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Abstract: Identification has similarities and differences with other kinds of assessment activity: quality assessment,
control management and certification. The final result of identification is verification of compliance or detection of
falsification. Common features are tests for definition of actual values. This paper studies the design of universal
primers for type identification of fruit raw material (strawberry, gooseberry, cherry, raspberry, banana, wild rose,
kiwi). To further verify the specificity of primers, sequencing of fragments is produced, which are read by each from
the primer pairs. For this purpose, 8 polymerase chain reactions (PCR-reactions) are initiated, one from each primer
pair corresponding to one type of raw material. A single alignment matrix for each of the studied objects is created
as a result. Re-verification of each matrix is conducted for the presence of read errors or other disputed single-
nucleotide substitutions. It is stated that the alignment matrices of the nucleotide sequences of raspberry, strawberry
(fragaria viridis), gooseberry, wild rose, cherry, banana and kiwi are aligned on all sides and the protruding "bases"
do not disturb the future work of programmes for the primers design. Universal non-intersecting primers are chosen
to identify the fruit raw material under studying. As a result of the use of various software packages and of the
database GenBank NCBI, we managed to find a suitable DNA zone for each of the tested samples of fruit raw
material at the level of generic differentiation for further development on its basis of the universal primers. It is zone
18S rDNA. All the found sequences have both the conservative part for planting a pair of primers, and the variable
one for reliable identification of species or for phylogenetic analysis. As part of the study, all samples of fruit raw

material have been identified.
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INTRODUCTION

Identification as an activity has its own structure
which includes objectives and tasks, objects and
subjects, means and methods [1].

Identification has similarities and differences with
other kinds of assessment activity: quality assessment,
control management and certification. Common features
are tests for definition of actual values and compliance
test with the requirements of regulatory documents. The
differences lie in the list of criteria; in the subjects which
determine the assessment activity; in the final result. The
final result of identification is verification of compliance
or detection of falsification [2, 3].

The term "identification" is interpreted
differently. The analysis of the regulatory documents
showed that the term “identification” has the
following definitions [13].

Identification is the procedure by which compliances
of the products, submitted to certification, are
established with the requirements for this type of

products, set by the regulatory documents (Sertifikatsiya
pischevykh produktov i prodovol'stvennogo syr'ya v RF
[Certification of foodstuffs and food raw material in the
Russian Federation], 1996).

As criteria of identification the indicators, meeting
the following requirements, should be selected:
—typicalness for a particular type, name or
homogeneous product group;

— objectiveness and comparability;
— ability to test;
— difficulty of falsification.

The greatest significance has the typicalness which
can be characterized by complex or, less often,
individual indicators that complement each other and
have a varying degree of accuracy [4, 5].

The objective of this paper is the study of universal
primers design for type identification of fruit raw
material. The tasks of this paper include the selection
of universal primers and the identification of such
fruits and berries like cherry, strawberry, raspberry,
gooseberry, wild rose, banana and Kiwi.
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STUDY OBJECTS AND METHODS

Alignments were visualized in the programme
GeneDoc.

Matrices were aligned from the two sides of
alignments. Presence of protruding "bases" may disturb
the future programme work [15].

In accordance with the objective and the tasks of
the present paper, the study objects were: Rubus idaeus
(raspberry, the grade “Nagrada”), Fragaria vesca
(remontant wild strawberry, the grade “Berdskaya
rannyaya”), Ribes Gva-crispa (garden gooseberry, the
grade “Kooperator”), Prunus fruticosa (ground cherry,
the grade “Altayskaya lastochka”), Rosa majalis Herrm
(cinnamon  rose), Actinidia  deliciosa  (Kiwi
delicatessen), Musa paradisiaca (banana of "extra"
grade).

Primers were selected with the use of the
programme PrimerQuest (http://eu.idtdna.com/
Primerquest/Home/Index). Computer processing and
sequences alignment were performed in the
programmes ClustalW and GeneDoc, the construction
of phylogenetic trees was performed in the programme
Mega 6 [6, 7].

To further wverify the specificity of primers,
sequencing of fragments was produced, which are read
by each from the primer pairs [14, 17]. For this purpose,
8 polymerase chain reactions (PCR-reactions) were
initiated, one from each primer pair corresponding to
one type of raw material [8, 9]. The obtained PCR-
products were re-precipitated by ethanol in the presence
of ammonium acetate, dried and then sequenced
according to Sanger using the device ABI Prism 3500xI.
The sequencer output data - chromatograms - were
converted into nucleotide sequence and then, using the
BLAST algorithm, were compared to the NCBI
sequences, present in GenBank [10, 11].
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RESULTS AND DISCUSSION

At this research stage previously conducted
alignments were visualized and corrected in the
program GeneDoc [12]. Thus, a single alignment
matrix for each of the studied objects was created
(Fig. 1-7). Re-verification of each matrix was
conducted for the presence of read errors or other
disputed single-nucleotide substitutions.

Matrices were aligned from the two sides of
alignments. Presence of protruding "bases" may disturb
the future programme work.

The analysis of the figure shows that the alignment
matrices of the nucleotide sequences of raspberry,
strawberry (fragaria viridis), gooseberry, wild rose,
cherry, banana and kiwi are aligned on all sides and the
protruding "bases™ do not disturb the future work of
programmes for the primers design.

Rectangular alignment matrices for each of the
studied objects are presented in the figures.

Then, each matrix was loaded to the program
PrimerQuest for sequences algorithmic analysis
and search for optimal positions of the primers
planting.

In the settings it was always stated that the
maximum size of the amplicon, read by a pair of
primers, should not exceed 300 b.p. An optimal pair of
primers was selected from the ones, offered by the
programme (Fig. 8). The following parameters were
taken into consideration: primer length, annealing
temperature, amplicon location.

Analyzing Fig. 8, optimal primers were selected.

Primers for the studied types of fruit raw material
with  the recommended parameters for PCR
(visualization of the programme PrimerQuest) are
indicated in Figures 9-15.
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Fig. 2. Part of alignment matrix of Fragaria vesca nucleotide sequences.
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CATCAAGTGCATATTTGTAAGACTTGETGAC AtTGGTTTCCTGTGTTGECTACCTITE AAAGGAATTCTLGTCCC ACTCTCGTTTCATTCCALCGETGEECaTCCCTTECE
Fig. 3. Part of alignment matrix of Ribes Gva-crispa nucleotide sequences.
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Fig. 4. Part of alignment matrix of Rosa majalis Herrm nucleotide sequences.
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CGECGLCATCTTC aatALGTCAARACGACTCTCGLCARCGGATATCTCGGCTCTCGCATCGATGARGAACGTAGLGARATGCGATACTTGETGTGAATTGCAGAATCCCGTGAA
Fig. 5. Part of alignment matrix of Prunus fruticosa nucleotide sequences.
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Fig. 6. Part of alignment matrix of Misa paradisiaca nucleotide sequences.
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GGGLGA CACgCTCATTCCCCGGLCGAR RACGAA CCCCGGCGCGRAACGCGTCRAGGAACTTGAACAAGAATGCAACATCCATGCCCCGTTIT tGGGTGCtTGtGGTGCTTG

Fig. 7. Part of alignment matrix of Actinidia deliciosa nucleotide sequences.
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Selection of an optimal primer pair in the programme PrimerQuest.

Parameter Set: General PCR (Primers only)
Sequence Name:
Amplicon Length: 271

Forward
Reverse

Base

il:

101
201
301
401
201
601
701

Start Stop Length Tm
CGATGAAGAACGTAGCGAAATG (Sense} 254 78 22 62
CGATAGGCAACAGAGGTTTGA {AntiSense) 604 6285 21 62
Sequence
O AR CEL L AR T O T AR ARG T T T CCE T AT EARCC T ECEERREERATCRT TR T CEARACC T ECCCACCACARCEACCCEACRRCATETTTCR

ACGCTIGEGEGECERAGEEICTTACAGCTCCICEICCCI I T TCTOGEGAGECAATCGICTIGIGIGITECATTTCGATGCTCGCACTAGRRCGACCCTCTIC
GEECEIAC R L C AL CCEECE TG I AT TECECC A GRLC T IR L TEA R LA ECE T I TCCCCEICE I CCCEEARACEEICETGCEIACEETIGETITIRCRET
CARTCTICARTATETCTARACEACTCICEECARCEEATATCICEECTCTCECA TCCATGARGAACGTAGCGARA TG CATACTIEEICIGARTTECAGAAT
CCCETRRACCR T AT LI I TR CEC AL T TRCECCCERRCCC AT TAGECCEAGEECACECCTECCIGERCETICACLCETCETIFCCCCCCCRRCCCCD
TCEEERETTEEECEEEACEEATERTEECCTCCCEIGIGLTCCEICATECEEI TEECATARLARACRARTCCTCEECEACTRACELCACGACRRTCEETIER
TR TC TG T TGCC TATCG T T ECEC T e T CEALCEACEECTCAR T ERRCCRTECIEC RN TEA T TCETCEATEC T T TCARCECERCCCCRERTCR

GGECEEGEEETITACCC

Note. Hereinafter: Green - direct, Red - reverse

Fig. 9.

Universal primers for Rubus idaeus identification.

Parameter Set: General PCR (Primers only)
Sequence Name:
Amplicon Length: 276

Forward
Reverse

Base

Start Stop Length Tm

CCGIGAACCATCGAGTCTTI {Sense} 351 n 20 62

GCTTACCGACGCGCTTTA (AntiSense) 609 627 18 62
Sequence

CEAREERTCAT TR CERARCCTECATCECAGRACEACCCRREARL CACETTCCRACECTCEEEEECEEEEEEICTCRCEECTCCTCECCCCCICCTCCCRE
GAGGLEEACEICICECECETCELECICEGCELTICCGLCIGECCEACCCTIICCEEECETACCEARACACCEGCETGRATTGCECCRAGGRACTIGRATGRA
AERECETTCCCCCECCETCCORRRRRCEGREACCRCRCEEETEETICATCETC I TCARTATCTCTARACEACTCTCERCRACEEATATCTCRECTCTICRC
BTCGRTCRACRRCETACCERRATECEATACT IGETEIGRAT T ECACRAT CCCGTGRACCATCGAGTCTTTEARC CCARET TECELCCERAGCCETTARED
CERGEECACEICTECCTEEECETCACACETCETIELCCCCCCCRCCCCITCREEEECCEERCEEEACEEATEATERCCTTCCCETETRCCCCETCACELE
EITEECA AL TACCERETCCTCEECGRCCEECECCECEACRATCEETEET TR FARRCCTCEEIGCCTIGICECETRCRT FARTCEATCECEEEACTIC
CTTRRCCTTARAGCGCGTCGOTAAGCCERCEL T TTCARCGCEACCCCARETCAGECEEETTRCCCECTGRATTTAR

Fig. 10. Universal primers for Fragaria vesca identification.

Parameter Set: General PCR (Prlmers 0I']|y]
Sequence Name:
Amplicon Length: 269

Forward
Reverse

Base

1

101
201
301
471

Start Stop Length Tm
CGICGTCTCATATGTCCATCAA (Sense} 14 36 ] 62
GGAGCAATAAAGCACCACATAC (AntiSense) 261 283 2 62
Sequence
CTGTTRICECET RCETCGTCTCATATGTCCATCAAG TECATAT T TACLRCACT TEETEACATTGETTTCCTRTGTIGECTACCTTTTCRRREERRTTCTC

EICCCARCTCICET I ICATICCATCEETGEECATCCCICIEIGEATIETCT IGETEERCCTICARETET ITCICEIEIGCCAT ICACECTRCATITIWAT
GCEECERTERCATGETCCACEEET IGCTACTCATRATCT CEEAT TCaERACAT G TG TEGTATGTGGTGCTTTATTGCTCCA T CTECCCARGCREARCT
TCIETTECICEECRARRACERCRETCRTECTCETET TEACCTCTCORRCATECATETRCTCERT T TRECTCATRCEACECCCELCT TCRCARARERATEC
TRCCIGGIIERICCIECCRETRETCRTATECTIGTCTCRARREAT TRARECCATECRTETET

Fig. 11. Universal primers for Ribes Gva-crispa identification.
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Parameter Set: General PCR (Primers only)
Sequence Name:
Amplicon Length: 227

Forward
Reverse

Base

1

11
201
301
401

Start Stop Length Tm
GITICCTGIGTTGGCTACET {Sense) g5 85 20 62
TGGGCAGATGGAGCAATAAA (AntiSense 272 292 20 62
Sequence
CIETTETCECETECETCRTCTCRTATETCCATCARETECATAT T TR TARCACT TEETCACAT TRGT TTCCTGTGTTGGCTACCTT TTCARREERATTCTT

ETCCCCACTCTCEI T TCAT ICCATCEE T CEECATCCCT I TEEEERTTEICT IR CEACCTICARET CTTTCCTETEIGCCAT TCACGCTACAT TTTRAT
CCGECEATCRACATERTCCACGEET TECTACTCEIARTCTCGRAT TCRCARTAT T TR GGEETAT ETGETEC I TTATTGCTCCATCTGCCCAL ECLERECT
ICTEITECTCCECARERRCEACAGTCETCCTCET T IGACCTCTCCRECATECATATGCTCEETETCECTCAT GLEACGCCCEACTTCERRRAREARTEC

TACCTGGETTEATCCTECCRETAGTCATA

Fig. 12. Universal primers for Rosa majalis Herrm identification.

Parameter Set: General PCR (Primers only)
Sequence Name:
Amplicon Length: 285

Forward

Reverse

Base

1,

141
201
301
401
501
601
701

Start Stop Length Tm
CTTGGTGTGAATTIGCAGAATCC {Sense) 362 384 22 62
CATCTTTACTTCTAGCCCTCGAC {AntiSensa) 624 647 22 62
Sequence
AT AR R R e T ORI AR R e T T ORI A TR A CC T GO AR CRA TC AT TR TCERRRCCTRCCCERCARRRCERCCCRACRACCRRTTTC

GEARCTGEGEECEAGEEETCTCECEELTCCTCCICCC T TCETCYCEEEAGGEETCECETCGLETTUGCGLEECCEECCCTTCCEEGUETACRRRCEARCRT
CEECGCEART TECGCCRAGERAACT TERARCGACARAGCECECCCCTECEECCCUEEARACEETECECECEEECEECETCECCETCITCEAACACGTCARAL
CERCTCTCEECRACEEATATCTCEECTCTCECATCEAT CRACARRCETACCEARATCCEATACTTGOTGTGRAAT TGCAGRATCCCETERACCATCEARTCT
T ERLCEC R T IO OO O A e CCE T TACECC AR EEECRCECCTRCCTERECETCACECECCETTRCCCCCCCRRCCERTCCCTCREERATCRCRREERER
CEERTEETGECCTCCCETGUECTCCGUUECECEET IGECATARATACCAAGTCCCCEECEACECECECCACEACCATCEETEGTIGLEARRCCTCEETIG
CCCETCET T ECEECCETCECRCGTCGAGGGC TAGAAGTARAGATGC TCEECTCCEECTCEECTCTCARCECEACCOCARETCACECEEEETTACCLECT

GRATTTA

Fig. 13. Universal primers for Prunus fruticosa identification.

Parameter Set: General PCR (Primers only)
Sequence Name:
Amplicon Length: 245

Forward
Reverse

Base

2,

121
201
301
431
o2l
621

Start Stop Length Tm
GGAAGGATCATTIGTCGAGALCC (Sense) 15 36 21 62
CGTTGCCGAGAGTCATACAA (AntiSense) 240 260 20 52

Sequence

CIACETEALCCTECGEAAGGATCAT TGTCGAGACCCLC TEACEACERCEACCETCRATECETCARCERATECTCETCEEECTCETCCCEACRRCRCCCCE
LATGETCEET ICECCC TG EC e EAC A TC A GG EATEALCTACCARCCCCEECECEEATAGCECCAAGEARCACERACATCEARGTCEEAGEECCTCE
CTECATECAGEREECTACAR TTCCEACGETEACACCCCATTGTATGACTCTCGGOARCGEL T TCTCEECTCTCGCATCEATCARGRACETAGCERALTE
CEA T T T T AR T T AR TCCC G T AL CATC A TC T T TR CGC ARG T TR GO CCEAGECCATCCEGC TRAGEECACGCCTECCTEEECETE
LT IR T T T e T T G CCCC T e e TR E A AL O AR A TEECCCCCCE TRCCEEAACETCCEE TTGECCERARRATCREECCET
CEEIGET IGICEARACRCEACGCE I GG IGEATGCC I TG TECEAGCCETACGICEIGCC I ICEEARCCCGEELEAGELCTICERGEACCCARGTCGTIEEIGLE
LETCEARTECCACEEACCECERCCCCACETCACETEEEECTRCCCECT AT TTRACCATATCAL TRACCEEAEER

Fig. 14. Universal primers for Mdsa paradisiaca identification.

Parameter Set: General FCK (FTIMErs oniy)
Sequence Name:
Amplicon Length: 283

Forward
Reverse

Base

1

101
201
301
401
201
801
701

Start Stop Length Tm
GACCCGCGAACTIGTCTAATA (Sense) 18 39 21 62
GCATTTCGCTACGTTCTTCATC {AntiSensa) 279 301 22 62

Sequence

EACCTGCCTRAGCRGARTOACCCGOGARCT TGTCTARTAC TC TCEEEEAAGCEARACGGTTGETTTTTATGECCTCCTTTTTICTTCCCTTTGCCEERETRTGC
TCEIGTIGCCCTR T EEEIGRCRCGCTCRT TCCCCEETCERR T AR C LR CCCCEECECERALCECETCARGERAC T TERLCRLERLTGCARCLTCCRTECD
CCETTICTEEETECT TG I GE TG T TRCICTATCR TR AL LA G ACTCTCEECRARCEERTATCTCEECT CTOCC A TCGATGARGARCGTAGUGAARTGE
LT LC T I I G ERL T TGO RN T OO T R L CC R TO R T T T T I GRRCCC AR E T TECECC T GRRECC AT TRECCCEREEECRCETICTIGCCTIGEECETICR
CECR I I IE I CECCC RO ORI CRACCC T TR AR I CCE I G ICEE I CEEC R TRT TEECCCCCCEIGCACRT TR T CRACEEICEECCTRARALE
TEREICCT TR T RO T CR O AL O L L T BT EE T T ERC AL CCE T TECETCC T IETECT IGCCCCCR T TECTRRTGETTTRCTITTERCCCTRET
EIECCEITECCRCEEC I ORI CECEACCCC R I C R EER I TRCCCECTERET T TR CCR IR TC AR TR R CCEEREERRRRCA RN CTTRCRREERTT
CCC T IR TR CEECERECERRCC R TRECCCREC T I ERRLL TCEEECEATCTCEICETCCERRTTETRETICTIGERERNN

Fig. 15. Universal primers for Actinidia deliciosa identification.
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Table 1. Universal primers for PCR test-systems

Name of food Nucleotide pair Nucleotide pair .
. . . Primers
raw material primer length amplicon length
Strawberry 20 276 CCGTGAACCATCGAGTCTTT
(fragaria vesca) 18 GCTTACCGACGCGCTTTA
Gooseberry 22 269 CGTCGTCTCATATGTCCATCAA
23 GGAGCAATAAAGCACCACATAC
Cherry 22 285 CTTGGTGTGAATTGCAGAATCC
23 CATCTTTACTTCTAGCCCTCGAC
Raspberry 22 271 CGATGAAGAACGTAGCGAAATG
21 CGATAGGCAACAGAGGTTTGA
Banana 21 245 GGAAGGATCATTGTCGAGACC
20 CGTTGCCGAGAGTCATACAA
Wild rose 20 997 GTTTCCTGTGTTGGCTACCT
21 TGGGCAGATGGAGCAATAAA
Kiwi 21 283 GACCCGCGAACTTGTCTAATA
22 GCATTTCGCTACGTTCTTCATC
Pumpkin 24 297 AGATACGCCACTTCTGATGAATAA
20 GGATGCCCTAACACGTTACA

On the basis of Figures 9-15, universal non-
intersecting primers were selected for determination by
PCR method of fruit raw material (strawberry,
gooseberry, cherry, raspberry, banana, kiwi). These
primers are represented in Table 1.

Analyzing the tabular data, with the use of various
software packages and of the database GenBank NCBI,
we managed to find a suitable DNA zone for each of
the tested samples of fruit raw material at the level of
differentiation for further development on its basis of
the universal primers. It is zone 18S rDNA. All the
found sequences have both the conservative part for
planting a pair of primers, and the variable one for
reliable identification of species or for phylogenetic
analysis.

Thus, as a result of study, a single alignment matrix
for each of the studied objects of fruit raw material was
created with the use of the programme GeneDoc, re-
verification of each matrix is conducted for the
presence of read errors or other disputed single-
nucleotide substitutions [12, 16].

Sequences algorithmic analysis and search for
optimal positions of the primers planting are conducted
with the use of the programme PrimerQuest with
indication in the settings of maximum amplicon size,
read by each primer pair, which does not exceed 300 b.p.

Optimal pairs for each type of fruit raw material are
selected from the ones, offered by the programme,
taking into consideration the following: primer length,
annealing temperature, amplicon location.
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