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Purpose of the study
1. thoroughly screen and assess published maize 

SSR primers to establish a set of universal core 
SSR primers in maize

More than 2000 SSR primers have been developed in 
maize
great variability among different markers in 
polymorphism, amplification quality, whether codominant
inheritance, number of amplification sites, and location 
and distribution in the genome
A lack of systematic evaluations of SSR primers in maize 
has hampered their utilization in maize. only a few and 
unsystematic evaluation on the developed maize SSR 
primers

 
 

 



BMT-TWA/Maize/2/4 Add. 
page 3 

 

Slide 3 

 

Purpose of the study
2. construct a high throughput multiplex PCR 

amplification system utilizing automated 
capillary electrophoresis fluorescence 
detection

The few recently published studies investigating 
multiplex PCR in maize were limited : research-
specific, not universal ; typically ranging from two to 
four primers in a combination 
The work may significantly increase SSR analysis 
throughput and reduce costs associated with large-
scale SSR genotyping
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method
1.Screening of primer polymorphism

Reference literature screening 
MaizeGDB (http://www.maizegdb.org/ssr.php) ；
CIMMYT（Xia et al, 2004; Marilyn et al, 2002）；

America(Smith et al, 1997；Matsuoka et al, 2002；Lu et al, 
2001)；
France（Clerc et al, 2005）；

China（Li XH，2003；Teng WT，2004)；
Japan（Enoki et al, 2002）；

印度(Bantte et al, 2003)）

Laboratory rescreening
15 inbreds（for polymorphism）

15 hybrids（for heterozygosity ）
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2. Candidate primer chromosome distribution 
and determination of a set of universal core 
primers

Download IBM2 2004 neighbors frame , and identify 
the location of the highly polymorphic candidate 
primers ；
Plot the framework with a Marco program compiled by 
CAU.
evenly distributed 100 primers, 10 per chromosome, 

selected as a set of universal core primers.

 
 

 



BMT-TWA/Maize/2/4 Add. 
page 5 

 

Slide 7 

 

3.Primer redesign and construction 
of a universal PCR amplification 
program

retrieve the original genomic sequences corresponding 
to candidate primer loci from NCBI, MaizeGDB and 
PlantGDB
Primers redesigned and assessed utilizing software 
Primer Premier 5.0 and Oligo 6.22
a two-step amplification program was constructed 
fitting for the newly designed primers.
Nomenclature of newly designed primers at the same 
polymorphic site : name of the original primer + code of 
the designer + serial number
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4. Construction of fluorescence multiplex PCR 
combination
Design requirements

Each primer set was comprised of 10 primers, one per 
chromosome 
the combination pattern was 3+3+2+2: divided into four groups 
based on fragment length, Primers of the same group were 
labeled with the same fluorescence (FAM, NED, PET, or VIC). 
No overlap of amplification products of primers labeled with the
same fluorescence.
Interaction between sets of primers was as weak as possible, 
△G<13 

Multiplex PCR assessment of primers: 
significant primer interactions excluded by software Primer 
Premier 5.0 and by lab experiment

Program:
PCR amplification: two-step amplification program, same as 
single primer
Electrophoresis detection: a DNA analyzer (ABI3730XL) 
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Result and analyses
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1. Determination of highly 
polymorphic primers

A total of 500 highly polymorphic candidate 
primers, presenting with high levels of 
polymorphism were identified 
Excluded primers: 

low polymorphism 
intensive band distribution making statistical 
analysis difficult 
discrepancy in the chromosome location
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Reference literature screening
-- Candidate primer
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Reference literature screening
-- Excluded primers

located at chromosome
3.05 and 7.03

Low polymorphism

Intensive band distribution
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Laboratory rescreening
-- Candidate primer

bnlg161

bnlg439
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2. Determination of a set of 
universal core primer

A maize HP composite map plotted: used  to 
demonstrate the chromosomal distribution of 
the 500 candidate primers and to provide a 
reference for core primer selection. 

A total of 100 evenly distributed primers, 10 
from each chromosome, were selected as a 
set of universal core primers 
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Information of 500 highly polymorphic candidate primers
--based on IBM2 2004neighborsframe

14.8
15.2
17.5
13.4
12.4
12.6
12.8
16.1
14.5
14.3

19.3

Mean 
density

500
35
46
47
52
46
53
50
58
54

59

Number of 
candidate

0.64;0.81;0.74 7422total
0.64;0.81;0.73 53310
0.64;0.84;0.73 8059
0.60;0.75;0.756328
0.60;0.77;0.70 6447
0.66;0.84;0.77 5796
0.64;0.81;0.72 6765
0.64;0.84;0.74 8044
0.63;0.83;0.74 8423
0.64;0.78;0.73 7702

0.70;0.83;0.76 11371
PIC(Min;Max,Aver)length (cM)Chrom
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CHROM 1 CHROM 2 CHROM 3 CHROM 4 CHROM 5

 umc1353-10.0
 phi056-2.3
bnlg1497.8
bnlg14967.8
umc117710.5
phi42791326.7
bnlg101482.8
umc126986.3
umc1222       1.01110.9
umc1568141.8
bnlg1178141.8
bnlg1429143.5
umc1976160.6
bnlg176161.3
bnlg1953170.0
bnlg1007       1.02170.1
bnlg1803170.1
bnlg147202.0
umc1403210.6
phi001259.0
bnlg439        1.03259.1
umc1880290.3
bnlg182290.3
phi109275290.4
bnlg1016320.9
bnlg1811386.4
bnlg2086401.2
umc2112       1.04401.3
umc2025417.0
umc1297435.5
umc1590517.0
bnlg1273547.7
umc1035587.0
bnlg421591.7
umc1335      1.06596.0
umc1122626.2
bnlg615645.5
bnlg1025       1.07700.5
umc1147714.4
bnlg1564718.5
dupssr12722.0
phi037722.4
umc1512813.3
phi011839.3
umc2047      1.09842.3
umc1306880.8
bnlg400893.3
bnlg1671      1.10913.4

phi1201,007.0
umc15531,007.6
bnlg2331     1.111,019.7
umc15381,032.4
bnlg10551,033.1
umc13311,096.5
phi2275621,097.4
umc10641,098.4
phi0641,103.0
bnlg5041,103.6
umc1797       1.121,116.5

phi40289317.0
phi96100       2.0028.1
umc209430.0
umc116547.4
bnlg101765.7

umc196192.0
umc182392.8

umc1261154.6
bnlg125        2.02154.8

bnlg1621203.3
umc1185       2.03216.5
umc1555223.1
bnlg381244.7

umc1465273.7
phi083284.7
bnlg1175       2.04295.1
bnlg1666295.7
bnlg108306.3
dupssr21309.4
bnlg121319.3
umc2007334.2
umc1635344.8
umc1884349.0
umc1065       2.05368.1
bnlg180369.2
bnlg1036373.5
nc003375.0
bnlg1396376.1
umc1875379.2
umc1080380.0
umc1004381.8
umc1946       2.07394.6
bnlg1329398.5
umc2129414.1
umc1042466.7
phi127467.2
dupssr25468.3
phi427434468.9
bnlg2144470.0
bnlg2077474.8
umc1536478.7
mmc0191       2.08484.9
bnlg1335518.0
bnlg198518.0
umc1464528.2
dupssr24563.0
mmc0381572.4
umc1798573.6
bnlg1940      2.08577.6
umc1516584.3
umc1230591.5
bnlg1520       2.09596.6
umc2184692.4
phi101049     2.10712.1

phi4531210.0
umc2105       3.002.0
umc21012.0
umc17467.1
phi0499.7
umc197028.2
umc2071        3.0129.2
umc204938.7
phi37411852.0
phi19322555.0
bnlg114477.0
bnlg152380.9
phi02991.0
bnlg1647        3.02103.3
bnlg1447129.4
umc1087145.0
umc2024152.7
umc1012159.0
phi099159.0
bnlg2136189.0
bnlg1452       3.04190.8
umc1908213.6
umc1223234.4
bnlg602272.4
umc2002290.6
phi053           3.05296.1
bnlg1601306.1
umc1102312.8
umc2166318.0
umc2155318.0
umc1167319.2
umc1307339.6
bnlg420346.0
umc1400387.5
umc1539390.3
bnlg1449394.8
bnlg1505       3.05453.2
phi073453.2
dupssr23466.3
umc1951452.7
bnlg2241453.9
bnlg1951481.6
bnlg197         3.06511.5
umc1399544.6
umc1148544.6
umc1489       3.07567.6

umc2275610.2

umc2276652.4

bnlg1182738.7
umc2008747.0
bnlg1536752.1
bnlg1754       3.09757.0
bnlg1496760.9

umc1641806.9

umc1594828.9
umc1136       3.10835.9
umc2048835.9
umc1639835.9

phi072         4.012.9

umc122823.4

umc175981.0
umc214881.0
phi29545081.0
umc175781.0
umc1294      4.02116.4
umc1926140.9
umc2082141.6
nc004147.1
phi021          4.03147.1

umc2039196.4

bnlg490        4.04237.8

umc1088254.0
phi026254.0
nc005           4.05254.0
phi079254.0
bnlg1265268.4
umc1031286.0
bnlg1755299.9

bnlg1621a362.4

bnlg2291    4.06392.2

bnlg1189428.0

umc1775443.2
umc2009446.8
umc1808452.9
umc1871455.9
bnlg1444462.5
bnlg1927468.9
bnlg2162475.7
umc1051510.5
phi093522.1
umc1856536.3
umc2153544.0
umc2135      4.08544.1
umc2286553.7
umc2188554.1
umc1834565.4
umc1999581.8
umc1940      4.09581.8
umc1803602.2
umc1573644.3
bnlg1565645.7
umc1101655.0
bnlg589        4.10670.2
umc2011684.3

umc1058      4.11737.8
phi076744.1
umc1050744.1
phi006744.1

mmc0151     5.00
umc1491

0.0

bnlg1006
5.0

umc1496       5.0049.8
umc132554.6

phi02490.2

umc2036124.7

bnlg565          5.02150.9
phi113151.8
umc2115156.0
umc1587156.9
bnlg105189.8
phi008207.8
bnlg1046216.3
bnlg557230.4
umc1705       5.03240.8
umc1447247.6
umc1056252.4
umc1274281.2
phi109188285.7
umc1429       5.03286.6
umc2063298.0
bnlg150304.5
phi331888306.9
bnlg653307.0
bnlg603323.0
bnlg1208323.1
dupssr10325.0
umc1937346.5
umc1221368.4
mmc0081      5.05389.9
phi333597394.4
umc1822396.6
mmc0282401.4
umc2164402.2
umc1155410.8
bnlg278413.7
bnlg1237454.1
umc1019469.6
umc1524       5.06493.5
bnlg609500.7
phi085528.7
phi128555.0
bnlg1346560.0
bnlg1306560.0
bnlg2305      5.07560.0
bnlg118609.4
umc1792625.8
umc1225       5.08641.4
bnlg1695657.1
bnlg389661.6
umc1829       5.09671.5
umc1153676.7
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CHROM 7 CHROM 8 CHROM 9 CHROM 10CHROM 6

umc114317.5
phi07519.6
phi12621.5
bnlg161        6.0023.2
bnlg23823.2
phi42379631.0
umc175371.8
bnlg42672.7
bnlg137172.7
bnlg160077.9
phi07785.0
bnlg249         6.0198.4
umc113398.6
bnlg2097105.4
bnlg391105.4
y1120.5
bnlg107124.8
bnlg2191148.7
umc1887       6.03166.8
phi452693188.6
umc1979200.3
umc1014211.5
mmc0523       6.04220.1
umc2006228.9
bnlg1154        6.05253.0
phi129267.0
umc1413277.1
umc1805319.0
bnlg1702      6.05320.7
phi078323.5
nc012323.7
nc013356.1

bnlg1443385.8
umc1859       6.06391.4
umc2162398.5
dupssr15410.0

phi070443.7
phi299852     6.07450.7

umc2165       6.07502.9
umc1350504.8
umc1248505.4
bnlg1740510.6
bnlg1136531.8
umc1653534.6
umc2059542.7
umc1127       6.08548.7

umc21770.0

umc137827.4

umc169545.6
umc1545       7.0055.0
mmc017165.0
umc184071.1

umc2160       7.01118.5
phi112122.4
umc1066122.4
umc1016       7.02155.8

umc1666178.1
phi034179.9
bnlg1380188.1
bnlg1792     7.02190.4
bnlg2203190.6
umc1339210.0
umc1983244.3
umc2142246.3
umc2098251.0
umc2057251.1
bnlg657274.0
dupssr11287.7
umc1015300.0
umc1987318.0
bnlg434         7.03323.3
bnlg339342.9

umc1841381.0
umc1134381.2
bnlg1805       7.03392.1
umc1936405.5
umc1301405.5
phi114405.7
bnlg1666430.5
umc1029       7.04444.7
umc1342446.2
umc1944449.5
umc1708471.4
umc2332472.6
phi328175     7.05472.9
dupssr13475.8
umc1103494.0
umc1125522.9
phi260485     7.05530.0
phi069545.2
umc1671547.3
umc1154558.6
phi082560.1
umc1799600.8
umc1760607.6
umc2190611.0
phi116          7.06611.5
phi051644.1

umc13590.0

phi42070118.0

umc1414      8.0148.0
umc132755.0
phi11957.9

umc2004120.2
umc1304128.6
bnlg1352132.4
bnlg2235      8.02132.4
umc1974153.3

bnlg669182.7
umc1778190.4
umc1034199.3
bnlg2082200.3
umc1868200.3
umc1807205.8
umc1904206.6
bnlg119232.7
bnlg1863245.7
umc1741     8.03269.9
phi100175274.9
umc1460304.2
bnlg2046315.2
bnlg1176330.4
umc1309      8.05337.2
umc1562353.3
bnlg2181366.8
bnlg162        8.05367.0
bnlg666367.0

bnlg1782411.0
umc1149413.9
bnlg1152414.1
bnlg240        8.06416.0
umc1161416.0
umc2031416.0
umc2014463.2
bnlg1823      8.07483.4
dupssr14500.0
umc1384509.8

umc1005526.6
umc1933      8.08540.3
bnlg1056550.4

umc1069571.5
phi080         8.08571.5
phi015571.5
umc1663608.1
phi233376    8.09609.1

umc1279-39.0
umc1957       9.000.0
bnlg172411.8
umc104021.2
bnlg128824.3

bnlg181062.3
umc2084     9.0165.0
umc209380.0
phi02880.3

umc1636131.1
bnlg244         9.02142.6
umc1033147.0
bnlg1401147.5
umc1037162.5

phi061192.0

phi065          9.03226.0
bnlg127226.3
bnlg469231.0
umc1271240.5
umc1691244.1
umc1571266.0
bnlg1714266.4

umc1492       9.04308.0
phi032311.5
phi042311.5
bnlg1884311.9
umc1771317.8
umc1078322.6
bnlg1270322.6
umc1231       9.05342.0
umc1357342.0
umc1657344.8
umc2095378.9

bnlg1191       9.06461.6

umc1366489.9
umc1733492.3

bnlg292530.3
bnlg1525536.7
phi448880536.8
umc1804       9.07538.5
umc1675541.4
bnlg619554.4
bnlg128581.5
umc1137       9.07603.5

umc1277       9.08805.1

phi041         10.0030.9

umc201881.1
bnlg1451     10.0186.8
phi06388.8
umc115291.4
umc1432     10.02120.1
mmc0501120.1

umc1785180.7
phi054184.0
bnlg1037184.0
bnlg1712     10.03217.8
bnlg640225.7
bnlg1655228.0
umc1336228.3
umc2180228.3
umc1995245.9
mzetc34268.1
umc2163    10.04269.6
umc1053272.2

bnlg1250335.5
umc1506     10.05344.8

bnlg594385.6
umc2122     10.06392.5
umc1993410.6

umc1196     10.07444.8
umc1084445.7
bnlg279467.2
bnlg1360469.7
umc1038483.7
bnlg1450    10.07483.7
umc1640483.7
bnlg1518505.5
umc2021505.5
umc1645505.5
bnlg1185     10.07505.5
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3. Redesign of core primer sites 
and establishment of multiplex 

PCR combinations
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original genomic sequences 
were downloaded on web

390 from NCBI
36 from Maize GDB 
6 from Plant GDB

total 432 of the 500 candidate primers downloaded. 
So primers could be  redesigned for these sites
remaining 68 were not found

Example:bnlg439 (see Annex I)
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First set of ten-plex PCR combinations
ten-plex PCR combination was constructed in 
the 3+3+2+2 mode, the advantages is:

only one ten-plex PCR amplification and one electrophoresis to 
detect 10 primers on ABI3730XL
only utilized four PCR amplifications and four electrophoresis 
even if using a conventional denaturing PAGE system 

redesigned primers showed significant 
improvements in every parameter compared with 
original primers: (see Annex II)

primers had similar sequence features and were readily 
amplified under the same conditions 
The amplification product with the expected size fitting for 
combination 
weak primer interactions : Software and experimental 
assessments 
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Profiling of the first ten-plex
phi072k4bnlg161k8 u m c1705 w 1

V IC

A L L

P E T

F A M

N E D

bnlg439w 1

um c21 63k5 bnlg125k1 phi065k9

bnlg1754w 3
p hi080k15

bnlg1792k8
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Primers and combination modes of 
ten-plex PCR combination

Second sets：
2：VIC2：FAM3：NED3：PET

rangeprimerbinrangeprimerbinrangeprimerbinran
ge

primerbin

154umc2163k510.04152-208bnlg161k86.00

145bnlg1754
w3

2.03192-250bnlg1792k
8

7.02219-327bnlg125k12.03273-330umc1705w15.03

203-233phi080k159.03319-385bnlg439w11.03399-419phi065k99.03413-433phi072k44.01

rangeprimerbinrangeprimerbinrangeprimerbinrangeprimerbin

First sets：

188-211umc2084w29.01150-
171

phi116k37.06

265bnlg1702k
1

6.05203-233phi080k158.04292bnlg2305k45.07286-
330

umc21105k33,00

384bnlg2291k
4

4.06284-359umc2163k
7

10.07407bnlg1940k92.08377-
432

bnlg2331k11.11

2：PET2：FAM3：NED3：VIC
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Discussion
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1. Polymorphism of SSR primer sites
polymorphism level of SSR primers is 
associated with the number and the type of 
repeat units, the genomic region, the 
database source for primer development 
and the materials used for detection

positively correlated with the number of repeat units 
Uneven distribution of SSR primers throughout the 
genome 
generally higher in non-coding regions than in coding 
regions 
The evaluation greatly influenced by the material type 
and the range of materials selected 
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2. Primer selection criteria and 
multiplex PCR combination
Common Criteria

high polymorphism;
high amplification quality;
even coverage of the entire genome; 
multiplex PCR amplification potential

a stepwise screening strategy to obtain 
a set of universal SSR core primers

polymorphism screening 
even distribution on the chrom
improve the amplification quality by redesign
ten-plex PCR primer combination 
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Other progress on the construction of 
DNA fingerprint database in maize
Publish a standard  “maize variety identification 
DNA fingerprint method”
Construct a maize DNA fingerprint database with 
more than 2000 varieties.
Apply the database in national regional trial to 
identify the uniformity and distinctness.
Apply the database in more than 230 maize 
infringing cases entrusted by court. These DNA 
fingerprint was as the main basis for judgement.
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ANNEX I 
 
LOCUS       CC346513                 968 bp    DNA     linear   GSS 16-MAY-2003 

DEFINITION  OGIAN21TV ZM_0.7_1.5_KB Zea mays genomic clone ZMMBMa0358C18, 

            genomic survey sequence. 

ACCESSION   CC346513 

VERSION     CC346513.1  GI:30815920 

KEYWORDS    GSS. 

SOURCE      Zea mays 

  ORGANISM  Zea mays 

            Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta; 

            Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; PACCAD 

            clade; Panicoideae; Andropogoneae; Zea. 

REFERENCE   1  (bases 1 to 968) 

  AUTHORS   Whitelaw,C.A., Quackenbush,J., Van Aken,S., Utterback,T., Resnick 

            ,A., Fraser,C.M., Budiman,M.A., Bedell,J.A., Rohlfing,T., Citek 

            ,R.W., Nunberg,A., Robbins,D. and Lakey,N. 

  TITLE     Consortium for Maize Genomics 
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COMMENT     Contact: Cathy Whitelaw 

            TIGR 

            9712 Medical Center Drive, Rockville, MD 20850, USA 

            Tel: 301-838-5843 

            Fax: 301-838-0208 

            Email: whitelaw@tigr.org 

            Seq primer: TF 

            Class: methylation filtered. 

FEATURES             Location/Qualifiers 

     source          1..968 

                     /organism="Zea mays" 

                     /mol_type="genomic DNA" 

                     /strain="B73" 

                     /db_xref="taxon:4577" 

                     /clone="ZMMBMa0358C18" 

                     /clone_lib="ZM_0.7_1.5_KB" 

                     /note="Vector: pBCSK-; Site_1: HincII; 0.7-1.5 kb 

                     methylation filtered genomic DNA library" 

ORIGIN       

        1 tcttcctggc aaacaataga aagttcagct tcgcccgtcc cggcctcggg ttctaaggct 

       61 tccattgttc cgatcgcccg ggcaacgctg tactgctagc agtgcacatg agttagttgt 

      121 tagtgttcct catccattac gccatttttc tgacaaaaaa aatgcagctt gtacagcaaa 

      181 ctagtttcaa tcctgcatcg agccgccaag cctcgacctt gtctttagca aagatgtcaa 

      241 gctgtcgaac aacaatttgg ctgacgtcgt gaaactgctg tttgcgagta gcaattctaa 

      301 tcacagctgt taaggttaac cagcagaatt gagcatgtgt gtttttattc tgatttctga 

      361 agcgcgtagc ggcttgcata gttactcact tactcgttgc tgatggtctt gtgcccttgt 
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      421 acgaatcaga ccacggcctt tcaaactacc tctgcagtat gtaaccgtgg agacaggcac 

      481 ttccactctt tctctgaaat attccgacca ctcgatccag ctctccacag cagcagcata 

      541 gttgacatcg ccatcttggt gaccacaatt tacttttcag cgagcaaaga tcttggtact 

      601 ggtcgcaaca atggttaatt ccaggaagtt tcatctctgt ctgtctgcac ccgttttttc 

      661 tgactaatct ctctctctcc tctctctctc tctctctctc tctctaattt cattttcatc 

      721 accatgcttt ctcatttgaa tttccacaac ttcgtacgat cgcattaaga aacgctcacc 

      781 atggggcaca agcgctgcac aagaagaaga gccgtaagaa acgctcacga ccgacggggc 

      841 actcaagaga gacgggtccg gctgagctcg acaacccgct aagggcttgt tcgtcacact 

      901 ccaatccttc tgcgaccgac agaacccgaa atggagtcag ttatggaaat ggaaatggat 

      961 gtcgtatc 

// 

注：新设计引物用方框标注。上游 20bp（70-89）：tacggtttcgtttcctttgg，下游 20bp(272-291)：

ctaacagcatcccttgagcc；PCR 产物长度：在 240-340 间，比原引物短约 80bp。 

原引物用黄色底纹标注。上游 24bp（542-565）: TTGACATCGCCATCTTGGTGACCA，下游

29bp(742-770)：TCTTAATGCGATCGTACGAAGTTGTGGAA；PCR 产物长度：在 320-420 间。 

重复序列(668-704)：TC 
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ANNEX II 

Comparison of original and newly designed primers 

Primer 
name 

Product 
length 

TM value 
(U;L;P) a) 

GC content  
(U ;L ;P) 

initiation 
efficiency 
(U;P) 

False 
initiation 
(U;P) 

immer 
(U;L;UL) 

hair
pin(
U;L) 

3’-
termina
l ΔG 

bnlg439 201-253 79.2;77.9;82.2 50;41.4;41.5 492;483 91;131 4;8;5 3;3 7.9;8.5 

bnlg439w1 319-385 75;75.4;85.6 50;56.5;47.9 469;522 117;99 3;3;4 3;3 6.1;6.7 

bnlg125 323-422 66.6;67.9;83.7 47.6;43.5;43.7 377;388 81;146 2;2;2 0;0 6.7;6.6 

bnlg125k1 219-327 74.9;75.1;83.9 52.2;50.0;45.7 465;445 31;64 3;4;3 3;3 8.8;8.2 

bnlg1754 215 68.5;68.6;87.9 50.0;55.0;55.8 450;401 86;136 4;6;3 0;3 8.8;8.2 

bnlg1754w3 145 75.4;75.9;88.0 61.9;63.6;56.6 447;431 88;58 6;3;3 0;3 8.4;8.2 

phi072 142-162 78.6;78;78 50;42.9;34.5 533;484 103;113 6;6;4 3;0 6.4;9.7 

phi072k4 413-433 74.3;;75.2;83.7 66.7;54.5;42.9 432;463 69;90 3;4;3 3;3 8.2;9.4 

umc1705 57-114 70.7;76.4;82.9 50;50;49.5 411;480 193;81 4;6;3 0;3 6.4;6.4 

umc1705w1 273-330 73.9;74.4;87.4 59.1;54.5;52.6 425;464 98;92 2;6;3 0;0 8.4;6.7 

bnlg161 129-185 70.6;70.4;82.7 41.7;39.1;45.1 379;410 115;82 2;4;4 0;3 6.9;6.3 

bnlg161k8 152-208 75.2;74.8;83.3 48.0;54.5;45.4 462;428 38;111 4;4;5 3;3 9.0;8.5 

bnlg1792 113-171 68.0;68.4;81.9 50.0;45.0;44.4 431;444 120;97 4;2;4 0;0 6.4;7.0 

bnlg1792k8 192-250 73.1;72.8;84.4 57.9;56.5;47.2 471;426 0;65 4;2;4 0;3 9.4;6.9 

phi080 243-273 75.9;75.1;87.9 54.5;54.5;58 464;407 78;69 4;4;3 3;4 5.5;6.3 

phi080k15 203-233 74.9;74.0;89.4 52.4;52.2;59.4 458;449 71;71 4;4;3 0;3 6.7;5.5 

phi065 132-153 70.8;72; 83.6 50;50;47 379;415 33;76 4;4;3 3;3 5.5;6.7 

phi065k9 399-419 75.2;75.7;88.4 50.0;66.7;54.2 497;436 94;88 4;3;3 4;3 9.4;9.4 

umc2163 145 72.2;72.1;81.7 41.7;41.7;43.4 496;462 86;83 3;5;3 3;5 6.7;7.0 

umc2163k5 154 73.6;73.4;82.5 50.0;55.0;44.8 495;462 83;63 4;4;4 3;3 6.6;7.9 

a) U: forward primer sequence; L: reverse primer sequence; P: amplification products. 
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