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Karyotype Analysis in Seven Cultivated Juniperus
chinensjs and a Cultivated Pinus densiflora'
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ABSTRACT

This study was designed to investigate the karyotype analysis of Juniperus chinensis and its seven varieties,
and P. densiflora and P. densiflora for. multicaulis. Following results were obtained.

1. Three varieties, J. chinensis v, kaizuka, J. chinensis v. aureo-variegata and J. chinensis v, procumbens are
turned out as tetraploids.

2. Varieties having many long chromosomes and long mean relative length of chromosomes are J. chinensis
and J. chinensis v. aureo-globosa, while varieties having short chromosomes are J. chinensis v. horizontalis
and J. chinensis v, globosa.

3. Varieties with high mean ratio of long arm length to shori arm are J. chinensis v. globosa and J. chinensis v.
kaizuka, while a variety with the low mean ratio isJ. chinensis v. aureo-globosa.

4. When chromosomes are arranged according to the rotal length, the most similar variety with J. chinensis was
J. chinensis v. sargentii, J. chinensis v, horizontalis, J. chinensis v. globosa and J. chinensis v. aureo-globosa,
while the least similar one wasJ. chinensis v. procumbens.

S. Pinus densiflora for. multicaulis has shorter mean relative length of chromosome than P. densiflora, while the
arm ratio of the former is higher than the latter,

6. When chromosomes are arranged according to the total length, six chromosomes showed the same order
between the two varieties.

7. P. densiflora for. multicaulis has many chromosomes with secondary constriction.

Keywords: karyotype analysis; variety.

E ¥

Hool = Juniperus chinensis 2] Tvarieties o Pmus densiflora ] 3t w1 5-¢] w3k karyotype analysis

of Azt of&a 2o 4AL gl 1) ] chinensis v. katzuka, |. chinensis v. aureo-variegata 2 J.

U4£5 1051 2 8 Received on October 2, 1986.

P REK BARB2EAZE College of Natural Sciences, Gyeongsang National University, Jinju,
Gyeongnam, Korea.

IEMNEBHHEFIKE Dept. of For,, Jinju Agri. and For. Junior Technical College, Jinju



At 759 19864 12 A

chinensis v. procumbens < tetraploid o|ct. 2) 2 552 G Aalel Aol 71 HFAI 71 AN E ko] 7}

215 9xx TEE . chinensis ¢ ], chinensis v. aureo-globosa ©|3L L S} E FL HaAn, e oA
A5 7hal AF 2 [ chinensis v, horizontalis 8t ], chinensis v. globosa ©|v}.  3) 2 A M A short arm

oA it long arm®| Hulwlz| s} 2 FF & chinensis v, globosa 2+ ], chinensis v. kaizuka o), A2 4

o0
[T

J. chinensis v. aureo-globosa ol vl 4) FHAE 7 AR A ahe] Akl [ chinensis ¢

wod b b AAak Zabar FE- L chinensis v. sargentii, ], chinensis v. horizontalis, ], chinensis v. globo-

sa ok J. chinensis v. aureo-globosa®l ™, . chinensis v. procumbens = wd stel b2+ cl2ch 5) Pinus

densi flora for. mullicqulisi= A4 A 3 Fao] #iL, arm ratio = 2k 6) AAAE 7 T4
A e A zrol Jebdel 7)) P o densiflora for. mu-
vhebyket,

412} longarm 3} short arm¢] wid F4{7; 652

v ak o

Iticaulis %= secondary constriction®] 252 ol A ] o) 4

INTRODUCTION

Many varieties in Juniperus chinensis have been
known, and their morphological characteristics
have drawn interests and have been used as import-
ant garden and landscape trees. Pinus densiflorg also
has many varieties, and the classification of the
varieties was carried out by Uyeki (1928} according
to the tree forms. Among the varieties, P. densiflora
for. multicqulis Uyeki has been known for its
many small stems without main stem and has been
planted at gardens for its high aesthetic value,

Questions have been arised whether the morpho-
logical variations are related to the morphological
or numerical variations in chromosomes of each
species. The present article reports some relation-
ships between morphological variation and chromo-
somal variation in the two species and their varie-

ties.

g

ool

MATERIALS AND METHODS

Juniperus chinensis and its seven varieties have
different morphological characters shown in Table
1. Chromosomes were observed in root - tips of big
trees of J. chinensis and J. chinensis v. kaizuke and
of rooted cuttings of the other varieties from April
to June. Chromosomes of P. densiflora and its
variety were observed from root-tips of germinating
seeds. Chromosome observation was carried out
primarily followed by the methods of Saylor( 1964).
The root-tips were pretreated in 8-hydroxyquinoline
(0.3g/1) for 24 hours at 18°C fixed in Farmer’s
fluid for 24 hours, and stained in acetocarmine.
Measurements of the chromosome length were
made with photographs of each chromosome at

1300 x magnification.

RESULTS AND DISCUSSION

Scientific name

1. J. chinensis L.

Tree, conical tree form, long needles (L.N.) and scale-type

leaves {S.T.L.).

2. J. chin. var. horizontalis

S.T.L.
3. J. chin. var. sargentii
4. J. chin. var. globosa

5. J. chin. var. aureo-globosa

No main stem, stem and branch ascendent form, L.N. and

Decumbent tree form, L.N. and S.T.L.

No main stem, shrub, globose tree form, S.T.L. are many
produced.

No main stem, shrub, globose tree form, §.T.L. with yellow

color are variegated.

6. J. chin. var. procumbens
. chin. var. qureo-vagriegata
8. J. chin. var. kaizuka

e
~

No main stem or shrub, decumbent tree form, LN, and S.T.L.
Main stem, L. N, and S§.T.L. with yellow color.

Main stem, spiral branch, S, T.L. leaves color is dark than other
Juniperus species.
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A. Juniperus chinensis L. and its varieties

J. chinensis and its seven varieties have mor-
phological differences in having main stem, tree
formm branch and needle shape, color of leaf and
others, as shown in Table 1. Number of chromo-
somes(Table 2) was not the same among varieties;
J. chinensis and four other varieties have 2n = 22
normal diploids, while J. chinensis v. kaizuka, J.
chinensis v. aureo-variegata and J. chinensis v. pro-
cumbens have 2n = 44 tetraploids. A few chromo-
somes of each variety have first constriction and
secondary constriction.

Mean size of guard cells of 2n varieties was 44.7u.
However, mean size of guard cells of 4n varieties
was 52.9 u, showing general characteristics of larger
stomata in 4n varieties than those of 2n varieties
(Mergen, 1958; Kim, 1975) (Fig. 1).

Natural tetrapleids in gymnosperms are very rare,
as Mehra(1960) pointed out. Reports of tetraploids
in Juniperus are tetraploids of J. chinensis and J.
squamata (Mehra, 1960) and triploids of J. virgini-
ana by Gustafsson(1960). However, reports on
natural tetraploids of Cryptomeria japonica are
numerous in recent year (Somego, 1981, Kikuti,
1985). In additon to above facts, selected elite
trees are found as triploids. Therefore, the possibi-

lity of usable tri - and tetraploids in gymnosperm
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Fig. 1. Comparisons on the length of guard cells in

seven varieties of J, chinensis. The long ver-
tical line represents the range and the hori-
zontal line represents the mean. a - J. chinen-
sis, b - J. chin. v. horizontalis, ¢ - J. chin. v.
sargentii, d - J. chin. v. globosa, e - J, chin.
v. aureo-globosa, { - J. chin. v. procumbens,
g - J. chin. v. aureo-variegata, h - J. chin. v.
kaizuka.

also seems to be high. Therefore, three tetraploids
of J. chinensis varieties found in this study may be
used as good materials for induction of artificial
triploids of this species in future.

Though little morphological variation was found
in auto tri- and tetraploids reported in above papers,
tetraploids in this study show big differences in
morphology, as shown in Table 1. The morphologi-
cal differences among varieties of J. chinensis may
partly come from the differences in polyploids.
Robinia

Colchitetraploids of pseudoacacia L.

Table 2. Ratio in percentage of length of each chromosomes to length of the longest chromosomes in seven

varieties of J. chinensis

J. chin. J.chin. J.chin. J. chin.

J. chin. v.

] i v, i v.sar- v. v.aureo- J. chin. v. X J. chin. v.
érShmenm zo::)tralis gentii globosa  globosa kaizuka (4n) au(}:z:l);varxegam procumbens (4n)
(2n) (2n) (2n) (2n) - o

Chiom.  Relative Relative Relative Relative Relative Chrom- Relative Chrom- Relative Chrom- Relative
osomes length  length  length  length  length  osomes length  osomes m}:cvgrgth osomes length
! 1000 1000  100.0 1000 100.0 1.2 1000  as 100.0 as 100.0

2 97.1 75.0 96.8 77.8 933 34 978 in 86.7 in 88.6

3 91.4 70.8 90.3 722 90.0 56 93.3 kaiz-  80.0 kaiz-  85.7

4 914 70.8 90.3 72.2 900 78 gg9  uka 76.7 uka 80.0

5 85.7 69.2 87.1 69.4 80.0 9,10 80.0 73.3 77.1

6 85.7 63.3 839 69.4 80.0 11,12 778 70.0 77.1

7 80.0 62.5 83.9 69.4 76.7 13,14 71.1 66.7 743

8 80.0 60.8 742 61.1 73.3 15,16 62.2 66.7 68.6

9 77.1 60.8 71.0 58.3 73.3 17,18 489 63.3 65.7

10 714 58.3 548 47.2 73.3 19,20 40.0 60.0 629

11 62.9 52.5 38.7 38.9 66.7 21,22 33.3 50.0 54.3
Mean 83.9 67.6 79.2 66.9 81.5 72.1 72.1 759




@EMEELt THHE, 19864 12 A1

41

Table 3. Ratio of the long arm to the short arm in seven varieties of J, chinensis

J. chin. J.chin. J.chin. J. chin.
v.hori- v.sar- v. V. qureo-

J. chinensis A0} o0 one gentii globosa  globosa

() (2n) Qn)  @Qnm)

J. chin. v. J. chin. v. J. chin. v.
kaizuka (4n) au(;e;))—vanegat procumbens (4n)

Chrom- Arm Arm Arm Arm Arm Chrom- Arm  Chrom- Arm  Chrom- Arm
osomes ratio 1atio 1atio ratio ratio  osomes ratio  osomes ratio  osomes ratio
1 1.06 118 1.58 2.27 1.00 12 1.37 asin 1.14  asin 1.19

2 1.83 1.00 1.14 1.15 1.15 34 1.00  kaiz- 117 kaiz- 1.21

3 1.00 1.13 1.00 1.36 1.08 56 147 uka 118 uka 1.14

4 1.29 1.83 1.15 1.60 145 78 1.00 1.88 1.00

5 1.00 1.20 1.70 1.08 1.00 9,10 1.00 1.00 1.08

6 1.50 1.31 1.00 150 1.18 11,12 1.19 1.33 1.70

7 1.33 2.00 1.17 1.78 1.09 13,14 1.29 1.22 1.36

8 1.80 1.42 1.09 1.75 1.20 15,16 1.80 1.50 1.40

9 1.45 1.64 1.20 1.63 1.20 17,18 2.67 1.71 1.30
10 1.78 1.00 1.83 2.40 1.44 19,20 1.00 1.25 1.44
11 1.20 1.27 140 1.00 1.00 21,22 2.5 1.14 2.17
Mean 1.39 1.36 1.30 1.59 1.16 1.50 1.32 1.36

showed five types, and they were quite different
morphologically(Kim, 1975). Some tetraploids were
also found among morphologically different seedi-
ings in P. rigida x (P. rigida x taeda) (Hyun, et al.
1967) and P. rigida x teeda (Kim, et al. 1963).

Variation in length of chromosomes of J. chinen-

sis varieties was investigated. Results are expressed
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as relative length to the longest chromosome in each
variety, Mean relative length of J. chinensis and J.
chinensis v. aureoglobosa is long, while that of J.
chinensis v. horizontalis and J. chinensis v. globosa
is short. Three varieties, J. chinensis, J. chinensis
v. sargentii and J. chinensis v. aureoglobosa have

four chromosomes of relatively long ones (chromo-
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Fig. 2. Karyotype of haploid Juniperus cells. A - J. chinensis. B -J. chin. v. horizontalis., C - J. chin. v. sargentii.
D -J. chin, v.globosa., E -J. chin. v. aureoglobosa. F - J. chin. v. aureo-variegata., G -J. chin. v. procum-

bens. H-J. chin. v. kaizuka.

(Idiograms arranged in descending order of length of chromosomes.)
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somes having relative length > 90.0). somes with J. chinensis. Position of centromere of

On the other hand, only one (two in tetraploid each chromosome is compared to the same number
varieties) chromosome is long in J. chinensis v. of chromosomes of J. chinensis. Five chromosomes
horizonralis, J. chinensis v, globosa, J. chinensis v. of J. chinensis v. globosa and J. chinensis v. qaureo-
aureo-variegata and J. chinensis v. procumbens. variegata have same position of centromere with
Particularly, chromosome 11 of J. chinensis v. J. chinensis, while three chromosomes of J. chinen-
sargentii, J. chinensis v. globosa and J. chinensis sis v, horizontalis, J. chinensis v. sargentii and J.
v. kaizuka was very short. chinensis v. kaizuka have.

Ratio of the length of long arm to that of short When chromosomes of each variety are arranged
arm is shown in Table 3. Mean values of the ratio in in descending order of total length, the order of
J. chinensis v. globosa and J. chinensis v. kaizuka short arm and that of long arm disagreed(see Fig. 2).
are relatively high, while that in J. chinensis v. Table 5 shows exceptional chromosome numbers
aureo-globosa is exceptionally low. Position of cen- in descending order of length of short arm and long
tromere of each chromosome is shown in Fig. 2 and arm, and chromosome numbers showing same
Table 4. Position of centromere is classified arbi- arrangement with J. chinensis by the short arm and
trarily in four groups with the ratio of the length of the long arm. Final column in Table 5 shows the
long arm to short arm shown in Table 3. Nine chromosome numbers showing same arrangement
chromosomes of J. chinensis v. aureo-globosa have with J. chinensis by both arms. J. chinensis v.
median centromers, while only three chromosomes sargentii has the most similar chromosomes with J.
of J. chinensis v. globosa have it. On the other hand, chinensis in regard to the order of short and long
J. chinensis v. globosa has five terminal centromere arm, having six chromosomes in same order with
chromosomes, while J. chinensis v. aureoglobosa J. chinensis. The next most similar one is J. chinen-
has none. The other five varieties have similar num- sis v. horizontalis, J, chinensis v. globosa and J.
ber of median and terminal centromere chromo- chinensis v. aureoglobosa, having five chromo-

Table 4. Comparisons of the position of centromere in seven varieties of J. chinensis

X Number of
Number of chromosomes
. . chromosomes
Chromosomes having same position

. with median(m)
P oo ____ of centromere with .
; . i and terminal
J. chinensis

Species

1 2 3 4 5 6 7 8 9 10 11 ~ centromeres(t)

J. chinensis m t m sm m st sm t st ot m m;4,t;3
J.chi.n.v. . m m m t m sm ¢ st t m sm 3 m;5,t;3
horizontalis = = =

J. chin. v. st m m m t m m m m § sm 2 m;7,t;2
sargentii

J. chin. v. t m smst m st t t t t m 5 m;3,t;5
globosa

J. chin. v.

aureo-glo- m m m st m m m m m st m 4 m:;91;0
bosa

J.c}{in.v. sm m st m m m sm1t t m t 3 m;S5,t;3
kaizuka

J. chin. v,

aureo-vari- m m mt m sm sm s t sm m S m;5,t;2
egata

J. chin. v. m sm m m m t sm sm sm st ¢t 4 m;4,t;2
procumbens = i

Note, 1. long arm : short-arm ratio(m; 1.00- 1.20, sm; 1.21 - 1.40, st; 2.41 - 1.60,t ; 2> 1.61)
2. — indicates chromosomes having same position of centromere with J. chinensis
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Table 5. Features of karyotypes obtained by arranging the chromosomes according to the total length in
seven varieties of J. chinensis

Chromosomes show- Chromosomes arr-

Chromosomes show- Chromosomes arr-

Chromosomes arr-

ing exceptions to anged as in ing exceptions to anged as in anged as in J.
Species the descending J. chinensis the descending J. chinensis chinensis in order
order in shorter in order of the order in longer arm  in order of the of the shorter
arm lengths shorter arm lengths longer arm and longer arm
J. chinensis 34,59,11 24.6,7,8,9,10
J. chin. v.
horizontalis 5,6,8,9,10,11 1,2,5,79,11 4,79 1,3.4,5,79,11 1,5,79,11
Jochin v 3458 1,3,45,67,10 4,67 1,3,4567.11 13,4567
sargentii
J. chin. v. 25,11 1,5,6,7,8,10 46,78 1,34,56,78 156,78
globosa
J. chin. v. 5,11 1,2,5,6,78,10, 4,6,10 1,3,4,5,6,10,11 1,5,6,11
aureo-globosa 11
J. chin, v. 2(3.4),407,9), 145,6,789, 3(5,6),6(11,12), 1,56 156
kaizuka 5(9,10),9(17,18) 10 11(21,22)
"af"’r’:"}"‘ 5(9,100,6(11,12), 12,58 HT86(11,12), 134568911 158
variegata 7(13,14),10(19,20) 8(15,16),9(17,18)
J. chin. v. 7(13,14) 1,2,6,8,10 6(11,12),7(13,14)  1,3,5,6,7,11 1,6
procumbens

somes, On the contrary, J. chinensis v. procumbens
has only two chromosomes in same order with J.
chinensis.

Judging by all karyological characteristics men-
tioned above on J. chinensis varieties, J. chinensis
v. sargentii, J. chinensis v. aureoglobosa and J.
chinensis v. aureo-variegata seem to be close varie-
ties with J. chinensis, while J. chinensis v. kaizuka
seem to be the farthest variety from J. chinensis.

However, further studies are needed for more clear

conclusion on relationships among J. chinensis
varieties. Differences in number and morphology
of chromosomes among varieties in J. chinensis

are confirmed by this study.

B. Pinus densiflora and P. densiflora for.
multicaulis
P. densiflora for. multicqulis is a variety having
many small stems without main stem. The needle

length of this variety is shorter and the cone sone is

Table 6. Ratio in percentage of length of each chromosomes to length of the longest chromosomes and arm

ratio in p. densiflora and its variety

length

ratio

Chrom Relative Arm

osomes P. densiflora fo:ie;':gzz;i lis P. densiflora f(')jemn:{z;;au lis

1 100.0 100.0 1.05 1.04

2 97.4 90.9 1.00 1.00

3 97.4 90.9 1.53 1.27

4 92.3 89.0 1.00 1.04

5 89.7 83.6 1.19 1.09

6 87.2 83.6 1.00 1.00

7 82.1 78.2 1.13 1.05

8 79.5 74.5 1.21 1.05

9 76.9 65.5 1.00 1.57

10 66.7 61.8 1.17 1.83

11 64.1 56.4 1.78 1.38

12 59.0 47.3 1.09 2.25

Mean 82.7 76.8 1.18 1.30
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Table 7. Comparisons of the position of centromere in P. densiflora and its variety

Number of
Number of chromosomes
chromosomes

having same position . .
. . with median(m)
N . of centromere with .
and terminal

. Chromosomes
Species

P. densiflora
o 1 2 3 4 5 6 7 o 8 9‘ 10 11 12 A centromeres(t)
Pdensifora m m st m m m m sm m m m m;9 ;1
P. densiflora
for.multi- m m sm m m m m m st ¢t sm t 6 m;7,t;2

Jealuls
Note, see Table 4.

Table 8. Features of karyotypes obtained by arranging the chromosomes according to the total length in
P. densiflora and variety

Chromosomes show- Chromosomes arr-
ing exceptions to anged as in

the descending P. densiflora
order in longer arm  in order of the

Chromosomes arr-
anged asin 7.
densiflora in order
of the shorter

Chromosomes show- Chromosomes arr-
ing exceptions to anged as in

the descending P.densiflora
order in shorter in order of the

Species

arm lengths shorter arm lengths longer arm and longer
P.densiflora 4,5,69,12 o 35,11 S
P. densiflorafor.4,6,11 1,34,5,6,7.8, 39,10 12,346, 1,346,7,
multicaulis 10,12 7,10 10

'|I|l|||
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Fig. 3. Idiograms of P. densiflora (A) and P. densiflora. for. multicaulis (B). The chromosomes are arranged
according to the total length.

smaller than P, densiflora.

Mean relative length of chromosomes of P.
densiflora for. multicaulis is shorter than that of
P. densiflora by 7 percent (Table 6). Mean ratio of
length of the long arm to that of the short arm is
1.30, which is bigger than that of P. densiflora.

No big differences were observed on the position
of centromere, Number of chromosomes with me-
dian or terminal centromere is similar between the
two varieties. Six chromosomes out of twelve have
same position of centromere (Table 7).

When chromosomes are arranged according to
the total length from the longest one in descending
order, chromosomes 1, 3, 4, 6, 7 and 10 of P.

densiflora for. multicaulis are similar with P. densi-

flora in the short and long arm (Table 8).

The most remarkable difference of chromosome
morphology of P. densiflora for. multicaulis and P.
densiflora is secondary constriction on many
chromosomes of the former variety (Fig. 3).

Many papers reports similar results in many
species and varieties (Gustafsson, 1960; Mergen,
et al. 1963: Kim, 1963, Saylor, 1964 ; Simak, 1964,

Shidei, ez al. 1965, Baranec, 1979).
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