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SUMMARY

Meiotic and fertility studies in two 7. durum|E. disticha amphiploids (2n=>56) and their BC,F,
progeny (2n=42) verified that the two genomes of E. disticha (2n=4x=28) differ from those of
wheat, but resemble each other. Eight 7. durum/E. disticha amphiploid//T. durum back-cross
hybrids (2n=42), when crossed with eight 7. durum (or T. turgidum)|E. elongata amphiploids
(2n=42) gave a good kernel set. The 41.8%, F; plants with 2n=42 had a mean of 16.94 bi-
valents and 0.6 multivalents/PMC, and produced 31.8 kernels/spike. The two genomes of E.
disticha evidently resemble the E-genome of E. elongata and should be designated E{ and ES.
E. disticha is therefore a segmental allotetraploid with the genomic constitution E{E{ESES.

INTRODUCTION

Successful crosses between Elytrigia disticha (Thunb.) Prokudin ex Love (= Agropyron
distichum (Thunb.) Beauv.), an indigenous littoral perennial with 2n=28, and the hexaploid
wheat cultivars “Chinese Spring” and “Inia 66, as well as the durum cultivars “Calvin”
and “Nordum”, have made it possible to study the genomic relationships of these species
(see Pienaar 1981). The cytogenetic investigations of Pienaar (1981) indicated that E.
disticha is a segmental allotetraploid with genomes unlike those of wheat.

The present study was undertaken to clarify the polyploid nature of E. disticha and to
determine the relationship of its genomes, tentatively designated X; and X, with the E-
genome of diploid E. elongata (Host) Holub (= Agropyron elongatum (Host) B.P.).

MATERIALS AND METHODS

The T. durum|E. disticha Fy hybrids referred to above were amphiploidised using the
colchicine technique described by Pienaar (1981). The fertile Cj sectors and the Cy
progeny with 2n=>56, were back-crossed to E. disticha, to both durum parents, and to 20
other durum cultivars and experimental lines. Meiotic investigations were made on the
progeny which had 42 chromosomes. The latter BC1F; plants from eight lines were
crossed with eight 7. durum (or T. turgidum)/E. elongata amphiploids (2n=42), kindly
supplied by Dr. B. C. Jenkins, Salinas, California, U.S.A., and Dr. L. H. Shebeski, Uni-
versity of Manitoba, Winnipeg, Canada. The F; progeny of these crosses having 2n=42
were used for the meiotic investigations.

Dr. G. Kimber, Columbia, Mo, U.S.A., analysed the relative affinities of the genomes

— 327 —

~

FAlppa,



$9SS0ID 6 JO 3
‘v)p5u0)a *57 [ (wnpring 10) wmninp °J
¥0 60 T¢ <0l 160 I'¥¢ Gl € +'1 %0 (0zg)  &a ¢'96 ($°98)€°1€  [g/vyousip o [wminp "L |funinp -

$9ss04D /] JOo Iy

‘vav3uoa 5| (wnprsiny 10) wnunp . J.

S0 S0 ¥T 61 L6 9Ll GCT €1 6€1 09 60 S0 <0 (97 A 196 (9FE)8'1E  [g/oyousip jwmnp " [[uninp -],
$ISSOID 77

‘vp5u0ya *57 | (wnpising 10) wninp ° I

9°0 Y 81 P 0L T 90 (8S1) I 718 (8'6)€El X vyousip “iyfwmnp [ |[wninp -],

£110g ‘vyousip "o

v 1789 0°L 6% F°I $°0 (682) *A™E L'96 (8°CE)L’Lg  ['sad wmunp [ g|['sad wminp "]

. SITDg ‘vyousip g
9°0 21 6C T9%F L'€E L0l 81 9°0 (oL1) &4™Dd 9°96 (£°9€)8 7z [*sad wmnp [ g/[sad wmnp I, 0]
LD ‘oyousip

80 ¥'C 66 €C ¥ 9% Tl +°0 (1#2) 24049 688  ($722)9°Cl ['sad wnunp * [, g[['sad wninp I, 0

ysip o

L'0L L6l LS ¥l £°0 (16) I™Dg #'69 (8°LYT LI ['sAd wmnp I g "Sad wmunp L g7

vy2stp "5/ UMPION],,
001 () uog 891 (©01N09 TAD wnanp " [, X 0yousp "5
< 9 S ¥ &% T W O0F 66 8 L& 9§ 9g>=ug

9°¢ 9'1¢ ¢'Ig €% ¢€'¢1 9°¢ 8'I o £'96 (9°¢10 Gl YD ‘vyoysip [ *sad wninp g

9L 6L THC TH¥C SF Gl (99) "™ 618 (ceDE’NI €D ‘vyousip "7 [SAd wnnp " g

6T €% 800 67 €Fl LG (ce) ® ¢18 oD’ &) ‘oyousip i *sAd> wnanp “J, g

¢y €L 862 ¥91 CF SF C'1 ¢1 (L9) = 16 (T)ET D) ‘voyousip 5[ sad wmnp “J g

o o o o o ) ~ uwoneu (spuwy

09< 09 65 8 L6 9¢ €& $¢ € & I¢ 05 05> a9 vr_am SPAEALIOP PUE SSOII-Y0Eq
:Jo ug yum %, pue ‘(padArolrey [e101) uonersuad Surpasg % ! m~om.wum POy SRia i SXpRg

“AudBord 211 jO SIIqUINU SWOSOWOIYD DY) PUE ‘SIAINBALIIP PUR SPLIQAY pyoysip “g-wnngii g jo ANMIdg [ 2[qe],

— 328 —




FIing “sad

ST +¥F 8T 96¢ T8 61 90 (6S1) <A™Dd #'66 (6'FP)1°¢h wmaysav - z/jvyousip -7/,,99 eruy,,

£1TDg ¢'sad

6°0 60 81 ¢'6 LG SLZ €91 611 81 L'¢ (601) *A'DG 786 — - wmayswJ g|[oyusip 5/, 99 eu,,
S1R0g sad

07 €%l 69 #81 €+ Tl 07 (6 ) &a™0g 0'86 (#91)g 11 wnaysw  gj[vyousip 5/, 99 eiuy,,

11iDg “sad

80 ¢t €8 €CLZ T'6C S°LI 001 €T (0z1) =a™Dg 07001 (6°8H)0 ¢y wnaysav' [ gf[vyousip "7/, 99 eruy,,

291 1°¢e 0°L¢ G¢1 178 (e ) aDg o0'c6 (1°LH0°0F 99 ®UL,, x pyousip "7/ 99 ey,

09< 09 65 8¢ LS 96 14 14 €< < 16 0 0c>=ug

<O ‘vyouswp

9°¢ L9 0°0¢ 9°¢C I'11 9°¢ 9°¢ (81) ° o001 (£€9D8°11 /.99 ®U],, "AD wnaysav .

YD ‘vyousip i

67 67 90z €92 ¢'€C 8lI 6 6€¢ 6T (38) DO  ¥6 — - /.99 ®IUL,, "AD> wnaysav - |,

8 ‘oyousip 5

9°¢ 9'¢c 9°¢ 68 L9 1°11 9°€C 9°C 9'c @B1) ™ ¥ GFT)HFI /.99 eruy,, "Ad> wnaysav -,
&) ‘oyousip "5

L9l ¥H%F L°91 9°¢C t91 81) @0 06 (0'8H09E /.99 ®ruy,, "ad> wnaysav -,

0D ‘oyoustp iy

v 8°0C L'1v 768 T #z) D ¢ (Lclze [¢99 ®ruy,, “Ad> wnaysav °J,

o< oL 1L 0L 69 89 L9 99 9 9 €9 9 T9>=ug

— 329 —



s19)orIq Ul 95uBY 4

(6v-22) (1¢-8) (0 (z-0) @0 (z-81) (-1 (g1-1)  (01-2) &dd
9-+9c 1 €C°6€ 7€ S 0 81°0 81°0 9L%¢ 88°Ll  LL9  ¥EC —aaggvy 9¢ 001 (W)
(c&-€€)-(£-0)-(96-¥€) (z-0) (Z-0) (+8-08) (01-3) Fdpdpded
2¥6-8°00°CE ¢z = — = 1270 €9°0 8560 — — 19 -aagavv oL 0z (8)
(e1-#1)-(¢-D-(12-¢1) @1-00  @r-o0 (o (1-0) @0 (O1-00 G0 (60 (cg-c1) s
8°G1-¢'1-081 ¢ %9 659 0 Gr'o 0 9% 09°0 S0F 8L fapgagv sg 00 ()
(z-+1)-(1-0)-(hz-61) (691 (88D (1-0) (1-0) (G0) (600 (zo» @19 G0 @0
2'81-LP-1°61 06 8760 L8O €00 OO0 120 L£E0 #6991  FITl  6LF 90 taagavv o 00€ (°)
(12-61)-(¢1-0)-(22-02) (te-te) (6€-82) (1-00 (1-0) (z-91) (g1-on) (o1-1)  (8-0) ot
G'61-C'1-0°1¢ Sl CZ'¢E  GEPE 0 0 610 20 2881 OF¥l ¥ 8IE ayagavy o 001 (p)
(c1-¢D)-(91-01)-(81-€1) (cz-91) (¢¢-92) (1-0) (¢-0) (@0 @0 (c1-89) (G1-9) (c-0) (81-11) et
6°€1-1°¢1-0°GT 0C 60z (F0€ TO0O 660 €0 920 €171 FOT €L°1  60F1  fAA;AAEY v 001 (2)
(82-€2)-(6-0)- (6¢-¥2) (0s-88) (s (1-0) (-0 (5-0) (z-0) (8z-61) (9z-€1) (z1-1) (8-0) +d:d
9°92-8°1-L"LZ 09 9'¢h  GC0S ¥00 ¥60 LFO €90 € ¥e 858 S9C 19T —lagavy 95 001 (q)
01-9)-(91-0)-(11-9) G1-D G- (-0) (z-0) @0 61 G0 (t-0) %(9z-9) s
€9°L-€£C1-€0'8 0€ 80 6 LI'6 200 cL’o 860 18% 921 o A A fayaav 8¢ 00z (e
+A @ _2_ 111 oL Suy POY guo
2d—Sey-1g V¥ [PURL oL e = poutuexa
uonesaidas | aseydeuy m,mwuw_”m - Emo—n\,_::‘i - N,:Mu_w\m‘m\:\a\i\.‘\ P e m.W%M Mwoww

Uzm\ﬁﬁrmmlo mco:s_ocwmm Jwosoworyd | aseyderojy

(9¢=1ug) ssox0-deq DG ‘.99 VIUL,,//vy2ustp “H /.99 BIUL,, "AD wnaysav
(0L=ug) s10103s projdiydure 1y ‘vyausip “37/ .99 BIU],, "AD wnar)sav

L (W)
L (
(cg=ug) puqhy-1q ‘vyoustp "5/, 99 eiu],, “ad wnaysaw " J, (
L (
o

q
8)
)
(zp=ug) s9ss010 g Jo 1, ‘sassoxd-ydvq vynysap “5f fwninp I [[wninp - I [¢[sprojdiydwre vypsuoys 5| (wnprdiny - J, 10) wnanp 9)
(gp=ug) ssoa0-deq Tq1Dg ‘prordiydwe vyousip 7/ WAeD,, /[ MIA[eD),, “A> wninp * [, (P)
(zgp=ug) ssox>-yoeq 1q1Dq ‘projdrydwe vyausip 7/ WnpION,, “Ad> wninp * [ [[vyousip o ()
(96=ug) projdiydwe &) ‘vyousip 3/ (sreannd g) wninp “J, (q)
(8g="ug) PHqAY-Tg ‘Dyasip 5| UNPION],, “A> wninp ", (e)
:Jo s, OJNJ ur uoneSoadas | aseydeure pue ‘oseydeiawr D101 1SIY 1€ SUONBIDOSSE JWIOSOWOIYD UBIJA  *7 2[qB],

— 330 —




of the Fi-hybrids with numerical techniques developed in his laboratory (see Kimber
1982a).

RESULTS

After colchicine treatment the cloned 7. durum|E. disticha ¥1 plants produced fertile Cy
sectors which on selfing and back-crossing to 7. durum and E. disticha gave rise to many
perennial Cy and BCyF; progeny. The fertility and chromosome numbers are given in
Table 1. The PMC meiotic data from the euploid 7. durum|E. disticha Cy amphiploids
(2n=56) and their BC;;F; back-cross plants (2n=42) are given in Table 2. 1In the Cs
amphiploids 339, of the PMC’s had 26 or more bivalents. Their fertility, however, was
rather low (10.49,), but it improved to 15.6%, in the Cj generation.

The E. disticha/|*Nordum”|E. disticha BC1F; plant with 2n=42 was completely sterile
with a high frequency of univalents (14.09/PMC, Table 2). In 449, of the PMC’s 13 to
15 bivalents were counted. The reciprocal back-crosses, 7. durum||T. durum|E. disticha
(2n=42), were relatively fertile (22.49,) due to a low univalent and multivalent frequency.
In fact, 309, of the PMC’s had 20 or 21 bivalents at MI. The fertility improved to 35.89%,
in the BC;F3 generation.

Eight 7. durum|| T. durum|E. disticha BC1F; back-cross lines (2n=42) when reciprocally
crossed with eight 7" durum (or T. turgidum)|E. elongata amphiploids (2n=42) gave a good
kernel set of 39.8%, (Table 1). The germination percentage was 81.2, and the 449, hybrid
seedlings with 2n=42, developed into vigorous plants. The mean meiotic associations of
six of the hybrids are given in Table 2.  Altogether 39.79, PMC’s had 18 or more bivalents
at MI. These hybrids had a higher fertility (34.29,) than the 7. durum||T. durum|E. disticha
BC1F; plants. The fertility improved slightly to 36.49, in the euploid Fy plants.

For comparative purposes the data of the T. aestivum cv. “Inia 667 /E. disticha hybrid,
amphiploids and back-crosses described by Pienaar (1981) are included in Tables 1 and 2.
It is evident that little progress was made in selecting for fertility in the amphiploids. Better
results were obtained in the back-cross generations where the average fertility of the BC;Fy
plants was 44.99%,.

DISCUSSION

The meiotic studies in the 7. durum|E. disticha and T. aestivum|E. disticha Iy hybrids
revealed synaptic associations between two closely related genomes. Pienaar (1981) inter-
preted this to stem from segmental allotetraploidy in Z. disticha. His hypothesis is supported
by the numerical analysis of the ¥ meiotic data by Kimber (1982b).  This analysis indicates
that there are two similar genomes in E. disticha which are different from the wheat genomes.
To aid the discussion the genomic constitution of E. disticha can tentatively be designated
X1X1X9Xs, and those of the two Fy hybrids above, ABX; X, and ABDX;X respectively.

The 8x and 10x Cg amphiploids derived from the latter two Fy hybrids respectively had
1.15 and 1.34 multivalents/PMC. That these multivalents as well as the bivalents of the
Fy hybrids do in fact stem from associations between the X; and X homoeologues can be
deduced from the meiotic configurations in the back-cross hybrids.
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