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Characteristic Analysis of Microsatellites in the Transcriptome of
Rhododendron longipedicellatum , an Endangered Species
Endemic to Southeastern Yunnan, China
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Abstract ; [ Objective | To comprehensively understand the distribution and sequence characteristics of SSR loci in
the Rhododendron longipedicellatum transcriptome, and to provide a theoretical basis for further development of high
efficient SSR markers. [ Method ] Transcriptome sequencing was conducted on young leaves of R. longipedicellatum
by using Illumina Hiseq 4000. Then the SSR loci were sought and analyzed using MISA software from the obtained
unigenes. [ Result] A total of 23,192 SSRs were identified in 17,354 unigenes, with an average density of one SSR
per 3 kb. Dinucleotide and trinucleotide repeat were the main SSR types, accounting for 69.25% and 15.07% of
all SSRs, respectively. Among all the 187 repeat motifs, ( AG/CT) n was the most frequent repeat motif
(62.01% ), followed by (A/T)n (12.34% ), (AC/GT)n (4.52% ) and (AAG/CTT)n (4.23% ). A total of
15,908 SSRs occurred in the intersection of SSR and CDS, only 2792 of which occurred in protein-coding regions of
these sequences. The density of SSRs was 0.076 SSR/kb in coding regions which was significantly lower than that
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in non-coding regions (0.344 SSR/kb). Moreover, trinucleotide repeat was the most abundant in coding regions

(1356, 48.57% ).

In terms of different length repeat units, the variation of the length of dinucleotide repeat SSR

was the most abundant, followed by the mononucleotide. There was a significant negative correlation (P <0.01)

between the frequency of SSR and the length, with the correlation coefficient of —0.566. [ Conclusion] The SSR

loci in the R. longipedicellatum transcriptome showed high frequency and density of distribution, rich repeat motifs,

high repeat times, more long fragment and significant potential of polymorphism. The SSR loci could be applied in

genetic analysis and conservation genetics of R. longipedicellatum in the future.

Keywords: Rhododendron longipedicellatum ; transcriptome; microsatellites characteristics; potential of polymor-

phism
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12 (N C N | B I 3 S R N IR (74
1183~1 316 m 47 WA ol o S TORY LA
G I RA X — RS Fh 28, AR H AT IE
TETF BT XS 1M A WG Rl 8 5| b Ak B OR3P A )
W5

AL SRR A W) 2 AR B SR AS Y L O
QIR RAFEY) A S RIAZO H R 4R, 56 T
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i SSR ARIC T & Bs AL e S b 1]

LA g %
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M 73545 58.30 Mb 1) Raw Reads, 1o & )5 15 3|
44.85 Mb f] Clean Reads, BHfFE% R 6.73 Gb, Q20
BT 20 MHRAEEL H o SR H p Ee )
H98.22% , T 15 Iy 5 1) R B o R S R . X
Clean Reads 17 4H 215 3] 94 906 %% 5% A% ( Tran-
scripts) , HAC B F 304 7E 200 ~ 2 000 bp Z[A], 5
SR B 89. 85% o X BEHE AR PE— P TR
FIUAFEH] 74 092 4% Unigenes , H A1 B2 25 (clusters)
A Unigenes & 51 505 2%, BA i ( singletons ) fY Uni-
genes *fy 22 587 45;GC(WoFE) &R 43.20% , K &
£ 1 kb L F A 23 879 %%, i Unigenes k&L %5 1)
32.23% (1),
F1 KEMBHEFRABRINFER
Table 1 Assembly sequencing results of transcriptome of

R. longipedicellatum

R A et TEICAR oA
Length range - Proportion Contig Proportion
Transcripts X
/bp /% Unigenes /%
200 ~ 1000 67 851 71.49% 50 213 67.77%
1000 ~ 2000 17 423 18.36% 14 892 20.10%
2000 ~ 3000 6 445 6.79% 5936 8.01%
=3000 3187 3.36% 3051 4.12%
o
- 94 906 74 092
Total/ 4~
MK
82 078 113 69 505 225
Total length/bp
N50 K &
1470 1616
N50 length/bp
2K pE
THRE 864 938

Mean length/bp

2.2 KIEMBEHERAP SR I EWNNHEESES

FI Perl A7 F 9 MISA §cPE K AR S
S T 75 74 092 2% Unigenes H1 1 ~ 6 bp 1 SSR
HEATRERR, JEAH 2] 23 192 4 SSR LA, 677 2 826
AN AR SSR, 434 T 17 354 4% Unigenes |-, Mot 4
402 %% Unigenes &4 2 4~k 2 LA ) SSR, &#R4>
SSR fE B 2,

F2 KIEHBESERAESSR HBENDBIER
Table 2 Partial result of SSR data in transcriptome of

R. longipedicellatum

Gene_ID RS ﬁgtﬁﬁ . izigf;%
Repeat type Repeat motif SSR/ bp
|CL10. Contigd  FfifiFL Mononucleotide (A)13 13
CIL2. Contig2 A Dinucleotide (TC)10 20
CILA4. Contigl =g ZE Trinucleotide (GAG)5 15
CL761. Contigd PUBK KL Tetranucleotide (CAAA)S 20

CL7329. Contigl ~ F#ifi 3 Pentanucleotide
CL3540. Contig3  /NHfidk Hexanucleotide (ATAATC)4 24

o A (GAC)S
C13646. Contig2 Compound pattern (GAG)6 33

(GGATA)S 25

JPHN A% L TUAR G AN 69 505 225 bp (3
1) ,SSR Y &A= 4% (% SSR {3 #5.[1) Unigenes %5
B4 Unigenes Z [t) N 23.42% , £33 SSR [1— )41
S PATRE (K S Y SSR A%k &L Unigenes JR 41 20Z
) b 31.30% . SSR {4340 % & &y 0. 334 SSR/kb,
FE%E 3 kb B 1 4> SSR A A5 # R B SSR 74|
SACEEDN 543.322 kb (0.78% ) , Pt W 7R A A AL BY 4%
AT SSR P AN T AL SR A TF AN EH 53 Z—
(%3).
2.3 KiEitpsiRA] SSR (I AWES BTHER
T KA AL S 55 S 40 SSR OB v, DL iy
A PICH SSR F i 2, i B 69.25% , Hak
SRS, 4 15.07% F 12.45% T
VY T SEEE R BT B R HAR UG 3

F3 KEHBEERA SSR FEE LB RIS

Table 3  The characteristic of various SSR repeat types in R. longipedicellatum transcriptome

IR SSR %t Jir i LA H A el Distribution density SR
Repeat type Number of SSR Proportion/ % Frequency/ % Mean distance/ kb S Mb) Mean length/ bp

BRI AL 2 888 12.45 3.90 24.07 41.55 14.67

TR 16 060 69.25 21.68 4.33 230.95 22.99

= Hg 3 496 15.07 4.72 19.88 50.30 17.83

PO B e 154 0.66 0.21 451.33 2.22 21.63

iR ®:8 285 1.23 0.38 243.88 4.10 21.32

Vay &S 309 1.33 0.42 224.94 4.45 28.89
/N total 23 192 100 31.3 3.00 333.33 21.23
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(F£3) . MM HARFEEE BICH SSR & i | BLAS
B A B DA A T R B AR AR K,
1, SSR Fr it IR oA o R AR AL — 3
WUy : Z0dFE > =0 FE > FRAEIE > 7Bt > F
FE > PURKIE 5 55 22 %007 (4 F- 24 2 DA DY B ik e i,
451.33 kb; AW 5 Ik, o 4. 33 kb, H =519 2%
Stk 104 7%, B SR AT 80 b & 30 104 4> 0
SEF R AAA B 1 A DU T 5 SR SSR,
2.4 KiFHEHERADT SSRESETHEAMK

7 JEREE HAMER R A AL RS 540 23 192 4~
SSR H kB 187 AP T, Hi st . — = U i,

FNIRIEEE A 24,10 .22 .56 F193 Ff, A [A] i Ik
MY LT b b 2E AR (I 1) o it A
AL A/T S FEEEIIC, HiZEA99.07% ;
TR T R A v & JE ST T 7 B KR Ol - AG/CT
(89.55% ) > AC/GT (6.53% ) > AT/AT (3.64% ) >
CG/CG(0.27% ) ; —Hi T i 5 AAG/CTT 5%
(28.09% ), H:¥k &= AGG/CCT (13.27% ) . ACC/GGT
(13.27% ) ; AAAG/CTTT (16. 88% ) . AAAAG/CTTTT
(12.63% ) Fll AGAGGG/CCCTCT(12.94% ) 4351 |
SR TR R R AT, HAr A 5.20,
41 P HAA 14> SSR,

0.27%
T 3. 64%
AG/CT
" AC/GT
= A/T
89. 55% = AT/AT
" C/G
= CG/CG
ki8S Dim;leotide
Mononucleotide
= AAAG/CTTT
® AAAT/ATTT
= AAG/CTT AGAT/ATCT
4.58% _ 3.26% 2.69% = AGG/CCT = AAAC/GTTT
6. 24% ACC/GGT " ACAT/ATGT
6. 44%
e It * AAGG/CCTT
cc6/cc = AAGG/CCCT
= 9. 09% = ACAG/CTGT
ATC/ATG ACTC/AGTG
AAC/GTT = AGCG/CGCT
ACG/AGT AAGC/CTTG
AATT/AATT
AAT/ATT gL /
. Tetranucleotide ATCC/ATGG
=k AVT/AGT
Trinucleotide others
= AGAGGG/CCCTCT
= AAAAAG/CTTTTT
“ AAAAAT/ATTTTT
® AAAACC/GGTTTT
i i
42.07% =
- ﬁgﬁggﬁﬁg % ACACGG/AGGTGG
AAAAAC/GTTTTT
= AAGAG/CTCTT » AACCCT/AGGGTT
] g
* AAAC/GTTTT AACAGC/CTGTTG
* AAAGG/CCTTT AGGGAT/ATCCCT
1. 75% u AACCC?GGCTT ] gﬁgég;ggg%
AAGGT/ACCTT
1. 75% # ACCAG/CTGGT Lovdz AAGCCC/CTTGGG
1. 75% AAGGGG/CCCCTT
AATCC/ATTGG 1. 29%
9. 11% AATCAG/ATTCTG
ATATC/ATATG 1.29% Others
2.11% ACATC/ATGTG
2. 46% ACTCC/AGTGG
2.46% J 2-46% AGGGG/CCCCT X
Others Vay %3
Pentanucleotide Hexanucleotide

T s others SRR RF ) HAR BTN GERR
Note: others: The rest of all repeat motifs not for being listed in the bar
B L KA A 40 SSR R R E 42 2K T4 LT L B3

Fig. 1 Motif proportions of each types of repeat in R. longipedicellatum transcriptome
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HAR TSR E R O SR E R, B
A EICI R (AG/CT)n  (A/T)n (AC/GT)n
%% (AAG/CTT) n, 43 51 /5 4 SSR % 1) 62. 01% .
12.34% 4.52% F14.23% . WA, B LT 44 E
FE e AL P ASE LK) CG/CG 3T, DL} 240 /N7
T A AR LAY CCG/CGG 2Tt
2.5 KIEMHBERAD SSRERBEXIHS%H
HHE

Xt SSR 1 CDS (Zhith [X.) 1) 38 46 HE R A T 4G
215 908 A~ SSR A a5, Frh A 2 792 A7 A
FEAET Gt X, A T 4 5 X 04 47 3K 1) 12 555
AT 561 A7 SRR T B A i X R AR i X
Hh X SSR 114 H BT e ( i DX rpos: H 1 SSR A4
5 CDS @KEZ ) A 0.076 SSR/kb, M 7E3F 2 it
X H124 0. 344 SSR/kb , iX 15 B A 4 i X SSR H 2R A3
RRLERIGX 4.5 %5, FEFEFHIBX 2 792 4
AL R B B B e Y R E A (1 356,
48.57% ) , Hok & — AL H 52 (808, 28.94% ) FI A
B L A (275, 9. 85%), B AHh ik Kk B (225,
8.06% ) NE AR SSR, ARt X M| J& g FE F R
%% (8306, 66.16% ) , Hyx 2 HMEE & (1 283,
10.22%)

2.6 KiEHEEHERAH SSRETESRH

SSR EEWHINAF &S FHEE F BKERE
An S R 2 A, KA A5 4 SSR
FEG RN EZ REOT G ERT W8T 4 ~
7 ], HEZEH T4 ~25 ]R(K2),

70
60

50

xR
~N
>~
2
g 40 total
g 2
g o5 22
=0 T = = 20
X g T g 18
& 20 — = “'Fl 1418 S
10 == 12 ,°
- -.. e g 10 st
5L = &
S 4 @@’
s & &P Q\?’ &’ &q}
PO NN

LY
K
HEHHKHA Repeat types

P2 AL AR 4 SSR 45 T A2 SR TUAN R 1 B R B i SR
Fig. 2 Percentage of various repeat types with different number of

repeats in R. longipedicellatum transcriptome

117 .6 ~50 .5 ~22.5~10 4 ~8 f14 ~15 ¥, H#E
PR A 7 T A R B B R B Y i, SSR.HE B
FATER AR, A2 A i T 42 DA 10 B ) 11 1k
B, SSR B0 B T AR B I . & HLoT LA
HE 6 IR, 24 SSR 3 630 4>, i SSR i
B 15. 65% , Hoyk 2 7 (2 587,11.15% ) .5 Ik
(2 176,9.38% ) 8 (2 144,9.24% ) ,25 W L) F
SSR {UA 340 4, 4 SSR [ 1.47% . MAkkH,
SSR [T EIRBLL 4 ~ 10 K2, 5 59.12% ,11 ~
20 YR 35.97% T EE S ERAE 20 IR A B AN 2
5% , 3Bk SSR HUiE WA T A B B I S B B R
Rk (& 3) o

70

60

50 f

40

30 |

il Proportion/%

20 |

10 +

0
4~10 11~20 21~30 >30
HEH KB Times of repetiton

B3 ATRL RS 5% FH2H SSR R IR B AT %
Fig. 3 Frequency of repeat number of SSR in R.

longipedicellatum transcriptome

2.7 KiEHEEEREAT SSR FIKESHRESR
&5

RALHEASFE SR 2 SSR PSR AT AE 1B 57
5, KBEH 12 ~ 117 bp A5 R 21.23 bp,
A IEAS TR B, Hofi B2 (Sk) A JE (Ku) 2K F
AR IR A 5 Bl H A2 A AR A Y TRl e K
(12 ~ 117 bp) , Herp LA A/T B0 AT 5 K
(12 ~ 117 bp) , Hiyk & AG/CT (12 ~ 100 bp) ,
Bl | A | B | DU A | T R S B
K433 14,67 .22.99 (17. 83 .21. 63 . 21. 32 il
28.89 bp(3K3) , HAS Ak A2 FER M B O A
SR BUK FE AR N, SSRH BLA AT BT, BRIV 2% B Ak
A X BOR B B 5 HOX A SSR 0t B S i 78
. MAERIRIERF , 12 bp KAy SSR 7E KR ATAL
A 5% AP i o Le Bl A i, O 14.46% U 15 bp
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(10.56% ) .14 bp(10.48% ) F1 18 bp(9.53% ) , H
HH B =20 bp # SSR 5 7 698 >, 5 SSR B
1) 42.90% (& 4) .,

12 13 14 15 16 17 18 19 20 21 22 23 24 =25
SSRK:Length of SSR/bp
P4 KAALRGHE SR AL SSR M i
Fig. 4 Length distribution of SSR in R. longipedicellatum

transcriptome

2P XA AL S AN ] B2 B2 42 BT SSR K
JEAS A OLHEAT A3 HT, 43 0l 3R T 2% Bl R B A AN [
K EE SSRAEDFEIH Y o5 F, B A& i X6 A ]
JER) SSR, B < 1% 1Y SSR 5 FH7E[F] — 8 €4 5 XN
(E5) o MBI, gk & SSR K 78 5+
PRy , A 40 TN [A] SSRZAZ A B2 5 LR 2 B0
B 28 Fifr; = HREE SHREE | DUBRAL A SSR K
A SRR FE MU FEAR , TUms S S5 1K, A 4 RS ALK BT
KATAL RS 5% 20 SSR 1Y 7 914 2 5 H: H B0 32 114
Pearson AHICHE TR B & 1E 0. 01 ZKF- (XU 1
B TR, MR FRBCY -0.566,

3 i

ABIFE 1 A AL R e S e, 42 2R
FEICRIGHRG 74 092 55 Unigenes, F| H] Perl #:4F
5 A MISA BRI R 2 23 192 4> SSR i x4,
£35% SSR BY— 7 41 A ARy 31. 30% , 434 %
J&#°4 0.334 SSR/kb, E34 45 3 kb HFL 1 4~ SSR {3
Mo 5 R ZHOWF M A Y) a0 AL i ( Eucommia ul-
moides Oliver) *' (0.038 SSR/kb) .24k ( Prunus per-
sica cv. duplex Rehd. )" (0.287 SSR/kb) FlfH £ K
J# ( Osmanthus serrulatus Rehd. )™ (0. 183 SSR/kb)
[ EST-SSR #H LE , 1A AL B #% 5% 4H Ff SSR [ 70 A1 %
R B AR T & % (Sorghum bicolor (L. ) Moench)
(0. 646 SSR/kb) | 7K #F ( Oryza sativa L.) (0. 739

SSR/kb) “ BiF A 4 ik AT AR T AR
FEAFEAR XTI SSR A A Ak, 5 4h i
P22 S ] BB 5 WAl ) SSR 970 A1 L&A SSR
BE R B RE AR T IR A FERA 1
LRI R IR E S A —BOR ¢, SR, KA
S k2 SSR B U R H .

TESAF B AT AL B 5% SR AT A SSR oy, — g Ak
WA R EERAL, ST A SSR 11 69.52% ,
Yot =L EA, 15, 07% , X S5V 2R L
SEEARME LY g IR
3 ( Nymphoidespeltata( Gmel. ) O. Kuntze) ¥ 741 %
PRAY 12 319 4~ EST-SSR iz s, i A = B 3k &
SIS B R R A, 4y 5 B SSR 1Y 57. 31% F
30.87% s 2 J 457 N NCBL S e BLA At Y
FERASG EST A5 435 4> SSR FAIHL LA =T
BN, —BOAN AR S RIT Y R R A
I 78 I A K P85 o, T o O R R BT e B
WA e ) ) B AT A ) AR ) A AT ) 2 S 4
N Ll | X | iy - B B e
Ak SSR (14 96. 77% , AI R Bl 7R 45 FCHAT B iR 1978 S
AR B A s X B TE— R R B S
T 7 ERAE R TR 2 s as e, #LAS B A R IR T
BEA-5 6 700 542 13 700 J7 4 2R A Y 1 240,
HAMBAR AT . AL 5,4 ~ 6 bp TR
Fenigge/b, B H A SRR 3 i, SSR i B
AR (SSR 5 i DL R oA 5 BE RS 2 T i, RIS ek
SSR K B 5 £, 1 = ™ W ( Pinus yunnanensis
Franch. ) 21 S SSR A FRIERE S, R A
FNBBEERL DY FLA AL 2 . X R RE S Y T DL R
H—ANBAIUA K, B T =R RS

SSR JM AR TEA [A] Yy b [B) AEAE B R 22 5, HLA) A
AR BRI B R BRI A R o AR A A LA I
ENC-E LUV STWUE YN 7 NS AN | ® -
AAAT/ATTT , AAAAT/ATTTT F1 AAAAAT/ATTTTT
For g WA B, BRI —E R AT, X
ATRE S BRI S R A L R R E A K
B =R #e B AL ou & AG/CT fil AAG/
CTT, 350 5 SSR S E ) 62.01% Fi 4. 23% , 5 1 4
( Chimonanthus praecox ( Linn. ) Link )"’ 2kl
S AR A Y SR 2H SSR 3R I BIF ST 45 SR —
;. fE =W 3k B H o, AAG/CTT, AGG/CCT il
ACC/GGT SEITHT & il e, 15 E % il
A ALAS AL EST-SSR 471 = fifi 3 A L #3850 AAG |
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Q) %0 9 91%

=Rk

Trinucleotide

(30)  (35)
2.13%_ 1. 27%

Pentanucleotide

(44)
1. 24%

(40) (42)

1. 93% 1 50%
(36)  (38)
2.85% _ 2. 45%

Dinucleotide
(32)

DY ek
Tetranucleotide
(48)  (54) (78) i
5.02%_1.16%_ % 116w 7

Hexanucleotide

T P — B DX AN [ BZ A8 SSRARTE T 9T o FU Bl S84 I, A X A B SSR AR < 1% , | — 2 A2 R R X I

Note: SSR in different lengths are demonstrated in separate slices. If the corresponding percentage <1% , slices were combined for

percentages( black slices) .
Fs KB ASRE RAUAN R BE B A B0 SSR K 2 AR 51§ oL

Fig. 5 Length diversification of SSR in R. longipedicellatum transcriptome

ACC AGA AL, 14 22 251 3 Z 8 R i 52
TR IH = m 3L AAG (AGC 1 AGG 8%, iX S5
LR HEIC REAE EST R 81 vp e g i, 101
JEARH G E 1 E DNA 5 . e abh, KA AL S e
WRILT 44 DHEAEY) e Sk 4 i 2 P LA
T CG/CG Fl 240 AN7E XL~ A8 497 Hh 43 A /0 1Y

CCG/CGG BRIt K i T REZHHE ¥,
H % (Brassica oleracea L. )'* (1 4~ CG) B (6
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