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Vitamin E plni velmi dulezitou ulohu v lidské vyzivé. Mezi vyznamné zdroje vitaminu E se fadi napfiklad oleje, ofechy a také obiloviny.
Nejvyssi obsah vitaminu E mezi obilovinami byl detekovan v je€meni. V biosyntetické draze vitaminu E se na kli€ovych mistech nacha-
zeji tyto enzymy — 4-hydroxyphenylpyruvat dioxygenasa (HPPD) a homogentisatgeranylgeranyl transferasa (HGGT). HPPD miize byt
povazovana za enzym, ktery by mohl, vzhledem ke své pozici v biosyntetické draze, ovliviiovat aktivitu celé biosyntetické drahy. HGGT
je jedinym enzymem, kterym se li§i biosynteticka draha tokoferol(i a tokotrienolli, a mohl by proto mit vliv na zastoupeni jednotlivych izo-
merud vitaminu E. Sedm odrid jeémene jarniho bylo péstovano za kontrolovanych podminek a byla mérena aktivita gent pro HPPD
a HGGT v klasech odebranych &tyfi, osm a dvanact dni po opyleni. Bylo zjisténo, ze aktivita genu pro HPPD koresponduje s vyslednym
obsahem vitaminu E v zrnu (r = 0,75%). Byl zjistén vztah mezi aktivitou genu pro HPPD osm a dvanact dni po opyleni a obsahem vita-
minu E, ktery je pro péstované odrudy typicky v polnich podminkach (r = 0,85*). Byla zjisténa pouze mala zavislost mezi aktivitou genu
pro HGGT a vyslednym obsahem tokotrienoll v zrnu.

Kosar, M. — Holkova, L. — Bfezinova Belcredi, N. — Ehrenbergerova, J.: Impact of gene expression of chosen genes involved in
the biosynthetic pathway of vitamin E on the total vitamin E content and composition in grain of spring barley. Kvasny Prum.
56, 2010, No. 3, p. 123-126.

Vitamin E has a very important role in human nutrition. Sources of vitamin E are i.e. oils, nuts and also cereals. The highest vitamin
E content among cereals was detected in barley. There are two enzymes localized in the strategic location of biosynthetic pathway of
vitamin E : 4-hydroxyphenylpyruvate dioxygenase enzyme (HPPD) and homogentisategeranylgeranyl transferase (HGGT). HPPD could
be considered as one of the essential factors which could control activity of the whole biosynthetic pathway due to its localization in the
beginning of biosynthetic pathway. HGGT is the only enzyme which differs in the biosynthetic pathway of tocopherols and tocotreinols
and that is why it could cause changes in the composition of vitamin E. Seven barley cultivars with different vitamin E level were grown
under controlled conditions and activity of HPPD and HGGT in ears was measured four, eight and twelve days after pollination. It was
found that activity of HPPD gene corresponded with the final vitamin E content detected in grains (r = 0,75*). Relationship was found
between gene activity of HPPD eight and twelve days after pollination and vitamin E content which was typical for these cultivars in the
field conditions (r = 0,85*). Gene for HGGT had smaller correlation to tocotrienol content.

Kosar, M. — Holkova, L. — Brezinova Belcredi, N. — Ehrenbergerova, J.: Einfluss der Expression von in der biosynthetischer Bahn
des E Vitamins ausgewéhlten Genen auf den gesamten Gehalt und Zusammensetzung der E Vitamins im Korn der Sommer-
gerste. Kvasny Prum. 56, 2010, Nr. 3, S. 123-126. .

In der menschlichen Ernahrung erfiillt Vitamin E eine sehr wichtige Aufgabe. Unter bedeut@n E Vitaminquellen gehéren Ole, Nusse
und auch Getreide. Unter Getreide weist die Gerste den hdchsten Gehalt an Vitamin E aur—/{. Auf der Schllsselstellung an der syn-
thetischen Bahn des E Vitamins findet man diese Enzyme: 4-Hydroxyphenylpyruvat Dioxygenase (HPPD) und Homogentisat Gerany-
Igeranyl Transferase (HGGT). HPPD kann als ein Enzym betrachtet werden, der durch seine Position auf der biosynthetischen Bahn die
Aktivitat der gesamten Bahn beeinflussen kann. HGGT gibt’s als ein einziges Enzym, mit welchem die biosynthetische Bahn der Toko-
pherole und Tokotrienole sich unterscheidet und deswegen einen Einfluss auf die Vertretung von einzigen Isomeren des E Vitamins aus-
weisen konnte. Unter kontrollierten Bedingungen wurden sieben Sommergerstensorten geziichtet, im Zeitraum 4, 6 und 12 Tage nach
der Bestdubung wurde die Gen — Aktivitdt gemessen. Es wurde festgestellt, dass die Gen — Aktivitat fir HPPD mit gesamtem Gehalt
an Vitamin E in Korn (r = 0,75%), der unter Feldbedingungen fiir geziichteten Brausorten typisch ist, korrespondierte. Es wurde auch
die Beziehung zwischen der Gen — Aktivitat fir HPPD acht und zwéIf Tage nach der Bestdubung und dem Gehalt an E Vitamin ermit-
telt. Fur unter Feldbedingungen geziichtete Sorten ist E Vitamin typisch (r = 0,85*). Weiterhin wurde nur eine niedrige Abhéangigkeit zwi-
schen der Gen — Aktivitat fur HGGT und dem resultierenden Gehalt an Tokotrienole festgestellt.

Klicova slova: vitamin E, tokoly, tokoferoly, tokotrienoly, HPPD,
4-hydroxyphenylpyruvat dioxygenasa, HGGT, homogentisatgeranyl-
geranyl transferasa, aktivita gend, jeCmen

1 UVOD

Vitamin E chrani mastné kyseliny pfed poskozenim volnymi radi-
kaly a omezuje tak moznost vzniku aterosklerdzy, Sedého zakalu, in-
farktu a nékterych forem rakoviny [1]. Vitamin E ma pozitivni vliv na
redukci obsahu cholesterolu v krvi a mohl by také zpomalovat prua-
béh Parkinsonovy choroby [2]. V poslednich nékolika letech vzrostla
poptavka po potravinach, které pfirozené obsahuji vy§Si obsah vita-
mind nebo mineralnich latek. Kvlli pozitivnimu vlivu na lidské zdravi
patfi mezi tyto latky i vitamin E.

Vhodnym néstrojem k uspokojeni této poptavky je Slechténinovych
rostlinnych druht, které budou obsahovat vy$si hladinu téchto latek.
Obiloviny jsou dobrym zdrojem vitaminu E pro lidskou vyzZivu, pfi-
¢emz nejvysSi obsah vitaminu E mezi obilovinami byl detekovan v jec¢-
meni [3]. To je diivod pro Slechténi novych odrid obilovin, zejména

Keywords: vitamin E, tocols, tocopherols, tocotrienols, HPPD, 4-hy-
droxyphenylpyruvate dioxygenase, homogentisategeranylgeranyl
transferase, HGGT, gene activity, barley

1 INTRODUCTION

Vitamin E protects fatty acids against damage of free radicals and
reduces the risk of arteriosclerosis, cataract, stroke, heart attack and
some forms of cancer [1]. Vitamin E has a positive influence on the
reduction of blood cholesterol and could slow down the progress of
Parkinson disease [2]. The demand for foodstuff with higher natural
content of some vitamins or minerals has grown rapidly in the last
few years. Vitamin E falls into this group due to its positive effect on
human health.

Suitable tool for reaching such demand is breeding of new plant
cultivars which content higher levels of these compounds. Cereals
are a good source of vitamin E for a human diet. Among cereals the
highest vitamin E content was detected in barley [3]. That is the rea-
son for breeding new cereal cultivars, in the first instance of barley,
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je€mene, s vysSim obsahem vitaminu E v pletivech. Prvni bezpluché
odridy s vysokym obsahem vitaminu E byly popsany Wangem et al.
[4].

Biosynteticka draha vitaminu E je zna¢né komplikovana (review
napf. [5]). Jednim z dulezitych enzym0( zapojenych v této draze je
4-hydroxyphenylpyruvat dioxygenaza (HPPD). HPPD byla shledana
jako enzym, ktery by mohl diky své strategické pozici regulovat akti-
vitu celé biosyntetické drahy. Vy$si exprese tohoto genu vedla k vys-
$imu obsahu vitaminu E v listech a semenech nékterych druht rost-
lin, napf. Arabidopis, tabaku nebo soji [6].

Northern blot analyza homogentisatgeranylgeranyl transferasy
(HGGT) ukazala, Ze mRNA tohoto genu je hojné zastoupena v se-
menech, ale v listech a kofenech se prakticky nevyskytuje. Dynamika
exprese tohoto genu korelovala s vyskytem tokotrienol v zrnu jec¢-
mene [7].

Slechténi novych odriid jeémene by bylo usnadnéno, pokud by exi-
stoval molekularni marker, pomoci kterého by bylo mozné rozdélit od-
rdy na odridy s nizkym a vysokym obsahem vitaminu E. Ani v jed-
nom z téchto genll vS8ak nebyla nalezena zadna specificka mutace,
ktera by mohla byt povazovana za marker obsahu vitaminu E (dosud
nepublikovano).

Cilem této prace bylo nalézt mozny rozdil mezi odrlidami v regu-
laci genové exprese genu pro HPPD a HGGT béhem plnéni zrna
a najit vztah mezi expresi téchto genl a vyslednym obsahem vita-
minu E a jeho slozenim v zrnu.

2 MATERIAL A METODY

Odrady jeémene jarniho byly vybrany na zakladé obsahu a slozeni
vitaminu E v zrnu [8]. Rostliny byly péstovany v kvétinagich za kon-
trolovanych podminek; béhem prvnich dvou mésicli pokusu byly rost-
liny péstovany za nasledujicich podminek: 10 °C v ,noci“ (12 hodin),
14 °C béhem ,dne” (12 hodin). Treti mésic byla délka svételné faze
prodlouzena na 15 hodin a teplota byla zvy$ena na 18 °C, teplota bé-
hem noci byla zvySena na 14 °C. Po opyleni byla délka dne prodlou-
Zena na 20 hodin (20 °C) a teplota v noci byla zvySena na 16 °C.
Rostliny byly pravidelné zalévany a byly tfikrat pfihnojeny 1 M rozto-
kem MS. Tfi vyvijejici se klasky pro hodnoceni genové exprese byly
odebrany v den opyleni (negativni kontrola) a poté ¢tvrty, osmy a dva-
nacty den po opyleni.

Celkova RNA byla izolovana z 50 mg pletiva za pouziti Ambion
RNAqueous kitu. DNA byla roz&tépena pomoci Turbo DNA free (Am-
bion). Jednorfetézcova cDNA byla pfipravena z 500 ng celkové RNA
za pouziti QuantiTec Reverse Transcription kitu (Qiagen). VSechny
reakce byly provadény dle standardnich protokol(. Genova kvalitifi-
kace probéhla za pouziti Real time PCR (Biorad).

Par specifickych primert pro HPPD byl navrzen na zakladé publi-
kované sekvence v databazi Gene Bank (HVAJ693) za pouziti Pri-
mer 3 softwaru (F;: SCGGAGCCAGATACAGACGTT®, R;:
SGGTCGGCCTGTCCCCTACTGGC?®). Reverzni primer byl navrzen
do mista sestfihu [9]. Par specifickych primer( pro HGGT byl navr-
zen na zakladé publikované sekvence v databazi Gene Bank
(AY222860) opét za pomoci Primer 3 softwaru (F;: *CGGAGCCA-
GATACAGACGTT?®, Ry: *GGTCGGCCTGTCCCCTACTGGC?).

Kazda reakce byl provedena v 5 ul ziedéné cDNA 1:10 (to odpo-
vida 25 ng izolované celkové RNA) v celkovém reakénim objemu 20 ul

with higher vitamin E content in tissues. The first hulles cultivars with
high content of vitamin E were used by Wang et al. [4].

Biosynthetic pathway of vitamin E is very complicated (for review
see e.g. [5]). One of the important enzymes in the biosynthetic path-
way is 4-hydroxyphenylpyruvate dioxygenase (HPPD). HPPD is con-
sidered as one of the essential factors which could control activity of
the whole biosynthetic pathway due to its strategic location. Higher
expression of this gene leads to a higher vitamin E content in leaves
and fruits of some experimental plants, e.g. Arabidopsis, tobacco or
soy [6].

Northern blot analysis of homogentisategeranylgeranyl transferase
(HGGT) showed that mMRNA of this gene occurred in grains but was not
detected in leaves and roots of barley. Gene expression profile of HGGT
correlated with the final content of tocotrienols in barley grain [7].

Breeding of new barley cultivars could be facilitated by a molecu-
lar marker which would be able to differentiate cultivars with high vi-
tamin E content and cultivars with low vitamin E content. In these
genes any specific mutation was not found which could be considered
as a marker of vitamin E content (not published yet).

The aim of this work was to found out a possible difference in re-
gulation of gene expression of HPPD and HGGT gene during grain
filling among cultivars and to set a relationship between expression
of these genes and vitamin E content and composition in grain.

2 MATERIALS AND METHODS

Barley cultivars were chosen on the basis on their known tocols
contents and compositions [8]. Plants were grown in pots under re-
gulated conditions; during the first two months plants were under fol-
lowing conditions: 10 °C at night (12 hours), 14 °C during the day (12
hours). In the third month the daylight was prolonged to 15 hours and
the temperature was increased to 18 °C and the temperature during
the night went up to 14 °C. After the pollination the daylight was pro-
longed to 20 hours (20 °C) and the temperature at night was increased
to 16 °C. Plants were watered regularly and were fertilized three times
with 1 M of MS salt. The samples of developing ears for evaluation
of gene expression were collected in the day of pollination (as a nega-
tive control) and the fourth, the eighth and the twelfth day after polli-
nation.

Total RNA was extracted from 50 mg of tissue using Ambion
RNAqueous Kit. DNA was cleaved by Turbo DNA free (Ambion). The
first-strand of cDNA was prepared from 500 ng of total RNA using
QuantiTec Reverse Transcription Kit (Qiagen). All reactions were done
according to the standard protocols. Gene quantification was per-
formed using Real time PCR (Biorad).

Specific primer pair of HPPD gene was designed based on the se-
quence presented in the Gene Bank database (HVAJ693) using
Primer 3 software (F;: SCGGAGCCAGATACAGACGTT®, R;:
SGGTCGGCCTGTCCCCTACTGGC?). The reverse primer was de-
signed in the intron splicing site [9]. Specific primer pair of HGGT
gene was designed based on the sequence presented in the Gene

Bank database (AY222860) using Primer 3 software
(F2:CAGGTCTTCCATTGGCATCT ®, R, STCCGGAACGTATTCC-
TATGC ®).

Each reaction was performed in 5 ul of 1:10 (v/v) dilution of the first
strand of cDNA (corresponded to 25 ng isolated total RNA) in the to-

Tab. 1 Reakéni podminky pro hodnocené geny / Reaction conditions for evaluated genes

Reakce
Reaction

Gen
Gene

Délka produktu v pb
Lenght of produkt in bp

HPPD FiR,

299

HGGT F.R,

a-tubulin Rjatf/Rjatr

Podminky reakce
Reaction conditions
95 °C 15:00
94 °C 0:30 40x

59 °C 0:30

72 °C 0:30

95 °C 15:00
100 94 °C 0:30 40x

55°C 0:30

72 °C 0:30

95 °C 15:00
70 94 °C 0:30 40x
59 °C 0:30
72 °C 0:30
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Tab. 2 Obsah vitaminu E u odrdd a linii p&stovanych v lokalité Zabgice v roce 2005 a ve fytotronu v roce 2007 / Vitamin E content of culti-

vars and lines grown in Zabdice 2005 and in control conditions 2007

Obsah vitaminu E /Vitamin E content
Zabdéice 2005 Fytotron 2007

Odrida suma tokoli suma tokotrienoli suma tokoli suma tokotrienolt
Cultivar sum of tocols (mg/kg) | sum of tocotrienols (mg/kg) | sum of tocols (mg/kg) | sum of tocotrienols (mg/kg)
Krona 49.96 38.52 44.76 32.99
Kompakt 51.70 37.80 44.07 30.76

KM 1771 46.76 37.48 20.12 14.39
Carina 47.51 32.12 53.60 39.45
Wabet 60.45 47.85 52.25 38.84
Wanubet 60.36 49.25 54.40 42.09
Washonubet 67.19 56.57 40.26 28.63

za pouziti SybrGreen PCR kitu (Qiagen). Reakéni podminky pro Real
time PCR jsou uvedeny v tab. 1.

Jako referenénigen byl pouzit fragment a-tubulinu [10]. Transkripéni
aktivita byla hodnocena jako normalizovana relativni exprese (RE),
ktera byla vypocitana dle metodiky popsané Pfafflem [11]. Kazdy vzo-
rek byl proméren tfikrat.

Obsah vitaminu E byl hodnocen podle metodiky popsané
McLaughlinem a Weihrauchem [12]. Obsah vitaminu E pro odrudy
a linie p&stované v lokalité Zabgice, Ceska republika a pro material
péstovany v roce 2007 ve fytotronu je uveden v tab. 2.

3 VYSLEDKY A DISKUSE

Aktivita genu pro HGGT byla ¢&tyfi dny po opyleni velmi nizké, ale
v dal$ich odbérech postupné rostla. U vSech sledovanych odrid byla
detekovana maximalni aktivita tohoto genu dvanacty den po opyleni
(obr. 1).

Vysledky ukazuji, Ze tokotrienoly jsou syntetizovany az v pozdéjsi
fazi pnéni zrna. Nebyl nalezen zadny vztah mezi aktivitou genu pro
HGGT a vyslednym obsahem tokotrienolll v zrnu. Tyto vysledky jsou
v rozporu s tvrzenim Cahoona et al. [7], ktefi uvadéji, ze expresni pro-
fil genu pro HGGT koresponduje s obsahem tokotrienold v zrnu je¢-
mene.

U vétSiny sledovanych odrtd byla nejvyssi aktivita genu pro HPPD
pozorovana ¢tvrty den po opyleni (obr. 2). Relativni exprese u vzor(
odebranych Etyfi dny po opyleni korespondovala s obsahem vitaminu
E v zrnu (korela¢ni koeficient tohoto vztahu byl 0,7). V dalSich fazich
vyvoje zrna exprese tohoto genu u odriid s nizkym obsahem vita-
minu E klesala, zatimco u odrlid s vysokym obsahem vitaminu E zU-
stavala stejna nebo klesala jen pozvolna.

Byl nalezen vztah mezi aktivitou tohoto genu osmy a dvanacty den
po opyleni a obsahem vitaminu E, ktery je pro sledované odridy ty-
picky v polnich podminkach [8]. Vyssi exprese genu pro HPPD byla
Castéji pozorovana u odriid s vysokym obsahem vitaminu E, nez u od-
rid s nizkym obsahem vitaminu E. Tento vztah byl statisticky prd-
kazny a sila tohoto vztahu vyjadfena korelaénim koeficientem naby-

tal reaction volume of 20 ul using SybrGreen PCR Kit (Qiagen). Re-
action conditions for Real time PCR are shown in Tab. 1.

A fragment of barley a-tubulin was used as a reference gene [10].
Transcription activity was evaluated as normalized relative expres-
sion (RE) calculated with real-time PCR efficiency correlation
according to method of Pfaffl [11]. Each sample was examined in trip-
licate.

Vitamin E content was measured by the methodology by McLaugh-
lin and Weihrauch [12]. Vitamin E content of cultivars and lines grown
in locality Zabcice, Czech Republic and samples grown in controlled
conditions are shown in Tab. 2.

3 RESULTS AND DISCUSSION

The activity of HGGT gene was very low four days after pollination
and gradually rose in the next phases of grain development. By all
evaluated cultivars the highest activity of HGGT gene was detected
twelve days after pollination (Fig. 7). These results indicate that to-
cotrienols are synthesized in the late stages of grain development.
Any relationship was not found between the activity of HGGT gene
and the final tocotrienol content in barley grain. These results do not
correspond with findings of Cahoon et al. [7] who claim that the ex-
pression profile of HGGT gene correspond with the tocotrienol con-
tent of barley grain.

By the majority of cultivars the highest activity of HPPD gene was
detected four days after pollination (Fig. 2). Relative expression, de-
tected by this sampling, confirmed relationship with vitamin E con-
tent in grain (correlation coefficient of this relation was around 0.7).
The expression of HPPD gene in cultivars with the low content of vi-
tamin E was descending during sampling whereas the expression of
this gene in cultivars with the high level of vitamin E was identical or
descending very slowly.

A relationship was found between the activity of the gene on the
eighth and the twelfth day after pollination and content of vitamin E,
typical for the cultivars in the field conditions [8]. Higher gene ex-
pression was found in the cultivars with higher level of vitamin E than
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Obr. 1 Normalizovana relativni exprese genu pro HGGT v zrnu je¢-
mene jarniho [11]. Jsou znazornény aritmetické priméry zalozené na
hodnotach Ct (threshold cycle), které byly normalizovany vzhledem
k hodnotam Ct referenéniho genu pro a-tubulin. / Fig. 1 Normalized
relative expression (RE) of HGGT gene in spring barley grain [11].
Expressed of means is based on Ct (threshold cycle) values that were
normalized using the Ct value corresponding to a barley housekee-
ping gene for a-tubulin.

Odrudy / Cultivars: Kr — Krona, Ko — Kompakt, Car — Carina, Wb —
Wabet, Wnb — Wanubet, Wsnb — Washonubet.

Obr. 2 Normalizovana relativni exprese genu pro HPPD v zrnu je¢-
mene jarniho [11]. Jsou znazornény aritmetické priméry zalozené na
hodnotach Ct (threshold cycle), které byly normalizovany vzhledem
k hodnotam Ct referen¢niho genu pro a-tubulin. / Fig. 2 Normalized
relative expression (RE) of HPPD gene in spring barley grain [11].
Expressed of means is based on Ct (threshold cycle) values that were
normalized using the Ct value corresponding to a barley housekee-
ping gene for a-tubulin.

Odrudy / Cultivars: Kr — Krona, Ko — Kompakt, Car — Carina, Wb —
Wabet, Wnb — Wanubet, Wsnb — Washonubet.
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Obr. 3 Zavislost celkového obsahu tokoll na sumé relativnich expresi
genu pro HPPD. / Fig. 3 Dependence of total amount of tocols on the
sum of relative expressions of HPPD gene.

Odridy / Cultivars: Kr — Krona, Ko — Kompakt, Car — Carina, Wb —
Wabet, Wnb — Wanubet, Wsnb — Washonubet.

vala hodnoty r = 0,85*. Suma relativnich expresi od ¢tvrtého do dva-
nactého dne po opyleni byla ve vztahu s vyslednym obsahem vita-
minu E v zrnu (r = 0,77%) (obr. 3).

mg/kg), zatimco u odrady Wanubet byl zjistén témér tfikrat vyssi ob-
sah vitaminu E (54,40 mg/kg). Odrida Wanubet méla ale osmkrat
vy88i sumu relativnich expresi genu pro HPPD nez linie KM 1771.
Tyto vysledky potvrzuji zavéry Tsegaye et al. [6], Ze gen pro HPPD
hraje vyznamnou roli v biosyntetické draze vitaminu E a mohl by re-
gulovat aktivitu celé této drahy.

Je také zfejmé, Zze nékteré dalSi kroky z biosyntetické drahy limi-
tuji obsah vitaminu E v rostlinach [6, 13, 14]. Zjistény prdbéh relativni
exprese genu pro HPPD potvrzuje zavéry Falka et al. [15], Ze nej-
vys§iobsah vitaminu E u obilnin je pozorovan v éasném stadiu mlééné
zralosti.

Z expresniho profilu genu pro HPPD béhem plnéni zrna je mozné
odhadnout vysledny obsah vitaminu E v zrnu. Ukazuje se také, ze
pro vysledny obsah vitaminu E je kli€ové obdobi metani a kratce po
ném. Mozné ovlivnéni aktivity genu pro HPPD v této fazi by mohlo
zménit vysledny obsah vitaminu E v zrnu.

| kdyz je mozné pomoci této metody predpoveédét vysledny obsah
vitaminu E v zrnu, nelze ji v sou¢asné dobé pro jeji komplikovanost
jednoznaéné doporucit jako selekéni marker. Z hlediska vyzkumu me-
chanismu syntézy vitaminu E jsou vSak tyto vysledky pfinosné.

Zkratky:

HPPD: 4-hydroxyphenylpyruvat dioxygenasa
HGGT: Homogentisatgeranylgeranyl transferasa
MS: Murashige a Skoog medium

RE: normalizovana relativni exprese

Podékovani
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