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Genomic Microsatellite Characteristic Analysis and Molecular
Marker Development for Gastrodia elata Bl.

ZHOU Tianhua, DING Jiaxi, TIAN Wei, WANG Jia

(College of Biological Science and Engineering, Shaanxi University of Technology, Hanzhong, Shaanxi 723001, China)

Abstract:In this study, the genomic library of G. elata was set up by means of the second generation of
DNA sequencing, and the microsatellite loci in genomic sequences was screened. The types, abundance,
length and preference of microsatellite locus were analyzed and compared. Primer pairs for 60 microsatellite
loci with high repetition were designed, PCR and polyacrylamide gels electrophoresis were carried out on
80 individuals sampled from 4 populations in order to test the polymorphism of the markers. (1) 61 048 se-
quences of G. elate were gotten in the genomic sequencing, 12 107 microsatellite loci were detected out,
occupying 8. 16% of total sequences. (2) Among these SSR loci, the repetition of dinucleotide was the
highest. 20 loci among those 60 were detected amplifiable, stable, and polymorphism after PCR and elec-
trophoresis; the number of polymorphic alleles of each locus (N,) ranged from 4 to 14 with the average of
8.40, while the average of polymorphism information content (PIC) was 0. 77. The microsatellite markers
developed for G. elate in this study can make good basement for its genetic study, germplasm identifica-
tion.
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& J# % (simple sequence repeats, SSRs), & H 1
~6 bp MY E & Hou A BRI M — B DNALJEH )iz
Moo A ARSI AL S i RS R Y B 4y R
Py 27 i P kg SSR R B 48 3k i 1 T R 4 st
12 WE T H 73 A ) 1 A [ S A ] ) 35t 2 7% S i
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YR ] N A X T IR R B U5 I 9 SR BR T 24
PR 1853 B 24 B3 27 7 T A2 53§ A2 W) o7 J7 T i R
RATF &, RIKAY SSR 43 FFn ic i R I &, (115
KR AD BT 00 U5 45 8 TARMERE R K . AWFsR & T
AR 3 A HE ST IR RR 74 5 PR 2H S PR % SRR A
TR R B AT 1 43 B JFJF & 1T KR SSR 43 F AR
105 F ARG W] S S5 191 09 TR RE i 5T 9% 15 5
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UL VIR IR A T — 80 C BRI vk 4 b P A7 7%
FHo B FE S AR A SEUE R AT T REPT I TR 224 )
Flog 5 TR 2BAY 0 T AV #  %E
.2 77 &

1.2.1 XA DNAEE RAMK 2XCTAB k{2
BRI 4 ARG T RE 80 DAMK I EEF 241 DNA LI
fift 7€ 100 pL 0. 1% TE &l .0 CLRAE& . M
FH L8 M43 5% 9% B 31 (NanoDrop 2000 ) 46 i I 4 i
e 5% DNA ¥ EEF Agso/ Avgo EETE . T 10 L
21 DNA JHHEBE g 100 BB B Je Ao 0 JH 58 % v,
B I AR AN BRI O 1T SR 45

1.2.2 RRMIEXEMNEILSHESHT #£K
KR AL 4 DNA, #4 #K R 3% R4 SC L SR B T1-
lumina ARG 5 B A FEICK & 100 bp &7 41 Bt .
AR R A T AR A 50 NOVOGENE : ) B
7y AR 58 L .

% H CLC Genomics Workbench %% {417 3 47
FrBedie i E i IS R BER R T 200 bp, JF
G- YT 55 3R 5 % W02 0 2 Ol S R TR A
TERWETE T IV A . T 0 ik iy e 41, 5 i —
BERF A, L fasta k8 ORAE L — S0 R SSR
¥ 51 & % 4K F MISA (Mlcro-Satellite indentifica-
tion tool, MISA, http://pgrc. ipk-gatersleben. de/
misa/) X X 26 5 51 #F 47 SSR X B i ik . A $R A5 v
HREHREL N I0REL . _BHERED 6 K
BE,CETSUEFRED S RELZ . ARFRS
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F1 REREEXYE

Table 1 Detailed sample information of G. elata Bl.

il Rt g0 5213 FEA KR
Population Sample location Longitude and latitude Altitude/m Sample size
LG Bl 76 % Langao, Shaanxi 108°01" E,31°42" N 170~2 964 20
7B B VG4 I Zhenba, Shaanxi 109°26" E,32°06' N 806~1 197 20
MX B VG 45 B Mianxian, Shaanxi 106°21" E,32°53' N 513~2 621 20
LY B PG 1% B Lueyan , Shaanxi 106°16" E,33°32' N 680~1 300 20
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BE AT 5 M .
1.2.3 XFKSSR 3|4 F & 70 PCR #1845 B 4% Bt
SERKBEXx®N R A Batchprimer3 Chttps://
wheat. pw. usda. gov/demos/BatchPrimer3/) %} &
BB R Y 100 45 R BRG0P 9 151 P X,
FH Oligo 77 BERFIX 100 25595 7R 47 PEAG - 30 B
EATESTE 95 43 DL 11 60 X 5] 435 2 b nt AL &
B RN A BRA B TS A R

I 3R 60 XF519%5 4 ASFhBE 80 f FEAS 4T
PCR §"#. PCR & W& & 20 pL, 4145 DNA
BIAR 50 ng, 2 X Mix CRAR AR 10 pL, IE 2 51
Y145 50 ng. il ddH, O % 20 L. PCR JZ i £ PCR
P # 4 (Bio-Rad S1000TM) |- #% DL F B FE1T: i
5694 CHUASHE 3 min; 94 CASM: 30 s, B A E T
45 5,72 CFHEAP 45 5,35 MG s fe )5 72 CIEff 7
min,4 CI-7E,

56 PCR UG 6 48 h N, B 2 pL PCR =4 7¢
8 Vo A 78 M IR TN M T e B8 e A R R 160 VO HRLYK 14
he M NaOH Gk O 85 . B8z
Jo s B 1% 2 45 (GEL DOCTM XR+) R4 K
BT AT B G it o b .
1.2.4 HEZRITS5RESH T Excel 2016 Al
Bio-Rad Quantity 4 X5 UK Bl i 47 454 Ge 1t R
AN T iy o 0 s Bl B, 2005 55 2%t . B
FH Powermarker 3. 25" 5 {4, 145 5 90 1 45 v Jk
HECH (N WA (HO LI 24 5 (H) Fl
ZEMERERPIO S,

2 AR5

2.1 RREFEAFINHMIEARSHEXEIE
12X CTAB 48 BUR 9 X R 25 DNA ZCR

R HWR BELE 30~460 ng/pl ZIH] s Asso /Ao EAH
TE 1. 6~1.9 ZIa] . ByUAEHE B i vy Uk 25 SR R 1), S HR
FK KT 20 000 bp DNA, 2 X CTAB ¥ 42 B 3
F PR B DNA 2105 15 50 3 B 4, B8 1 )5 2k 1 3
[A 4R % F1 PCR 34

Hlumina M J7 35 3K 15 — 2tk )¥ 51 412 469 4%,
HA KT 200 bp BYECX T 5N A 61 048 4%, FIH
MISA B % 3 86 7 51 39F 47 A $8, 72 o 4 983 5%
Fepl i 3L L Bl TR B 12 107 A, A M LR
FBE S RSB 8. 16% . i TR F B L)
THUTMREERL (R, BT EM KR
78.88% BRI ER H A 5 10. 34 %, A KRR H &2
FAA 5 8. 130 (=R E A ) 0. 1800 (U %
HIRER) 0. 35 % (AR E &) A 1. 49% N
TREE.

K3 WA ERAEHREZ LA D A/T HEH
HRZ NP TRT IS EE oo, A 1 223 4>
(A797.68%0) . A 4o Xt 3 AT e h AC/GT
A7 6 365, ) TAEITRR IR E Z T (1566, 6400)
AT /AT 33 114(32. 60%) .1 AG/CT ¥ 50.75%,
TE =R ARt AAT /ATT $647 834 4, i i 2 (
84.76 %) AAG/CTT 44 112 4~ (511.38%) , Hi 4
FRUEG D AR VIR TR  AAZAT R ST IR P L3
BTG4y B R AATT /AATT ((570.41%) . AAAGT/
ACTTT( 5 47. 62%) fl AAATGT/ACATTT (/4
T7.22%0) o BT L K 2 BOK R 102 A A5 02 D
A/T Jg 328 0 R BT — 5 19 B 25 g 4
(% 3),

2.2 AREEEAWMIERIKESHURESR
BR

HH 28 3 AT LA s KRR A9 B 1AL 9 4K S

BNz 10~120 bp, Hrh Z R H B B Fl A2

N

N

e

®2 AAEESETLXENSSREXKEERAFHHIRTE

Table 2 Occurrence of different repeat motif SSRs in G. elata transcriptome

AT RA B BT L RS

Repeat type Number Percentage /% Frequency/ %
B 1% R # & Mononucleotide 1252 10. 34 2.05
T AP R # & Dinucletide 9 551 78.88 15. 65
ZEAFRER Trinucletide 984 8.13 1.61
PU#% 45 iR # &2 Tetranucletide 98 0.81 0.16
TAZ PR & Pentanucletide 42 0. 35 0. 07
NI % B 2 Hexanucletide 180 1. 49 0. 29
41 Total 12 107 100. 00 19. 83
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Table 3 Number, length and proportion of SSRs with different repeat motifs
B3 wE T B J 3 T K JiT i Ee Al
Repeat type Repeat motif Number Length range/bp Average length/bp Percentage/ %
HETREL A/T 1223 10~75 27. 29 6.36
Mononucleotide C/G 29 10~24 14. 43 0.16
B L AC/GT 6 365 12~92 39.41 46. 25
*D%ﬁt?‘t‘%i AG/CT 72 12~36 21. 50 0.50
rueietide AT/AT 3114 12~120 50.75 33.10
AAC/GTT 14 15~66 30. 00 0.14
AAG/CTT 112 15~81 37.93 1.04
) AAT/ATT 834 15~120 44. 84 8.10
=k A %
*Tirfﬁiﬁff%% ACC/GGT 2 15 15. 00 0.01
rucietide AGG/CCT 5 15 15. 00 0.03
ATC/ATG 16 15~51 25. 80 0.14
CCG/CGG 1 15 15.00 0.01
AAAT/ATTT 21 20~48 34. 29 0.24
) AATT/AATT 69 20~32 26. 00 0. 69
1 i T
'TET%” Mﬁz‘ ACAT/ATGT 6 20~24 22.00 0. 06
ctranucietice ATCC/ATGG 20 20. 00 0.01
ATCG/ATCG 1 24 24.00 0.01
AAAAG/CTTTT 20~25 22.50 0.04
AAAAT/ATTTT 4 20 20. 00 0.04
- AAAGT/ACTTT 20 20~25 22.50 0.19
f%ﬁg&%? AAATC/ATTTG 4 20~50 35.00 0.06
entanucietide AAATT/AATTT 4 20~25 22.50 0.04
AACTG/AGTTC 3 20~25 22.50 0.03
AATAT/ATATT 3 20 20. 00 0.03
AAAAAT/ATTTTT 1 24 24.00 0.01
AAATAT/ATATTT 11 24~36 30. 00 0.14
AAATGC/ATTTGC 14 24~36 30. 00 0.17
AAATGT/ACATTT 139 24~84 51.33 2.20
) ) AACCCT/AGGGTT 1 60 60. 00 0.03
PN 23 e
;{‘T‘,ﬁ @fl%dﬂ\ AAGGCG/CCTTCG 1 24 24.00 0.01
exanucietide AATAGT/ACTATT 1 30 30. 00 0.01
AATATG/ATATTC 1 24 24.00 0.01
AATATT/AATATT 2 24 24. 00 0.02
AGCATG/ATGCTC 8 24~30 27.00 0.10
AGCCGC/CGGCTG 1 24 24.00 0.01

e R (12~120 bp), Ho4y 5052 S8 A1 i K AR L3S
Bl HRE L 10~75 bp, =B HRER 15~
120 bp, MU HRR HE K 20~48 bp, HAZ H R H K 20
~25 bp, NEHMREKL 24~84 bp, TEiA B K
JEH LT B R B 2 AC/GT (46, 25%)  Hik
J& AT/AT (33. 10%) , 0] UL 7E KRR i 10 AL 47 o5
A/T Sy 3 AT A6 e v B B L X

X AN [A) < B2 5 PR T i o T 4K B A e 1
HAT AN, R TREENRKEL BT &, It
A 39 MR K AR M H TR S ST IR EH
S 7 S TR R A 43 ) Ry 5 R 10 A (R D
MARNE ESEERWh BEERKESMTIAFE
R,

2.3 REFEEASSR 5| ¥i%it 5k

IR 60 A~ H A RECR 1Y R R T A
MBI TR LIRS H 4 DFEER 80 S AMAHE
17 PCR 4™ 14 01 5 P s ok Jie 056 Jie Pl Dk A0, 45 SR 3
Wi 42 X5 Red 38 105 W AR 2 i kA b
20 X519 (A7 SO M I S A 28 (B 2, I
Powermarker Z 44t 11 T 31X 20 A 5 # 25 7 F&
BINDFEZEMERE (R O, X 20 N2 BN A
14 55 57 K& LB (N ZRAB B L Dy 4~ 14, °F- 2424 8. 405
WG B (H ) JE M 0,233 3~ 0.800 0, FH{H
40,609 2; WA (H.) 4 0. 238 8~0. 905 3,
SEHER 0. 787 1; 2B MEE & & (PIO W K
0.218 6~0. 888 8, FH#H 0.77,
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Fig.1 Length diversification of the microsatellites in genome sequences of Gastrodia elata

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
190 bp

147 bp

M. PUC-18 DNA marker;1~20. LY JEFER 20 A

B 2 5149 GEBLO7 X B phms B (LY) J& B i 47 3 S5 R 18
M. PUC-18 DNA marker; 1~20. 20 samples from population LY

Fig. 2 Amplification pattern of population LY using the primer pairs GEBLO07
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