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Use of Seed Protein Profiles to Characterize Peanut Cultivars' 
C. M. Bianchi-Hal, R. D. Keys, and H. T. Stalker*2 

ABSTRACT 
lit tine last 10 ft 1.5 	

nologies for anal'sis is imperative.vr, tile develorpmenit of bioitechnrology arid 	
Correct cultivar identi­molecrlar techniq,,es lias allowed great arlvancementts toward tlt,identification of cultivars 	 nof gefleation benefits theamor plait species. 	 fariner, W1hosrrccess In leguimis, tire 	 would thus receiveof cultivar identification depends ol atile species under 

product that provides the expected agronoiic claracteris­tics, and benef'its seed companies bv assuring plant varietyinvestigation, the t~pe an] variahilitv of genetie matenal fortnd in
sodim itrii protection.
c,/tivars, anddodet sulate-potdrhniolv sel f;r investigations. 	 Thus. it is important f'o r the seed industry to' 
l 	 In this study,.'lvaerrlamiegel electrophoresis h ae t e nSShave 	 iues w i hPAGE)was used toassess diversitvrofpeanut (Arachivhypogwea L.) 	

aswutechiques which allow quick and reliablrin( pl 'iale ttion of cultivars without 	 ien tifiea-
\'seed protein profiles. The objectives of this investigation were a) to 	 the necessit, of loug-term fieldassess hiversitvo'protei 	 experiments neededprofiles irnpearrits forc'ltivar identification for morphological characterization.using SDS-GE ard Ii) to determinlre the extent of variabilit\ of 

Several techniques involving the characterization of' en­Z\ynes, total seedproteins, or DNA (e.g., 
seed storage proteins (SSP) arionig samples ofcultivars originatinR 	 bv RFLP analysisfrori ilifferent Iiocatiuis. The first strlvircluded34 cultivars grownat Lewiston C and thi 	 or b protens (e ..second one iiclilded nine cultivars grown 

HA PDs) have been successfutl in the c-'ltivar ideii{i fi­at six locatirs. The 
 results of both strdies indicated that 
cation ofgrain crops such as wheat (T-iticum ae tiuun L.
possible to diffrentiate 	 it is 

particidar profile with 
retveer, suhspecies lnt not to associate a 

(Jones et al., 1982), perennial rvegrass (L.li..n 1 ''inic L.)(Fergusot andil one specific cuiltivar. Within subspecies, 	 rabe, 1986), and iaize (Zacuiltivars clustered in more than one group aind most cultivars that 	
'naysL.) (Leeet al.,t1989; IMltl nale, 1991,grouped together were genetically related. 	 et al., 1989; !cDona/d, a nd mith, 199L1991: Smit/t and Smith, 1991).The technique of protein electrophoresis hav been usedin legumes to study seed variation in species and cultivarsKey vWords: [e.g., profiles obtained for clItivars ofPhaseolus cvularis L.Ararlds hypogea, peanut, ciltivar. seed storageproteins, location effects. (Adriaanse et al., 1969), subspecies ofPisum (Przvb7lska etal., 1977), as well its ilW species ofArachis (Klozov;a et a!.,

Identification ofcultivars among plant species is becom-

1983)]. Although the diversity of soditum dodec'.l surlfhte­
ing increasingly important and developing reliable teeh-	

pol'acrvlamide electrophoresis (SIDS-PAGE) seed storage
protein (SSP) profiles among peanut cutivars is iich legs
than among ild peanut species ( .ianchi-Hallt al., 1990; 
iContrilotion of the North Carolina Agric. 	

Sigh et a., 1991), seed proteins ma' serve as a useful toollies. Sen'.. Raleigh, NC 
for germplasin identification.ported a 	 Shonkraii et at. (1985)27695-7643. 	 seed pintein subunit in peanuts re-Tire work was partiall- supported by the Peanut CRSP. 	 that correlatesUSAID Grant No. DAN--I48-G-SS.tO	 with bllnc/habi/itv, indicating the possibi/itY ofusing seedrepresent an official position or policy of USAID.
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Attempts hve been made to determine relationshipsof'9-tionalC 	 e/ectrop/retie banding pattens incharacteristics (herr peanuts with , 1975; Cherr- n1tri­et a!., 1971: 
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Baslu vt al., 1976). One of the earliest reports on seed Bianchi-Hall, unpub. data).proteins in peanuts included lence, tile simple one-step extraction was16 cultivars grown in five 7 3environments (Cherrvet al., 1971). Thev conclhded that a) 
used. go. 5
-mi thickn-ss) weregreat intravarietal variation SDS-polkacr.lainide Itsedwas present in samples of c-

tivar VA 5611 grown in Louisiana, and b) although theprotein variation \within and between different CUltivarsmade it difficult to clearly distinguish genotypes, OIUCmajor qualitative and quatitative protein banding, differ-m-
ences distinguished several peanut types grown in Virginia,Georgia, Louisiana. and Texas f'rom the ones grown inOklahoma. The authors attributed the differences oh-served to v.ariable expression of a structural gene for largemolecular weight proteins caused by a drop in tempera-
tures in the latter part of the growing season in Oklahoma.Before our investigations, little was known regarding the use of protein profiles fbr species and cultivar identification 
in peanuts, or about the variability of protein profiles of asingle cuitivar grown at difflerent locations. 

In general, the composition of' seed proteins is stable(Boulter, 1981) and affected only slightl by environmental
condlitions or seasonal fluctuationls (Lee and Honalds, 1967;coditins or seal,1969 lthugh ation flonaldbnda isee 1967;Adriaanse et al., 1969). Although information is
about protein composition and qualit, abundantilllegume seeds,
there is very little information about the effect of environ-mneit on i)roteiis except for severe stress conitionis. Youngand Sehadel (1984) fouid drought to cause cotyledon tissue 
damage and off-flavors inprocessed peanuts. Sulfur star-vation of'Lupirus angttstifolins L. produced a lack of'sulfur-containing aminoacids (inethionineand eysteine) (Blagrove 
et al., 1976; Gillespie et al., 1978).
Tise objectives of' this 'studyvvere to assess diversitv
of* protein profiles inipeanuts" f'or cultivar identificationusing SDS-PAGE technique and to determine tlse extentof variabilit-v within cultivars originating from different 
oc ttio s . 

Matenals and Methods 
Two related studies were conducted to characterize elect rophoreticprofi'les of seed storage proteitls (SSP) in Jlealt clltivars Ising SDS-PAGE. Protei extractio ad eletroJihre tic procedAGEarpoten ures were thlex i all etcto. (1993.f For each seeprlot, thieswere two extractions r teini a d at least twoe lectrophoreetic rtssa 

Tfreeag(+01 gofwholeseed were gruldin 73 


of eah mpde. 

ofhoratehbuffer(0.0.5) M Na B 0. 10 11,0- 0.125 ) Na,S,01 + 0.010 M L-cvsteine, p11.4 f1.18 1 L.Were added to tile extractions.8aded Ig Samples were stirred Ior I hr at roomSampl staird Ip 3 bllotemperature. The speratant was collected andc 
i-ierc
Itrifuged at 0,000xg


for .30 ui at rooin temperature. One inL was trails ferred to iicrotuiles
aill 
 stored at -40C. No heat was applied to tile samples other than that
produced in the centrifuge. The protein supernlatant was defrosted at
am bient temperature and centrifuged for 3 in
microcentrifuge. Model 235A. 
at 13, 5 0 0xg iaa Fisher


Electrophoresis samples were prepared
with 45 pL of raw extraction sample, .15 ItL of tricine buffer (0.
1001)M. 

pli 7.8) + sucrose (100 g L'),
30 I.tL of 2 -inercaptoethanol (2-ME), 20
pL of SDS (100 g L1), and 2 pL of bromophenol blue front marker dye
(0.5%). and then mixed bY vortex. The Ilse of a one-step extractioiprocedure, using only SDS detergeent and 2-ME inthe extraIction buffer. 
represents a departure froi the traditional d,'fatting/multi-steppurification procedures. 
Preliminarexperiments using peanut andsoybean droseed .comparing variovs seed extraction procedures with aone-ste) extraction, containing high levels of SDS and 2-ME orjust ighlevels of SDS.indicated no ibseRvahle dif[.?reIces in electrolhoresable 
proteins between identical salmples passed thrigh each extraction. evenwith or without Ieating of the electrophoresis samples for 11p1to 1 hr at100 ( {I.D. Keys. S. A. Modena, J. L.Dowity,It.Z. fBaalbaki, all( C. M. 

vertical slab gels withi a gradient of 12forelectrophoresis. to 21%Gels werefollowing the procedures indicated h Dowtvi 19S7). Standard moleculareast 

weight mixture SDS-L70 Iron Siglma \its used as tile reference toestilmlate sample molecular weithts. Ten pL ofelectrophoresis samples
were loaded per well. The a\'erage concentration of proteins per well was.8 Pg pLprotein was determined by the Bradford assay, and bY tIle Bio-Rad D­

- Iwithi a standard deviation of 1.45). The concentration of
C protein assay in samples \without 2ME because, during tile course ofthis work, we observed a problem of strong background interferenee insamples conltaining 2.ME. Twelvecn111Ic;th gels were run for 7 fir at
1.25-W\
power; 1,-cm gels were ril for 16 hr at 1.10-1.25 W.A modification (JDowry. 1987) ofthe techniqle proposed IyStephanoet al. (1986) was used for staining. Gels were rinsed i a pIrestainingsolution of 44ck methanol, 441 water, anl 12%k acetic acid three tilneswith"riiseintervals"ofa1t least5 ill. After the third rinse, the gels wereimmersed il fourparts ofa solution olit. I .JNa pierate (pll7.0-8.0)and 

soaked for.Imin. OnIeIpartofa O.2% soltiill ofCooIilassie 1 
added and the gels were left overnight intIle staining solutio. ite\wastlIen
rinses with a Successive10% acetic acid solution were performed for destamg
until
clarification of tle baekgro,lld was achieved. The gels wverephotographed and densitometricallv Caseanled, The 1'ad the approxinate
MW were Ilsed to determine the position of tle protein hands. Theapproximate M\Vofthe hands was calculated frolo tile photograplhs withthe aid ofstandard curves calculated for indivsidUal llegions of thegels,protein patterns were named following tile enclaire inlKrshna al(]
Mitra (1987, 1988). Tite regions of greater concentration of arachin
subunits are the acidic (38-4 .9 k) antdbasic (18-22.9 kD) arachins.intermediate (23-37.9 kD)and low 
Two other regions of lower protein concentrationsmolecular weight proteins 114-17.9kD) (Bianchi-Iall et a.. 1993). 

wele named 

The first stuI,d was planned todetermine ifthe variability of protein
profiles observed previously insome wild and cultated ea was 
present il a larger number of cultivars. To avoid effects of locations, allsamples were oI tained fron plants grown at the Lewistin ResearchStation, NC and Iharvested in 1990. S'eIs were harvested at fullmaturitv 
per normal production practices. After collection. seeds were stored its paper bags it sealed I-L glass canningjars at 10 C. Seeds were extractedanalzed'were Avocaand anlalvzed within 611. mo of collection and storage.Early Bunch, Florigialt. CK 3,Japan J,,mbo,Jenkins Jumbo,Keel 29, .. .. lil)vquarae, NC-Fla 1- NC 

Tite cultivars 
2.NC 4 NC 5, 

NC 6. Nr 7. NC 8C, NC 9,NC IOC. NC81 Bunch (A.hypogaea suhsp. hypo1aga );17. Robot 33-1. VA 5611. VAand Argentin, Chico.Conlet. 
J-11, Pearl, Pron to. Spanlhma. Spantex. Starr, Tain,,t. Tifspan. TMV,2,
and New Mexico Valencia C (A.hypogaaa slbsp.fastiiata). Theirpedigrees .,fll market class are listed inTable


The second study was 
1.
 

ipla ed to evaluate tile effect of leations on
seed storage proteins (SSIP). Two-replicate samples oflittle cultivars
grown at different loeat Oils were analyzed-Florigiait, Floruiner,NC7. NC 9,NC-V 11 (A. hypogaea subsp. hypogaea); and Pronto, Starr,Spalco, a1( MARC I (A. /typogwm subsp. ftstigita). Seeds wereobtained front the 1991 Flavor QualikFoL;os FraTShem tesearch Test aud originated asinlto,TX;Suflolkga. 
 N 7eso,
adNCV IIrianaFL; Bian, TX; Stephetille, TX); Florigiant NC 7. and 
follows: Florlilner (in Tifton, CA; Suffolk, VA; Lewvistonl, NC; Narianna,NC-V 11 (il 
Georgia; Virginia; North Carolina: Florida; and Brvan, TX); MARC I n
Georgia; Virginia: Florida; and Bryan, TX); NC 9 (in Georgia, Virginia,
North Carolina, and Florida); ad Prionto, Starr, and Spanco (in
Geo,-gia;Virginia; and Stephenmille. TX). lDue to the fe'w seeds available, theextraction of tile raw sample of seed storage proteins iSSP) in this study
was performed on 
 1 g of seed, keeping the ratio I g seed : 25 miL

extraction buffer.
 

ResultsFor the first stud,, no differences vere found between
the 

two repetitions of each sample for the bandso to the acidic or Iasic arachins. For te
cultivars within the \irginia marketclass, two distinctgroupswere found based on tise variability of the protein profiles.
Cultivars in Group I (Fig. 1A) have three main proteinbands in the 38.0-49.9-kD region (acidic arachin) and onemain band inthe 22-kD region (basic arachins). Cultivars 

,9-,
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Table 1. Market t 'e and pedigree of tihe peanut eUltivars included in tle three studies and some relevant parental lines (after Isleil) anWvnne, 1992). 

Cultivar Pedigree 
Virginia Market Class 

Stud, 

1 
I 

1.11 

I 

IfI 

I 

I 

I'll 
I 

I.11 
I 
I 
I 

I 
I 

If 
if 

I
 
I
I 

I 

I 

II
I 

I 

I 
I 

Bass' 
Avoca II 
Early Bunch5 

FloigimbJenkins 

GK 3 

Japan Jumbo 

Jenkins Jumbo 
Keel 29 
Nambyiuarae 

NC-Fla 14 

NC-V I I
NC 2 

NC4 

NC5 

NC 6 

NC7 

NC 8C 
NC 9 
NC IOC 

NC 17 
Robut-33-I 

56RVAVA 81 BL 1c 

Virginia Runner Market ClassFlortnner b 
MARC I 

Spanish Market ClassArgentine 
Chico 


Comet 

Florispan Runner' 


J-I I 

Pearl 

Pronto
Spanco 

Spanhoma 
Spanish 18-38' 

Spantex 
Starr
Tammut (Tamnut 74) 

Tifspan 
TMV 2 

From Gambia: parent of GA 207-2 and GA 207-3Selection from NC 2 
Virginia Station Jumbo/4/1F38 

5-1-7-4, Pearl (F228)//F68 74 S,-1-2, McSpan (F13, Small White Spanish) /
Virginia Jumbo Runner (14), 
 F249-42-3-1 /3/Jenkins Jumbo. F406A /5/ F420, F23 I-51 (Dixie Runner sib) IF392-12-1-7 (Florigiant sib)
Jumbo/H F230. Dixie Giant I Small White Spanish /3/ F334, Basse/Spanish 18-38. GA 207-3//F230. 118-2-2(same as F230)
Florida Small Spanish / Dixie Giant. F231-51 /4/F385-1-7-2, McSpan (F13.Small White Spanish) / Virginia
Jumbo Runner (FI 4), F249-42-3-1 /3/Jenkins Jumbo. F416/5/1F392 (Florigiant sib)
Plant introduction
 

Selection from stocks obtained from R.B. Jenkins of Sumner. GA
Selection from Florigiant

Plant introduction from Amazonia, Brazil 

Jenkins Jumbo / F334A-3-5-5. I (Florispan derivative) 
Florigiant / NC 5/1Florigiant / PI 337396 (var.fastigiata)Basse / Spanish 18-38. GA 2076-2//W,:!e's Runner 

Selection #4 from NC farmers cultivars, 1929, deemed typical Virginia BunchNC I //C12. PI 121067 /NC Bunch 
NC Bunch/PI 121067, C12//C37 (sameas C12), GP-NC 343 (selection from NCAc4508)//VA 61R: resistant, o SCR 
NC 5//F393, F334-3-5.5. (Florispan derivative) I Jenkins Jumbo 

NC 2// A48, NC 4 / Spanish 2B, NC Ac 3913 /3/ Florigiant

NC 2 / Florigiant 
NC 8C / Florigiant 

Selection from F393, F334-3-5-5- (Florispan derivative) /Jenkins Jumbo 
Introduction from India (likely virginia-spanish cross) 

Selection from Atkins RunnerF392-8 (Florigiant sib) /3/ GA 119-20, Southeastern Runner / Dixie Giant. 210-4// Virginia Runner 

Early Runner/ Flnrispan 

Early Runner/ Florispan, F439-17-2-1.­ (Early Bunch component) 

Selection from PI 121070 (var. vuItlaris) from Chajari. Entre Rios, ArgentinaP1268661, line No. 370 from Krasnodar Territory, USSR, obtained in 1960 from Rhodesia
Selection from Starr 
Basse / Spanish 18-38, GA 207-3 It Dixie Giant / Small White SpanishIntroduction from India 

Chico / Comet
Chico / Comet 

Selection from Argentine 

Selection from fanners' spanish stocks 
Selection from farmers spanish stocks 
Spantex / PI 161317 (var. vulgarisobtained in 1947 from Salto, UruguayStarr/ TPL 647-2-5, Spantex lArachis Pnonticola Krapov. and RigoniArgentine (PI 12 100 7 1)/ Spanish 18-38 
Introduction from India 

Valencia Market Class
NM Valencia C Selection from PI 355987. irradiated Colorado Manfredi 

Parental lines not included in any of the studies.
 
Multiline cultivars.
 

/ 
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in this group were Avoca 11, Florigiant, Keel 29, NC 2, NC9, NC 10C, Robut .33-1, and VA 8i Bunch. The cilitivars in kD 1 2 3 4Group II (Fig. IB)were characterized by four main protein 5 6 7 8k D
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Fig. 1. SDS-PAGE protein profiles ofpeanut cultivars (A. hypogaeasubsp. hypogaea)within the virginia market class. A. Group 1:1, Avoca 11; 2, NC 2; 3, NC 9; 4, Florigiant; 5, NC IOC; 6, Keel29; 7, VA 81 ihnchi 8, Robut 33-1; and 9, molecular weightstandards. B. Group 11: 1, NC 7C; 2, NC 4; 3, NC 5; 4, NC 6;5, NC 7; 0, Earlh Bunch; 7, VA 5611; 8, Nambvquarae; and 9,molecular weighit standards. 

bands in the 38.0-39.9-kD region and hwo bands in the area 

of 22 kD. Cultivars in this group were E,,rlv Bunch,Nambyquarae, NC 4, NC 5,NC 6, NC 7, NC 8(, and VA56R. Also, the tvo spanish-tNpe cultivars ]- 1 and TMV-2had protein profiles to place them in this group (data not
shown), 

The SDS-PAGE protein profiles of most cultivars withinthe spanish market class were distinct from those in the%irginiamarket class. Except for J-1 i and TMV 2 (notshown), all spanish cultivars analyzed had four bands in thearea of 38.0-49.9 kD (acidic arachins) and two bands in thearea of22 kD, but the intensitvof the bands and the relativeprofile of the bands in each region, as shown in theelectrophaerograms were differeni for each group. Three 
groups were distinguished for spanish cultivars (correlativenumbers were used for all groups). Group Ill wasrepresented bvChico and Comet (Fig. 2). In thisgroup, thetwo bands in the 22-kD region had both the same intensityand peak shape in the electroplhaerograms. Group IV halaprofile of acidiearachins which wasslightlvdiffretfrom

the ones in Group Ill. 
 Also, the two banls in the 22-kDregion had different intensities, and in the
electrophaerograins the peak for the first band (22 kD)
always contained relatively slightly less protein than 
the
companion peak (21 kD) (see Fig. 5 for Pronto and Starr 

profiles, as examples). Cultivars in this group includedJapan Jumbo, Jenkins Jumbo, Starr, Spanhomna, Tamnut(see Fig. 2) and Argentina, GK 3, NC-FIa 1-1,NC 17 andPronto (data not shown). 
Group V was separated fron G~ro~up 1 \ because of thedifferent profiles of the bands inthe intermediate region(23-38 kD) and in the intensity of the I7-kD band.cultivars of Group V included 

The 
New Mexico Valencia C,

Pearl. Spantex. and Tifspan (Fig. 3). 
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Fig. 2. SDS-PAGE protcin profiles ofpeanutculvars inGroups III(lanes 4 and 5) and Group 1V (lanes 1, 2, and 6.8). Lane 3 
represents molecular weight standards. 

An attempt was made to further separate the orofileswithin each of the five groups to the cultivar level. Thedistribution ofprotein profiles ofthe intermediate molecularweight proteins (the area of the profiles that showed thegreatest diversity in cultivated peanuts) was studied indetail. Although'an attempt was made to obtain numericaldata, the calculation of mathematical indexes \kith the purose of classification was unreliable.
The second study was performed to characterize theconsistency of proteinil)rofiles observed for a single cultivargrown at different locations. Sample repetitions did notshow differences except for cultivars NC 9 and Florinnerfrom Georgia (data not shown). For all other entries,including pure lines (NC-' 11, NC 7. NC 9, MARC 1,Pronto. Spanco, and Starr) (see Fig. 4) and the multilinesFlorigiant and Flonmnner, no differences were observedwithin cultivars grown at different locations. The variability.among cultivars was obse ,ed againas in the previous stud%. 

Cultivars within the virginia market class \%ere clearlydifferentiated from those of the spanish market class, andmore than one type of' protein profile was found for eachmarket class (Fig. 5). NC 9 from the Virginia location didnot separate as clearly in three acidic arachins as did thesamples from the other locations; and NC 9 from Georgiapresented a shoulder in the 22-ki) band, as opposed to asharp peak (band) inthe samples from the other locations.
The two repetitions (subsamples from the same seed lot) of' 
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2 5sampleskD from Bryan, TX presented two shoulders in the 22­4kD 
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Fig. 3. SDS-PAGE protein profiles of peanut cultivars in Group IV(lane 2) and Group V (lanes I and 3-5). Lane 6 represents
molecular weight standards. 
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Fig. 4. SDS-PAGE protein profiles of four peanut cultivars (A.hypogaea subsp.hypogaea)grown in different locations (lanesI through 15): 1,molecular weight standards; 2-4, Pronto fromGeorgia, Virginia, and Texas; 5-7, Starr front Georgia, Virginia,and Texas; 8-11, Mare I from Georgia, Virginia, Florida, andTexas; 12-14, Spanco from Georgia, Virginia, and Texas; 15, 
molecular weight standards. 

cultisar Florunner f'roi Georgia had a dif'ferent profile, 
wth one being the same as those found for the samples of'other locations. The electrophaerograns of' Flortunner 

band instead'ofa single shoulder as fIund fbrseeds frontother locations. Patterns for the intermediate molecular 
weight proteins were consistent for all samples of cjlti\'ar
Florunner, except the -odd" sample from ;eorgia.One of the cultivars not included in the pre~ious studies, 
MARC I, had a unique protein profile which was consistentthroughout locations. Distinguishing bands for this cultivar\%,were observed in the intermediate molecular weight region
and inthe areaof22 kD (Fig. 5). The unique characteristics
of the protein profile of MARC I allowed for its separationfrom all other cultivars. 

Discussion 
Seed storage protein (SSP) profiles have been used in severa cases to identify plant cultivars. Although thistechnique has been successful in I'. vtdgaris (Adriaanse vtal., 1969), L. perenne (Ferguson and Grabe, 1986) and G. max (Dowtv, 1987), difficulties \,ere encountered in itsapplication to peanuts. Our results show that peamnt

cultivars may be differentiated byxmeans of seed storage 
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Fig. 5. Electrophaerograms of the nine peanut cultivars (Arachishypogaea) included in Study 11. Arachis hypogaea subsp.hypogaea: Florunner, Florgiant, NC 9, NC-V 11, NC 7, andNIAIlC 1. Arachis hypogazea subsp.fastiglata: Pronto, Starr,
and Spanco. 
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proteins (SSP) profiles at the subspecies level using major
differences that appear in the areas of the acidic ar-d basic 
arachins, However, to differentiate amion cultivars withinl 
a subspecies, closer characterization ofprotein bands located
in the intermediate (23 to 37.9 kD) region is necessary. At
this level, several differences were observed among culiivars 
belonging to the same subspecies. The use of lower 
molecular weight standards (2 to 21 k)) did not help 
characterize bands appearing below the 14.2-ki) band. 
The uniformit, of protein profiles within the virginia

market class (subsp. hypogaea) and spanish (subsp.jastigiata 
var. utlgaris) market classes is believed to result from the 
low 	number of lines found in the pedigrees of superiorcu'ltivars (Figs. 6 and 7). Similar trends in genetic uniformitv 

for isozvmues were also obsened by Cherry and Orv (1973). 
OfsLx enzymes theyexamined in peanuts, onlvone (esterase)distinguished spanish and virginia types an'd the variation
did not allowv the differentiation ofetiltivars. Griesham mer 
and \Vvne (1990) reported 25 enzyme systems in 61 U.S. 
peanut cultivars, one breeding line, and'six exotic peanut
introductions. Only three enzymes-'glutamate oxaloacetate 
transaminase (GOT), isocitrate dehvdrogenase (ID H), and 
phosphohexose isomerase (PI)-were consistently
polymorphic. Each of the three enzvilnes displayed only
two different banding patterns and most conformed tobotanical types. They concluded that the apparent lack of
variability seems to restrict the applicability of isozymes as 
genetic markers in the cultivated peanut. Shonkraii et al.(1985) referred to a 36-ki) polypeptide related to
blanchabilitv in peanuts. It is probable that the same 
polvpeptide is identified as the 38-kD band in our studies. 

The first study in this investigation included the largest
amount ofcultivars and thus manvdifferent protein profiles 
were expected to be observed. It is interesting that most 
cultivars which associated in groups also had very close
familv relations. In Group I (Fig. 6), Avoca 11 is a selection 
form NC 2 which is also a parent of' NC 9. Keel 29 is a 
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Fig. 	6. GernplasmrelationshipoA.hypogaeacultivarspresenting 
a seed sotrage protein profile corresponding to Group L3 
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Fig. 7. Gerrnplasm relationship ofA. hypogaeacultivars presenting 
a seed storage protein profile corresponding to Group 11. 

selection from Florigiant which is also a parent of NC 9 and
NC 10C. One of the parents of'VA 81 Bunch was a sibling
line of Florigiant. Both NC 2 and Florigiant have in their 
pedigrees GA 207, a cross between Basse and Spanish 18­
38. Basse and Spanish 18-38 are represented in 75% of the 
runner cultivars released in the USA and are among the 
most frequently used germplasm sources in virginia-type
cultivars (Knauft and Gorbet, 1989). The onhothercultivar 
that fell into Group I was Robut 33-1, for which pedigree 

information is unavailable. 
Group II (Fig. 7) included cultivars NC5 and NC 6which 

have common ancestors NC 3unch, PI 121067, and C 12.NC 7 has NC 5 in its pedigree. Cultivars NC 4, a selection 
form North Carolina farmer's field in 1929 (typical Virginia
Bunch), and NC SC, which has NC 4 as an ancestor, are also
in this group. Other cultivars included Earl' Bunch, which 
shares the ancestor Jenkins Jumbo with NC 7; VA 56R, a 
selection froin Atkins Runner; Nambvquarae; and TMIV 2
and J-11.
 

Cultivars in Groups III, IV, and V belong mostly to the
spanish market class; and there are some similarities between

their respective pedigrees. Although apparently
genetically related, cultivars Chico, a selection from 

not 
the 

USSR, and Comet, a selection from Starr, had very similar 
profiles and both fell in Group III (Fig. 2). In Group IV,
Spantex is related to Starr (Spantex x P1 161317) andTaniut. Pronto originated from the cross of Comet xChico. Argentine, a selection from Pl 121070, is in the 

pedigree of Tifispan and Spanhomna. In addition to thespanish-type cultivars, four virginia market class cultivars 
were found in Group IV, including Jenkins Jumbo as a 
cultivar and ancestor to NC-Fla 14, NC 17, and GK .3. GKis a multiline, which also has Pearl (anothercultivar in this 
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A Note on Use of Seed Protein Markers for Identification 
of Aflatoxin Resistance in Peanut' 

C. M. Bianchi-Hall, R. D. Keys, and H. T. Stalker*' 

occur before orduning harest as well as dringstor ge.cottptise alarge per'entt 
ltccatse storage proteitss

f thtepeaintt seed, thisstudvattemptedtoassociate protein markers soth 
resistant tiotypes. 

preiously reported allatoxin-
Variation was observed aton g24 genotxpesfor electroploretic banditt' patterns, but it wis not possible tocorrelate tile piesence or absence olspecific bands %%ithaflatoxinresistance. 

Key \Words: Arachiv hypoaea, groundtntt. Aspergillus spp.,aflatoxins, seed storage proteins. 


Fungi in the genus Aspergillus produce aflatoxins assecondary metabolites which are highly poisonous. terato-genic, and carcinogenic (Moganand Pong,1970; Heathcoteand Hibbert, 1978). 	Antong the most \%idely distributedAspergillis species that infect oil seed and cereal crops areA.flacus Link ex Fries andA. parasiticusSpeare. Differentstrains of these species produce varxing types and levels ofaflatoxins (Diener et al., 1982).
The invasion of peanut by Aspergillus occurs any timeduring seed development Ce
harvest, and storage.nFA. Suppres-sion of toxin accumulation can be accomplished if plantshave preharvest resistance to infection, (in, seed resistanceto pathogen invasion duringstorage, orifseecs inhibit toxinpathogen 

peanut cultivars for resistance to Aspergilhis spp. has beenreported b' Mixon and Rogers (1973), Davidson et al.

1983), Mixon (1983ab), Blankenship et al. (1985), Mehanet al. (1988), Azaizeh et al. (1989),

Vasudeva 	 Pettit et al. (1989),Rao et al. (1989), Szerszen and Pettit (1990), 
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ABSTLrACT 
Utomo (1990), Holbrook et al. (1992), and Walivar et al.Futtgi itt the germs Aysergilre produce allatoxins whtich aregroup of toxic secondat, metab,,lites.seed atd sutbseq 	 Fttngal invasion of peatita(19)Tal1.tdurin harvestluient allatoxin productioncalwend 
 (1994) (Table 1).1wouction
Infection by Aspe..i.lt. i and toxinfung 	 aretoxi proditioprocesses that occur in the peanut seed. 

aregl,_euesofepoe
Screening geno­types for aflatoxin resistance in the field or greenhouse isand expensive and alternative approachesumIt- tt 


to i 	 rae 
ee 

.proteins comprise approximatel
in peanut seeds, and man' 

70% of the total nitrogen
differences in electrophoretic 

profiles have been observed amongArachisspecies (Bianchi­'Hall
study

et al., 1992), it 	may be possible to identify proteinvas to associate seed storage protein 
markers in resistant peanut genotypes. The objective ofthismarkers in 

peanut' Mith aflatoxin resistance. 

Table 1. Aflatoxin reaction reported in the literature for genotypesstudied and 30-kD band absemed. 
_ studiedand 

__0-kDbandose__ed.
 

sp.-
 30 kD 
Aey7223 NCSU R 
AR-7 
AR.2 
AR-3 

USDA 
USDA 
USDA 

R 
R 
R 

C55437 NCSU R 
FaizpurI 
GFA.2 

NCSUNCSU 
NCSU 

R
R 
R 

-11 NCSU R 

Monir 240-30 NCSU R 

R 
Pt 3373941F) NCSU R 
Sunbelt Runner 
U4-47.7 

NCSU 
NCSU 

R 
R 

UF 71.513 NCSU R 
Var. 27 
Florunner 

NCSU 
NCSU 

R 
S 

7 NCSU S(NC 7xAR-41 89.03 NCSU R
(NC 7 x AR-4) 89-05 NCSU RINC 7xAR-41 89.08 NCSU R 
(NC7U GFA-2)89 59 SU Romo. 

'Aspergilliss
reaction rating: R= resistant. S 

+ = present. . absent. 

Mehan etba., 1988 
Mixton. 1983b 
Mixon. 1983b 
Mixon. 1983b
 
Mehan eta!.. 1988 
Mehan etal.. 1988Mixan. 1983a
Mixon. 19 8

3a + 

Miehan eta., 1988; 
Szerszen & Pettit. 1990 
Mehan, 1989; Utomo, 1990 + 
Serszen &Pettit. 1990oUSDA 
Mchan etal..1988:
 
Davidson etal..1973
 
Mixon & Rogers.1983 + 
Mehanetal.. 1988 
Mehan etal.. 1988 
Mehan etal..1988 
Szerszen & Pettit. 1990: + 
Mixon & Rogers. 1973: 

+
 
Utorno. 1990 + 
Utomo. 1990 +
Utania 1990 + 

1990 

susceptible. 
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