;t1 by the coLninon -Eggi¿I_ síte and the colnlnon

"ÐgI_I site (pLroxirnal. i;o the 1ar¡ge uni.clue region) j.n the

repeats of the trnro genomes (betvre en 29 "O-3?-.5 rn. u' and

79.6-85.2 m . u. in the A. klebsiana map shown in

Fig. 12)" This region is internal'uo -fr:::.gment SsIIJ o.1

X-87 and fragrnent SstI4 of A. lrlebsi a;na and. a detai-Le11

size cornp¿ìr.Lson of this l'egion is shown in Fig 29"

The BarnHI B II distance is 1"09 kb in E*B'l hut 1.¿l l{'il

in A. k-l-ebsiana. Thus the data r¡¡or-il-d indicate a 0"71 kb

inserLion jLn bhis reg ion of the A. klebsiana mtDliA

relative to E-,37" This woul-cl be in the r"Pìnge of

insertion sizes (O "eZ-O.gA kb) detec'uerl .Ln 1;he

analogous regions of the 734, 1-4 and 8.-6 mtDÀTAs.

Tloweve:r, a O.7I ìtb 'insr:rl;i on r.n¡ou-l.d acr:ount -for 'coo much

of the DNA fragnent J-ength variabion in thj.s region

sj.nce the absol-ute riifference betl¡een -Qs ÞIl o-fl F-E7 antl

Ss'uI4 o:fl A. klebsiana is only 0.40 kb" I'b can be seen

from Fig 29 l,ha'r 'che ¿¿rltlj.tional O"31 kb is d.

dif flerence in the _Þgl._ILÞplI distance be'i;r,'¡oe

maps (l "zl kb in 'E-BJ, but only 0.9 kb in A.

'ue to a

n the two

kl-ebsi ana) "

As n.o insertion/,1eJ-etion events r¡¡err: d.e'cected in thj-s
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Figure 29. Length comp a:ri son roe'cr¡¡een A " annbiserual--i- s

E-.87 rni;DifA rîr'aginent ÞS_1_I5 ancl 4" lS,.t_g!giele mtDNA

fragment SstI.4. Distance s (t¡) be i;t^¡een .r"eíJ'r;r"-Lc'r, i.ort

sj i;r¡s åìre show'n" Rest:r.i"c'f;i.on si-tes: B, -ÐCl_If; M, -.ÐgåtIIi

S, !Ë-!_f" Restric'uion data f or E-87 fragment SstL5 fron

Huds pe'ch e b ú-, 1985 .
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region in any of the hetei:othal-lic strains, it is

l.i lcr:1 ¡r bh¿¡.'b th j- s 0 .51 kb cl.Lf ference is due to mapping

inacc ur¿¿ci es betlveen E-B J and A " klebsl'- ana. In aclcli b j.on,

'chere a:re ti,¡o other RgIII sites in this reg.Lon of the

A " k-l-ebsi an amt genome, either of ruhich coul-d be the

c oûrmon site sha:led r^¡i th ]È87 . TJoluetvell one v¡ou1d then

have to postulate an insertionfð"el-etion event be'ül,ueen

bh.Ls common Pglf f site and the common Ss-!I sj.i;e

(p:roxiJta:l- to'rh-e 1-ange unique region) and as noted

above, none has been shown to occur in ¿r:1$ of the

heter of hal-l-i c strains. Thus bhe most f- ikel¡r

interpl:etati oir j. s that an insert L on of apror oximately

O . 4-0 .7 lrb ?rr,rs o ccur re d in the r epeat regi on of the

A. klebs¡Lana rnt genome (Zg"O-3?-"5 m" u. and J9.6--83"2

m" u. , Fig. 12) rel-ative to the analogous L:egion in the

mt genome o.il lI-87, siin:ll-ar" t o the .i.r¡.se rtions in ntDNAs

of thr; hete.r"othal-1ic strains 734, 1-4-, and 8-6.

The col-Lnearity o-fl th" 4"LL¡l? mtDNAs (nie. 28)

altor^¡s the stutly o,f rlir¡ergerìcrJ ¿ììrorlg their genomes by

us1ng equations 'chat relate the mulber of shared

res'r,riction siLes to sequence divergence (Rror,rn et aI,

1979; Nei and.Ì,i, 1979). Only rr:sbnjct,Lon enz¡nnes v¡hose

sites Ï¡ere nappecl in al-l- f-i r¡e Achlya strains are used

in the anal-¡rs i s . All r e sl, r1 ct i-on enzyrnes , except .8.9!IIJ,

recognize specífic hexanucl-eotide sequences ancl thus

the analysis is 1i-m.11;etl to the gai-n rl.r: loss o,íl sj.bes

T¡rh o se r e c ogn i t i on ri e q Lle nce s r c; 11ui.r r-' s i >ç n ucl e of j- rle s "
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The BstE-lf si.bes r,rere retained in'r;he arlalJrses because

the addj-tional one nucleotide in its heptanucleotide

recogni'tion seque nce ( 5'-çGTIVA CC*'3t ; N can be any one

of G, A, T, oli C ) is comp.l-etely d.c;çne rate. Anal-ysis of

the f our heterothallj c stra.insr r,rhether ltased on

pairwise comparisons orî cornpar j.son of tota-L sj te

vari ati ons involving al-1 rl oui: strai ns, cl.e arIy

:Lnd-lcated the relative conservation of blte repeat

seq_uences ( Shilnarcl et â1, 1956) " The resu-l-ts indicated

an overall sequence diver:gence of 6*7/"" A detaiJ-ed

analysis o:fl regions wi'bhin the genome, hol,rever,

reve aled -bha'r; dir¡ergence within the repeat was about

one-th.L::ri o-ii that :in singls rlop.f sequence and. fui:-bher

that divergence within rRNA genes vras one-fi-flth of thab

in non-.ri"bosomal r epeat sequences. This indi cate s 'r,hat

r:epeat sequence conservå-rt-ion inay be due to the encodÍng

of rR'ÌVA genes" To see l'¡he'uher thi-s pattern r,'¡¿ls ::etained

in a mor:e d-istant relatj. onship, similar calculat j-ons

r.^rere per'Iorrnr:11 :Ln a conparison between A. k]gþS_i_.?n-?,

a homothallic species, and E-87, whi r:h is heterothall.ic.

The alignment shor¡rn i-n F ig 2í3 r,\ras used" -flot' 'r,he

c¿¿lcula.tions (si bes shared by A. klebsiana and I)-87 are

jor'-ned by vertical or near vertical l-ines)" Since bhe

two r epeat arrns are ,'Lclent j- ca-l- itost of the di-vc;r'gence

values are derived f rom the b o'ual genorle less one

inverted repeat arm (fante 7), As seen in Table 7,

'uhe 4." klebsj-a;na and" E-87 n-bD.lIAs di-flfer by an average
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of 12.5% in over¡¿11 nuc-l"eo"bide sequence divergence,

l¡lhen only one arm of the inverted repeat is includerl

the d..Lvergence increases to 15.6/". Comparison of

genornic lregions,ret¡eals'uhat the inverLecl repeatsi Plne

more c onservative thatl single c o'r)Jr sequences " Iìepeat

regions have diverged by 1O"Ol, r.,rhj-"1-e single co;9y

sequences have dorle so b¡r 16 3,1", a 1 '6 f old cli f flerence

(Table 7) " T¡urthe r r 'ühere ís a 2.5 flo-L d dif ference

bc¡ trn¡een repeat rDl\TA (l . +% d ivergence ) and" repe at

nori*r"DidA (ltl .'5'1 d i vergence ) sequences ( ta¡te 7) '

Tþus the data appealto Su.pport the conclusion tha'c the

repeat seeL:t--ârce c onservation in 4g4,1-y-? is d-ue 'uo thc:

encocling of rRNA Senes and that this phenoinerton applies

over f airl-y 1-arge evolubj-oirary t1.Ls i;¡¡.nces" Exclusion o-f

the rD.ìrTA frorn i;he c¿¡.-1 cr-llations signj-,fl.Lcant,ì-y increases

blie SeqLtenCe clivergence values betr,,reen bhe rernai.nj'ng

85?¿ (ln sequence complexity) o-f b'he Élenorne. Uj thout

rRIIA genes, overal-1 di vergence ri¡:es flrorn 1i "51/" to

16.64". TTor,reverr the paucity o,fl restric'tion sj-bes ,Ln the

repeat non-rDlTA region 1j-nits thr: sir:eng'Lh orÎ bhe

r: oncl asi on conce r ni-ng t ìre inr¡o.l-veme nt o:Î L:RNA ge nes in

t'epeatcollserr¡ation.Neverthefessrbasesubs'citutions

i n Ac4J_ya are non-random, the inver ted. repea. t er¡olvi ng

mor e s:L owly than 't he s ingle c opy .DJ\TA " Sirn-i l-ar

conclusj-ons Ïrere L:c;acìled in a s'rucly o-f legøne

ch,'l-or opl-ast genomes (Pal-ner et al, 19ü) .
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labÌe 7. Analysis of sequence divergence betr.¡een A. klebsiana and

A. a¡nbisexuaLis Þ87.

Gen cm i c r egi on corn par ecl Restriction

sites

c crn pare d

Restriction

si tes

shared

Percent

sequence

divergence

lotaì. gen crne

lotal genane less one repeat

72

52

14

27

12.5

11.6

Total repeat - one copy

repeat rDl.IA - one copy

repeat non-rÐNÂ - one copy

20

1r',

6

11

9

2

10.0

1.4

18.1

Total single copy

mal 1 single copy

large single copy

2a

B

24

12

2

10

16.3

21.1

1 4.6

Non-rDNA less one repeat

Non-IDNA total- gencme

70

44

14 16 .6

16 16 .9

Restrietion sites shared/restriction sites cønpared = g;

ùunber of nucLeoticles recognized = ¡;
percent sequence divergence = -lOO(ln S)/N (ï. Brown et al-, 197g1

Nei ancl Lí,'1979).
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The col-j nearity o-fl -i;he A. kle bsi. an a and E-87

nb g()noi[es means 'r,haL ihe prelininary gene map

establ-Lshed f or E.-87 (Shumard et aI, 1986) , including

the genes :for ATPase 6, ,ATP¿lsr-. 9, cyt b, COI, COII,

C0f If , vaT:1 , and 'r,he small- ancl ,l-arge trRlf As, is probnb-ly

true for A" l<]-ebsiana as well (¡le " 28). Construction

of de'caj.-.1-ed,ohysical maps thus simplifies genetic

mapping in closely i:el-atr-.d species and rnaJces possible

fruitf ul evoluti onàry compârlsons"

Two restrlc.bioLr fl:r'agments froln the A. klebsiana

mt genome (_gg-1¿+ and -nc;rRJ5) r¡rer:e cl-oired. inì,o plasnid

vectors. Plasmi d !M455- c ontains fra.gment BclL4 which

lnappecl Lotal.l-y w-Lthin the repeat regions (see Iigs. 21

¿¡nrL 2,3). Dxtensir¡e restriction rnapping o:fl gl4AK.þ- shor¡¡ecl

n o dif ferences betr.¡ee n the clone c1 ii.rargine nt ¿ur11 iire

A. klebsiana map in this r"eg,Lon" As can been seen Ín

Fig 2a, _pll445 contains mos'r o:fl the sequence that

hybrið,ized to the l-arge rRNA gene probe in

A . amb j. s ex ua--l- j s F-B 7 " Plasmi d ÐAÞQ.| contains f ragment

EcoRf5 (see Iigs. 21 and 28). Restriction mapping of

PDAR6 R shor¡¡ed no di f flerences be'cr¡¡een the cloned

fragment and the A. k-lebsiana map in this region,

exce,ot in cligestions inr¡ofving BcJ-I and Claf. In the

an d ltrc*oR I/".ç-þ! c od i ges ti ons o:f pD, A86:5 DlfA

(tiis. 19r lanes fl and h), it can be seen that Bcl_I and

Claf tLo not cl-e¿rve as prerl-Lctetl (see }l'j-g" 21) "

Sç.e"&Ii Þs_l-I
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Tt i s likely that bhis was clue t o niet Ìtyl-a bi on of bhe.Lr

recognition sites by the 
-4gt_g

met hylase of E " co li JlÍ1 05 ,

r,rrhi ch rne thylates 'uhe internal adenine in the sequence

5t-GAIC-1' (titrilson aniL Young,1975; Pirotta, 1976)"

Ëgtl recognizes the sequence 5'--TGAll CN-3' ( ningham

et àI, 1978) , alld _ç1gI r ec ognizes the sequence

5'-ATCGAT--5 t (iua;yer et àL, 1 9s1 ) . The ClaI site in bhe

"IS_g¡f5 fraement of A, ic-l-ebsi ana mtDI'TA rnust theref o::c;

have a G on j-ts le.f'b or: C on iLs right such th.¿¿l tire

dqq methylase recognition si'r,'e would be complete.

SglT ancl Claf are inhibited r^rhen bhe .Ln''cet'nal adenirte

of th-ej.r recognibjon siües j-s rrte'L,hylaberi.

(Dreisr-.,Lkel-rnann et al , 1979; it{cCJ.e11and, 1981). As carl

be seen in "F i g 28, pDAB6 . þ c ontains the -f ul-l sequence

that hybridizeri to the la:rge rRISA gene probe in

A. ambisexualis E-87, as lrel.l- as the.r"egi-on r¡¡hich

contains'r,he stL:ain-specific repeat insertion" It has

noi; been deter¡nined whe'r;her this insertion .inf e:: rupts

the J-a.rg<; ¡:R'irlA gelle sequenc(.r on is rnereJ-y l.ocated at

its 5r r,-e-rulinuls in thrrse Âchl-ya strains contaj.ning it
( Shumard. et aL, 1 986) . R-loop anal ysis anð,f o.c DITA

sequence analysi s r.,'¡oulc-L be requ-lretj" 'r, o determ.Lne i.:il the

strain-specifj c repeab j-nseLrt,Lon -in Achl-y? is analogous

to opt:i onal- large rRldA jirtrons clescri'bed in otheL: f ungi

(see .l{isborical- secti on 3.5)" The avaiL.abj-Li b¡r oI

cl ones containing thi s negi on wj -l-l- ,f acj l-L i;al;e bh j-s

an alysis.
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As discussecl above (Resul'u s sect i-on 3 .2) , pDAB6 " 5 also

contains the ::egi-on in whích bhe jtir:ction betr¡een the

repeat regions and the large unique:region l--Les

(see Figs. 21 and 28) " This L:egi.on nigh'r, be o.fl in'cerest

wj-th respect to ti'ie mechan-Lsn of ,ll.l-,Lp- f i.o p

isomer ir,at.ion since it may be here that intramo l-ecr-1l¿¿r"

r ec orrrbi n a.ti on be g1 ns,
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