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CHROMOSOME NUMBER
AND SECONDARY CHROMOSOMAL
ASSOCIATIONS IN WILD POPULATIONS
OF GERANIUM PRATENSE L.
FROM THE COLD DESERTS
OF LAHAUL-SPITI (INDIA)

In this work we studied the meiotic chromosome
number and details of secondary chromosomal associations
recorded for the first time in Geranium pratense L. from
the alpine environments in the cold deserts of Lahaul-Spiti
(India). All the presently studied individuals of the species
existed at 4x level (x = 14). The present chromosome
count of n = 2§ in the species adds a new cytotype to the
already existing diploid chromosome count of 2n = 28
from the Eastern Himalayas and outside of India. Out
of the six accessions scored presently four showed normal
meiotic course. However, two accessions investigated from
Mud, 3800 m and Koksar, 3140 m depicted abnormal
meiotic course due to the presence of multivalents and
univalents, and secondary associations of bivalents/
chromosomes. The secondary chromosomal associations
in the species existed among bivalents/chromosomes were
noticed in the PMCs at prophase-1 (diakinesis) and
persisted till the separation of sister chromatids at M-11.
The variation in the number of bivalents/chromosomes
involved in the secondary associations at M-1 (2—8) and
A-I/M-11 (2—12) has also been recorded. The occurrence
of such secondary associations of bivalents/ chromosomes
in G. pratense which existed at 4x level indicated the
secondary polyploid nature of the species.
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Introduction. Presence of bivalents/chromo-
somes in pairs or groups in close proximity
having diffused connections is referred to as
secondary associations or secondary pairing of
chromosomes [1]. The general phenomenon of
secondary association was first observed in Oryza
sativa by Kuwada [2] followed by Ishikawa [3]
in Dahlia variabilis and Marchal [4] in Ambly-
stegium. Since then, the phenomenon had been
encountered during meiosis in several plant spe-
cies in tracing the basic chromosomes number
and the polyploid status of species [5—21]. During
the cytomorphological surveys to determine the
chromosome number in selected angiosperms from
alpine regions in cold deserts of Lahaul-Spiti
(Himachal Pradesh, India) we have found the
occurrence of secondary associations of chro-
mosomes in two accessions of Geranium praten-
se L. G. pratense is a stout, erect perennial herb
having short rootstocks covered with stipules of
basal leaves and bluish-purple to bluish-violet
flowers on long glandular-hairy peduncles. The
species is commonly found growing in the su-
balpine and alpine meadows in the North West
Himalayas between altitudes of 3000—4500 m.
A black dye is made by boiling the roots of
the species with a sulfurous raw mineral called
«Naktsur». The roots are applied as poultice to
bruises and local Vaidyas also use the plant for
stomach trouble. In Lahaul Valley its flowers are
offered during religious function to deities and
in Spiti Valley powder made of whole plant are
given twice a day to treat cough, jaundice and
gastric disorders [22].

Lahaul-Spiti, a cold and desolate alpine region
in northwest Himalayas is known for its seclusion,
Buddhist culture, harsh climate, unexplored,
formidable and breathtaking scenic beauty of the
high mountains. It constitutes a part of Indian
cold deserts which is situated between 31°44'57"
and 32°59'57" N latitudes and between 76°29'46"
and 78°41'34" E longitudes. The cold deserts of
Lahaul-Spiti are characterized by the presence of
low temperature (>—30 °C), a shorter vegetation
period, more snow, dry arid weather, high velocity
winds, low precipitation and harsher conditions
owing to the rising number of weather related
extreme events. Perennation of plants growing
in such extreme environmental conditions
depends upon their successful adaptation to these
hostile habitats and ability to overcome frequent
disturbances caused by climatic oscillations. Due
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to these particular selective conditions the cold
desert vegetation is remarkably different from
that of the lowlands [23, 24]. Consequently, the
flora of the area exhibited a number of ecological,
morphological, physiological and reproductive
adaptations, which make the species able to
withstand the extreme harsh climatic conditions.
Owing to such xeric and inhospitable ecological
conditions, plants of the area adopted specific
habits and tend to become prostrate, hairy, thick,
hardy, sturdy, bushy, mat and cushion forming
and spiny with long roots and small succulent
or woolly leaves. Perennation through vegetative
means (rootstocks, runners, bulbs, rhizomes,
tubers, etc) is another remarkable feature of these
plants which show their adaptability to these
environmental conditions.

Review of literature of the work carried out on
the plants of this region revealed that most of the
previous studies undertaken by different workers
either pertain to floristic and ethnobotanical
surveys [25—30]. No systematic attempt has been
made so far to explore the existence of cyto-
morphological diversity in the plant resources of
Lahaul-Spiti. Even the basic information regar-
ding the cytological status, meiotic behaviour
particularly on male side and pollen/seed viability
is not available for the species growing in the re-
gion. Thus data and information obtained from
such cytomorphological surveys would be of co-
lossal significance and certainly provide a helping
hand in understating the cytological evolution of
the species growing in the cold deserts. In view of
this, cytomorphological surveys were undertaken

to the area and results so obtained on various
parameters of cytomorphological interest have
already been published from this laboratory in
some species [31—45].

Previous cytological studies on G. pratense
either restricted to eastern Himalayas in India
or outside of India and so far species has neither
been counted chromosomally nor studied for cyto-
logical details from the Lahaul-Spiti. The present
study was undertaken to determine the meiotic
chromosome number, examining the behaviour
and frequency of chromosomes involved in se-
condary associations at different meiotic stages,
course of meiosis and pollen fertility.

Materials and methods. Materials for male
meiotic studies were collected from six different
accessions collected from alpine regions in the
cold deserts of Lahaul-Spiti (India) in May-July,
2008—2009 (Table 1). The young developing flo-
ral buds from healthy plants were fixed in freshly
prepared Carnoy’s fixative (1 Glacial acetic acid : 3
Chloroform : 6 Ethanol, v:v:iv) for 24 h and
subsequently stored in 70 % ethanol in a refri-
gerator. Developing anthers from floral buds were
squashed in 1 % acetocarmine and preparations
were studied for chromosome counts, and de-
tailed meiotic behavior in pollen mother cells
(PMCs) at prophase-I, metaphase-1 (M-I), ana-
phases-1/11 (A-1/11), telophases-1/11 (T-1/11) and
sporad stage. A number of slides were prepared
from different anthers/flowers for analysis of chro-
mosomal associations.

Pollen fertility was estimated through stain-
ability tests for which anthers from mature flowers

Table 1
Details of the different accessions of G. pratense collected from different localities of Lahaul-Spiti
Meiotic Ploidy | Pollen
Locality with altitude Geographical co-ordinates Accession number | chromosome lev ly fertilit
number (‘n’) eve ¢ y
Lahaul Valley
Kukumsheri, 2800 m 32°42'4" N; 76°41'28"E 51164 28 4x 100
Kishori, 2900 m 32°41'1" N; 76°41'48"E 51149 28 4x 100
Koksar, 3140 m 32°24'48" N; 77°14'7T"E 51472 28 4x 100
Keylong, 3340 m 32°34'14" N; 77°2'1"E 51574 28 4x 100
Spiti Valley
Mud, 3800 m 31°57'32" N; 78°1'52"E 51497 28 4x 85
Lossar, 4110 m 32°26'17" N; 77°44'55"E 51572 28 4x 100
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were squashed in glycerol-acetocarmine mixture
(1:1) and 1 % aniline blue dye. Well-filled pollen
grains with uniformly stained cytoplasm were
scored as fertile/viable while shrivelled pollen
with unstained or poorly stained cytoplasm were
counted as sterile/unviable. Photomicrographs of
PMCs showing chromosome counts and secon-
dary chromosomal associations were taken from
the temporary mounts with a digital imaging
system of Leica QWin, version V 2.3 (Leica Micro-
systems, UK)

Results. Cytological studies in the species have
been carried out presently in the six different
accessions collected from the cold desert regions
of Kukumsheri (2800 m), Kishori (2900 m),
Koksar (3140 m) and Keylong (3340 m) in Lahaul
Valley, and Mud (3800 m) and Lossar (4110 m)
in Spiti Valley. The four accessions (Kukumsheri,
Kishori, Keylong and Lossar) showed the
presence of 28 bivalents at M-I (Fig. 1, a), and
28:28 chromosomes distribution at M-II (Fig. 1,
b). Further meiotic course and sporad formation
in these accessions were also normal resulting
into cent per cent pollen fertility. However,
the accessions scored from Mud in Spiti Valley
and Koksar in Lahaul Valley depicted abnormal
meiotic course due to the presence of multivalents
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Fig. 1. a — a PMC showing 28 bivalents at M-I;
b — 28:28 chromosomes distributions at M-II; ¢, d —
PMCs showing secondary associations (arrowed); e —
bivalents showing side by side secondary associations
(arrowed); f — bivalents showing end-to-end secondary
associations (arrowed). Scale — 10 um

and univalents, and secondary associations of
bivalents/chromosomes. Data regarding the fre-
quency of secondary chromosomal associations,
and multivalents and univalents in the two
accessions are provided in Tables 2, 3, 4 and 5.
The detailed meiotic behaviour in both the
accessions with secondary associations has been
discussed separately here under.

Mud, 3800 m; Spiti Valley. Secondary asso-
ciations of chromosomes in the accession were
observed in the PMCs at diakinesis, M-I, A-I
and M-II. Most of the bivalents/chromosomes
were present in groups widely spaced from each
other, and the number of bivalents/chromosomes
per group ranges from 2 to 12 (Fig. 1, ¢—f, 2,
a—c). The bivalents/chromosomes showing se-
condary associations existed in two forms, side
by side (Fig. 1, ¢) and end-to-end (Fig. 1, f). The
secondary associations were so intense that these
can be observed even during the disjunction of
chromosomes at A-1. Fig. 2, b showing association
between the non-homologous separating chromo-
somes. The number of such groups in a PMC
varied from 9—25 (diakinesis, M-I, Table 2)
and 22—44 (A-1 and M-II, Table 3). Besides,
up to 3 multivalents and 2 univalents were also
recorded in some PMCs (Fig. 2, d). In spite of
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Fig. 2. a — varying number of bivalents involved in secondary associations arrowed and present in different groups;
b — chromosomes showing association even during disjunction at early A-I (arrowed); ¢ — secondary associations
at M-II.; d —a multivalent (arrowed) and univalent (arrowhead). Scale — 10 um

normal segregation of chromosomes at anaphases
some pollen sterility (15 %) was resulted.
Koksar, 3140 m; Lahaul Valley. In this ac-
cession also secondary associations were observed
at diakinesis, M-I, A-I and M-II. Of the total
18 analyzable PMCs, 10 PMCs (55.56 %) sho-
wed secondary associations. The number of bi-
valents/ chromosomes organized in a group due
to secondary associations in a PMC during dia-
kinesis, M-I, A-I and M-II varied from 2—S8. The

number of such groups in a PMC varied from
12—28 (diakinesis, M-I, Table 4) and 28—33
(A-1 and M-II, Table 5). Some univalents and
multivalents were also recorded in this accession.
Normal segregation of chromosomes at anapha-
ses resulted into 100 % pollen fertility.
Discussion. Chromosomes number. Based on
x = 14, one of the basic chromosome number
suggested for the genus Geranium the presently
studied individuals of the species existed at 4x

Table 2
Secondary chromosomal associations at MI in the Mud accession of Geranium pratense
Chromosomal
Secondary associations among bivalents No. of associations
PMCs at MI in different groups (I-VI*) chromosome (multivalents &
groups per univalents)
PMC
vi [ v [ m | oo | o v
1 - 1 1 6 9 17 - -
1 1 2 - 2 10 15 - -
1 2 - - 3 10 15 - -
1 1 1 1 3 3 9 3 -
1 1 1 1 4 4 11 1 2
1 1 - - 6 10 17 - -
1 0 1 1 4 13 19 -
1 0 1 1 7 7 16 - -
1 - 1 - 1 23 23 - -
1 0 2 2 3 8 15 - -
Total no. of PMCs 10
analyzed
Range of groups -2 1-2 12 1-6 3-24 9-25 1-3 0—2
Total no. of bivalents 280 36 40 21 80 94
% age of chromosomes involved in
association 12.86 1429 7.5 28.57 33.57 2.86 0.35

* Roman numerals depict the number of bivalents present in a group.
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Table 3
Secondary chromosomal associations at Al and MII in the Mud accession of Geranium pratense
Secondary associations among chromosomes No. of
PMCs at MI and Al in different groups (I—XII*) chromosome
groups per
PMC
X [vim | vi [ v | v [ m [ | o1
1 - - 1 1 4 1 7 12 26
1 - - - 1 - 1 14 20 26
1 1 1 - 1 1 1 7 10 22
1 - - - - - - 12 32 44
1 - - - - - 1 14 25 40
Total no. of PMCs 5
analyzed
Range of groups 0—-1 0-1 0-1 0-1 1-4 0-1 7-14 10-32 22—44
Total no. of chromo- 280 12 8 6 15 20 12 108 99
somes
% age of chromosomes involved in
association 432 286 214 534 7.12 432 38.56 35.34
* Roman numerals depict the number of chromosomes present in a group.
Table 4
Secondary chromosomal associations at diakinesis and MI in the Koksar accessions of Geranium pratense
Chromosomal
Secondary associations among bivalents at No. of associations
PMCs diakinesis and MI in different groups (I-VIII*) chromosome | (muyitivalents &
groups per univalents)
PMC
VIO | VII | V | IV | I 11 I v I
1 1 - - 1 3 - 7 12 - -
2 — - - - - 3 22 25 - -
5 — - - - - - 28 28 - -
1 — - - 1 - 3 18 22 - -
1 — - 1 2 - 5 5 13 - -
1 — 1 - 1 2 3 6 12 - -
1 — - - 2 1 6 5 14 - -
1 — - - - - 1 23 24 1 2
1 — - - - - 2 24 26 - -
1 — - - - - 4 18 22 1 -
Total no. of PMCs 15
analyzed
Range of groups 0-1 0-1 0-1 1-2 1-3 2-6 1-28 12—28
Total no. of biva- 420 8 6 5 28 18 60 290
lents
% age of chromosomes invol-
ved in association 1.87 143 1.19 6.67 430 14.30 69.05 0.95 0.24

*Roman numerals depict the number of bivalents present in a group.
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level. The present chromosome count of n = 28
in the species adds a new cytotype to the already
existing diploid chromosome count of 2n = 28
from the Eastern Himalayas [46, 47] and outside
of India [48, 63]. The species is also known to have
intraspecific aneuploid cytotype (2n = 24) from
outside of India [64, 65]. Besides, some diploid
populations of the species studied by Belyaeva
and Siplivinskii [66] depicted the presence of
up to 1B chromosome. It thus indicates that
the species exhibited considerable amount of
chromosomal variation involving aneuploidy and
polyploidy.

Secondary chromosomal associations. The se-
condary chromosomal associations in the spe-
cies existed among bivalents at diakinesis/M-I
and between chromosomes at A-I/M-II. These
secondary associations which were visible from
prophase-1 (diakinesis) persisted until the se-
paration of sister chromatids at M-II. All the
analyzable PMCs in the accession collected
from Mud (Spiti Valley) showed the presence
of secondary associations whereas the accession
scored from Koksar (Lahaul Valley) showed
secondary associations in 55.56 % PMCs. The
number of bivalents/chromosomes in a group
organized due to secondary associations in
PMCs during M-I and A-I/M-II in the two
accessions varies from 2—8 and 2—12, respecti-
vely. Darlington [67], Lawrence [68] and Malg-
wi et al. [13] were the first to relate this
phenomenon of side by side association of biva-
lents in groups of two, three or more, to the

Chromosome number and secondary chromosomal associations in wild populations

homology existing between these bivalents.
Primary pairing at zygotene and chiasma formation
between more than two homologous chromosomes
were known to result in multivalents. This type
of pairing is distinct from the secondary pairing
in which bivalents are loosely associated with
each other without the existence of chiasmata.
According to these authors the associations
between pairs starts only at prometaphase and
M-I and continues into the later meiotic stages.
They suggested that chromosomes which have
secondary association are homologous or partially
so, and reflect the polyploid origin of the species
exhibiting this phenomenon. However, Brown
[69] attributed the phenomenon of secondary
associations at M-I in Luzula as an artifact of
the squash technique. Stebbins [70] recognizes
that secondary associations serve as an indication
of the polyploid origin of a species or genus,
but he cautioned against elaborate phylogenetic
conclusions based on such evidence. One more
reason put forth by Jelenkovic et al. [11] states
that secondary associations may be due to the
presence of heterochromatin region in the
genome which facilitates the association between
nonhomologous parts. The occurrence of such
secondary associations of bivalents/chromosomes
in G. pratense which existed at 4x level indicated
the secondary polyploid nature. The species might
have undergone cytological diploidization in the
course of evolution to achieve its near diploid
like meiotic behaviour as has been suggested
earlier for Ocimum [18, 19] and Uraria picta [21].

Table 5
Secondary chromosomal associations at AI and MII in the Koksar accession of Geranium pratense
Secondary associations among chromosomes No. of
at Al and MII (at both poles) in different chrom;)some
PMCs groups (1—1V¥) groups per
v 111 11 1 PMC
1 3 2 11 16 33
3 - - - 56 28
Total no. PMCs analyzed 4
Range of groups 0—3 0—2 0—11 16—28 28—33
Total no. of chromosomes 224 12 6 22 184
% age of chromosomes involved in
association 5.36 2.68 9.82 82.14

*Roman numerals depict the number of chromosomes present in a group.
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Due to variation in the number of bivalents/
chromosomes associations at M-I (2—8) and
A-1/M-II (2—12), nothing can be concluded re-
garding the basic chromosome number in the
genus or family. However, the presence of
multivalents in the meiocytes suggests species to
be an autopolyploid.

Bhattacharya and Datta [21] cautioned against
deriving any conclusion regarding the auto- or
allopolyploid origin of a species solely based on
cytological data. In such conclusions cytological
observation must be coupled with allozyme
data and locus specific molecular markers using
FISH (fluorescent in situ hybridization) to make
precised decision [71, 72].

Some sterility (15 %) in the accession from
Koksar could not be attributed to secondary as-
sociations as the other accession which also showed
the occurrence of the secondary associations did
not show any pollen sterility. And also the se-
condary associations did not interfere with the
segregation of chromosomes at anaphases. A num-
ber of factors have been suggested for causing
pollen sterility in angiospermic plants include
ultrastructural changes in pollen, malfunctioning
of the taptum or hypertrophy of tapetal cells
resulting in the crushing of PMCs or pollen grains
and some recessive genes in the chromosomes or
a gene in the organelle other than the nucleus [73].
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XPOMOCOMHBLIE YNUCIA U BTOPUYHBLIE
XPOMOCOMHBIE ACCOLIMALIMUN B AINKNX
NOoNyIALUUAX GERANIUM PRATENSE L.
XOJIOAHDLIX IMTYCTbIHb LAHAUL-SPITI (MHAWA)

BriepBble M3yueHbI MEHOTMUYECKOE UYMCIO XPOMO-
COM M OCOOEHHOCTM BTOPUYHBIX XPOMOCOMHBIX acco-
nuauuii pacreHuit Geranium pratense L., pacTymmx
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Ha aJbIMMCKNUX BBICOTAX XOJIOAHBIX MyCThIHb Lahaul-
Spiti (Mumus). Bce usyyeHHble ocodbu ObLH 4x (x =
= 14). XpoMocOoMHBIII HAbop n = 28 y 3TOro BuUOA
NO00OABJSIET HOBBIM ITUTOTUIT K YK€ CYILIECTBYIOLIEMY
IUIIOUIHOMY XPOMOCOMHOMY Habopy 2n = 28 u3s
Boctounbsix I'mmanaeB u 3a npenmenamu WMumuu. W3
LIECTU M3YYEHHBIX OOpa3IoB y YETHIPEX YCTAHOBJICH
HOpPMaJIBHBI XOO Meio3a. B To e BpeMs mBa 00-
pasua u3 paitoHoB Mud, 3800 m, u Koksar, 3140 m ne-
MOHCTPUPOBAJIM aHOMaJbHOE TEeUeHUE Meio3a M3-3a
HaJIMYUs MYJbTU- U YHUBAJIEHTOB M BTOPUYHBIE ac-
colManny OMBaJIEHThI/XPOMOCOMBI. BropruHbIe Xpo-
MOCOMHBIE acCOlMalnu ObLIM 3aMeuyeHbl B IPO-
daze 1 (nmakmHe3) U CyIIECTBOBAIM OO pa3deieHUs
cecTpuHCKUX xpoMatun Ha ctagun M-II. Otmeuena
TaKKe M3MEHYMBOCTb YMCa OMBAJIEHTOB/XPOMOCOM,
BOBJICUEHHBIX BO BTOPMYHBIE acCOLMAIlMM Ha CTa-
musx M-1 (2—8) u A-1/M-II (2—12). Hanuume y G.
pratense TaKMX BTOPUYHBIX aCCOLIMAIINI, KOTOPHIE Cy-
LIECTBYIOT Ha ypOBHE 4X, yKa3blBaeT Ha BTOPUYHYIO
MOJUTIJIONIHYIO TIPUPOIY 3TOTO BUIA.

P. Kumar, V.K. Singhal

XPOMOCOMHI YMCJIA 1 BTOPUHHI
XPOMOCOMHI ACOLIIALLIT B IUKUX
MONVYAALIN GERANIUM PRATENSE L.

XOJOAHUX MMYCTEJb LAHAUL-SPITI (IHAI:)

Briepiiie BUBUEHO MEWOTMYHE YHUCIO XPOMOCOM i
OCOOJIMBOCTI BTOPMHHMX XPOMOCOMHMX acoIlialiit
pociuH Geranium pratense L., 110 POCTYTb Ha ajib-
MiCHPKUX BHCOTAaX XOJOOHMX IrycTenb Lahaul-Spiti
(Immist). Bci mocmimkeHi ocoomnu Oynu 4x (x = 14).
XpoMocoMHUMI Habip # = 28 y LIbOro BUIY IOHAE
HOBUI LIMTOTUII IO BXXe iCHYIOUOTO TUTUIOITHOTO XPO-
MOCOMHOro Habopy 2n = 28 3i Cximamx [imanai
Ta 3a Mexamu IHmii. 3 1ecTM BUBYCHUX 3pasKiB y
YOTHUPHOX OYB HOPMAJBHUI XiIl Meiio3y. ¥ Toii Xe 4yac
IBa 3pa3ku 3 paitoHiB Mud, 3800 m, i Koksar, 3140 m
NEMOHCTPYBaJIM aHOMaJIbHUI Tiepebir mMeio3y uepes
HasIBHICTh MYJIbTH- Ta YHIBaJICHTIB i BTOPMHHI acollia-
1ii GiBasieHTH/XpoMocoMu. BTOprHHI XpOMOCOMHI aco-
miamii cmoctepiranmuchk B mpodasi I (miakines) i
iCHyBaJIM JIO0 TIOAITy CECTPUHCHKUX XpOMaTHI Ha
craaii M-II. 3a3HaueHo TakoX MIiHJIMBICTH YuKcaa
OiBaJIeHTIB/XpOMOCOM, 3aJlyuyeHUX y BTOPUHHI aco-
wianii Ha crapigsx MI (2—8) i AI/M-II (2—12). Ha-
SBHICTh Y (. pratense TakMx BTOPMHHMX acollialliif,
JKi iCHYIOTb Ha piBHI 4x, BKa3ye Ha BTOPUHHY
MOJIIOITHY IPUPOAY LILOTO BUMIY.
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