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Application of AFLPs to Phylogenetic Analysis of Aegilops

Yong Jin Park* and Jae Wook Shim**

ABSTRACT : Aegilops genus is known to include the donor species of the B and D genome of
the bread wheat(ABD). An effort to establish a better strategy for phylogenetic relationships
about Aegilops polyploids by AFLPs(Amplified Fragment Length Polymorphisms) was conduc-
ted using the 19 Aegilops spp. and T. aestivum. The 207 polymorphic bands from the amplified
products on the 6% acrylamide denaturing sequencing gels were obtained with the 7 AFLP
primer combinations, and used to account for the genetic similarities and cluster analysis using
NTSYS program. According to the genome analysis, the Mt-genome of Ae. heldreichii was
estimated as an intermediate genome between the M-genome of Ae. comosa and N-genome of
Ae. uniaristata and supposed to be incorporated in the establishing process of UM-genome as a
possible diploid donor. And Ae. ventricosa(DN) was more close to Ae. umbellulata(U) than
Ae. squarrosa(D). The close relationship between Ae. squarrosa and T. aestivum was
perceived as a diploid donor of D-genome. As for the polyploid species, hexaploid Ae.
triaristata was more closely related to Ae. columnaris rather than tetraploid Ae. triaristata.
The clustered groups were, basically same to the previous Gihara's sections based on
phenotypes and pairing analysis of interspecific hybrids. AFLP was evaluated as an efficient
and powerful method in the genome evaluation of closely related species.

Key words : Aegilops, Phylogeny, Genome analysis, AFLP
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3led RAPD 2 RFLP t}de] &3k ASeAst
A A7 FHAEA AHo| sios ®, o))
Z2E AR E7IES FHEPRT B 59 A
JAE 0] 88 = oA SFHFES A 4=
Aol ] ZAEA FREA 2 OFAg R A o)
FHoz o|l&5 3 ity 1ESr Triticum
Aegilopsoll &3k 2t S5 3 ¢ gl
& d7e AETARA gy, aFAs, wvhE
71¥€ % RFLP probe2] d¥Ae] s A+
HZd= GISH(Genomic In Situ
Hybridization)oll 23t AlxEde] A==z ¢l
thz ® - AFLP(Amplified Fragment Length
Polymorphism) 71&2 A$+a 2% 2| E DNAE
HEg AYFEsle] DNAZHS] ¥ S vlass
Ao 2 o JEg AAE7]EWolt}, o}7)
HE FA Y FARAE Hlag § glon,
PCR®F3-2 o] &3x%t RAPDs(Random Am-
plified Polymorphic DNAs) Bt} zj&Ado] o}
FAALY] 27, AsaddA € EA5ARR
T 2 Tl F43] o] 853 Qo). &3] AFLP
71Ee BARAAR2GA 2 7K primer 2%
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o 29F Aegilops%e] 19% 2 AWE(T.
aestivum cv, Chinese Spring)& FA|5tF .o,
ol FAE AFEE= IPSR Collection(F=)F
L oAFTALS EFEol o|&sIAHE 1).
NAFZ S 2HA 65 A= A {4 &2 A
Ar2  o]@3led phenol /chloroformug?2e]
3 FE3ATh. ASFA o 2~5 g2 £
% 20ml9] DNAFZN(“S” buffer; 100mM
Tris-Cl, pH 8.5, 100mM NaCl, 50mM EDTA,
2H,0, 2%(w /v) SDS, pH 8.0)-& 7}3l1, Pro-
teinase K(10mg /ml) 1004& EF3ld 65T &
2azA 2AHEL FEEAT. LHFE0
¢ ¥, 20mle] phenol /chloroform8<4 ¢} ch-
loroform& ©] &3t MEFYHES AASAL
5 15mi(0.6%3]) ¢] 2-propanol& 7}eted DNA
£ S48 &, 5mi9) 1X TE 9890 =49
t}. 2o 2 g RNAE A)Asnx, z2t A8
g 10441 RNase(10mg /ml) 7}t 37°¢C 325
ZO A IAZHERE wESAIH o, ThA] 5mle] phe-
nol /chloroform % chloroform® 2 ¢} #4-&
THESIE T DNA9] =32 1/10%9 9 3M so-
dium acetate(pH 8.5) 2 25532 WzZtA7l
100% oer&S 7hste] AAEd i, AFF 1X
TE¢Z &Aooz o v|AAE o] &3l DNAF
28 A3l AL} agarose geldoliA] band 2] A
9 FHoE Aagsle] e o]83t.

g

o

2. THI= DNAS| HMIstE A BT Y adaptor gt

Zt A5 DNAS9 0.5pg8 A¥I= AFEAQ
5U Sse I (CCTGCA /GG) & ¥ % A eF A5
9] 5U Mse [ (T/TAA) 2 8.49] 54] restric-
tion-ligation buffer (50mM Tris-acetate, pH 7.
5 50mM Mg-acetate, 250mM K-acetate,
26mM DTT % 250ng /4 BSA)E &35t 3
% 5-97F 407} A 3t 37CAA 2~3A13E
TU AFELAED 9SS SPsAT Adas
ek 3, vl $£8)8 1049 a2 N (14
Sse I adaptor(5 pmol /), 14 Mse I ada-
ptor (50 pmol /), 1,4 10mM ATP, 2.4 5X re-
striction-ligation buffer(50mM Tris-HAc pH
7.5, 50mM MgAc, 250mM KAc, 26mM DTT
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Table 1. The wild species of Aegilops genus used for the phylogenetic analysis by AFLP

Ploid status

Wild species(Genome symbol, Accession no.)

Diploids

; Ae. sharonensis Eig, (5%, 2170001)

; Ae. longissima Schweinf, et Musch(S', 2150001)

: Ae. umbellulata Zhuk, (U, 2010001)

; Ae. comosa Sibth. et Sm. (M, 2110001)
A6 ; Ae. heldreichii Boiss.(M", 2110002)
A7 ; Ae. uniaristata Vis.(N, 2120001)

Al
A2
A3 ; Ae. squarrosa Linn, (D, 2220001)
Ad
A5

Tetraploids A8 : Ae. triaristata Willd. (UM, 2030001)
A9 ; Ae. crassa Boiss, (DM, 2240001)
A10: Ae. ventricosa Tausch. (DN, 2270001)
All: Ae. cylindrica Host, (CD, 2100001)
Al2: Ae. triuncialis Linn, (UC, 2080001)
Al3; Ae. columnaris Zhuk, (UM, 2050001)
Al4; Ae. biuncialis Vis. (UM, 2060001)
Al5; Ae. ovata Linn, (UM, 2020001)

Hexaploids Al6; Ae. crassa Boiss.(DDM,2250001)
Al7; Ae. juvenalis (Thell) Eig.(DMU, 2040001)
AlS8; Ae. crassa subsp. vavilovii Zhuk. (DMS, 2260001)
AlS: Ae. triaristata Willd. (UMN, 2040001)
A20: T. aestivum L. em Thell. cv. Chinese Spring (ABD)

a) All the accessions were distributed from The IPSR Collection of Wheat and Related Species(1989), UK.

and 250 ng /4 BSA), 0.2, T4 DNA ligase
(5U/d), 4.84 dH,0)& AFEAE kb3
of ¥F3t] 12412 o4 adaptor H &wtk-3-(lig-
ation reaction)2 F33tg.e, T0.lE(10mM
Tris-Cl pH 8.0, 0.1mM EDTA) 2 10v] 3|4}&
= PCRo)| 913 13} dulzE+-g-ol| o) 8315}

3. X ZSZE, Primer A 2 25} &S

12} oA 8]FZ "kg-ol o] ZAL 5,19 Restric-
tion-Ligation 108} 344, 0.2mM dNTP &%
o) 0.ImM SO0 primer, 1mM MO0 primer (3
2), 0.4U Taq polymerase, 1X PCR buiffer
(10mM Tirs-HCl pH 8.3, 1.5mM MgCl,
50mM KCl)ol9a, SZ242 94 30%, 56¢C
30&, 60C 1E22 30 cyclesS dAlst9ct =
E314o] £83% % T0.1E buffer2 10u)] 34
T, 22 Ae A FENEGof o] &3t}

BP-ATPO 213} primerd] T4 107) AlES
71%&2.2 8la] S-primer 0.54(50ng /) & ©]&
3le]  T4-polynucleotide kinase 0.25.4(10U

/W) Z 37CAA 2A7HEQE A B AL, whe2
E ¥ 65 1083 HR8te 499 S48
FANA, 22 YT ENSS AA AT 23}
AYEF vhgdeo] AL 108 843 13 FZ
A 254, 0.254 S-(¥P ATPZ ¥4]) primer
(50ng /), 0.3.d M-primer (50ng /), 0.2U
Taq polymerase, 1X PCR buffer, 0.2mM
dNTP Egd& o]&stct vhg TESF, $F
Az FFe DNAMAE loading buffer(98%
formamide, 10mM EDTA pH 8.0, 0.1%
bromophenol blue, 0.1% xylene cyanol) & &
F3 F, 100CcEHNA 38T vhga s gy
A7) F gel £A]0) o] &3t}

oX

4. H7|¥E ¥ autoradiography

22t FE4HEe] DNAUE S EX4sluz 6%
denaturing polyacrylamide sequencing gel &
N (Anachem, 19:1)& o]&3l¥ o, Felae
2 & &ol3tA 3171 913 Repel(BDH) < A%
o] Xe]3t L, 0.5cm #2] 4970 9] wellsg zZte
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Table 2. The sequences of adaptors and primers selected from the 20 primer combinations for
performing DNA finger-printing by AFLP analysis in the genus, Aegilops

Adaptor and primers Nucleotide sequences

Application

Mse I adaptor

5-GACG ATGAGTCCTGAG

Adaptor ligation

TACTCAGGACTCAT-3

SSe I adaptor

5-CTC GTAGACTGCGTACATGCA-3

Adaptor ligation

CATCTGACGCATGT
S-primers
S00(Ssel+0) §-GTAGACTGCGTACATGCAG | -3 Preamplification
S15(Ssel+2) 5-GTAGACTGCGTACATGCAG | CA-3 Selective
S20(Ssel+2) 5-GTAGACTGCGTACATGCAG | GC-3 amplification
S524(Ssel+2) 5-GTAGACTGCGTACATGCAG | TC-3
M-primers
MO00(Msel+0) 5-GATGAGTTCTGAGTAA | -3 Preamplification
MO02(Msel+1) 5-GATGAGTTCTGAGTAA | C-3 Selective
M20(Msel+2) 5-GATGAGTTCTGAGTAA | GC-3 amplification
M40(Msel+3) 5-GATGAGTTCTGAGTAA | AGC-3
M56(Msel+3) 5-GATGAGTTCTGAGTAA | CGC-3
M69(Msel+3) 5-GATGAGTTCTGAGTAA | GCG-3
M86(Msel +3) 5-GATGAGTTCTGAGTAA | TCT-3
M88(Msel +3) 5-GATGAGTTCTGAGTAA | TGC-3
Primer combinations for  S00-M86, S$15-M02, S15-M20, 520-M69,
selective amplification S520-M88, $24-M40, $24-M56

(Total 7 combinations)

sharktooth comb& ©]-&3te] AL Fw)stxth
A719FA o2 1X TBE bufferg o] &892
o] 2% ZEZN 2 548 loadingd ¥ 60We| A&}
2 1.5~2.0Mz3t A7195& AT 1719
Fo] F85YE §, AUFRVE AMREA 80C, 2
ZAA 2~327tFet #BFZ3ke, X-ray film
(X-OMAT)®]v}  phospho-imager{(Molecular
Dynamics) & ©] &3l FEAE9 g4y 24

< 48,

A ol g

1. 2HHHB HisaZt HISUAHsY dim

Aegilops F3t9 AEg v BNz 2z
species®] ZAlEDNAE o] &3l AFLPEAS
AAE B4 2 dyes B 2 2 39 19 goh

5]

Adaptors} AR G7IAEL ztm lon
selective baseZ} gl S-primer(S00) ¥ M-
primer (M00) & ©]&3l9 13 u)ZFZg 3
g 5, wkglol 51048 33t 1kb ladder
DNAS} o] 1.0% agarose gel’dollA] A 7)ste
FE AR E ARG, Ao SEE g
S selective baseZ} 1~370¢] primerE o] &
gto] 221 MRFEZS AAE Y $E459] ¢
FAZE vlwsle 4353 AFLP primer ¢S
Agstna, oz A 20709 primer ZF
oA S00/M86 T 7/He] ZF-S F 2049} o)
Arslgth 29 12 S-primer® S15(Ssel+
CA)E o} &3l M-primer2 M02(Msel+C)
2 M20(Msel+GC) & o] &3t S35 Ao
ANG FZAEE, primer?) selective based
7} 37184 E FESE band £ ZAsige
¥, &5 9¥HS 50~700bp Alo]d] HEo] &
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Fig. 1. Examples of AFLP profiles with 19
Aegileps spp. including different dip-
loid and polyploid species using the 2
different primer combinations, S15(2
base selective) /M02(1 base selec-
tive) and S15/M20(2 base selective).

0|3 T bandE-& o]g3to] F3F TARAN 2
of o] &3}t

A28 7709 primer&-S o] L3l thyL
AT 2, primer2 3 Hol 474 o)A 3
7 29.67] bandE& JENiRI O™ F 207789 po-
lymorphic bands’} ZAE| it A€ Aegi-
lops FE7 AFLPTE-& NTSYS T2 ad»o
2 BN 4 FAE TED 47 fAE
2 ¥ 37 ot} Aegilops 280AEZ, Ae.
sharonensis$} Ae. Jongissimazte] FrA2 §AF
=ge 7 E9131(0.754), S202 Ae.
comosa®} Ae. heldreichiizx(0.686)°] =3tc}.
ojg} e A MR 2 FEL SAFE MR
Aoz Zuglon =M AL 712AS
ez e FUR F AP 53] Ae.
heldreichiix= Ae. uniaristata®}x FAH3 X7}

£201(0.609), dAFoz +38 2 T4
4] Ae. heldreichii+ Ae. comosa$} Ae. uniari-
statazbe} F054E 23 vt wehs o] 3 F
E2 5YAEANA 238 Aoz AzEy, §4
A HAIRZHE 3oz Hrisl 2 o, Ae
heldreichiie F%9] FYEE H3le= Aoz
waE et wa, de. heldreichiie= Ae. co-
mosast TYE2] subspecies2 HFHEHW, =
F7e] FAA FAIETE 0.68622, E-E o
2 | F=+ Ae. sharonensis 9 Ae. longiss-
mazre) FAH3A(0.754) o}k @2 Holl A, he-
terochromatin @ ¥HE-A7| MG B¥o 93
Badaeva et al.?¢] A} At AUk A
Aoz 2ulAFILY AT HAFL 04832
2, 7} Azl HAF 48.3%014 #3382 )
AL FHstn e o2 HubEId E3,
Ae. squarrosat 29]AFol A Aud 2 g 7}
7hE A e AeZ JERH(E 3) 29
DA AFH FAF o2 HFriE A

2. HiF=HIBL| Ml EI

Aegilopsl A E-E 2 U 2 MAF o
g AgEReH wFEAFT Pie 2vASY
Zr Aol AEAAAA ] o) Y Aor B
Hol o v AAPFEA | ot Ae-
gilops®] 4vjA|EF Ae. columnaris, Ae. tri-
aristata, Ae. biuncialis 2 Ae. ovatax= UM¥
9 Al 2te Re2 BuFHo 3led, UASE
& 7= Ae. umbellulatas®t M 2 M3 o] Ae,
comosa & Ae. heldreichiiS o] &3te] o]E Hj
FAF) Awg Bt 4w 29 29 20 U
8 Ae. umbellulata®he] FHQl FAIE oA
Ae. triaristata® 0.7102.2 7} A1 Ae. ovata
7} 744 e Aoz velygton Ae. colu-
mnaris ? Ae. biuncialise A Ax 9] &
2a0, webx] Ae. ovata®l UAlse & UM
g oA FRg ARyl & A2 2 JEt
MA =% (Ae. comosa) ¥ M*&(Ae. heldrei-
chii) % w] A FI v aEAdME 712H o
2 BE BjeASoA UAEES 37 24 2
FE Aoz AGH (2 2), BE wlFAZ
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0.662/ Ae. columnaris(UM?¢) 0.

40/ Ae. triaristata(UM?)

Ae. umbellulata ~
(Uu) ~.0.633

~ Ae. biuncialis(UMb)

@\ Ae. comosa
S/, (MM)
N

o Ae. heldreichii
Ae. ovata(UM?) 0599 (MPM*)

0.560

Fig. 2. Genomes of the UM type-polyploids
were evaluated by the paired genetic
similarities between each polyploid
and possible their diploid donor,

A MAlFETE MM o 290 Aoz
b}, =3 w A E3k A e Ae. columnaris
ol MAE9 237t 7HE 11, Ae. biuncialis®]
MAFo] 7+ AFEst 22 Aoz vebst
o A M 2 MAIES 713 2uiAIEE
genome analyzer® ©]-83te] v &£l
A Azl o8 wjeAIFe] As FAEFS
A2 Az 4lA degilopsE & UM =9
AES e uFASES MARERY MAE
7 2o 299 AS® YelY Ae. heldreichii
7} o5 WA E e MAIES] FoHF oz Aty
Aok, w3 wjFAEE Polyeides(Gihara’s
Section, T32) 438l Ae. columnaris, Ae.
triaristata(6x), Ae. ovata® SAET SAHA
7 22 Aoz Yehd=ui(XE 4), o5 w53
ZFol Zr= MAE2 S Al 2498 o ¥ H
|

g 20 R AL, FLE gl Ae. cras-
sa(4x) &} Ae. juvenalisi A% BRATh Ae. ve-
ntricosaw= D AlET NAESE 7450 e
g, 2 A e U Alse] N Asrc Ae
ventricosa®t ¥-2 F-ATAE e AU
(£ 3). olde] 235 Fdsted & wl, Aegi-
lops WA Eo] W3t AFLPEA 21 7|29
Al Ao wel gz AN S L U
Agol vleHEo] FAo Bodt AR 2olr}
3lol, Als DNAZA =WoA] th49] acces-
sionsol] 2|3t P77 Bad Aoz AZE A
=3

3 EEEN

Aegilops®] 2vfA] B viFAEES] AFLPE
Hof| o3 AAE FAME AE NTSYS T2
P0-g o] 83 vrtEH Yy (UPGMA, Unwei-
ghted Pair Group Method using Arithmetic
Means) .2 #JE4& AAlste A4E 238
z2og2 veld AHo] 1Y 3 ojtt Giharax
Aegilops & Polyeides, Cylindropyrum, Co-
mopyrum, Amblyopyrum, Sitopsis 2 Verte-
brata Section®. 2 H-{3t v} gl=djwn, B AH
ZA 1= Gihara9] A A 712H 02 A5t
7y Y F9 E¥E A¥EEYE, #3118
Sitopsis®| Ae. sharonensis 2 Ae. longissima
7} £3¥ 1, 3 2= Polyeides®] Ae. umbel-
lulata, Ae. triuncialis, Ae. columnaris, Ae.
triaristata(4x), Ae. triaristata(6x) 2 Ae. bi-
uncialis7} £3lFEd, &5 UAES &3t
A}, Kimber®¢| Polyeides AlT-2.2 EF3}
o BH, UAlsol Ad 283HA &S Ae
triuncialis, Ae. columnaris 2 Ae. triaristata
(6x)9} UAIES &3t & Ae. triaristata(4x),
Ae. biuncialis, Ae. ovata®l FS.2 AMEFIA
t}. #3 3& Comopyrum® Ae. comosa, Ae.
heldreichii & Ae. uniaristataZ} 4319121, ©]
+ Gihara review(Lilienfeld?) ¢ M-family =
2 Kimber'®2] D genome cluster®} X34
t}. Kimber(1987)+ Vertebrata® DAES &
gy zo wal 2719 MEez LRIH e, D
AwY B37l A9 gl Ae. squarrosa, Ae.
cylindrica, Ae. ventricosa’} 342, DAEY]
E3l71 & Ae. crassa(dx), Ae. crassa(6x), Ae.
crassa subsp. vavilovii 2 Ae. juvenalist %
5ol &3k, o) F TFe Gihara® D-family
2 Kimber®] DA% cluster$} A3t} =53]
Axel 24 2 A w2t 6ulA Ae
triaristata®l 32 FEeto] EW, 4uA] Ze.
triaristata® HH FIdAE ARTDE Ae. colu-
mnaris®t LT FEZFANM BIE Aoz A

2+ (24 3).
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Genetic similarity
0.588 0.725 0.863
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—f

1 Ae. sharonensis(2x, S°")

2 Ae. longissima(2x, S')

4 Ae umbellulata(2x, U)

12 Ae. triuncialis(4x, UC)

13 Ae. columnaris(4x, UM)

19 Ae. triaristata{6x, UMN)

e .
|

8 | Ae. trigristata(4x, UM)

14 Ae. biuncialis(4x, UM)

15 Ae. ovata(4x, UM)

5 Ae. comosa(2x, M)

6 Ae. heldreichii(2x, MP)

7 Ae. uniaristata(sx, N)

3 Ae. squarrosa(2x, D)

11 Ae. cylindrica(4x, CD)

10 Ae. ventricosa(4x, DN)

20 T. aestivum(6x, ABD)

9 Ae. crassa(4x, DM)

<

16 Ae. crassa(6x, DDM)

L

18 Ae. crassa subsp. vavilovii(6x, DMS)

2)

17 Ae. juvenalis(6x, DMU)

Fig. 3. Phenogram depicting phylogenetic relationships among 19 Aegilops spp. and T.
aestivum, constructed by NTSYS using UPGMA method. Total 207 polymorphic bands
produced by 7 primer combinations of AFLP were investigated. a) Aegilops spp. were

classified into 5 groups at this level.

A o 2 Triticeae] Zt A<l £3t9} vl
AZ9 APHFoNA FAA 9 F2A A4
#AE glojt v, B}k F e AFEE 93
Ae 718 AU EES 59 NEFAVE
B el o3 FREANL FAFA/ & YAt
Z33 Q1 Wi oJa) o] FojHot & oz HH
=, &3] AFLPEAL ¥o2 QETIAZEA,
ZEF L AsEY 59 FEFIAAT 23]

oled Aoz FHAY.

BT
7z ALY oAdA 2 wiEAFTY AR
Ao #F M2E JEE A=dtazl, Aegilops
19% 9 AML(T. aestivum) S FA)5ke] AFLP
A& A3l d& A= v 2ot
1. AFLPs& o| &3 AegilopsEEZt <4 A
g 4% Za, 7719 primer Z{A F
207789 8 band& AL} oM =G
T o8 band$=& 29.871 °1Uth.
2. 2+ A7 FLBARZ Kol Ae. heldreichii
(Mt)= Ae. comosa(M)®} Ae. uniaristata

- 797 -

(N) o] Fz2t]x19] Algez ey, UMA
L 7HA pAEe] MAE 39502 dd
Ak, 28] Ae. squarrosays Aujdel D
Aw TS EdstAt

el A A Ae. triaristata(UMN) = 4u A
Ae. triaristata(UM) B.¥}= Ae. columnaris
(UM)¢ ¢ 2] o2 Jeyt. 181
Ae. ventricosa(DN)& UAo] NAIEET}
o 2 Ao 2 JEhgT

. AFLPsell o8& o3P 5709 2oz 7

BEH9x ol 712 H o 2 Gihara® Section
T3 XY, ARG, AlsEA T
Hr} 832 Aoz HrlE o

LITERATURE CITED

1. Appels R. and Dvorak J. 1982. Relative
rates of divergence of spacer and gene
sequences within the rDNA region of
species in the Triticeae : Implications for
the maintenance of homogeneity a re-
peated gene family, Theor, Appl. Genet,



10.

63:361-365.

. Badaeva E.D, Friebe B and Gill B.S.

1996. Genome differentiation in Aeg-
ilops. 1. Distribution of highly repetitive
DNA sequences on chromosomes of dip-
loid species. Genome 39:293-306.

Delseny M, McGrath J.M, This P, Che-
vre A.M and Quiros C.F. 1990. Ribosomal
RNA genes in diploid and amphiploid
Brassica and related species : organiza-
tion, polymorphism, and evolution. Geno-
me 33:733-744.

. Devos K.M. and Gale M.D. 1993. The

genetic maps of wheat and their potential
in plant breeding. QOutlook on Agric. 22:
93-99.

Doyle J.J and Beachy R.N. 1985. Ribo-
somal gene variation in soybean(Glycine)
and its relatives. Theor. Appl. Genet.
70:369-376.

Dhaliwal H.S, Sigh H, Gill K.S and Ra-
ndhawa H.S. 1993. Evaluation and cata-
loguing of wheat germplasm for disease
resistance and quality. In: Damania AB
(ed) biodiversity and wheat improve-
ment. John Wiley & Sons. Chichester pp.
123-140.

Dvorak J. 1988. Cytogenetical and mol-
ecular inferences about the evolution of
wheat. Proc. 7th Int. Wheat Genet.
Symp. Cambridge(UK) pp. 187-192.
__and Zhang H-B. 1992. Reconstruc-
tion of the phylogeny of the genus
Triticum from variation in repeated nucl-
eotide sequences. Theor. Appl. Genet.
84:419-429.

. Feldman M and Sears E.R. 1981. The

wild gene resources of wheat, Sci. Amer.
244:98-109.

Friebe B, Tuleen N, Jiang J and Gill B.S.
1993. Standard karyotype of Triticum

11.

12.

13.

14.

15,

16.

17.

18.

19.

— 798 —

longissimum and its cytogenetic relation-
ship with T. aestivum. Genome 36:731
-742.

Gupta P K. 1991. Cytogenetics of wheat
and its close wild relatives-Triticum and
Aegilops, In :
in plant: genetics, breeding, evolutilon
(New York, USA). Elsvier pp. 243-262.
Jiang J and Gill B.S. 1994, Different
species specific chromosome transloca-

Chromosome engineering

tions in Triticum timopheevii and T.
turgidum support the diphyletic origin of
polyploid wheats, Chromosome Res., 2:
59-64.

Kimber G. 1987. Evolutionary patterns in
the wheat group. Proc. 7th Int. Wheat
Genet. Symp. Cambridge (UK) pp. 47-51.
Lilienfeld F.A. 1951. H.Kihara: Genome
-analysis in Triticum and Aegilops. X.
Concluding review. Cytologia 16:101-123.
Mackill D.J, Zhang Z, Redona E.D and
Colowit P.M. 1996. Level of polymor-
phism and genetic mapping of AFLP
markers in rice, genome 39:969-977.
Maughan P.J, Saghai-Maroof M. A, Buss
G.R and Huestis G.M. 1996, Amplified
fragment length polymorphism(AFLP) in
soybean: species diversity, inheritance,
and near-isogenic line analysis, Theor.
Appl. Genet. 93:392-401.

Miller T.E. 1987. Systematics and evol-
Lupton FGH(ed) wheat
breeding: Its scientific basis. London /
New York. Champman and Hall, pp. 1-30.
Mori N, Liu Y-G and Tsunewaki K. 1995.
Wheat phylogeny determined by RFLP
analysis of nuclear DNA: 2. Wild tetra-
ploid wheats. Theor. Appl. Genet. 90:
129-134.

Mukai Y, Endo T.R and Gill B.S. 1991.
Physical mapping of the 185-26S rRNA

ution. In



20.

2l.

22.

23.

multigene family in common wheat:
Identification of new locus. Chromosoma
100:71-78.--

Rohlf F.J. 1993. numerical taxonomy and
multivariate analysis system. Version 1.
80. 100 North Country Road, Setauket,
New York.

Sasanuma T, Miyashita N.Y and Ts-
unewaki K. 1996, Wheat phylogeny deter-
mined by RFLP analysis of nuclear DNA:
3. Intra and inter specific variations of
five Aegilops sitopsis species, Theor,
Appl. Genet. 92:928-934.

Sharp P.J, Kreis M, Shewry P.R and
Gale M.D, 1988. Location of (§)-amylase
sequences in wheat and its relatives.
Theor. Appl. Genet. 75:286-290.

Tsegaye S, Tesemma T, Belay G. 1996.
Relationships among tetraploid wheat
(Triticum turgidum L.) landrace popul-

ations revealed by isozyme markers and
agronomic traits. Theor. Appl. Genet.

93:600-605.

24. Vos P, Hogers R, Bleeker M, Reijans M,

25.

26.

=79 —

van de Lee T, Hornes M, Frijters A, Pot
J, Peleman J, Kuiper M and Zabeau M,
1995. AFLP: A new technique for DNA
fingerprinting. Nucleic Acid Res. 23(21)
:4407-4414.

Wang Z.Y, Second G and Tanksley S.D.
1992. Polymorphism and phylogenetic
relationships among species in the genus
Oryza as determined by analysis of nu-
clear RFLPs. Theor. Appl. Genet. 83:
565-581.

Wilkie S.E, Isaac P.G and Slater R.J.
1993. Random amplied polymorphic DNA
(RAPD) markers for genetic analysis in
Allium. Theor. Appl. Genet, 86:497-504.



