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PHYLOGENETIC RELATIONSHIPS AMONG TRITICUM AND
AEGILOPS SPECIES,

Altafur Rehman Rao*

Fifty accessions of Triticum and Aegilops SpeCIEs WErg
studied immunoelectrophoretically for their protein characters
and it was found that, in general, the genetic variability in their
churacters is not related to the level ol ploidy, the diploids
wers found more variable than polyploids.  Almost every group
was found extremely variable,  Triticups destivin! er1ithraleucon
and 7. gestivam psendo hostioman (hexaploids) showed greater
homology with tetraploids.

Substantial evidence was found that several mccessions of
Triticimn aegifopoides have close phylogenetic relatiotiship with
some of the tetraploids and hexaploids and it is assumed that
this species may be the donor of B genome to the tetraploid
and hexaploid wheats,

INTRODUCTION

The genome analysis of hexaploid wheat (AABBDD) has been ascer-
tained from & variety of angles and a considerable understanding of s
dongrs of A and D penomes has been estabhished. The conclusions of
Percival (19213 that the hexaploid wheats are the resull of crossing bevween
Emmer ond Adegilops squorrese was later confirmed by Kihara {1544) and
Mecfadden and Sears (1944},  There is a reasonable agreement that A
genome has been donated by T boeoticum. A lot of confusion prevails
regarding the B genome donor, Riley eral. (1958), Sarkar and Stebbins
(1956} and Johnson (1970) constder that the B genome donor was Ae.
speftoldes, however, Sears {1936} named Ae. Birorais, as 113 domnot,

To iavestigate this issue immuno-glectrophoretically, wide ranging
accessions of Trificum  cegifopeides, T. monococcum, Aegllops  bicornis,
Ae. squarrosa, Ae, mutica and de. spelroides along with Emmcr (T, dicoceoides)
and hexaploid wheat (7. gestivur) were studied and compared [or their
protein characters. The details of the species used are given in Table 1.

MATERIALS AND METHODS

Fifty acvessions of Trfrictm and Aegilops (Table 1) were included.
Mature and clean seeds in each case were powdered and their proteins extracted
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by soaking the flour in phosphate buflired saline {pH. 7.0) at 5°C far 16
hours and then centrifuged at 2,000 g for 25 minutes. The extracts were
stored at —15*C and preserved with a drop of sodium azide {2.0%3, until
the extracts were uscd for raising the antisera.

The antisera were raised in four femaie New Zealand white rabbits.
For this Purpose two primitive wheat species namely Triricun gestivim praecpm
5 LT e 3
Grecla® and Triticum aestivum ethrythro-spermum ‘Nepal® were used.

TaBLE L. Triticum and Acgilopy species o aceessions included in the Present

invastigatian,
Latin name Accession no. or Source
COMON NaMmc
1. aestivim praccum Graecia Reading
T destivant etheprbeo-spermm Nepal 5
F.aestiva ethriolewcon EH37
T westivunr psetdobosticnum Prelude-? ::
T, aestivian 3Z175-70 [zmir, Turkey
T oaesrivin Chinese Spring P.B.I
T, dicovceidos 8 Accessions, P.E.L
nos. 3, 5,69, 10,
11, 12, I3
T. dicaceoides 4C2 Reading
¥ dicoccoides spomanconigrunt 5CI0 "
T Himophesvi = P.3I
T monocacrum - i
I. aegilopoides 12 acgessions noa. -
3,4, 11, 12, 15, 134,
16, 17, 18, 1Y, 20 and 21
Acgitops souarrora 9 Agcessions Mas, 3
B.C.D,E,F.G,HILI "
Ae. sgrarrosa P45 Reading
Ae, bicorsis e P.B.1.
Ae. mutica s i
Ae. spelioides 8 Accessions, nos.* P.EI

A DVE,G,H,LPR.

¥The originagl cupitels have beeh wsed gs sinafl fedlers & the text, fa. 4, e,

g- "&r i:- .r"r r‘]
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Immongo-electrophoresis and the preparation of slides.

Ome per cent lonoagar no. 2 in borate
phosphate buffer was used as the mediom. 2 ml
aliquots were layered om agar-coaled microseopic
shiide and when solid, the agar was cut inka one
trough {40x3 mm) having two cups’ on either side.

The wells were filled with extract and then
sybjected to electrophoresis at 3.0 Yiem {35V
across each slide) and 48 m A through 8 shides in
Shandon Universal Electrophoresis apparatus coi-
taining borate phosphate bufier. After an ophi-
mum rua of 75 minutes, the trough was emptied
and filled with ABS 2-3 times and were later in-
cubated for 24 hours for developing,

The developed slides  wete washed 0 a
slirred alkaline saline solution for 24 hours and
were dried, covered with a piece of paper. The
slides were washed in tap water after removing the
paper. On drying they were stained with 2%
Poncean S and worked with 2 per cent of acetic
acid for 5minutes. The major precipitin arcs Were
traced on a sheet of paper while examining them
on illuminated perspex sheet, For detailed studies
the wre patterns were magnified. (Lester, 19635).

Depending upon the immuno-gloctrophoretic
mobility, shape, size and density, & total of 25 arcs
have been identified throughout the taxa. Each
arc has been assigned a number showing its
relative position in the master plan, {Fig. 1}

A5 1. MISTER
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RESULTS

The mean number of protein characters recorded in the various taxa
is given in Table 2. The survey of the number of profein spectra among taxa
indicates that each laxon in itself is a composition of quite diverse group
of plants and indebted with a vast amount of variation. Accessions of
7. aestivum show a range of 7.0 to 12.0 arcs in  their protein spectra and
similar magnitude ot variation is noticeable in the remaining enteries,

TapLe 2. Average number of ares in different species.

MName of species Antiserum ‘Grecia’  Antiserum "Nepal'
T aestivien 9.78 10.9%

T, dicoccoides B.1i & 08

T, timepheew 2.0 &.0

T. Monococcum .o 5.0

T gegilopoides 8.2 3.5

Ae, sgudrrasa 10, 65 Jdo 22

Ae. ypelioides 11.4 ; 10.6

Ae. bicarnis .0 1.0

dAe, mutice 8.0 1.0

Table 2 showsthaton an average T. aestivam and T. dicoccoides produced
¥.78 and 9.08 arcs vespectively with ABS ‘Grecia’ whereas some diploids
produced a  higher number than the former. The arcs produced by Aegilops
Squatrosa accession G is the highest. On ap average, thix species produced
wore arcs than T dicoceoides and is not sirikingly lower than the arcs
observed in T gesfivam.

Two homologons arce | and 2 are ol universal occurrence throughout
the taxa listed and show wide separation in 7. dicocecides and Ae, speltoides,
Arc 3 is the fastest protein spectrum and iz also of universal presence
except about 3037 accessions each of Ae. squarrosa and Ae. speltaides.  Are
4 is uyniversally found in polyploids but rarely scen in diploids, however,
some accessions of 7. gegilopoides possess it Sister arcs 5 and & hardly
separate from each other and are nearly homologous. The absence of arc
5in T gestivum erythrofercan among hexaploids, 3CI10, 4C2, and accession
& of T. veglopoides, was a very peculinr one of its own nature. Arc 7 is a
iengthy and somewhat variable one of common occurrence but missing only
In acession ¢ of de. spelioides.  Arc 8 a small and faint one occurs in aheut
)34 diploids and tetraploids but rare among hexaploids such as ¥ aestivim
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erythrolencon and T. aestivem psevdohostiuntint, AtC g is conmon AmOug
hexaploids snd of fair distribution among other ploidy tiers, Arc 1D is &
specific reaction of ABS ‘Nepal” and is not shown by the Aegilops specics.
Arc 11 is common among potyploide except 'Nepal’ but missing from all
accessions of T speltoides and Ade. squarrosa,

Arc 12 is comparable to arc 7 it many ways and is present in T. aegif-
apGides, Ae. spefinaides, a couple of Ae. squarrosg accessions and 4C2 (T
dicoccoides).  Atrcs 13 and 14 were observed only in T aestfvinn crythroleteon.
Arcs 15, 16 and 17 are of faint density and occeur in nearly 50753 citries,
Arc 18 is well developed and is occuring commonly except Some ACERSSIONS
of 1. acgilopoides, however, arc 19 occurs in several accessions of T qegifo-
poides. one Aegifops synarrosa and the T, aestivin crythrofencon only,

Arc 20 is characteristically missing from all accessions of T dicoconides
and few diploids but is present in all T eastivum accessions, Arc 21 15 a
characteristic of some 7. gegilopoides only. Arc 22 is specific to Ae. HABE et
atherwise rare among other taxa. Arc 23 is primarily confined to diploids
and does not occur in polyploids.

Arc 24 is u special feature of de, muriea only. This is a sgmall arc,
bisects arc | at one end und remains parallel to it for the remaining lenpth. It
is of rafe ogeurrence among other taxa.  Similarly arc 23 is the special
featurs ol one Ae. sgquarresa accession only.

DISCUSSION

The immunovlogical studies, pertaining to ‘lriticum and Aegilops
gpecies show an pHOrMOoUs amount of vapiation, not only at the intergeneric
and interspecific levels but also within each specias.

The view poini of Konarey ot al. (1970)a) that hexaploids and tetraploids
are more heteropensous than Ae. Squarresg and other diploid wheats cannot
be held vatid io its entitety, because the number of ates s much variabie
amopg the accessions of de. squarrosa and T. aegilopoides. The nexi
conclusion of Keoarev and hw colleagues (1970b] to judge or predivi gename
compexity from such evidence daes not seem to be valid either, hecause the
number of protein  spectra in aceession 6 of Ade. Squarrose gxceeds all the
hazaploids and tetraploids Hawever, the results are in agrecment with John-
son (1972).

The universal presence of arg | and 2 among the taxs belonging lo
genome A B.C and D chows that these ares are the donations from & cotamon
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and ancient Ancestor. However, it s interesting to note that all Triticum
und Acpilops entries are maintaining their inheritance intact, hence, this
fact establishes a cirect phylogenetic link between Triticum and Aegilops
species, The immunologica! properties and their immutability since amiquity
suggests that these protein spectra are controlled by multigenes and they will
stay stable unless a long series of mutations change majority of the
contributing genes.

The presence of arc 3 sharply categorises the accessions of de. spelioides
and depiops squarresa. The aceessions E, G and H, of Ade. squarrosa and d,
e, F,p and r of de. speltoides do not exhibit this arc showing that the
bearers und non-bearers have a closer phylogenetic link among themselves.
The universal presence of arc 4 except accessions |7, [8, 19 and 20 of T.
aegilopoides shows that  this diverse group of diploids possesscs two distnet
ETOUPS,

The casc of 5 and 6, two iso-proteins, is suggesiive of a npew link
among three taxa viz, accession || of T, aegilopaides, SCIN, 4C2, another
accesdion from T, dicocevides and T aestiven: erpthirofeucon. The reraining
enteries showing their absence also depict a relationship among themselves.

In casc the protein characters 5 and & are considered a very stable
character, which evidently is their nature, then one would to think af a
DEw concept of the evolutien of polyploid wheats. On (his basis, it iz
thought that one Asgilopoides {accession 11), three Dicoccoides faccessions
ACI0, 4C2 und 6) and one hexa ploid (T, geativam eryihrolencenn) form one sepa-
rate and distinet phylogenetic groyp and are not very closely relating to the
other polyploid wheats. It has not been possible to identify any accession of
Ae. squareose showing the protein spectes under discussion, otherwise. one
would Rave concieved a purailel and entirely new evolution of hexapioid
wheat, Tt is aise certain that the total genetic variability of de. NEUAPF ST
encounterable in nature has not been included in the present investigations.
Thercfore, it necessitates Further study of natural variability of Ae, rgudrrosg
to establish ths new and independent evolution of hexaploid wheat.

Next four protein spectra being of universal occurrence further
strengthen the close relationship among the taxa, but, on the contrary, do
nat yield evidence of diagnostic nature. The absenee  of arc 10 from
Ae. bicornis and Ae. murica sharply identifies these taxa from rest of them
and shows that these species have a luose phylogenetic link with rest of them
This werk therefore, negates Sears' finding {1959) but, on the vontrary,
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supparts Johnson and Hall (1966} whe do nat consider Ae. hcorsiy as a
donor of B genome to the hexaplold wheat. The group of protein characters
fram 11 to 17 are faint and blurreds being of sporadic occurtende and s
such their data are not considered reliuble.

Arc 18 is homologous to arc 4 in many respects. As pointed out
above, arc 4 is 4 major one and is shown by the accessions 17, 18, 1% and
20 of 7. gegilopoides while arc |8 is present in gecessions 17, 19 20 and 21 of
the same species, Momentarily neglecting accessions 18 and 21, an interesting
picture emerges.  Out of a dozen accessians of T. gegifoprides only 17, 1Y
and 20 possess both the ates 4 and 18, moreuver most of the tetraploids
and hexaploids possess both of them, This shows, that owing to the presence
of these twa major arcs, the accessions 17. 1%, and 20 of f'. aegilopoides huve
a direct phylogenatic link with the higher polyploids. This point can further
b supported by arc 21 which is once agatn a unigque fouture of exactly the
game aceessiaons of T.aegifopoides namely 17, 19, 20 and 21 henes there is mown-
ting cvidence that the B genome has been donated by T gegilopoides, rather
than by Ae. spelroides which is mastly suspegted as the donor of B penome.

In addition te this, oo the hasis of these three protein spectra aamely
4, 1% amd 21, it is beligved that the listed nocossions of T aerifepaides Torm
two distingt geoups and should, therefore, be reglassified on the basis of
cyto-niorphalogical data.

Ae. mutica, the anly brearer  of are 24, dues not secm Lo be closely
related to any of the AB, or D penomes as none of the other species shows
ihis arc. Asc 25 seems to be a single major gene mutation and i3 the
characteristic feature of de. sguarrsse F, being only a solitary case ol its
type it does not afford any dingnostic criterion  excepl that it makes its
beacer distinet from olher accessions.

The present investipations reveal that the diploids are equally hetero-
gepeous as that of tetraploids and hexaploids, This becames clear when the
diversity of any one of the diploids is taken inla cobsideration individually.
T, aestiviemt ethiryeivosperamng, a hesuploid, lacks sume very specific and major
wecs which normally are present in test of the T. aesyiyun species, showing
clusenoss towards some T, dficocenides accessions like 4C2 and SCI0.
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