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Abgtract : Reversed Phase Highr Performance Liquid Chromatography (RP-HRLC) o cered grain proteins has been receiv
ing much attertion in the agriculturd literature published in recent years A gudy of melon ( Cucumis meoL.) hybrid par-
entsS sand S ¢ and F, hybridsdf K968 X6-1, T-5 % red1-28 and 94 x 81 was undertaken to determine if RPHR.C
oould be adgpted to the cultivar identification of melons Chrometograms of the three inbred lines and R hybridsdof cultivars

were shown to be different and were used to characterize those cultivars RPHRLC was shown to be a quick , replicable and
reliable method of melon cultivar identification for genera screening of seed lots
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Cultivar verificetion is an inmportant area of study in
seed andyss”. Aloohol luble seed Sorage proteins are
geneticaly gable nolecules, which can be andyzed by
eectrophoress or HRLC to identify cultivars Hectro-
phoreds gudies greatly enhanced the invedigation and
underganding of cered proteins Brink , Price, Nguyen,
Fuers and Martinez (1989) used isodectric focusng of
zeinsand an immunoassay sysem to eva uate the genetic
purity of maize ( Zea mays L. subgp. mays)'” . New
methods such as RPHR.C and capillary eectrophoress
have been goplied to identify cultivars Dindli G and

Bonetti A (1992) ' used capillary electrophoress as an
identification tool for Phasedus wvulgaris L. cultivars
Both the Internationad Seed Teding Asociation and the
Asciation of Official Seed Analyss are interested in go-
plying new biochemicad methods to the analyds of seeds
and the gandardization of these techniques for cultivars
i dentification.

Reversed-phase high performance liquid chrometogr
rgphy (RP-HRLC) can be enployed to separate proteins
because of the introduction of relatively large pore ( > 300
nm) ocolumns. Honeering work in the use of RPHALC to
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separate seed dorage proteins and thereby identify culti-
vars and show asociaions of particular proteinswith grain
quality has been carried out by Dr. Jerold Bietz and oo
workers at the USDA Northern Regonal Research Center
ARSUDA , Peoria, lllimid* ® . RP-HR.C has been
used to characterize gpecies and individua inbred linesor
cultivars in wheat ( Triticum aestivum L. ;
Durf.) ™, barley (Hordeum wulgareL.) ™ | oats (Avena
p.)" , and maize ( Zea mays L.) "™ | aswell asfor
the idertification of cultivated genotypes and the andys's
of varietal mixtures and hybrid pedigrees

Melon ( Cucumis meloL.) isonedf the nmogt inpor-
tant fruitsin China. The Xinjiang Autoronous Regon in
morthwes China is the bigges production center of both
the fresh fruit and melon seeds In China, the planted ar-
eas of cultivarsthat were identified in this research totaled
over 100,000 ha in 2000, while the planted areas of
greenhouse-cultivated melon measured over 70 000 ha in
2001. The planted areas of the R hybrid of 94 x &1
summed over 10 000 ha in 2002. This makes China the
bigges producer of greenhouse-cultivated melon in the
world (2002 ,CSY) ™. The pollination characterigtics of
melon are open, which makes it difficult to control seed
purity. The resultant seed contamination can cause heavy
losses for fruit producers  Identifying inbred lines and de-
termining R hybrid purity are inportant quality require-
ments in fruit breeding and seed production. Thus, fag ,
snple and rdiable methodsfor the andyssof genetic pu
rity of melon seeds are essential for both seed suppliers
and fruit growers Therdfore, the sudy of this paper ex
plores the potentiadl of RP-HR.C for the fractionation of
aoohol oluble seed dorage proteinsfrom melons grown in
Xinjiang and other parts of China and assesses the poss-
bility of ugng this method as a means o cultivar idertifi-
cation.

T. durum

1 Materialsand Methods

1.1 PHant materials

The hybrid parents S ¢#and S ¢ and F hybrids of
KIG8x61, T-5xredl- 28 and A4 x8 - 1 were obtained
from the Department of Horticulture a Xinjiang Academy
o Agriculturd Sciences All seed lots examined were certi-
fied o that ther orign and purity could be documented.

1.2 Extraction o protein from meon seeds

A dnde melon seed was crushed and ground with a
pedle and nortar , then soaked 2 hin 0.5 mL 70 % (V/
V) agueous etharol. The sanples were then ground for a
further 10 min, clarified by centrifugation (12 000 x g
for 10 min) , and filtered through a 0. 45 m pore filter
before injection into the column.
1.3 Chemicals and reagents

Unless moted othewise al chemicals were of“ Aner
lar" grade. Acetonitrile and methol (gectra andyzed
grade) were from TEDIA Gonpany Inc. , USA. Trifluoro-
acetic acid (gectra andyzed grade) was from British
Drug Houses, London, UK. Water was doubly didilled
and purified usng a Waters Millipore Milli-Q purification
sydem to a conductivity of 18u0.
1.4 Reversed Phase High Performance Liquid
Chromatography

All chromatography data were obtained usng a Shi-
madzu Asociates Modd LC 6A , Shimadzu dass VPS. 0
multi- olvent deivery sysem and a Shimadzu SO.-6A
sysem controller (Shimadzu , Japan) . Sanples were in-
jected through a Rheodyne 7000 injection valve connected
to an L KB 2157 auto sampler (L KB , Bromma, Sveden) .
Huted proteins were nonitored a 210 nm usng a Shi-
macdzu LG 10A TVP photodiode and ray detector (FDA) .
A Shimadzu CTO-6A Golumn oven was used to maintain
congant column tenperature at 60  during RP-HALC.
Golumn was a Waters Delta Pak C18, 54 particle sze re-
versedtphase column (150 mm x 3.9 mm).
1.5 Computation

Data were acquired by means of a Shimadzu CR 3A
Chrometopac , usng an Intd peroona conputer with Nel-
DN Anaytica ftware that facilitated data manipulation
and dorage. Chromatograms of dored data were di layed
on a video nonitor usng a Hercules grgphics card. Peak
areas were determined through a manua interactive inte-
gration process on the nonitor by aigning the curor at
postions corregponding to the beginning and the end of an
eluting peak. The area under this curve was calculated in
a manner that permitted exact cormparions to be made bet
ween the same time intervds for the chromatography of
different sanples This ensured a reproduci ble calculation
of peak areas Satidicd andyssd data was undertaken
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usng the Minitab satigtica package (supplied by Minitab
Inc. Pennsylvania, USA). Datain the text are expressed
asMean £ SD.

2 Resaults

2.1 Optimum separation conditionsfor the
chromatography
Chromatogrgphic - conditions were optimized by

variation in both run time and gradient conditions by usng
water and acetonitrile ocontaining 0.1% ( V/V)
trifluoroacetic acid as lvents A and B, regectively. A
linear gradient of 22 % - 50 % lvent B with a flow rate
of 1mL-min " and a run time of 67 min were found to
gve optimum sparation of meon adoohol  luble
proteins Under these conditions, nore than 25 different
condituents could be identified in etharol extracts from a
snge kernd of the cultivars At the end of each gradient
program, lvent B was increased to afind concentration
of 60 % over a period of 4 min beore returning to initia
oonditions  After this, the ocolumn was treated by
periodicaly washing with a 0 - 100 % acetonitrile gradient
for 15 min to renove any srongy absorbed proteins that
might have accumulated on the column from run to run.
2.2 Thereproducibility of column retention timefor
the methods

In order to teg the reproducibility of column reten

tion times for different extracts of the same cultivars,

etharol extracts of the cultivars K968 x 61 ¢ and o
were andyzed on different days In our research, 94 x 8
1 ssamples were a0 andyzed on the same day. When
teded on the same day, the percentage codficient of
variation for five chosen peaks (Fig. 1) wasfound to vary
very little —average vdue 1. 97 (Table 1) . Thisis dmilar
to the results of Bietz usng wheat diadins and Marchylo
and Kruger usng hordein proteins extracted from cultivar
of Canadian barley. When teted on different days,
reproduci bility of retention timesfor the five chosen peaks
(Fg-2) tended to be nore subject to varigtion with
average codficientsof variation 4. 53 and 4. 56 for the two
different inbreeding lines (Table 2) . Conparion o
e ution prdfiles indicated that this level of reproducibility
was higher than acceptable for identification of the
different cultivars

Tablel  Reproducibility o retention times ( within one day) for
rever sed+ phase separation o alcohd sduble protein(94 x81 <)

e — -
Pegk i Mean retention time + SD  Qodficient of variation

(min) (%)

a 2.88 £0.10 3.47

b 3.87 £0.10 2.58

c 7.66 £0.12 1.57

d 13.47 +0.18 1.34

e 16.15 +0.15 0.93
Average(n=5) 1.97

Mean retention Qodficient of Mean retention Qodficient of
Peak number time £ D variation Peak number time £ D variation

(min) (%) (min) (%)

a 2.20 £0.15 6.82 a 394 +0.21 5.33

b 3.94 £0.18 4.57 b 7.72 £0.45 5.83

c 7.72 £0.32 4.15 c 10.22 +0.55 5.38

d 20.03 £0.35 4.74 d 21.58 £0.75 3.48

e 41.96 +0.35 2.38 e 37.70 £1.05 2.79
Average(n =5) 4.53 Average(n=5) 4.56

2.3 Identification resultsfor three cultivars of meon

The RP-HRLC prdfiles for the hybrid parents’ ¢
and ¢, and F; hybrids K968 x6-1, T-5 x red1-28 and
94 x 81 are down in FHg. 1, 2, and 3. Repeated
andyses of the extracts under smilar oconditions gave
nearly identica € ution patterns, which were characterigtic
for each parent. Sme mgjor quditative differences anong

the resulting chromatograms will be noted. In the dution
profile, characteridic peaks eluting between 0 - 12
minutes are recognizable which contain proteins common
to each parent and hybrid F,. For example, in Fg. 1, the
peaks duting a 0.60 min, 2.20 min, 2.90 mn, 3.94
mn, 573 mn, 7.72 min, 35.63 min and 37.70 mn
represent proteins comnon to the hybrid parents and R
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hybrids of K96-8 x 6-1, while the peaks euting at 1. 60
min, 32.19 min, 41.96 mn and 50.69 min represent
proteins comnon to the sand F. The peaks duting at
8.68 min, 9.13min, 10.22 min, 13.42 min and 14. 66
The peaks
euting a 47. 33 min are Pecific to F, hybrids  The peaks
guting a 21.58 min, 45. 74 min, 52. 08 min 60. 94 mn

min represent proteins commn to ¢ and F.

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time (min)

F,

and 65. 17 mn are ecific to hybrid parent ¢ , and the
peaks duting a 1.32 mn, 18.53 min, 20.03 min,
23.81 min, 29.39 mn and 54.86 mn are ecific to
hybrid parent ¢ . In Hg. 2, the peaks duting a 0.55
mn, 2.20 mn, 2.79 mn, 3.89 mn, 5.83 min, 8.06
mn, 873 mn, 10.40 min, 11. 26 min, and 11. 93 min
represent proteins comnon to the hybrid parents and R

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time (min)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time (min)

Fig.1 RPHPLC dution prcfiles o the K968 x 61 hybrid parents

.

5 10 1520 25 30 35 40 45 50 55 60 65 70

time (min)

¢ and <, and F; hybrids

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time (min)

0 5 10 1520 25 30 35 40 45 50 55 60 65 70

Fig.2 RP-HPLC dution prdfiles o the T-5 xred1-28 hybrid parents

time (min)

¢ and <, and F; hybrids
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
time (min)

AL

0 5 10 15 2025 30 35 40 45 50 55 60 65 70

time (min)

F;

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

time (min)

Fig.3 RP-HPLC dution prcfiles o the 94 x81 hybrid parents ¢ and <, and F; hybrids

hybrids 7-5 x red1-28 ,while the peaks duting at 7.25
mn, 9.92 mn, 12.44 mn, 27.13 mn, 29.41 mn,
54.78 min and 57. 70 min represent proteins comnon to
the sand F,. The peskseuting a 13. 48 min and 15. 94
min represent proteins comnon to the ¢ and F. The
peaks euting a 44.03 min, 61. 96 min and 63.36 mn
represent proteins Pecific to K hybrids, while the peak
euting at 13.84 min represents protein comnon to the
hybrid parent. In FHg. 3, the peaks euting a 0. 70 min,
2.46 min, 2.88 min, 3.87 mn, 7.66 mn, 9.78 mn,
10. 29 min, 11. 37 min and 12. 69 min represent proteins
comnon to the hybrid parents and R, hybrids of 94 x 8-1.
The peaks duting a 1. 14 min, 10.95 min, 35.61 min
and 58. 78 min represent proteins comnon to the < and
F. , and the peaks duting a 1.42 min, 18.20 mn,
26.57 min, 31.82 min and 47. 69 min represent proteins
ocomnmon to the ¢ and F. The peaks duting a 12. 94
min, 14.02 min, 15.80 min, 16.15 mn, 33.02 mn,
50.44 min and 63. 20 min represent proteins comnmon to
the hybrid parent , but not gppearing in F hybrids The
peaks euting a 30.99 mn, 37.98 min, 38.30 min,
52.71 min, 53.48 min and 54. 21 min represent proteins
gopearing in Fy hybrids but rot in hybrid parents The
peaks duting at 13. 47 min, 14.79 min, 28.63 min and

40.41 min A represent proteins Pecific to the hybrid
parent <. The peaks euting at 23. 68 min, 32.11 min,
42. 31 min and 47. 13 min represent proteins gecific only
to the hybrid parent <.

3 Discussion

The accurate description and identification of inbred
lines and hybrids are prerequidte to genetic sudies, as
wel as success in breeding and the production of hoth
pure foundation and hybrid seeds? . RP-HR_C separates
proteins based on the different interactions of hydrophobic
stes on the surface of the protein nolecule with a dlicon
ooated column support materid and a nobile organic
phase that noves through the column. A mixture of
proteins that are deposted onto the column support can be
squentidly lublised into the organic lvent punping
through the column as the organic ( hydrophobic)
oconditution of the olvent. Poteins of different
hydrophobiuties can therdfore be diplaced from the
oolumn by different percentages of organic olvent. Thus,
RPHR.C yidds data tha is both quditative and
quartitative in describing cultivars in terms of retention
times on the column and relative amountsfor each protein
or proteins. The method is rgpid, highly reproducible and
highly accurate. Data from RP-HRLC can be readly
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conmpared and analyzed by conputer.

RP-HRLC separation of diadins has been used suc
cessully for wheat™™ | maize™ , rye™ and rice™” .
Data in this resarch indicate that this sgparation
technique can be used for the idertification of melon
cultivars. The reproducibility and resol ution eficiency of
RPHA.C andyss have been used for
idertification in other horticultura crops such as Brassica
deracea L. ™ In addition to the high senstivity and
resdl ution of the method (HFL C theoretical plates = 10° vs
10° for DSPAGE) , it is worth mentioning that the
rapidity o andyss (67 min. ca) and the posshility of
nonitoring the separations alow for posible nodifications
in red-time. Autometic sarple handing is amother
advantage of nodern chromatographic sysems The
incorporation of an autometic sanpler into a sysem would
enable squertiad andlyses to be run continuoudy. But,
the disadvantages of HALC sygem are: a) only one
sample can be teged a one time, while DSPAGE
dlows for fifteen or nore sanples to be andyzed
dmultaneoudy; b) it is very difficult to determine the
nolecular weight and the iodectric point of the anayzed
proteins; c) it is difficult to predict their e ution order.

In the light of these condderations, RPHR_C and
DS PAGE need not be seen as conpetitive methods, but
as conplements to each other. DS PA GE can be used to
screen anadyses because of its rgpidity and snplicity,
whereas RP-HRLC can be used to differentiate varieties
mot well characterized or indidinguishable by use of
electrophoretic banding patterns
Acknowedgements:James dlls and Samuel Kok for their
asd gance with gramneticd revisons

cultivars
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