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                        Summary

 Fluorochrome staining  with  chromomycin  A3 (CMA) was  used  to characteTize and  compare  the

CMA  banding patterns of  chrornosomes  in eight  specics  of  citrus  that are  cultivated  in Japan.

Chrornosomes wcre  classified  into five types based on  the number  and  position of  CMA  positive
bands; A: two  teTminal  and  one  proximal band, B: one  terminal and  one  proximal band,  C: two

teTminal  bands, D: one  tcrminal band, E: no  band. The  CMA  banding patterns were

IA+IC+8D+8E  in Hassaku,  2A+2C+5D+9E  in Hyuganatsu, IA+2C+7D+8E  in Natsudaidai
`Kawano

 natsudadai',  IA+IB+IC+8D+7E  in Iyo 
`Miyauchi

 iyokan', IA+IB+IC+8D+7E  in
Tankan  

`Tarumjzu

 1 gou', 3B+2C+5D+8E  in Kabosu, IB+2C+9D+6E  in Sudachi  and

2B+IC+1ID+4E  in Yuzu  

`Yamane'.

 A  similar  CMA  banding  pattem was  observed  in related

species  examincd  in this study.
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Introduction

 Chromosome  identificatien of  citrus  has progresscd
rapidly  by  using  fluorescent banding of a base-specific

binding fluorochrornc, such  as  chromomycin  A3  (CMA)
(Befu et al., 2000, 2001, 2002; Guerra, 1993; Miranda  et

al., 1997; Yamamoto  and  Tominaga,  2003, 2004). These

studies  dcmonstrated the  existence  of  characteristic

CMA  banding patterns with  a  high level of  diversity and

hcterozygosity in citrus chromosomes.  The  results  also

revealed  CMA  banding patterns of  important species,

such  as Citrus sinensis,  C. unshiu,  C  paradisi, and  C
grandis and  similar pattems among  related species  and

cultivars.

 In Japan, various  citrus  species  and  cultivars have
been  cultivated. Mid- and  late-maturi

erocarpa),  arc

very  important for the industry. TherefOre, in this study,
we  determined the variability  of  CMA  banding patterns
of chromosomes  in these  citrus,  and  discuss their phylo-
genicrelationships.

         Materials and  Methods

 Citrus spccies  and  cultivars  preserved at the Faculty
of  Agriculture, Kagoshima  University were  analyzed  for
CMA  banding  patterns (Table 1). Young leaves about  3
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chromosomes  of

Commonnamc Latjn name

Mid-  and  ]ate-rnaturing

 Hassaku

 Hyuganalsu

 Kawanonutsudaidai

 Miyuuchiiyokan

 
']'arumizu

 1 gou

 Acidcitrus

 Kubosu

 Sudachi

 Yamunc

citrus

Cornmonname CMAbandingpatiern'

Citrus hassaku  hort. ex  Tanuka

C. tanturana  hort. cx  Tanaka

C  naisudaidai  Ha>,ata

C. i)'o hort, ex  

'['anaka

C  tankan  }layata

C, spaerocarpa  hort. ex  Tanaka

C. sudachi  hort. cx  Shirai
C. junos Sieb, cx  

'ranaku

HassakuHyuganatsu

Kttwanonatsudaidai

Mlyauchiiyekan

Tarurnizu1gou
KabosuSudachiYamane

IA  +IC+8D+SE

2A  t2C+5D+9E

IA +2Ct7D+8E

IA+IB+IC+8D+7t{

IA+tB+IC+8D+7E

   3B+2Cth'D+8E

   IB+2C.+9D+6I,'

  2. B+IC]+11D+4E

XA/
 two  terrninal and  one  proximal CMA  (+) regions,  B/ one

terminal  and  onc  proxjmal CMA  (+) rcgion,  C, two  terminH]

CMA  (+} regions,  D/ one  terminal  CMA  (+} region,  F./ Nu

 CMA  (+) regien.

         Fig, 1, CMA  staining  of  sematic  chromosorncs  in C'itrus specics.  a/ Hassaku, b/ Hyugttnatsu, c/ Nalsudaidai

             
'Kawano

 nutsudadai',  d/ Iyo 'Miyauchi

 iyokan', e: Tttnkan "Farumizu

 t gou', f/ Kabosu, g/ Sudachi. h,

             Yuzu  
`Yamane'.

 A-C/  Sec Table 2, Bar in h represents  5 stm  for a]1 i'igures.

and  C chromosomcs,  but aimost  a]] mandarins  possessed 
`Tarumizu

 1 gou' is considered  to be a  naturu}  tangor,

fewer than  thrcc  of  those  typcsof  chromosomes  (Befu et hybrid ol' mandarin  and  sweet  erange  ([wamasa, 1999).
al., 2001; Yamamoto  and  Tominaga, 2003). Hassaku, Thc  CMA  banding pattern of  the parcntal mandarin  is
`Kawano

 natsudaidai'  and  
`Miyauchi

 iyokan' are bc- unknown,  but swcet  orange  has a 2B+2C+7D+7E  in
lievcd to bc hybrids of  pummelo und  mandarin  (Hirai ct  chromosomc  configuration  (Befu et  al,, 2000; Miranda
al., 1986; Iwamasa,  1999; Yamamoto  ct al., 1993). et al., 1997). Although it does not havc the typc A
AIthough  the origin  of  Hyuganatsu  is unclear,  it had chromosQmcs  found in 

`Tarumizu
 1 gou:, the rescm-

genes from pummclo (Yamamoto et al., 1993). There b]ance is found in CMA  banding pattcrns of  sweet

were  two  typcs A, B, and  C chromosomes  in Hassaku, orange  and  those of 
`Tarumizu

 1 gou'; a number  of

four in Hyuganatsu, three in `Kawano natsudaidai',  and  types B, C, D, and  E chromosc}mes  arc similar. How-

thrce  in `Miyauchi

 iyokan'. Thesc numbcrs  arc intcr- cvcr, the reason  for identical CMA  banding pattcrn of

mediate  bctween  those  of  purnmclos and  mandarins,  
`Turumizu

 1 gou' and  
LMiyauchi

 iyokani that are  noL
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