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TP-M13-SSR Technique and Its Applications in Analysis of Genetic
Diversity for Apple Germplasm Resources
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Abstract: An economical detection method of simple sequence repeat with tailed primer M13 ( TP-M13-SSR)
was used in genetic diversity analysis of 25 regional apple cultivars . The ranges of gene diversity, PIC and locus
heterozygosity on 5 SSR loci were 0. 5032 - 0. 8448 ,0. 3952 ~ 0. 8268 and 0. 4400 - 0. 9600 , respectively. UPGMA
cluster analysis showed that the apple species were classified into two groups, correlatively with geographic origin
and relationship. The method has advantages of high-throughput ,sensitiveness , cost-effectiveness and high accuracy.
It had been used in genetic diversity analysis of apple successfully. In addition, the merits and demerits of the TP-
M13- SSR technique as well as the potential of application in genetic diversity about fruit tree were assessed.
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HEAER MG EEEF LEBHURRER
BER AT ZHH, BERKEE ZHRMAK
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Ar 5 B HERR IR B R AN R i R R N SR e —, Kk
Wi 55 AR 72 SSR-PCR §- W P= 9 ke ) 1 4 17 A, 3
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B, BH-NTEERMWHRIERALTE, Bk
BFEMMS S SSR i S0, b FEH & R
RLREK I P o Oetting %" ¥ W H— B 19bp
B H B 75 (FR A tailed primer, Bf B 51%7) 5] A Z)
48 8 B & & (short tandem repeat, STR) bRiZ kK £,
HERXEIMBEARMELE PCREARMEE B,
Schuelke'*' X Fi M13 FF5UfE % B 5] 4 #0351 9
SMEEARKRHBTT %E, RALHT SSRERS
KAABMNFRARNELES ERT —ERRE
B TFHRAETFR AN SSR T HE=HE Wik R, B
TP-MI3-SSR iR, ERE—TBRALEHHAR
JeARic &9 M13 (%, 348 MI3 8 1E |31 f1— 4
SSR 151 #48 % (¥R TP-M13 Bi#1) , #F 3 &3
YT 4T PCR 5%, 3 PCR ™4 7F DNA #54YL +
AT B SR EERKEE L RR T 0 E R R
By =R MREEN BB CRNTAEELE R
& ZFEE", W FEERMABNEX BRSE
Y SR RN RS ESTRS Y,

1 HHEEFE
1.1 ¥¢
25 {53 #t 75 3E B 5L #h ( Malus domestica Borkh. ) 33
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Table 1 25 Apple cultivars for TP-M13-SSR analysis

1.2 EBRAERYELR

1.2.1 EH4 DNA fEI FAEE QIAGEN
f) DNeasy Plant mini Kit £ Wt XA B E HE
41 DNA,

1.2.2 5|M&EM ETP-MI3 AR ARMES
A3 &SI YT PCRY ¥, B 1 &35 WREY
@M SSR R 51 ¥ F M13 (4 IE fa 5| 4 48 i & L
A M3 EEBH5IY, B TP-M13 519,82 2 AEX
B SSRIEM T 9;5 3 KR S' MW AKEHREH
MI13 EEmGIY, A% MK 30 X & &K SSR 5l
Y%k % F Yamamoto 2! Gianfranceschi 6 1]
LA % Liebhard 21" 3% 18 & FF 5, TP-M13-SSR 2|9
H b % Sangon A E A M, 5" %W A K OEIRIZH M13
EmGIY(HEHRREFFIRNE2) W diEE ABI A7
Ao
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Table 2 The M13 forward primer fluorescent-labelled at 5’

end

FIMEH  FRIERE

Primer Fluorescent

SIMEFI(5' -3")

Primer sequence

name labelled
Mi3-B 6FAM™  56FAM™ -CAC GAC GTT GTA AAA CCA C-3'
M13-G vic™ 5'VIC™-CAC GAC GTT GTA AAA CGA C-3'

Mi13-Y NED™ 5'NED™-CAC GAC GTT GTA AAA CGA C-3'

w5 LZESR g w5 LZE XA
Code Material name Code Material name
1 R wams 14 B %
2 4 40 45 1 % 15 T

3 RER 16 iR
4 BETFEE 17 BHER
5 RN\ ERELE 18 ZRAER]
6 REVREL4E 19 ZRAKR?2
7 ERAlR LE 20 K0\
8 IOER St L% ¢ 21 AN AR
9 U RIIIN 3 3% ] 22 NI AEE L
10 BB E 23 R3S

11 HE IR 24 REGER
12 BEYR 25 HHBT
13 AR

1.2.3 RBEF TP-MI3-SSR 2| 2 £ |WF
S Z @ HA 19bp B E R, H X PR S HEE
B F TP-M13-SSR £ # £ AR B, 0 70 ™ 4% 4% %l PCR
REHRKRE, RFRNE—XH M3 BEEKT
VHEHBRENRAKRE, EXEEMAIRS, &
s R K RETLLASBE PCR FEEXH
Eo. AR B R TP-MI3-SSR § ¥ B R, PCR K
Bisr2 ##47:55 1 # % TP-M13-SSR B| sy 4~ 1
K78 PCR 91,56 2 224 5' %W A 7Ot bRid i M3
ERSI Yy 1, P SSR ¥ 1 7= 4 9% 472 o
FrRFH PCR R RO AE TR, HFREF
FIKZI M FEMNARNZDTFRETAWER
RHHEI YR &1 1/4, R EANERSY
(MB)EBLULASAEREFIIMSIHERFME
%, EmESIYe, —ME LKA PACE REEE
ST MR REERY R RBENT W™
MHFTR RN,
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()% 1 K8, PCR KRk %: K DNA
(20ng/pl)2pl, F-primer (2umol/L)0. 12 pl, R-primer
(2pmol/L)1.2p1,10 x PCR buffer( R & Mg** )1pl,
Mg** (25mmol/L) 0. 81, dNTP ( 25mmol/L) 0. 1 pl,
Taq B (5U/pl)0. 121, ddH, O 4. 66p], 7 R & &R
10pl, PCR & [ B FF:94C 5min,94°C 455,48 ~
60CBA EEALH2 B3 (35 MEKF) 72T
10min , 4C {5 .

(B2 KT M, PCREMER: UE 1K

PCR =4 RBAR , ZEH B IIA 5" WA R HERICH
M13 FE 314 (2pmol/L) 1. 81,10 x PCR buffer( A~
& Mg’* ) 0.1pl, Taq B (5 U/pl) 0.08ul, ddH,0
0.12pl, PCR R i B F:94C 5min ,94C 30s,53C
30s,72°C 30s  HE LT 2 BJL W 4(16 1MER) .
72°C 10min , 4ACH-HFEH,
1.2.4 FHE&WOL4E FEHRERIKX DNA B4
BERIERH , LAY YTk, Rax
HREN®S BEOR, REMNEER(SDS %) X
B RNA,

BALRINT: (1) EASRE G RNZIEHC
519 BB MY FRXPWAR, BEHEL,
B 2pl PCR ™41, A3 M EKZEE, BEEHR
47 2 ~3min,3000r/min 2 .{> 30min; (2) BB H &

%3 53 TP-MI13-SSR S| 9 R AR 1L &4

&, EEE.OE R ZE,700c/min B L 30 ~60s, P
BEBE; (3)MA 60pl 70% Z 8, BRRGRS
2 ~3min,3000r/min Z.{» 10min; (4) SR & BB &,
BIEH.O® A % /F,700r/min B 4> 30 ~ 60s, #E
Smin; (5) A A 60pl ddH,0, B % B4, B BB HE
#1haCHREER,

1.2.5 FHFHwEAZELEE 796 LRNE
ANFLFSFIm 1l difkag PCR 47,8, 5ul B BLRE
(0172 TFAHE), BL,RE ISTEH
5min, B K & 10min, f§ ABI3730 # 47 H 3h 3% %
K,

1.2.6 HESH HHKSEE THEGHIRHBEK
#& A GeneMapper3. 0 B {45 17 70 7, KB A FI#E
T3 B B 46 BE, I A Power Marker V3.25 X 4it
DA R T R A B REE T

2 ZBREHSH

2.1 TP-M13-SSR 5| M1k Bk K4

xi & B 30 X TP-M13-SSR 5| ¥ 47 % , 30
PRt EER EEETFHR S M3W(E3).
K54 KA4b 1 BGT23b WFFIR A TR, HR
HESIWREBKEE, BT 25 My R 8%
ZRMERR.

Table 3 Five pairs of TP-M13-SSR primers and optimum conditions

BAXRE(T)

5 ak mEFI(5 -3') SIEFI(S -3") Annealing
Primer name Primer sequence Primer sequence

temperature
KA4hp F:CAC GAC GTT GTA AAA CGA C-AAA GGT CTC TCT CAC TGT CT  R:CCT CAG CCC AAC TCA AAG CC 48
BGT23b F:CAC GAC GTT GTA AAA CGA C-CAC ATT CAA AGATTA AGAT  R:ACT CAG CCT TTT TTT CCC AC 50
CHO1f 03b F: CAC GAC GTT GTA AAA CGA C-GAG AAG CAA ATG CAA AAC CC  R:CTC CCC GGC TCC TAT TCT AC 60
CHO2b12! F: CAC GAC GTT GTA AAA CGA C-GGC AGG CTT TAC GAT TAT GC R:CCC ACT AAA AGT TCA CAG GC 59
CH03407 F: CAC GAC GTT GTA AAA CGA C-CAA ATC AAT GCA AAA CTG TCA R:GGC TTC TGG CCA TGA TTT TA 51

2.2 TP-M13-SSR fifE S MKW
AT A S XI5 P xR 25 M &
FHEEATY 8, o K45 R B A4 B 7E K R4 A A9 SSR
VHEYMARBEA/N AL, FREBN A ENE
Bo 54 SSR fir &5 fi7 #8 7 Hi B 25 43 3 446 9 1t
REHE(ERSHE) MBI E N 0.5032 ~

0.8448, ZEHFE T BMEALTE K 0.3952 ~
0.8268; B4 b, B 9 B & CHO2b12' , B K3
33| ¥ BGT23b, X484 H1 X 0. 7278 #1 0. 6837 ; 41
REAEREATEN 0.4400 ~0.9600( # 4), 25
G R AR EE A AR KA4D 938 15 2 8 v K 4R B F
SRR, MALLR CHO2bI2' KRB B EBIK,
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Fig.1 The polymorphism revealed by TP-M13-SSR in different regional apple cultivars at different loci
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Table 4 Genetic diversity of 25 apple regional cultivars revealed by five SSR primers
#rid FHMEEEE EENEK EIVE Tk REEHHE #*EE BEHFEEER
Marker Major allele frquency Genotype No. Allele No. Gene diversity Heterozygosity PiC
KA4b 0. 46 9 6.0 0. 6992 0. 4400 0. 6567
BGT23b 0.58 4 3.0 0. 5032 0. 6800 0. 3952
CHOHf 03b 0.26 i4 10.0 0. 8104 0. 9600 0.7843
CHO2b12' 0.24 18 11.0 0. 8448 0. 8000 0. 8268
CHO034d07 0.36 14 1.0 0.7816 0. 9600 0.7554
33 Mean 0.38 1 8.2 0.7278 0. 7680 0. 6837
2.3 RESH MRPRBTFERELANERMAERREXR

BES 6t SSREI MY HBERETBEHURE
HHETEX(E2), 5 BHBNEAMNERE
0. 1111 ~1. 0000 Z [, 25 #3418 5 8E4 I, 40
AERO0.43 LTLIAB S A2 M KB SHBEER
MEGXRAAX, LB | EAMILAORAET A%
X EHEBEF LABEURSER, AW

B, F L TR K8 1 Q2B Utk
B Tt f s 77 & R R L& BB LA
BRKBZI,EA S A, 25 2/MRILAR,
WEEREE £ BEEERYRERUR=REA
W LA, 4R B, LR, R
CLIIOES 3 SR
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Fig.2 Dendrogram of 25 apple regional cultivars based on SSR data
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BEZ BT822 51, 40 70 T4k 42 2 T 0 5 1, S I 4 4k
PCR §#4k K , £ E &8 3 1A %A DNA %3
YR, URFE 1 K PCR R B KEE, BE
HERE FER HHEPHRNER,

B, TP-MI3 AR AR M ARAELEA
Y% 1. 5Gbp! " py 3 A U 8 45 ZREHEBR L b
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