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Development and function analysis of SSR molecular markers in Magnolia
officinalis transcriptome

DAI Jiaol, SHI Xiao-dongl, GU Yu-xil, SHENG Yu-zhenz, XU Yingl, CHEN Fangl, ZHUANG Guo-qing2
1. College of Life Science, Sichuan University, Chengdu 610064, China
2. Sichuan Academy of Forestry, Chengdu 610081, China

Abstract: Objective SSR markers, primers and unigene function in the transcriptome of Magnolia officinalis were analyzed in this
study to provide powerful tools for molecular marker-assisted breeding and resources protection in this plant. Methods A total of
16 369 unigenes obtained by transcriptome sequencing were used to explore SSR. SSR primers were designed by Primer.0 3 and 45
pairs were randomly selected for PCR. The gene function analysis of SSR unigene were obtained by Blast. Results A total of 8 635
SSR were identified, accounting for 52.75%. Among them, mononucleotide, dinucleotide and trinucleotide type were the dominant
types, and the type which repeated for 10 times was the most. Additionally, the dominant repeat types were A/T, AG/CT and
AAG/CTT, and the distribution frequencies were 47.16%, 31.74%, and 6.53%. Twenty-two pairs of 45 primers produced fragments
with expected molecular size. Unigenes containing SSR were annotated to the process of energy and redox reaction, RNA transport,
spliceosome and plant hormone signal transduction metabolic pathway. Conclusion The SSR markers in the transcriptome of M. officinalis
show rich type, strong specificity and high potential, which will benefit to the candidate gene mining and marker-assisted breeding.
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B b Ah, T 2 AN (E R 4 22
ML, Bk 5K G U OR A AR R R R 4
2R P AT L, AR A A 2 R
Tt ST 8 Y523 M R S PR RS B E A AE JE I . R
AR 23 F- R i B A R AR I B 5 A% 15 5Ll AT
WEFT, AT A JEAN BRI TR 23 1 br i Gl B B &5 24
JEE B i

Hil, EWsE O RIF T A ThRd T
RAEAE Z RS, RIS T2 M. H
RS AN 3 AR e 288445 AFLP. DAF.RAPD,
SRAP 5, fij i 5 & ¥ 5] (simple sequence
repeats, SSR) N FRG BA, Hn] H st
PEE, HA R P 0 P s AN 2 A M A T
ez N T LRSS R AL 2% | Bpk 2 A b JE
PRI FE L B oy 7 T Pl g i) 2 i 0 il 2%
FILPRZH 551, 97 13 A SSR 4r Fhrid, Jxf
JEANSEATA T AR AR AT Be A ZHEME b T
SSR ¥ HF & T BEARHs Py R idE AT vt e I 0 5 49 ¢
ih, FTCAESE SSR Aric A3 FF AR MERE K . i A A
RCAS S R BRI, PRI H FTJE AN SSRAV ST
koA,

BEAE 5 2 AR P EORI R AN, X I A
AT RIS ) Y B ALK B 1) 2 FAm e s S, AT i
SSR Arid, el 5 LV OCIE ) SSR Axid I
I, BESEALNFHAR (RNA-seq) FA PRI AER
AT T S SR A SR, BRI e Rk
PR AR N N S 4L I
2, ARAR KR I AT L, AR RN (] Y ik
HERfHLTT & SSR brid B3 T HCAERI 41 Hir
ZHARCZE NS s H Rl g o)
GZF A HEY TSR TN RS TR
AL SR ZH 0 PP 45 b () SSR A A5, #E— 2D BE ML
WA R, AT IR AT, LA JE ARl it
PRI SRR R Y8 Loy Bl A R AR
e T H.

1 #R5AEZE
1.1 FRBEIEXRIE

JEAMEEER H YA IR B (N: 104.685% E:
31.895% HEHK 1934 m), ZRHRHBE 2 K kit
i+ % K 2= B} (Magnoliaceae ) #H # J5- £k
Magnolia officinalis Rehd. et Wils., ¥ 15 4, W
BT e PIAELERG R fr, R E AT,
AN SC % Tlumina HiSeq 2000 - & #4730 .

P ah W B dE 2 AT 1 U 5 SR A Trinity
Chttp://trinityrnaseq.sourceforge.net/) A4 %f £ ik ik
DE TR o A B AT A1 e, AR 16 369 £
Unigene.

1.2 %%3%4H SSR i S0 iE

1z ] MISA (http://pgrc.ipkgatersleben.de/misa/)
BAEXF Unigene HE4T SSR A iR . S8 E N
PRTR. —&TR. =R, WK, L
BHRR SN HRIE TR NEZ 550 104 6. 5.
5. 5.5,

1.3 &% SSR #J Unigene RITNEES 47

it Blast X 70871, ¥4 SSR [ Unigene J¥
%1%} Lt 3] non-redundant sequence database (NR).
nucleotide sequence database (NT). gene Ontology
database (GO) #1 The database of kyoto encyclopedia
of genes and genomes (KEGG) ##fiFH, XfLb=
ol e<1x107'7,

1.4 SSR 314i% it R AGIE

FIH Primer 3.0 BAT IRV, IR BE
PUBkIE 45 X5 514, th B R BRAE M EORA TR
A AT R A AR ) 2 R 2R SR B gk AT
DNA #23¢, PCR ##/74 94 CHUETE 4 min; 94 C
308, 60 CiRk 30s, 72 CLEM 1 min, fFH
35 72 CHEfH 5 min. PCR =¥ 2%35 e b et
JBE LUK HEAT B AIE o
2 HRE5SH
2.1 EFMERLE SSR M5 SHHE

R AT A JE2 A S 2000 7 1) 29 588 886 bip 1)
16 369 % Unigene J7F RS 1~6 EEILILH)
SSR A7 5, FEAHRE] 8 635 4, BN 52.75%,
SFIE 3.43 kb A 1S SSR s, M, 1613 4
Unigene /74 &4 1 NMLLLE SSR A7 41, S HEAM
SSR ] Unigene 7 533 45, i MER TN
PAZHRES, HUE M ERES, Bamll
ANEHRES & D.

SRHRA UM R Z, A 53 B, HAIKOE DU
HRRAITEA (33 FiD. FALHIR 4 PR MR EL
HERZIINAES (22174 IR 11 FidET
R i 2 R HITIA GA (926 1M): ik
HRRESHICRMEA 5 M, BMEESN 1. Hix
TIRE R RN K ER KN 25 bp, KN 25
bp; HARE LM KEL LN 24 bp, THIK
BEAT N 14.09 16.64. 16.78 20.47bp (£ 2).
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#1 EAMEREARFTI$ SSR Hit MAZAFRRIE FRADRE (1), BRETR
Table 1  Description of SSR in transcriptome of M. AT A6, V" AG/CT EEILF £ HkA,
ficinall TR SSR [31.74%, TS L AL PR,
Rl AR R ACIGT (2.05%). = HHFREL I,
fi?j ;’i’m 12 222 AAGICTT #:%, HIBE N 6.63%: H ki
4 SSR 1 AT A 6 604 AGC/CTG (3.27%) F1 ATC/ATG (2.00%). PU%+
S/ SSR i A HIEH 1613 REL AT, AAAG/ICTTT JiR%, AAAT/ATTT
452 4 SSR I H 533 KL o
PR IR SSR A 15 KL 4131 2.2 E#PEERLA SSR AYITEM
T HEHFIR SSR 7 KL 3018 SSR 7> F Rt 1 2 A M PR Ho ] F PR ) B 2L
=TT SSR AT K 1414 A, % A1k 2 B L L E BN SSR K (1
PP SSR fiL o7 S, ALK, JEAMH R AL SSR AL UM
TURZ TR SSR A7 A% 5

TP 10~20 K, 10 KELE Bl &, Hik

T2 ErMERLE SSR EE R TFIIHE

Table 2 Sequence features of SSR motifs in transcriptome of M. officinalis

FEAICHRA oM PR /op ERKEGKE/bp  HEEZELIOCKEAE HEERZERIOA
FAZ TR 4 14.09 24 A 2217
AR 11 16.64 24 GA 926
XA 53 16.78 24 GAA 116
VUAZ IR 33 20.47 24 AATA 6
TR 5 25.00 25 — —
5014716 s KEAE 12~20 bp W), JLZ M KT 12 bp
40 i, 2SR, EAb R4 SSR K F 2 h
= 30| e #E 12~20 bp, 4 4 SSR 1] 65.70%; #8320 bp 1
b SSR bk 8.18%. KT 12 bp ) SSR LLfilh
10{ 663 26.12%, RUAMFF LA A] SSR Hig L RA
oL W 069286 || 1121.07 M1.29 0.81°0572.200.210.260.24 0.60 s ) S AT

1 23 45 6 7 8 9 10 1112 13 14 15 HAh

I-A/T  2-C/G 3-AC/GT 4-AG/CT S5-AT/AT 6-AAC/GTT
7-AAG/CTT 8-AAT/ATT 9-ACC/GGT 10-AGC/CTG
11-AGG/CCT  12-ATC/ATG  13-CCG/CGG  14-AAAG/CTTT

15-AAAT/ATTT

1 E#bgEREAH SSR EFEEI S
Fig. 1 Distribution of SSR type in transcriptome of M.

officinalis

J& 6 . BREKETFER SSR 4b, Hifth SSR A Yk
FEERERES RS, B 5~10 %k —KEER
11~20 K, N AZIFIR SSR /0 fiie A ATIR
SSR 1, A 9 kM SSR B H %, A 7384, H
UOEEH 10 K —A%TFRR SSR 1, BHE R AT
Hahn, SSR FHZEH/D> (3R 3). #t SSR KM
& (K 2), SSR KEREIAH 20 bp I, HZAMER

2.3 [EFMEFELE SSR BT AL ERE

A BLAST A% & 4 SSR A7 55 1)
Unigene /3% 5 NR. NT. GO fil KEGG % ¥ /¢
HEAT XL, SRAG 1P A B LR 4, B 3L 6 159
% (93.26%) Unigene JT A3 2 ER. HpiE
B2 NR BT Y &Z, h 6 043 %&; HIK
& NT 245 FE R GO Hdls 12, 73 0l 24 5700 2% A
3555 4%

h T X R DI Re AT S b, R R
WEGO #M17T GO 732Kk . 45 KW, 3 555
ZIPHIFERER] 2 650 > GO K. Hr, g
1153 T Th BE (molecular function) 4 g2l 73 Ccellular
component) FIAEY2=iEFE (biological process) 43
KE5H1% 995, 273 Al 1 382 4. ¥ M Unigene
HERGE, AR ENER. RTINS
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Table 3 Distribution of SSR with different motif types and repeat numbers in M. officinalis
e QSR LS SN
PRI TR ZRHR VUL IR TR
5 — — 842 57 5 904
6 — 585 340 10 0 935
7 — 442 213 0 0 655
8 — 509 19 0 0 528
9 — 738 0 0 0 738
10 892 614 0 0 0 1506
11 606 127 0 0 0 733
12~20 2470 3 0 0 0 2473
>20 163 0 0 0 0 163
70 R 500
60 %;% 400
50 §0 300
S 40 5 200
E 30. 26.12 B
20 OABCDEFGHIJKLMNOPQRST
10 326 gg9 a9 344 ABETHT  B-RALEAROVARBEEGE  CHHTmE
0- - — — D-MMsif E-SEME T4 FDNA 44 G-4ie HATP
S A e A Gitr LB - KSURE LB MOBORRALL N4
Bfbp BB O-NFSHARL PP QEERINY. DNA BIBEL R-
2 [EAMESHE SSR KES T RARBMRAL S-SR TR A~H-5 T

Fig. 2 Distribution of SSR length in transcriptome of M.
officinalis

Fz4 EFEEFLAHE SSR A Unigene B NR. NT. GO 1
KEGG 33 FExf tb o3 4
Table 4 NR, NT, GO, and KEGG mapping analysis of

Unigene containing SSR in transcriptome of M. officinalis

R P TREH /%
GO 1R 3555
KEGG i F 1557
NR R 6043
NT 7% 5700
SR 6159

(R 20 4~ GO 732Kt — AT /0 #r (B 3D, B4y
TOReRT, FEEEEEEMA K, AR Unigene
%11 GO 4334 ATP binding: 7E41 M BRI 4)
R, EE UK A A K Cintegral
component of membrane ) Fl 4 b & it it 2
(oxidation-reduction process) J&#% . LA, #%
FEREI 5 SSR | Unigene 741 £ 21 ) e 5 I AE
AL B S AR AR G o

it I~P-4iiaZlsr Q~T-A:Widfe
A-zinc ion binding B-protein serine/threonine kinase activity
C-nucleotide binding D-nucleic acid binding E-metal ion binding
F-DNA binding G-binding H-ATP binding I-plasma membrane

J-nucleus K-mitochondrion L-membrane M-integral component

of membrane N-cytosol O-chloroplast envelope P-chloroplast
Q-regulation of transcription, DNA-templated R-protein
phosphorylation S-oxidation-reduction  process T-metabolic
process A—H-molecular function I[—P-cell part Q—T-biological
process

3 EfpEREAHE SSR AY Unigene A GO 7%

Fig. 3 GO classification of Unigene containing SSR in

transcriptome of M. officinalis

KEGG UMl 73 #r, A 1557 46 (23.58%)
Unigene "', HA32]7T 1 046 MK 9a's, KU P
1.49 47 SSR [f) Unigene HATARIRI I LhAE . H5AT
K 252 B¢ 1] Unigene 718 21 KEGG X5 1 i# &
i, SR 111 ANEEE (map). XFAT 20 M CiE
BT K, RNA transport i 1) Unigene %,
H IR BT HAKR (Spliceosome) A EE 5T
(Plant hormone signal transduction), L& 4.

2.4 EibEREE SSR BHIER T 54

XS 45 0 IR T R o b (B 5 RTA
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Fig. 4 KEGG pathway classification of Unigene containing
SSR in transcriptome of M. officinalis

5). i 5 LAE W, 45 X510 25 Xfaf LAY
B gt , JeR R 22 X514 T LAY 8 o TR N )
it (R 5), ¥R N 48.89%; 3 X5 M1t
PSR NASRF, ARSI 6.67%; TR
1) 21 X5 104 BEA 4% o
3 g

BT HE 20 F ) SSR 23 Fhric, AU T4
FENAME R, fehs P g b 3R 39 A K = 1)
SSR A S5 b 127 V2B T T 4 6 DR 210
K B = R R A (e £, AT JRE 4 EST-SSR {5
SRS HAT, AT SSR #ET4r
FARCTE R AN T AT 2t T2 40, vl %
Sk SSR A AREE H T TR Id I &, HRA—
SEMTZ M AR, T BB S0 B AN RNA
HATYI 22 PN TR, AR 4 e e 21
AN A WU T eI I =0 B S (VA R T i i e 1 S e

# 5 SSRE|MITEIE

Table 5 Screening primers of SSR

5199 5 IEf519) (53 BIa 514 (5°—37) RPEEIA UK bp
SSR0003 ATTCAGAGAGAGCGCCGATA ACAGGCATGCTTCTGGAGAT (CTG)s 177
SSR0004 CGAGCTGACGTGACTTCGTA CTTGCTGGTTCGCCTACTTT (TACTA)s 266
SSR0005 ATGGTTTCGGTGATTCCAAA ATTTGTGCCACACTGATGGA (TAAA)s 116
SSR0011 ATGTCGCTGTTCCATCTCAA TACACTGCCAATTTCACGGA (TC)s 154
SSR0015 CATGGTGCAATGACCTTTTG GTCCAAGCATACCACCAACA (A)x 179
SSR0016 ACTTGGGAGGAGCTGGGTAT ATTGCTGAGTATCGCCAATG (GGAGQG)s 187
SSR0017 TGGTCAGGATGCTGATCCTAT TTCACCAAACCTGTTCCACTC (CATTG)s 212
SSR0018 TCGAGTACCCATTGTGGTGA CCACCCATGAGTTGGGATAA (T)aa 168
SSR0019 AGCAGTAGGAGATGGGCAGA CCTCGTCATCTGCTTTCCAT (CT)y 210
SSR0021 AGGACAAAAAGAACCCCAGC GACTCCACTGAAGAGCGACC (AATT)s 241
SSR0027 TCTTCGCCAGATCAAATTCA GTAGGAGGAGCTGCTGTTGG (M 232
SSR0028 TGAACAGCTGCCATTCTTTG CACATGGATCGAGTGCAGTT (CT)y 105
SSR0029 TGATTGGATTAGGCTCCTGG CTCTCCTTCCCACATCCAAA om 160
SSR0032 ATGGCCAAAAAGTCAACTGG CAGGTCAGGTCAACTCGACA (TAT) 269
SSR0035 CAGAATCTGGCAAGGAGGAA CCTCGTCATCAACTCCCATT (TGA); 114
SSR0036 TTCGACCGCGTTCTCTCTAC AGATTCCTCTTTTCGGGGAA (CCCT)s 231
SSR0037 TCCCAGAACAACAGTAAAACCC GGTTGCTGACTACTGCTCCC (CTT)s 255
SSR0039 GAAAGAGAAGGGGAGATGGG AAGAGGCAAACATTGGGTTG (GA)y 198
SSR0041 TCAATCTCGACGTCATCCTG CAGAACAGCTGGTCGGAATC (TGG)s 217
SSR0042 TACGGGTACCCAAACAGAGC CCATCCTGAATTCCTCGAAA (TGTT)s 201
SSR0044 CCCAGAAATGCAGAATGGTT CTTGACTCGCCGATTCTTTC (CTT)s 226
SSR0045 CCCAAACAAAAGCACCAAAT GGATGTTGCACGAATGTGTC ©)3 228
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250 bp |
150 bp

1~45-5]4) SSR0003~SSR0045 M-Marker CK-XfJ#
1—45-Primers SSR0003~SSR0045 M-Marker CK-control

5 PCR F=5ER BRIk E
Fig. 5 Gel electrophoresis results of PCR products

TUIWT, 3k SSR 5T s A GE S HE K41 DNA 45
B, WEERT I TSR . AR, BhAh, fE
R EA A IR AR AT s, CE T
AFLP. DAF. RAPD F SRAP & 4> Thric AN,
HARCEATJEA SSR 73 Fhric ik, H2
HA MR YE . Rk, A0S H sk 41 500
HEAT SSR &, R1FKEM SSR {7 mif5 5, e/t
TAEGE SSR BRI T A A o M S5 RN AR i (1) 1)
B, M JEFN SSR ARIC T K B g T HkAil

AW TR AN 3 AFEARE AW T I
Unigene J741J1E4T SSR 7047, Jiidkth 9 405 4~ SSR
{755, ZAFE 6 604 4% Unigene J¥41H, SSR A 55
IR 1/3.43 kbe 0T AWIFRM, PP
23.3 kb AT 1 4> SSR A i, oA T HAEY A 21.2
kb, PPN 64.6 kb, XL EANERA B
SSR = H AR w45 o 5 HoAtb b 2 R A L,
JEAME L2 SSR BSR4 5 (1/3.5 kb) 1)
M, & TR (17175 kb) U7, AT )1 a5 o 32
(1/18.01 kb) "SRIZr 542 (1/18.01 kb) U945, Riff
& FRRP 84T 7007, SSR AR A4 A ]
XA Z PR R IE ), iR A L SSR i R
UH PR AR BE o 0,

SSR AP HIRFE S SSR 43 FhRic I H 2 /5 1 o
BIFS ], R SSR R TR E A S
S, HRE=gEREL. maxuel, fgail
R PV AR IR E S, e ) g e,
ARSI, = AR E S . AR,
JEANE SR SSR Z IR E AR R AE & (3 018 D)
LT BHRELRMHE (141449, Kbk

% AG/CT Rl =A% 11 AAG/CCT L KT A 5

HAHETT, X AMRIE B HHh, JEANE A

SSR " =R IRIMER R Z . K, B

W E RSS2 A, WERER SSR R AT

Fea, AT B S1set AOT K .

TH 0] JE AN s A b &4 SSR ] Unigene J751)
BEATDIRETERE, 6 159 4547 SSR A nif /751 fie s
XTECEICATIREIF A, Hl ik 93.26%, R KL
SSR X NP A HA A e al 2 2% . 9t — bty
R, R EEHET 2 7RI T ATP
binding , &) 5% HEFE R ) A A 0GR R
(oxidation-reduction process) FI14H 4L 528 ¥ 5
[FIHEARAL % (integral component of membrane). X
A BT k£ — 2 DU RERIIE AP B104E -SSR AL
MERBET I, A HARPEIR SSR A7 i i 28 5E T
SEfilte TR, T ECAD SSR A ic Rl id I 5
gitr, LI JEAN SSR FRid TFA, by S kAT 3%
VT RA < 3B B2 A PEPF O ANl B 7 b 4%
VEBLE HLhit o
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