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Characlerizalion of genelic diversily amang cultivated cowpea [Vigna unguiculata (L) Walp.] varietles is

important 10 optimize the usé of available genelic resources by farmers,

and breeders. Random amplified polymaorphic DNA (RAPD) markers
throughout Benin. Hine

diversity in 70 cowpea accessions collected

local communities, researchers
were used to evaluate the genetic
random primers were goreened on

24 accessions to assess their ability to reveal pah,rmnrphisms in cowpea and laur of them were selected

for use in characterizing the lotal sample.

primers. The number of loci detected varied from

pnlymnrphic DNA fragments were used to construct @
based on the Unweighted Pair-Group Method using Arithmetic

ihe cowpea cullivars investigaled was large and the RAPD

groups alt @ similarity index of T1%
Averages. The genetic diversity among
proved to be a useful technique

suggests a large differentiation of cowpea cultivars |
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INTRODUCTION

Cowpea, Vigna unguiculata (L.} Walp, Leguminosag i2n
= 2% = 22), is an gssential food crap in \ess-developed
countries of the tropics and sublropics, gspecially in sub-
Saharan Alrica, Asia, and Central and South Amernca
(Singh et al., 1997). The wild torms are endemic 10 Adrica
(Pasguel, 1999: Cuulibaly & al,, 2002}, In Benin, Ihe crop
is grown for 1S young leavas and grains and these are
used in the meals of both the rural and urban populations
(Kossou &l al., 2001, Zannou el al, 2004). Recenl
studies conducted al the International Institute of Tranical

-Carrespanding author. E-mail: afipzannou@yahoo.com. Tel:
+229.97.44,92.55,

Abbreviations: AMOVA, analysis of molecular variance; C,
central; CTAB, catyl trimatnyl Ammonium bromide; ME, Morth
East: NW, Morth west: SE, Soulh Easl; UPGMA, pryweighted
pair-group method using arithmetic avarages 1

A total of 32 amplified bands wers
5 to 11. RAPD profiles were analysed and amplified

o characterise iL. Based on

nities, genelic diversily, RAPD,

generated by the four

dendrogram, clustering the accessions inla nine

the molecular va,iance, the fixation index

n Benin.

Vigna unguiculata.

Agriculiure on more than 14,000 accessions of cowpea
collecled throughaut ihe world revealed 1hal those from
West Atrican courntries such as Migeria, Niger, Burkina
Faso and Ghand displayed very high levels ol genelc
diversity (Mg, 1495). However, in Benin the malecula
diversity of the cultivated cowpea has not been studied al
the DNA level yel when we analysed = logether wilh
farmars = the agronomic and physiulngical raits of cow:
pea and he constrainis this €rop was facing, it became
ghvious that it was necessary to really understand he
genetic trails of the crop (£annou et al., 2004).

Aecent (@xonomic sjudies of Vigna (Mg and taréchal,
1085: Pasquet, 1993a, b, 1997, 1999) Hivided cowpea
into ten perennial subspecies and one annual subspeces
(ssp. unguiculala). These studies spht the S5 LngLUicu-
lata into var. unguiculata and var. spontanea (Schweinl.]
Pasquel (annual wild cowpea) (Pasguel, 1859}, The an-
nual cultivar group (var. unguiculata) is composed of the
cultivaled cowped yarieties on which nis study focused.
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Cullivaled cowpea germplasm diversity studies pased
on isozyme diversity and proteins have shown very low
genetic diversily (D'Urzo et al, 1990 Pedalino et al,
1990: Panella &t al., 10943: Vaillancourt €l al., 1993}, and
cullivar group sesquidalis could nol be distinguished fram
the cullivar group unguiculata {Waillancourt &t al., 1993}
molecular markers based on differences in  DNA
saguences belween individuals generally delect more
polymorphisms than morphological and protein-based
markers and constitute a new generation of genelic
markers (Botslein et al, 1980 Tanksley et al, 1989).
DNA markers survey both jfunctional as well as neutral
genelic variation. Alternative molecular markers showing
higher levels of polymarphism among closely related
genotypes include RAAPDs (Williams et al, 1993,
Mignouna el al., 1998; Ba &l al., 2004; Dioul and Hilu,
2p05), microsalellites {Sonnante et al., 1994; Akkaya el
al., 1995; Dioul and Hiw, 2005), and AFLPs (Vos et al,
1995; Coulibaly et al., 2002: Gillaspie et al., 20(5). RAFD
markers have been shown 10 be useful in assessing
intraspecific or interspecific genelic variability in many
crops species (Haley el al., 1994; Mignouna et al., 1948,
Ba et al., 2004; Dioui and Hilu, 2005).

Thiz sludy assessed the genetic diversily ol the
cowpea cultivated by farmers in Benin, based on RAPD
{echnigues. The main objective of the present study was
to characlerise the genetic diversily of cultivated cowpea
germplasm in Benin for the best use ol the. genelic poten-
tial of the crop and for a beller use and management of
cultivated cowpea varieties.

MATERIAL AND METHODS
plant material

The plant matcril used in this study only includes cowpea vanslias
grown by larmers, they all balang lo V. unguiculstd S50 urguicLlEtd
var. Lnguiculai |Takile 1), A lotal of 7O cowpea ACCOSSI0NS WOrE
collected fram farmers aof the transiticnal Guinaa Sudan of Benn,
soma from the Soulth East and olhers from some main markel
praces of these anzas in Banin. Five seeds ol each accossion Were

grown in pols and leal samples wore coliected al seven days age.

fram all the plants for DNA isolalion and analysis,

DA isolation

Frizh lpaves from young planls werg collectad and frozen in liquid
nilragen. Leaves were ground wilh & morkar and pestle, DMNA was
isalated according o he cetyl trimtivyl ammonium bromide (CTAE)
pratoco! daccriped by Pogers and Bendich (1985), with slight
maodilications as dosorbed below. Up 0 ap0 mg of ground lzat
lissue was transierred to 2 mi appandart ubes, sz wilh 500 pi ol
o, CTAB exraction buffer and incubated in a 65°C waler bain wilh
irequent agilation for g0 min. The lubes werd remaoved from the
water bath and allowed to cool until reom lemperature before 500 ul
of ghenol was added and mixed thoroughly. The mixlure was cenli-
fuged at 12,000 rpm jor 10 min and the uppar gupernalant phass
eollacted in & new [ube. A sacond exlraclion was perormed with 500
al a mixture of 24% ol phenclichioralam and 1% ol isoamyl alcohol
{wiv). Aller contrifugation, the suparnatant wils treated wilh RMasa and
thi lasl extraclion was perormed wilh chigrofarm |soamyl alcohol. Tha
upper phase wWas transierred ing a new tube and DNA was precipitated
wilh ogual volumes of 2-prapanal and sodium-acelale. The OMA pellat

was washed with 70% aihanol and was gried for 3 min in a heatng
block of 60°C. The resulling DA pellet was dissolved in 100 pl of
chstilled and slerilized waler (SIGMA). UNA integrily was tested,
using 1,5% agarase gel glectioplioresis, and il5 concanlration was
delermined with a UV gpectrophotomeler, A was then diluled 10
25 ng/yl lor PCA ampiil.cauon.

FCA amplification

Prefiminary PCA amplificalion lrials were panducled on lour aCoes-
sions, arbitranly salecled in ordor o siandardize the DOMA
amplification aondilions, Thesa accessions were Yub (Azangban),
Wudl (Tanguieta), Yudd [Tehabé Funlun), and Yudl (Soui Kem).
Dilfarent concentralions al MyCly, DRA, dMTPs, and Tag DNA poly-
morase were lestod to oblain the mast rupoducible and reliable DA
am.plification profies. Oplimal condilons which tevealed cloar ard
reproducible amplification fragments were used in the study 8s earher
deseribed.

FCA reaclions were perlermed in 25 pl volume w2 mbdure
conlining 3 mid kgCla, 1 » PCE pufter (30 mk KCIL 10 mbd Tris-HCI
pH 8.0, 0.1 mikd ol each dNTPs, 0.1 pM ol randoim decamer primes, 50
ng of DMA and 1 il i Tag DWA polymerass. The PCRA ampllicalion
pronaess was conducted in T3 Thermocycler Bismetra. For each amps-
ficalion process, an initial heal danaturation of DNA at 94°C for 3
min was foliowed by 45 cycles consisting of 1 min al 94 %G, 1 min al
354, and 2 min al 72°C. £ final incubation for 7 min al 7290 was_
perfarmed and Lhe amplificalion preducts analysed on 2%, Agarose
gals in Tris-borals bulfer gels ware slained in athidium bromide,
visualized under WY and pholagraphed using 2 digital camera. A&
|00 bp ladder (Sigma) was used as molecular size slandard.

Selection of the mast informative primers

Mignauna &1 &l. {1998} used 120 RARD markers 1o invesligate lhe
genglic diversily of U5 cowpea accessions lrom diverse geographical
origin across Adrica, Amarica and Asia and ning markers wiis i most
informative. These ning [wimers werd pre-selecied lor lhis siudy | Table
2). PCH amplification was perlormed on 24 cowped AcCEessiunG usIng
aach of the ning primers individually i order o select the pimers thal
showed (he highest number of palymorghic amplification fragmednts.
As a resull, lour primers were salacied lor the while study. Tha ran-
dom primers used for DA amplilicauon wera 10 base seqUEncEs
cblained from Inviragen Lile Tecnnologies as isied in Tabie 2.

Data analysis

Adter eleclrophdrasis separation, amplilied DA fragments datecled
in @ach accession wara scoied lor présence (1) or absenca (0] cfta _
paricular DNA tfragment ol & simili lengih. Faink lragmoms weld
conilled and only reproducible Iragments wefa considered lor the
analysis. A dala nalrix vwas preparsd based on dillerent andlyses.

To estimale genelic diversily, @ pairwise similariy malrix was
genarated using the Mei — Li similarity ingex (Met and Li, 1975)%

S=2Napf{(Na+MNu)

wheig Mg is the number ol RAPD fragments shared by 1w
genotypes or cullivars {A and B); s and My are the total number al
RAPD lragmeants analysed in each genolype (Levi &l al., 2001}

A dendrogram was fnen constructed pased on lhe similarily
mairix data using Lhe LUPGMA (Unweighted Pair-Group Melhod
wsing  Adilnmetic Averagas) cluster analysis of NTSYSpc-2.02)
(Mumeral Taxonomy and Slatistical Analysis; Ranil, 19396).

The genelic structure of tha cullivars wias invesligaled by an Analysis
gl Molecular Varance [AMOIVAY (Excollior el al, 1952), The 1otal
malaoularn varance [01’:| was pannlinned inlo vananco componanis due
1o dillerences among cluslars (gsc?) and walhin clusies (a5, To
analyse Ihe genelic Stiuciuis, thir fixalion index is a measuie hal i3
more and more used [Weir and Cockerham, 1384 Excothar et al.,



Table 1. Lisl of cowpea germplasm accessions and thair regians of collection used lor AAPD analysis.
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Codes Cultivar names Villages Region | Codes Cultivar nameas Villages Regiun_i
1 Btljatkoun andcicn Bohicon ¢ 43 | Sowetn Ghékandji SE
2 Yawar pedi grain Dani C 44 ) Al Glazoug C
3 Mjohiezin (Adjohazin) Ghékand)i SE 45 Kacripia Altakpara )
1 floussa Cani c 4G Alchaveekoun (Bohicon) Bialican €
g K pohounije Cand c a7 WMalanville petil gisin Dani C
G Cowehoun Glazoue C 48 Miger Save C
g T pelil gram Dami C 44 Zermia S0ui Marégouou IE
4 Adjaikoun Bohicon C 50 . | Kpodiguégue 5E
10 Wankoun Ouiizcerme o i1 Sokan Goekandj 5E
11 Taontouin Gbékandji SE 52 | Yaringo [
13 Kpod]i wiwd Bohicon C 53 Glessissoaliado Dan C
14 Djgte Dani c 54 Soui Fpika Sonoumon HE
15 Atchawe ou Tola (Bohicon) Bohicon C 55 Togo grain Cuedeme c
16 K peiknun {Hahicon) Bohicon H 56 Tanguicia Dani C
17 Faké Bghicon C 57 Bl wiwe Cani C
19 Soui Zemma harégouwnu e ] Ratche Dlange | Alddjo-Kpalaba N
20 Tehabé Funiun Diha C G0 |Kaki Yaybo G
22 fzobahundé (Kpodjiguégué) | Dannou SE G1 Olodjou Maria Fira G
) Ewa Egbussi Egbessi C 63 | Bow vovo Cani C
24 Olkpokpo-douduu Dani C G4 Yanli Kpika Donga W
25 AssilchEénongbinhami CamaWogon 5E 2] Katché Rudkpedon Alédjo-Fpalaba W
206G fehalvounan Yagbo C a7 Soul e Sanaoumen HE
2 Tehivigholo Dannou SE ] Mosso Quassa W
24 Wan akpavi Damewogon 5E 69 | Kplobe rouge Crani C
] Alama Savi C [ Djétoka Glazoue C
K] Malanville gros grain Save c Fil Ko Dan c
22 Bl Ol G T Egni-awa Glaroue c
A3 Y awar gros grain Diani C 73 Kplabe wéwe Dani 51
3 Sénékoun origingl Oudiame C 74 | Ewa Nigera Giha C
35 Sindjinnansin Dannou GE 74 Tehawa koubangue / Grand Tchawa Alidjo-Kpalaba FN
K[ Toaton Dani C 76 Toura Ouassa MW
i Tehadilé diolé Citwa C 77| Manwi Diannou SE
1 Tawa gros grain Dand c 78, | Tola Glazouk C
39 Azangban Dani L 74 Ewia Zallé Glazousd C
40 Alchawe Dangla [rannou SE

IE Matamagko | Quoghi c )

O Centeal, ME: Morth Easl, NW: Narlh West, SE: Souih East.

1992 Welr. 1996 Schneider &l al., 2000; Roussel, 2001, Dugoujon &l
al, 2004; Kiambi & al, 2005y, This index, also called Wright's {1969)
fiscilion index, was calculaied for palymarphic loci end notated Fsi. Far
is considersd as he slandardized variance ol allele frequencies
arnang subdivizions {Excoiticr, S001). Il reveals the proporticn ol
thie [t varance o alisle [requencies among cluslers that could be
explained by the group struclureg.

The hicrarchical AMOVA was perlormed based on a pairwisc
squared Euclidean diviance matrix using Arlequin ver 201 sollware
{Excollier et ol., 2008).

RESULTS

RAPD primers’
resgurces

selectivily on cowpea cenetic

Figure 1 shows PCR amplification fragments on the 24

24) two additional
shawn). So, among
CPB-05 and OPB-
accession from the others.
Ope-01, OPB-13, OFC-0
quish among accessions.
considered for the study.

accessions as detected by the primer
mer revealed monomorphic bands in
470 bp on 23 accessiol
{lang 22) an additional

similar amplification pa
OP3-10  which

& were &

15, and only on ong acc
band of GO0 bp was shown. A
tern was also delecled by primer
amplification
ession [lane
(Figure nol

revealed monomorphic
bands in 23 accessions and only in one acc
pands were ocetecled

lhe 24 accessions screened, primers
10 were able to distinguish only one
Similarly, three other primers
iso unable 10 distin-
Hence, these primers ware nol

QOPB-D5. This -
the size of aboul

55100
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Table 2. Lisl and sequence af the

1 0-base nuctectide prim

ers wsed lor the AAPD analysis.

Selected primers - ot selecled primers |
| Primer code Hucleolide sequenca Primer code Hucleolide sequence |
OPA-04 5 AATCGGRCTGS OPA-01 5 CAGGCCCTTC-3
OPB-01 5.GTTTCGCTCE-Y OPB-05 §.TGCGCCCTTC-3
OPC-05 5LGATGACCGCC-Y aPB-10 5 -CTECTGGGAC-Y
OFD-18 5-GTGTGCCCCA-3 COPB-13 5-TTCCCCCGCT-¥
| QPC-08 5'.GARCGGACTC-
|.2345r.~L?39!u1111 314 15 16 17 18 L 19 202072 23 3

Figura 1. BAPD prolile
= Adjakoun (ancien),
Sawdkoun, 7 = Tawa
Alchawé ou Tola (Bo
Eunfun, 17 = Ewa Egbessi,
gihakoun (orginal), 22 = Ton

2 = Yawari pelit grain, 3
gros grain, B = Adjaikoun, 9
hicon), 13 = Kpeikoun (Bo

o M - N <

5

g 1112

Figure 2. RAPD profile of 2
Lanos 1 = Adjalkoun (ancien
G = Sewekoun, 7 = Tawa gros grain, 8
12 = Alchawe ou Tola (Bohicon), 13
Tchabé Funiun, 17 = Ewa Eghessi 1
51 = Sehakoun [onginal), 22 = Tonton, 23 = Kalc

b, 2 = Yawar pelitg

their ability to reveal polymaorphic
.04 QPC-05, OPD-18, OFB-
2 shows DNA polymorphism
sions screened using primer
OPC-05. Vihile the primer OPB-05 was unable 10 distin-
quish these accessions (Figure 1), the primer ORPC-05
detecled polymorphic bands showing important variation
among these accessions. However, PCH amplilication
profiles were similar in some of the accessions as lor
example shown by lane 3 (Djohozin) and lane 4

Taking inlo account
bands, four primers [OPW
01) were selacted. Figure
detectad in the 24 acCes

al 24 randomly celecled covpea accassl

hicon), 14 = Kake, 15 =
18 = Assilchinonginhami, 1
ton, 23 = Kalché Funfun, 2=

4 randomly selecled cowped accessio

= Adjaikaun,
Kpeikoun (Bonicon), 14 =K
8 = Assilchérangbinhami, 18 =
hé Funlun, 24 = Niger, and L =

ons using the primer OPB-05. Lanas 1

4 = Moussa, § = Kpohoundja, B
Kplopd rouge, 11 = Djila, 12
Soui Zerma, 16 = Tchabd
g = Bolo, 20 = Yawar gros grain, 21 =
Miger, and L = ladder (100 bp).

= Djohozin, =
Tonlouin, 10 =

o4 15 e 17 1% L 19 0 a1
L el ooy o

ns using the primer OPC-03.
.3 = Djohazin, 4 = Moussa, 5 = Kpumund';n,
3 - Tonlouin, 10 = Kpiobé rouge, 11 = Dibte,
aké. 15 = Soui Zerma, 16 =
Boin, 20 = Yawari gras grain,
ladder (100 bg).

rain

and by lane 10 (Kplobe rouge) and lang 11

(Moussa),
DNA polymorphisms were

(Djété) (Figure 2). Similarly,
also detected by the lhree other primers used in ihe
siudy. These four primers were therefore used 1o charac-
\orise genetic diversity of the 70 cultivated germplasm
accessions investigated (Table 1).

Cluster analysis and genetic estimales

The number of RAPD marker loci detected was 5 for the



Table 3. Analysis of malacular vanance.

Sum of 59 uared

Source of variation Devialions.
Among groups 113,115
248.571

Within groups

Tolal 361686

= fgarage F-statistics over il loci: Fep = 02627, Py signilicant {

primer OPEB-01, B for the primers OPC-05 and OFD-18, and
11 loci for orimur OPA-04. The size of the amplilied bands
ranged from 0.3 to 2 Kb. A total of 32 amplilied DA bands
were generaled by all primers, MNong gl the primers
considered was individually able to distinguish all acces-
gions. Considering together all the tragments generated by
the lour primers seiecled tor the present study, investigated
accessions could be distinguished because ol soma unigue
bands.

From the presence of ahsence of DA traoments, he
asliimates of distances amang sccessions wee based on
Mei and Li's sirilanty index and used to construct the
dendrogram (Figure 3). AL an agglomerative cocflicient of
071 (similarity level) on the dendrogram, the cOwpea
accessions wers plustared intg nine groups. One group,
cluster 2, contained the largast number, cansisting of 27
accessions from ditterent geographical origins: 15 from the
centre, 5 from South East, 4 from North west and 3 from
North East (Table 4). The groups 1. 3 B 7 and B were
mainly or predominantly consisting of cultivars from tha
cenlre.

Genelic diversity

The lrequercy of the 32 amplified DNA tragments reveal-ed
by the Tour prMmers is shown in Figure 4. From the analysis
ol molecular vanance (AMOVA), the percentage ol genetic
variation among cJltivars explained 73.73% of the total
variation whereas the among groups dillerentiation  ex-
plained 26.27% af the varation (Table 3). The lixation index
{Fyr = 0.261) Is relatively high indicating that there was 2
large differentiation ol cowpea cultivated varielies,

DISCUSSION

AAPD analysis was pednrmed o evaluate genalic diversity
in 70 cowpea accessions collgcted throughoul Benin. All
accessions  analysed belonged to the cullivar group
unguiculald. Sigrificant genatic diversity was detecied in the
cowpea germplasm investigaied herein confrming  the
resulls of Mignouna et al. (1998) who identified exlensive
genetic variability  paricularly in  the cullivar group
unguiculata compared 10 the gQroups sesquipedalis and
[axiilis. In comparison to our resules, the genelic diversity
detecied by Mignouna &t al. (1998) was higher probably
bocause ol the higher number ol accessions (93 comparad
to 70) and the goographically worldwide ongins of iheir
collections. The high genelic diversity detecled in the
cowpea accessions analysed, probally indicatad thal
secescions were originally genarated by diffarent ancaslors
of cowpea in the past.

4411
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WYariance parcentage of
components varlation F-statistics
26.27 Fep= 02627

7373

p < 0.0001)

In thus study within the inlormative markers, he primers
OPA-04 and OPD-18 showed 11 and 8 polymorphic Dands
compared o 10 and B polymarphic hands respectively in
Mignouna et al. (1998). Conversely, the pnmer QFB-10
which detected 10 palymorphic amplified pands was unable
1o distinguish apcessions wa  invesligated by showing
monomaorphic pattern. This monomorphic patlern was e

. samg for the five primers which were not selecled in this

study.

Wright (1978) cited by Harll {1987) and Kiambi et al
(2008) suppges.ed hal an Fy range of O - 0.05 indicates
e differentiation, 0.05 - 015 modarale diflerantiaion,
0.15 - 0.25 large differentiation, and above 0.25 indicatles 4
vary larga differentiation.  1n \his study, basing on 1he
AMOVA analysis, the fixation index ‘s 0.26 suggesing 4
large ditferantialian al cultivars in Benin.

Al agglomerative coeflicient of 0.71, ihe dandrogram
shows nine clusiering groups which contain large and small
pumbers of accessions. The classification of acces-5ions
into difierant Qroups 1s independent of coliectan Zones,
@0ro-ecozones and markel placas. sccessions of marphola-
gically different characters including shape ol seeds, seod
coat colour, elc., are very closae according Lo the dendrogram
constructed based on the presence or absence ol ampliied
DMA lragments of a parlicular size. The discrepancy
between molecular genalic diversity and maorpnalogical
diversity has been wel documentizd (Dogbley, 1989). This
rasult shows thal dunng the process ol domasticauan,
modilications in a few genas can lead 1o marked phenolypic
dillarences. Also a8 seli-pollinated crop, COWpEA ACCEssIuns
maintained some parts ol their ganetic components during
the process ol domestication. This can gxplain e
monamorphism pattern shown by some of the pnmers (INE
those in Figure 1.

Additionally, this study shows the presence of imporiant
genetic variability cmong the Eenin cowpaa germplasm
which can be used 10 broader the genelic bases of the crop
{or botier use aof s genelic potential. For germplasm
management, it i€ important, in acdition 1o morphological
characlerisation, 0 reveal the exient of genetic diversily
prasent in a collection, using other MEANS such as molecular
rmarkers.
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Figure 3. Dendrograim af the cowpea accessians based 7n coallicient of similarity matrix.

Table 4. Cultivar groups revealed Dy RAPD with respecl ta their ofigins.

Cluster | Cullivar name ir.iﬂii Clusler Cultlvar name Qrigin
Adjaikoun ancien C Kpohoundjo GC-
Sewdkoun G Kpodji wéwe _ C
i! 3 Atchawe ou Tola
Matamagko G {Bohicon) (-
Kplobé rouge C Alama C
. Djéloka c Ewa Zalle c |




; Zannou et al.

Table 4. Conld.

Tehawa koubangue
Toura

Wankoun Marw

Djislé alanville gros [rain
hdahaunan Agchawe, Dangbo
Boto phalanyilie petil qrain

Tontan Holo vovo
Tchadil disté K arripia
Tawa gras grain wanli Kpiki
Azangban T Ehmiglaold
Aligho Wan akpavi
Togo grain Sindjnnansn
Bolg wewd K peikaun |Biohicon)
Hald Wik
Eqgni-awd Tehabé Funiun

| Ewa ipeeia Ewa Egoussi

| Tola @i QoS Qrain
Ferma S0 | sanekoun onginal
Soui Kpikd Soui Lerma
Soul ke wawwar petil grain
YErngo Tawa pelit grain
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