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LINKAGES IN PISUM L.
I. THE GENE orp (ORANGE POD)!

WOJCIECH K. SWIECICKI?
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Summary. A mutant characterized by orange colour of the pod schlerenchyma,
and the phloem—xylem tissue has been derived as a result of seed treatment of the
pea variety Paloma (the catalogue number of this line at Wiatrowo Pea Genebank =Wt
3527) by a combined dose of fast neutrons and N-nitroso-N-aethylurea (2007 0.0149,).
This mutant has been designated Wt 10263, “orange pod”.

The origin test cross Wt 10263 X Wt 3527 (mutant X initial line) resulted in normal F,
generation plants and monohybrid recessive segregation in the F, generation. The gene
responsible for the orange pod wsas designated orp.

For analysis of linkage the linkage test between Wt 10263 (mutant) and W1 1238 (a
tester) line with gene-markers derived from the Weibullsholm Pea Collection of the Nordic
‘Genebank) was carried out. The investigation of the F, generation showed clear linkages
of the new gene Orp with the marker genes K and Wb in chromosome 2. According to
these investigations the sequence was Wb — Orp — K with the crossing over values:
K — Wb=18.7, K — Orp=12.4, Wb — Orp=10.0

A genetic analysis of any induced mutants usually involves three steps: origin
test crosses, identity test crosses and linkage tests (Blixt, Gottschalk 1975,
Swiecicki 1980). A linkage analysis connected with elaboration of gene maps,
are presently carried out in rather few institutions in the world. This work has been
Promoted by The Pisum Genetics Association which also proposes rules for and coor-
dinates the work on gene nomenclature in Pisum. A Gene Symbol Coordinator was
appointed to deal with the problems of priority, acceptance of symbols ete. (see:
Preface in The Pisum Newsletter 1969 and Blixt 1977).

Gene markers with high penetrance, stable expression and easy to observe also
in the seedling stage, are of particular interest in the genetic analysis of a plant.
The character of orange pod was found to be an induced mutation after treating
seeds of the pea variety Paloma with a combined dose of fast neutrons (200r Nf)-
+ N nitroso-N-eathylurea (0.0149, NEU).

As a result of pea breeding and genetic investigations carried out at the Plant
Breeding Station in Wiatrowo, many induced mutants have been produced (Swieg-
cicki 1983). Their utilization in breeding or genetic research or in both depends
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on the nature of individual mutants. This paper deals with a genetic analysis of
a mutant. The main purpose was to present the results of crosses between a new
mutant with orange pods and the initial line and the testerline leading to estab-
lishment of the new gene orp and its localization on chromosome 2.

MATERIAL AND METHODS

The “orange pod” mutant (the catalogue number at Wiatrowo Pea Genebank =
Wt 10263) has been found in an M, population as a result of treating seeds of the pea.
variety Paloma (Wt 3527) by a combined dose of 200 r Nf+0.014%, NEU (Swiecicki .
1979). Both lines are available in the Pea Genebank at Wiatrowo (Swiecicki,
et al. 1981). The main characteristic of the mutant is an orange colour of the pod
wall schlerenchymatic tissues, which are normally colourless and phloem—xylem
tissues. Thus, the colour becomes visible in the stem already before the appearance
of flowers. When inflorescences develop, the orange colour goes through the peduncles
to the pods. From the outside of the pod the colour of the schlerenchyma is visible
as ‘“‘dirty orange”. On opening the pod the schlerenchyma is vividly orange and
after removing the schlerenchymatic layer the parenchyma is normally green
(see also: Nozzolillo et al. 1983, Swiecicki 1982).

In this work the origin test cross was performed between the ‘“‘orange pod’”
mutant (Wt 10263) and the initial line Wt 3527 (cv. Palomal). _

- No other similar mutants seem to be known from the world pea collections and
therefore, there was no possibility or need for identity test crosses.

"The linkage test was carried out between the mutant Wt 10263 and the line
W1 1238, a testerline from the Weibullsholm Pea Collection of the Nordic Genebank
(Blixt 1976). The genotype of the two lines involved were, with respect to the -
genes studied: |
Wt 10263 — «, B, bra, Cp-1, D, Dt, Gp, L, K, orp, Pr, R, S, T, Tl, u, Wb
W1 1238 — A4, b, Bra, cp- l,d, dt, gp, <, k, Orp, pr, r,s,t,tl, U“, vb.

A short description of the effects of these genes (after Blixt 1972, 1977) is
given below (number in paranthesis refers to chromosome):

A—a (1) Basic gene for development of anthocyanin, a-plants develop
no anthocyanin. _

B—b (3) With dominance in the gene 4 and other flower colour genes,
flower colour dull purple — deep rose pink.

Bra — bra  (3) Inflorescence with bracts — without bracts.

Cp-1 — ¢p-1 (5) Straight pods — concavely curved pod. :

D — d (1) Recessive d extinguishes the anthocyanin- -coloured ring at the
basis of the stipules.

Dt — dt (0) Inflorescence with long peduncles —short peduncles

Gp — gp (5) Pod colour green — yellow. .

I — (1) Cotyledons orange yellow — green. -

K — k (

2) Wings normal — reducet.
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Orp — orp "Pod schlerenchyma and phloem—xylem tissue wuncoloured
‘ green — orange.

Pr — pr (0) Inflorescence long — short.

R —r (7) Seeds smooth — wrinkled.

S —s (2) Normal — with excretion of tragacanth on the outside of the-

' ~ seed-coat. '

T — ¢ (4) Recessive thin stem.

T — t1° (7) Leaves with 2 - 3 pairs of tendrils — leaflets instead of tendmls

U — u (5) With A, Z seed-coat with blackish to brownish violet stripes —

- — without such colour. ,
Wb — wb (2) With Wa, Was, Wilo, Wsp normal — with very little wax, pods
waxless. '

The analysis of linkage was done in the ¥, generation which is more favourable
for peas than a back-cross model Drosophila. Calculations of Chi?, linkage and cro-
ssing-over (Cr-0) values were performed on the Wang-computer at Weibullsholm,
Landskrona, Sweden, according to the product-ratio method (Stern 1933).

RESULTS AND DISCUSSION

Plants of thé’F, generation of the origin test cross Wt 10263 (orange pod)x Wt .
3527 (initial line) were all normal. The F, generation segregated into quite undi-
sturbed 3 normal plants: 1 orange pod (140 :48 — found; 141 : 47 — expected;
Chi?=0.028). This indicated a monogenic recessive inheritance of the mutant. So,
the suggested gene symbol orp for the orange pod character was approved by the
Pisum Genetics Assoeiation Gene Symbol coordinator (Swiecicki 1982).

It is of interest that the origin variety Paloma is recessive for the gene a (produces
no anthocyanin). The gene orp may also be the first gene found to produce colour
in the schlerenchyma; other known colour genes, e.g., Pu, Pur, 'gp, dp affect paren-
chyma. Pu and Pur are furthermore hypostatic to a. As expected orp and gp (yellow
pod) did not.seem to interact. In p, v genotypes (pods without schlerenchyma)
orange colour of the gene orp appears only in phloem—xylem tissue.

The F, generation of the linkage test (Wt 10263 X W1 1238) was grown in a green-
house which (as is normally the case) affected the expression of several of the genes
studied. The gene s causing the so-called “caterpillar” character, i.e., the seeds glue
together, showed a very large deficit of recessives. This is a well known effect of the
small seed size sometimes- caused by green-house ‘conditions preventing contaet
~ between seeds necessary for glueing process. It is in accordance with the experience
of other investigators (Blixt 1966). Also for several other genes studied the mono-
hybrid segregatxons were not satisfactory, and therefore calculations for hnkage -
were restricted to genes with a clear expression and well- studied by other researchers.
‘The monohybrid segregations of those are presented in Table 1. |

It should be particularly noted that though the monohybrid segregations of the
genes B, K, S, and I are disturbed, the use of the corrected expected Chi? and the
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Table 1. Monohybrid segregation for genes observed in F,
population of the linkage test — Wt 10263 (orp) x W1 1238

(testerline)
Allele | Chi?
G

ene dominant | recessive Lokl : 3:1)

B (3) 228.75 76.25 305 Expected 9.05
206.00 99.00 305 Found

K (2) 332.25 110.75 443 Expected 12.91
365.00 78.00 443 Found

Wb (2) 356.25 118.75 475 Expected 0.03
358.00 117.00 475 Found

vy (7) 356.25 118.75 475 Expected 1.55
368.00 107.00 475 Found

Gp (5) 348.00 116.00 464 Expected 0.74
340.00 124.00 464 Found

S (2) 171.00 57.00 228 Expected 22.48
202.00 26.00 228 Found

I (1) 260.25 86.75 347 Expected 6.30
240.00 107.00 347 Found

Orp 342.75 114.25 457 Expected 1.00

352.00 105.00 457 Found ’

Table 2. Distribution of phenotypes in I, population of the linkage test — Wt 10263 (orp X W1
1238) (testerline). Joint segregation of gene markers in chromosome 2

s Phenotypes : .0O.-
Pair of gene Phase? Total J onx}t Cr-0O-value
markers DD | Dr | D | rr Chi? (per cent)
K- Wb C 315 49 23 55 442 Found
278 86 60 18 442 Corrected expected se-
Chit 4.92 15.92 22.82 75.06 gregation 118.72 18.74+2.1
K-S C 179 11 23 15 228 Found
. 168 22 34 4 228 Corrected expected se-
Chi* 0.72 5.50 3.56 30.25 gregation 40.03 21.843.2
K — Orp R 259 205 77 0 441 Found
277 87 59 18 441 Corrected expected se-
Chi® 1.17 3.72 5.49 13.00 gregation 23.38 12,4447
Wb — C 182 4 20 22 228 Found
165 21 37 5 228 Corrected expected se-
Chit 1.75 13.76 7.81 57.80 gregation 81.12 11.14-2.2
Wb - Orp R 239 105 112 0 456 Found
265 79 86 26 456 Corrected expected se-
Chi* 2.55 8.56 7.86 26.00 gregation 44,97 10.04-4.6
S — Orp R 150 52 23 3 228 Found
153 49 20 6 228 Corrected expected se-
Chi* 0.06 0.18 0.45 1.50 gregation 2.19 36.445.7

t C = coupling phase
R == repulsion phase
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Fig. 1. The map distances in Orp segment of chromosome 2

product-ratio method (Stern 1933) still makes it possible to use these data to esta
blish linkage, though the Cr-O-value, of course, is less reliable. It should be noted
that the segregation for the gene orp, though not so good as that under field condi-
tions (see: results of the origin test cross), is still satisfactory, confirming the mono-
hybrid recessive nature of the mutation.

The analysis of the dihybrid segregations showed no linkage with the genes
B, Tl, Gp or I. A clear linkage was found with genes in chromosome 2 and the relev-
- ant segregations are presented in Table 2. The corrected expected segregations
are extremely useful when analysing F, data with disturbed monohybrid segrega-
tions. When calculating Chi? based on the theoretical expected segregations a dis-
turbed monohybrid segregation may easily lead to high Cks% and perhaps to wrong
conclusions. This can be avoided using the following corrected expected formula
of Stern (1933):

AB— (AB+A4b)x (AB+aB)
N
Ab=(Ab—|—AB) X (4b+-ab)
N
(aB+-ab)(aB+ AB)
aB=
N
(aB+-ab) X (4b+ab)
ab= N

The Cr-O-values are given 4 standard errors. The Cr-O-values found relating
to K, Wb and 8 are in agreement with earlier findings (Blixt 1977). It is, therefore
Possible to localize the.gene orp in chromosome 2 without any doubt. Bearing in
mind the uncertainty ‘of the values for § due to the deficit the detailed analysis of
the Cr-O-values of Table 2 can be summarized as in Fig. 1.
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SPRZEZENIA GENOW U GROCHU (PISUM L.)
I. GEN ORP (ORANGE POD)

Streszczenie

W wyniku traktowania nasion grochu odmiany Paloma (numer katalogowy linii w banku

gerHw grochu w Wiatrowie=Wt 3527) kombinowana dawkg szybkich neutronéw i N-nitro-
so-N-etylomocznika (200r+4-0,0149;) otrzymano mutanta, ktérego charakteryzowalo poma-

ranczowe zabarwienie sklerenchymy strakéw oraz tkanki sitowo-naczyniowej lodygi. Mutacji .

nadano nazwe¢ ,,orange pod’, a dla linii w banku genéw numer katalogowy Wt 10263.

W wyniku skrzyzowania mutanta Wt 10263 z linia wyj$ciowa Wt 3527 (tzw. the origin
test cross) uzyskano normalne, niezmienione rosliny F,. W pokoleniu I'; stwierdzono recesywne
dziedziczenie mutacji. Dla genu warunkujacego ceche ,,orange pod” przyjeto symbol orp.

-t

W celu zanalizowania sprzezeri nowego genu (tzw. the linkage test) skrzyzowano mutanta

Wt 10263 z linig Y1 1238 (linia testowa z genami-markerami pochodzaca z kolekeji grochu
Nordyckiego Banliu Genéw w Weibullsholm). Badania pokolenia F, wykazaly sprzezenia no-
. wego genu Orp 7 genami-markerami K i Wb w chromosomie 2. Uzyskano Kolejno$é genéw
" Wb-Orp-K z nastepujgcymi wa,rtoécmml crossing — over: K — Wb=18,7, K — Orp=124, Wb —
—_ Orp 10,0.

\

CHEIUIEHUA T'EHOB V 'OPOXA
I. TEH ORP (ORANGE POD)

N

Pe3roMme -

B pesynbraTe KOMOMHMDOBAaHHOIO HCACTBHS [03bl OBICTPBEIX HEHTPOHOB K N-HATpO30-N-3PHIIOMO-
yeBuHBI (200 z+0 014 %) ma cemena ropoxa copta Paloma (HOMep KaTanora JIMHAH B 6aHKE TeHOB TOpoxXa

B BarpoBe — Wt 3527) Owin DOJIy9CH MyTaHT, KOTOPLIA XapakTepH30BaJICs OPAEKEBOK, OKPACKON CKITO
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PEHXHMBI M CET4ATO-COCYAMCTOM TKAHM CTPYYKOB. DTOT MyTaHT Ha3BamH orange pod (OpaHXesblit CTpY-
9eK), a IJis JimHuA B OaHke reHoB ObuI JaH HOMep katajiora Wt 10263,

B pe3ysibTaTe CKpemuBaHua MyTanTa Wt 10263 ¢ nepsoHavaibHOIM uErel Wt 3527 (Tak-Ha3biBaeMbLi
the origin test cross) ObUIM NOJyYeHBI HOpMAJIbLHBIE, HEH3MEHEHHBIE pacTeHus F,. B nokonenmm F,
Opima OOHapyXeHa peLECCHMBHAs HaCJIENCTBEHHOCTh MyTaudu. I'eH, oOycnaBimMBaloIlMil NPH3HAK OpaH-
*keBoro crpyuka (orange pod) Obl1 0003HaYeH CHMBOJIOM OFp.

Yro6bI NpoaHATIM3UPOBATh CUEIUICHUS HOBOIO reHa (Tak HaspiBaeMblit the linkage test cross), my-
TaHT Wt 10263 Ob11 ckpenieH ¢ yuaMeir W1 1238 (TecroBas NHHUS C FeéHaMH-MapkepaMHM H3 KOJUICKLIHH
ropoxa Cesepuoro banka I'enoB B Weibullsholm). Mccnenosauus nokoneHusa F, oOHaApYXAIHA CLEIUICHHE
HOBOro resa Orp c reHamua-Mapkepamu K u Wb B xpomocome 2. ITonydyeHa ouepeaHoCcTs reHoB Wbh-Orp-K
CO CHeAyXOIAMH 3HAYEHMSAMH KpOCCUHr-oBydpa: K— Wb=18.7, K-Orp=12.4, Wb-Orp=10.0.



