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Characterization of microsatellites in Puccinia helianthi transcriptome
JING Lan, ZHAO Shi —hui, WANG Yan, GUO Dan — dan
(College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract:To develop SSR markers of Puccinia helianthi in large scale, microsatellites or simple sequence re-
peats (SSRs) in Puccinia helianthi Schw. were characterized based on transcriptome data using MISA software
(2010) of Perl platform in Ubuntu 12.04 LTS system. A total of 20 861 simple SSRs were discovered from 15 946
sequences. SSRs appeared in 3. 97kb interval on average. Among all 244 SSR motifs, the most frequent motifs
were (A/T),, which accounted for 88.24% . 18 100 SSRs occurred in 14 069 unigenes from a total of 42 610,
which were annotated via BLAST querying against current database. Only 1 057 SSRs occurred in open reading

no

frame of these sequences. The average SSRs density of non — coding regions was 0.300 1 SSRs per 1kb, compared
to 0.382 2 SSRs per 1kb in coding regions. The average SSR density was 1 SSR per 3. 97kb of unigene sequences.
The mono — nucleotide repeat motifs of SSRs were the most common in open reading frame regions (19 046,
59.5% ), followed by tri — nucleotide repeats (804, 3.86% ). SSRs length below 20bp had the highest proportion
(92.63% ). Results showed that SSRs and the expression level of genes was related. Genes expression level con-
taining SSRs was lower than those not containing microsatellites. Only 5 863 of 15 946 unigenes containing SSRs
were annotated to biological process, molecular function and cellular component with GO classification. Large a-
mount of SSR markers found from transcriptome data could be used for subsequent genetic diversity research of sun-
flower rust pathogen. Moreover, it would promote SSR marker development in other species and non — model organ-
isms.
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D B ( microsatellite ) 5 F% fi] B8 58 & > 51] SSR
(simple sequence repeat, SSRs) , & EL#% A= W) J: [ 41
H R EE AL PP 1), bl 1~ 6 B  ZH ) ER IR
FEAFH Y RYE R WA BT, T SSR R4y N
=Fp A, Bali Bl SSR (pure SSR) & & A SSR
( compound repeats ) F1 [A] [ % SSR ( interrupted
SSR) . LAl SSR R R T R, H A
T, & PP 2 Fh Bk ST HE 42, (] R 2 1 52 koo v ]
FAE—E RO TR AL . SSR HAT Sk 1 vl i
SR B M TR A8 BRI
TF % SSR ARTC A3 A rh i e R i 28 | e o S DM I
A TR ATy B A b A BF 5 v 9 T
I SRR A R A T HOR 1 A
A WIE B A A A B2 I 53 P 0 BOR B E E 1Y A)
o, REFIEHE R 2E T SSR 43 FAricd i I+
BRI ARG E RS TR b, B A2
REGZFEY I A sk HE 4547 T SSR i
REEEE Y .

[a] H 2% 45 % ( Puccinia helianthi Schw. ) S i Bl
YEWIn) H 25 1 S 3 2 — 7R 38 (R ) H 28
PR IE R, AR R, A T ) H 28 A AR
AT 20w BB, m H 28485 wifem H
B = aa o 0 R 7 1 = DA o (0 R
AT T, ASEIRH A 24 5 s o i) 24
1o 2SR TG ST P AU B A T AT AR
S AU RN IEAT B  (EZ0 AT LA
0 3 AV A B P A R O S R il e
PUPEER 0 AT . A AR B AR BS
1, A5 /INAAE 0] H ZEBTAE P 2 5 o7 5
PRSI IR TR R TR WSS TR
P 2608 BRI N 531K o AR el
A 30T Bl ke N T 1) H 565 TR RS R AR
e igetl Z AR VEDT 555 J5 . AR BIEFE /N 20 3 A
RAPD FRic X [n] H 2845 R AT HE AR A0 S st i 2 4
PR o ATREAESR  SSR AR BR B2 R
FEESE, W8k )] 5 ( Fusarium graminearum ) (151
595 & ( Magnaporthe grisea ) LI6) s ( Ustilago
maydis) T R E R ( Phytophthora sojae) U8 IR
T ( Botrytis cinerea )" ) 22 25 1k J He 38 % 5 W
Jom .

AW A B — A 5 8 i Mumina 0774 A
AT ) H S5 T 7 sk AU i R 15 R
WP HEAT RO S 40 SSRARIC 1Y & 4, 7] Bsf e L
SO SRR FEAT 30T, 9 IF K SSR st L ZAF
PG st AR S Al | H PR LR 1 A5 L HE S A

S AR BB IR A
1 #M#E57E

1.1 R REERIE

I 1 9 55 i 330 /NE B T 5 % O R 30
(Oh 4h 8h) (1 RNA # i , 2% Jb 51 58 28 m) A 1-
lumina2500 475 s 200 77, P 45 SR A Trinity
AT NSk 21 2%, Hh 3R 15 386 417 962 4> clean
reads , Hl e Gl AL 50 i 2 39. 03 Gbp , PF AR [1]
HZEEE TR S A 59 400 4>, My s ipddii 2 & &
ez 3¢ [ | KL WK (5 & A0 (National Center
for Biotechnology Information, NCBI) f) SRA #{ ¥ ¢
(http ;//www. ncbi. nlm. nih. gov/sra/) , 555
A SRP059519
1.2 SSR HyiZ1E

FZH| ] Ubuntu 12. 04 LTS &5/ Perl $/EF
£ MISA ( MIcroSAtellite ) 5 {463 M [1] H ZE45 W 55 %
Az 4 SSR Kds , DL SAZ T IR kot th B i b 10
W oEBHR I ED 9 W =B HRE A 7
U= AN IR S Aol D LS YO PR
T B2 L SCA U A B R OB, e BT B T Y
SSR 2B U H I3 A B B
1.3 ORF il % & SSR FFIEE RIEKTFEHH

A ALY Blast FoXT, # PFHEARTS Y 59 409
] H 2545 W55 s A 4% Nt(E - value <10 ) Nr(E -
value < 1077) | Swiss — Prot (E - value < 107"%) |
KEGG(E - value <107"") .COG (E - value <107'")
FI GO(E - value < 10 ™) JIiLJ¥ AT AH L1 18 2%, AR
Y& [FIEAR LR HE P i € unigene B9 751 J7 1) o R
ORF Finding # {4 Wi il ORF X, f# ] RPKM ¥k
(reads per kilobases per millionreads) ™", %} & 4
SSR 19 unigene FIAE AT
1.4 4 SSR unigene IjjEiEFE

FR4lE NCBI 5 1 SO0 Nr, (] Blast X 4/
RIS A SSR unigene [IIREIERE L, LXT 24 E
—value < 10 7, F{# [ Blast2GO # {4, BuigH: GO
325, SR G i i WEGO ( http://wego. genomics.
org. cn/cgi — bin/wego/index. pl) # ¥ X} GO 1 B4l
RAAT 2, I o3 SR

2 HRGHH

2.1 EEETHBERSH

ALFT MISA 1531 59 409 Z%ri H S£45 4] uni-
gene JPIHY) SSR HFAL, % 5 A P42 B IK S5 8 282
kb, f175 SSR HIFFSIA 15 946 4,320 861 4 SSR,
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B2 SSR {Y) unigene 15 946 2% /5 4= %K unigene [1]
35.11% ,SSR H B %A 0. 252 SSR/kb, -4 1] [
3.97kb L —~ SSR [y Fll, 7% SSR JFHI M Ak
JE 4y 279. 85kb , (RS r] H S8 45 1 5 AR SR EERY
3.38% , 7£20 816 2c5¢ 2 A4 SSR A i 3 244 Fip
52 BT (motif) #Ex0, Hovp, B = U AN
plchE A2 L OT B R B 2 0 43 il 2 (A/T),

( AT/AT ). ( AAT/ATT ), . ( TTTG/CAAA ), .
(TTTTC), M(ATCCT), , Ef IFE4 B ERE SoukAmd
() EL A5 45 31 2 96. 64% 56. 22% 13. 06% 15.07% .
13.33% F150.00% . MEEJFHANF , 10 H 245 7%
SEA T LLBAZ A A/T F1 G/C H A L7y Egikm
(19 046,91.30% ) , Hok 4350 = . = PO S AR A
HRELFIT(FK]D),

x1 AREEEET(motif) M DEHEHAEFHEM TR RASHANME

Table 1 Frequencies of different repeat types of SSRs in P. helianthi transcriptome

GiVEE vyl Kokt e IEEANEIVESNE 6 C INER i n)
Repeat type Number Frequency/ % Maximum repeat motif (number and percentage)

HA%FBR Mono - repeats 19 046 91.30 A/T(18 407,96.64% )

T AR Bi - repeats 635 3.04 AT/TA(357,56.22% )

AR Tri - repeats 804 3.86 AAT/ATT(105,13.06% )
PUAZFFER Tetra — repeat 345 1.65 AAAT/ATTT(52,15.07% )
TAZIF R Penta — repeat 15 0.07 TTTTC(2,13.33% )

ANIZF R Hex — repeat 16 0.07 ATCCT(8,50% )

FER BRI 244 Fhig it s A A b, BT o EU i) o e
(42 (A/T), (88.24% ), Hk J&(G/C) . (3.06% ) .
(AT/AT), (1.71% ) .(GA/TC), (0.91% ) Fil ( AAT/
ATT), (0. 53% ) , A3 il 5 75 6 & & b Lol /N
0.50% . A[FIZERIE L ILICH SSR A WK 1, IF
KEMGH(CC/CO) M HHREL .

100

90 4 88.24

(o]
S O O O

W b W N
S

AR Frequecy/%
s 88

5.55

3.06
I-I1.—71l0.91I0.53l
A/T G/C  AT/AT GA/TC AAT/ATT Other
H 4 HIC Repeat motif of microsatellites
11 : Others 4, & ARSI /NT 0. 50% 1Y) 4235 i &2 Fon A 1l
Note: The sum of repeat motifs with frequency below 0.50% is included

(=]

in others

B 1 AEXRBELET(motif) i IE

5% (ZERBBEEIMER)
Fig.1 Distribution and frequency of
different SSR motifs in P. helianthi

2.2 SSR KE4FE

TR K 10bp £ 86bp A2, -1 1:26. 8
bp (BAHHAEE S 10 LA EREER) FTER E LR,
AR5 EZAE SSR Bt o TR KM 10bp T}
) 20bp i v, Gl TL A 0 SR8 s B TR
20bp 1| 86bp ZHi FE < 14  FE H, B R AR X4
g (18 2) o ATREBE A, 22 5 R B R 1Y 7 571

(18 <20bp) 1E 1) H 255 o TR i AR L 1
AR SR AR A [ il TR (IR > 20bp ) A3 il TLA
S 7.37% o 524 SSR K BE B R 337bp,
0T oA H SR T TR Y IR S TR
KEZMAHE 5 & , M SPSS X AFBEAT Person A
KM AR RECH - 0.497, B F AR, &£
2 AP LLFE Y, B E A OO T e R B 2
Ao TR ER AR H AL 12 KN SSR B B T B
THEL . =Mk, 7 EZ MR R %, A 687 4%;
PO 5 Y A B e 2 A 280 A% TulisEE 5 K
S A 10 25550800 10 REE R Z , H9 &
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2 HBEFEAREATRIENKES
Fig.2 Length distribution of SSRs in
P. helianthi transcriptome

2.3 SSR fiiEXK & SSR FHERERIEKFESH

] H 5545 147 5% s 41, 4 42 610 2% unigene 7
SIDRETE R Y, BB Ry 75 328 725bp, Hh
i [X (CDS) JE 4 B 35 034 363bp, [ 46.51% ,
15 SSR B IIAYA 14 069 45741, 7 18 100 4~
SSR v s, HH A F 4 i X 19 SSR XA 1 057 A~
SSR T[] H 25 55 T 1 S/ 21 1) 35 PR i [X 1 BLAR %6y
0.382 2 SSR/kb, 7EJE 415 [X 24 0. 300 1 SSR/kb,
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BT R E A TR A T (842,79, 66% ) 7 Jk [H i
R DAt B AR g e, OO = Ak i 42 (190,
17.98% ) o i SSR o s A [i] H 2% 85 B 5% 5% 41 571

(AR HE P10 X B (15 582,91.43% ) I8
2%, FLUROE sk (568 ,3. 33% ) Fl = Hg & (550,
3.23%) (K 3).

x2 AREETSSREERHETN
Table 2 Repeat number of different SSRs motifs

FLFF2EH Motif type

R/ S EYTI—. =, — Ty Fvn—. e
Hopons R FF — BT R DI R IR TR
Mono — repeat Bi - repeat Tri — repeat Tetra — repeat Penta — repeat Hex — repeat

5 282 10 4
6 58 1
7 689 1 2
8 111 1
9 240 1 2 1
10 6 295 181 1 1
11 3173 92 2
12 2 296 120 1
13 1590
14 1330 1 1
15 932 1
16 876
17 567
18 488 2
19 593
20 470
21 316
22 66
23 45
24 9

Jit Total 19 046 635 804 345 15 16

100 TAE SSR FE[H RPKM ~FH{H (12.73) o M4 We-
% ber XFRCTLEL Y 4326, 435l T B4R SR K

B Zifi%X Protein-coding region
80
JE 25 [X. Non-coding region

4 SSR FIfa] A SSR Ay KL RS- Hy e ik K. &

]

ER A %2 45 SSR FilfE] fF SSR ¥ 51 14 °F- 24 RPKM {# 43 5
=5 10,9512, 65, 247 4T SSR (1107 RP-
HE 5 KM () 12.44 (% 3), Person 447 2], SSR K- i

§ PR K RPKM 5L 535 1R3¢, A6 R

g %3 SSRABEKFSEARKKTHER

iS 20 Table 3 Effects of SSRs types and size on RPKM

10 bS] RPKM -8 SSR K Ji#
0 1 1 A W A 7 Sequence type Average value of RPKM  Size of SSR/bp

1 2 3 4 5 6

A FLIT Repeat motif of microsatellites
TEAARAR 1 -6 0 AU BABCRE T A2 — BRI =ik i A, I
L A | T H A S A
Note: 1 -6 denote mono —repeat, bi —repeat, tri — repeat, tetra — re-

peat, penta — repeat and hex — repeat respectively

3 EHBEXSIERDXAEETT(motif) SSR =L 51
Fig.3 Percentage of SSRs motifs in coding
regions and non - coding regions

TE 59 409 564 A P, S D R B Rk
B 5 A B AR 26. 84% o AR S DR
unigene [1)°F-3] RPKM {8 5 A 3 il T8 3 B 1 °F- 3
RPKM {if, % SSR #£[H 15 RPKM E¥{f (12. 47) 1%

A& SSR JFF

Without SSR sequence 12.73
o = AS i
SAHE AT SSR
With compound SSR 10.95 36.80
A~ Iy B
S IR AY SSR
With interrupted SSR 12.65 81.52
SbGalalia 12.52 12.66
Mono - repeats
;*Z:FFM 12.44 20.34
Bi - repeats
:*zﬁ:mk 11.65 21.46
Tri — repeats
A, 9.91 20.93
Tetra — repeats
il 9.37 34.00
Penta - repeats
YA 0 57 s

Hex — repeats
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-0.007 7, [A]FF SSR F- K FF R 81. 52bp, B &
SSR (¥ F- ¥ K 2 36. 80bp,,
2.4 & SSR WYERAR GO E#

AL XS SSR HY unigene #EAT GO FERE, ul L4
TR 1] H €45 B b oSSR R AL X 7= 1 )
P, i Blast2GO %44, #47 8 SSR [ unigene [
GO 78, BUSH GO 43255 ,15 946 2k unigene H1 H
A5 863 A unigene 15 F| T AHM 1) GO 432K 5, N

100

WEGO output

36.8% ,63. 2% A fE W i B AL T H
WEGO Xf %4 SSR JFF11 5 863 & unigene X Jif 19
GO SHT/3 26 GBI H AR DI Re /A (&1 4) . Hrp
5260 ZBT RN FIIEE, 1 702 SRBERE N A Y
IFE,3 908 S BN AL 7y . ZRE R
WL (metabolic process,52. 7% ) (%454 3 fE ( bind-
ing,46.3% ) . I id 13 2 ( cellular process,46. 8% ) Fil
AL IE 14 ( catalytic activity,37.0% ) H1,,

10,

2N

Percent of genes

0.1f

0.01

5 863

1586

Number of genes

Cellular Component  Molecular Function

Biological Process

B4 mBZEFEEFRHEPD SSR HY unigene B GO 533

Fig.4 Gene Ontology ( GO) annotation of sequences containing SSRs in P. helianthi transcriptome

3 i

ARBFFE ST T 59 409 k1) H 3545 1/ 1Y unigene
JEH), H B 20 861 L LA, 4 AR TE 15 946 55)F
F A E SSRFF A1 H BUAIAR O 35. 11% , SSR 1Y
H B A 0. 252 SSR/kb, SE-H)4HKE 3. 977kb H B
—A SSR P, ) H 88 T L S TR R A
A Gty X F AL 2, i Sl A G DX 90 T T
B AR T A g A5 X, (R S ) DX 5 0 4 ) X 1Y)
SSR M R 2= I A B3 (0.382 2/0.300 1)

FARZAT IR B2 A (] H 2845 TR B SR 4 Y SSR
PRI G % DX RN G B DX R Sy 32 1), =k B A2 T
o XUMREEPY AR /N 445 1 ( Puccinia striiformis 1.
sp. tritici )7 368 4% EST e 4], H &k A& SSR
2 642 F, MR TREL F B ELLBL
92.04% , R =AM HTREE (5.2% ) ; EH

TE T R B M0 B ( Pseudomonas syringae ) s R 4H 11
SSR WP KBTI EL (R KEXRT
15bp) (54Xt Es; 2 = DR B R, 7R A
R (M. grisea) HEERIZH P, S 16 398 /> SSR,
o e 2 1) AL H A 4 392 A, Hik =gk &
3 5861 (HEARYE 2 7 S 58 2 70 SR A AL B
( Verticillium albo — atrum ) F: K 20 v, 1% € B IL T
SAR/ 16 U b e 0 =l B 50 A T E A 2R A
HRl i 2, 4R 22 B T B A7 A TR ] DXFH Y
PR BRI R B e A0 HE A B (Spori-
sorium reilianum) FFERHEE 1.2 .3 KLY, ik
FEFRZH RIS 16 IRUA B, R =i g5 i o 1
WK 5 BB A ) A 7K R 1 M 955 1 ( Xanthomonas
oryzae pv. oryzae) JEPRIZHATFEHp, BpRAL AT f /MK
JEBCERT 15bp, KB 6 AL E A 3 Pk E A (5 4
X, Z UL R B, B E S — b 1Y
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Bl . 4% 4 Fhia) SSR K 22 5 1T fE A2 th 4y ol
] L5 SSR 22 5 ak fy SSR 2 #6 7 i A S 1 A )
KV AR [R) B 128 o 1 5500 e U5t M 7 i
255 THT B A [ 36 R R o A S SRR B E K T
10bp , /N 25 1 7 B D B R T
FrE " BE KT 15bp s A SO 38 T 45 S 4 AT 4K
P2, N TR R L T EST Bl &, 9 ) 1 A
I TR AR K SR s R 2 3 TR I A AT i R
Bifi 4 3 DRI A e SR AL B R 25 i AN R, &)
FhlE] Y SSR % L B A — AT — BIAR e

Ak B A , = 0 R 7 A X B AT W B A
e, BFSE B = 0L T R AR R A IX v 0 B R 2
R g LA Tk AT R R S S T IR Y
SO AR AR A2 SR E A B AR ) T 3K
I SEHE RS T 278, (ff 3% 1 11 22 G R TR T 91
B AR R A O . p T R S
T BT O UK 7 A ] TR 2 R AE B /N
DR 3R I 32 5 R AR R A8 /0N I LA 4 D X ) 51
X =L B S A o T T A A I B A2, T
PRAET , &8 e oS TR R B 4R
B — UGB T = i TR A A PR 20 R PR G X
B LMRAE L

AT ZHTA ] SSR IF A2 3 4 i b
% DNA (junk DNA ), SSR (12 A1 3 Ji7 1 4k
FEEN TR B T, S AR T N AL S
FEORE L 1 4E, SSR AL I AEREHL AN, Hok,
SSR ARICHINL B & & BA —E MR . SSR #E
S 225 B0 1 [6) B 97 ) B0 VeI 0 7R B
FEEE DR 2 e A DB R PR ] X
& 1M ORF X DR & m B EFE I, XEHT
TR R 985 b o 73 S5, R 4 M ) 14 0 T
S R P R A R B A, AT 5 A e e 7
225, XFEUEE L [ AR T A REEK
Wt e M PR A E R R . IR L, FERE B R JIERT T,
T T R 2R X 4 HE A% LG AR PR 2 X IR . AR
SCAF R B, TR 1) H 2845 T e sk AR rh , SSR 7R i
X% BB & TS X, Person 453 7, it
TPRSHEFBARFRKFEAHERER, MDA
J ) 22 R P B A KPR T S A T DR 7 97 2
DRI A 1 7K, 5 A 2 TR0 ol T 7)1 5 PR i
PRFRAR Tl — BB MR, &AW TR
PR R DOR AR T & I TR R S A3k 7k
SR T AR G R DR A A R AT 3 sk K S | 1A
HILE TR 230620 T, A ) A 7 2 PR 2 35 DR 201 o
A

ABESER T GO Bl A% S 863 /> unigene HE1T
INREFARAFHIRAI TN RE RGBT GO B
AREAMR, i — LN ERG R AL, A
WA 10 086 Z% 1) H 3545 i B 4t 154 sk A R fiE
ARTFERE, X L7 51 ] BE R — LR 4 A5 1) RNA J7
), R AR BB A & S F RO REIE B, A
AR H AT IR 2 i B RS B s A 2, b
A AT BB AT 1 — LU

FRAEY) (S AR I R ) 2 IR 20 R A7 7
APXLR DNA F A 4, H5 A 2k R 2 AL 4 )
FASCE o AT i B2 A 90 A 5 T 1 A
Y ERMTAT A R I T A A hsid . 1A H
AR T 5 ok 41 SSR A B R AR R
SRR N Z YRR L B R, R B X 4t
SSR R Ayt — 2 F R 1) H 285 1 2 RE SR A A i
BEE A, AT s AL P A L FARPRARIE A
7 JRAL ZAEE D BT AF I o

S 3Lk
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