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Establishment of Molecular Identity Card for Malus Mill. Originated
From China Based on the Fingerprints of TP-M13-SSR
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Abstract:In this work ,we used 27 apple( Malus Mill. ) accessions originated from China to assess the feasibility
of using tailed primer M13 microsatellite markers( TP-M13-SSR ) to establish genetic fingerprints and barcode technol-
ogy to establish molecular identity cards of the apple collection. For the 27 accessions,twelve SSR markers resulted in
the amplification of 251 alleles,with an average of 21 alleles per locus. The ranges of gene diversity, PIC and locus
heterozygosity of the accessions at 12 SSR loci were 0. 6620-0. 9455 ,0. 6327-0. 9211 and 0. 6538-0. 9319, respective-
ly. The primer CHO5b06 successfully differentiated all of the accessions. Based on the genetic fingerprints at
CHO5b06 ,we could obtain the special molecular identity cards for every accession. This technology could be used to
establish genetic fingerprints and then obtain molecular identity cards for every accession,which could develop a set of

reference standards for the apple collection which could be used as a database to identify unknown apple varieties.
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Table 1 27 accessions of Malus Mill. originated from China
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1.1 #

27 iy e S B SPR R AR AR A R A o
L A2 B S IS i [ SRR o 5 4 k3 2R ¢
T [# (NRAGR , National Repository of Apple Germplasm
Resources ) , B0 Fh B LE B NI TorE 258, HA % H
ST AR S, (EL T H TAEAR XA A7 e R
P T IRA ARSAT I E S (% 1), 27 #4805
HJE T 21 AR 1 ASEAF 3 NS e g1 E
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Code Code in NRAGR Accession name Scientific name

1 H4i H thEF M. baccata( L. ) Borkh.

2 K H A5 1L M. baccata var. zhaojacensis ( Jiang) Ponom
3 GPPG0866 EiEF M. manshurica (Maxim. ) Komarov

4 GPPG0867 BT E M. rockii Rehd.

5 GPPG0851 i i M. hupehensis (Pamp. ) Rehd.

6 Ko H RA=FiieS M. hupehensis (Pamp. ) Rehd. var. pinyiensis Jiang
7 GPPGO865 e 22 5 M. halliana( Anon. ) Koehne

8 GPPG0863 54 g o M. sikkimensis ( Wenzig) Koehne

9 GPPG0840 = M. sieboldii (Reg. ) Rehd.

10 GPPG0852 A pg =it M. sieboldii (Reg. ) Rehd.

11 GPPG0841 FE =t M. sieboldii (Reg. ) Rehd.

12 GPPG0853 AR -1 M. toringoides ( Rehd. ) Hughes

13 GPPG0854 ING I M. xiaojinensis Cheng et Jiang

14 GPPG1072 4 %) 5 M. prattii ( Hemsl. ) Schneid.

15 4 H BTG5 M. ombrophila Hand.

16 H4 H ] e M. honanensis Rehd.

17 F4mH B IS M. doumeri ( Bois. ) Chev. C. R. Ac.

18 GPPG0257 iR M. domestica subsp. chinensis 1i Y. N.
19 GPPG1006 T M. domestica subsp. chinensis var. binzi Li Y. N.
20 GPPG0809 pixAN M. asiatica Nakai.

21 GPPG0976 W+ M. prunifolia (Willd. ) Borkh.

22 A H UNAEE S M. robusta ( Carr. ) Rehd.
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Code Code in NRAGR Accession name Scientific name

23 GPPG0864 L)/ RiE3s M. micromalus Makino

24 A4 H AR M. spectabilis ( Ait. ) Borkh.

25 GPPG0858 Bl 7R v 3 M. kansuensis ( Batal. ) Schneid.

26 GPPG0802 By SR M. sieversii( Ledeb. ) Roem.

27 GPPG0955 FHORE MR M. sieversii( Ledeb. ) Roem. subsp. kirghisroum( AL. ) Ponom.
1.2 REAEREIELE 1 B i+ e HES, R SR A NG B0 A1 ) B 5 A
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Table 2 12 pairs of TP-M13-SSR primers and optimum conditions

CIR7E4 7 5 9FP51(5"-3") B 51 s (5" -3") BB (C)
Primer name Forward primer sequence Reverse primer sequence Annealing temperature
CHO1{03b F;:CACGACGTTGTAAAACGACGAGAAGCAAATGCAAAACCC R:CTCCCCGGCTCCTATTCTAC 58
CHO2b12 F:CACGACGTTGTAAAACGACGGCAGGCTTTACGATTATGC R:CCCACTAAAAGTTCACAGGC 59
CHO03d07 F:CACGACGTTGTAAAACGACCAAATCAATGCAAAACTGTCA R:GGCTTCTGGCCATGATTTTA 51
CHO04e03 F:CACGACGTTGTAAAACGACTTGAAGATGTTTGGCTGTGC R:TGCATGTCTGTCTCCTCCAT 60
CHO04h02 F;CACGACGTTGTAAAACGACGGAAGCTGCATGATGAGACC R:CTCAAGGATTTCATGCCCAC 55.5
CHO5¢06 F:CACGACGTTGTAAAACGACATTGGAACTCTCCGTATTGTGC R:ATCAACAGTAGTGGTAGCCGGT 58
CHO5d08 F:CACGACGTTGTAAAACGACTCATGGATGGGAAAAAGAGG R:TGATTGCCACATGTCAGTGTT 55.5
CHO02a04 F:CACGACGTTGTAAAACGACGAAACAGGCGCCATTATTTG R:AAAGGAGACGTTGCAAGTGG 58
CHO5b06 F:CACGACGTTGTAAAACGACACAAGCAAACCTAATACCACCG R:GAGACTGGAAGAGTTGCAGAGG 55
CHO5d04 F:CACGACGTTGTAAAACGACACTTGTGAGCCGTGAGAGGT R:TCCGAAGGTATGCTTCGATT 60
CHO1{07a F:CACGACGTTGTAAAACGACCCCTACACAGTTTCTCAACCC R:CGTTTTTGGAGCGTAGGAAC 59
CHO04¢07 F:CACGACGTTGTAAAACGACCCCTAACCTCAATCCCCAAT R:ATGAGGCAGGTGAAGAAGGA 57

TRIZHRSITA R 5 v M3 Hesk

Underlined sequences indicate the 5'M13 tail



1293

S SR 4 T 2 O3 R <7

+
2

N3
H

_L

oA

HT TP-M13-SSR 1§

A
VRS ¢

[

6 11

uoneosjijdwe ou SI 919 sueowr  —
neoyrd 1 o1oy .

¢

“

R 2SI
8LI/9L1 ¢1e/01¢/081  60C/161/1L1 Ly¢/50CT/161 12L/S11/L01 6¢l ovl/ccl 1L2/112/€0C/€61 CTCT/0CC/v1T/ 881 881 LST/SyL/LeL /ST LL1/SLL/LO9T LT
8L1/9L1 01¢/80¢ 60CT/S81/¢€L1 Lyc/s0c/161 Icl/sit 6¢€l 0€1/¥Cl [LC/€0C/¢€61 91¢/¥12/90T 881 6S1/LST LL1/SLT 9¢

Yo1/vL1/¥91  91C/861/C81 €0C/LLT  S€T/1TC/S61/¢€91/LST  T11/101 191/6%1 0IT/801 ILT 90¢/v0C/861 V81 6¢l €CC/691/191 Y4
81/ YLI ¥1¢/01¢ 60¢ 1e/sLt 6C1/601 6v1/1v1 8C1/011 L61/S81 90¢/861 ¥TT/881 Ly1/sv1 102/691 e
YLI/891 80¢ §C¢/L0T €1¢/G81 LT1/601 vl YS1/CE1/011 661/LLT 9T/ v1C 8€C/881 ELL/LY1 1027691 €C
01/ vLI 91¢C 60C/50C £CC/S1T 1117601 vl 9CL/¥01 161/LLT e/t 9€C/881 eLI/6Y1 691 (44
Y8I/¥L1  8YC/TYC/81C/TIC 11e SEC/EIT/ L8] I11/501 selsecl ¥S1/8C1 S0C/L81 9T¢/90¢ 881 (94! 681/691 1c
C81/9L1 90¢/¢0¢ £0¢ 6L1/L91 601 Sel/ecl 8CL/¥C1/801 S61/L81 81C/¥0T/¥61 ¥0C/881 Lyl1/S¢El 1L1/L91 0¢
8L1/891 0¢c/91¢ €6l/161 181/6S1 6CL/LIIT 6¢cl/ecl 144%2:'19! €61/¢81 0T/ ¥81 T/ 881 ovl/Ly1 10C/681/691 61
891/991 - €61 §Tc/S61 LET/€TT Iv1/LET 9Tl L1T/11C ¢12/90¢ cce/0ce 6¥1/L¥1 681/LLI 81
01¢/961 961 €6l/161 661/561 SCL/LIL/LOT SSL/ISL/LYL/LEL 801/1¥01 S61/591/161 0€¢/0cC/91¢ 881/¢C81 €91/161/¢€l Lee L1
YLI/¥91 902/981 1ic/e6l1 STT/LLI 601 6v1/1v1 811/801 L0T/S81 Y0C/v61 ¥61/881/C81 191/LEL/6C1 691 91
80¢/¢81  v¥C/91C/ClT/8S1  161/1LI SET/1CT/6L1/ 161 601/101 LST/ 11 cel/011/v01 L61/S61 ¥SC/81C/861 Y0¢/C81 LSL/LY1 681/691 Sl
9TC/881 Y61/¥81 €61 681/€LI1 €11/601 SSI/1¥1 124% 49! 60C/S61/L81 €Cc/0ce/00C yce/ 8l 691/191 102/691 14!

061/8LL/0LI1 961/v81 LTC/112T/10C SLI/TLT SC1/601 LSI/SY1/1vD 9€l/¥El/CCL/01T  €61/161/LLT  0TT/00C/861/C61 1414 681/191/6¥v1 L61/691 €l
0oLl ¥1¢/80¢/10¢ €61/L81 LLI/TLT 601 Iv1/LEL 9¢1/CCl/011 161/L81 00¢/061 Y61/C81 6v1/svl 6CC/691 4!
Y0C/ VL1 ¢ 61¢ €81/¢€91 601 Ivl/sel 0cL/Cll 112/€0T/6L1 0¢c/01¢ (43! 6S1/S¢€1 691 11
9L1/891 80¢/981 681 §eC/61¢C 117601 €S1/LETL 8CI/011 112/661 00C/061/¢81 00¢/¢81 ovl/ Syl 1L1/691 ol

061/981/C81 01¢/90¢ S61/LLT IL1/€91 [T1/601/€01 LEL/TEL 0cI/¥11 681 re/8TT/¥0T ¥61/881 evi/ecl §ce 6
C61/0L1 961/¥81 10c/¢61 LLI/TLY 601 EV1/LEL 9¢l/CCl/Cll €61/¢81 012/002/061 761 6¥1/S¥1 €CC/691/L91 8
¢61/891  ¥vST/9ve/vee/91C  Sel/161 SIc/6L1 STl 191/1%1 8€1/CE1/011 S¥C/661/561 8€C/CTT/81C Y¥e/ vt 191/Lv1 S61/¢91 L
¥81/¥91 ¥0T/¥61 60C/L81 €61/LLT 601 IS1/1€1 0T1/%0T soc/161 01¢/T81 881/C81 191/Lyv1/LET L0T/691 9

881/¥L1/891 col/v81 L0T/ 10T SET/61C/L91 601 SLI/€ST/SY1 cel/8CL/0IT  STT/11C/661/€61  00C/C61/981 00C/961 ovL/Ly1/Sy1 1L1/691/L91 S

C81/9L1/TLI¥TT/01C/961/C61  L61/161  6¥C/SEC/€TT/E81/LS] 601 6S1/€¥1/€€1/LT1 [43 748! L0T/661/161 ¥0C/981 ¥81/C81 SS1/161 691/L91 4

VLI 9vC¢/0CC/91¢ 1€¢/10¢ §eT/8CT 601 LEL/LTT ¥¢1/0Cl1 10C/681 80¢/00C 96¢/06¢ LS1/6V1/S€1 691 €
C61/0LI1 ¥61/C81 €61/L81 LLI/TLI 601 Iv1/6¢€1 9€1/CC1/011 161/LLI C12/002/061 ¥61/C81 6v1/Sv1 691/L91 C
CLI e/ ol 60C/L61 LIT/L81 S1c/681 6¢cl/1¢l (U8 S61/L81 ¥81 90¢/C61 Syl1/ecl L8L/L91 1
LOSYOHD BLOJIOHD Y0P SOHD 909S0HD ¥OBTOHD 80PSOHD 90°SOHD C0Y¥OHD €0°¥0HD LOPEOHD CI9CT0HD GEOFTOHD  uotsso00® Jo "oN

QWRU I9WILL] v—\% Ww &# |&

SR A%

0] YSS 71 Je eUly) WOIJ PIJRUISLIO SUOISSIE /L7 Jo sjuladidduly 3y, ¢ d[qe],
HEGEUNETASS L (I RGBE X EAHE Y Lt ¢ ¥



ek
=

1294 oY

f&

Y,

TR ¥ 16 &

1 AIE FALE 12 4> SSR v 45 A9 TP-M13-SSR #§
S, S kA OBHE B2 1> SSR A 81315 1Y
S Ar L A B 28 4 vl X B B3 R B
K, 12 X514 3L3845 251 A7 3R, SFH) 21
AL BT CHO5b06 7E 27 43 Hh [ 5 7 37 5 J@ #il
Yyt AL v P 1 S A7 3 R Bk 30 A, U ST
CHO5b06 R AJ X 43 4= #F AL i A #E, 12 4> SSR fif

RO S 0 27 03 39 bR 35t 4% 2 4 P Y AR
ﬁc«alﬂﬁo 6620 ~ 0. 9455, Z & MG B & B A

th

/\ El
PIARY Q

Z(An

TR R 0. 6327 ~0.9211; 5| ¥ L B EfE
i, 2 A B 5 LA R b R Y 5t A 2 A

L BT R M R X R s, B,
B B ¥ & CHOSbo6 , B MK /Y 33 & CHO2b12,
SR 5 3 R 0.7937 A1 0.7799, Wi F ¥ @ T
I E A CHO4hO2 CHO05c06 , CHO5d08 #il
CHO107 a; i si 2% & BE nY 22 fL i [ 4 0. 6538 ~
0.9319, fix & 1) 4)3%7 CHO5b06 , 1 Ik i 24 CHO1{03b
(F£4),

150 160

180

200 250

110
18000
12000

£000

180 190 200 210 230 240 250 260 270 280

6000

2000

130 200 230 250

18000

12000

5000

|

170

210

200 230

12000

5000

120

250 260 270

24000
16000

8000

S0

J |

a0

(109 76|
130

S0 60 7o an an

o

180

210

10000
s000
s000
4000
zooo

2000

1000

19181

LT

il
e H.nJ|J1||_ PR

172.28

E1

LIEF7E 12 4 SSR i £ A TP-M13-SSR 54 EliE

Fig.1 The TP-M13-SSR fingerprinting of Shandingzi at 12 SSR loci
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Table 4 Genetic diversity of 27 apple accessions originated from China at 12 SSR loci

bric A PR A AL HE D 4L B ZREE G ZEME RS
Marker Major allele frquency Allele number Genetic diversity Heterozygosity PIC
CHO1{03b 0.2192 17 0.6760 0.6538 0.6452
CHO2b12 0.2385 20 0. 6620 0.6923 0.6327
CHO03d07 0.2462 17 0.7618 0.7308 0.7261
CHO4€03 0.1615 25 0.7337 0.6923 0.7089
CHO04h02 0.1154 24 0.9149 0.9037 0.9086
CHO5¢c06 0.2142 19 0.8762 0. 8566 0.8452
CHO5d08 0.2058 19 0.8423 0.8496 0.8315
CHO02a04 0.2438 14 0.6927 0.6834 0.6935
CHO5b06 0.0867 30 0.9455 0.9319 0.9211
CHO05d04 0.2239 20 0.7068 0.7255 0.7322
CHO1{07a 0.1032 26 0.9274 0.9183 0.9149
CHO04¢07 0.1859 20 0.7851 0.7934 0.7987
F-£ Mean 0.1870 21 0.7937 0.7860 0.7799
2.3 FEEREFERBEEYNS FHMEMEL 5) KR AP RAE TR i SSR AR5 0 .1 Eds

FRAE 27 O3 vh 5 SR B A A B AR 0 FRPHES R SRR AR B 3 bR FE AR ) 37 s M
i, A CHOShoo BIVFT X 73 42 ¥ b kL, HAERLA FFHESIRY 0.1 P EE A it (ARl R 1) 25 A A iR
CHO5b06 345 (195 8L RIS B e i Ak — ool (% RS0k, Fra bl oSk ik 6,
x5 27 MR BHESR A CHOSbO6 B Z TTHIE
Table 5 The binary data of 27 apple accessions at CH0O5b06

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
151 0 0 0 0 0 0 0 O 0 O 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
57 0 0 0 1 0 O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
159 0 0 0 0 0 0 0 O 0 O 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
163 0 0 0 0 0 0 0 O 1 O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
67 0 0 0 0 1 O O O O O 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
7t 0 1 0 0 0 O 0o 1 1 O 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
73 0 0 0 0 0O O 0 O O O 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
75 0 0 0 0 0 O 0 0 0 O 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
177 .06 1.0 0 0 1 O 1 0 O 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
79 0 0 0 O O O 1 0 0 O 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0
81 0 0 0 0 O O O O O O 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
183 0 0 0 1 0 O O O 0 O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0O O O 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
18 0 0 0 O O O O O O O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
8 1 0 0 0 0 O O O O O 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
91 0 0 0 O O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
9 o0 0 0 0 0 1 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 O 0 O 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0
9 o0 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0O O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
211 0 0 0O 0O O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
230 0 0 O O O O O O O 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
25 1.0 0 0 0 0 1 0 O O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
200 0 0O O 1 0O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 O O O O O O O 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
223 0 0 0 1 0 O O O O O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
25 0 0 1 0 0 O 0O O 0 O 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0
235 0 0 1 1 1 O O O O 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0
247 0 0 O O O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
249 0 0 0 1 0 O O O 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

551 AT A BER R S 55 1 519 7E SSR i 4 CHOSHO6 FRA5 ) 2537 JE K

The first line are the numbers of the accessions,and the first row are the alleles’ s size at CHO5b06
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Table 6 The molecular identity cards of 27 accessions originated from China
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