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Abs tract: Ter mi nal re st ricti on frag ment len gth po ly mor phism (T-RFLP) is a method for iden ti fi cati on
of pro ka ry o tes, based most ly on the va ri a bi li ty of 16S rDNA sequen ces be tween spe cies. In this ar ticle,
the ba sic prin ci ple, advan tages and di sa dvan tages of T-RFLP are sum ma ri zed. Spe cial at ten ti on is gi ven
to the po ten tial bias re la ted to T-RFLP. Cur rent ly, evo lu ti o na ry micro bi o lo gy, bi o tech no lo gy, mo le cu lar 
ta xo no my, phy lo ge ne tic ana ly sis, and micro bi o lo gi cal di a gnos tics be long to re search are as whe re
T-RFLP is used. This tech nique can great ly im pro ve the di a gnos tics and the research on the pathogenesis 
of oral, gastrointestinal and gynecological diseases. 

Key words: Mo le cu lar ana ly sis, Oral microflo ra, Micro bial com mu ni ty, 16S rDNA 

*Cor re spon ding author: petercelec@gmail.com (P. Ce lec)

1. In tro ducti on

Oral microflora con sists of a large num ber of var i ous mi cro bial spe cies. Many of those are
in volved in the pathogenesis of oral dis eases. Stan dard mi cro bi o log i cal meth ods can di ag -
nose only a small part of the va ri ety of these mi cro or gan isms. The need for de ter mi na tion
of struc ture, com po si tion and dy nam ics of mi cro bial com mu ni ties in bi o log i cal sam ples
has led to de vel op ment of new mo lec u lar meth ods that are cul ti va tion in de pend ent. These
strat e gies over come the lim i ta tions of cul ti va tion meth ods, as many mi cro bial or gan isms
are very dif fi cult to cul ti vate or are uncultivable. Mo lec u lar tech niques pro vid ing the def i -
nite pro file of mi cro bial com mu nity are mostly PCR-based and eval u ate di rectly the en vi -
ron men tal sam ple. Pro ce dures such as ther mal gra di ent gel elec tro pho re sis (TGGE) or
de na tur ing gra di ent gel elec tro pho re sis (DGGE) [1], am pli fied length heterogenity anal y -
sis (ALH) [2] and oth ers have been de vel oped to im prove the for merly used phe no -
type-based meth ods. Ter mi nal re stric tion frag ment length poly mor phism anal y sis
(T-RFLP) rep re sents a  cul ture in de pend ent tool for ge netic fin ger print ing of mi cro bial
com mu ni ties [3].
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2. Ter mi nal Re st ricti on Frag ment Len gth Po ly mor phism

DNA from en vi ron men tal or clin i cal sam ples is am pli fied by poly mer ase chain re ac -
tion (PCR) with prim ers ho mol o gous to con ser va tive se quences (genes for 16S rRNA or
other). The main fac tor used for dis crim i na tion in T-RFLP is based on the vari abil ity of
16S rRNA genes in prokaryotes [4]. The tar get gene is pres ent in all the mi cro bial spe cies
and so the am pli fied DNA con tains the genes of ev ery spe cies in the sam ple. One of the
prim ers is fluorescently la beled. 5’ end pro vides a higher discriminative power be cause of
con sid er able length polymorphisms in this re gion. Am pli fied DNA prod ucts (amplicons)
are di gested with ei ther one or with a com bi na tion of two or more dif fer ent re stric tion en -
zymes and then loaded into elec tro pho re sis (usu ally cap il lary gel elec tro pho re sis or
polyacryl amid gel elec tro pho re sis). Af ter wards, the re stric tion frag ments are sep a rated
by elec tro pho re sis and con se quently vi su al ized by the flu o res cence de tec tion [5]. The re -
sult of this pro cess is a pat tern or pro file con sist ing of ter mi nal re stric tion frag ment (TRF)
peaks. Ev ery TRF rep re sents vir tu ally one spe cific spe cies. Most of T-RFLP stud ies are
fo cused on com po si tion and di ver sity of mi cro bial com mu ni ties, iden ti fi ca tion of spe cific
or gan ism or com par i son of mi cro bial abun dance and struc ture. The ba sic prin ci ple of
T-RFLP is shown in Fig. 1.

The vari abil ity of 16S rRNA de rived amplicons is de ter mined by the vari able re gions
of the gene lo cated be tween the con ser va tive re gions. A great amount of known 16S
rRNA se quences is pre sented in the Ri bo somal da ta base pro ject (RDP). It is pos si ble to
pre dict spe cific ter mi nal re stric tion frag ments of many spe cies ac cord ing to se quence data 
[6]. The ob served TRF pro files can be eas ily iden ti fied by com par i son with pre dicted pro -
files. Spe cific sets of prim ers were de signed to am plify the tar get gene spe cific for a mi -
cro bial com mu nity or group. 16S rRNA prim ers were de vel oped to am plify only the
Eubacteriaceae-spe cific or archaebacterial-spe cific 16S rRNA, 18S rRNA prim ers are
avail able spe cific for fun gal com mu ni ties, some stud ies even use prim ers ho mol o gous to
con ser va tive se quences of func tional genes (merR- mer cury re sis tance, nifH- N2 fix a -
tion ...) [7].

There are sev eral tech no log i cal as pects af fect ing the re sult ing TRF pro file that have to
be taken into ac count [8]. The dif fer ences be tween the Gram-pos i tive and Gram-neg a tive
cel lu lar wall can in flu ence the rel a tive amounts of DNA in the sam ple dur ing the pro cess
of DNA ex trac tion. There fore, it is needed to stan dard ize cell lysis and DNA ex trac tion.
The rRNA genes mark edly vary in num ber of cop ies be tween dif fer ent or gan isms (1 to 13
cop ies per ge nome in group of Eubacteria). This means that TRF pat terns have to be prop -
erly cal i brated for each spe cies be fore they can be used to de ter mine the abun dance of or -
gan isms in a sam ple. Con cen tra tion of tem plate DNA used for PCR and the num ber of
PCR cy cles play a key role in T-RFLP anal y sis. Low num ber of PCR cy cles of ten gen er -
ates lim ited and weak pro file. On the other hand, the high num ber of cy cles can cause the
for ma tion of non spe cific and chi me ric amplicons. To re duce all pos si ble bi ases in PCR,
run ning sev eral par al lel PCR re ac tions from the same sam ple can of ten dra mat i cally elim -
i nate ran dom bias and ar ti facts.

Im por tant as pects in the T-RFLP anal y sis in clude the choice of prim ers DNA and en -
zyme con cen tra tions used in di ges tion [9]. The rel a tive amounts have to be ex actly de ter -
mined to avoid the for ma tion of non spe cific re stric tion frag ments. If the amount of
re stric tion en zyme is too low, for ma tion of lon ger and par tially di gested frag ments can be

14                                 R. GARDLÍK, M. BEHULIAK, P. CELEC



ob served. The ad di tion of larger amount of fluorescently la beled DNA to re ac tion mix ture
ap pears to in duce the star ac tiv ity (an en zy matic ac tiv ity with low spec i fic ity for the rec -
og nized se quence). Many stud ies use two or more re stric tion en zymes in one re ac tion to
ac quire higher res o lu tion of frag ments. The most com mon are the re stric tion en zymes
HhaI, MspI and RsaI as well as their com bi na tion [5]. 
An other is sue is the de tec tion of fluorescently la beled ter mi nal re stric tion frag ments. TRF
pat terns con tain ing a high num ber of peaks of a sim i lar size re quire larger amount of loaded 
DNA to achieve suf fi cient sep a ra tion of in di vid ual peaks. It is also needed to pu rify and de -
salt the re stric tion frag ments to avoid the in ter fer ence with elec tro pho re sis de tec tion. Usu -
ally, 50-200 ng of di gested DNA is loaded into the cap il lary elec tro pho re sis, while
in jec tion time and volt age can be used to reg u late DNA up take [10]. 

Bioinformatic anal y sis of T-RFLP data in cludes iden ti fi ca tion of peaks and or gan isms
cor re spond ing to par tic u lar peaks. There are sev eral math e mat i cal strat e gies pro vid ing
dif fer ent al go rithms to solve this prob lem. It is needed to de ter mine the de tec tion thresh -
old of peaks as well as their size ac cord ing to com par i son with a DNA stan dard. In ter pre -
ta tion of data var ies be tween stud ies as dif fer ent sta tis ti cal ap proaches are used. Most
stud ies fo cused on 16S rRNA pat terns use the rRNA se quence da ta base for iden ti fi ca tion
of TRF peaks, where ob served and in silico pre dicted TRF peaks are com pared [11]. The
ob served TRF sizes can fit to sev eral dif fer ent spe cies and so it is use ful to per form
multi-en zyme di ges tions.

TERMINAL RESTRICTION FRAGMENT LENGTH POLYMORPHISM        15

Fig. 1. The prin ci ple of mo lec u lar anal y sis based on ter mi nal re stric tion frag ment length poly mor phism
(T-RFLP). En vi ron men tal sam ples with mix ture of bac te rial spe cies are col lected for DNA ex trac tion
(A). Genes en cod ing 16S-RNA are am pli fied us ing prim ers ho mol o gous to con ser va tive se quences;
5´-primer is fluorescently la beled (B). Pop u la tion of het er o ge neous PCR prod ucts is di gested with one
or more re stric tion en zymes (C). Re stric tion frag ments are sep a rated on cap il lary gel elec tro pho re sis;
the ter mi nal re stric tion frag ments are vi su al ized (D). Each of the frag ments rep re sents a bac te rial spe cies.



The main ad van tages of TRFLP in clude the rapid data gen er a tion, pos si bil ity of au to -
ma tion over com ing the time con sump tive man ual ex am i na tion as well as high
discriminative power and ac cu racy. On the con trary, po ten tial bias com ing from DNA ex -
trac tion, PCR and elec tro pho re sis as well as the in com plete Ri bo somal da ta base pro ject
are the main dis ad van tages in com par i son to other mo lec u lar tech niques for the char ac ter -
iza tion of mi cro bial com mu ni ties.
The main area of re search where T-RFLP is used is the com par a tive mi cro bial anal y sis. Re -
search ers use T-RFLP for com par i son of en dan gered or ex otic eco log i cal niches, for
phylo gen etic re search that sheds light on var i ous as pects of gene flow be tween spe cies and
in di vid ual or gan ism, but also for sys tem atic bi ol ogy [12, 13]. The fu ture of T-RFLP is
tightly con nected to mo lec u lar biomedicine. Mi cro bi o log i cal high through put anal y sis es -
pe cially in gas tro in tes ti nal and fe cal flora has been proved to be use ful in gas tro-
eneterology [14]. The qual i ta tive and quan ti ta tive anal y sis of oral microflora is of a great
im por tance for the re search on periodontitis and car ies pathogenesis [15, 16]. The value for 
clin i cal med i cine should, how ever, be eval u ated in larger clin i cal stud ies.

3. Conclu si on

T-RFLP is a high-through put method for char ac ter iza tion of mi cro bial com mu ni ties.
Dif fi cul ties with reproducibility and spec i fic ity of T-RFLP still nar row the wide ap pli ca -
tion field. But the per spec tive is prom is ing. Po ten tial ap pli ca tions of T-RFLP in clude the
de tec tion of mi cro bial biosensors of en vi ron men tal pol lu tion, biomining of pre vi ously un -
known or gan isms that can be used in bio tech nol ogy, but most im por tantly, T-RFLP will
fur ther im prove and po ten tially un cover new per spec tives in bio med i cal di ag nos tics, es -
pe cially in den tal med i cine and gy ne col ogy.
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