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18 FE EST-SSR ARiCIF &, At (Rl 7 Fe S B ) ST . 428 b S0 B A R o2 SR AR I S i . AT ST 1 Rkl
A (Po) %t PCR PEM KN 32 ANFp ik EST-SSR #ric 4T T PCR P B3I P AR & v P I L ds . PCR 724
HEWTBRINFRLE 21 41~(65.6%), 1HAT 4 Abric BB B & 7P 504 M7 5 | V) A BERf A B2 B 2. 8 MsidFILE Py
SR B BE A A T A0 TR T S 1 00 0 B TR B R OBUE . 7E 8 N 16 AN, 24 NI4T 32 A EST-SSR X P, ] PCR 7=
WA Se R, U S R e 230 6 AN(75.0%) 11 /\(68 8%). 11 ~(45.8%)F1 14 ~(43.8%). L& rebeittl
5N R AR ), #EFE 16 A~ PCR =4 R G e Bl 7 M S RO . AT S5 27 MHeh EST-SSR #id )
W, S5YE EST WX 15 —2 AT 90.23%H1 100%2 [8], BFGLE P, B EZ4ATFRIE 10 N 2051 17 14 71K
BEALEH) 17 MhRicH, 8 ANIE P, AEAE 1 AL ERIAMAN SNP.
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Comparison between direct sequencing and pool-cloning-based sequencing of

PCR products in EST-SSR marker development in Eucalyptus
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Abstract An appropriate sequencing protocol is critical in terms of sequence quality, cost effectiveness and efficiency. In the
present study, a total of 32 candidate EST-SSR markers varying in PCR product size against an Eucalyptus tereticornis
individual(P,) were used for PCR product direct sequencing and pool-cloning-based sequencing. In PCR product direct sequencing
with P,, 21 (65.6%) markers were successfully sequenced. Four of them had only partial repeat motifs validated due to their
closeness to the (forward) sequencing primer, and eight of them which were length-heterozygous showed double peaks behind the
repeats in the sequencing traces. Pool-cloning of 8, 16, 24 and 32 EST-PCR products resulted in 6 (75.0%), 11 (68.8%), 11 (45.8%)
and 14 (43.8%) markers reliably sequenced, respectively. Considering the efficiency as well as cost and time inputs, it is
recommended that pool-cloning of 16 EST-PCR products is the best option. Totally 27 eucalypt EST-SSR markers were validated in
this study, with an identity with the original EST between 90.23% and 100%, out of which 10 were length-heterozygous in P, and 17
were homozygous, including 8 each containing at least one within-individual SNP.

Keywords Eucalyptus, EST-SSR, Direct sequencing, Pool-cloning-based sequencing

MRE= 1995), BT RAR 4> A0 BRI . ARG BT
Fie bt JE Mk 4 U RH Myrtaceae) ¥ J& (Eucalyptus) « JU PN R B JE 74 W0 R LB Sy 0, DR H A
ﬂ%?k}%(Angophora)%ﬂﬁk)i'H?E(Corymbia)ﬁﬁ'l‘E"J Ay PRGN FHIR 2 AR R, AR R
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780 J3 AL 1 (FAO, 2000).

a7 #4152 42 (simple sequence repeats, SSR),
BRI DAL, fERERI A E, RN iRl
AAELML . L8R R 5 55 2 (Tauz,
1989; Powell et al., 1996), 75 =42 FMF 5T N H]
Iz (J5 ERAE, 2001). HT, Hep B O IR SSR
FridAHXT b, f04E 367 AN JE K141 SSRs (Brondani et
al., 2006). 35 /M4Efk SSRs (Steane et al., 2005)F1
20 MERIEFHFR% (expressed sequence tag, EST)
SSRs, mfx EST-SSR(Faria et al., 2010). 1,
EST-SSR NG, LIS Fh K3 FH L4
fmi(Varshney et al., 2005; Ellis and Burke, 2007), 5
Ly 66 35 [R] (1) 3% B AN -1 4B n] BE 4% 0tk (Ayers et al.,
1997). ALEIEE T HAME 2 M EST JPailh
EST-SSR Ji A4t 1 4. A1k 2010 4 7 J 12
GenBank 1 U\ #% J& EST /¥4 37 751 4%
(http:/lwww.ncbi.nlm.nih.gov/nucest/?term=Eucalypt
us). iR, FiJE EST 7414 15% A1 SSR (2=
WURSE, 2010), AEJC4 EST ol 25%LL E& 4
SSR (Rabello et al., 2005; Ceresini et al., 2005).

BAR, FEVFZ PR IT e T EST-SSR #ric JT A
WEST, (HAR /DRI S8 A W55 0 S B (polymerase chain
reaction, PCR)™“ 4 55 EST ¢4 —20ik . AT
Jran, BAT 3 kR RIENEAT T ¥4 EST-SSRs [1))741
fifi ik, AU 45 & W 7 (Cicer arietinum L) 60 4~
EST-SSR #ric HH#) 5 ~(Choudhary et al., 2009). 4
3 (Lactuca sativa L.) 61 MricH ) 30 /N(Simko,
2009) A1 %<4 (Camellia sinensis L.) 61 ANMFric 4 (1)
4y Fric(Sharma et al., 2009). 1115 |4 AARAS S0k vl
e 33 PCR #5414, A=A AE B 1 7 Bralifi e
4 Bt (Cha and Thilly, 1995; Kunkel and Bebenek,
2000; FKIEZI4E, 2009), DA, *FT44E SSR 7EA
[ FE R ARZEAT 1 (sequence tagged site, STS)HF4)
THIRE S0V S

PCR =4 — ] LA ik Py Ao vkl e, B B s
DU FOZE R 5 BRI o i A B P gE,
R4 PCR F= 4 AN ali iy ] > 45 S A5 (TR R 21 5%,
2009); Jo & EHAT IR, B —, nLASRAS
FRARPRIIN P25 2R, JCHE W LLERAS PCR =4 (1) 56 2
JPA, ARTREAT ro ek, BEIN T S 1) AR BA

M AR B, ATk A3 I 77 G LARBE ]
Jy i P S AR e %, At EST-SSR
FRIC AR PCR =400 P 1R — N OB ) L
AWEFTLL 1 BRI 4% (E. tereticornis Smith) A #4
BE LR TR EST-SSR Aric 7 & H PCR P21 H
FEN e ARG e BEI R R, DUIER S =k, &
Gr% EST-PCR =Wy 77 %o R, FFR T A%
B EST-SSR Fric, 47 Bl T 5k i) 705 Frid E

1EREHH
1.1 #&#xt 32 X EST-SSR 3471849 PCR 18

h T ARG e Ja v LU SR PCR =)
AR K BT ) EST-PCR 724, - HLikE G X Fli A\
BRI s PCR =K B N[ ) B % 11 5
5, 1k 32 WP KR EST-SSR 5140%F 1 BR4t k2 (P,)
DNA 384 = /NS AR, /T 120 bp Al 1
500 bp Z[A](&l 1), PCR F=#EAR# i —. 5%
[Pty B PCR P=# A9 A% (K 1 27,
29 A1 31 5). %4k, 32 %+ EST-SSR 514, HH
PCR =¥ Kk /N5 BETHA) EST K EEAHAT, A WA K
T EST K (R 1),

1.2 %44 32 3 EST-SSR 5|49&Y PCR F=#IRY BN+

32 /™ EST-SSR X} P, [] PCR =4 EL 3zl ¥
BRI 20 AR 1), By 65.6%. i, 4
A~ EST-SSR (03, 08. 20 1 22 5) [ faj s 5 &2 ¢4
AP 519), R\ e EZ s, HE
DT 5 |7 5 G — A 30~40 bp AR H: .
BRI 21 A EST-SSR H, P, 1) 2 AN A BE
K Bl iAric s 13 4, 245107 8 4~(08.
11. 13. 17. 18. 20. 22 f128 5), 1 18
HeA PR PR T A T R A S T (R 1) X
FRJEIL A1 SSR FRic, PCR P24 H A2 i P vh
AT A AR e e EHEIOUIEE (SR JE XA 355 I ) 25
B B 2 FIE 3A 430 BoR T Py AR B Al
Hrinic EUCeSSR1135 (06 )ik hric EUCeSSR-
0946 (13 “F) TS iy S SL 5595 EST [T LL

AN, B Al A 1 13 MRiC R, 702,
03. 04. 05. 10. 14 Rl 23 5){E P, [ 2 NN A B
BAELE /D 1 AN IR Z &VE(single nucleotide
polymorphism, SNP), FxAMA Py SNP.

10, H2 |
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1.3 EST-PCR PR & se &M
7E 84N, 16 4N, 24 ANFII4sE 32 /> EST-SSR i}

YA Py 3 B IR A e DU, W

Fric B0y 5k 6 1~(75.0%) . 11 4~(68.8%) 11 1~(45.8%)
Al 14 4N(43.8%) (K 1). ol W, BEERA N

EST-PCR /=48 M,  EARIIF Bt bric 2

RIS, HILEIEZEET R, R, 16 4

PCR Wik va B (1 B Dl i bR id B A R L

Wil . ASFEE PCR P 0iRA T 3t s il
19 MrIL(EE 1). 5 PCR P EAENFAHEL, 4 6
AMFFICA5. 164 264 27. 29 130 9) HAEIR-A Tk
PP 2, A4 2 A v B EE 22 G bR 1d (15 #1129
GYFI LK EEAES B A MA SNP IIARIE(26 5);

{H47 8 A~ PCR =W AP e fkric (5 9. 10,
11, 14, 17, 18 F1 19 “F)FEIR G el Jo e AT 450l 2] o

1 2345 6 7 8 9 1011121314 1516 M 17 1819 20 2122 23 24 25 2627 28 29 30 31 32 M

-
-
=
—
—_
-

Pl 1 Ah 32 %F EST-SSR 545 1 #R41IH4%(P,) ) PCR ¥ 3474

1 01~32: EST-SSR 51#)(J. 3 1); M: 100bp DNA ladder

3 000 bp
2 000 bp
1 500 bp
1200 bp
1031 bp
900 bp
700 bp
500 bp
300 bp
100 bp

Figure 1 PCR products amplified from the tested Eucalyptus tereticornis individual (P, ) using 32 EST-SSR primer pairs
Note: 01~32: EST-SSR primer pairs (see Table 1); M: 100bp DNA ladder

06 (EUCeSSR1135)

620 640 6RO 680 TR0 720
B

T40  Te0 TEO B0 B20  B40 B6D  BEO 900 920 9O 960 9RO 1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200 1220

1
TAAAGAT GGAAATTC GAAACT CTCTCTCTCTCTCTTGTTGCAT GC GAT GCATACT
5 5

30 85 o0 95 100
L L I L

Ly A N

Seq: 50 TAAAGATGGAAATTCGAAACTCTCTCTCTCTCTCTTGTTGCATGC GAT GCATACT

EST:235 TAAA GATGGAAATTC G AAA

(CT)y,

TGTTGCATG CGATGCATACT

Kl 2 75 P, o BE K 4B A i FRiC EUCeSSR1135 (06 5)HIFE 43 591 A H 535 EST % B

VE: BASSEB 141 EST-SSR (1) T &2 Fupy

Figure 2 Partial sequences of the length-homozygous EST-SSR marker EUCeSSR1135 (No. 06) within P, and their comparison to

the original EST

Note: The bases in grey shadow show the repeat motif of the EST-SSR marker within P,

TR B 9 1) P e DU 1 0 P B A< e (B
3B M1 C), HHT-2r4k SSR (e B A ¥ &, (HXT
kf“ ARG EST-SSR bric, HLpl v Il 7 H gl 21—

S BL AP, BT ARG ARSI T
Tlﬂéﬂziﬁﬁ PCR =W & v b, WIIF AN R 55467

BLM Y, fn 8. 13, 20, 22 fil 29 5 (¥ 1).
TRA TN R R T — SR 1 B
RIS 1 e A [R5 —AN EST, AH A A 55 AR N )
PCR PN H5U5 EST (54— S RAG. %
KRBT RE A AR R Y TR, DR B NI A
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T —A> EST-PCR =#y i e ¥ -

13 (EUCeSSR0946)
608 624 640 656 672 (-] o4 TH T 782 TEE ™ BOO £6 832 BN End R0 6 912 "8 a4 il 976 92 1008 1024 1040
S S S T T S S S S S S SR S S S S SR S S S S S S S
| O O O O A O O O O O O O O O O O O T T T I I T T B
I T GT CAT T CCTCTCTCTCTCTCTEOA & 4+ 64T THETLS
48 49 50 51 5253 54 55 36 57 58 39 60 61 62 63 64 63 66 67 68 69 O TITZ T7F 74 75 Te6 77T 78 79 RO 81 82 83 B4 85
P S S S S S S S S S S S S S M Y S S S A S M S S S M S M S S SO S S S|
1 460
1 387
1314
1241
1188
1093
1022
949
86
B0
730 \
857
584
a1l
438
308
xn
310
146
73
0

Seql: 8 TT GT CAT TCCT CTCTCT €ETCT CTCA T ATTC CTTTTTTG®G
Seq2: 8 TTGT CAT TCCT CTCTCT ETCTCTCT € T C ATATTCCTTT
T

EST: 353 TTGT CAT T CC (TC), A ATTCCT TTTTTG

A
13 (EUCeSSR0946)

B DD S04 10 520 11 536 10 552 101 568 11 584 IIN‘O'II*’IT IIM |IM‘<IIW 'I'I‘!‘ﬂl IINN\ |1_-'I 'I'I' !“1'-“ 11760 11776 10792 11 808 11 824 11 840 11 856 11872 11 888 11 904 11920 11 936
I L 1 1 L 1 1 N I 1 1 I L 1 f f L L 1 1

| I I I | I | I I I I I I I I I I I I I I I I I l I l 1 I | N O A A A A |
T G C C C CT T TTTTG
328 327 326325 324 J’ 322 ,21 310 m 313 3|a m ,|< m ,13 311 31| _,m _,w ws 30" m«s ,05 304 \0, 301301 _,uo 209 298 297 196 295 204 293 29191
PR R I

(\ ﬂ \ ﬁl \

IRINININ
W

Seq 83 TTGTCAT TCCT CTCTCTCTCTCTCA T ATTCCT TTTTTG

EST: 353 TTGTCAT T CC (TCIm A T ATTCCTTTTTTG® G
B
13 (EUCeSSR0946)
|5c-u.|m.|| uxu |*|m| || I*Haluu |1|r(-|"|": I‘I'J“ |Hm| «u 1”4«" |*W nmn ’L-II‘I(HI 320 |*!m |*1<>|‘\\m| IR4 12800 12416 12437 12448 I“-Il\-l |u\.
IIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
T C AT T T T C T C AT AT TC C T
10 304

C T C

33" \’9 "’8 32? 326 325324 323 3 :.. 32 I 310 3I‘J :Ix \I 316 3I5 3I-I :I3 3I1 31

1168 M L
1095
1022
a0
876
803

1 3103 J308 3"? \Ub ‘JJS JU‘I 30 302300 300299 298 297 196 ’ﬂ« Z'M "}3
P I L

I L L
730

il

Seq 83 TT GTCAT TCCTCTCTCTCTCT O CTCT ¢ TCATAT TCCTTT

EST: 353 TT GT CAT T C ¢ (TC) . ATAT TCCTTT
C

31E Py P BEK A A bRt EUCeSSR0946 (13 “5) K58 43 e 81 Je JL 595 EST Xt Lt

TE: Ar PCR P EAGIN Y B: 16 /4> PCR Pk & v B IR, C: 32 /> PCR Pk & v e RO 5 Seqd o I ol F g —
SR T Seq2; A REH )51k EST-SSR TS SN, N RILRR H 5 BT S (R0 7571

Figure 3 Partial sequences of the lengthheterozygous EST-SSR marker EUCeSSR0946 (No. 13) within P, and their comparison to the
original EST

Note: A: Direct PCR product sequencing; B: pool cloning with PCR products of 16 EST-SSRs; C: Pool cloning with PCR products of
32 EST-SSRs; Seql corresponding mostly to the higher traces in the sequencing profile and Seq?2 to the lower ones; The bases in grey

shadow show the repeat motifs of the EST-SSR marker within P,, while those underlined in (A) show the identical bases following
the repeats
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1.4 #%&#% EST-SSR FRiCHIFF &

GEA TN FE Py 1) PCR 74 BRI AR &5
SR, LA T 27 AN EST-SSR 1741, 5
JREST LEXHH—SUEAT 90.23%F1 100%2 [7](3& 1)
o, 18 Py BeK ARG AR 10 /N, 4l 17
A FERJEAA T 17 Mhidh, H 8 4M02. 03, 04,
05. 10. 14, 23 126 F)f7-(E 1 ML EHMAN SNP.

2 1tig

HAr, #—ARBWEE R CA )z 8N
(Mardis, 2008), {HA% 4 [ A i ¢ 13547 A2 35 a5 11
(R A R B 2% 2008), U2 /N )
H AR, 4 EST #nid JF A H I EST-PCR
FEMINY . DG, W25 PR R RO AT R
iy % 13T AR A A by F B 1 T A1

PCR /=) H 30y HAA PO fai AR s A
PLri(BRHLICEE, 2002; sKRLISE, 2009); FfH, *f
F AR DNA BB, mT LRSI 2 ANSEAL A
BE(BURAFAE TR N IHLR I S TR 706 2 H XU )
H2, BRI PR, PCR 7400 42 U 7 ) T 1T 30~40
bp ZE A FEEIR R (B AR %, 2007), IXASF) F5e 347
FIafA, U H 08 SEE T 5 | S
UIAHIFFE A SSR T AL A A e e RS 4 MR
3 H, 4 DNA MRS L& 75 R AAZ I, 5l
Wrks R 2R T Bk e PCR Py,
JP U PR 5 I 5 SR A sk A P (T he 41
&5, 2009), XA WA 11 /N(34.4%) 3 14
UFff) EST-SSR Arcic A BE I 1) = 22 JR A o PRk,
PCR 74 H P 3N T4 W e ki« s
S19JE L AMBGE AT S HE AT T4 o

T IR AT LA b il PCR P29 EL R (AN A2
AT Y (4, 2005). HAE, LUAER v el
P2 3BT FRAS PCR 74, IXTERFIIAE R 2 ) 7
BRI A RN D AT s Btk BRItk A
PCR F=WiRAr va B N & — N ANES IR £ . ARHFFT
TR T B [ R 2 43.8~75.0%, JEH. 6 4
PR IRV ve B B B Ih I, GIE W T VR ve b
DU (A 50

ELAR 8 4>\ 16 /> 24 4MF1 32 /> EST-PCR 74
TR SO S (R T e, SHEB b e A A 5 0 P )

B AR R], FATHES 16 4~ EST-PCR 724
TR A I R . TR TR PCR 4K
b, AL A . BB Z . PCR =)
KZ, AERs e 38 3%y 2508 n (B AR DI [ ie vk
AU O — ) 8, (HIINA RN 77), HH% PCR
il BB AT N PCR P b 5K
IACLIR B R BRI AT il 7 (R 3%, A
W5 324~ EST-PCR =1tk & v e 32 Yl K
LT 14 Mhrids JFH, PCR P=¥ie %, P24
K S 22 BRI N, 7% PCR i i i 35t b it e v,
VKA R 2 Hont B K BE (1) EST-PCR P (UL X
TRITE). MR, 7ESEbRsEsrh, FHHE 2 1
DT AR 5 22 (1 bsad, (H3E 0 T B#iv& PCR 5
DU TAE R SAS o

HAT, ©&E M EST-SSR #rid {4 20 4,
HARFEATIN A (Faria et al., 2010) . A7 TF &
T 5Y8 EST J3741—80E U (1) 27 AN ¥t EST-SSR #r
(R 1), 0K 5 4 AR 1R 23 b W R O HL,
27 MhsicH, A8 Py e BEKEE 24 & brid A
10 N AAEAR SNP [IARICE 8 4N, IXLehrid
WEAE LA Py o SCA IR g% B AL S B A P 40 B, AT
AR T B A o Xt R A AE RSB T 3
T EST (5 Fhaic AT ).

3SMRERZE

3.1 K45 DNA $=2EL

1 KR40 H-H(P,) & Gan 25 (2003) 15 4% [&] it iy 1 1
PRS2 A . DNA $#£ 5% % CTAB :(Doyle and Doyle,
1991), Mficist, ENYE CTAB $2HGH A 5%
B L s e B (PVP) BT 2% ) B- 5% 3k 20 7
PGEM®-T Easy # {4 K IM109 K T b k52 241 i
I H Promega ‘A i

3.2 EST %I, 514F%I%1 PCR

Fieh EST P41 R %8 1 GenBank (http:/Avww.nc
bi.nIm.nih.gov/projects/dbEST/), #1l- 2009 4 1 H 2
H 347 35 643 4% ] PHRAP 4 (http://bozeman.
mbt.washington.edu/phrap.docs/phrap.html)#f$% 5, i
L MISA A4 (http://pgre.ipk-gatersleben.de/misa/) £
RPN ES, bR 20 34 AL EE R

100, H5 I
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JAJE R 12 bp, 5 A1 6 AN 15 bp. L7 SSR 1
JFHIH T EST-SSR 5 1#vcit, #4142 Primer Premier
5.0 (http://www.premierbiosoft.com/primerdesign/
index.html), Fr#fEk: 519K AL 18~22 bp (& fE: 20
bp), Tm55~65°C (xfF: 60°C), GC & & 40~60 %,
H A B 2 100~500 bp. 514 s Z+t Bifg
Invitrogen 2> 5¢ .

FIH 44 (P,) DNA HE47 EST-SSR 5411
PCR 4AF4tk, FEEFX) PCR KR K Mg® ik & A1
PCR IR KR . PCR fifb)m, %+ PCR 7~
YK FEANE ) 32 4> EST-SSR HEATINF5256, 514
JFHIA PCR P24 K/ 1. PCR 1 & Ml PCR &
¥ 2 % 5K R 41 45(2009), B KRR 56°C, {H
10xBuffer 11 Mg? W& FE i Ay 15 5% 20 mmol/L.

3.3 PCR P44k L fn B 0

PCR =4 L BE-Bi T 24tk I H 0 (5K
IGEZ14%, 2009), WU FF— A R 514, A
B G m g . WPRA 20 ul kR, £
2% Bigdye Terminator V3.1 # 1F F I (Applied
Biosystems Co.), {Hill 71 71 Bigdye H &4 0.5 uL.
WFACK ABI 3130xI,  H s W 4L 7 # 1+ Data
Collection 2.0, J¥ 4 & & F1 4 ¥ # H & 1
Sequencing Analysis 5.2. il 3415 H A5 EST /541
() EEx A A #4F DNAMAN V5.2.2 (Lynnon Biosoft,
Quebec, Canada).

3.4 PCR F=HIH9iR & e AN FF

XA 32 M EST-SSR Frid, 4 x4
A% Py 47386 = K PR A T 22 Sl SRS A K Dt
4y EE 8 4~(04. 06. 08. 12. 15. 17. 22 f126
$). 16 4~(01. 04. 06. 08, 10. 11. 13. 16. 17.
20. 22, 23. 24. 26. 28 F129 5). 24 (L% 024
05. 09. 13. 14. 18. 22 1 32 F)LL K4 32 4>
FRIC ) PCR P24 ibAT S5 BEJRIR G, IFER H 2 f4
PGEM®-T Easy (Promega) 31T 7a %« i Pt i
16 IM109 B2 40 M, A AL A e /e 1 X-gal/IPTG
(1) LB [EAREFRAE BT IS CBERE . e F%
HER T 2 1 B

MG FRARE BRI 6 1% T it PCR 7 £k i (1) B
PE B Y% 3 47 PCR ., 5| % & pUCIMI13-F

(5-GTTTTCCCAGTCACGAC-3) #l pUC/M13-R
(5-TCACACAGGAAACAGCTATGAC-3"). PCR f£
R HRIRAT4(2009), {H 10xBuffer o Mg®* k)i
“h 20 mmol/L; PCR )74 95°C 5 min, FF 30 M
FR: 94°C 305, 55°C 30 s, 72°C 3 min, /5 72 °C 10
min. iR 7% PCR ™4 K/ (U 22 880447741 253 bp)
i 5 F5 1T RERT Y (4 J5L EST-PCR 749, B3 &AM ]
AEAT N T I EST-PCR W11 B 7% EA T I, B 54tk
W1 e B TR A AR e . WP RS %
W 3.3 AR5 Hos EST 41 A L) 40t
DNAMAN V5.2.2 (Lynnon Biosoft).

{E& sk

JEA it A R A ST S B v A SIS PRI A
TN SURNIT B &2 5 SLRARAT LU G R HT 5
H VU H R R KA TN iR S SR8, Bl AT,
WSS MBS ARIEE I R R A RSO

Bigt

AT E 5K AR RN R FE4:(31070592) ) AR HARE
223 47(10151052001000000) [ 5 s AM 5T K JE 111 (863
THRI) % 530 H (2006 AAL100109) A1 HH Yol /A 25 A HIFF 5 T Sk AR
BV 2L I0(RITEKY YW2008-4 H1 2010-04)3: A% ).
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Table 1 Primer pairs and sequence validation for the 32 candidate EST-SSRs of Eucalyptus

J¢'5  EST-SSR#Asid  EST % F1%H(5-3Y) EST # it K& PCR™#IK  EST MEE A PR Py T AL B4 Pl
No. EST-SSR locus GenBank Primer pair (5'-3") (bp) £ * (bp) Repeats Repeats in P, as revealed in sequencing (%)
accession ESTt arget size PCR product in EST PCR =M HZNFE L IRATIRENF © Sequence
(bp) size* (bp) Direct PCR product Pool cloning of identity (%)
sequencing PCR products °

1 EUCeSSR1085 CU403532  F:GTTGTACTCTGCCCCTAA 118 111(113) (CT)s (CT)s (CT)s: [16] 97.30
R:CAGCCTCGGATTGTTTCA

2 EUCeSSR1078 CU402447  F:GTGGCATTCACAAGAGCA 126 129 (CAA)s (CAA)s (CAA)s: [32] 100.00
R:GGAAGCCTTTCGGGATAA

3 EUCeSSR0984 CU395760  F:-TCTTACGCACCGTCCTCT 130 139 TCGTCA (TCG)mT(C/A)T (TCG)(TCT) 97.69
R:AGCCATTTCGCTCCTTCC (TCG)s (TCC), (TCC),: [32]

4 EUCeSSR1110 G0247750  F:ATCTCCGCACCCACTCTT 185 173 (CCAATC); CCAATT CCAATT: 90.23
R:TGTCATTCCTCGTTCAGC [24/16/8]

5 EUCeSSR0925 CU402880 F:GAAGGCAGAGGCTTACGA 222 209 (ATCO)n (ATC)s 99.32
R:CTTATTTTTCCTCCCCCCAA

6 EUCeSSR1135 CU402600 F:GAACTGCTGCTGCCGAATG 217 205 (CT)i4 (CT)s (CT)s: [32/24/16/8] 100.00
R:TGAAGCCCAAGGAAATGC

7 EUCeSSR0980 EW688281 F:TGACCCTTCGGCTTCCTT 217 214 (GAG)s (GAG)s (GAG)s: [24] 99.07
R:GGGCTCGCCAATCTCCAT

8 EUCeSSR0985 CU396018  F:CTTGTTCGGGTTTCTTTCA 264 242/244/246 (AG) (AG)gmny(9+n) (AG)g/10: 99.19
R:CACTGAGTAACAGGCAAG [32/24/16/8]

9 EUCeSSR0955 G0248042  F:CATTGGAGTAGCACGAGAA 257 263 (GAC);+ (GA), (GAC); + (GA)10 99.04
R:ACTCCATACTCTCTGTGTCTCT

10 EUCeSSR1046 CU396352  F:-TCAAACCCAGCGATACCC 264 266 (TGC)s (TGC)s 98.61
R:AGCCCGATGATCCAAATAA

11 EUCeSSR1049 CU397549  F:GGTGATGAGGTGGGACAG 294 312/314 (GA), (GA) 1112 94.76
R:GAGTGGAGGTTTCTTATGG

12 EUCeSSR1075 CU402010 F:TGCGTGTTTGCTCAGGAT 379 368 (GA)3 (GA)s(GGGA), (GA)s(GGGA),GAG 96.73
R:TGACATTGCCCCTTCGAT GAGGACAA GACAA: [32]

13 EUCeSSR0946 CU403671  F:ACTCCGTCTACATAGCATC 372 366/370 (TCo (TC)p0 (TC)zs9: [32/16] 98.92
R:CCAAGACCACCAAACATA

14 EUCeSSR1002 CU395531 F:GAGGAGGATGACGAGATGAG 370 370 (CAC)s (CAC)s 93.15

R:CGCAGATAAGTAAGAAGGCTAA

P

#

=



J¥%  EST-SSR#xid  EST % S1%H(5-3") EST & il & PCR/™#K  EST MEL AL PRI A Py (L LA Feil—8
No. EST-SSR locus GenBank Primer pair (5'-3") (bp) J£ * (bp) Repeats Repeats in P as revealed in sequencing (%)
accession ESTt arget size PCR product in EST PCR =) HAEMF Y Vo ez © Sequence
(bp) size” (bp) Direct PCR product Pool cloning of identity (%)
sequencing PCR products ©

15 EUCeSSR1014 CU395155 F:GGGACTGAGCTCTGATCCTACT 235 396/402 (AG);AA(AG);G AC(AG)g12: 97.42

R:GACCGCTGGTACTTGCTG AAGCAAGAGA [24/8/32]
T(AG)1sGAAG

16 EUCeSSR1083 CU403250  F:CGGGGTCTCTCGAAGCGTCT 314 435 (GGAAGC); (GGAAGCOC);: 97.45
R:CCGACGGCATCGTAAACC [24/16]

17 EUCeSSR1136 CU396171 F:GATGGCAGGACATAAAGA 373 490/492 (GA)AA(GA)y [(G/IA)A]I(GA)s 98.79
R:GCTAAACAAACCAGGAAA [(G/A)AJ(GA)0:

18 EUCeSSR1091 CU404650 F:GTTCATCCGCCCTTACAG 402 ~490 (TGTTT)3+T14Gs TGTT(TGTTT),+ 97.51
R:ACCCTTGCTCCTTCTTCG (ToG17)(TsG12A3Ga)

19 EUCeSSR0894 EW688426  F:AGTCCTTCAGCAGGTTCA 145 518 (CAC)¢ (CAC)¢ 92.78
R:CCGCCGGTATAGTAGTTG

20 EUCeSSR0961  CU396545  F:CCCCTTCACTGCTCTTCT 242 547 (GCT)s (GCT)woe) (GCT)[(G/ACT] 98.76
R:ACCAACCGCGAGTATGTC (GCT)ys: [32/24/16]

21 EUCeSSR1087 CU403690 F:-TGAGGCACAACAAGGTAA 439 ~650 (AGC)yo
R:CTGGCTGTAGATTGAAGAGT

22 EUCeSSR1054  CU398509  F:CTTCCTCGTCTTCTTCTGC 241 665/671 (CTG)(CCG) (CTG)s3ynes) (CTG)12(CCG) 99.59
R:TAAGGTCACCCAAGTTCTG (CTG)s: (CTGono: [32/16/8]

23 EUCeSSR1122 G0248349  F:ACAACAATCTTGCCTTCT 361 687 (CTG)s (CTG)s 99.59
R:TCACAATAAACGAGTCCC (CTG)s 3224261

24 EUCeSSR1011 CU396518 F:GCAGAGGAGCGGAAACTA 440 ~850 (TC)o
R:GCTACTTTGGGTGTGTTCT

25 EUCeSSR1150 CU397973 F:ACCCTCCTCCTCCGTATT 440 ~850 (TC)s
R:CACATCCCATCTCCTTCC

26 EUCeSSR0970  CU402791  F:GGCCCGCCTTTCCAATTC 225 997 (TC)1o (TC)1o: [32/16/8] 9111
R:TTGTCTCGGTTGGGTTCT

27 EUCeSSR0914 CU397331 F:CCGGGGGCTTTGCTTTCA 220 ~1200 (AG)1o (AG)10: [32] 96.36
R:TACCTCCATTGCTTCCTT

28 EUCeSSR1069  CU400565 F:ACCTCCATCCTAAGACGA 318 1175 (GA)sCA(GA)s (GA)15/16 (GA)5: [32/24] 97.36
R:ATTCCCAGAAGACCCATT (CAGACA

(GA);

29 EUCeSSR1102 EW688317 F:TTCTTTCTTGGGTTCAGT 371 ~1300 (GG)(AG)AAA GG(GA)1012: 98.36

R:ACAAGGCAATGCTTTCTC Q)3 [32/24/16]

P
=
=
b

=



% EST-SSR#xic  EST% 1P (53" EST #iFKEE  PCR&™MK  EST (MR HAL DUFFHRIAI P, (K S AL Feil—8
No. EST-SSR locus GenBank Primer pair (5'-3") (bp) J£ * (bp) Repeats Repeats in P as revealed in sequencing (%)
accession ESTt arget size PCR product in EST PCR = HAEMF Y Vo me iz © Sequence
(bp) size® (bp) Direct PCR product Pool cloning of identity (%)
sequencing PCR products ©
30 EUCeSSR1060 CU398944 F:CTCAGCTTCCGTATCTTG 420 1274 GG(GA), (GG)2(GA)13: [24] 98.57
R:TTGATTACTGCGATTTAGAG
31 EUCeSSR1034 CU399256 F:CGGGGGCGTTTCGGAGATTT 240 1450 (AGAAQG); 97.62
R:CCACTCTGACAGCCCTTT (B2 Fr51)
32 EUCeSSR1028 G0248406  F:GCCATTGGGTATTCTTCT 299 1500 (GA),
R:CTCGCTTCCTCTTTCACT

i a: PCR PP LA SE AR v I P i) 45 R, OOARYE PCR 740 ELHII P 55 5 EST R Lor 45 SR, 0 AR e o AR 18] 1 s b PCR B b, R4y
SSR HEE AL SR AL (AT IR 5 14, HAHE oy AL AT L, n R RN TR A5 o G RN e b, P8 S WU R0R Ul e TR & 5o e PCR 74180
Note: a: PCR product size was determined sequentially with pool cloning of PCR products, direct sequencing of PCR products or manually estimated from Figure 1; b: n denotes an
unknown number of SSR motif repeats missed in sequencing due to the closeness of SSR motifs to the (forward) sequencing primer site; and c: Numerals in the brackets show the
number of EST-SSRs pooled for cloning in which the marker was successfully sequenced
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