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Abstract:  Abstract; By using 454 pyrosequencing, the simple sequence repeats ( SSRs) from DNA sequences in three
Camellia species, including C. oleifera, C. brevistyla and C. chekiangoleosa, were tapped with repeats of 2 to 6 bp by
MISA. In all cases, the frequency of repeat motifs in the EST was similar, while the proportion in the EST of C. oleifera
was higher than that of its genome. Comparisons of all SSRs, the dinucleotide repeat microsatellites ( DNRs) were most
dominant ( > 55% ) and the most common DNRs was ( AG),. The most common trinucleotide repeat microsatellites
(TNRs) was (AAG), in EST, while the most common TNRs was (AAT) , in the genome of C. oleifera. Apart from the
hexaucleotide repeat microsatellites ( HXNRs) , the abundance of the other four classes of microsatellites was negatively
correlated with their repeat motif lengths. In the EST, apart from the HXNRs, diversification of microsatellite lengths
(repeat number variation) was also negatively correlated with their repeat motif lengths, and we predicted that DNRs was
the highest polymorphism and pentaucleotide repeat microsatellites ( PTNRs) was the lowest. Subsequently, statistical
analysis on SSRs within coding regions ( CDS) and untranslated regions (UTR) in the Unigene showed that the ratio of
motifs distribution was ranked as the following: 3'UTR > CDS > 5'UTR. The DNRs were the dominant microsatellite in
UTR, while the TNRs were dominant in CDS. The proportion of TNRs in the 5'UTR was higher than that in the 3'UTR,
indicating that the SSRs in the 5'UTR were more conservative.
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Tab.1 Number and distribution of SSRs in Camellia 454 sequences

J£ %) 3K 5 Sequence resource

LN K41y 5
AL Characters Transcript sequence Genome sequence
e 3 il % L RARANITES RS R RURES
C. oleifera C. chekiangoleosa C. brevistyla C. oleifera
K9 5 %) J5 #5 Total number of sequences examined 36 339 46 279 40 168 98 756
SRl 1) 2
ﬁwhiﬂ K& . 12 867 557 17 065 478 15 957 902 30 773 610
Total size covered by examined sequences/bp
K 90 SSRs 2 % =
Total number of SSRs identified 1815 2730 241 3229
PN T R B
SR AU A 127 118 120
Number of compound microsatellites
S TR T AT T 1 B
AEHHLEERNTH/FIISE 1 696 2554 2248 3065
Number of SSR-containing sequences
BB R R 8 & 443 Total relative abundance 0. 047 0. 055 0. 056 0.031
T B P8 SEY) 5 BE Average distance/bp 7 089. 56 6 251.09 6 618.79 9 530. 38
A% & Dinucleotide repeat 1 006(55.43) 1516(55.53) 1417(58.77) 2 015(62.40)
— K H R #E A Trinucleotide repeat 484(26.67) 727(26.63) 630(26.13) 596(18.46)
U ¥% # 1#2 # & Tetranucleotide repeat 103(5.67) 133(4.87) 102(4.23) 268(8.30)
A% ¥ 2 7L &2 Pentanucleotide repeat 33(1.82) 46(1.68) 36(1.49) 78(2.42)
JNHFH R H 5 Hexanucleotide repeat 189(10.41) 308(11.28) 226(9.37) 163(5.05)
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WENE K, Gk B W48 Wi e b 2%
FEAS EST R 8 & B EKE FAATERNER
HAR A, 3L K 2R ok ) IR T A KR KD
ANEE I % S 18 ~ 70 AN B Wi VLAl gk
18 ~72 ANk, B AE R 4 18 ~ 170 A B, H op

TR R FE 5 8 B ok 6 N 43 LE 5 (% ) o The value in front of parentheses is the number of each SSR

type, numbers in parentheses show percentage of total SSR content (% ).
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AN ) K B 52 B 6 ) DA IR G R AR e A O R AT
T oM, AR CE L) SR, 3 B AE A AH ABL R A
BIX; T2 ~5 2R ES Ao, X8 DA WK
AR S5O0 N AR T 2 R I e K B T
1M 7N K% R 52 50 0 W0 AT ) T i, R I A
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Tab.2 Relative percentage of SSRs in Camellia 454 sequences

LEANTA) F 51 28 B Hp BT 5 17 43 EE Relative percentage of SSRs (% )

FREMER R CREY

Repeat composition

A T it A% A R 2

Genome of C. oleifera

AW ah 4% EST
EST of C. oleifera

WL 4L %% EST
EST of C. chekiangoleosa

JAEZE EST
EST of C. brevistyla

— %1 & DNRs

AC 3.90 3.
AG 32.27 44
AT 26. 14 7.
CcG 0.09 0
=17 & TNRs
AAC 1.98 2
AAG 3.59 8.
AAT 7.68 4,
ACC 1.73 4.
ACG 0.37 1.
ACT 2.51 3.
AGG 0. 46 1.
CCG 0.12 0
DU k% 178 TTNRs
AAAC 0. 46 1.
AAAG 0.43 0.
AAAT 5.05 2.
AACT 0.28 0.
AACG 0. 06 0.
AAGG 0.06 0.
AAGT 1.08 0.
AATT 0.28 0.
AACC 0. 00 0.
ACCC 0.06 0.
ACCG 0.06 0.
ACGG 0.03 0.
AGGG 0.09 0.
AGGT 0.00 0.
ATCC 0.22 0.
ATCG 0.12 0.

64

.30

49

.53

10

24
76
69
87

.33

72
31
50
06
06
39
00
11
00
06
06
11
00
17
06

3.63 4.27
42.27 44.75
9.60 9.75
0. 04 0
2.49 2.74
7.33 6.55
4.36 3.82
4.32 3.98
1.39 1.70
4.87 4. 44
1.54 2.49
0.33 0.41
0. 44 0.29
0.33 0.37
1.94 1.74
0.44 0.41
0. 04 0.17
0.11 0.21
0.55 0.41
0. 04 0.08
0.11 0. 04
0. 04 0.08
0.11 0. 04
0. 04 0
0.18 0.08
0. 00 0
0.22 0.21
0.29 0.08

2.3 T 27 Unigene P H SR

W% 3 B Rl Unigene I ff) SSR 4 ESTscan A4
e g Al 7€ Fo 73 DG O, Bl T Excel 8T 22 4 G
BICEI2),3 BEFP A BRATVL L0 25 16. 83% |5 kE
A 13.52% W25 A3 16. 52% ) SSR ANREHf 2
JLAE Unigene b AL E 2 4b, LR 1) SSR 34 f2 B i
HAE UTR X I 88 # CDS X B 20 A, HF R A5k
FHACL IR 73 A B . 7K F B3 B Rl 30 4 4 A T
UTR X 35 /) SSR JIT v L9 3% 5 T 4 4 T CDS [X 35k
FRY, T 5 0 05 DX s L 45 R (R R B 24 37 UTR > CDS >
5'UTR,

LS FRER AR R RS A1 UTR 55 CDS [ 48 (32
HRRZ AT i PR E R oo, DU A 2 Motif
Tk gwbR e, B — B G AE CDS & UTR X I
H2~6 TR EZPICMAHAMRNE N, B3 2R3
B Ff A [R) K B T 5T PR T ) A AT R AR A — 8, A
UTR X4, EE e FE U R ITREZ Rk

F b oA S B A 0 B T0% LB BRON
g B A2 R G SE A S R R AR 0 BB DD 1)
e, IR Bl s 3 8 Bl or A - 5TUTR X0 =
Bl 2 ok 1A 9 LE 51 3 T 3" UTR 95 70 78 CDS X
s, TR R ITI DL = A T IR T R TN, A
AT RICEHU 50% LL L IO N R T IR A
LI, A7 E 25% UL L

3 it
3.1 BRI EEERXRBHHIST

AHESE DNA FPBIR B o )@ 73 J& wh A 41 401l
AU AR AL 3 AN i FH AR A Bl 7N 7245 174
A~ 454 DY B ) 45 R P BE S T3 B Rl EST
A, SCHA M 0 2 AL 7 41, R R 4 R BLRE A il
Ho e W 2 DNAJ3 41 Al B2 10 9 A e AR A
MISA B AF 5RO RE R &5 ROKR B, B A7 77 51 f SSR
R BUFAE 0.031 ~ 0.067 2 [8], i B #5 & 1E
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3.22%

L0

1.84%(34)

2.37%(32)
3.88%(30)
5.92%(28)

DNRs  §.09%(26)

26.84%(18)  4.35%(30)
5.49%(28)
7.41%(26)
10.07%(24) 12.47%(24)
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16.71%(22)
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8.13%(27)

4.23%(30)
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2.11%(36)
3.90%(33)

1.25%(38)

1.87%(34)

2.81(32)
27.01%(18)  +89%(30)
6.76%(28)

2.19%
23.83%(18)

7.60%(26)

12.90%(24)
14.67%(22)7
1.52%(36)

21.23%(20)
21.17%(20)

1.46% 3.03%(33),

4.33%(30)

7.14%(27)
41.63%(18)

2.16%

45.02%(18)

TNRs . 13.64%(24)
12.95%(24) 14.15%(24)
23.16%(21)—-
22.73%(21) 25.37%(21)
2.15%(32)
6.98%(28)_  2.33%(32) 0 1.08%(44
o(28) 4.95%(32) 10.759%(28) o(44)
15.50%(32) 6.93%(28)
TTNRs 15.50 18.819%(24) 15.05%(24)
69.31%(20)
70.97%(20)
75.19%(20
2.96%(30) (20) 2.15%(32) | 08%(44
<. 767l 0.49%(35) 3.64%(30) 10.75%(28) s
19.21(25) :
17.58%(25)
PTNRs 15.05%(24)
70.97%(20
77.34%(20) 78.79%(20) o(20)
1.76%(36) 0 1.50%(35)
$71%(30) | -106% 4.57%(36) 1% 2.26%(30) 0.75%(40)
6.27%(30)
18.80%(25)
24.59%(24). 16.58%(24)
HXNRs

63.88%(18)

iRIRARIEP-S

C. chekiangoleosa

71.28%(18) 76.69%(20)

. brevistyla

C. oleifera

BT oA 3 AT EST 781 A8 [ 1K 8 5 42 98 e i TL AR A

Fig. 1 Length diversification of the microsatellites in 454-EST sequences of Camellia

B < 1% M B R BEAT T & 96— b ORI AS [l B i T

o T2 K JSEB T A T ol ) L 1 P 38 8 A 7 6 2 DX — 0, B

F B X 2 AN HE 5 N S N ) 4 A K ¥ . The microsatellites with percentage less than < 1% are combined and shown in the black

slice. The slice sizes in each pie chart are scaled according to the percentage of microsatellites in different lengths, numbers in parentheses show

the length of the microsatellite except the black slice.
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W o FLRE S WAL L A i ik R R B T
NI, 3 e Tl A il A R DA A e s AL e A 1K WL
DR, 38 B IX — &5 R0 T2 2 N T REAE T & b

TG A T T AR O N 2 AR AR R % T AR A
10 T A R DT R R AR DR A AT R T R IR I £
3 A D] A R 2 e R h T B G LR DN AR B
Z (B4, 2001) , X B FEAR T 8PS R ek
[F) I, il 2 454 J3 A o, il e 3 B Rl EST 7
) 55 3 3 i 2 Bk DR 2H B AR EL S i TR A
Xf % 7>, Morgante %5 (2002 ) Fl Lawson 25 (2006 ) %} %t



48

ook BE

49 &

90.00
80.00
70.00
60.00
30.00
40.00
30.00

20.00

HHTLLILZE C. chekiangoleosa

36.16%

N
\
\
3
1

R C. brevistyla
O A% Unknown B 5'UTR E CDS M 3'UTR N #% Both
23 B S AL T 1 A X

...rll////////%

WM. oleifera

Fig.2 The distribution of SSR loci from 3 species of Camellia on Unigenes
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90.00
80.00
70.00
60.00
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40.00
30.00
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10.00

K3

25.44%

13.78%

42.86% 5.87% | 70, 0-88%
2349 ]'1]7.3‘2-,% 2.73%

2.05%
-3

DNRs

TTNRs PTNRs HXNRs

_80.3?% il 2% C. oleifera

25.19%

DNRs
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JIZE 3 B POR ) K B2 3 LR 4E Unigene 111 43 Aii

Fig.3 Distribution of different size motifs for

EST-SSR in three species of Camellia

HXNRs

BL 414 Fe 41 16 23 T R0 B 850 B4 1 5 55 e 4 £ 5 ]
A1 DNA e EST ot B 1052 40 A 6 1 4, 3 15
SCIREE IR — 50, AR R 4 vh i TR R A R T
o ERERERR RS HPU R ERER
ool A FE, X5 Kantety 25 (2002) | Varshney 2§
(2002) X R 28 K AE Wy 1 ol 1B WE 9T 45 2R — R
e E XN LI RSP/ (W N7 SRR T S E B S
B R (Populus) SN A H = HRE K
R G R % (Li et al., 2007) , {H 75 5 Al B Fft 1 Bk
M ( Jatropha curcas) ( Yadav et al., 2011) 45 B A4
(Hevea brasiliensis) (Feng et al., 2009) 7 ( Ginkgo
biloba) ( BEyLEL2E  2009) b3 R Kk ( Liriodendron
tulipifera) (F5 % %25, 2008 ) EST & %1+ 5 &2 5.6 ) &
N IR S P ooc e 2, AT WLl 2% 103X — % mi R
Fr 5 B %

UEAh i AE 454 JR A R E IR R TR A
TRILL(AG) KRN % , M (AC) A Hi 2D, DU 4%
HIRLL(AAAT) KREZ MR - ERER
KA FE W % 3 WA K EST o &2k
(AAG),, X5 BB K (Eucalyptus ) EST ¥ 41 ki &R
iR B BB, 2011) , 7 I 4 55 0 25k @ 2% W
EST Jy 41 v fal 1L & 1 23 A e AR (<3 55 5 4%, 2007 5
Sharma et al., 2009 ) #1 — %, Li Z5(2004)1A % AAG
EE MM LR TR EEN = TRES T,
TEARWT G R 3 = 4% 17 1R T 52 8 2 A 2% 3l il o5 A
AU H0 W BLCAAT) % 22,00 52 7 45 (2012) A &
LR 7 6 FE AR 109 1) W7 VL 41 1l 7% 2k DR A 4 1 1
B =R E SR UL (AAT) &%, ¥4
HEWTIX 2 1L 7% 8 B R DR AL At R AT T R
EST J7 41 If) = BL4F ri o 55 4h, Morgante 45 (2002 ) fff
FT YT (CC), T R IE, N XLk
FE38IN T 5 B R A GC 5 B 1 [ i b mT RE S K
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TRAE AT 454 JUREK A DNA AR LR M5 0 A 49

LeE S = LR 7 41 5 Li 45 (2007 ) 768 X% 4% 4 5k K]
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