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i 2 TS B B AE DNA $880317 » SidEE e  EEESRE ST » Bl
BARECEBERE 2 TE - (HR R TERE 28 SSR %?*E;E%%%?E%Hjﬂ’ﬂl{’ﬁ o B
£ » ZIEARE PR it T — B rEE - #he A P& HRIEY) thn] & 2t be 28
SSR 73 FHEEE o fEAGERH » DL Roche/454 & Fp Ry B - B#E SSR 73 FiFas » i RH
{6 BERIEAL DNA 5553 51#% MID 28 & » 56EK 1/4 (@l PicoTiterPlate 2 i€ f> » LIE{R
60.9 £l 53.3 Mbp finEL %t (180,648 Eil 135,085 {&FF51) » & SSR K| EE I fA R i T 2%
PO FEH 732 REL 514 {5 - 53 HILL 6 {EREFEE M BEEFAL A HIE, - #55H 33 & 28
5 FEAEZLHN - fFE1ER SSR fT1E5EE » 15ATERET5 [+ 50%LLE - 1‘%4}3”@
WA f B 7 J7 2 » Roche/454 22— E ~ HRET H AT UK EEUS M 29 Fi5as
T <

A : EELEEPY]  KIHfUER? » Roche/454 FEMHIRE fy ~ RESAE ~ EERLRL

N2

A

o

i 2 Y1 (microsatellites ) W ig B EEE Y]] (simple sequence repeat, SSR )
Bl Kt 1 B8 #2751 ( short tandem repeat, STR ) » J2 LA 1-6 {[fig ¥4 5 B 15 BT ( motif ) -
BH R AR PRSI/ N Fr B2 DNA-SSR FRAIFAE IR B2 AR V) KR4 A= 9 H7( Field and Wills,
1996 ; Gur-Arie et al., 2000 ; Katti ef al., 2001; Weber, 1990 ) » EgfEREAfRIEEEIE

T B 7R A SRR A 432 3 -
" P EUB BB HLGBARF % » zeamays@tydais.gov.tw) B9 L »
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AR S = HE 2 E - £ 2-30 kb @ H3H —1[E SSR ( Kelkar et al., 2010; Webster et al.,
2002) - (A SSR (genomic SSR) FHELHAEEA SSR (gene SSR) A =126l
M (Blair et al., 2003; Ellison and Shaw, 2010) - SSR H = E % AR A HE{AREH » |]
At/e DNA HEEFE SSR B AFEAYEE FFYEAE A FHIEM (unequal crossing-
over ) - 80 DNA HIE % (slipped-strand mispairing, SSM ) 35 Bk B2 # 41| B4 et
IR T A 9 e [ al (] B R &S 4R 26 B (Levinson and Gutman, 1987; Li et al., 2002;
Schlotterer, 2000; Schlédtterer and Tautz, 1992 ) - SSR 43 FHEEE MR » BEEEF
SRR IR ST IR R A e e T S —MERYS [ 3% - DUEARH DNA (BRI - TR GRR
G N E KB IK AT o RH BA 28 EE R (multiallelic )~ 3 85 7% 8 (&
(co-dominance ) ~ FEH S » [EIZ AT AIRH 1 R o i 25 2 5 1 B ( Aggarwal et al.
2007; Mittal and Dubey, 2009; Saha et al., 2006 ) - i fF & da fa i B E HF - TR HEEE
IZFERITY DNA FERUMT ~ FIACE iR BB AN « RESEE K T iE i
B ETEZENFE (Guichoux, 2011; Knapik et al., 1998; Mba et al., 2001; Schuler et al.,
1996 ) -

EHA B2 SSR 7 TIEFERY RIS - B & H/ Bl A ER AR SO (small-insert
genomic library ) 3¥JH K € Fp ~ 221 S E ME M 2 B 911 & Al#H SCE ( SSR-enriched
genomic library ) #EJE K E - BRI Y& RE A - 5550 SSR FRHIFEY)
fEE (b EA R - R AIAIHFEYIERE T - eSS EE G E Fr 2 gAY
Tl #E W &8 .2 SSR f2EE (Zane ef al., 2002) - X CER (next generation
sequencing, NGS ) Y iH =B EEF (high throughput sequencing ) » ELISEFTEFHY
HR o —RRFERP R E E BRI EZER » BETESE Roche/454 - Solexa/lllumina
K AB SOLID %5 ffif - H:rt Solexa/Illumina J2 AB SOLID &7t 5 i n] 52/ 160-500x10°
ERFFIEFE - RS R 50-100 bp ; [fif Roche/454 F K HESERL 1x10° (RS »
{BEEE A2 400-500 bp ( Deschamps and Campbell, 2010) - HrH Roche/454 51| H
e SSR - NFEFGEEIE M i E AR - HE—FFYIREEEHL SSR EHEEIT
WAIER 5 |1 » HEEHEFT 1/8 5L 1/16 {i# PicoTiterPlate & 7 FER[T] 115 & %y~ Fe 41 » iIf:
EHEH B 2T EDLE S SSR ZFpH1] » Fy—{E3E e SSR 7T HEaS TR SRS 2
% (Csencsics, 2010 ; Takayama, 2011 ) -

51t (Kalanchoe blossfeldiana Poelln. ) [ BEFHLHT ( Euphorbia pulcherrima Willd
ex Koltz) JEBININEZERZILIEY) - BINFEEL 50 &4 & 110-150 &4 - HAlEH
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68 {EEEFLRL . 24 {EARFF(CALE A EY) miEiE (RIEZ 2EREEW - 2012) - ffihd
% SSR 73 THARRE ML TR EA FE R PPN B PIREAE 55— X 7 SSR 73 T35S H -
BRI ARESEAES - HETRSIE M EHALEERERNE R E TR AR FIIR
% > Al > ABFFELA Roche/454 BB EEF? » PAFEREIC R EFLZ SSR 73 THEEE -
AP A R ab i & 2 B TR - RIEAHOE B ERNE RS KRR E F a7t A]
Tk -

H oy ik
— « DNA Z=EyEd Roche/454 £ %

73 HIEUR S5 G E Calandiva Cher’ J BEFEAL i ‘TYNY No.I’EEf 0.1 g » DA
Qiagen 2 Mini Kit fEY) 5 AfHZZAERH - 22 HUEEKRH DNA 10 pg - Z5X 55055 R i bt
210y (VYM Genome Research Center ) #{T Roche/454 EEmENE EFF ( Roche/454
pyrosequencing ) ° TE AT AR IR & /570 (multiplexing option) - 735#% |
11 &g &2 MID fZ 4 ( Multiplex Identifier adaptors ) » & E{E.2 MID k&
5’-ACACTACTCGT-3’ » BEFL#[ .2 MID Jy 5-ACACGACGACT-3" LI Roche/454
Genome Sequencer ;. FLX Titanium E1f - 317 1/4 11 70x75 PicoTiterPlate (PTP) 2
J& (Roche Applied Science, Penzburg, Germany ) -

— ~ F5I5 K SSR 5| FE5E

1 Roche/d54 FEH 25 B R4 L CLC Genomics Workbench 4 #kga ( CLC
bio-AsiaPac ) 7347 Kz #HEE » A DL SSRLocator ¥k e (Maia et al., 2008 ) @iz SSR 72
Fedl - Efisf A DU BT R B HER (mono-nucleotide ) FHEAAE 12 X~ S HER

(di-nucleotide ) ZEH 8 XLLE » =% R (tri-nucleotide) ZEE 5 KLLE ~ I »
TR 7SS (tetra, penta and hexa -nucleotide ) HE® 4 KDL - i H SSRLocator
WCAE A2 Primer3 fAHEZETE [« DL M13-tails JiAETESCRI RS |2 5 o3 BN _E
5’-ACGACGTTGTAAA-3’E1 5>-CATTAAGTTCCCATTA-3’Fz%1 ; 532 PCR BFEENN A
tagF Hil tagR Wi iz 5 5|+ » H F %95 5l 5-ACGACGTTGTAAA-3” Bl 5°-
CATTAAGTTCCCATTA-3" » A4 3¢ ( VIC, FAM, NED F PET) fE5E7E tagF 2| F 57
it (Hayden et al., 2008; Schuelke, 2000 ) -
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=+ PCR REERER D

T ALARFAC B AL 6 (HaLE ST 25 AR HIE, - R ES(EALTE & Calandiva
Hayworth’ » ‘Taoyuan No.l” ~ ‘NCHU No.1-Beacon’ » ‘Lea’ » ‘Taoyuan No.3’ & K.
garambiensis ; BEFER 5L T# £ ‘Peterstar’ ~ ‘Red Splender’ ~ ‘Sonora white’ ~ ‘Red velvet®
‘Red elf’ } ‘Dulce Rosa’ » PCR Ji7 JEfABSFE B 10 uL » % 1X Bioline® ImmoBuffer (16
mM (NH4),SO,, 0.01 % Tween-20, 100 mM Tris-HCI, pH 8.3) 20 mM MgCl, » 2 mM
dNTPs ~ 0.8 uM Universal 5[F » 0.4 uM specific 5| » 20 ng genomic DNA } 0.25U
Bioline® IMMOLASE™ DNA Polymerase - PCR [ JE {6445 95°C 10 4348 92°C 30 #
63°C 90 ¥ » 72°C 60 ¥ » {fEL 20 2X 5 92°C 15 % » 54°C 30 %> - 72°C 60 ¥ - fi§Ez 40
K5 72°C 30 43 dE5ERR o KFES EP LA VIC:NED:6-FAM:PET = 1:2:3:3 ( FLBIE & -
ZERBE S EYIREE 10 5 (B 18 plk 162 ul) - ZHEFEK T R R ARAF
1T ABI 3730 EMHE TR KT » BEHL Gene Mapper”™ 4.0 ( Applied Biosystem ) #i
(=VARiINE

R

#EH Roche/454 JE Frifi FaN= 1- REFALIES 180,648 G5 #d7t 60,986,646 bp:
SRRy 337 bp » BERERLIETS 135,085 (R - #8ET 53,321,795 bp » PR AL Ry 394
bp » Q40Plus Bases 4375y 86.4% 5z 83.9% - #&F CLC Genomics Workbench 4 ¥ 5
MID FaHiRaEARZ FRAIERRR @ T RYI LS i - JREFACIGE] 78,977 R —
FeA ke 16,901 fisfH & P51 - SRR s 294 bp K2 420 bp » BEFERLHIAT 57,700 fiRE—
FeA ke 11,096 it & P51 - SPEGREE R, 336 bp k2 435 bp » KRFALH RS HT 2n=34
KB AGTE 20=68 » FISHEPENER 2 Hi(L.21EF (Aida and Shibata, 2002) -
FLIRIBE ANy 3%10% bp 2 1.4%10° bp (Izumikawa et al., 2008 ) » BRFEAT YL B b,
2n=28 » ERFEA/NE 1.30 pg/1C £ 1.65 pg/1C ( Galbraith et al., 1983, The Royal
Botanic Gardens, Kew, 2012) - %7k 1.27x10° bp % 1.56x10° bp ( DoleZel and Bartos,
2005 ) o [AEAE B R E P A i Z i B E G R ST EE R B A A 1/6 2 1/30 1Y
&R (coverage) - FFYIRHEERE —FAIRERNKR - Bt - FEFYIHEER LIS
FEHAGREL (similarity coefficient) 3% 7€ » FE HAYRHHREEYE R ZFY -
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7 1. KEIE R EFAL Roche/454 5E [ Rt 264
Table 1. Samples and sequence data generated from the Roche/454 genome sequencer and
assembling in K. blossfeldiana and E. pulcherrima.

H—Fp3I K SPEE—FPSIR
& FPo1 8 & FPA R

No. of Sequence Total bases No. of singletons / Average length

HTE FPER B R L L

reads contigs singletons / contigs
no. bp no. bp
ST 180,648 60,986,646 78,977/16,901 294/420
K. blossfeldiana ’ T ’ ’
HO Y
B 135,085 53,321,795 57,700/11,096 336/435

E. pulcherrima

SSR EL[AIFERYEE E DL 5-40 X3 (Selkoe and Toonen, 2006 ) - {HA—LEHF5E
2y 4-5 REHENE SSR E A ( Brzyski, 2010; Culley, 2005; Pazouki et al,. 2010)
Rl A SSR R AMKIR A EEEME - HLIEEHTERE 3-5 RELEERZ

( Abdelkrim et al., 2009; Castoe et al.,2010; Takayama et al., 2011 ) o fEAE B DLUEE AL
HRE®E 12 X EEEMER 8 KOAL » ZEEBERE 5 XULLE - 4 7 A
FREEAE 4 DL R B F AT - DIHREIS 22 B B R B B e - SSRERLRIAE 73 Arfd B
NER 2 - REALE SSR EREEFYE 1,189 fik ((H&EFYNZ 1.24%) » AIEET5 1T
H 732 fok s BERERL Ry 884 ik (5= EFPYIZ 1.28% ) » mlaxats [ 514 & - 734 SSR
BEEETTEN R HEMARINE 3 REIEERAL S EE SSR 77HF 343 K
211 fi » HpPL (AT) « BiER % - =f4HEK SSR J3HIF 469 K 475 i » HALL

(ATT) o Jz (ACT) B &/ % - DUELE R SSR 7354 203 K 98 il » TifsH R SSR
73R 102 Kz 84 &l » ANEZHER SSR 7351 80 J 38 flil - HHIHIMFZE R BAE 2 TEIEY)
TRV BRI P i R A EERZ TR SSR DL (AG) o ¢ (CT) o RERHYER(L - =%
H& SSR H HAYR (AAT) o J (ATT) , (Wang et. al., 1994) - BLARGA Bz /i {E )
TEISE ANFE o s iTRES( L EEFERL SSR BHEXEAE 1 - EHE 4-10 KEFT S Ll
=57 1066 2 750 i - EE 11-20 XE 5551 137 e 167 {iH - EE 21-30 K& 775
12 R 14 i » BEE 31-40 REZHIAE 1 R 2 - ER 41 RPLEERSEE 11
{lél > MEEFEALANA 2 (] -
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2 Ry R0 Kb-AGCT-02 F[A[FE 2 BAlE B Uk E - £ 6 {EIEL AT 4 (5
BEEA » —{E4F Ay SSR 73 THERERR T ¥HERERHES - BEEIN A %E (addition of
adenine ) 5¢ % FOE PR RTT (stutter bands ) FRMF: - BT R EIFIHIES R
SSR 4> T fEEREE EEESE ( Schldtterer, 2000 ; Schlotterer and Tautz, 1992 ) - {HEERER
R L 40% LA B o fEAE g SSR I SRR (R R B ]
A&l 3 firs - fE 3-A > 18 3-B R RAFIIEEES - BAEE PR G RN A RUESS
Z o HAplE 3-A BFE'ERS G 0 B 3-B REEMS - SETE RINE R g - 2R
FirfE Rl A SUEAR5E 2 2 W - (8] 3-C ~ & 3-D RE R alatimag - R S22 G
WA R - DB SRS SR AR - S RHFE N EE - [B] 3-E R EEEA

(multiple allele) - [ 3-F SFEEFTTERHERH - 382 ZFEAURF & S0 BEHARE - & 3-G Ry
A BEASE R MR S AT - WAEZE 1 (s - [ 3-H R ey shk e -
EEEUMERHE Ty - SRR -

7 2. REF(E R EEREAT SSR LAl S Arifit SR

Table 2. Number of microsatellites loci identified in K. blossfeldiana and E. pulcherrima.

& SSRERE  AILIEr T AT {gH ELA I
Feo 8L FeolEL Sl FeoEL
No. of sequences Sequences with  No. of Amplified Polymorphism
containing SSR amplifiable result result
Loci SSR Loci
no. no. no. no.
REAC
K. blossfeldiana 1,189 732 44/64 33
HO= ¢
Eil 884 514 40/55 28

E. pulcherrima
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3. REICREEIEAT SSR & BT 2 JER K B
Table 3. SSR type and number of repeat motifs in K. blossfeldiana and E. pulcherrima.

B ER BEEEIT K. blossfeldiana E. pulcherrima
Repeat type Repeat motif no. total no. total
BE K LS A (T) 28 21
FHPHR 29 29
mono-nucleotide G (C) 1 8
AT 264 133
LT GC 0 1
343 211
di-nucleotide AG/TC 48 45
AC/GT 31 32
AAC/TTG 18 56
AAG/TTC 76 77
AAT/TTA 99 136
AR ACC/TGG 35 23
469 475
tri-nucleotide ACG/AGC/CGT/CTG 69 16
ACT/ATC /AGT/ATG 96 130
AGG/TCC 58 32
CCG/GGC 18 5
AAAC/AAAG/AAAT/AACC/
AACG/AACT/AAGG/AAGT/
VUKL AATT/ACAG/ACAT/ACCC/
203 98
tetra-nucleotide ACCG/ACCT/ACGC/ACGG/
ACGT/ACTC/ACTG/AGAT/
AGCG/AGCT/AGGG/CCCG
T
) AATTA/ACCGG/... 102 84
penta-nucleotide
INZETR
ACACAA/TGTTTG/... 80 38

hexa-nucleotide
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1200

# K. blossfeldiana.

' E. pulcherrima
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repeat number

1. REF{EEIEFTAL SSR B XHLZ 53
Fig 1. Distribution of the number of SSR repeats in K. blossfeldiana and E. pulcherrima.

sss pie Name. Fanet oS =)
31

= e = e — =
TR11072801-KB1 02 KB1-: fsa KB1-: KB1 || ]|
: AAK
TR11072801-KB1 06 KB1-6A fsa KB1-6/ KB1 || |
TR11072801-KB1 B01 KB1-18fsa = KB1-18 KB1 | 1|
- -
TR11072801-KB1_B08 KB1-86 f: KB1-868 KB1 || |
ror
TR11072801-KB1_CO7 KB1-7C fsa KB1-7C K81 | |
" : -

2. KAt Kb-AGCT-02 F:[A|HE 2 Bl E TR IKIE -
Fig 2. Capillary electrophoresis result of K. blossfeldiana amplified by Kb-AGCT-02
marker.
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1@ ] ®
: . :
N ]
..... N il
1 © 1 (D)
...... Mb—g L*““““““"“
NG NG
- M A A/J\JL\ " :‘A, “ " .
i) 1w

3. SSR 73 FARFEIRIG R RN ZEIB - (A)FEFGS - B)REFES - JrlHfTTE K
AT 2 - BEBRFTTE RN A SUEASE R RTZIIE 5 (OBFMR R EHSHETR |
(D)FE 5 & HPMRERTESLE ;5 (BE)Z B A (multiple allele) 5 (F)FiBEMTTE
RFERH S (G A USSR 5 (IR NSRS - SR - BEA
2 o

Fig 3. Examples of PCR products amplified by SSR primer pairs in this study.

(A)homozygote; (B)heterozygote, the arrow is stutter bands, asterisk is addition of
adenine incomplete; (C)stutter bands excessively over; (D)heterozygote and stutter
bands excessively over; (E)multiple allele; (F)the arrow is noise; (G)addition of
adenine incomplete; (H) noise.
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REBACREERLAL oy lakat 64 ke 55 #l5 [T - #ERAIFR 2 FR » KR&S(ER] DU
HETRIRRT R 44 11 Hor 33 sl EE A - BERERL A DIEETRIB R A 40 1 - K
28 #HEA AU - FFETE AR SSR 73 FHEEE# » AFTa TS5 [ 50%LL L - Abdelkrim
% (2009) DL 1/16 # Roche/454 HETTEERE ( Hymenolaimus malacorhynchos ) TEFF » 15
£ 17,215 A1 » Hrhg SSR FRIBEFPARy 231 {6k - 2 15 24 {lH SSR 73 TH55E
1M1 7E Fr i HFREE 1500 3£ - Castoe % (2010) {H] Roche/454 FLX ZACHE T #ilHHIE

(Agkistrodon contortrix ) EFf » 15% 128,773 {6cFe41| » & SSR ERE FFy & H 14,612
e (11.3%) - HAEEIIETS [ FH9H 4,564 fRFp21 - Hifilt DNA F]52 R E Fr 2L
T 9 RAIHERT - 5340 Santana % (2009 ) FI]F ISSR-PCR Kz FIASCO ( Fast Isolation by
AFLP of Sequences COntaining repeats ) 55 =CEF 5 Fusarium circinatum, Sirex
noctilio ¥ Deladenus siricidicol ={E%)FfE 2 SSR = 4L KFH S E » B LA Roche/454
TERF » RIER 1040-1840 /P41 - mlazats [+ 159-336 i - HpDL FIASCO J5=
BRI ELHIA] LAERET5 [ 1 ISSR-PCR HIAI SSR FRy R ST/ - A~ Zyasats [+«

{EATE 2 SSR 73 TH55E - TR B ple/ N Fr Bt AR R BRI - DL & B i &2
FeAIR IS MRS Afise - i1k (Sanger method ) EFy » 3%ETH 15 » PCR R EAL -
B RAEES B8 - DL NGS £ A FHESHEARH DNA » F#E NGS Ef7 - #
= SSR ¥ » [FIBEE AR ETS [ - IR PCR el R 810 - HIf NGS EFF#EIRE
K Al (R E R/ NEIISER - B2 HBH#E SSR 77255 (Santana, 2009) © &
FH NGS £l rl A I R e B Y N T RS - R B — R A1 E e oAt A e e
& - H Roche/dSd 57 2 BT BEF MR % - 1T E— A SR o MR (7 E)
HHEFR - /e SSR 1 RS EE V1 - HAIE A A WG 355  IEMA i
& (Santana, 2009 ) -~ fE#%E ( Euphydryas aurinia )  (Sinama et al., 2011) ~ FH
&% (Ips typographus ) ( Stoeckle and Kuehn, 2011) ~ $#¢%8 ( Vipera ursinii ) ( Metzger
et al., 2011) ~ Wit (Amphibolurus norrisi, Ctenotus atlas and Nephrurus stellatus )

( Smith etal.,2011) - WghgE (Artibeus lituratus ) (McCulloch and Stevens, 2011 ) &
% 1 (Galeorhinus galeus) (Chabot and Nigenda, 2011 ) % ; FEfEY)IE & (Typha
minima )  ( Csencsics et al., 2010) ~ KZFEKRT (Pericopsis elata) (Micheneau ef al.,
2001 ) ~ &K (Acacia harpophylla)  ( Lepais and Bacles, 2011) ~ Bkt ( Khaya
senegalensis ) (Sexton et al.,2010) %5 - 43 FILL 1/16-1/4 i) Roche/454 [ & » B[J 0] BH
T FEITRR L SSR 7> TAREE - fEAMSE - REIE N EFALES BB SSR &
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NHBHIE 514 K 732 751+ FEERIE, - CASEREE 33 & 28 (HEA AL SSR
S TAEES o AIE R E R AR R e - BERDL Roche/dss PRI RIER
SHELT SSR 43 TS » (OB —[EHOR « B BeRmE A -

%
it AR G R B R BB R TR Z AN ~ BREE AT SR AL 3[R B2 42
HEHREREROITTES - BEFEEGERETIF - USRS ERBET T 0
TEFFT - REEEHIL -
5 Xk
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Development of Microsatellite Markers in Kalanchoe
blossfeldiana and Euphorbia pulcherrima using
Small-scale Next Generation Genome Sequencing '

Chih-Hsin Yeh? and Fang-Hsin Liao >

Abstract

Microsatellite markers are widely used in DNA fingerprint, variety identification,
genetic relationship and genetic mapping. It is an expensive and time-consuming job to de
novo isolate and to characterize SSR markers for unexamined species. Recently, high-
throughput sequencing technologies provide new opportunities for locating microsatellites
in not-previously-sequenced orphan crop. Here we report results of 454 pyrosequencing to
identify a large number of microsatellites from Kalanchoe blossfeldiana and Euphorbia
pulcherrima. Using a combination of a total genomic library and small-scale pyrosequencing
(1/4 of a PicoTiterPlate) with multiplexing option, we determined 60.9 and 53.3 Mbp of
sequence (180,648 and 135,085 reads) in the genomes of the two species and identified 732
and 514 microsatellite loci that had flanking regions suitable for primer design. We tested
PCR amplification, reproducibility, and polymorphism of 28 for E. pulcherrima and 33
primer pairs for K. blossfeldiana using six individuals. As a result, 50% of markers were
clearly genotyped, efficaciously detected polymorphisms. This method is low-cost, time-
effective and large-scale in comparison with traditional approaches involving cloning and

sequencing.

Key words: simple sequence repeat (SSR), Next Generation Sequencing (NGS), 454

pyrosequencing, Kalanchoe blossfeldiana, Euphorbia pulcherrima
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