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Design and evaluation of group - targeted PCR primers
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Abstract ; We take the design and evaluation of eukaryotic algae-targeted 18S rDNA PCR primers as an example, to
give a step-by-step illustration of how to design and assess group-targeted PCR primers using Primrose and other
programs. Then we summarize the advantages of the design & evaluation pipeline by comparing the amplification ef-
ficiency of newly designed and previously reported 18S rDNA universal primers. Cautions are also emphasized on u-
sing PCR-based strategies to assess community diversity.
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Table 1  Programs for design & evaluation of group — specific PCR primers
g R ik B
ARB http://www. arb — home. de/downloads. html S RGIE ik € Lunix Mac OS
Primrose http ://www. bioinformatics — toolkit. org/Primrose/index. html YR Java
BESTRF http://lie. fe. uni - lj. si/bestrf/ Py B By KR MS - DOS
Taxman http ://www. ibi. vu. nl/programs/taxmanwww/ 5 Wy U SR TR HTML
Oligo http ://www. oligo. net/downloads. html ST 2SO Java

1 KBS PCR B89 5 1

i A e 5 B R A 6 2 T
Linux il Mac OS 1 ARB . #: T Java 1% = (1 Prim-
vose T TR 2R 1 B 2 L R Tk AT
AR 2R 53 BT, ARB JF AN 5 902, A
EFE ] fEA H 73 B I AE windows #4E RS Fia 7Y
Primrose S BSR4 PCR SIWRYIER . T
DIEAZHEZ R Sk 18S tDNA 513t M i), Bk
VB Primrose [ ] 5 v AT 000
L1 MEEIERE, BEBRY L

BEHE 7T LR BOR AW K e 538 2, i
= R RIT 5 — P s % GenBank \EMBL F1 DD-
BJ Z& HECR RS R, 709 A3 B e i 4
8 [F) Fof, AN T i B b A7 A E — 267 9 B i b i) )R
G ERRT RZE LU DNA FPAI R A7, —2E
PUASERR /N HCHie o 550 vy A% T TR P 91) — 58O T
BB A, 2R G0k 8 o5 98008 1 L 1% RDP
( Ribosomal Database Project ) . greengenes, SILVA
rRNA database project L) Jz ITS2 Ribosomal RNA Da-
tabase( W3 2)

k2 REXEFEAREREI _REIEENRYE
Table 2 Features of nucleotide secondary databases

widely — used in phylogenetic research

RDP Greengenes SILVA 1TS2
16S/18S&235/28
FEH 16S rDNA  16S rDNA
S rDNA
fitees(Filer)* /" - vV -
S SENES - vV - -

) - - -
TE -a: Rk & ( Filter) 41 2 AT 1 A% 0F 0 B R EAT I 08\ 2805
bV ARRAFAEMI K INRE 5
e = TRFRE AR IIRE

Notes:a: Filter is referred to as the availability to browse and download

sequences under requisition;
b: “V” implies related service exists.
c¢: “ —“ denoted tool mentioned is invalid.
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File(s) , #8508 B SC 0k (36 3) ™ A i s 4k
PaSCF (A g4 0 Algae. fas) 5D S B ST (A4
} Non_Algae. fas) , 56 WU sl Accept; 457 B
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Taxon , 5 HUB X TAHE , A2 A2 2 2 M2k 1 &4 7 51
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Table 3  Content of database for primer design

A4 A5 2 (taxa) FFoE
LRUEDT AT ARETT AT
Algae. fas  THEE] GEBE]] EET] BREET]. 10513

(CEIRRAR IR 2

BRLA T2 B
AW R

Non_Algae. fas 138 816

E AP FI N SILVA (Version 111) R, JFFIHKJE > 1 200bp,
Notes ; All sequences are downloaded from SILVA ( Version 111) , whose
length > 1 200bp.
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Table 4  Sequences employed to generate raw primers

B FRVFIRE 2 FHkE
(taxa) (accession number) (accession number)

#3317 ( Chlorophyta ) X68484

P31 ( Euglenida) AF283306

%3] ( Charophyceae) X70704

4z #1] ( Chrysophyceae ) EF432525

T#E ] (Xanthophyceae) AM490835

fi:#1] ( Bacillariophyta ) AY684941

H1 31 ( Dinophyceae ) EU418969

[ 17] ( Cryptophyta) AB240956

#8317 ( Phaeophyceae) AF350231

2137 ( Rhodophyta) AB053489 AB053489

TE M ] ( Haptophyceae) AB183595

NS R
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.
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Table 5 Raw primers generated by method 1 and their features
Frs 19(5° -37) AL Eiffélj\] 15J$I7‘] e ﬁji&l\ ﬁﬁﬁm
b BA% A BH% HH
1 TTACCAGGTCMRGAC 18 778 9317 89.115 26 9 461 20.526 339 2
2 ARYTTCTGMCCTATC 26 175 8 129 77.752 27 18 046 39.152 13 3
3 RYTTCTGMCCTATCA 26 387 8 269 79.091 35 18 118 39.308 34 3
4 YTTCTGMCCTATCAR 26 340 8399 80.334 77 17 941 38.924 324 3
5 TTCTGMCCTATCARY 26 274 8 362 79.980 865 17 912 38.861 41 3
6 CGGGRAAWSTTACCA 19 979 9176 87.766 62 10 803 23.437 906 3
7 GGGRAAWSTTACCAG 19 833 9 183 87.833 57 10650 23.105 963 3
8 GGRAAWSTTACCAGG 19 813 9216 88.149 216 10 597 22.990 974 3
9 GRAAWSTTACCAGGT 19 390 9176 87.766 62 10 214 22.160 028 3
10 RAAWSTTACCAGGTC 19 376 9 188 87.881 4 10 188 22.103 619 3
11 AAWSTTACCAGGTCM 19 352 9 185 87.852 71 10 167 22.058 058 3
12 STTACCAGGTCMRGA 18 763 9322 89.163 086 94 41 20. 482 946 3
13 TACCAGGTCMRGACR 18 667 9219 88.177 91 9 448 20.498 135 3
14 CACCGCCCGTCGYWS 21 801 9 469 90.569 1 12 332 26.755 184 3
15 ACCGCCCGTCGYWSC 20 943 9452 90.406 5 11 491 24.930 574 3
16 CCGCCCGTCGYWSCT 19 689 9239 88.369 2 10 450 22.672 047 3
17 CGCCCGTCGYWSCTA 19 627 9 165 87.6614 10462 22.698 082 3
18 GCCCGTCGYWSCTAC 19 611 9 142 87.441 414 10 469 22.713 27 3
19 CCCGTCGYWSCTACC 19 504 9 056 86.618 84 10 448 22.667 707 3
20 CCGTCGYWSCTACCG 19 393 9077 86.819 7 10 316 22.381 323 3
21 CGTCGYWSCTACCGA 19 392 9 076 86.810 135 10 316 22.381 323 3
22 GTCGYWSCTACCGAT 19 328 9 060 86.657 104 10 268 22.277 185 3

T R PG W S IR R /N B RS Bk, 45 B 195 | W) P IR | ) 1 25 DR R 91 HP B 5 2 v /DN B RHEST

Notes ; Primers are sorted into blocks according to the number of degenerate bases, within each block arranged on the basis of their position in template se-

quence.
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Table 6 Raw primers generated by method 2 and their features
HAR N 5 EEN ERZREZA o5 A1 NHEIR
"“ = A 2
i A G B b A% S
1 GTGAAACTGCGAATG 19 390 3 651 34.921 09 15 739 34.146 92 0
368 CCCTTATCGAGGATC 1711 1670 15.973 22 41 0.0889 53 0
402 CGCTCGTAGTCGGAC 372 372 3.558 106 0 0 0
897 AAACTTACCAGGTCC 18 278 8 509 81.386 89 9769 21.194 57 0
T R G [ W R 25 R T
Notes ; Primers are partially listed to omit the low sensitive counterparts in the original list.
AY A t E J .
2 KRR ME PCR 5] ¥ %t ( primer (2) BP0t LA I AR S A o 2
pairs ) B 256 TEAG — SRS AR A
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i1 Primrose S T8 PEAS 2] 8 2 51 W) 2 KV o

Ja , BT EEXT 5 AT R, A S PCR s b iYL JiF
SIS TS, 3k B KB 5 | xt EAL vh R 2 i
PR f = AN )

(1) Z519 X% T PCR RN ™= A= (4 34 Fr B
(Amplicon) K FE /2 RIEA N IFSL 5 ;

TR 6 o W EUE R, NS 5
FIWIREATBCAS o ARG Primrose 73 M7 45 SR v 45 H Y
m (B HAB TR Tm (HA 5L AT, 36 S ARSI
Pz 6] Tm (EHAHZEEVNONT 10 °C)  EA ARG 1Y)
XFo TR LA = AN A TR
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Fig. 1 Length frequence distribution of amplicons

primed by No. 1&22 primers in Table 5
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Xt A RURRE SRR A TIPS, FE AR

43 7E Forward primer 5 Reverse primer 25 #% /1
HE I FiF5| ¥ ¥ 5, Database % % £ “ SILVA
SSU NR rRNA v. 108_2" ,/2)1%“ You are an academic
user” o A T ARAGEE A I T 5L PR PCR 2 235 5% i) B
L 25 R Mismatch 235 #% 4b3H 10 percent,3’ mis-
match window ZME 5,985 S i submit 247,

R 45 B Taxonomic tree with sequence-based
counts FHYELHE , W] LLARAS 5 | ) 0HBURPE 5 5 S5
PERER (B 2) , NEIH AT IR RS 1 5522
SHIMHEGTE 11 > EAL B RRE PP ROR B
(charophyceae Fr4h) , X 3E H bR 9 4 2 ¥ (untar-

geted groups ) 34 £, LIS P0 BA B R
TS S R Sk

unamplified
¥4 amplified

z

Major eukaryotic groups

B2 R5H1522 S59xTEALRERBNRES
Fig. 2 Eukaryotic algae taxa Frequency distribution of

amplicons primed by No. 1&22 primers in Table 5
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(1) &3 A File H11 Open #2241, ' A Hix
PR B b B — R 0 P A SO, R SR A
Select H1 1) New Current Oligo Position $Z4H , i AR
#is bl2seq 13219 I (Tl 510 BB, S
Sequence 1% B2 H13E Forward ( Reverse) Primer Hij/]»
TR B e TSI

(2) 51N S5 IE R Br: ISR S IF
155 22 S 51985, 73 5 5 i S A2 Analyze
Duplex Formation-Forward Primer, Reverse Primer FI
Mixed Oligos, 734 Ll 51 ¥y N T 1l 51 W A 5
BTSRRI O, B ORI TE R B G AG
WRER(KRT) .

x7 5¥MAGCHSEE

Table 7  reference value of primer AG

37 i AG 2K AG
K e 5544 (Hairpin ) = -2 keal/mol = -3 keal/mol
[R5 1 4y1a] = -5 keal/mol = -6 kcal/mol
kRS iE = -5 keal/mol = -6 keal/mol

ZER(KR8) 5 AC S HME(RKT) e, T
S T 15522 S5 YALa R ER, WA
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Table 8 primer AG of No. 1&22 primer pairs in Table 4

37 % AG 4K AG
15 RF 229 0 15 ERiF 22 5 R
5% 519 519 5%
e LR
ki - 0.5 kcal/mol - 0.5 keal/mol
( Hairpin)
e -0.4 -0.3 -4.7 -4.1
— s
A ! kecal/mol keal/mol kcal/mol kecal/mol
b FiES 1 W1E] —2.1 kcal/mol —-2.6 kcal/mol

Z I, BAE] 7Y IR B B B BB
RS RCAE Bif P2A 25 R B 18S 1DNA
KRR SRS 1Y

3  EF Primrose UK E R PCR
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FEXS T A —JF SR 5 | e iR IR m 5 | ik
117, Primrose fF £k 15 257 5IME M 51 ¥ 1T
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B0 TR T — R 200 (AR T U5 e i i 5
S5 RO FE AR UE T T A5 51 W 0 v U . AL
X 15 P HIF B 1 458 8 PG 751 (consen-
sus sequence ) HATH | WL R, HEBRTE AT S8 1
ANBETH JE 1 TEJT ) NI AE AR IC S N5 A Y
S, 100 5 R AR ) 28 18 5 | 0 e AR 386 B 12 Fn
B HE A IEA T I Y 8 JR iR L X, ATEAR 51 4
P RERME SRS, IR 45 th o] LA T IR S 8ds o it
51945 . TERBFREFES Pt ad b, X
T 5 | W AR b oA 5 | ) SR S R
SRR W7 28, A A 5 | M e Y B
R

M T dk /D B R3S B A% B2 18S rDNA
ST AR , 3k B3 e b g — X KR 5 A
¥ 18S rDNA 5|95 53l i Primrose 327145 £
(A5 | e R U W 5 3 B0 T A 5 1 9 1 e el (3%
9), EuklA-Euk516r f&—XF LI EAZ A Y% R H g
XA (% 18S rDNA F4%F, B9 K& 1 T &
Ry v BB R A B AR A0
ZB YR E N T R — 2 B Y 18S tDNA J7
B JEARYE R SF P AR AR 51 ST M /N
rDNA Bl I, PEAL 25 | 40 6) 19 R0 5 o S5 1 1)
Z5RITA A, B 18S rDNA Z4i FE A R W K
(B 3) , PEAl BURNE 5 e e PR A5 R AR 15 0T ] 4
Wit Primrose #1115 2 B9 — X 5] ¥ 1143F 5

1637R, 5 EuklA-Euk516r 1% S M 5 R 5 M 1
Taxman HEATIPAl (& 4 F5) .
FO EEH 18S (DNA @ A3

Table 9  eukaryote — targeted 18S rDNA universal primers

sl 4 JFHI(5 -37) PR E SRR

EuklA  CTGGTTGATCCTGCCAG (7]
24 560bp

Euk516r  ACCAGACTTGCCCTCC (8]

1143F AATTGACGGAAKGGCA AT
24 510bp

1637R CGACGGGCGGTGTGTA (9]
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Fig. 3 Increases in the number of rtDNA clones and

samples per study since 1990, modified from Reference[12]
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unamplified
V777 amplified

Frequency%

Major eukaryotic groups
B4  FRi%it514 1143F - 1637R J G EEALE VLRI D T

Fig. 4 Eukaryotic taxa Frequency distribution

of amplicons primed by 1143F —1637R primers



#24 % F,%.AHH#RMPCR I kit bR 85
A unamplified [3] Ashelford, K. E., A. J. Weightman,]J. C. Fry. PRIMROSE: a
72 amplified computer program for generating and estimating the phylogenetic

O A A A

[0e)
S
L

Frequency%

&
L é&zé\ <
Major eukaryotic groups

B 5 CiRiE5|4 Eukl A-Euk516r 318
Fig. 5 Eukaryotic taxa Frequency distribution

of amplicons primed by EuklA-Euk516r primers
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