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Abstract: Miscanthus species have shown great potential as second-generation energy crops, especially
when planted on marginal land. Within the genus, M. nepalensis and M. nudipes are much different from
other species owing to the presence of only two anthers, and are thus treated as sect. Diandra Keng taxo-
nomically. Distributed in the Himalaya and Hengduan Mountains, the two species exhibit a very high level of
tolerance to cold and drought stresses. In order to scientifically develop these crop species, the first step
would be to carry out a population-genetic investigation to elucidate the genetic basis of phenotypes such as
tolerance-related and morphological characteristics. For this purpose, we need to select practical and
high-resolution molecular markers. We sequenced six individuals of M. nepalensis and M. nudipes to validate
the efficacious use of 42 previously-used SSR primer pairs. A total of 14 primer pairs were identified as appli-
cable, of which 12 were from Miscanthus species, indicating that the amplification ratio within genus Miscan-
thus is 52.2% (12/23). Of the 14 primer pairs, 11 were polymorphic. Screening four natural populations of M.
nepalensis and M. nudipes using the 14 SSR markers, we found that these primers had high power in detecting
genetic diversity and population genetic structure in M. nepalensis and M. nudipes, and thus provide feasible
genetic markers for population genetics studies and molecular breeding.
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Ko EHIRE 1 1B B AEY) (Jorgensen & Schwarz,
2000; Sang, 2011). LLIRE K 4 A A0 16 75 )8
(Miscanthus)FEY) HATRRK K 2942 mEY) =
EGR(COGH B SR, TR Y Re U5 4
Bz RAFA RN (4] 5E, 1997; Hodkinson et al.,
2002; Chen & Renvoize, 2006; Clifton-Brown et al.,
2008). FIEALFBAPEILHL X AT 1122 2 B iRz br
PR Hh, RS ACREUAEY) . S AT A 1
FEAHIZ T (Sang, 2011; Sang & Zhu, 2011). Ak, F
FHIE 5= 1) Jm e, UAREFR28 AR EYI N
Hix, HATHR IR IR I, 7 E R
TAF, BRSNS AT

T8 A W) SR B R AR 2R R A0 B (trib.
Andropogoneae) H [ V% (subtrib. Saccharinae), 1%/)&
FH)H 13-20F(Hodkinson et al., 2002; Chen & Ren-
voize, 2006). TR, HE-EENHFREEEY A
PR T B A AL Pl Miscanthus X giganteus N RESAT A P
hE, HO 5 i 55 (Clifton-Brown & Lewan-
dowski, 2000), XFFEAFIT-FE T 52 68 (K T Y
55 (Clifton-Brown et al., 2002). 5041 T3 [F )
T (Miscanthus sinensis)~ 11157 (M. floridulus)~ $k(M.
sacchariflorus) M3k (M. lutarioriparius)<54F 1 8
F, BRI SR, Ak —AR
REVRAE D 1) o R B9 s, LA R iR A% O R
Yo LT EEYZ A T50° NLUF . iRIET
1,900 mf¥~F- J5t s Fef Sl )R, 2010), 2 &
S i R S P R34 DR U Yan 5 (2011) 3 A4
WS HR AL, %R B 3 934 fa B 1%
o7 JBAE P REAT B A1 8 s BT A, DA I AT
EC e AT TEAN R PR 4541 T B IE N e o &5 SR RN,
TR 3 5 VA T 5 R v 1) P 58 o B PR S A
DXPIRA L, i 26 B AT LAy At i, e
HUEG B A AT AN o3 A7 TG, T A R A R 30%
(Yan et al., 2011).

I3 AT T R A TR L (3 R R I Al R A
PFEMCER) P JE AR TE(M. nepalensis) I ZjT5(M. nu-
dipes), HTAXH2M €2, HAEHABTEASFAE LR
5[] Jg Ho AR A AN [R], PRI e 4 28 B A B R
T8 NI AN, BT (sect. Diandra) (BKLA
AL, 1959; Chen & Renvoize, 2006). XTI A=
KT mig ol X, X 9€% F+ SR EE Y 52 ) A0,
H 3L TF A6 W0k 11 5 A% 0 15 8 A 4 A JT (Chen &

Renvoize, 2006), S35 7 ¥ BESAE W KO0 KL 5t ¢
Wo AHHTHZ EE R TARIC, H AT AR Hdk
AT AL F 9T

T B AR (SSRYE A — Fh 3L S PR (1 73 1 18 A%
Frid, 7oA TR A, B 28R R
s BEEER GRS RS A, P2
AR BRSO R L 2 hRd e BT
T DR AL R 3 S A & M ] R AR TR
HEA - ORSF I, DRI A5 205 [T RSAR |
AR 1R RN, AT S O B AR
VIREAT R R G (0 70, OO N T2 R 1
AL 2E RIS (AR 4%, 2001; Cristofani-Yaly et
al., 2011). #=F3(Festuca arundinacea)JSSR5|¥)
TE BB (Lolium perenne) IKFE(Oryza sativa)~ /|
% (Triticum aestivum) T 14 18 2% 4 38%(Saha et al.,
2006) . M K (Zea mays) B 15, MK FE B AT 2K
(Bambusa), SSR WA A I A s (47 19 L
(Hernandez et al., 2001; Sharma et al., 2008).

Hernandez %5 (200 1) Al FH oKk B2 514, 152
1956F W] A5 P2 R AR E PR 3G 1 2 A5 19, Hung 56
(2009) F1Zhou %5 (201 1) A1 H & £23%, 2 7l 25 rh
BRI T 9N A4k B f, SEIGIE B X e
MBS T A2 078 B FE A IR 154 2T T o AHIFFUR)
FH R 42568 5 DA 51, 6 JE W ZR 1 X2 1
REEAEFEARDAT T B M3, DLERTTSSREY)
TETE 8 AN A R 2 8] ) 38 M DL S & A i 2 4
PERL G FEOK T, FHRIE A T W T 4L kst 4%
FHEICIISSRG W) . FRATIA 975 16 H 1) SSRA 1T,
53 AT T FRE R JE W R TR R 2 1 424 AR T
FEARBEAT T W10 (R3804 2 FEVE L BRAATE A% 45 1) FEE
B35 R0 HT, VR IX L8 54 7 X0 24 5 2 A st A%
SEREGU R g, DU RN T R 2 ALK )
T8 B A AT 9T B 0 A, JF b YL R
JE REVE A AR AL S 2 KR

1 #RFITTE

11wl
1.1.1 FEES4E

IS T R T RN 2 15 4 34 B 1 T 5 | ) 0
%, 2 R R8O MACGR D) H TR T 43 51 )
(2 AN ST . BEANRAS B fr, AR Rk
WG4, =N E T 20 CGHR ARAT
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1.1.2 5|I¥ER

f 4 Hernandez%5(2001)~ Hung%5(2009)F1Zhou
FQOINRE MM LRSI WIFA, mATAY TR
(A BRA 7 A d2%5 514 .

1.2 A%
1.2.1 DNAEEL

20 mg Tt fr, AR TR, THERIE.
KRR AR AL 5O AH R 2 7 F 8 Y ) 2 ]
I DNAFZ A G FEIUDNA
1.2.2 PCR¥ EFA&

PCR SN SARFA A 15.0 L, WAk REH KR
AR B A BRA F 4257 112 X Tag PCR Mas-
terMix 7.5 uL, 10 pM1) - RES14)#0.4 uL, DNA
Bk 1.0 uL, ddH,0 5.7 pL. PCRJ% V7 Eppendorff”
BEA( A A R A R A ) BT ROV
F e 94 CTiASPES min; 94°CAZTE30 s, 54-58°Cik
k30 s, 72°CHEMI1 min, JE30MEIR; 72°C 4EAH10
min; 4°CLRAE. 338 Wk H12.0% 5 l5 B 5 )1 (EB
Pe@) R, 100 V, HLH600 mA, FLIK20 min.
123 mENF

HpGEM-T easy vectorfTopl0 competent cells
of Escherichia coliiEFEHAL o 1o R BE T (0 )5, BEELA
ERHTE T 2 S E S LB AR 7= 56, 37C R
150 rpm¥iR 7% 457712 he FFHM1338 H] 5 [P0k v f il

xRl REUERER

FR(AEEON &R EE IR BAR A7 IR 2 W) 4T .
1.2.4 RASIYIPCRY IE

XF T o B I 4 SR LR Aff o D A 0 1 e )R
SSRAZ MK 51, & B A 575 55 i TAM BRHEX %¢
JEARIC I T, X JEREFEABEATPCRY 1Y . ¢
W46 A an 1.2.2 T3k o PCRY 3 7= 41 I AN W #
GS500LI1Z, 37X ABI 3730x] (Applied Biosystems,
Foster City, California, USA)%E 615 5 (b nt4
BRI AP EAA B2 w3547
1.3 Fitoh

FContigExpress(Lu & Moriyama, 2004)4-7E
M e 2 R bR R® g DA, AT . A
GeneMapper 4.0(Applied Biosystems, USA)#K {5
PCR™ W5 6AG SRl & R AT LA 5, 133
YR BOK AR s . B R Bl #id s HI ARLE-
QUIN 3.1(Excoffier et al., 2005)Ff!Power-Marker
(Version 1.31) (http://statgen.ncsu.edu/powermarker/)
T BE A I AAEAE BT 45 (linkage dis-
equilibrium), H AN 2 w5 i kS 17, oH &
B REEAL IV & TR L R B (V.) s 2
SEEEEPIO) WG (H) bR a
(Ho)- 12 HSlatkin(1995) th (1135445 73 .36 20 (Fs)
771 BL S Raymond AR ousset(1995) Fr 2 Hi F AN
[) Jz 7 2 T A A Bl AL 23 AT B Ut (Excoffier et al.,

Table 1 Sampling localities and habitats of Miscanthus nudipes and M. nepalensis
ERLIANE] M LA ERTE HER LS 403
Sample code Locality Sample size Altitude (m) Longitude (E) Latitude (N)

5140k Primer selection
XZ5TE M. nudipes

Nu06-18 [ 5 Tibet, China 1 2,887 88°57'00.16" 27°24'37.20"
Nu08-08 HEZF Yunnan, China 1 2,751 100°15'40.61" 27°01'43.77"
Nul8-20 *FEPY)I| Sichuan, China 1 2,466 102° 5543 46" 32°07'18.89"
JEWI/RTS M. nepalensis
GS01-20 ERRE AL 445 /K38 Uttaranchal, India 1 2,200 79°27'14.58" 29°23'34.70"
Nel1-09 H1[H A" Yunnan, China 1 2,270 100° 07'40.00" 25°4223.08"
Ne20-05 FEPY )] Sichuan, China 1 878 102°46'44.96" 30°19'09.16"
& MIERY I Applicability test
WS M. nudipes
Null *FEPY)I| Sichuan, China 20 2,235 102°2329.66" 27°52'43.25"
Nu06 [ 5K Tibet, China 20 2,887 88°57'00.16" 27°24'37.20"
JEWRTSE M. nepalensis
Ne09 " E 2 ® Yunnan, China 20 2,759 98°42'01.42" 25°58'40.00"
Nel8 FEPY)I Sichuan, China 20 2,047 102°0232.08" 28°25"26.24"
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2005), THHEHARIEAZ REU(Fis)s R REEE TR L
(Fst) A PR 845 ot F8 B (Fro) 25 5 80 R
Nei(1973) Fr 4 H o 1 P9 1 2 0] (1 382 4% B 2 ml e
S AR 22 1) 5 s A PR A, I P 5 7 i DR AT R o
SRA 3 1) J TR I Ju A B 25 K5, R UPGMA VA
R TA R TE RIS 244 H AR BE 2 )13 &
KR

2 #R

2.1 SIYTFRLGER

K AR O 8 425 SSRE W, FEAT 14X £
KT G TIEMT 451 (R2) . IS UES 1Y 47 5
(1) B 52 R L 55 A% 0 J A R SSRAVE 251 1D [ U5 128,
KPCRY 14 =W EAT ve B 7, SRASAHRN H (1) 1 B
JE8 Bt 1R A SRR (R 3), UE TS s 38 o 1l
PR, HER IR 5 5 R R R (H
TR A BN AR AN — (K2, 3), HIAH
B0 o ARCKE H I BCE S AR 5 AR LT

RIR, WLy 2] i TR T A R AR B
ANFAZ S JE I RIVE T A, ELETR N A AU H
B B SRk /N o 1406 5 [ 95 st ias Jn 5 e
SKEHY I, IME RGN K S ZIRPCRY 1Y
FEP AT B AN KA, TSR AR AT AR R AT,
HL UK 45 R AN ek B i (81 1) o

FIA BE AL s 1A 23, 2N A
(M&MO2FIM&M39)K 1 T 1K (K3). HEildLa
23%F N T R AF RN ISSRE I Th, A 1255 7E W 2y
THP AR R RIS, MO B R 3
WAL TR S | S8 0% 452.2%

WE LR, VAR H A B R Fr B B 0,
WAL FEFR IR =R B, VA8 iy, R 1K B2 PCR
PR L R . 25 TR E I AN,
A% FE S A5 A A5 A — ok B B A S A S5 s
FERH, WA G; R MA2iG . 7EEITR3
AN i, DSSR325 | ) UeAE BT H B A B i 2
VIR I R S5 A0 R B AR S d T, XA IRV R

F2 THFEREBMI4XSSREIMIER. SEFHEERMHE. SEHRKEFPCRY IR AEE

Table 2 Characteristics of 14 identified microsatellite primers, reference motif, reference length and annealing temperature in PCR

amplification

B AR 51 A RS 7% T B R KR
Locus Primer sequences (5'-3") Reference motif Reference Annealing temperature
length (C)

BgInl76 F: AGTTCACGTCCAGCTGAATGACAG — 140 54
R: CGCGCATCGCATGCTTATCCTA

Bgln434 F: GTGCAAAGGGGAGAGAGG — 85 54
R: TCGCCGTTCTTCGCCTTAG

DSSR09 F: CGCACCACTCCCTGACAAT (AC)7 294 58
R: GCCAGTAACATCCCCAACG

DSSR24 F: AAGGGCGAGGCAAAGCAAG (GAT)«(GA), 100 58
R: AGATTTCGTGACAAAGGGAGC

DSSR32 F: GATTAGACTGTTTGGTAGGGATTC (GA) 305 54
R: CTGGTTTTGCGAGATTTCAT

MSSR10 F: CCTGGGATTCTTTGATTTGAG (AG)1o 159 54
R: GGATTTGGCTTTCGCTGTC

MSSR14 F: AACTAAAGGCGAAAGCTAGGAGG (AC)13A9 155 58
R: CAGATGCTGGCTGTTGGTGATGT

MSSR21 F: TATGGGTGAATGTTGGTTT (AC)sAs 187 58
R: GCCCGTTTGTGCGAGTGC

MSSR36 F: TAAGCCCAAACAAAGGAAAT (AG)13 228 54
R: CAAATGGCAATAGTGAGCAA

MSSR37 F: CAGATGCCATTACTGTAGCGA (AC)s(AG)(AO), 243 54
R: TACCACAACGAAACCAAAAC

MSSR38 F: GAGTGAGCAGTGGCAACG (GAT), 250 54
R: ATCTGGCTGGACAACCTTTT

MSSR42 F: TGCCACGCCTTCTTCACCTATC (TG)s (AG)14 179 58
R: GCATCCAGCCATCCACCCTC

M&MO02 F: AAGACGGTGGTAAGCCACTT (CAC), 110 54
R: AGACAACACCAAAGTATTATC

M&M39 F: AGAAATGAAAGTGCAGTGAC (AGGC)s (CGCA); 180 54

R: AAGGAGTGCTTCTCCCTCTC

F: B35 190)7 510 R: RS 40)7 4] F: Forward primer sequence; R: Reverse primer sequence
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R3 HIRIRFI4DSSREAAERATEPHFINEE R, FHERY. FIKELRTERE.

MPBREE

EEEEREE. HERXSE

Table 3 Repeat motif, the number of alleles, sequence range, polymorphism information content, expected and observed heterozy-
gosity of 14 identified microsatellite loci in Miscanthus nepalensis and M. nudipes

ION=E s AR AEA A R B KA S ZHGERERE WMHERGE WEREE

Locus Repeat motif N Sequence range (bp) PIC Hg Ho
BgInl76 (CTAG);(CT)6(CGGC)4 4 146-158 0.6260 0.5189 1.0000
Bgln434 (CT)sC4(CT); 1 84 0.0000 0.0000 0.0000
DSSR09 (AC), 1 272 0.0000 0.0000 0.0000
DSSR24 (GAT)7(GA), 1 94 0.0000 0.0000 0.0000
DSSR32 (GA)10 21 296-345 0.5198 0.3843 0.2625
MSSR10 (GA),GC(GA),T(GA), 6 117-127 0.5970 0.4808 0.8500
MSSR14 (AC):ANL 7 118-124 0.7189 0.4859 0.2375
MSSR21 T+(CA)s(CA)6(AC)s 10 167-208 0.7556 0.6055 0.9375
MSSR36 (AG)y 8 218-226 0.6904 0.7210 0.3000
MSSR37 (CA)GAA(CA)s 11 240-261 0.6691 0.3529 0.1625
MSSR38 (GAT), 2 236-239 0.3047 0.2564 0.5000
MSSR42 (AG)1o 8 177-194 0.6329 0.5881 0.8625
M&MO02 (CAC)s 5 90-106 0.6622 0.7096 0.3750
M&M39 (GAA);(CGCA), 2 141-154 0.3158 0.3984 0.5375
FME - 6 - 0.4637 0.3930 0.4304
Average

N, Number of allele; PIC, Polymorphism information content; Hg, Expected heterozygosity; Ho, Observed heterozygosity.

F4 BREEBEESLIER

Table 4 Genetic structure indices of Miscenthus populations

J& T Population SER LR AL N,

EZFREL Fis

JEBEMEAREL For MAIAARE Fir

M. nepalensis (Ne09) 22
M. nepalensis (Nel8) 28
M. nudipes (Nu06) 42
M. nudipes (Null) 70
FHME Average 40.5

—-0.0412 0.3854 -
—-0.2940 0.4793 -
—0.1798 0.1775 -
0.0358 0.0464 -
—0.1198 0.2722 0.2447

N,, Total number of alleles of each population; Fis, Inbreeding coefficients; Fsr, Genetic differentiation index of populations; Fir, Genetic differentiation index

of individuals

PRI R A (a4 2 AU R =, A
R e 5 1T A Al AEDSSR244 R, AR
DU R, RPSiG B aSmIg, i ix iy
RO A% S5 M A HEN RE ), ARENAT DLZ A M f e
Ja BB E R e A FE I, MSSR384T 55 E 2 ¥
IRTERI 2y rh ¥R B B2, BIAE D ) B8 5,
(EAEFP R HI R0 R 22 5, T L ST ] A
b 54 1) HR A ) 2 5
22 ERSSIMRNE A
2.2.1 BEfEZ AR EE TN

FIT SR AF I 144N SSRA £, 554 3 K B 4k 87,
SR BREAL SR L AT 6N A SE R (K 3) .

DSSR3247 5 5547 H [ 4 & 55 £ (214); DSSR09.
DSSR24F1BgInd34 =AM SR I 45
AT, 1142 A7 551 PIC{HAE0.3047(MS-
SR38)-0.7556(MSSR21) 2 [H]7Z 4k, -3 °40.4637.
KR 2 &G B =UH, PrfS 14X SSRAZ AL
ZAVEC I B B A 2 ST I Sk . A, AR
F 9T T 43 B I SSRA £, 1648 X 24 1 41 Jt B v A
I A4 TR AF AR 55 KT % G BE (He R Ho P34
85 51 °0.3930410.4304) . HIZ4TT %0, W25 51
P A Ji FEAE 14 T T A A b PR 567 2 TR R 40
BRTJRWURT:, X — D 3 T IX 2847 f06)
WU T L IR 35 A 22 AR PR KT REAE A HEORS B PR AGL I
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Fig. 1 Sequence trace file of three microsatellite loci of Miscanthus nepalensis and M. nudipes from ABI electrophoresis

222 BHREELEHATEE IEM

WRATTIR, JaE A [0 P 241 A8 R AL
(Fis)[HAE AL VL HI7E-0.2940 420.0358 2 i), V311K N
—0.1198. 1% 15 B SSRA AT H AT A RIS I J= 4 Py A A
LA R RE R BE )T & R Fsr PRI 00.2722, XL
2T R A TR BB, B/ MEL(0.0464) HE LT
Nul 1B #E; JE IR o 8E 0 2040 38 20U AH XK,
B KA (0.4793) L T-Nel /5 . 11%F 2 &ET 1

AL I HH BT R i AN 8] RSP 38 8 A iR L (Fir)
0.2447, Ut B Fr A BERRE AR ANk 2 RAE AR RK 1 22
JTFo

PLE—ZR50 85 BRI, AWFFRAG 12 AL
SRS A2 T A (R A 65 K A AR e PR R S0 R 4y
e
223 BEIGRSHEENITEM

mE2mr %, A 14%5SSRG14), WK P4
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I—Miscanthus nepalensis (Ne09)

I—Miscanthus nepalensis (Nel8)

]

Miscanthus nudipes (Nu06)

Miscanthus nudipes (Nul1)

0.08 0.06 0.04

0.02 0.00

BAERT R Genetic distance

B2 RIAREMWATAN BEHIUPGMA R 51

Fig. 2 Dendrogram of the four populations of Miscanthus nepalensis and M. nudipes based on UPGMA cluster analysis

WHE O, B BN RS H RO — 3, Hgin
IR R TR A FROR A/ X2 12, (HEA
AR 8] AR B O, Ul I PSR
I HARIEISR G R R . HILa R, AT
SSRAV. s 4 B2 R0 Fof ) B Ji A T] 36 A 5 R 1)
IrHRAET), T AMERA DX 2 XA AL [ R

3 iT1ig

3.1 TEESSR3I4EYHiE) @ AT

I L S R RE I SSR | W AT e R 47 14 Sk 3R 1
SSRAV kiM%, T TAERE /. 2 KA AR
v, CALVFZ R 1A% 29 b A5 21038 3k Y,
Mo TERRAFHED ) IEIAISSR 5 | M) 3E4T )8 N 5
P4 A SS9, M 5 (Cortaderia selloana)
FIFRAFEIRISSRE Y, A3 45 & Fo A A (1 4 5
M 55-100%A %5 (Ahmand e al., 2006); Nayak#ll
Rout(2005) M\ E[J & &7 7T (Bambusa arundinacea) ¥ &
RO LR S 9, 1516 JE H AR APy A v] 4
I o ABFTUH, %018 ISSRAZ K AEXL
P P I R LA R 52.2%, AT EIRRA
BHE A R 1 L) .

LAk, AEFFTATS R 2P DA A R
JCINE S A, BB TR0 i EE 5, B
XA R B B BOK BER I g o — Ak,
ek DAEDNAY, SR MR 5 R RS PR
ANBCEAR DG, PR DA A S SR R DR 5 H
5 B REKEAEGMEME R, B EARITH
A IREGE 2, A IR S5 5 DR B 8 22 (418 i 3
&, 2001)0 {HWZ P22 RAF IR 104G Z AR 2 5 2K
TROTEIERE, BT — P ISR .

AWFFCIH L A DEA S, RIS 2&
FEAZSAL A, H EAG o] B DX 1) b () 28 5 1R 467 558,

A5 BT A3 SSRA i T X2 T2 A M IR A 22 K
FEARIBAL 45 10 S5 E 1R 3R SR U A UHER o W )
HE T o
32 H4NSSRULEENATHBREREMRPIE
FAtE

FIFH AW 5 IRAG 14X SSRE 14, X435k A
VG AR AU 1B B2 R 24N R0 2457 Joe B R 4 Sl oK
2 F YK RIDY I 3 7 24N Je R T e B AT T 35t
& 2 FEME R AR IS AL SR RI A 0T T FEAE
BE/N, BT AR ECE AN A DLVT AR R 24 S 38 A 1 d A 22
KV, AN B FEVEAN 97 3% T 75 SSRAV. st AE X 24 T2 4
BRI AL AR TP G

mPICIH YA, FrfFsIMEEE M2 EGEE
i, HAN SRS AN T RERE T,
X UL P A I A R BE R T AT, X —45 21
3 o KA (1 Frs (A5 B EDE X U0 IH I3 3% BT 159407
RS R, ATERR R X2 R (R 38 4% 2 R
PEAKY o JLIR, 14555 5 107 85 Ja A o S U o 1) 55
P IE DB 75 AR K (22-70),  HLFsH B A F i 5 ik
B ) & SR 2 TP AEAN R R P R o A 2 o 568
=, IR 5 RE AN TR B 2 ) s A il &R OC R AR
B K1) A T ARG o X 25 L3538 I, 14X SSRT 4
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