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Molecular Phylogeny of Caragana (Fabaceae) in China
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Abstract ITS, trnL-F and trnS-G regions of 20 species of Caragana in China were sequenced, and these sam-
pled species covered all recognized subgenera and sections in this genus. Separate phylogenetic analyses of the
above DNA fragments generated concordant topologies and a combined analysis of these three datasets signifi-
cantly improved the statistical supports of all identified clades. Species of subgen. Caragana firstly diverged as a
monophyletic group in the phylogenic tree, which was congruent with morphological study and geographical
distribution of this taxon. Representative species of ser. Occidentales and ser. Bracteolatae formed one mono-
phyletic clade, indicating that ser. Occidentales should be placed in sect. Longspina, which contains ser. Bracteo-
latae, but not in sect. Spinosae or sect. Pruinosa. Previous conclusion based on morphology that two series should
be defined in sect. Frutescentes according to the shape of leaves was well supported by molecular phylogenetic
data in the present study. Because the species of ser. Dasyphyllae had close relationships with those of ser. Spino-
sae, phylogenetic analysis did not merit the definition of two separate series in sect. Spinosae. Species of Subgen.
Jubatae clustered together as a monophyletic clade, and thus should be put in one section, sect. Jubatae. In sect.
Jubatae, species having legumina with smooth interior and those producing legumina with haired interior were
respectively nested within two separate subclades, corresponding to two series in this section. In the phylogeny
tree, sect. Tragacanthoides, defined by Sanczir, was shown to be polyphyletic, suggesting that species of sect.
Longspina, sect. Spinosae and sect. Jubatae should be transferred out of this section. Caragana ordosica and C.
tibetica had been treated as one species, yet in this study they were proved to be two different species, by genetic
distance based on ITS sequences.

Key words Caragana, ITS, phylogeny, trnL-F, trnS-G.
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Fho ZEEP, QRE AT AT (1955)FXIBLLN1993) I 5%
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RN R FIEH(1996). JHIEHZE(2005) 15K
B (1997) X i@ A0 R K U BR o) A FH 3 T
TERNI 3 L RS EHAT T8RS
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Table 1 Source of materials

Iyt LRI TN RAEHb A5 GenBank Accession No.
Taxon Voucher Locality ITS trn L-F trn S-G
T E Subgen. 1. Caragana
$835JLLH Sect. 1. Caragana
KHZ Ser. 1. Caragana
W)L C. sibirica Fabr. B2 (Y. Z. Zhao) 01 NS P FNiEHr AY626912 AY633698 AY710635
Hohhot, Nei Mongol, China
/NI Z  Ser. 2. Microphyllae (Kom.) Pojark.
/NHERRS )L C. microphylla < 3% (Baoyin) 34 AL N AY626915 AY633701  AY710639
Lam. Xilinhot, Nei Mongol, China
HRIEERY )L C. davazamcii BJUHL(IY. Yang) 03 P9 5271 1% i AY626913  AY633699 AY710637
Sancz. Uxin Qi, Nei Mongol, China
Fr4&Hy )L C. korshinskii Kom. -2 (Y. Z. Zhao) 08 A 5¢ ity ML Iy AY626914  AY633700 AY710638
Hohhot, Nei Mongol, China
Wi Z Ser. 3. Stipitatae (Kom.) Y. Z. Zhao
YL C. purdomii Rehd. B —2(Y. Z. Zhao) 32 N 5 1l MG Rt DQ914784 DQ914752  DQ914768
Jungar Qi, Nei Mongol, China
7E44F /8 Subgen. 2. Jubatae Y. Z. Zhao
REF4R Sect. 2. Jubatae(Kom.)Y. Z. Zhao
W3R Ser. 4. Jubatae Kom.
FEBEINS )L C. roborovski B2 (Y. Z. Zhao) 28 N ZTH 5l DQ914781 DQ914749  DQ914765
Kom. ‘Wuhai, Nei Mongol, China
FAFiARY )1, C. jubata (Pall.) HlE DQ914787 DQ914756 DQ914772
Poir. Xiahe, Gansu, China
FEIER Ser. 5. Leucospinae Y. Z. Zhao
RS )L C. tibetica Kom. B—2Z (Y. Z. Zhao) 41 H il & DQ914789 DQY14745 DQI14761
Xiahe, Gansu, China
H 435 )1, C. ordosica Y. Z. B —2(Y.Z.Zhao)27 W5 DQ914780 DQ914748 DQ914764
Zhao, Z. Y. Zhu & L. Q. Zhao Waubhai, Nei Mongol, China
T 5T /B Subgen. 3. Frutescentes Y. Z. Zhao
FIA+48 Sect.3. Longispinae Gorb.
J1Ui & Ser. 6. Occidentales Kom
fa - #i XS )L C. acanthophylla #X—2(Y. Z. Zhao) 20 &3 Hi41d DQ914778 DQ914746 DQ914762
Pojark. Turpan Botanical Garden, China
K & Ser. 7. Bracteolatae Kom.
(AR )L C. bicolor Kom. 1%5% (X. Hou) 42 YU /N4 DQ914790 DQ914758 DQ914774
Xiaojin, Sichuan, China
4R Sect. 4. Spinosae (Kom.) Y. Z. Zhao
£ & Ser. 8. Spinosae(Kom.)
Y.Z. Zhao
HEHIY L C. dasyphylla RIUF(W. B. Wu) 38 IR DQ914786 DQ914755 DQI14771
Pojark. Hejing, Xinjiang, China
4L C. bongardiana B—2(Y. Z. Zhao) 24 REMYIE DQ914777 DQ914753  DQ914769
Pojark. Mingin Botanical Garden, China
HEHAY )L C. hololeuca Bunge M —2(Y.Z. Zhao) 21 W74 i DQ914779  DQ914747  DQI14763
ex Kom. Turpan Botanical Garden, China
EM4H Sect. 5. Frutescentes (Kom.) Sancz.
FE 2 Ser. 9. Frutescentes Kom.
#i#% )L C. sinica (Buchoz) FKFFM(S. Z. Zhang) 36 FEIIALHIRE ) [ DQ914785 DQ914754  DQ914770
Rehd. Xianhu Botanical Garden, Shenzhen, China
B4 )L C. licentiana Hand-  BFE(L. Q. Zhao) 37 T H B> DQ914776 DQ914744 DQ914760
Mazz. Mt. Helan, Ningxia, China
ZLAEHEAS )L C.rosea Turcz. ex  MX—2(Y.Z. Zhao) 02 PN 52 IMEAIEER DQ914775 DQ914743  DQ914759
Maxim. Hohhot, Nei Mongol, China
et 7 Ser.10. PygmaeaeKom.
SHM%RS )1, C. brachypoda B2 (Y. Z. Zhao) 30 W EEH 15 DQ914783 DQ914751 DQ914767
Pojark Wauhai, Nei Mongol, China
G )L C. densa Kom. B—2(Y. Z. Zhao) 40 HINE DQ914788 DQ914757 DQ914773
Xiahe, Gansu, China
Be#aS )L C. stenophylla B2 (Y. Z. Zhao) 29 WNEEH i DQ914782 DQ914750 DQI14766

Pojark. Wuhai, Nei Mongol, China
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CHAZTES min, 35 MEHI94 CAEME30 s, 57 C
BK305s,72 CHEA90 s; Fififi72 °CLE{H7 min. trn
S-GIFA I SRS g 94 CHIASMES min, 35
RI94 “CAEME30 s, 55 ‘CiB-k30's, 72 ‘CIEH90 s;
BE572 ‘CHEMR7 min. ITSFAIY 3G HEHH 519
ITS1 (5-GGAAGTAAAAGTCGTAACAAGG-3') Al
ITS4 (5-TCCTCCGCTTATTGATATGC-3) (White
et al, 1990); tm L-F/3 4|4 4 % HIEH 5 e
(5-CGAAATCGGTAGACGCTACG-3") Ml Jf]
5MIf (5-ATTTGAACTGGTGACACGAG-3') (Taberlet
et al., 1991). tm S-GJ7HIy R ALEAS 918, P1:
5-GCCGCTTTAGTCCACTCAGC-3', P2: 5-GAA-
CGAATCACACTTTTACCAC-3' (Hamilton, 1998).

P e A el A TN W) HEAT Al Ak R
J¥, G H 0 EE S 0 D v B I U (B EE AR, 2006);
BT FH 20 2831647 00 m) I 5 Veetor NTUR A 94,
DAPRAIE I3 25 SR (0 ] Sk
1.3 BEESR

J¥5HJCLUSTAL W (Thompson et al., 1994)%
PEHEAT XA HE S (alignment) J5 FHEAT T TR IE. &
iR E MR HPAUP 4.0ffbeta 10 (Swofford,
2002) 1 [ 1§ 2915 (Parsimony ) FIMELSR 7 (Likelihood)
AT, MPoMHTHCE W Rk o & U %R (heuristic
search). 100X EE IBEHLINA (random addition of
100 replicates). % EEEF(MULPARS)A
ACCTRANMLAL; XF T~ W7 A BE 22 A P Pt e i)
T (gap), 7EIE 5 ALEE Sy B 2K (missing) R A& . ML
SIHTAIRHKY J7 41 1315 (Hasegewa et al., 1985),
WA A R A% B 1000k EL KA E
(bootstrap) A5 3 VP 2 48 K T W Fh kb 45 44 1 ] SEE
(Felsenstein, 1985). [Af}, % 24 [\ ma kA 56
(partition homogeneity test)XJ/KHHITS. trnL-FAll
trnS-G v BT R 8 (1) R G 1R o 4 — Bk AT PR AR

Beagss: PEMGLBN T RAKE 603
(Johnson & Soltis, 1998), KrlFEAT1000/KFEE . K
JEAE R G0 B W TR AN AR 525 vh 5% (R T4 R 1 4k
PG I AT RERE . AN LEHY)
ZR G I 18 H (7] W5 16 B} Papilionoideae [ A%
J Sophora L.5 WAL HES. japonica Loy #NEEE, BE
AJ PR AR AR Xy, ORI B A 0 TR A (3 T
25, 2001; LI ERAE, 2006). 34 [ 3EA0 AR
Kimura-2 2 15 4% i 2 85 8 FIMEGA v 5 (Kimura,
1981; Kumar et al., 1993).

2 H#R

Fol4s=
B 20 R0 B LB AE ) ITS . trnL-F Al
trnS-GJ¥ 41 () GenBank /7 A4 5 WAk 1. AN ELEE Ak
B, ITS/ AT K JE 676691 bp, K7 HEY
JE K JE 700 bp, MHESANAEFA M, HrR47 4N
i B Ao 1% BB HEITST (257-266 bp). 5.8S (164
bp)FIITS2 (255-261 bp), ITS15 15 ST £254, 5.8S
A AE AT 524, ITS25 15 AL 15201 o trnL-F
FEAN 38 5 K E A 1009-1022 bp, S HES) G K EE
1033 bp, QFES2ANALFAL A, AP SIANA(E B
o %) BAFEtrnL (UAA)ZE R N 75 1 (intron) A1
3'48 i F(exon), BLAtrnL (UAA)-trnF(GAA)KE A (i)
B X (IGS). trnS-GJy> #1193 J5 K FE 4 514-524 bp,
S HER G K 531 bp, L2908 T fr i, I
HH22AN {5 B . TSR AR AL 145 L (6.7%) ¢
trnL-FJ¥41(4.9%) fitrnS-G 741 (4.1%) %, 41145 K
k2.
22 RB{REHW

FHTS. trnL-F/F 41 FitrnS-G 751 43 51 5K FH 456k
T 200 A e KASRIE AT R K B 93 h1. ITSIT4
PG R AR 228E, trn L-F/3 413045 5% (1 410 1348,
trnS-G /7 F13R 155 7] 290 1SR . R2rP 4 T ™4

2.1

F2 HDNATFHGHINSH
Table 2 Parameters for each DNA sequence analysis
DNAJ#4 FP AR A BE AR A A {5 AL 15 BT 5U(%) GC RS Cl RI
DNA sequence Aligned length (bp)  Variable site Informative site  Informative site (%) (%) Tree length
ITS 700 58 47 6.7 72 80 093 091
trnL-F 1033 82 51 4.9 35 211 097 092
trnS-G 531 29 22 4.1 52 56 089 0.86
ITS/ trnL-F/trnS-G 2264 169 120 53 50 339 092 089
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X3k HITS. trnL-FAItrnS-GHEE #E4 7204k 7]
SRR, &5 F 3 WA 34 41 B A 2t 117 56 DR
ANTEAE B 2 ph 5% P=1.00 (ITSArNL-F), P=0.84
(ITS/trn S-G), P=0.87 (trn L-F/trn S-G). ¥ =41 ¥
G AT 2 Hr, 19 B0 E— 5 5 20 (CI=0.92,

RI=0.89) Fl &z AR B 1+ &5 # AT SR AR R, I 5
TITSHFItrnL-F 5N L RO AR [R], AH #2352 1 SCFF
KA BRSO HT e — R R 28, I
FE5 3 BN BB AR bR T A IR B I R T
ITS. trn L-FJP 41 F RESCRE% . Wi TR, 2050
XS )UBHEY) 50 N33, K R ER S LR &R
(PN B RS ) Ly AR TELERAS L AT AR HRAS ) L LA B AW
FA 23 A XS LA B — A SRR R 1 90 S I
ek, kAN R, KINR. 8RR, 5%
R AP R AR PR A 5 — A 32, ARSE
FERFFE R A, U REIF TG, bk 2t
K E IR EARAS L. R LE KR 3B
FA RIS ) LN 26 H 0 ) LRGP 28 =N 00 s
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Fig. 1. The single most parsimonious tree based on combined ITS, trnL-F and trnS-G sequences. Numbers above branches indicate bootstrap values

(%) from combined sequences, ITS and trnL-F, repectively.
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WIRTE A E R AR A3 3N T s V& Sh iR T v Sl
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PR i HE AR M BEE A, TITA 36 3R K I &R KAL)
[P S 8 AW 1 e AN A vy TR N N 5 NN 2 E
PR ELAD, DAy o 7 ] Ak (R R AR A o BIF ST TR 40 il ik
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H /N3, EANIE R T AR AL AL /N i 3-9 5% 48
PRRAE A, HATH A, JERB ML T, &R
DL R S AR A, T A A AR L
B, 3T ) v FE U TR BE(1997)
TEALHESanczir (1980)f¥sect. TragacanthoidesHf, ¢
AL T — /™ Y sect. Bracteolatae (% T Gorbunova
(1984)[FJsubsect. Longspina, % R[I&X—22 (1993))H#l
), E AR B B 4 A7 52 X T ser. Bracteolatae
Hiser. Ambiguae, M LU -8 X ) LA A3 i ser.
Acanthophyllae 9 A 3 4[] — >4l sect. Spinosae;

PeaE%: USRS T RGKT 605

JATEF(1996) W) 8 5 S T sect. Longispinaifi H.H
WAL T 14N %&: ser. Bracteolatae, 15 LA#I M54 )L
AR iser. Occidentalesil Asect. Pruinosa (Gorb.)
D. W. ZhouH'. 43 1 R G027 B AN SRy F AR 2Ffou
s, AR, EH TR AR AR MR S XS LA
R AR ) LA B T 1A B 43 32,
WoR T HWBOER SRS R, NI [F—Adi, B
B2, (1993 K —# & T J Gorbunova (1984)& X ¥
H2sect. Longspina

[FREAE 2 SCIHR, JH AR S ) LC. brachypoda, %
4339 )LC. densafiigk 4573 JL.C. stenophyllaZE 4
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(1 ) G2 W A v U TR A T B TR N RS
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HREL R I /NG 3o X2 R IL R AE A KAt
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7 Sancizr [ 5 21 1 F X 3 24 RN TE S 0 45
w3

5K B B (1997)fE Ab # Sanczir (1980))sect. Tra-
gacanthoides i i& % 7. T £l il 4l sect. Spinosae, %3
A~ F: ser. Acanthophyllae. %1 i FRser. SpinosaefliSer.
Dasyphyllae. 7%Fser. AcanthophyllaeffJ {7 & .21+
wit; fCFKser. DasyphyllaeftJtHE 45 JLC. dasy-
phyllaFlEF# R 28 B4 4% )LC. hololeucafilil FE47
X4 JL.C. bongardianatt il 7 — MR N3, 7
AL A 8 1R 45 R (B A7 ) [ FE R W BT R
AR SR G R R, XA SCRRA T R 7024
RINERFWR LG 18, H T A0 R AL 1 i
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