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Classification of the Citrus Chromosomes with Same Types of Chromomycin A Banding Patterns
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Summary

Chromosomes were isolated enzymatically from young leaves of ‘Tanikawa- Buntan’ pummelo (an
uncertain hybrid with Citrus grandis), ‘Yoshida- Ponkan’ mandarin (C. reticulata Blanco) , ‘Mukaku-
Kishu’ (C. kinokuni Hort. ex Tanaka), and sour orange(C. aurantium Linn.). The chromosomes were
stained with Giemsa, chromomycin Az (CMA), and quinacrine mustard (QM).

In CMA staining, five characteristic banding patterns (types A, B, C, D and E) were observed. The
chromosome compositions with different CMA banding patterns were 3A+2C+4D+9E for ‘Tanikawa -
Buntan’, 1B+1C+9D+7E for ‘Yoshida-Ponkan’, 1C+8D+9E for ‘Mukaku-Kishu’, and
1B+2C+8D+7E for sour orange. The chromosome composition in ‘“Mukaku - Kishu’ was identical with
koji (C. leiocarpa Hort. ex Tanaka).

The sour orange had a type C chromosome with an elongated second constriction. Some
chromosomes classified as the same CMA type exhibited different relative sizes in the CMA(+)
regions. Type D chromosomes, which were not classifiable on the basis of chromosome lengths were
categorized into two groups in ‘Mukaku-Kishu’ and three groups in the sour orange based on the
relative sizes of their CMA(+) regions.

Therefore, the relative sizes of CMA(+) regions are useful as indices for chromosome classification
so that the relationships within the genus Citrus could be established.

Key Words: chromosome, citrus, CMA banding pattern.
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Fig. 1. Chromosomes of ‘Tanikawa— Buntan’( I , II ), “Yoshida— Ponkan’( Il , IV )and ‘Mukaku~ Kishu’( V ,
VI ) stained with Giemsa ( I ,II , V )and CMA (II ,IV, VI ). Scalebar=5 fzm.
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Table 1. CMA banding patterns and chromosome composi-
tions of ‘Tanikawa - Buntan’ pummelo, ‘Yoshida-
Ponkan’, ‘Mukaku - Kishu’ and sour orange.

] CMA banding patterns and ~ Number

Cultivar - z
chromosome compositions  of cells

“Tanikawa - Buntan’ 3AY+2C+4D+9E 15 (15)
‘Yoshida- Ponkan’ 1B+1C+9D+7E 10 (15)
‘Mukaku - Kishu’ 1C+8D+9E 12 (15)
sour orange 1B+2C+8D+7E 10 (15)

* Figures in parenthesis are number of cells observed.

¥ A: two terminal CMA (+) reogions and a proximal one, B:
one terminal CMA (+) region and a proximal one, C: two
terminal CMA (+) regions, D: one terminal CMA (+) region,
E: no CMA (+) region.
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Table 2. CMA banding patterns and chromosome lengths in
“Tanikawa - Buntan’ pummelo.

Classification without relative  Classification with relative
sizes of the CMA (+) regions  sizes of the CMA (+) regions

CMA Chromosome length CMA Chromosome length®

band® ( 14m) band’ ( #m)
1 A 4.09a" A-1 4.06a
2 A 3.81bc A-1 3.85ab
3 A 3.40d A-1 3.40c
4 C 3.97ab C-1 3.28cd
5 C 3.28de C-I 3.97a
6 D 3.08ef D 3.08de
7 D 2.92fgh D 2.92¢f
8 D 2.6%hi D 2.69fg
9 D 2.47ij D 2.47gh
10 E 3.65¢ E 3.65b
11 E 3.35d E 3.35¢
12 E 3.05ef E 3.05de
13 E 2.73gh E 2.73fg
14 E 2.61hi E 2.61g
15 E 2.32jk E 2.32hi
16 E 2.22jk E 2.22hi
17 E 2.09k E 2.09i
18 E 1.821 E 1.82j

? Confer Table 1.

¥ A- 1 :aproximal CMA (+) region larger than two
terminal ones, A- II : proximal and terminal CMA (+)
regions smaller than another terminal one, C- I : two
same - sized CMA (+) regions, C- II : one CMA (+) region
larger than another one.

* Average in 10 cells.

" Figures followed by the same letter are not significantly
different at P<0.05 according to Duncan’s multiple range
test.
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Table3. CMA banding patterns and chromosome lengths in
“Yoshida-Ponken’.

Classification without relative  Classification with relative
sizes of the CMA (+) regions sizes of the CMA (+) regions

CMA Chromosome length CMA Chromosome length”

band” (¢m) band” ( um)

1 B 3.60ab" B 3.19ab

2 C 3.25abed C 2.64bcde

3 D 4.09a D-1 3.35a

4 D 3.87a D-1 3.19ab

5 D 3.59ab D-1 2.90abcd

6 D 3.36abcd D-1 2.73bcde

7 D 3.25abed D-1 2.67bcde

8 D 3.14abcd D-1 2.44cde

9 D 2.89abed D-1 2.16ef
10 D 2.54bcd D-1I 2.32def
11 D 2.16d D-1I 2.89abcd
12 E 4.12a E 3.41a
13 E 3.49abc E 2.92abc
14 E 3.27abed E 2.70bcde
15 E 3.11abcd E 2.64bcde
16 E 2.90abcd E 2.47cde
17 E 2.54bcd E 2.16ef
18 E 2.26¢cd E 1.88f

% Refer to Table 1.

Y D- I :amedium- sized CMA (+) region, D- II : a relatively

smaller CMA (+) region than D- 1 ,D- Il : a relatively

larger CMA (+) regionthan D- I .
¥ Average in 6 cells.
¥ Refer to Table 2.
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Table4. CMA banding patterns and chromosome lengths in
‘Mukaku - Kishu’.

Classification without relative  Classification with relative
sizes of the CMA (+) regions sizes of the CMA (+) regions

CMA Chromosome length CMA Chromosome length®

band” ( xm) band” ( #m)
1 C 3.53bed” C 3.53bcd
2 D 3.66bc D-1 3.68bc
3 D 3.53bcd D-1 3.60bcd
4 D 3.41cde D-1 3.34cde
5 D 3.29cdef D-1 3.15defg
6 D 3.22def D-1 2.94efgh
7 D 3.11efg D-1I 3.45bcd
8 D 2.99fgh D-1II 3.19def
9 D 2.73hij D-I 2.83fgh
10 E 4.16a E-1 4.28a
11 E 3.83b E-1 3.90ab
12 E 3.39bcde E-1 3.43bcd
13 E 3.09defg E-1 3.13defg
14 E 2.79fghi E-1 2.81fgh
15 E 2.65hij E-1 2.68ghi
16 E 2.53ijk E-1 2.51hi
17 E 2.39jk E-1 2.33i
18 E 2.24k E-I 2.51hi

% Refer to Table 1.

Y D- I :amedium-sized CMA (+) region, D- I : a relatively
smaller CMA (+) region than D- I , D~ IIl : a relatively
larger CMA (+) region than D- 1 ,E- I : common type-E
chromosome, E- 1I : a very small fragment elongated from
one terminal.

* Average in 8 cells.

¥ Refer to Table 2.
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Fig. 2. Chromosomes of sour orange stained with Giemsa ( 1 , Il ) and CMA (I ,IV ). Scale bar =5 g m.
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Table 5. CMA banding patterns and chromosome lengths in
. sour orange.

Classification without relative  Classification with relative
sizes of the CMA (+) regions sizes of the CMA (+) regions

CMA Chromosome length CMA Chromosome length®

band® (1m) band” ( m)
1 B 3.95¢d¥ B 3.84cd
2 C 4.71a C-1 4.71a
3 C 4.34b C-1I 4.40ab
4 D 3.94cd D-1 3.83cd
5 D 3.61de D-1 3.44def
6 D 3.57de D-1 3.14d
7 D 3.41ef D- 1 2.99fgh
8 D 3.25efg D-1 3.21f
9 D 3.06fghi D-1 2.55hi
10 D 2.86hij D-1I 3.74cd
11 D 2.74ij D-1I 3.41def
12 E 4.07bc E 4.17bc
13 E 3.59de E 3.69de
14 B 3.15fgh B 3.25¢f
15 E 2.98ghi E 3.03fg
16 E 2,52k E 2.60ghi
17 E 221kl E 2.30i)
18 E 2.041 E 2.09

* Refer to Table 1.

Y C- I : one CMA (+) region larger than another one, C-1I :
one CMA (+) region larger than another one and the
elongated secondary constriction, D- I : a medium - sized
CMA (+) region, D I : a relatively smaller CMA (+) region
than D~ I ,D-II : a relatively larger CMA (+) region than
D-1.

* Average in 8 cells.

¥ Refer to Table 2.
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