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Meiotic observations of eight taxa in the genus Salvia
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'College of Biology and Science, Sichuan Agricultural University, 625014 Yaan, China.
2Key Laboratory of Crop Genetic Resources and Improvement Ministry of Education, Sichuan Agricultural Uni-
versity, 625014 Yaan, China.

Abstract — Observations were made on chromosome morphology and behavior during meiosis of PMCs (pollen
mother cells) for eight taxa in the genus Salvza: S. miltiorrbiza Bunge, S. miltiorrhiza Bunge var. miltiorrhiza f. alba
C. Y. Wu et H. W. Li, S. cynica Dunn., S. flava Forrest, S. yunnanensis C. H. Wright, S. cavaleriei Levl. var. sim-
plicifolia Stib., S. przewalskii Maxim. and S. brevilabra Franch. Results show that the basic chromosome number in
the genus Salvia is x=8. The chromosome configurations in S. #zzltiorrhiza (from Sichuan, Shandong, Zhejiang and
Shanxi), S. wiltiorrhiza f. alba, S. cynica, S. flava, S. yunnanensis and S. cavaleriei var. simplicifolia are formulated
uniformly as 8II. In . #zltiorrhiza from Henan, the typical chromosome configuration observed at metaphase is
0.13 1 +7.80 I1+0.07 IV, whereas that in S. przewalskiz is 0.33 1+15.50 I1+0.16 IV and in S. brevilabrais 0.53 1+15.73
II. Configurations of the bivalents in all materials investigated are different. According to the chromosomes pairing
in metaphase I, except that S. przewalskii and S. brevilabra are tetraploids, the others are diplonts. Chromosomes
bridges or lagging chromosomes are appeared at anaphase 11 in S. wzzltiorrhiza from Henan, S. przewalskii and S.
brevilabra. The abnormal behaviors of the chromosomes in meiosis observed may have effects on the development

of pollen grains in these taxa.
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INTRODUCTION

The genus Salvia Linn., with about 900 spe-
cies, is probably the largest member of the family
Lamiaceae. It is distributed throughout the Old
and New World, in subtropical and temperate ar-
eas (STANDLEY and WiLLIAMS 1973). Western Asia
and the Mediterranean region are considered to
be the two original centers of distribution (Wu
and L11982).

In China, there are approximately 78 species,
43 varieties and 8 forms of Sa/via, about 70 spe-
cies of which are endemic to China, and most taxa
are distributed in southwestern regions such as Si-
chuan, Yunnan and Guizhou provinces (Wu and
L11990). The genus Salvia is quite well known for
its horticultural as well as commercial importance
(BHATTAHARYA 1978). Some species are commonly
used in local folk medical practices and in cos-
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metics (ELLA and PuTiesky 1985), such as the root
of Salvia miltiorrhiza Bunge, a Chinese traditional
medicine in each version of Pharmacopoeia of
People’s Republic of China (2005). But the stand-
ards in local folk practices contain 36 taxa which
have medical value in Salvia, such as S. przewal-
skit, S. yunnanensis, S. cavaleriei var. simplicifolia
and so on (X140 et al. 1997; CHEN et al. 2005;
CHENG et al. 2005; Cat et al. 2006).

There are several cytological observation re-
ports on the genus Salvia at home and abroad, but
most of these researches are on the chromosome
counts (STEWART 1939; Car et al. 1993; YANG et al.
2004; ZHAO et al. 2006; YANG et al. 2009). Meio-
sis is a premise of sexual reproduction and the
behaviors in the meiosis are correlation between
the chromosomes and the genes (SwaNSON 1981).
Meiotic and mitotic chromosomes of 13 species
of Salvia from Argentina were studied and there
were diploid, tetraploid, hexaploid and octoploid.
The basic chromosome numbers were diverse as
well (ALBERTO 2003). The most common basic
chromosome numbers were x=6, 7, 8, according
to the researches about 20 species of Salvia from
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the Himalayas (GiLL 1971). However, there was
no report on the meiosis of Sa/vza in China.

In the present study, observations were made
on chromosome morphology and behavior dur-
ing meiosis of PMCs in the genus Salvia: S. milti-
orrhiza from 5 provinces, S. wiltiorrhiza f. alba,
S. przewalskiz, S. brevilabra, S. cynica, S. flava, S.
yunnanensis and S. cavaleriei var. simplicifolia.
The main aims of this research are to observe and
reveal differences among the species in chromo-
some behavior and morphology by studying the
chromosome configuration during meiosis of
PMCs, and to confirm the chromosome ploidy
and basic number of Sa/viz in China, as well as
to offer cytogenetical evidences for sterile mecha-
nism of Salvza.

MATERIALS AND METHODS

Flower buds of native species were collected
from wild populations and those of the intro-
duced species from cultivated plants. The taxa
are named after their localities and the herbarium
voucher specimens are listed in Table 1. Herbar-
ium voucher specimens are deposited in SAUT
(Herbarium of Triticeae Research Institute, Si-
chuan Agricultural University, Dujiangyan, Si-
chuan, China).

For meiotic studies, flower buds were fixed in
absolute ethanol and glacial acetic acid (3:1) for at
least 24 h, and then transferred into 70% ethanol
and stored at 4-5 in a refrigerator until required.
Immature anthers were then squashed in carbol-
fuchsin as a mordant. Meiosis was studied using a

Table 1 —The origin of materials investigated

minimum of 30 PMCs. Digital photographs were
taken using an Olympus 3030 camera mounted
on an Olympus microscope BX51.

RESULTS

The chromosome numbers (2n), levels of
ploidy and chromosome configurations of the 12
Salvia materials studied are presented in Table 2.
The basic number is x=8 for all of the studied ma-
terials, and except that S. przewalskii and S. brevi-
labra are tetraploids, the others are diplonts. In
addition, S. miltiorrhiza from Henan and S. brevi-
labra show one B chromosome severally.

1. S. wiltiorrbiza - Bunge and S. miltiorrhiza f.
alba — Both the two species were diplonts and the
chromosome numbers were 2n=2x=16. The chro-
mosome configuration at metaphase I indicated
that 8 bivalents were easily distinguished from
each other in morphology and structure for S.
miltiorrhiza f. alba, S. miltiorrhiza from Sichuan,
Shandong, Zhejiang and Shanxi. The average
chromosome configurations were 8 II for these
taxa (Figs. 1-5). There were great differences of
the proportion between ring bivalents and rod
bivalents, especially S. nzzltiorrhiza from Shanxi.
However, the observed meiosis of S. wiltiorrhiza
from Hennan showed 8 bivalents at diplotene and
metaphase I generally (Fig. 6). The quadrivalent
or two univalents occurred (Fig. 7), and the uni-
valents stood outside of the equatorial plate. In
some cells one B chromosome could be seen (Fig.
8). The average chromosome configuration was
0.131+7.80I1+0.071V. Also the rod bivalents were

Taxon

Locality Voncher

Salvia miltiorrhiza Bunge

S. miltiorrhiza Bunge

S. miltiorrhiza Bunge

S. miltiorrbiza Bunge

S. miltiorrbiza Bunge

S. miltiorrbiza f. alba C. Y. Wu et H. W. Li
S. przewalskii Maxim

S. brevilabra Franch..

S. ¢ynica Dunn

S. flava Forrest

S. yunnanensis C. H. Wright

S. cavaleriei Levl. var. simplicifolia Stib.

Zhongjiang, Sichuan
Nanyang, Henan
Taishan, Shandong
Shengzhou, Zhejiang
Xian, Shanxi

Laiwu, Shandong
Wenchuan, Sichuan
Kangding, Sichuan
Tianquan, Sichuan
Yanyuan, Sichuan
Luding, Sichuan
Nanchuan, Chongqing

L. ZHANG 05002
H. X. ZHA005006
H. Q. Yu 05003
Z.]. YANG 06007
Z.]. YANG 05004
H. Q. Yu 05001
Z.]. YANG 06005
Z.]. YANG 06008
Z.]J. YANG 05005
X. Fan 04001

X. Fan 04002
Z.]. YANG 06006
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Table 2 — The chromosome configurations at M1 in PMCS of materials investigated.

Chromosome  Ploidy

Chromosome configuration Bivalent configuration (%)

Taxon number(2n) level I I I\Y% Ring Rod
S. miltiorrhiza (Sichuan) 16 2x 8 25.78 74.22
S. miltiorrhiza (Henan) 16+0-1B 2x 0.13 7.80 0.07 28.21 71.79
S. miltiorrhiza (Shandong) 16 2x 8 23.08 76.92
S. miltiorrhiza (Zhejiang) 16 2x 8 40.10 59.90
S. miltiorrhiza (Shanxi) 16 2x 8 14.77 85.23
S. miltiorrhiza £. alba 16 2x 8 24.38 75.62
S. przewalskii 32 4x 033 15.50 0.16 18.75 81.25
S. brevilabra 32+0-1B 4x 0.53 15.73 25.64 74.36
S. cynica 16 2x 8 3438 65.62
S. flava 16 2x 8 63.33 26.67
S. yunnanensis 16 2x 8 52.50 47.50
S. cavaleriei var.simplicifolia 16 2x 0 8 57.37 42.63

dominant. Additionally, lagging chromosomes and
chromosome bridges were occasionally found in
some PMCs at anaphase I and at anaphase I(Figs.
9-11).

2. 8. przewalskii - This species was tetraploid and
the chromosome number was 2n=4x=32. PMCs
of this species showed 16 bivalents at diplotene
I and metaphase I, but occasionally one or two
quadrivalents could be seen (Fig. 12-13). Two or
four univalents were present (Fig. 14). In some
cells these univalents and few bivalents were out-
side of the equatorial plate. The average chromo-
some configuration was 0.331+15.501[+0.1611V
and the proportion of rod bivalents was much
more than that of ring bivalents, reaching 81.25%.
However, abnormalities were observed, such as
lagging chromosomes and chromosome bridges
at anaphase I (Fig. 15).

3. S. brevilabra - In this species PMCs showed 16
II at diplotene and metaphase I (Fig. 16), but oc-
casionally 1511 + 2T or 1411 + 41 could be observed
(Fig. 17). Besides, in some cells one B chromo-
some was visible (Fig. 18). The average chromo-
some configuration was 0.531+15.7311 and the
proportion of rod bivalents was high, reaching
74.36%. Chromosome bridges were occasionally
found in some PMCs at anaphase I (Fig. 19).

4.S. cynica - This species was diplont and the chro-
mosome number was 2n=2x=16. The chromo-
some configuration at diplotene and metaphase I
showed that 8 bivalents were existed in all cells
(Fig. 20). The average chromosome configuration
was 8 II and the rod bivalents were dominant,
reaching 65.62%.

5. S. flava - This species was diplont and the chro-
mosome number was 2n=2x=16. The meiotic
configurations observed in this plant were 8 II
and the ring bivalents were dominant, reaching
63.33% (Fig. 21).

6. S. yunnanensis - This species was diplont and
the chromosome number was 2n=2x=16. The
average chromosome configuration was 8 II and
the proportional difference between ring and rod
bivalents wasn’t conspicuous (Fig. 22).

7. S. cavaleriei var. simplicifolia - This species
was diplont and the chromosome number was
2n=2x=16. The average chromosome configura-
tion was 8 II and the ring bivalents were dominant
slightly (Fig. 23).

DISCUSSION

It is helpful to confirm the levels of ploidy by
studying the meiosis of the PMCs. As in polyploi-
dy individuals non-homologous chromosomes
couldn’t be synapsis at the meiosis. As a result the
unmatched chromosomes show themselves as uni-
valents at metaphase I and move to the two poles
randomly or become the lagging chromosomes at
anaphase 1. The univalents, unmatched chromo-
somes and lagging chromosomes in the species
of S. przewalskii and S. brevilabra give proofs to
identify that they are polyploids.

NakroGLU (1993a, 1993b) observed that
Salvia species had B type chromosomes and YANG
(2009) observed B chromosomes in S. tricuspis.
TomsoN (2005) reported that B chromosomes
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Figs. 1-11 — Meiosis of PMCs in S. mziltiorrhiza and S. miltiorrhiza . alba. 1. 8 bivalents in S. mzzltiorrhiza from Si-
chuan. 2. 8 bivalents in S. mz:ltiorrhiza from Shandong. 3. 8 bivalents in S. #ziltiorrhiza from Zhejiang. 4. 8 bivalents
in S. miltiorrhiza from Shanxi. 5. 8 bivalents in S. wzzltiorrhiza f. alba. 6-11 S. miltiorrhiza from Henan. 6. 8 bivalents.
7. 8 bivalents (Black arrow) and univalents (White arrow). 8. B chromosome (Black arrow). 9. Chromosome bridge
at anaphase I (Black arrow). 10. Chromosome bridge (Black arrow) and lagging chromosome (White arrow) at
anaphase II. 11. Lagging chromosome at anaphase I (Black arrow). Bar =5pm.
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Figs. 12-23 — Meiosis of PMCs in 6 Salvia taxa. 12-15. 8. przewalskiz. 12. 16 bivalents and univalents (Black arrow).
13. Quadrivalent (Black arrow). 14. Univalents (Black arrow). 15. Chromosome bridge at anaphase I (Black arrow).
16. 16 bivalents in S. brevilabra. 17. Univalents (Black arrow) in S. brevilabra. 18. B chromosome (Black arrow) in
S. brevilabra. 19. Chromosome bridge at anaphase I (Black arrow) in S. brevilabra. 20. 8 bivalents in S. cynica. 21. 8
bivalents in S. flava. 22. 8 bivalents in S. yunnanensis. 23. 8 bivalents in S. cavaleries var. simplicifolia. Bar =5pm.
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were found in cytotype of S. coccinea naturalized
in Western Ghats of India which was the prob-
able cause of the essential oil scarcity in the plant.
In our studies, we observed B chromosomes in S.
miltiorrhiza from Henan and S. brevilabra, which
were the new reports of B chromosomes for the
species from China. Following TomsoN’s idea we
need further research to confirm whether there
is influence or not on the composition in these
plants.

Bivalent configurations coincide with the in-
terchromosomal crossing-over frequencies. From
the bivalent configurations of the studied materi-
als at metaphase I, the rod bivalents, only single
crossing-over happens in the two chromosome
arms, were in predomination, and also there were
ring bivalents whose crossing-over happened in
the two chromosome arms twice or more. In all
materials investigated the frequencies were differ-
ent. The highest was S. flava and the lowest was
S. muiltiorrhiza from Shanxi. Interchromosomal
crossing-over is one of the important sources of
intraspecific variation, although the crossing-over
frequencies are not too high in each PMC.

SHU (2006) reported that the forms were
similar apparently between the fertile and sterile
plants except the great differences at the shape or
size of anthers. Abnormal phenomena in meiosis
have close relationship with the fertility. There are
fertile anthers and sterile anthers simultaneously
in S. miltiorrhiza from Henan. There are mainly
two reasons led the anthers to be sterile. On the
one hand, when secondary sporogenous cells dif-
ferentiate into microsporocytes and anther wall
cells, for the abnormal differentiations, thick pol-
len sac walls are formed, which make the anther
not crack to diffuse pollen and thus cause abor-
tion at last. On the other hand, sterile sporules or
pollen granules are formed at the time of PMCs,
early stage of tetrad, monocaryophase and dikary-
ophase when the pollens develop. Thus sterile
pollen could be caused by the abnormal meiosis,
and this abortion is irreversible. The lagging chro-
mosomes and chromosome bridges in the meiosis
of S. miltiorrhiza from Henan probably influence
the growth of the pollens to a certain extent. The
abnormal phenomenon which appeared in the
species of S. przewalskii and S. brevilabra at ana-
phase I and anaphase I showed that variations of
chromosomes structure took place and the pollens
were sterile partially. The reasons for variations
may be due to the external environment, such as
low temperature, continuous rain and so on. Also
it may be caused by cross-pollinating. The specific
factors need further studies.

Acknowledgements — The project was funded by
the Youth Scientific and Technological Foundation of
Sichuan Province (08Z(026-034) and the Science and
Technology Agency of Sichuan Province (07jy029-023,
2008FZ0148). Thanks for the fund supported by the
Personnel Office of Sichuan Province.

REFERENCES

AvLerTO C. M., SANSO A. M. and Xirrepa C. C., 2003
— Chromosomal studies in species of Salvia (Lam-
taceae) from Argentina. Botanical Journal of the
Linnean Society, 141: 483-490.

BHATTACHARY S., 1978 — Study of some Indian members
of the genus Salvia with references to the cytological
bebavior. Cytologia, 43:317-324.

Ca1 C. H., Gao S. L. and Guo B., 1993 — Technigue
of Chromosome Microscopic Determination in Cul-
tured Material of Salvia miltorrbiza. Journal of Chi-
na Pharmaceutical University, 24: 49.

CarY. L., RuanJ. L., WaNG J. P. and CHENG L., 2006
— Macroscopical and Microscopical ldentification of
Salvia cavaleriei var. erythrophyl. Journal of Chinese
Medicinal Materials, 24: 98-100.

CHEN J., L1 Y. and Sw1 Y. P, 2005 — Determination of
Germacrane Sesquiterpene in Petroleum Ether Extract
from the Whole Plant of Salvia Roborwskii Maxim
by High Performance Liguid Chromatograghy. Jour-
nal of Instrumental Analysis, 24: 98-100

CuenG X. L., X1a0 X. Y., CaiL. P, MaS. C. and LINR.
C., 2005 — Gualitative and Guantitative Analysis of
Water-soluble Constituents in Salvia castanea Diels
f-Tomentosa Stib. Chinese Journal of Pharmaceuti-
cal Analysis, 25: 1041-1045.

Erpa W. and Putiesky E. R., 1985 — Structure of glan-
dular hairs and identification of main components of
their secreted material in some species of the Labia-
tae. Israel Journal of Botany, 34: 31-45.

GiL L. S., 1971 — Chromosome studies in Salvia (La-
biatae) West-Himalayan species. Experientia, 27:
596-598.

NakroGLu M., 1993a — Tiirkiye nin Salvia tiirleri
tizerinde karyolojik Arastirmalar 1. S. frutiosa Mill,
S. tomentosa Mill., S. officinalis L., S. smyrnaea
Boiss. (Lamiaceae). Doga Turkish Journal of Botany,
17:21-25.

NaxwroGLu M., 1993b — Tiirkiye nin baz Salvia tirl-
eri dzerinde karyolojik. Aragtirmalar 11. S. viridis
L., S. glutinosa L, S. virgata Jacq., S. verbenaca L.,
S.argentea L., (Lamiaceae). Doga Turkish Journal of
Botany, 17: 157-161.

PHARMACOPOEIA COMMITTEE of CHINA, 2005 — Phar-
macopoeia of People’s Republic of China. Beijing:
Chemical Industry Press.

Snu Z. M., LianG Z. S., Sun Q., ZHaNG X. W. and Fu
L. L., 2006 — Identification and pollen development
anatomry of the male sterility line Sh-B in Salvia milts-
orrhiza. Acta Botanica Boreali-Occidentalia Sinica,
26:2202-2207.



Downloaded by [218.17.160.148] at 19:52 05 June 2015

340

WANG, ZHANG, DING, YANG, ZHOU, YANG and YIN

STANDLEY P. and WiLLIAMS L., 1973 — Labiatae. Field:-
ana. Botany, 24: 237-317.

STEWART W. S., 1939 — Chromosome numbers of Cali-
fornian Salvia. American Journal of Botany, 26:
730-732.

SwansoN C. P., Merz T. and YounG W. J., 1981 — Cy-
togenetics-The Chromosome in Division, Inheritance
and Evolution. Englewood Cliffs, N. J.: Prentice-
Hall 239.

TomsoN M. and JouN E. T., 2005 — Influence of B-
chromosome on essential oil content and composi-
tion in Salvia coccinea Buc’hoz ex Etl. (Lamiaceae).
Caryologia, 58: 246-248.

Wu Z.Y. and L1 H. W., 1982 — O the evolution and
distribution in Labiatae. Acta Botanica Yunnanica,
4:97-118.

WuZ.Y.and L1 H. W, 1990 — Flora of China. Beijing:
Science Press.

Xino X. H., Fanc Q. M., Xia W. J., YIN G. P, Su Z.
W. and Qrao C. Z., 1997 — Numerical taxononry

of medicinal Salvia L. and the genuineness of Dan-
shen. Journal of Plant Resources and Environment,
6:17.

YanNG Z. Y., GonNG X. and PAN'Y. Z., 2004 — Cytolog:-
cal study of six Salvia species (lamiaceae) from the
Hengduanshan Mountains region of China. Cary-
ologia, 57: 360-366.

YANG Z. J., ZHANG L., Zuao H. X, YancG R. W, DiNnG
C. B., Znou Y. H., and WaNn D. G., 2009 — Chro-
mosome numbers of some species of Salvia (Lam-
taceae) from the Sichuan province, China. Nordic
Journal of Botany, 27: 287-291.

Zuao H. X., Zuane L., Fan X, YanG R. W., DinG C.
B. and Zrou Y. H., 2006 — Studies on Chromosome
Numbers of Chinese Herb Salvia miltiorrbiza, flava
and evansiana. China Journal of Chinese Material
Medical, 31: 1847.

Received June 20" 2009; accepted September 23 2009



