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I nter specific relationships of Caragana microphylia,
C. davazamcii and C. korshinskii (L eguminosae)
based on ITSand trnL-F data sets
HOUXin LIUJun-E ZHAOYi-Zhi* ZHAO Li-Qing

(College of Life Sciences, Inner Mongolia University, Huhhot 010021, China )

Abstract The taxonomic treatment of Caragana davazamcii Sancz. has been a controversial
matter, as its relationship with C. microphylla Lam. and C. korshinskii Kom. is not clear. It
was treated as an independent species, or a variety under C. microphylla or C. korshinskii.
This study is to examine the interspecific relationship of these three species and the origin of
C. davazamcii based on internal transcribed spacer (ITS) and non-coding region of chloroplast
trnL-F, combined with morphological data and geographical distribution. The trnL-F
sequence of C. davazamcii is identical to that of C. microphylla but differs distinctly from that
of C. korshinskii. The high congruence of ITS copies through both direct and cloning
sequencing rejects the recent hybridization hypothesis of C. davazamcii between C.
microphylla and C. korshinskii. In contrast, two different ITS sequence copies were found
respectively in each individual of C. microphylla and C. korshinskii. One of the two ITS
sequences in C. microphylla is identical to that of C. davazamcii. This result indicates that C.
davazamcii might have taken part in the hybridization of C. microphylla as one parent , or that
extensive gene flow might have occurred between these two species, thus resulting in the
morphological similarity of them. However, the similarity of some morphological characters
of C. davazamcii to those of C. korshinskii might result from the convergent adaptation to
their common ecological environment.

Key words Caragana microphylla Lam., Caragana davazamcii Sancz., Caragana
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; ; ; ITS ; trnL-F
Leguminosae Caragana Fabr. 80 ,
, ( , 1993) ,
60 , ) ,
5 ( , 1993)
(Komarov, 1945)
) ) ( )
( , 1993; Ma et al.,, 2003a; Zhang,
2004) ,
, (Zhang, 2004)
ser. Microphyllae (Kom.) Pojark. C.
microphylla Lam. C. davazamcii Sancz. C. korshinskii Kom. 3
Sanczir(1974) (1977) (1984) ,
C. davazamcii Sancz. C. intermedia
Kuang & H. C. Fu C. erenensisLiou f. 3 (1990) ,
C. davazamcii Sancz. 3 , Yakovlev(1988)
, (2004)
——C. korshinskii Kom. var. intermedia (Kuang & H. C. Fu) M. L. Zhang & G. H. Zhu,
(1989) Komarov(1909)
——~C. microphylla var. tomentosa Kom.,
(1993) 3 , Ma (2003a)
; 3 ;
, 3
1 )
, 3
3 ;

DNA(nrDNA) DNA(cpDNA)
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( ,2003; , ,2004) nrDNA (ITS) ,
PCR ,
(Baldwin, 1992; Baldwin et al., 1995; Soltis & Soltis,1998); R
(additivity) (Sang et al., 1995),
, ( trnL-F ),

(Taberlet et al., 1991; Sang et al., 1997,
Bakker et al., 1999; Kajita et al., 1998)

1
Tablel Morphological comparison of Caragana microphylla, C. davazamcii and C. korshinskii

Character C. microphylla C. davazamcii C. korshinskii
Shape of vexillum suborbicular suborbicular oblate, much wider than long
Shape of keel not auriculate with short, rounded auricles not auriculate
Shape of leaflet obovate or oblong- oblong-obovate or oblong linear-lanceolate
obovate
s 4-7 s 2.5-4
Pod thinly cylindric linear-lanceolate, 4-7 times lanceolate, 2.5-4 times longer
longer than wide than wide
50-80 100-200 300-500
Height of plant (cm)
nrDNA ITS trnL-F , ITS PCR
b B
; trnL-F PCR DNA
b
1
11
2 2 , 3 ,
C. shrica Fabr. 1 ;
SCrT.
Caragana, ( , 1993),
b 2
-80
12 DNA PCR DNA

DNA  CTAB (PCR)
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2
Table2 Source of materials

GenBank number

Sample Voucher Locality ITS trn L-F
Hx0301 AY626912 AY 633698
Caragana sibrica Huhhot, Nei Mongol
Hx0303-1 AY626913 AY633699
C. davazamcii-1 Huhhot, Nei Mongol
Zhao0370
C. davazamcii-2 Th Ju Meng, Nei Mongol
Zhao8205
C. davazamcii-3 Erenhot, Nei Mongol
Hx0308 AY626914 AY633700
C. korshinskii-1 Huhhot, Nei Mongol
Hx0461
C. korshinskii-2 Alxa Meng, Nei Mongol
Hx0334 AY626915 AY633701
C. microphylla-1 Xilin Gol Meng, Nei Mongol
Hx0310
C. microphylla-2 Huhhot, Nei Mongol
ITS 170 4 min, 2 94 1 min, 52 20s 72
50 s; 35 94 20 s, 52 20 s, 72 50 s, 72
7 min trnL-F 194 3 min, 35 94 30s,57
30s, 72 90 s; 72 7 min
ITS : ITS1(5'-GGAAGTAAAAGTCGTAACAAGG-3')
ITS4(5'-TCCTCCGCTTATTGATATGC-3")(White et al., 1990); trnL-F c
(5'-CGAAATCGGTAGACGCTACG-3") f (5-ATTTGAACTGGTGACACGAG-3')
(Taberlet et al., 1991)
ITS 50 uL( 20 pg) ,3ul( 1.2 pg) PCR
TA pMDI18-T , EcoRI
Sall 15 ( 2
) ); trnL-F 50
HLC 20 pg) ; ;
, ; VectorNTI ,

13
CLUSTAL W(Thompson et al., 1994)
PAUP 4.0 beta 10(Swofford, 2002)
(ML) (branch and search) 1000 ; (MP)

: (gap),
(missing) 1000 (bootstrap)
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(Felsenstein, 1985) Kimura-2 MEGA
(Kimura, 1981; Kumar et al., 1993)

2
2.1
ITS 654-690 bp, 710 bp, 64 ,
44 ITS1(232-267 bp) 5.8S(164 bp) I1TS2(253-261 bp),
ITS1 21 ,5.8S 2 ,ITS2 21
C. microphylla-1 C. microphylla-2 ITS PCR
, ITS1 179 bp ITS2 131 bp 1 ( 1
) , 2 , ITS
DA ITS1 179 bp A, ITS2 131 bp C;B ITS1 179 bp T,
ITS2 131 bp T C. microphylla-1 15 3 A 12 B ; C.
microphylla-2 15 5 A , 10 B C. davazamcii-1
C. davazamcii-3 ITS PCR ,
, 3 15 B ( B )
C. korshinskii-1 C. korshinskii-2 ITS PCR ,
ITS2 74 bp 1 ( 1 ) , ITS
DA ITS2 74 bp G B C,
A C. korshinskii-1 15 14 A 1 B ;C. korshinskii-2 15
13 A ,2 B ( 2 ITS GenBank B
A ) ITS PCR ,
trnL-F~ PCR ,
trnL(UAA) (intron) 3’ (exon), trnL(UAA)-trnF(GAA)
(IGS) 1009-1021 bp, 1053 bp, 87
) 54 5 trnL-F
ITS (6.2%) trnL-F (5.1%) , 3
2.2
Kimura-2 ITS 4,
0.1128-0.1145,
0.1959-0.1996, 0-0.0031(
) trnL-F 5,
0.1013, 0.1701,
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3 DNA
Table3 Characteristics for each DNA sequence
DNA (%) GC Cl RI
DNA Aligned length Variable Informative Informative (%) Tree
sequence (bp) site site site (%) length
ITS 710 64 44 6.2 72 72 091 091
trnL-F 1053 87 54 5.1 35 214 095 091
ITS/ trnL-F 1763 151 98 5.6 50 289 092 0.89
4 ITS Kimura
Table4 Pairwise divergence of ITS sequences using Kimura-2-parameter distance
C.sib C.kor-A C.kor-B C.dav-B C.mic-A C.mic-B
Sample
C.sib 0.1145 0.1128 0.1996 0.1959 0.1996
C.kor-A 0.0042 0.0015 0.0994 0.0961 0.0994
C.kor-B 0.0045 0.0031 0.0980 0.0947 0.0980
C.dav-B 0.0039 0.0051 0.0054 0.0031 0.0000
C.mic-A 0.0047 0.0063 0.0035 0.0033 0.0031
C.mic-B 0.0039 0.0051 0.0054 0.0037 0.0046

Distance values are in the upper right matrix, and standard errors are in the lower left matrix.

C.sib=C. sibrica; C.kor=C. korshinskii; C.dav=C. davazamcii; C.mic=C. microphylla; A and B indicate different types of

clones.
5 trnL-F Kimura
Table5 Pairwise divergence of trnL-F sequences using Kimura-2-parameter distance
C.sib C.kor C.dav C.mic
Sample
C.sib 0.1013 0.1701 0.1701
C.kor 0.0033 0.0923 0.0923
C.dav 0.0052 0.0042 0.0000
C.mic 0.0039 0.0061 0.0055
4
For the explanation of abbreviations, see Table 4.
2.3
ITS trnL-F (MP) (ML)
ITS 2 ,trnL-F 1, 3
(Ch) (R
, , 12
ITS A B . ITS trnL-F
R ITS 1 ,
B ITS 100% R
A ITS R 99% ,
b 2 b

100%
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micropdndin- 1B
* wleroplndio- 28
1" drwanamcti=-1 B
L drrasamci-2 B C. microphylla-1
. airsaremcii-38 C. microphylla-2
C micropdndle- 14 100 C. davazamcii-1
&5 0, mivrapipila-24 t,’ davazamcii-2
T ershinady- 1B 87 . davazamcii-3
p] . korshimrk -1 100 C. korshinskii-1
= horabinakd-1 4 l korshinskii-2
. korshinski-2 A
C. rifivica C. sibirica
1 ITS 2 trnL-F

Fig. 1. The maximum likelihood tree based on ITS;
numbers above branches indicate bootstrap values.

ITS
ITS

ITS

b

(1999) (2000)  RAPD
trnL-F

Fig. 2. The maximum likelihood tree based on trnL-F;
numbers above branches indicate bootstrap values.

3 , ITS
ITS
, trnL-F
(2n=16)( , 1989)
(459 ,
(D
ITS , ITS

(concerted evolution) ITS

, 3

(1994a, b)
3

ITS
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2 ITS ,
, 0.0980-0.0994;  trnL-F
, 0.0923 Yakovlev(1988)
, (2004)
ITS ,
ITS

b

Ma (2003a, b)
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