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W OE. D AR AR (Melilotus alba) Fl 15 B AR MR (Melilotus o f ficinalis) 18 /> o 3R A FEAE W) 44 %) T ITS )%
GVFL trnl-trnF JPHIRESE T 2 FhREAHRIN A R0 EE ] 38 1% 2 R0 . 25 R BT (D ornL-trnF FHI XL E KB 459
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Genetic Diversity Analysis of Melilotus Populations
Based on ITS and ¢trnL-trnF Sequences

DI Hongyan, LUO Kai,ZHANG Jiyu* ,DUAN Zhen, HUO Yaxin, WANG Yanrong

(State Key Laboratory of Grassland Agro-ecosystems,College of Pastoral Agriculture Science and Technology, Lanzhou Universi-

ty,Lanzhou 730020, China)

Abstract : Eighteen populations of Melilotus alba and Melilotus o f ficinalis were used to study the genetic
diversity by ITS and trnl.-zrnF sequences. The results showed as followings: (1) The aligned length of
trnl-trnF sequences was 459 bp and there were 6 parsimonious informative sites, 6 variable sites and
33.1% G+C content. The aligned length of ITS sequence was 714 bp and there were 4 parsimonious in-
formative sites,6 variable sites and 48. 9% G+ C content. (2) All Melilotus 1.. populations could be divided
into two groups in the phylogenetic tree of trnl.-trnF,which showed that trnl-trnF sequence had the iden-
tify ability in the molecular phylogeny study of Melilotus L.. (3) The genetic diversity of M. of ficinalis
was higher than that of M. alba in both sequences by analyzing haplotypes and nucleotide diversity.
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DNA(nrDNA) . 35X 3 Fh 2 A A9 5 P 241 Ak i R A
[ o A% ik D5 2H R A doe PR 24 Dy S AR RE TR AL Y 2 %
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AU R AR A2 Ayt S D T AR R AR
PRV HUREEE R A FACOT B SR A D DR R 4
T ARG AW FRARIER D o AWF T B AL AR A
FEHRMRAE Y 18 A>3 FRADHE R TTS J 51 F1 i 4 4
trnl-trnE JFHHEAT T 50 # » AR IE B 48 (Medicago
lupulina) . 8 T (Lespedeza thunbergii) Fl |4 =
W (Trifolium repens) J A A HE  FR- 1T 2 Fp 7R #

ARG K F » LA O BORAR 43 1 R G207 1 (19 B 52
PRAETORE, 55 7 5AHR BT b B 55 SRR

L APRAT %

L1 # #

At B B A R AR RN 4B B R AR Y O BOAE R
B Ma-1L.X 05 1 Mo-1.X 03 #b, Ho'& 1 KA 7 I 36
[E & ¥ ) Fh # & 48 (National Plant Germplasm
System, NPGS) B i . T 2012 4E R T 22 M K i
AL IX . A R M i &R R IS AR A A
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HAPRE
1.2 B#RFF%I PCR 1

J11 SDS B RO A IR i DNAL & 350l
W BRE I P DK A 5 DR AE T 4 CURF & . ornl-
trnF )P 5 PCRY™ 3 Ff FH 51 9 M trnL-trnF_F (CGA-
AATCGGTAGACGCTACG ) Fltrnl-trmnF_R(ATTT -
GAACTGGTGACACGAG),ITS J#%1 PCR " 34 B
519 M ECI(GAGGAAGGAGAAGTCGTAAC) HIEC2
(GTTCGCTCGCCGTTACTAAG ),

SN Z A 30 wL: DNA BLAR 1L, 51945 2 pl.
ddH,0 12 pL.Mix 15 pL. #"H8F K .94 C Hids
£ 3 min; 94 ‘CAEME 30 5,52 CHE Ak 45 5,72 “C FEfif
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Table 1 Information for the 18 populations of Melilotus

i 44 RS I8 ZRE
Species Population number Origin Longitude/Latitude
PI 629290 2 [ A BT M Nebraska. United States 99°54"W/41°29'N
PI 593233 o = g B AL Wisconsin, United States 88°47'W/43°47'N
P1 595392 25 E M # XM Oregon, United States 120°33'W/43°48'N
PI 504542 [y T K7 Tliorachi, Zoannina 20°46'E/40°2'N
E&Eiﬁﬂ’ PI 549128 2 E WA BT NN Nebraska, United States 99°54'W/41°29'N
Ames 21248 W% o 514 5 /R Crestuma Gondomar, Portugal 8°30'W/41°3'N
PI 606750 + HH %K Ankara, Turkey 32°51'E/39°55'N
PI 508617 % [E %35 3E Santa Fe, United States 105°56'W/35°41'N
Ma-LX 05 1 [E H 7 Gansu,China 103°49'E/36°3'N
PI 595388 TNE K EE TR B IR 4 Saskatchewan, Canada 106°27'W/52°56'N
PI 552553 2 [ AR HLT N Nebraska, United States 99°54"W/41°29'N
PI 634019 2% E WA BTN Nebraska, United States 99°54'W/41°29'N

B AL R
M. of ficinalis

PI 595393

2 [ B Jé 77 35 M Minnesota, United States
4K Canada

Fr & K 1 1 ik Tianshan Mountains, China

PI 499553 th [ 7 #8 Urumchi, China
Ames 25658
Ames 24111 1 [# 7 Zhaosu,China
Mo-1.X 03 o [/ H i Gansu, China

94°41'"W/46°43'N
106°20'W/56°7'N
87°43'E/43°49'N
89°27'E/43°46'N
81°37'E/43°9'N
103°49'E/36°3'N
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3k B GenBank,
1.3 HBEAEBEESH

M Clustal X 84T 2 581 FE X HE X 5 3 2
AT F TR IE. F MEGA #5498 17 5 K L8R
(Maximum Likelihood) 237 . R Z LB M.
Kimura2-parameter B & 1 8 1 5 7% 51 [8] #F {k fE
2, A J& Bootstrap fa I EM A M .1 000 IRFE K .
FH DnaSP X HAR MR JE47 B4 B 2 A PR A IR 2
FEHE 3BT

2 AR5

2.1 AEFHEEEARIE ITS A truL-trnF F 34 S

trnl-trnF F1 ITS JFH) 19 PCR #3445 B anE 1
FE 2 JroR » 3788 J5 19 R /N3 3 974 500 bp Fil 750
bp., MG &AL X, trnl-trnF A JG K B
459 bp, Horp A 55 452 A PRSP AL 6 AR A
R0 A RIZE B A B — 8. G+HC &l
33. 1%, ITS JFHIXLJE KN 714 bp, Hoh 445
699 MRSFAL AL -5 A8 S L 3 AT 2015 B AL
2 .G+ C H o 48. 90,

trnL-trnF JE3) 8] 1) A5 B B AE 0. 000~0. 014
Z 08B AL FE B N 0. 007 , KB 43 Fi 2 18] 1 B 25
0. ITS J 41 i) (¥ 35 1% B 85 7E 0. 000 ~0. 060 Z
[F1] , SF-44) 35t A5 B 5 A 0. 002, He rp — b b B 1] £ 38 1
BN 0, ITS [ 5 SR 35 A5 BE B 88 ornl-ornF )7
FN
2.2 AEFHBEEEAKRE ITS F trnl-trnF F 5 R 4
EESMW

PLRWEEAE IARCT A =y SRR crnl-
trnE P AR TTS J7 50 2R ] f K 1] 24 a4 2 b 5L
KBRERZERKETM(E 3 K 4), fERT tral-trnF
Feoltg s i) R Gk B W R AR R IE B A IR
A = TR SR, B R SRR 100 % T

M 2 3 4 5 6 7 8 9101112 13 14 15 16 17 18

500 bp—p]

B 1 HORMR crnL-trnF P55 3 45 5%
1~9 N AL B AR ; 10~18 y AR AR & 2 A
Fig.1 Results of PCR amplification based

on Melilotus trnl-trnF sequence
1~9 are Melilotus o f ficinalis ;

10~18 are Melilotus alba ; The same as Fig. 2

HHLFAR AR —8, AR CFERN 94% ., i
AL RORMR BB — A AR A FEly 7500, HAERE
AMEHPI 595388, P1 552553, P1 634019 ,P1 595393,
PI 595394, PI 499553, Ames 25658 X 7 8 fy—
K, BB SRR 5200, B AT 5 Y H B 7R O R
Mo-LX 03 Ry —A%, HJE SRR A 84 % (K 3),
M 4 BT LAE AP R B A IR e
A TR R S, B R SRR 9804, T A B
REEERRE N — K, B LHFHR Ry 970, H, (4 7k
AR PI 595392 1 P1 606750 B —A%, H B
Ky 67% ;P1 504542 F1 Ames 21248 B —4%. A
IR 67%, WAL KM Ames 25658, PI
595388 Fll Mo-1.X 03 B — &, BB L XH
63%, BTN 5 EE A PI 595393.PI 99553 Hi
PI 552553 %0 — KL, AR LR J61 00, HR B

M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

750 bp,

K2 BRME ITS J7 54 4% 45
Fig.2 Results of PCR amplification based

on Melilotus ITS sequence

P1629290

P1593233

P1595392

Pi504542

94 PI549128 % LITE RAH

.alba

Ames21248

Ma-1X05

P1606750

PI508617

Ames24111

75 —————— Mo-LX03

PI1595388

s |

52 P1595393 Lofficinalis

PI1595394

P1499553

Ames25658

joof——————— WKL T Lespedeza thunbergii
100 KW H A Medicago lupulina

[1 =M Trifolium repens

84

Kl 3 BT HOKEAEM AR 2 Fh iR
trnl-trnF JP ) R G KB W
G 3 E BT AR SRR O s IS TR 1,
SN BN AR T RIS R A= B 4 [

Fig. 3 Maximal parsimonious tree based on
trnl-trnF sequence of two Melilotus species
Numbers above branches indicate bootstrap values( %) ;
See Table 1 for population number, Lespedeza thunbergii ,
Medicago lupulina and Trifolium repens are

outgroup; The same as Fig. 4
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Table 2 Analyses of genome genetic diversity

J¥ 41 it J¥ A J¥ 514 BRI HARRIZ R A NE SR iR
Sequence Species Length No. of sequence No. of haplotype Haplotype diversity Nucleotide diversity
M. albus 434 9 1 0 0
trnl-trnF M. of ficinalis 459 9 3 0.41740.191 0.001 4740, 001 40
All populations 18 4 0.62740.073 0.007 58+0.001 78
M. albus 714 9 4 0.77840.110 0.001 4240, 000 91
ITS M. of ficinalis 714 9 4 0.80640.089 0.001 740,000 91
All populations 18 7 0.824+0.071 0.002 00£0.001 01

ABREJTE WA B )
2.3 AEMBEARENBEESHEESN
trnl-trnF FPHNIEA 4 A FAGTY, Horp (4B R R
PR LR EAG T B AR ORHR 3 R AL TTS Jy 813k
AT ARG P AR RORHR 4RGSR
AR 4 PG ALl A T SRR L T IR 2
FEVE T 2B 2 AN 31 op R B AR R 1 st 1 2
FEE S T AR AR R 2) .

B AR

Ames24111 M.officinalis

P1634019
Ma-LX05
PI549128
P1593233
P1629290
67 P1595392
—H P1606750
PI508617
67 P1504542
{Ame52]248
98 ———  PI1595393

P1499553
PIS52553 | 4 v A i

. Ames25658( M.officinalis
4(”EP1595388
Mo-LX03
4 =W Trifolium repens

i k% ¥ Lespedeza thunbergii
K 1§ B fiMedicago lupulina

B4 BT RO AR 2 Fh

HABE ITS PO RGERE W
Fig. 4

P1595394 }

97 1 AE AR

M.alba

[

Maximal parsimonious tree based

on ITS sequence of two Melilotus species
3 1w

PR B SR AR A BBAE A A S 19
AP HH R B )Tz R AR TR R AN AR R
MR FERMRE G AR Ry 2n=16, 2y L8R FR 1Y
A, Kita ™ MRS RACHRJE 19 A Fh i 2% 74 F 5%
iR AR RN R R S 4y 4 Fh 2T, 3
B G BRI AR R RS R T A AL U AT
Z ISR R R BGE . H AR RRAR & 1 &R e itk
T 3 2% DUB A 22 FRAE N AR R 38 3 o+ T B
PR B ] 56 & ) B 5 08 8 2. Abdel-Moneim

Ibraheim Aboel-Atta™ i 34 RAPD., ISSR 43 F
ARFEEOL RO T EHEARBIE I 2 A Fh M. indica Fl
M. siculus, 45 LRIV EATH Z B350 71, 4%
F60% . AHFIFEH M-SR ILE trnl-trnF 75 F
AL TTS Fp 51, A6 T A6 5 AR 8 48 55 A 1R
18 M PR EEHE Y I R LB

ASBIEFE P B S5 AR R A8 A R o A (1) Y g
(R N BB i L R A A S P S
iR, ITS 740 78 S AF o I HL 28 % 0 BLAE R
MR P Fp =Y A BFSE 48 TTS P80 4E S 4
FhR I AR 1 g5 R BR i 2 e T R AR L A
S LT A R TE )RR X | 2 S D
NI A N R R R AR A2 o AR T R[]
PRFPHEAE L T AR trnL-ornF RS R R G R
AR RS R — 2 BT B AT H A A R A Ae
o HTERE T ITS FAIM ARG K T WA RE
g5 RN —I . AHFERY YT HED T cpDNA
f9 Rk 38 3 e nrDNAAIR T TG 7 AR 5 19 K 2 $o
Wy 440 it 25 ik PR 1) 5 4% B L A% R BRAIRE L 3 AT BB 2
SFHAWFEH trnl-trnF FFHH TS Fp 914 12 1 &
ZEEWHZRFWER, 285 ERLT ITS
I trnl-trnF F 5 B35 565 O B AHY 70 T R &%
AR ITS W ornl-trnF BB T8, X 5
ARUFFRGRA — B XA RE St T ITS J5 51 Ao
trnl-trn® J7H)LEAS 6] 1) 9 il o ) 4 500 68 00 AT

T o B Y 22 R LA AT IR 22 R AR B R ]
2 A FR 9 h R S B AR R R Y 5 A AR RS T A
BORAR . AR B AR R U T OO A AR T
T PG F 5 o3 8 5 51 g A D s AN 6] A] RE 2
T 2 PR OR AR I8 A% 2 R R 25 S R R Y
HOR AL REARMR Sy S AE 420 H A S8 A 2R Fl . F AR T
AWy AL E A 2T B R ] Y 3 4% 7 Xl
JETE N 2 B AR AL Z A SR . ADFSE
Hh A AR R AR AR AR Y AL B BN A
18 BIF 5 107 2 M AR AR S B 25 110 Aol B s B R L DA %
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