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8 E. A FIASCO i3k s B2k, A RN L 7 5 5 R A 22 SR W P9 1T £1 50K ( Rhodiola alsia ) 2235 PETK
PAERME, SEREW.H(AG) 15 FI(AC) 15 PR TR FRICIRE 8 5 4 SO, JARE FHTE Fe B 292 500,
A REHLEEE 1200 K50, % B0 EAT 22 25RO BHPE 5e e 15 400 A5 FEHLPRER 200 £ 251k 44 BH I v et 47 e, A
TR 105 4~ SSR 7 s, FHAEL KT primer3-2.3.4 JE T 1145 SSR 514 105 X5 Hrp 45 X a] LU Th 414 | i
13 X I 34 1 i BOAE AR PRSI Y 4 A AR TR RERG 24 NAMAE P BRSNS e 2 80, 1 4 SR RERY 80 4
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Abstract; FIASCO magnetic beads method was utilized to develop polymophic SSR markers of Rhodiola alsia, a pre-
cious species endemic to the Qinghai-Xizang Plateau. Two SSR marker probes, (AG) 15 and (AC) 15, were used to
construct enriched SSR library and 2 500 positive clones were obtained. Then 1 200 positive clones were randomly selec
ted to check and within which 400 clones were found with polymorphism. Half of the polymorphic clones were randomly
chosen for sequencing and 105 SSR loci were achieved. Subsequently, 105 pairs of primers were designed by online soft-
ware, primer 3-2.3.4, for amplifying the SSR sequences. Among which, a total of 45 pairs of primers were positive for
amplification and the sequences amplified by thirteen pairs showed high genetic polymorphism when detected in four far
apart natural populations with 24 individuals. Afterwards, the whole of 80 individuals in the four populations were em-

ployed to check the thirteen SSR loci. The average number of alleles per locus (A) was around 9.192, the mean of ob-
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served heterozygosity ( Ho) and the expected heterozygosity ( He ) were around 0. 712 and around 0. 734,

respectively. Such an extraordinary polymorphism was enough to meet the needs of future research. However, several loci

were significantly deviated from Weinberg-Hardy equilibrium (P<0.01) in some populations, which may be due to the

fact that the population of the actual study could not reach the ideal state of Weinberg-Hardy’ s law. Combining SSR

polymorphic loci developed previously based on EST (Expressed Sequence Tag) sequences, this study provides a set of

serviceable tools for population genetic structure analysis on R. alsia and other researches based on SSR markers.

Key words: Rhodiola alsia, SSR, primers, megnetic beads method, development

PENZL 5% K ( Rhodiola alsia) J2: 5t KF} ( Crassu-
laceae ) [T i SRR A A, R0 A0 T 1RG0
(L N = O L i 37 e i s o<1 R 273
3 400~4 800 m FRIA[{E HE | L3 A B0 K i A 33 (Fu
& Ohba, 2001) , VG J1ZL 5% K 14 2k 45 A 458 el HC B 3
PEAERE AT R /D | PR A e AR A 2R 28 FR B v
A AR A . MIELRE U )AL RIEN I 2
MLL5 K B ( Rhodiola) fH ) J& — 28 T B H) R 24
Mo A5 25 R0, 21 5o R B T I IR 05 |
VEANTT R U U AF TR 24 BRI R I, 41
SRX R P B A R R EE ) 2 R S
HAHBTRE, I LA X 98 15 HLA | 52 mm 2% > id
1 PR B i AR 8 A5 A e DR f R (IS N
2003; EFRSE, 2007 ), SR, L5 RAEBE 2 fRAg
GUHY T IZ R EC T RE T K, e —E R
JE AR L1 5 R IR IR ) 1 T 2155 KA AR Ak
THfez b (LEHX MK, 2015)

i A (microsatellite, SSR ) & B F 20 {22 70
AR, T SSR 43 FARiC H Live A8 F 1989 4F, 7E 1
Ja BYIE =4 L SSR Ak ARig B 5T 5 R T A 3]
TRELRE, SSR HILAL T RAPD ISSR il AFLP
B4yl 1t i P A i EE R (Wang & Szmidt,
2001 ) 1) Z b 1 T35t 45 78 5 53 A 0 Al IR kA |
BERERD FRBCEE L R A R ERE
Yy o3 BAFN S A W) 52 4 B b A5 1 22 W58 U (AT,
1998; Doerge, 2002; Liu et al, 2005; Gao et al,
2005; Yoshimoto et al, 2011; M 2 R4, 2014) 1M
PO R A T TR 5 W R T -5 07 ek by it Ak
ZAU T S I A A . FRATRE AT
30 I ARAS ) i 215 K (R, tangutica) EST ¥4
TR VGNELL 5 R 8 A AHXTBRAR SSR v i M H 5
Y (Zhang et al, 2015), AJRE T PU)I40 5 K55
WELRRZ Al 22 S, AT A 5 R0 3R A%
AP PG N LL5R SSR A i M5 ), iX A g i e
JREFFR I ZREVERY TR, PR, F ATl fd

Bk & 4E & FIASCO ( Fast Isolation by AFLP of
Sequences Containing Repeats) ( Zane et al, 2002 ) F
RVGINLLF R R LY, AT ik

1 MR 57

1.1 ##}

AW, T TR AR IC 2 28 R b e 1 74 )1
ZLER R F A )14 R v F A XA
B SERER R LB B AR R A PO ] GPS 42
BRENL RSB Etres GIS R 451053 ( Garmin, T E &
) (K1), FEARAGAE T R B 75 b & )
A= I 5 i i e i A AR AR (HNWP)
1.2 7k
1.2.1 A H 28 DNA Bidp 55 4k 4 ARSI TG
DNA SR A58 h T 3845 1 2E P 2H DNA ( Zhang
et al, 2015) . HHUAR] Mse 1 VABA 5 h ir 45 1925 7%
P BIRC & 25 L BRGS0, H 0.5 wg 240
FIEEN 41 DNA 5H0A 0.5 wl 89N V1B Mse 1( 10
U - pL',New England Biolabs, USA) 7E 37 C /KiA4A
HE RS 1 h, SR)5 T 65 °C K4 10 min, FDIR
IL7 ) Y 1% BN WE B JC Hh Dk ARG TN R B 3 A T
100~1 000 bp [H]

TERGOI =i dE: | Msel 99 3 LK E 2
4 (Amplified fragment length polymorphism, AFLP ) $%
3k AdapterA (5'-gATgAgTCCTgACTACN-3", N X 3 ik
H A G.C.T) #1 AdapterB (5'-gACgATgAgTCCTgAg-
3"),TF 16 CTE 10 pL iR R iE &, RO
RARUT . WY N 729 10 plL, AdapterA 1.5 plL,
AdapterB 1.5 pl.,10xT4 DNA ligase buffer 2.0 pL,50%
PEG4000 2.0 wL, T4 DNA ligase (1000 U + pL*) 0.2
pL,ddH,0 2.8 pL, #RJ5 65 °C Kif 10 min,

DLHESK HER P W) i, 54T PCR ARG Ik
HEHEAR L, N R R R E 78 2.0 plL, ddH, 0
15.7 pL, 10xBuffer( Mg*") 2.5 pL, dNTP (2.5 mol -
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Table 1  Locality information of four populations of Rhodiola alsia used in the study
JE T SRR R AMREL 5013 ZE %73 TRV
Population Location Sample number Latitude Longitude Altitude (m) Voucher
P1 TR K] 18 34°05' N 97°37' E 4670 Chen2002021
Qingshuihe, Qinghai
P2 R 21 33°12' N 97°26' E 4350 Chen2002023
Xiewu, Qinghai
P3 (PIPER R 18 33°08' N 97°33' E 4390 Chen2002151
Shiqu, Sichuan
p7 P T 23 31°41' N 94°55" E 4 900 Chen2002056

Dingqing, Tibet

L") 1.6 pL,Msel-N(10 mol - L") 3.0 pL,Taq poly-
merase (5 U - pL"';TaKaRa, Ki%) 0.2 uL;PCR £/
95 °C,5 min; (94 C,30 5353 °C,60 s;72 C,60
$) X 25;72 °C,7 min;16 C,» ., ARG 1%IENS Mk
TR R D2 PCR 74, If H AxyPrep ( AXYGEN,
FE ) DNA B 2l Ak 0] 0™ 4 B2 0™ b i e I
okl 4lifk PCR 774,

122 AMEAFLEA L5 5% HSEWER
WG BHRET (AG) 15 FI(AC) 15 5 F—4lifb a1y
PCR FEMITEZRAEIR B2 48 C LB 2 h, 238K &
RAEALE ) PCR P24 40 WL 8 4H(AG) 15 FI(AC)
15 4 15 pL(10 mmol « L) ,4 x SSC(with 1%SDS)
65 L,

Bl mg R T 1.5 mL B0 %4, 300 pl
TEN100 Z& 12 #h %, # J1 22 (New England Biolabs, 3¢
) B2 1 min, SIS VEMR, SRR 2 KRG, B
PRETET 40 wL TEN100 1,

W b — 20 3RAR W 2238 7= W NN © W2 0 1 R B
BT ,28 °C,110 r » min HIRYR% IR E 30 min,
IR JE TG FI 3 MR B | LA REER FTR S T4 B8, 57
PR A WS HEAT A0 R B+ 1) i W R 1 % K o
400 pL TEN1000, %S 5 min, 2R J5 R 71 220K
B REER , FRURIR ; A 2 WK, R B AR R R e A
@, mREERF AN 400 WL 2 0.19%SDS #) 0.2 x SSC,
TGRS min, SRJE 0L AR B, SRR A 2
W IR BRI N, mIREEE TN 50 wL TE
RS, A% PCR 4,95 CAEME 5 min, 85 H
e RSl R TS (G

S LR TR ) 3 e (D@ .3) N
MR #EA1T PCR, VAR R 5RO B F A 1.2.1 iR,
1% 35 N WEEE I FE UK K I 45 5 . FH AxyPrep DNA %t
Ji& IR Seiat ) e ImT i 464k 200 ~ 700 bp K/NAY PCR

/b wirviniaan NanoDrop 2000¢ oINS
PRI
123 ME2ERLAEMEL Fk ™M
VA i F pMD™ 19-T Vector Cloning Kit ( TaKaRa,
K& ) ¥ E—DARI M alifb i) PCR P94 T T-28044
AR ORI T BRI B e AR
FFB (E. coli DH5«) FE/ESZ 25400/l ( TaKaRa , K% ) ;
37 CHAEIRFEIRFE A 1 h; 85 B TAE G h st
37 CH'E RS,

PhHEFHYE BT RE T 500 L ik LB B3R5
37 CAEIRFERIEE 3~5 h, 335 LA 18 A AR A5
7% PCR, WK Z ) DNA template 0.8 pl,ddH,0
17.5 wL, 10xBuffer( Mg ) 2.5 pL,dNTP (2.5 mol -
L") 0.2 uL, Msel-N (10 mol - L") 3.0 uL, Primer
((AG)15 5 (AC)15,5 mol - L") 0.8 pL Taq poly-
merase(5 U - wL") 0.2 wL,PCR FF R 1.2.1;1%3%
O R i P, ORI 485 2R 5 AR AR HL Dk 45 R, Pk ik PCR
P2 T AR B S A TIN T

i# 15 Chromas ( Chromas Technelysim,
V) H A T AR 1) DNA J7 81, it 78 4
VecScreen ( https : //www. ncbi. nlm. nih. gov/tools/vec-
screen/ ) A F A Th B AR 51 5 ClustalX
2.0.12( Larkin et al, 2007 ) Lt X 341, 23 440AH ) £ £
vabEJT 51, i | SSRHunter 14 ( 2558 A T £ R,
2005) AT SSR 7 ;5 185 FEPRRAFHY SSR PSR,
FEHL & £ 100 5% 7 %1, i 4 3K 14F primer3-2. 3. 4
(http ://primer3.sourceforge.net/ ) 511 H5 1)
1.2.4 ME2W % &M FIH 4 DEFSMNERE(R
1) 80 A&, Kl SSR 51 234851 . A CEE T
NanoDrop 2000c A6l 45>~ A& DNA i 1) 5t 12 Fil
WP, IR AR Al A ok B B — BRI 10
ng » wL”, LAEIL 8 4T PCR  PCR W 4 & N DNA
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Table 2 Thirteen highly polymorphic SSR loci and their primers

(A= 51¥¥%5) (5'-3") HEJTH REONAN 1B IR BE Ta

Locus Primer sequence (5'-3") Repeat motif Fragment size (bp)  Annealing temperature Ta (°C)

CZ12 F. TCACCCTATGCCACCTTG (AC)6 103 57
R: TCTGGGCCTTGCACAGAT

CZ16 F. AGAGGACGCTGACTTGTG (GA)10 166 57
R: CAAAGCCGAGGTGGACAT

CZ17 F: TGAGTGTTTGGTGGGTTG (AG)8 116 57
R: TGTCCTTTGCCTCTTCCT

CZ36 F. AAAACTGAAAGTCACTCGCTAT (CA)7 174 50
R: AGTAAGACGCCGAGGTGC

CZ42 F: TGGGAGTATTATTGATAGAG (GTGTGA)3 270 50
R: TAAGAAAGAACATGAGCC

C743 F: TAGAAAATTCTGTGGGTG (TGAGTG)3 153 50
R: TAAGAAAGAACATGAGCC

CZ50 F. TGTAGGTGACAGGGCTAG (GT)5 133 50
R: TAGGGTTAGGTCAAGTGG

CZ85 F: AGTAACCAGGAACTCAGCC (CT) 11 284 54
R: ACGGGAATAGCAATAGACAC

CZ30 F. TAAGCATCTGAAAATATG (CA)7 154 50
R: AGTAAGGAGATTGGTTAT

CZ77 F. TAGCCACTGCTTTCGGTT (GT)6 310 54
R: ACATTTCAGATGCGTTTT

CZ79 F. ACATCAAAACAAAACAAAAC (AC)6 125 54
R: GCGGCAAAGCAATAATAT

CZ83 F. CTTGGCATATTCCCTTAG (TC)6 151 54
R: ATGCGTAATACAAGAAGG

CZ104 F. AGGTGTAGGACGAGGATGA (GA)9 257 54
R: TGAGTAAGGGCTTTGTGAT

template 2 wL,ddH,0 14.2 wL, 10xBuffer( Mg*") 2.5
wL,dNTP (2.5 mol - L") 0.6 wL,Primer( Forward fll
Reverse) 0.5 ulL, Taq polymerase (5 U « wL™') 0.2
pL,PCR F2F M [ 94 °C,5 min; (94 °C,45 s;Ta,30
6172 °C .30 $) x35;72 C,7 min; 16 C 0 |, K T
il S H A, PCR N 7 ) 26 FH 5 R s B v, K i
T TR, X T 52 BRES e 3t 4% 2 25 Y SSR 5197,
$H PCR 7=#1# H QIAxcel Advanced System ( QIA-
GEN , TE [ ) & 40 L PR A 70 B o

Gt B A A Y S5 AL R R E i (Number of
alleles per locus, A) , #| Hl GENEPOP version 4.0.10
BT LI 4% 4 B ( Observed heterozygosities , Ho ) | 1
A B (Expected heterozygosities, He ) ( Rousset,
2008) , Hardy-Weinberg V- ffif 1, 7£ GENEPOP 1 H
B UIPEAE R T 7 ( Exact probability test) &l

2 HERH4M

FKHI(AG) 15 FI(AC) 15 PiFh i T2 FRic iR 4r

g A SO, JLARAS BH M sE B 292 5007 5 BEALBE
B 2001347 PCR A, BA7 22 2854 A% BH M 5 p
ik 400 1~(33.33%) , FEALEEH 200 4700 )F , 537
WP AR RN F 5, KB 91, 00 45 5% H Xt
F A [F] 1 B e B 7 81, 22 SSRHunter 8 R )5, F-F]
H primer3-2.3.4 W54 105 X% (52.5%) 7] Hi
T SSR & MEivE, Zead iR PCR ik i
ARG AR KR EE FS , RS JE i rh B AL PR 6
A ——3 24 DAMEHTF PCR, LI i e 460
SR 2 351 Je A 19 B fg W B R H ik HpoAG
PCR 7= St | Ji 7 FH 8% 58 7R #i Uk J¢ e, ok A 00 5
WAk SR TN B IS FE UK R I S 7 BT B4 45
X, Hr 13 X2 AR (£ 2) .

FHFTARAFI9 13 X SSR 514, %F 4 N JE#E 4R
80 MMM T S 5 19 Bh i W G5k Fe vl T AS: I 5, -
TEBE UK 2SR TR, X RAE R
VKB GE T 50 R, BT A I Y 13 4> SSR A7 5
(F3) AN IR BN 2 3] 23 R& WEA N
9.192; MIZ4AE (Ho) Y lE A 0.048 ~0.952, ¥{HZ
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Table 3 Highly polymorphic results of thirteen initial primers screening in four populations of Rhodiola alsia

- JEREPL (N=18) JERE P2 (N=21) JER#EP3 (N=18) JERE PT (N=23)
bocus A Ho He A Ho He A Ho He A Ho He
CZ12 5 0.111 0.546 = 9 0.810 0.815 = 7 0.944 0.784 = 11 0.875 0.840
CZ16 4 0.167 0.503 = 6 0.905 0.661 7 0.778 0.603 8 0.792 0.724 =
CZ17 2 0.000 0.108 2 0.048 0.048 3 0.500 0.408 7 0.917 0.659
CZ30 7 0.611 0.798 = 9 0.952 0.800 7 0.842 0.782 11 0.955 0.885
CZ36 8 0.667 0.822 = 11 0.952 0.823 9 0.889 0.805 11 0.958 0.798
C742 6 0.833 0.768 14 0.714 0.908 = 11 0.471 0.882 10 0.458 0.758 =
Cz43 5 0.111 0.617 = 8 1.000 0.819 9 0.778 0.849 = 11 0.958 0.855 =
CZ50 12 0.611 0.873 = 12 1.000 0.843 = 13 1.000 0.909 14 0.958 0.790 =
Cz77 3 0.000 0.527 9 0.476 0.800 11 0.632 0.863 12 0.545 0.832
CZ79 5 0.556 0.730 6 0.286 0.569 = 8 0.526 0.688 13 0.909 0.901
CZ83 5 1.000 0.727 = 6 0.952 0.724 = 5 0.895 0.750 = 10 0.955 0.872
CZ85 6 0.111 0.679 * 23 1.000 0.952 14 0.889 0.916 21 0.875 0.944 =
CZ104 14 1.000 0.884 = 12 0.952 0.837 = 12 0.947 0.872 14 0.955 0.905

e A SRS Ho WA BE; He JWEIRGIE, N. JEREAASE, W35 0 B il IR A4S 185 (P<0.01)

Note: A. Number of allelesper locus; Ho. Observed heterozygosities; He. Expected heterozygosities; N. Number of individuals in each population; * Significantly deviated

from Weinberg-Hardy equilibrium( P<0.01) .

g 0.712; TiHHEE 2424 ) ( He ) 7 [ & 0.000 ~ 1.000,
MEZ R 0.734, GENEPOP ¥ {7 2 AN J5. 7E
S FE B I i S A A TR AR AT ( P<0.01)

3 W E&E®

WMCELRFRCIT R T 2/ 24, A A | 8
(Z=WID5 FIAR =78, 2005) . PR, ARSI AIE B |
W T EAF G LR B IE v . BER e 8T LA
RO AR BLAS | a7 PR B b AR A v B i Y B B R
(Brown et al, 1995) ; AHFFE L AE LAAE A9 5T HR 4
FIASCO J:7E =5 1L 45 28 25 ( Spiraea alpina) ( Khan et
al, 2014) 75 i ff YL 4E ( Sibiraea angustata) ( Arranz
et al, 2013) &R R AR T K & Gl TR 2 MR
0, SRR R AR PRI FRAT T R e S
JE A8k AN W R S BT 5E W EIE L Ik R
FIASCO X PG )1 41 5 RFEAT i L EARIC I A& .

ZREZAEY D SSR HAE Ot FE AR
(AC/TG)n, —AFHLT , B4 7 4 ST i A5 B
D H 2 AR R B B A 7 41 R R 238
VRS, =B8RS | PRI AR IR Z (Kruglyak et al,

2000) , FEXF VU 21 5% K 030 2k 0 Fb R oy 40 5 R 1Y)
Solexa 1y HH N 7 25 SR ) SSR 437, & B H: H & 2k
BRI = R RREE R £, B REE AR
Z B AG (GA \CT R IR 2B A) L B R
R A v T =A% IR 52 A rp A 2 8
AT IR 2 A Y L ] (7 W25 55, 2014) , QT ST
A AT R v 20 R i SR 2 1) R ) A
P T EST A & T —28 SSR i 5 Je
519, e REER B AR T & PR 1 405 K Y SSR
AR RATGE T T A245 (AC/TG) n ZEHY Y PR
HEFEEN(AG) 15 FI(AC) 15 Pish A=) Zhric 4T
FHF & SO A g, W SR 75 221 SSR Fh2, nf
LI FH B 22 Pl 2 (0 40 T R AT SCE A o (B R O 55,
2014) , £ SSR i mi Z AR fE b, AT T
A R WL PR S| W 2 A R T RN
Ji2 HL KA T TGN , 75 3] 22 A PR 5 v B A 0 =2 ) T
PO BT S A B4 UK (KB B 2bp ) #1720
APEDOT S A3 BRI, M AE — 2 B L R AR
PR [ 2 o ARG 00 225 SR 1) A

FRATITERAT Y SSR A7 w35 45 v PR 2 oy
9.192, WL 2 45 BE (Ho) ¥I{EZ 2 0.712, I &
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FE(He) BIEZ R 0.734, WL = I 28 C W R G
WIRF 9T 19 75 B, GENEPOP A8 i it 7= B0 47 o5 78 52
S v S O 8 S 2 IR AT TAR P fT ( P<0.01) L, 3XTT
BB SE BRI I 10 R B I EAS BB A 21 A T — IR AT o Al
BB 1) JC PR A5 BRARCIR S B 8, Rk, 31X 13 X
SSR v 13 AR SSR 51 41T FF J5 3% .

25 L Tk FRATTR I R R AR AR AR A Y )1 £
FK 13 4> SSR 8N, 45 G ILAT T EST P
FIFF K SSR AL, A5 I i TR A A5
TR VY )1 £1 5% K 0 S8 B 3ot A2 235 1) 4 A R LAt BAF 52 4
T AR TH,

SE
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