J- 7 ¥ 3 Guihaia 29(2).192 — 197

2009 £ 3 A

ATEEEEARENRBEHAR

EP/%H%la

BT, Rpf#2x

CLAEEBTRYE EYRZESTRERE, JM 510641; 2. " HER M EER 25%%, /M 510010)
B OE: RARMERBMMR BSG®X 3 MEHHATHRGEZERK Gemsa CHFRHETHR. ERR
A3 MERAATHZEYRE 2BRRY, K AR EARTHHB AR 2n=16=4m+8sm+4st; AR/
BEARBFHEEARN 20=16=06m+6sm+4st, FRHAKBUERAWE., GARFH CHA RN CIT B, RE
EHRA REW RN, SPMRBAAE CHNAN REMREA L —H, WA THRNE S,

X8R AKE; %A, Giemsa CHf
FESES: Q343.22 X EARIAEG: A

XEHE . 1000-3142(2009)02-0192-06

Chromosomal studies on populations
of Aquilaria sinensis
SHEN Yan-Jing!, JIAQ Xu-Wen! , ZHAO Shu-Jinl-2*

( 1. College of Bioscience and Engineering , South China University of Technology , Guangzhou 510640, China; 2. Department
of Medicament , General Hospital of Guang=hou Military Command , Guangzhou 510010, China )

Abstract: For the first time,a conventional analysis of chromosome karyotype and Giemsa C-banding was carried out

in three populations of Aquilaria sinensis. Three populations showed same chromosome number of 2n=2x==16 and

the asymmetry of the karyotype was categorized as type 2B. The variance of karyotype was not obvious in three pop-

ulations,only karyotypical formula (2n=16=4m-+8sm-4st) in one population was different from the other two (2n

=16=6m-+6sm-+4st). The Giemsa C-banding pattern of A. sinensis was CIT pattern. Within Giemsa C-banding

pattern of A. sinensis there were centromeric bands,intercalary bands, telomeric bands and whole bands. The distributed

position, numbers and types of the C-banding on the chromosome of A. sinensis had shown the clear polymorphisms.
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1 Introduction

Aquilaria sinensis ( Thymelaeaceae) is one of very
few species of tropical trees and is the source of agar-
wood (Ng et al. ,1997) ,one of the most highly valua-
ble forest products currently traded internationally.
Agarwood (also known as aloeswood, eaglewood and
gaharu,among many other common names) is a fra-
grant wood that has been traded since biblical times for
use in religious functions and for medicinal and aromat-

ic preparations (Barden er «l. ,2000).
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A. sinensis is almost distributed in Guangdong,
Hainan and Guangxi provinces in China. Since the
15th Century,agarwood has been collected and used as
a drug in China., Studies revealed that agarwood has
remarkable anticancer activity ( Gunasekera et al. ,
1981). Benzene extractable compounds possess potent
central nervous system antidepression activities (Oku-
gawa et al. ,1993,1996), and agarwood is considered
as new promising nervous system drug (Chen,1999).
High consumer demand, particularly from Middle East-
ern and Asian markets, combined with decreasing sup-

ply has pushed prices progressively higher to the extent
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that top grade agarwood can sell for over USD 10 000/
kg in end-use markets (Barden et al. ,2000).

Previous studies of A. sinensis have mostly fo-
cused on its tissue culture, chemical composition and
pharmacological action of agarwood. However,its cy-
togenetic data remain unknown. In this article, we
studied the chromosome karyotype and Giemsa C-ban-
ding pattern of A. sinensis occurring in different popu-
lations, which offered the evidence for further research

of identification, breeding and evolution. -

2 Materials and methods

2. 1 Plant material

Seeds of A. sinensis were from Nanning (Guan-
gxi) , Maoming (Guangdong) , Tunchang (Hainan) and
identified by Xing Fu-Wu, professor of South China
Botanical Garden in Guangzhou,

2. 2 Karyotype analysis

Roots were collected from potted plants of selected
genotypes kept in a shade house. Root tips were treated
with 0. 002 mol/L 8-hydroxyquinoline solution for 2 h at
18—20 °C,and fixed in Carnoy’s I fixative (ethanol :
aceticacid=3 ¢ 1 v/v) for 2— 24 h. Samples were
hydrolysed in 1 mol/L HCI at 60 ‘C for 8 —10 min,and
digested with 2. 5% cellulase enzyme for 30 min at 37
°C,then squashed in a drop of Carbol fuchsin on a mi-
croscope slide. With the cover slip in place,the slide was
heated and then pressed firmly to flatten cells. All ob-
servations were made under oil immersion objective lens
using a Olympus (BX41) microscope. Only metaphase
cells,in which individual chromosomes were clearly dis-
tinguishable, were used for making counts and >10 di-
vidial cells were counted for each sample to determine
the chromosome number. Photographs of the 3—5 best
individual cells were enlarged for karyotyping.

Take photos after the chromosome were properly
stained and select clear photos for analysis. At least
three root tip cells per individual were used to deter-
mine the karyotype of somatic chromosomes at meta-
phase. We measured the haploid absolute length and
the symmetry index,which was calculated from the ra-
tio between the sizes of the largest and the smallest

chromosomes (Stebbins, 1971). Terminology of chro-

mosome morphology based on the position of a centro-
mere followed Levan (1964). For comparison among
different karyotypes at mitotic metaphase,a karyotype
formula was used.
2. 3 Giemsa C-banding

The root tips were pretreated with 0. 002 mol/L
8-hydroxyquinoline solution for 2 h at 18 —20 °C and
then fixed as above. They were rinsed in distilled wa-
ter and then hydrolysed in 0. 2 mol/L HCl at 60 C for
8—10 min,and digested with 2% cellulase enzyme for
30 min at 37 *C. They were subsequently squashed in
the 45% acetic acid. The cover slips were removed by
freezing in the liquid nitrogen and put in the pure etha-
nol for 1h, then dried in the air for 2days. The slides
were incubated for 7 minutes in the saturated Ba
(OH); at room temperature and washed them quickly
with distilled water. Then the slides were incubated in
2% 88C at 60 °C for 1h and be stained with 2% Giem-
sa (diluted in distilled water) for about 60—90 min.

Select the photos whose chromosomes are in-
tegrate and bands are clear to analyse the chromosomal
bands. Refert the Karyotyping and further confirm
them by Scanner and Microsoft photo editor, then syn-

thesize the C-banding pattern.

3 Result

3. 1 Karyotype analysis of A. sinensis

Somatic chromosome numbers for A. sinensis in
three populations were all 2n=16(Plate [:1,2)and the
basic chromosome number were x=8.

For the three populations specimens examined, the
karyotype formula, chromosome length, genome length
and asymmetry indexes are listed in Table 1. The
karyotypical formula of three population was 2n=16=
6in-+6sm--4st) and they have same karyotype charac-
ters. They comprised 6 metacentric chromosome pairs
and 6 submetacentric chromosome pairs and 4 subter-
minal chromosome pairs.

Even though the species studied were found to be
homogeneous in karyotype formula,intra species varia-
tion related to chromosome size and genome length
were observed, Population P3 had the biggest chromo-
some length range (2, 76—6. 96 pm),Pl an intermediate
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Plate ] 1. Micrographs of chromosomes of A. sinensis (X1 000) ;2n=16,Scale bar=5 pum; 2. Chromosomes karyotype

of A. sinensis; (Scale bar=5 pm); 3. ldiograms of somatic metaphase chromosomes of A. sinensis.

size (2.87—6. 96 um) and P2 had the smallest (2. 97
—7.01 pm). Intergeneric variation in genome length
was also observed. Mean genome length was 41.0Z
pm for P1,41. 83 pum for P2 and 40. 08 um for P3.
3.2 Gimesa C-banding of A. sinensis

Five pairs chromosomes have centromeric C-bands
of population P1(Plate {[). Chromosome 2 and 6 have
telomere bands on both the short and the long arms.
Chromosome 4 and 5 have telomere bands on the short
arms and intercalary bands on the long arms. Chromo-
some 3 has a completely heterochromatic short arm.
The Giemsa C-banding pattern of P1 is 2n=2x=16=
AC+2T-+6CL, +-2TL, +2TH 1.

For population P2(Plate I1),5 pairs chromosomes
have centromeric C-bands, like population P1. Chro-

mosome 1 has three C-bands, including two telomere

bands and one intercalary band on the long arm. Chro-
mosome 3 and 7 have centromeric bands and intercalary
bands on the long arms. Chromosome 4 has telomere
bands on both the short and the long arm. The C-ban-
ding pattern is 2n=2x=16=4C+2T+2CT+2CL, +
2CT+1, +-4T* 1, Like P1 and P2, population P3 also
have 5 pairs chromosome with centromeric C-band
(Plate [I). Chromosome 1 and 2 have completely het-
erochromatic short arm and intercalary band on the
long arms, moreover, chromosome has one telomere
band. Chromosome 3 and 5 have intercalary bands on
the long arms. Chromosome 4 has intercalary bands on
both the short and the long arms. Chromosome 7 has
telomere bands on both the short and the long arms.
The Giemsa C-banding pattern of P3 is 2n=2x=16=
4C+21+-2T+2CL, +2CI, T+2CL. T 421, T,
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Table 1 Parameters of chromosomes in
the populations of A. sinensis
LLocation m(c:)}s]:)?ne 1 Relativﬂe Ax.-m TZli)reo-o{
number ength (%) ration e

1 13.4743.5=16.97  3.85 st
2 10.06+45.71=15.77 1.76 sm
3 10.32+4-2.98=13,30 3.46 st
P1 4 8.6143.92=12,53 2.19 sm
(Nanning) 5 8.10+4.01=12.11 2.02 sm
6 6,3945.03=11.42 1.27 m
7 7.074-3.84=10,91 1.84 m
8 4,0942.90==6. 99 1.41 m
1 13.4643.51=16.97 3.83 st
2 12.04+3.61=15.65 3.35 st
3 7.44-+45.69==13,13 1.31 m
P2 4 8.11+4.26=12, 37 1. 90 sm
(Maoming) 5 8.19+3.93=12.12 2.08 sm
6 6.61-45.10=11.71 1. 29 m
7 7.36-+3.59==10.95 2.05 sm
8 4.26+2.84=7.10 1.5 m
1 14.442.97=17, 37 4, 85 st
2 13.0-+2.79=15,79 4.65 st
3 7.944-5.50=13. 44 1.44 m
P3 4 8.3744.28=12, 65 1.96 sm
(Tunchang) 5 8,64-+3.40=12,04 2.53 sm
6 6.72+45.06=11, 78 1.33 m
7 6.7143.32=10., 03 2.08 sm
8 4,1842.71==6, 89 1.55 m

4 Discussion

Three populations of A. sinensis examined in this
study have a consistent somatic chromosome number of
2n =16. The ratio of the longest to the shortest chro-
mosome in all three populations exceeded 2. 00,indica-
ting that the species we studied have a relatively high
interchromosomal asymmetry. The chromosome num-
ber of A. sinensis agreed with that reported by De-
benath et al. (1995) for Aquilaria agallocha from
Sipahijala forest, India. But some differences still lies
in these two species. The karyotype of A. agallocha is
symmetric with 5 metacentric pairs and 3 sub-metacen-
tric pairs,one of which has secondary constriction. The
chromosome type of A. sinensis in three populations
belonged to category 2B which was not so symmetric
as A. agullocha. In these populations, there are more
sub-metacentric pairs than A. agallocha and no sec-
ondary constriction occurred. A. sinensis comprised 2
pairs subterminal chromosome which didn’t exisit in

A. agallocha. And the chromosome researches on oth-

er species of genus Aguilaria have not recorded.

According to the classification proposed by Steb-
bins, the karyotypes of the three populations can be in-
serted within category 2B (categories range from 1A
(most symmetrical) to 4C),a more asymmetry karyo-
typype. Stebbins regarded that the foundational trend
of the karyotype evolution is from symmetry to asym-
metry,during the systematic evolution, the majority of
ancient or primitive plants have more symmetric karyo-
type. Whereas, asymmetric karyotype is often seen in
the plants which are derivative or in the advanced stage
of evolution. So A. sinensis can be considered as ad-
vanced as for their karyotype.

Table 2 Comparison of karyotypes among

populations in A, sinensis

Ration of
Average Type of  Asym-
Popu- Karyotype chro- arm ehro- metr
lation formulae mosome . Sy
length ration mosome cofficient

Pl 6m-+6sm—+4st  2.43 2.22 2B 68.12
P2 6m+6sm+4st  2.39 2.17 2B 66. 71
P3 6m+6sm—+4st 2,52 2.55 2B 70. 16

The C-bands of A. sinensis in three populations all
showed centromeric bands, telomere bands and interca-
lary bands distributing among various chromosomes.
But the number and position of C-bands among popu-
lations were different. C-banding showed conspicuous
bands in numerous chromosome pairs, located at cen-
tromeric positions, with some pairs also characterized
by C-bands at the telomeric position on the short arms
or heterochromatic short arms. Giemsa C-bands of A.
sinensis had not only centromeric bands but also te-
lomere bands and intercalary bands, furthermore, bands
patter variety didn’t happen only on the short arms,
C-bands differentiation of A. sinensis chromosome oc-
curred both short arms and long arms, which indicated
A. sinensis had advanced evolution level. It was sugges-
ted that G-bands had polymorphism among populations,
which can be used as a genetic index to analysis relations
among genus Aquilaria with high reliability,

The chromosomal karyotype displays the charac-
ters of the species at the chromosome set level, the
chromosomal C-banding shows the spread of the con-

stitutive heterochromatin in the chromosome(Jellen &
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Plate T 4. Chromosomes C-banding of A. sinensis (Scale bar=35 pm) ; 5. Idiograms of somatic metaphase chromosomes C-banding of A. sinensis.

Ladizinsky, 2000).

distribution has been determined for a large number of

The pattern of heterochromatin

species and populations in studies that have investiga-
ted the possible polymorphisms and/or variations,in an
attempt to understand phyletic interrelationships(Lou-
renco et al. ,1998). Because the polymorphisms of the
chromosomal bands endows the specific recognition
marker to the chromosomes and offer the evidences for
genetic analysis among the different or the same species,
so it can be used as a genetic marker to study the chro-
mosomal operation species evolution and the relation of
different species genome(Hiiseyin &. Sema,2005).

The results of this study help to clarify the chro-

mosomal differences among populations of A. sinensis

with regard to the amount and location of heterochroma-
tin. Once these banding patterns have been established,
in other species a more detailed analysis of the evolution-

ary relationships of the species will be possible,

References:

Barden A,Anak NA,Mulliken T, et al. 2000. Heart of the Mat-
ter; Agarwood Use and Trade and CITES Implementation for
Aquilaria Malaccensis, TRAFFIC international, http.//www.
traffic. org

Chen KX. 1999. Modern theory and method of innovative medici-
nal research progress in 1998[J]. Basal Res,7(6):7—10

Debnath B, Sil S,Sinha RK,ezal. 1995. Chromosome number and
karyotype of Aquilaria agallocha (Thymelaeaceae) [J]. Cytolo-
gia,60(4) :407—409

Gunasckera SP,Kinghorn AD,Cordell GA, ez al. 1981. Plant anti-

cancer agents. XIX. Constituents of Aquilaria malaccensis[J].



2 HERE: FARABEHRARFHREEHE 197

J Nat Prod ,44.569—572
Hiseyin 1, Sema HA. 2005. Giemsa G-Banded karyotypes of Vicia
cracca subsp. cracca and V. bithynica[J]. Turk ] Bot,29.311—316
Jellen EN, Ladizinsky G. 2000. Giemsa C-banding in Avena insu-
laris Ladizinsky[J]. Genet Res Crop Evolution ,47:227~230
Levan A, Fredga K, Sandberg AA. 1964. Nomenclature for cen-
tromeric position on chromosomes(J]. Hereditas,52:201—220
Lourenco LB, Recco-Pimentel SM, Cardoso AJ. 1998. Polymor-
phism of the nucleolus organizerregions (NORs) in Physalaemus
petersi ( Amphibia, Anura, Leptodactylidac) detected by silver

staining and fluorescence in situ hybridization[ J]. Chromosome

Ng LT,Chang YS,Kadir AA. 1997. A review on agar (gaharu)
producing Aquilaria species]J]. J Trop Fore Products,2(2) .
272—285

Okugawa H, Ueda R, Matsumoto K, ez al. 1993. Effects of agar-
wood extracts on the central nervous systems in mice[]]. Planta
Med ,59.32—36

Okugawa H, Ueda R, Matsumoto K, et al. 1996. Effects of
jinkoh-eremol and agarospirol from agarwood on the central
nervous systems in mice[J]. Planta Med ,62.2—6

Stebbins GL. 1971, Chromosomal Evolution in Higher Plants
[M]. London;Edward Arnold,88

Res,6.621—628

P R et =T Rt PR Pt PR P P Pt R et Pt Pl Ped f et 2 i =n bed Rt Dol Pt Bt Pt Pt Pl Rt R P R D=t e P o R e e B R B R S ¥ YWY

Taxonomic Literature a selective guide to botanical publications with dates, commentaries and types, Frans A.
Stafleu,556 p,1967; Utrecht: International Bureau for Plant Taxonomy and Nomenclature; Taxonomic Literature , 2%
ed. (TL~2),Frans A. Stafleu & Richard S. Cowan. Utrecht;Bohn, Scheltema &. Holkema, Vol. 1,A-G,1136 p,1976;
2,H-Le,991 p,1979;3,L0h-0,980 p,1981;4,P-Sak,1214 p,1983;5,Sal-Ste, 1066 p,1985;6,Sti-Vuy,926 p,1986;7,
W-Z,653 p,1988;Supplement,Frans A. Stafleu & Erik A. Mennega. Konigstein: Koeltz Scientific Books,]. A-Ba,453
p»1992; 1. Be-Bo,464 p,1993; . Br-Ca, 550 p,1995; V. Ce-Cz,614 p,1997; V. Da-Di,432 p,1998; V. Do-E, 518 p,
2000 ; Laurence J. Dorr & Dan H. Nicolson, Kénigstein: Koeltz Scientific Books, . F-Frer,470 p,2008, & V. Fres-G,
558 p,2008.

KHREYTELRARTREENTAS, BEIER AR SR (BN 1753 B 1940 ) R E 1E.
TL-2 3£ 15 % 11 318 BT, 235 9 072 frfEHE M3CHR 37 600 £ REMEIRIEE 32 FZA. THRBRENARER
REHEWEHE ZHPHTURERLGSEREY I RERANESEE ARG REY S LE R, FF B e
HRMWEM R AR EEAE XWEYEFEL AW R B RE . BFHY, RS HY ¥
URLEEYFEHNE, 2 BHRETUEENF FERFEHHT ., SMEERARANLEE5EE £ F. &0 . LEL
L RO EURBERREFR S EEYEN R AT REE XS EXRUEEESE S IERERELNAIR.
BMEE R ERENHT QFELENLHF SRS BN E R B0, T8, BR RR UREENITEESE., ZHE RN
—A, R E 1 453 . 4L 556 . 4 & Frans A. Stafleu(1921~1997) B ff 2 A, A{X & International Association for Plant Tax-
onomy (IAPT) #8517 B K 8 T/F THEH 53 28 % R F Z 19 Utrecht University, 2 it F - F Z Y % 308K 7 5 MM & 5 @R
B — A A= FEREFE (1965~ 196D MR HMEE BT KPR AT EEERWEA R FEMEF. 5 2/ Frans A
Stafleu BE-E EEHEHFM R E R 8 R FH £ 8% 18 (Natinal Museum of Natural History, Smithsonian Institution) HI| 51 /£ #) & {F
Richard S. Cowan(1921~1998) # 3" A% (Z W Taxon 28(1,2/3),77-86,1979), WA Fift 12 4222 A (1973 48 11 A B 1985 4E 10
FAOSERAR 7000 Ty 7 A HHARB IR 10 B5, 05K 18 785 # RAB R BB N FHY AR ERLATLHT A,
R TE ARNE 5 1976 EFHB R XEER B KRB FE 2 (National Science Foundation) # %% By, Ff LA IMBE L A&, H
RORBHERE-B(NFEE AN GCORERELRVWBEATHTHN MBE_SUSSEHLTFENR. BZHEZHRE,
Richard S. Cowan f FEZBARTAZMA T K T/E, TR Frans A. Stafleu X B4 Utrecht University ] Erik A. Mennega(1923~
1998 Xt 85 AR M58 — AT AMT . BIRHE AT T TRIAL/ES 1997 4/ 1998 £ A%, R A B E(GEFARE VA
V%M ASA DE BEEMHEYE K Norbert Kilian i Ralf Hand 7ERT A M FBER FREBSER) . REMI1YDH BB T RE
— WL ARG, BoME—BH R TEESHYA, R mBEEAE AHRVHE SRR EC A 33658 f, £5
2 [E 7 % Z R BT Dan H. Nicolson B F Laurence J. Dorr #3342 4%, SEM AN RAR T B (F-Frer M FresOF FRIEHK. K2
b @AY F A& #HIE Dan H. Nicolson 24, AMNE FB R YA HER LAY LS LZTRYELNEAY, THHHIFEFMH
2RI PEHRHEABRIEFKE, EMHEFREMDERREIREY, ARBILRBEBRNBE—¥E FE-NE
BrkE., AHMEENETREFREEAHEENEYERANE WENIMTIEEY S LXEZL EAREL. KEH0
BEARZAL EMEETE MBS E TR LNHRE. 8BRS TETSFEE RERMFHNRERIX RERN TR
FHEREREEPE . ZHRWLTHAEF DL LN (http://12. idepublishers. info/) , £ # R XAT LIK R, T B R 4 XER 89 8247
A B E SRR B A EN R &R 8 AT LA B R B

e
> 4 %

W
03

wﬂ&“s&ﬁs&‘&“ﬁﬂ“sﬁﬁaﬁ“ﬂb‘ﬁsﬂﬂﬂﬂﬁﬁsﬂ“’?

2
3
?

{EE® T Jinshuang Ma( 154 %) , male, Ph. D. , Research Taxonomist , Brooklyn Botanic Garden, 1000 Washington Avenue, Brooklyn, NY
11225-1099,USA (jinshuangma(@bbg. org) ,



