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Analysis on Microsatellites in Rhodiola algida Based on Solexa Sequencing
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Abstract Solexa sequencing was used to analyze microsatellites in Rhodiola algida based on EST-assembled
sequences, expecting to find out the genetic diversity and to develop microsatellite markers for Rhodiola. A total
of 6552 EST sequences were obtained in the current study, trinucleotide repeats were the most with 41. 5%,
mononucleotide and dinucleotide repeats were almost similar with 27. 76% and 24. 76% , respectively. The
distribution densities of dinucleotides repeats to hexanucleotides were directly proportional to the number of SSR
number. In mononucleotides repeats, thymine (T) and adenine (A) accounted for 14. 91% and 12. 70%,
respectively, while with less G and C repeats. In dinucleotide repeats, AG repeats were the dominated with
5.60% , followed by GA(4.75% ) and TC(4.72% ). In trinucleotides repeats, GAA were the most frequent,
accounted for 1. 85% , followed by GAT(1.79% ), while TTC, TCT, TCA, GGA, GCT, GAG with similar
composition. The tetranucleotide, pentanucleotide and hexanucleotide repeats were very few. Except for
pentanucleotide and hexanucleotide repeats, the variation of repeats are inversely proportional to the length of
repeated nucleotide, while on one type, the variation of repeats is in negative correlation.
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EMEEB SR EEENEYAER , EEE
415 K (Rhodiola algida) & BB R A M L4
EREAEY, BE WL FRFAESCH &I Ea R E
ERBEM ., WNLRRBUE S RIMT BT
KA BT T M5 e SR R T F056  42 vk 3 AR
B3 S FAEE AL R TR, BRAH
L1 5 R 5 IO 42 vk e 7 B SR S T AN AR R SRR R A
TE 251 H0 L [ 25 W ik X BT, OF R A R )R B O S+
HAMEY Y 5 R R X A Y 2B A B
FEM, BRIETFRUOFRBEZSHEE TR
Z U FIFInt 4344k DNA #Ric, TR AW R BIXGE 8
&4 DNAL 0 St i 4 7 S R R AR &
mett,

1 I B ( Microsatellite or Simple Sequence Re-
peats,SSRs) fE N —Fp ik B M RE S FHniE, BA
WEZ EERANSAHS, Z2BEFEREE,
SFHEMERS, T ZRATEYRIESHES
o TEMBRE Y, BRI TENS B
RFBR/N B DNA ik, BB ImE/ N
B: DNA SCBEJE AT IR I 28 o i T iAe
i %% ) R e R AR, SR R R AR BBk
MR TR EEE, AT ERCHIT REM]
T—RREAREARF R, Kk,
HEBENFEARN KR EBARERK, EdHER
M FF3R45 % & EST £51, & T EST(Expressed Se-
quence Tag) FFFI K EIF K SSR 5| ¥tRicHI s IE
RS IERANMRE, B TiZGERBH SSR
PRk E TREREFI, SEETERER
SSR #ricAR 1L, H A I 6 5 2 F T REAR K | FjH]
BRARE T ERAPESERA", mEMXETA
B X EST F5I3RIER SSR BTk a4 il .

FE I, A0 5T 7E T RRELJ K Solexa HiE &
SR R IR PR R AR KB EST FHIH &
B b RAEEMEEGR, BB RaR
K BEEEFIIFHE, L F KA SSR HRICH
TR R EYE B2
1 #RAE
1.1 Solexa FiEBRNFAF K BHEALR

AR B RFLARRE TEHR 3770 m

UE A ROE B/ A R L LB (B A AR
37°13'11. 8"N, 101°46'59. 4"E) , | X
EHRREEFRERAREAD, WHAZLRERT
-80CIRFE, FIEARAF T EM¥EAILRIE

YIRS SRR A E (HNWP) . A EF
SPRERIE R R R R (REZE T RIESE
AR A 100 pg & RNA, BRARF IR
B4 KA A Mumina Solexa HiSeq™ 2000 #ERK
BT, RBHIRLEEEF (Raw reads) £ 8515
BT 3EF (Clean reads) . i 0 i3 P 4H 4% 4K 14
Trinty 18 )| 31 3£ K # ( Unigene ) '), F Tgicl ¥ 3L
ETCRMGE— BB, R 5 T IT X L8 7 31 447 6]
BEE R ARE, BB R AR Unigene, ¥ Unigene
JB5) 5% [ B3 E NR , Swiss-Prot \ KEGG 1 COG
fi% blastx X (evalue <0. 000 01) , B H % 45 S &%
WHE B E Unigene M FFFI 7R, ANR AR E
ZIHB EEXT S RFE F G, W NR, Swiss — Prot,
KEGG #1 COG #J1f 5t 2 ¥ x€ Unigene R 751
], BREA b PO EE & R 9 Unigene RATA K4
ESTScan B EF5 M7 10, X FREHHE 51 7 1]
i) Unigene B A4 M 58] 3" F M F5, X F
TCIERARE P51 77 6] B9 Unigene 7145 H 40 B 844
BRMFEF,
1.2 RIDELN FFERGITHF
HTHFHAR SSR M2 Ll 4% th X Uni-
gene 1E N5 FE 41, {# B MicroSatellite ( MISA ; ht-
tp://pgre. ipk-gatersleben. de/misa/ ), e &k H AT H
By SSR, XTHr#& SSR EXE BJUfE Unigene LRI/
POl E#ITR®E, LMEBHNERIEARNT
150 bp #y SSR, 46 28 5 M [7] B 45, 35 45 18 Y ( per-
fect) 252 4 %) (compound) SSR EE TP, & &
EWMTELERMNEZRBBRENT : I8 E (dinnu-
cleotide repeats, DNRs) /L& & 6 ¥, =3 (-
nucleotide repeats, TNRs) £2/0EE 5 X, R
(tetranucleotide repeats, TTNRs) Z/0EE S K, &
B8 3 ( pentanucleotide repeats, PTNRs) £/ & & 4
K, 75B82 ( hexanucleotide repeats, HXNRs) £ /08
B4R, WHIN AARPENELEER 12 R $
% BR & & 25 %Y ( mononucleotide repeats, MNNRs)
TS, FIH Excel MASIT T ENEER
KEFRE ARG ERES LKA SSR LI A
AR EEIARKEEERAFIRED
FERHE

2 EREHSW

2.1 ELBISEXRMIERT
B i 4T B K Solexa B @ B It ikE
61 889 230~ Raw reads, 3 B /5378 53 956 910 4~
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Clean reads, 33348 52 4 ¥ 54 Trinty Z40b38
G &3R8 83 395 4 Unigene, S B B ¥ N
55 822 353 bp, Unigene Y& 2K 669 bp, NSO 1 001
bp, % MISA {4 & .excel F {435, RENE
HRARRFIINM TERARFME(RLD) .
JMF) SSRs BB X 6 552, HHE 4% SSR M¥K
#0247, 8% SSR KIFFSIE 5947 5%, BA 537 %
3 &A SSR B R 1, L ERMBTERFT
RN 0.071, BN 8 519. 90 bp,

F1 EERHUSXFIPARIENERRLZERE
Table 1 Number and distribution of SSRs in R. algida se-

quences

441E Character ¥ & Number

P B

Total number of sequences examined

P S B

Total size by examined sequences(bp)

BRF A SSRs B ¥ 6552
Total number of SSRs indentified

54K SSR A 247

Number of compound microsatellites

247 SSR AT TN So47

Number of SSR ~ containing sequences

BEHE 14 SSR HFFI B 537

Number of sequences with more than one SSR

TR BE v ES 0. 071

Total relative abundance

83 395

5582233

WA E B

Average distance(bp) 8519.90
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Fig.1 Number diversification of SSR in nucleotide
repeats sequence of R. algida

2.2 BEERHOEXMIENTERAGEESN
TER ) FE i AR L R R B 4 SSR U /F
L USRERIEEREN SSR F/RE, 58

SSR #9 41.50% ; BEF MM B HEMER KN
SSR & BHZEARK, 4> 5K 27.76% F124. 6% ; i
MEHR EEER ABEREFLAN SSR &
BIRD, 2510 1.28% .2.93% .1.77% (B 1),
6 METFREERBNSMAEE S5 HN MK
SSR FEMIEH(F2),

£2 FEKEESATHIER SRS HRE
Table 2 Proportion and distribution density of nucleotide
repeat types in SSR database

&5 & SSR A

Moniﬁﬁfiem 1819 21.76 2.6
Dsnﬁeﬁiﬁim 162 24.76 2.1
mﬁﬁfj&nﬁim 2719 41.50 8.7
T s ¥ 18
Pentaﬂnzfog;ifpeats 192 2.93 3.4
Hex:.‘rl(u&clgigeE reipeals 116 L77 2.1

B3t Total 6552 100.00 117.4

BHRIRRMIPEGS 2 HAR BT
REFNYTE,OHAR=ZZTREZNWHT
E 51 MARNEHFREZNMTE, 135 AR
IRHREENHMIE, 101 MRRAABERES
MHIE, HPERAZTREFLM D, TH A
HERBHFLHLALER, 25 88 SR B
14.91% .12. 7% ; “HHEREE WK T E P, AG
ERERBIHIER(5.6% ) ; ZBRFREXNMT
B ,GAA(1.85% ) EHE KRR L LA &, T
GAT . TTC.TCT.TCA .GGA .GCT,GAG & & HHIA
I NBEHR AETR ABREFREFZLBNK
TEHESSR WEERD, Bt R A kAR
ST (£ 3) .

2.3 EENLASXESTFIPHIEKESTH
RERSH

MIEERBLFIR2 ~6 MEHR, EH M
PEBOFIINEZ RS RE AN EERE
RIBMIEAE X, FIIEERBBRE, HE R
K, TR R S R Sp g . B
b, TRFSIIP AR KER TR NS R ELE
FIFLAHERK SSR FREHTRE
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Table 3 Relative percentage of SSRs in R. algida se-
quences

IRGHREAD  EEREXD o, GESR HEZ L

Nucleotide Percent of total

R4 FTAKEESEANTIEKESGRER
Table 4 Length diversification of the microsatellites in

R. algida sequences of nucleotide repeat

SSR fF & B4 L

BEMEEXH K SSR ¥ &

Nucleotide repeat ; Percent of total
composition repeat type No. of SSR SSRs(% ) Nucleotide repeat type Length(bp) No. of SSRs ersch (tf% )0
T 977 14.91
12 4.85
BRHRER A 832 12.70 634 34.8
’ 13 361 19.85
Mononucleotide repeats G 7 0.11
c 3 0.05 14 230 12.64
GA 311 4.75 16 %0 4.95
TC 309 472 BUHRES 17 47 2.58
CT 242 3.69 Mononucleotide repeats 18 35 1.92
THHMER AT 127 1.94 19 43 2.36
Dinnucleotide repeats TA 88 1.34 20 75 412
TG n 1.10 .
GT P 0.61 21 88 4.84
AC 33 0.50 22 64 3.52
CA 31 0.47 23 32 1.76
GAA 121 1.85 12 658 40.57
GAT 117 1.79 14 284 23,67
e 107 1.63 16 310 19.11
TCT 102 1.56 8 53 0.43
TCA 101 1.54 - -
GGA 101 1.54 Din;gﬁiiﬁ% 20 69 4.25
GCT 98 1.50 2 41 2.53
T 125 ” : o
CTG 82 1.25 Z(z) { g‘x
SHERES CAG 7 1.16 :
Trinucleotide repeats ATC 76 1.16 12 ! 2;; gg gg
AAG 71 1.08 - 1 .
CCA 68 1.04 T .~’%ﬁ?§§ " 21 204 7.50
Eéﬁ gg }.g} nmeieode foped 24 3 1.21
wooE i e
TGC 65 0.99 .
AGC 65 0.99 MEFRES 2 8 9.52
CAT 62 0.95 Tetranucleotide repeats 28 3 3.57
TCC 62 0.92 32 2 2.38
cTe 62 0.9 2 167 86.98
. , IEHRESR 25 2 11.46
%ﬁﬁﬂi%ﬁﬁﬁﬁ‘%f?ﬂﬁﬂi E'(J:\Fig{/( Pentanucleotide repeats 30 2 1.04
FER 24.21 bp, B KB4 60 bp, HAE AR 12 bp, K 45 1 0.52
. 24 94 81.03
BERF 20 bp T T EAL 5 & SSR B 15.42% s BR N 30 14 12.07
INIA
B ABEFREERI, AREEMTHABN  Hoomootidompens 2 ¢ s
HERMHBERKERR L (E 2; 8 —HIERX 60 1 0.86

MARKENMIE MZKENMTERSH
E6 L 43 B bR v X B B R T X PN B A R A
HEAEXT N B B X — ], 555 9 0 L5 B T T
BRE);AMEBEERAP HIUTENKESHX)
MLFS SSR R (£ 4) o

3 it

BN AL R R R R FH SSR BT
R, H SSR MR AR 0. 071, LB N
8519.90 bp, B TR AW 2 4 b i F 3585
BE(1883 bp) ™), SNBSS HAE Y SSR LA
CEREREERENE, P ERENEES
BIE R R EE2 R, Hlin7e EST-SSR 5|4
Fr R D R IR R SRS T Y A

BREEXRMATZ Y AAREPHPEBRTRES
e Tl E U 1= E Yy S |
MBR . EREREEREF LTS LA
B, EHSORREREFINPHTIEE
HRRU=BHMREE R ANE(48.7%) , B8
HRM B EREE LB, 598 29. 1% |
32.6% . X5 ZRIFTILSRA—, JLB X R
HRNEERBBMEHEFTBRAREXFTEE,
A W R AT ERRRNS
S TEEE LR AERE, EHik, 75X E TS
LI EK SSR W KAttt , ISk W
EZRFFENFRERERRSGHFASHRHREAS
R4t
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Fig.2 Diversification of the microsatellites in R. algida sequences of nucleotide repeat

EETRASRX _EEFREFZ LIS ACHK
BEEEKMEL, 55.60%, X 5MmE . EENSE
EST-SSR 3l iR B4 R —8 P, =5 #
BRERAAP FREERT AT HEEH 4 HEY
47,3 th GAA,GAT, TTC . TCT. TCA.GGA . GCT,
GAG ZfrhEA LM B R, BHAEAK, G0
EREAREGR, ZWEETRBHINESHGE
BEERYMPERRNER., ENTILRERA
J#3 SSR i , AAT B ERBERE KBS A EER
BAM, B BT R I AL SSR K
SEHFRERERB A —B, CCC/GCC TEAREF
HBREERY, MATHMLL AAG FEZP, B
IWIRATTHERT GAA (B GAT) X—E R R I RER
EERFARXREA R RRE EST FAlNW— N FE
FFIE , /B B F SSR N s BRI 5 3 iR BARMERY
ANIE, BME7E F —Hrff 3R, AT BB AW 5 7 5
MR, HEFERERRRN A —BE, TS
BESLUBENES . AR ZBFERBRIE
BHFSEMIRRBEGKHA—SHR.

WA AR PR K CC EE T
5RBSEHIThEEMER, XTIRER_RH FTXHER
BITHINT SSR A E GC H &, AT B
BE R IRn, A R E TIEE, nihia
Ytk BRAE ESEREY, FERARX

R RATFFIPHFEREER T B AGC/GCT &
BT, XREEEATEARRAEMENPES
BEAREREYRRERPNH— SRR,

SZLEFR, EEHFIRX Solexa HEEH
FANFIFPFE4 %R KR EST P3| i ELak
L BINASEHEIRPERR, TR TETHFL
BRRUMIDERRFIIFE, X—HRINSEOR
KJ& SSR tRiC M R B A Y115 B # K8, AT LU
BRI R EEESLRRBEYN SSR 1R
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