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Abstract: A fotal of 100 ssquenceswere ilated and cloned by SAM  ( Selectively Ampli-
fied M icrosatellite) and another onewas obtained fran the NCB | and EMBL databases 82 SR
*quenceswere ued  design the Pecial primers at 77 loci fram 69 fragnents Thirty-eight
pairsof gecial primerswere gynthesized, matchingwith 5' anchored degenerate SR primer, ©
detect 36 SR loci 27 primer pairs anplified clear and robust DNA fragnent, of which nine-
teen pairsof SR primers anplified the correponding SSR sequences and eight anplified the
unexpected fragnents 24 polymormphic primer pairswere slected from the 27 primer pairs by
using the genamic DNA of 27 sveet cherry gemplasn, and 24 locus pecific SR markerswere
obtained
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Prunus avium L. isone of the Prunus plants belonging to the fanily Rosaceae, al® called large cherry.
It is the earliest precocious deciduous fruit tree in North China (Fang, 1996). The fruit-selection seeds and
bud-<election seeds are most caonmonly used in sveet cherry (Sun et al , 2000). W hile cross breeding of
sveet cherry is just initiated, and the genetic background of sveet cherry is not clear yet It is necessary o
find out an effective method t analyze the gemplasnsof sveet cherry in an effort to explore and utilize these
valuable gemplasns (W iersna et al , 2001; Choi etal , 2002). In recent years, the development of DNA
markersmakes it possible o identify sveet cherry cultivars and establish their genetic mgp (Downey & lezzo-
ni, 2000; Chen et al , 2004; Wang et al , 2005; Cai etal , 2006). DNA markers are fast and highly effi-
cient, but there should be an accurate analysis standard to increase the reaults repeatability Camparatively,
SRs (Simple Sequence Repeats) was a more reliable method to study DNA fingemprint for its advantages of
high repeatability, rich polymomhisn and co-dominant inheritance (Yanamoto et al , 2002).

SRs hasmany advantages, but it is not easy o acquire the SR primers Researchers have developed
SR primers using many methods, such as the classical screening of genomic library (Tokuko et al , 1998) ,
microsatellite enrichment (Huang et al , 1999) , 5'-anchor PCR (Fisher et al , 1996) , SIMP (Sequence-
Tagged M icrosatellite Profiling) (Hayden et al , 2001a) , SAM ( Selectively Amplified M icrosatellite) (Hay-
den et al , 2001b) and database blast search (Ransay et al , 2000). Among them, SAM is a newvly-devel-
oped method  develop SR markers SRs have the advantages of high polymomphisn of alleles, high recov-
ery of ussful SR, and capable of detecting the polymomphic SR alleles justwith one ecific primer  Thus,
SAM wasused o study SR markersof sveet cherry in this study © as o provide an effective detectingmethod
o study populational genetic structure of sveet cherry

1 Materialsand M ethods

1.1 Plant mater al and DNA ilation

The 28 cultivars, such asHongdeng, Surmi, Sweet heart, Lapins, were offered by Xingzhuang Tai'an,
Sijiazhuang, Dawvangzhuang Feicheng, L tshun Horticulture Field Dalian and D alian A gricultural Science Insti-
tute All the sampleswere conserved in the Tai'an Cherry Repository, Shandong Institute of Pamology.  Young
leaves of the plant materialswere treated with liquid nitrogen and stored at - 40  until being used

Genanic DNA was extracted fram the young leaves of sveet cherry using Cetyltrmethyl Ammoniun B ro-
mide (CTAB) (Ai & Liu, 2006), and the concentration and purity of DNA sampleswere tested
1.2 Islation of SSR squence

FAM sgnentswere iolated fran the genomic DNA of sveet cherry Hongdeng using SAM  (Hayden et
al , 2001b), after recovery, cloning and sequencing, the fragnentswere analyzed by the softvare of utnik
SR sequenceswere obtained via aligoment with other published DNA sequences of sveet cherry blasted from
databases such asNCB I, BM |
1.3 SSR prmersdesign

Locus pecific primerswere designed according o Primer Pramier 5.0 The primer design paraneters
were length of primer (18 - 24 nt), T, value (51 - 60 ), GC content (45% - 55%), rating value of
primer ( >90). The primerswere synthesized by Beijing BS Genetech Ca , Ltd
1.4 Selections of polymorphic primers

Genamic DNA of sveet cherry Hongdengwas used b slect the polymomphic primers SR anplification
parameters 94 3min; 94 455 51 45s 72 1min, 32 cycles 72 10min After anplification,
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the PCR productswere tested by 3% agar-gel electrophoresis and 6% denatured polyacrylanide gel electro-
phoresis, and then the primersproducing strong bandswere slected Then the polymomhic SR primerswere
<lected by testing the amplified efficiency with the genamic DNA of other 27 sveet cherry cultivars as the tan-
plates

2 Realtsand Analysis

2.1 Isolation, cloning and ssquencng of SAM sgnents

Genamic DNA of sveet cherry Hongdengwas double digested with enzayameM se and Pst . After being
linked o adgptor, the digested productswere anplified by suppressed PCR, pre-amplification and SAM, and
then SAM products were finally iolated after polyacrylanide gel electrophoresis The silver-dyed reaults
showed that therewere 18 - 25 legible bands in each gel lane and that the bands size ranged fram 80 bp t 650
bp. 100 SAM fragnentswere randomly selected, cloned and squenced, 11 of tham were identical, and 8 did
not produce the desired reaults, © the ramaining 81 ssgmentswere used for further study.
2.2 Realtsof Sputnik analysis

The 81 sequenced fragnentswere analyzed by Sutnik, the results shaved that SSR sequence existed in
all the fragnents, that most of the fragnents contained dinucleotide AG/GA and most of the AG/GA repeats
were (AG);, which accounted for 79. 2%. Therewere al® (AG),, (AG),, (AG) 4, (AG) L, (AG)ss,
(AG)y, (AG), and (AG),. Na 69-2 fragnentwas sequenced and the SR lengthwas 38 nt Therewere
7 fragnents containing more than 10 repeatsof AG/GA, which accounted for 8. 4%. Besides the dinucleotide
repeat, therewere trinucleotide, tetranucleotide and pentanucleotide repeat in a fav fragnents Therewere e-
ven SR squence in themiddle or double end of fev fragnents, most of whichwere smple SRR Three of the
fragnents contained compound SR: Na 85-1 contained (RA); (GAGAG),, Na 32-1 contained (GA)s
(CTT), and Na 46-3 contained (A)s (CTTG)..
2.3 NCBI, EBI blast and m icrosatellite ssquence analysis

Six sveet-cherry-related gene ssquenceswere obtained by blast in the databasesof NCB | and BEMBL. Af-
ter Qoutnik analysis, itwas found that the 28S RNA gene sequence ( D Na CG3234545) of Italian sveet
cherry containsa GT repeat dinucleotide 526: 547 - length 22 scores 10 CACACACACA GCACACACACAC
It is a discontinuousmicrosatellite, intemitted by aC in themiddle Itwasal® used o design the locus-pe-
cific primers
2.4 Specific primersdesign

L ocus-gecific primerswere designed according o the SR flanksof 82 DNA fragnents by Primer Pramier
5.0, among than, 13 fragnentswere not witable © design primers for reaulting in primer-dipolymer, harbo-
ring haipin structure or easy o misnatch Finally, locus gecific primerswere designed according to one or
o flanksof 77 SR loci existing in the 69 fragnents, and then, 38 pairsof primers (numbered SC1, C2

38) were synthesized for polymomphisn analysis
2.5 Selection of polymorphic primers

The <lected 38 pairsof primerswere used to anplify the genomic DNA of sveet cherry Hongdeng, the
results showved that 19 primer pairs (8C2, SC3, SC6, L7, L9, 10, 13, 14, 16, SC19, 20,
23, AL25, 26, 29, 30, 32, 36, C38) produced the desired main bands, and belonged o
functional SR primers that 8 primer pairs (SC1, 4, SC11, SC15, SC17, SC22, SC24, 37) did not
produce the desired bands Theremight be o reaons one isprimer design is illogical; the other is sequen-
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cing allovsfor sime errors Themain bands anplified by these 8 primer pairswere not compatiblewith the de-
sired, but they could be used 1 test the polymorphisn for their recurrence and good legibility

The <lected 27 pairs of primerswere used to anplify the genamic DNA of 27 sveet cherry cultivars, 20
primer pairs (SC1, 2, 3, L4, X6, L7, L9, 10, 13, 16, 19, 20, 22, 23,
SC26, C29, €30, SC32, 36 and C37) damonstrated distinct polymormphisn: each locus had 2 or more
alleles SC4 and SC7 had 6 alleles SC26 had 5 alleles 4 primer pairs (SC11, SC14, SC17 and SC24) had
only 1 allele, but they damonstrated polymomphisn anong the studied materials, and produced the desired
fragnents, © they belonged t polymorphic primers 3 primer pairs (SC15, 3C25 and C38) were regarded
asmonamormphic for they produced identical band type in most of the samples and even with no products in
fav samples In conclusion, 24 pairsof SR primers 12 3 4 5 6 71 M
demonstrated polymomphisn among the sveet cherry WY
cultivars acoording © 24 SR loci  The SR anplified
products of sveet cherry Hongdeng were tested by
agar-gel electrophoresis (Fig- 1) and 6% denatured
polyacrylanide gel electrophoresis ( Fig- 2). From
Fig. 1 and Fig. 2, it could be concluded that the latter
had higher resolution precison than the fomer and
had the capability b sgparate the DNA fragments just
having the one-base discrepancy:.
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Fig 1 SSR profile of Hongdeng amplified by
SSR with different primers
1: Primer SC1; 2: Primer 2; 3: Primer 6; 4. Primer C9;
5: Primer C22; 6: Primer C26; 7: Primer SC29; M: DNA marker,

Tablel Polymorphic SSR markers ( loci) and their primers

ll\cl’irgs of lz;r’nﬂer;;equence I;g;eat l;:;gnmt size Na alleles
1 ATGGTGTGTA TGGACA TGA TGA /CCTCAACCTAA GACACCTTCACT (AG) g 224 3
2 ATTCGGGTCGAACTCCCT/ACGA GCACTA GA GTAACCCTCTC (AG/RA) g 304 4
3 ACCCACAAA TCAA GCA TA TCC /A GCTTCA GCCA CCAA GC (AC),TT(TA)s 175 2
4 ATGGAA GGGAA GA GAAA TCG/ GTCA TCTCA GTCAACTTTTCCG (AG)g 120 6
6 TGA TACCACCA TCCAA TCTA GC/ TTGCTGGGACA TGGTCA G (GA/AG) g 195 2
<7 TGCA TGA GAAACTTGTGGC /CCAA GA GCCTGACAAA GC (AG)g 208 6
9 GGACGGA CA GAAA TGAA GGT/CCTTAACCCACGCAACTCC (AG) 286 4
10 TGAA GGA TGGCTCTGA TACC/AA TTCA TCTACTTCTTCCTCAA GC (GA)g 207 3
11 CAATTTTAA GCACA GGGA TC/CAA TGTGAA TTGGCCA TCAC (AG) 5o 225 1
13 CACTATTTTATCA TGGACGG/CGAA TTGA GAGTTCATACTC (AG)g 195 2
14 AATAA GGGA GGA GA GAAA GGGTGC/ TCTA GCA TTGTCCA TCACGTCT (AG/GA) 4 220 1
16 GCTAA TA TCAAA TCCCA GCTCTC/ TGAA GAA GTA TGGCTTCTGTGG (AG) g 116 2
17 ACCACTTTGA GGAACTTGGG/CTGCCTGGAA GA GCAA TAAC (AG) 214 1
19 TGTGCTAA TGCCAAAAA TACC/ACATGCA TTTCAACCCACTC (AG/GA) g 176 3
20 ACGTAAAAA GCCCTCAAACC/ TTGCTTACGCGTGGACTAAC (AG/GA) g 180 2
22 CTCCTTGACTTTGAA GTTGC/CTGA TCGA GAGTAATAAA G (GA)g 264 4
23 TTGGAAA CGGCCA TAACA CAA GCC /A TGTGCGAA TCTCGGGTCGA T (AG) 14 104 3
24 GGAA CAACTA GA GA GAACCAA GT/ TTGCCTA TCCTGCCCCGTA TCAC (AG) 4 180 1
26 AA GTCA GCAACACCA TA TGC/CCCACTGTTCA TGAGTTTCT (AG) 13 246 5
29 TTCTGCGACCTCGAAACCGA /GCTAGGGTTTTCATTTICTAG (GA)g 282 3
30 CGA GGTTGTTGTTCA TCA TTAC/GA TCTCAA GTCAAAA GGTGTC (CA),AA (CA)5 108 4
32 GAACA TGA TGA TTGGCCTC/CCAAACA TGACA TA TGTCCC (AG) 1, 172 2
36 AAGCTCAA TTGGCGTTGCTA /CTTGCCTCGACGGTA TGGTA (AG)g 306 3
37 AA GCGGAAA GCACA GGTA G/ TTGCTA GCATAGAAAA GAATTGTA G (RA)g 220 4
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Fig 2 Polymorphic electrophoresis pattern of special SSR primer SC26
M: DNA marker;, 1: Zeodaguo; 2: Tieton; 3: Black tartarian; 4: Bing 5. Surmit 6: Lgpins 7: Youyi; 8: Sweet Heart;
9: Stellay 10: Dragons Yellow; 11: Zuotengjin; 12: Hongfeng 13: Changbahong 14: Elton; 15: Red Robin; 16: Jiahong
17: Van; 18: Santina 19: Burlat 20: Laiyang Short Cherry; 21: Oregon; 22: Early Ruby;, 23: Jueze 24: Hongyan;
25: BigarreauMoreau; 26: Rainier; 27: Napoleon

3 Discussions

M icrosatelliteswere traditionally ilated by constructing genomic library and then hybridized with SR ra-
dioactive-iotope-labeled or D IG-labeled probes, it is not only awaste of manpower and money, but al low
efficient, and not easy to obtain positive clones (only 1% - 3% of possibility) (Tokuko et al , 1998; Hay-
den et al , 2001b). W hile the possibility of obtaining positive clones increased o 50% by microsatellite en-
richment In this study, SR sequenceswere iDlated efficiently using SAM, and 100 DNA fragnentswere i$-
lated and cloned totally After sequencing, all the fragnentswere confimed o harbor SSR sequences, inclu-
ding the 8 fragments producing non-ideal sequence results The actual possibility of positive cloneswas 89%
except 11 identical fragnents

Generally, functional SR primerswere those which can anplify desired fragnents, if the size of anpli-
fied fragnentswasmisnatched, or the productswere digpersed and even nothing, the primerswere regards as
non-functional SR primers Fragnents anplified by non-functional SR primerswere usually monamorphic
(Roder etal , 1998). In this study, 24 primer pairswere obtained, and anong them, 19 pairsproduced the
desired bands  they belonged o functional SR primers The fragnents anplified by primer SC1, SC11,
17, 22, 37 and D on, were not the desired, while they demonstrated polymorphisn and their electro-
phoresis pattern has the typical charactersof SR markers, © they should not be classified into non-functional
SR primers Itmight resulted fram the amplification process, where the desired fragnentsof gene locus failed
to anplify, while the hamologous fragnents of nonhomologous gene locuswere anplified However, SRR s
quences existed in these fragnents, 9 they could be used as locus-ecific SSR markers

SAM is a newly-developed method to study SSR markers, it could produce SR fingerprint of multilocus
and has a high recovery of useful SSRs B read wheatwas used o clone 20 SAM sequences using SAM 1 de-
velop locus-pecific SR markers 20 pairsof SR primerswere designed totally, the results shoved that 12
pairsof primers produced the desired fragnents, and anong the 12 primer pairs, 6 pairs demonstrated allele
variation The possibility of obtaining polymomphic SR markerswas 30% according to the sequenced frag
ments (Hayden et al , 2001a). In this study, 100 SAM sequenceswere ilated and cloned using $AM, and
the SR primerswere designed according o 77 loci, of which, 38 primer pairswere used for the folloving
study and 19 pairs produced the desired fragnents, 8 pairsfailed o produce the desired fragnents 24 out of
38 pairs damonstrated polymormphisn and were used as locus-ecific markers The possibility of obtaining
polymoiphic SR markers in this study was 63% according © the sequenced fragnents The development of
SR markerswill smplify the evaluation of sveet cherry fanily, the study of gene flov and populational varia-
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tion, establidment of DNA fingemprint and genetic mgp, acquiring of pupose-gene-linked SR markers of
sveet cherry and molecular-assistant breeding

References
Ai Cheng-xiang, Liu Qing-zhong 2006 Rapid ilation of sveet cherry DNA. Deciduous Fruits, (2): 4- 5 (in Chines)
s . 2006 DNA . , (2): 4-58
Cai Yu-liang, Li Shan, Cao Dongwei, Qian Zeng-giang, Zhao Gui-fang, HanMing-yu 2006 U s of anplified DNA sequences for the genetic a-
nalysis of the cherry gemplasn A cta Horticulturae Sinica, 33 (2): 249 - 254 (in Chinese)
) ) ) , , . 2006 DNA . , 33
(2): 249 - 254
Chen Xiao-liu, Chen Xue-sheng, Shu Huai-rui, XuHeng 2004 RAPD anlaysisof 15 cherry cultivars Joumal of Fruit Science, 21 (6): 556 -
559  (in Chines)
s s , . 2004 15 RAFD . , 21 (6): 556 - 559
Choi C, Too R, Anderen RL. 2002 Identification of self-incampatibility alleles controlled pollination Euphytica, 123: 9 - 20
Downey SL, lezoni A FE 2000 Polymomphic DNA markers in black cherry (Prunus serotina) are identified using sequences fran sveet cherry,
peach, and sour cherry 3 Am  Sc Hort Sci, 125: 76 - 80
Fang Zhong-da 1996 Plant pathology ressarch Beijing ChinaAgricultural Press (in Chinese)
. 1996
Fisher PJ, GardnerR C, Richardon TE 1996 Single locusmicrosatellites islated using 5’ anchored PCR. Nucleic AcidsResearch, 24 (21):
4369 - 4371
HaydenM J, Shap PJ 200la Sequence-tagged microsatellite profiling (SIMP) : a rgpid technique for developing SR markers Nucleic A cids
Research, 29 (8): e43
HaydenM J, Shap PJ 2001h Tagged development of infomative microsatellite (SR) markers Nucleic Acids Research, 29 (8): e44.
HuangH B, Sng Y Q, HsiM, Zahorchak R, ChiuJ, Teuscher C, Snith EJ 1999 Development and characterization of genetic mapping re-
sources for the Turkey (M eieagris gallopavo). The Joumal of Heredity, 90 (1): 240 - 242
Ransay L, MacaulayM, degli lvanisevich S, Mad_ean K, CardleL, FullerJ, EdvardsK J, Tuveson S, MorganteM, Massari A, M aestri E,
MamimliN, Sjakste T, GanalM, PowellW, Waugh R 2000. A smple sequence repeat-based linkage map of barley.  Genetics, 156: 1997
- 2005
Roder SMarion, V ictor Koraum, KatjaW endehake, Jens Plaschke, M arie-Helene Tixier, PhilippeLemy, MartinW Ganal 1998 A microsatellite
map of wheat Genetics, 149: 2007 - 2023
Sun Qing-rong, Sun Hong-yan, Shi Yin-ping, Yang Jianming 2000, Study of inducing shoot regeneration fram matured cotyledons of L aiyang
dwvarf cherry. Joumal of Shandong A gricultural University (Natural Science) , 31 (3): 291 - 293 (in Chinese)
s s s . 2000 . ( ), 31 (3): 291
- 293
Tokuko Ujino, Takayuki Kawvahara, Yoshihiko Tamura, Teruyoshi Nagamitau, Hiroshi Yoshimaru, Wicknesvari Ratnan 1998 Development
and polymomphisn of smple sequence repeat DNA markers for Shorea curtisii and other dipterocarpaceae ecies Heredity, 81: 422 - 428
W ang Cai-hong, Tian Yi-ke, Zhao Jing, Dai Hong-yi, WangDong 2005 RAFD analysisof the genetic differences anong several cherry varieties
ActaBot Boreal -Occident Sin, 25 (12): 2431- 2435 (in Chines)
s s , s . 2005 RAFD . , 25 (12): 2431 -
2435,
W iersna PA, Wu Z, ZhouL, Hampson C, Kgpel E 2001 Identification of nev self-incompatibility alleles in sveet cherry (Prunus avium L. )
and clarification of incampatibility groups by PCR and sequencing analysis Theor Appl Genet , 102: 700 - 708
Yamamoto T, Kimura T, Sawanura Y, Manabe T, Kotobuki K, Hayashi T. 2002 Simple sequence repeat for genetic analysis in pear  Euphyti-
ca, 124: 129 - 137.



