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Abstract: We present a compilation of polymerase 
chain reaction primers (oligonucleotides) used to 
amplify and sequence the small subun it of nuclear 
ribosomal DNA. To simplify use of these primers we 
designed a nomenclature that defines the location of 
each relative to Saccharomyces cerevisiae. With these 
primers we have developed strategies fo r selecth'ely 
amplifying the diverse r ibosomal DNA repeat types 
found in lichens; e ither between symbionts or be­
tween ribosomal DNA repeats (often the product of 
optional group J introns) with in an individual fun­
gus. A diversity of primers allows a choice of which 
small su bunit ribosomal DNA repeat is amplifi ed or 
sequenced from a complex extract such as that d<.. ... 
r ived from lichens. 
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The polymerase chain reaction (PCR) has made pos­
sible rapid and selective amplificatio n of any gene 
with known and conserved nucleotide sequence. Us­
ing these conserved sequences, the o ligonucleotide 
primers essential for PCR amplification can be de­
signed for universal or specific applications. The po­
sition ing of PCR pri mers with in a gene is critical to 
o btaining appropriate DNA fragments for sequenc­
ing and analysis. In particu lar. peR has made possible 
the amplification o f small subun it ribosomal DNA 
(SSU rDNA), which has consequen tly come into 
widespread use fo r studies on funga l molecular sys­
tematics and evolutio n (see references in Gargas et 
aI., 1995a) . The large number of primers now avail-
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able for the SSU rONA has led to a confusing array 
of primer names and nomenclature systems. Many 
primer names give no details of primer location wi th­
in the gene, or whether the primer anneals to the 
coding o r noncoding DNA strand. To provide each 
p rimer wi th a name which unambiguously describes 
its actual position, we designed a standard system of 
nomenclature for pri mers, with examples for eukary­
o tic SSU rDNA (TABLE I). The code 'nu-$SU' de­
notes th at these primers anneal to thc nuclear Small 
SUbunit of ribosomal DNA. The -5' or -3' specifies 
whether each pri mer anneals to the coding or non­
coding strand, respectively. A number in the primer 
name denotes the location of the 5' end of the prim· 
er in refe re nce 1.0 a Saccharomyces cerevmae Meren ex 
Hansen sequence standard (~ankin et aI., 19S6; 
Rubtsov et aI., 1980). This number contains the same 
n umber of digits as the e ntire gene, i.e. the primer 
at nucleotide 21 is designated 002 1. This numbering 
system allows an estimation o f product size (min us 
the sum o f the primers' lengths) by simply subtract­
ing the numbers of the -5' and the -3' primers. To 
distinbruish between two primers of different lengths 
which begin at the same 5' nucleotide we would add 
a dash , and then the size of the primcr in nucleo­
tides. 

This system Illay be adapted to Olher gelles, for 
example primers fo r nuclear Large SUbun it rONA by 
using the prefix ' nu-LSU', o r for protein genes using 
standard prefixes. For sequences that arc optional 
among even closely related organisms (i.e. transpos­
able elements, retroviruses, or itnrons) it is important 
to note the gene in which they reside. the location 
of the optional sequcnce within the gene, and the 
organ ism that serves as a reference for the location . 
In addition, each primer's position wi thi n the option­
al sequence must be de no ted as described above. For 
example, primers designed to anneal to intran se­
quences in SSU rONA are deno ted with the fo llow­
ing: nu-$SI to indicate nuclear Small Subun it of the 
ribosomal DNA. I for lntron, with a number indicat­
ing the insertion position (relative to an Escherichia 
coli (~igu la) Castellani and Chalmers standard, fol­
lowing Cargas et al.. 1995b), in parentheses. This is 
fo llowed by a dash and then a number denoting the 
3' end of the primcr within an intron, -5' o r -3' as 
above, a dash and then the species for which the 
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T ABl.E l. .. 
'" Primer Other names 5' end 3' end Primer seqllcncc Primer notes' Reference 

nu-SSU Primers 
nll-SSU-002 I·5' 0004 0021 crCCT TCAlT c r GCc ACT This study 
nu-SSU-0038-5' "';51 0020 0038 CTAGT CATAT GClTC Tcr c White et a I. , 1990 
nu-SSU-0072-5' N5 17UCB 0054 0072 CATGT crAAG TlTAA GCAA non-green algal Gargas and Taylor. 1992 
nu-SSU-0305-3' CNS26 0323 0305 TCGAA AGTrG ATAGG GQ\G Gargas Ct ai" 1995b 
nu-55U-0402-5' NSI9UCB 038 1 0402 CCCGA CAACC AGCcr CACAA AC spans intron position 323 Garg-ds and Taylor. 1992 

non-green algal 
nu-55U-0497-3' NS18UCB 0516 0497 crCAT TCCAA lTACA ACACC non-green algal Gargas and Taylor, 1992 
nu-55U-0573-5 ' NS3 0553 0573 GCAAC TCfGG TGCCA GCAGC C spans intron position 5 16 White et al.. 1990 
nll-SSU-0553-3' NS2 0573 0553 GGcrG crGGC ACCAG ACITC C spans intron position 5 16 White e t al.. 1990 
nll-SSU-0819-5' NS21UCU 0802 0819 GAATA ATACA ATACG ACC non-green algal Gargas and Taylor. 1992 
nu-SSU-0852-3' NS20UCB 0871 0852 CCTCC CTATT AATCA ITACC Ilon-green algal Gargas and Taylor. 1992 
nu-SSU-1150-5' NS5 1128 11 50 AACIT AAAGG AATrG ACGCA AC White e t a l .• 1990 
nu-SSU- 11 31-3' NS4 11 50 !l31 CTTCC GTCAA TICCT TIMG White c t a l .. 1990 
nu-55U-1203-5' NS23UCB 1184 1203 GACrc AACAC GGGGA AACTC nOIl-green algal Gargas and Taylor. 1992 
nu-SSU·1184-3' MB2 1203 11 84 CAGTI TCCCC GTCl'!' GAGTC Gargas e t aI., 1995b 
nu-SSU-1258-5' SR12R 124 1 1258 GCTCT TICTT GAm TeT DePriest, 1993 
nu-SSU-I293-3' NS22UCB 13 12 1293 AATrA AGCAG ACAAA TCACT non-green algal Gargas and Ta)·lo l". 1992 ;;: 
nu-SSU-1427-5' 5R14 R 1410 1427 TlTGA CGGAA TAACA GGT Del'riest, 1993 ~ 
nu-SSU-1431-5' NS7R 141 3 14 31 GAGGC AATAA CAGCT CTGT spans introll position 1199 White et al.. 1990 0 

nu-SSU-1436-5' NS7 141 3 1436 CAGCC AATAA CAGGT C rCTG ATGC spans ilnron position 1199 White t:l al.. 1990 g 
nu-SSU-1412-3' NS6 1436 1412 CCATC ACAGA CCTGT TAITG cerc spans intron position 1199 Wh ite e l al.. 1990 ;: 
nu-SSU- 1428-3' SR15 1445 1428 CATCf AAGGG CATCA CAG spans intron position 1210 DePriest, 1993 
nu-SSU· 1465-3' SRI6 1482 1465 TTGTC TCTGTCAGTGTAG DePriest, 1993 
n u-SSU-1583-5' SRI8R 1566 1583 CAACG AGGAA TICCT AGT DePriest, 1993 
n u-SSU-1580-3' SRI7 1597 1580 GATGA CTCCC GCnA C r A DePriest. 1992 
nu-SSU- 1626-5' SR IlR 1609 1626 ATTAC GTCCC TGCCC 1Tf spans intron position 1389 DePriest, 1992 
ou-SSU-1 627-3' 5MB C 164 1 1627 ACGGG CGGTG TGTRC Laue ct a l., 1985 
nu-SSU·1766-5' IT" 1744 1766 GGAo\G TAAA GTCGT AACAA GG White et al .• 19!)() 
nu-SSU·1722·3' 1747 1722 TCCfC TAAAT GACCA AG1Tf GWCCA A This .study 
n u-SSU-I776-5' 1750 1776 TAAAA GTCGT AACAA GGrfT CCGTA GG spans in tron positions 1506, 1512 This study 
nu-SSU-1750-3' NS24UCB 1769 1750 AAACC TrG1T ACCAC TITTA spans intron position 1506, Gargas and Taylor, 1992 

non-grccn algal 
nu-SSU-17S7-5' ITSI 1769 1787 TCCGT AGGTC AACeT GCGG spans intron positions 15 12, 1516 White e l aI., 1990 
nu-55U-1769-3' NSS 1788 1769 TCCGC AGGTr CACCT ACGGA .\pans intron positions 15 12. 1516 White e t aI., 1990 
nu-SSU-17S0-3' I'D9rev, SRI 3 1797 1780 AATGA TCCIT CCGCA GeT DePriest, 1993 

Intron·specific Primers 
nu-SSI ( I 046). 154-5'-Ccg 128 154 CGw::T CACTI CGAGA TATAG TCGAG CC within introns al po~ition 1046 This ~tudy 
nu-SSI ( 1046).164·3'-Ccg 184 1&1 TCAGC CCATC AcrCG CCrAC TCTCT GA within illtrons at pOSition 1046 This study 
nu-551 (1516).194.,'-Ccg 188 19. CAClT CCCTG GTIGA CATAT CATCC GC within illlrOIlS at position 1516 This study 
nu-551 ( 1516).146-3'-Ccg 172 146 AACTC CCCGC TATCG mGA CerCT GA within intrOIlS a t posi tion 1516 T his study 

• hmon position 11\1I11bers are relath'e to location within Escherichia coli (Gargas e t 01.1., 1995b) . 
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primer was designed denoted a t the end using Gen us 
species and optional subspecific d esignation (Ccg = 
Cladonia cltlorvpltaea (Florke ex SoHlHlerf.) Sprengel 
grayii chemotype, as in DePriest and Bee n, 1992). 

The prime rs listed in TABLE I have been used for 
PCR a mplification, and for sequencing by manual 
and automated methods. We have used each success-­
fully for PCR amplifi cations of fungal DNA, although 
m any a lso work well for plant or a nimal DNA. A Sl."'­

leClion of primers placed throughout the SSU rONA 
is valuable for PCR amplification and sequencing be­
cause primers do not generate consistent results for 
ever y organism. Minor seque nce variations have been 
ex ploited to design prime rs that differentiate be­
{Ween the fungal and a lgal panners of a lic he n as­
sociation (Gargas and Taylor, 1992) ; p rimers that 
preferentia lly amplify the fu ngal panne r arc desig­
nalCd 'non-green-algal' in TABLE I. Additionally, the 
SSU rONA from liche n-forming and other ascomy­
cetous fungi frequently con tains group I introns in 
conserved regions (Gargas et ai., 1995b)-the same 
regions considered optimal fo r unive rsal primers. In 
fact, o f ten universal rONA primers described in 
Wh ite e l al. ( 1990), six span intron sites known from 
some fungi. For suc h intron-spanning primers, the 
nucleotide misma tch willthwan PCR amplification­
a phenomenon common with peR ampli fication of 
intron-contain ing organ isms (FIG. la). A primer pair 
na nking an intron will produce a larger PCR product 
than tha t predicted from homologous genes lacking 
the intron (FIG. I b). Each intron inc reases the length 
of the PCR produc i (100,200, or more nt) and may 
produce amplification produclS longe r than the op­
timum le ng th for sequencing. Furthe rmore, pri mers 
have been designed that anneal to intron sequences, 
a llowing selective amplifi calion of introns and intron­
containing repea ts (FlG. Ie). 

Ribosomal introns and in sertions may be the rule 
rather than the exception for som e ascomycetes-as 
many as e ight insenions may interrupt a sing le SSU 
rONA (Gargas ct a l., 1995b). These insertion s vary in 
occurrence within groups and species, and even with­
in an individual (DePriest, 1993). Specifically, rONA 
copies within a tandem array may vary in the pres­
ence an d absence of imrons (De Priesl, 1993). In 
light of th is observed variation, rONA extraCied from 
a sing le organism must be examined for rDNA re­
pealS that vary in le ng th . PCR a mplifications from 
such rONA would result in multiple superimposed 
fragmenlS, and produce multiple seque nces. In these 
si tuations PCR prim e r selection is criljcal in deter­
m ini ng whe the r copies with or without imrons are 
a mplill ed and sequenced from an individual . Choos­
ing primers which span an intron pOfiition , or are 
intron-specific, allows selec tive a mplification of in-
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Product, expected size -
y 

No product 

--i 

b 

Product, expected size -
Y Product, increased size -

c 
--i 

No product 

-Y Product, includes intn)n sequence 

FIG. l. Primer placement allowing selective pe R ampli­
fication and sequencing of intron-<:ontaiIling and intron­
lacking SSU rONA repeats. a. Intron-spanning primers al­
low selective amplification and sequencing of intron-lacking 
rONA repeaL~ by blocking of annealing to intron-containing 
rDNA repeats. b. Primers flanking introns allow 
amplification of both inlron-Iacking and intron-contain ing 
repeats. However, the resul ting pe R producL~ will differ in 
size. c. Primers annealing to imron sequences allow ampli­
fi cation and sequencing of intron-<:ontaining rONA repeatS, 
since they will not amplify or sequence intron-Iacking rONA 
repeats. Straight lines represent the SSU rONA repeats. Tri­
angle~ denote introns, with a stem to their position in the 
rONA repeat. Bold arrow~ indicate primers that anneal. 
Short lines with blunt ends indicate primers that fail to an­
neal. For each situation the expected product is described. 

tron-Iacking, or intron-containing templates. In TA­
BLE I we indicate primers useful for sequencing 
rONA from potentia lly intron-containing organisms, 
and whe ther each primer spans known intron posi­
tions. 

TABLE I demonstrateS the new prime r nomencla­
ture we design ed for our research on SSU rONA, SSU 
rDNA introns, and the adjo ining iTllergenic spacer 
(ITS) regions. This list includes three new $SU rDNA 
primers, and fo ur new SSU rONA intron-specific 
primers. We have included o rig inal names and cita­
tions for previously published primers where appro­
pria te, the nucleotide position of their 5' and 3' ends 
relative to a refe re nce species, and their nucleotide 
seque nces. For many of the primers, we have denoted 
special a pplications (intron-span ning, intron-speci fi c, 
or non-gree n algal) in the notes. We hope that this 
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simplified and predic tive nomenclature will be ap­
plied broadly to primers lo r pe R ampl ifi cations and 
sequencing. and the creative use of SSU rONA and 
intron-spcci fi c primers will encourage further re­
$Carch on rONA variability. 
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