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Characterization and gene function analysis of SSR sequences in Poria cocos
transcriptome
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Abstract: Objective To develop new molecular markers for Poria cocos, and to characterize the SSR in P. cocos transcriptome.
Methods The transcriptome Ungenes and genomic scaffolds were examined by the tool of MISA. The gene annotation and gene
function cluster were obtained by blasting the Unigenes which contained SSR to the nr and KEGG databases with BlastX. Results A
total of 2 075 SSRs were identified in 4.57% Unigene sequences, the density of distribution was average one SSR per 17.01 kb, and the
average length of SSR was 19.59 bp. Meanwhile, those were 54.00 SSRs per Mb, and 20.74 bp in genomic sequences. Among all 241
SSR motifs found in transcriptome, (CG/CG), which accounted for 10.97% was the most frequent repeat motif. And hexa-nucleotide
repeats which accounted for 35.64% was the most group among mono- to hexa-nucleotide repeats. (ACCACG/CGTGGT);4 with the
length of 84 bp was the longest SSR. Only 115 Unigenes of 1 887 Unigenes containing SSR were annotated to cellular metabolic
process or nucleotide binding, etc, with GO classification. On the other hand, 1 223 Unigenes containing SSR annotated into 219
KEGG pathway maps. 314 and 297 Unigenes of them were annotated into metabolism pathways and genetic information processing
pathways, respectively. Conclusion The SSR in the transcriptome of P. cocos is rich in type, and has a high potential of
polymorhpism. Associating gene function, SSR might be applied in marker-assisted breeding with the aim of specific traits.
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identification tool, MISA, http://pgrc.ipk-gatersleb
en.de/misa/misa.html) 8 22 0k 2 4 s 41 J JLFE R 41
FeIi¥) SSR, WE M SSR H/MEEEBANT 12
bp. MK EZ A 35.30 Mb (1] 41 327 4464
Unigene J7 51 48281 2 197 4> SSR, 43 4ii T+ 1 887
% Unigene ; & Z£A SSR Y Unigene [y
14.47%, 3£ 273 . MAEERTE K 50.38 Mb )
348 % HE [N 4 scaffold Jy 41 o 1% 22 £ SSR 2 877,
Z T INH R B R BN . AR, Fes A 55k
PRIZH 2R B SSR T BE3 il 58.78 /1~/Mb.
54.00 /~/Mb, 541 SSR % M T AL R4l &
gk vk 5, Bk 2l SSR 5 AL 4] SSR K
TS, P 19.59. 20.74 bp.
W 1,
F1 REHREMEREFTIP SSR Fit
Table 1 Description of SSR in transcriptome and genome

sequences of P. cocos

T H L2 3| FEBRIZA
73 S 41327 348
SRR AU bp 35299 182 50 483 556
GC &/% 55.72 52.17
. SSR % 2075 2726
524 SSR H & 112 135
4 SSR K EL1/% 5.40 4.95
7 SSR /745K 1887 86
& SSR PP HL /% 4.57 24.71
T2 A SSR )P AIHL 273 40
T £ SSRTAM L% 14.47 46.51
SSR #JiE/(-Mb 1) 58.78 54.00
SSR P44 /% /bp” 19.59 20.74

"FOR P T e s S R AR O B
"indicates there is no difference in significant between transcriptome

and genome sequences

3.2 HFEHFRERERFELE SSR HIFFIFIE

TEF A 5N 75 I8 R 2 SSR 1, 43
AT 5.40%1 4.95%[152 45 SSR, SPSS /> 1 fion G
ZE5 (R D, BRI A 5 HERY] SSR H
A8k, IbAh, SSR EEIIC (KEFEAIH
A, HAEE A SSR WEZ S O IEIATIRE K5,
FHRAM SSR T BT R SO AT AR S e S 2
FERZA IR M 2 s (RS AT 11 SSR A
FOIRHEHAG BEER (R 2). (EHRA SSR 1, K
FRR A I IAT 241 B, D F W IERI B 5 2
[ 292 Bl i H., fERESEZL SSR W SR AR I T
W%, N 35.64%, HUOE AR, & 31.04%; 1
FEFEDIZH SSRH U 43 il 2 A% 1 R O O
(32.15%)~ INIZFRIETC (25.72%). #5321 SSR
FERIZH SSR Hp FUAZ TR M DUA% IR 2 TG R AE T
b, HIUZIRES IL oMo 25w (P>0.05);
FRTRE S AR SSR R ¢/G Y, EEKE
(21 bp) /NT#E540 SSR (24 bp) (£ 3). HIE, F%
B RITEE BE, Fd IR 4] SSR 24
THEHRESRZ, /A (CG/ICG), fl (AG/CT),.
B2 SSR 2~6 A% H RIS T IO s AL
B/NFRERZ] SSR. Hesdl SSR DAHLILTTIR C/G
B m%zZ, 24 kK HUER 14 KK
ACCACG/CGTGGT /SR SSR e, 4 84 bp.
MK SSR LA AC/GT M HIREE 44 NI Z,
IR ESE ACCTGC/AGGTGC HH 26 Ik, ik
156 bp k. #5640 SSR HILR4 SSR LA, %35
MEGH O R 2 NES ARG, —
AR LVUAZ AR, 2398 C/G. CCG/CGG.
ACGC/CGTG; M iFIR Tk IR M/ ik R )
ZEGEICIAR. AL, R4 SSR LA
SSR 1, FREAZIFIRAN, 2~6 RN Z ER LT
PAGE R K ES ST (k3.

FT2 TFEZSSRESHTHIMAE

Table 2 Occurrence frequency of different SSR motifs of P. cocos

e _ § %iéﬂHSSR S %WéﬂVSSR
TR it LERD) FETU L Hi SR/ Y%
AT IR 2 49 223 1 8 0.28
R 4 357 16.25 4 576 20.02
AR 10 682 31.04 10 516 17.94
V%R 15 70 3.19 26 112 3.89
FALH TR 60 256 11.65 81 925 32.15
ANIZH R 150 783 35.64 170 740 25.72
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K3 HESSREEETFIHE
Table 3 Sequence features of different SSR motifs of P. cocos
k4 SSR FPH4H SSR
HEHIG VK BKER TR E AN PEK mKER HamLMESET
Bbp K /bp =, Anl Ebp K /bp G, maat
PR 1976 24 C/G (24, 57.14%) 17.63 21 C/G (8, 100%)
TR 13015 34 CG/CG (241, 67.51%) 15.22 88 AG/CT (346, 60.07%)
=HATER 17.27 54 CCG/CGG (200, 29.33%) 19.65 90 CCG/CGG (112, 21.71%)
VUi 17.83 28 ACGC/CGTG (18, 25.71%) 18.96 68 ACGC/CGTG (15, 13.39%)
HAZFER 1539 25 CCCCG/CGGGG (36, 14.06%) 15.68 35 AATCT/AGATT (274, 29.62%)
ANETFIR  19.21 84 ACGAGT/ACTCGT (60, 7.66%)  22.26 156 ACCAGG/CCTGGT (63, 8.51%)
3.3 HFEZEFLEFR S SSR B Unigene B GO 9% o[ 1887
i MISA %R, AR FIHE o
| 887 % Unigene 4 SSR, h THEAEA 4 SSR - & e B
S, ABAA SSR 19 Unigene JATT £ 1873
GO 43 KiERE. GO WILIMIN AL 0y 3 Ak, 1 § ) 15
S T-IhfiE (molecular function). M4 4> (cellular =
0.0 0

component). AHEFE (biological process), K
Moyl TARZAZE, SR AR, MANF A
X R ) T REREAT 73 R RE o« IS 75 SSR IR %
Unigene #E17 GO VR, AJ LAA IR AR % 7 SSR
HE DRI R 0 i s

F48 R 254 SSR [ Unigene J3 411§ H BlastX
EEX 3 nr £ 80 R, HCEORT B R R R P A R R
5 B A 1561 4% Unigene ERAS 2] TR
326 ZJCTEREAT R . P Blast2GO #ift, @47
SSR [#] Unigene [J GO yEF, I GO 2k,
1 887 4% Unigene "*H R4 115 4> Unigene 7551 T A M
1 GO 432K'5, h 6.09%, HAth 1 772 ANAGEHL)
R ¥4 SSR /FHIIN 1 887 %k Unigene %5
ORI GO S HIHEZ T . WEGO (http://wego.
genomics.org.cn/cgi-bin/wego/index.pl) #4773,
PRIER D RE A (B D

g IR, 7647 GO R 115 /) Unigene HT,
11107 % (93.04%) BERER| 7 IhRER T, Mk
YIRERE A2 73280094 74 4% (64.35%) A1 30
% (26.09%). {E 107 FuVER S T ek M
Unigene 11, 700l 74 45+ 68 S MR Ak
(catalytic activity) FZ5&7E 1 (binding), A GO
B¢ Unigene (1) 64.35%- 59.13%, A Z4ER
Jy RS BEIL M (transferase activity ) 7K fift B 1
(hydrolase activity )« #% 11 8 45 & (nucleotide
binding ) . 1fy /£ A M BEFE R b, DUAC I ik AR
(metabolicprocess) M4t FE C(cellular process)

1234567 891011121314151617181920

14 2-gsy  3-ANMAk 4- K TEAY S 64l

aA sy T-HiEAL 8-AiAIETE 9-MEALIEME  10-9r TE B AL ib
-Z5/ 501 12-BHEERT 13-%02 14 15- a1 iR
16-ZESTEAL 17-800 18- HERE  19-ERPTR 20-05 R i [
I~6-AMEH 7y T~13-73 TIIHE  14~20-/ LW

1-cell 2-cell part 3-envelope 4-macromolecular complex 5-organelle
6-binding  7-anti-oxidant  8-catalytic =~ 9-hydrolase 10-molecular
transducer 11-nucleotide binding 12-structural molecule 13-transferase
14-translation  regulator 15-transporter 16-biological regulation
17-cellular metabolic process 18-cellular process 19-localization

20-macromolecule metabolic process 1—6-cell part 7—13-molecular

function 14—20-biological process

1 HFEZ4EFEH S SSR /Y Unigene B GO 573
Fig. 1 GO classification of Unigenes containing SSR in

transcriptome of P. cocos

THIAHARIEERE (cellular metabolic process) A3,
H 43 4% Unigene, HVRNIZAN 58.11%. [AI,
AMILN 532 JLF- AR (28/30, 93.33%) A4l 4l
45 Ceell part)o ZEA 4N, OGRS SSR [
Unigene =221 D)He /25 40 Mo )25 At A CAH oG 1
34 HEHHFHAFIES S SSR B Unigene HY
KEGG X8 & 2 #r

1T Unigene ¥ GO y3:8¢ J A % /b L Ag e v ¢
ok, AT AT T IR SR AP A
SSR ffJ Unigene fIZIfE, #H1R ] KEGG Hdfs
W, BT 1S B LA R 1 B S . T
Rt KEGG RN, S R— N IhRem ek g e
—A~ K 4wy (K numbers), FEAERE R EAFIN Ik
PR IE . (pathway) H,



* 3562 -

¢ %% Chinese Traditional and Herbal Drugs 35 46 % %5 23 #§ 20154E 12 A

TERARZS 5 2 1 887 4515 SSR ¥ Unigene i
17 KEGG fRHmEs e, 6 1 223 4 (64.81%)
Unigene AVERLAR, 55MP 664 45 (35.19%) K132
R GET B Unigene KL, RAG5IT 412 MK
G, RIUEH] Unigene "M VFZAHEIMIREAHNE], ~F
)ik 2.97 A Unigene HATAHFIIZIRE. 44T K Jw
FVER) Unigene VR R KEGG AREM KR, H
47 752 4> Unigene, XfhV 245 4N K Zi'5-#E8 2 219
MEEEE (map) H; £ 471 4> Unigene, 167 /™ K %
SAPER BB T, B2, AT 39.85% 7
SSR [ Unigene #7A7FF| KEGG QU E %

FEXTAERE R 219 /N % BT 2 Hr s, A
KEGG #5328, 283480 7 KRS
wEgrh, P giE R 2P R (metabolism) &
AR5 KA EE (genetic information processing) 51
Unigene 1%, 73010 314, 297 4, H4#B& SSR
ff) Unigene [1) 16.64% /% 15.94%, 7 GETFRE 21 4%
) Unigene [¥] 41.76%- 39.49% ([ 2),

BRI B
S AL =

S 2
AU ——

[ Unigene %
RS K 954

) e |

HihRs
NI -
L7014 =
0 25 50 75 100 300 350

2 HEZERLAH S SSR AY Unigene #9 KEGG @22
Fig. 2 KEGG pathway classification of Unigenes containing

SSR in transcriptome of P. cocos
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ALK (chemical structure transformation maps) 2
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VERE 21t K AL & P Qs
(carbohydrate metabolism) ZSili##) Unigene % ,
A 176 4~ Unigene, 538 ZUIRACH 251 56.05%:;
;ﬁ\m%@gﬁ FI IR (amino acid metabolism)

overview maps) K4h,
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4 it
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Fig. 3 Analysis on Unigenes containing SSR in transcriptome

(=)

of P. cocos annotated into metabolism pathway

SSR (genomic-SSR) A\ sliA T, L& EST-SSR
A DR, A genic-SSR P AT; [A]
I, XBPHEARE 7 FH T s AP 4 R . B
SRAEET-HEK 20 SSR Al EST-SSR 43 Fhrid, #E5¢
Z1 SSR FFk M, Hmi k41 SSR BFFTIL L
D RE, VAT RE MR IS T 5% 41 SSR
TR 73 TARIL 2 S TERY B BOR BT,
21 SSR3&E B FHRHEAT 2 A i T & E il F 3
e e e e RNA BHTVI 2205 725 L,
i I T s A e A0 ek (05 | ml e s B H (1)
HF&FFE’JEMC, UL R E SR S T W AT

Re4h GBS R, A ARG E W, e
)ﬂuﬁﬂ%gﬁ&ﬂ%l%ﬁ& THHIE .

WAL, EORARZE A 77 v R AN BTG4 3 e 1 T
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$¢J5 1) Unigene J7H1E4T SSR 4341 K7 HIRFAIE 3
*ﬁ, M 41 327 %% Unigene 14 2 197 4~ SSR, 43
Ai{E 1 887 4% Unigene "', 7 SSR 11/3 41 i HLAI
A 4.57%; HHRIE ZFLE H EST-SSR 1] 9.80%
IR AR, AHEC RN HROE (9 2 LR EST-SSR
114%805 5. Jioh, IR% %4 SSR % 5k 58.78
A~/Mb, BISEXAIRE 17.01 kb L 1 4> SSR 72471,
L MFERI AT 4R HE SSR )% s s Ll 22 L 1A
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H 1) 149.81 4~/Mb 2>, Lh Z FLEH BLT-34 34.81 AM/kb
2O, R RS, O SR B SSR Mk
AX, w5 TFIEE. K, DU ER SSR I
K B8 AR AR [FIAT o ASHITIT S R e i
T 1) EST-SSR [F]IEIX 3 ANJ7 I #BAN A

[FIIf, T FIR R R, BT SSR (1)
FPARFIE I 22 53 o ASBIFIC R IMAR 2 5% 241 SSR # &t
BFEEMNEANZTRES G, HIOE =R
JG; RXE RN TR R TR
HHTIART o FEARZEFERIZH SSR b [A] f H 0 AL A% T
M. AEEIRER I U FE I, BT S8k
SEART, XGHNABE G, kR
BHR. =R, WETRESECHERZ M
C/G. CCG/CGG. ACGC/CGTG H it 5 NI
IR B2 oM. N —EZ o,
el . BN S R o R R 2 (W R
12, 73514 (CG/CG)ys (AG/CT),, 5 SSR %111
10.97% % 12.03%.
4.3 TEELLFELE SSR MITHAE KEX

T AR Z ek 4 & SSR 11 Unigene AT
GO 73 KRNI LA T AW R 2R R 1 4 AR
WIHERR . 2 T IIRESE PR IR 45 & A gl 7y 2%
TR AL5 2. 4k, Tl KEGG fRi i ek,
Unigene 2 A8 FRACH Jogt L5 BALBED g, HAE
W RARS Sl 2% v 2 A T oK S AR 2
FERRAC AW o 255 GO 7028 KEGG Rl
BT R A R, R AP E SSR 1
Unigene %4 EW AR ERIACIAH G I D BE. (R
EER GO 432K ) KEGG QT B I T 24
Unigene FL[RyEREZIAHFIDIRE -, X PG G0 H L
BR T IE S B DR KO EE 2 A FE AT A AH [ D g b,
W AT A S S AR N T AT AR BT . SR PR
R K. I, K4 SSR (WM I 75 ZE AT
FHR ()5 [P0 B 55 T A, [FIIE, Al ok vtk ¢
5 — g D REAH G L RIE A SSR Fric i s, MM A)
T HPRHEAR 97 1L o

SE R
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