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Supplementary Figure S1: An example of one of the gels (PDR1 SSAP / Taq +AA) used to genotype the panel of
cultivars
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Supplementary Figure S2: Comparison of replicate plants from each of the chosen parent cultivars,
using one of the PDR1 SSAP assays (Taq +AA) for genotyping
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Supplementary Figure S3: A Phenotypes of parent, F1 and F2 progeny seeds from reciprocal crosses between the cvs. Kahuna and
Enigma. The testa has been removed from two F2 seeds to reveal the cotyledon colour. A ruler scale is shown (mm).
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Supplementary Figure S3: B Phenotypes of parent, F1 and F2 progeny seed from reciprocal crosses between the cvs. Kahuna and
Brutus. A ruler scale is shown (mm).
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Supplementary Figure S4: Genetic map determined for the recombinant inbred lines derived from the cross between the cvs. Brutus and
Enigma (BE/EB) at F6. Highlighted in green are genetic markers which correspond to gene-specific markers that allow maps to be cross-
referenced, largely based on those of Aubert et al. (2006); for those assays which used a restriction enzyme, the enzyme is indicated in the
marker name.
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Supplementary Figure S5: Genetic map determined for the recombinant inbred lines derived from the cross between the cvs. Brutus and
Kahuna (BK/KB) at F6. Highlighted in green are genetic markers which correspond to gene-specific markers that allow maps to be
cross-referenced, largely based on those of Aubert et al. (2006); for those assays which used a restriction enzyme, the enzyme is indicated

in the marker name.



1]
0.0 —¢—TAg03/103- IV

41—} —-ca470 VIl
l 6.2 —f—TT343/11- 0.0 ——TA404
9.1 |~ TT420/308+ V Vi 0.0—f— CA189/217-
13.5" 1 GC734/233+ 71 AC382/164+
0.0 TT682/303- 78— cGa6
| — 10.5-7f-TC474
0.0 AT281 25.4 —— FSAATE 1087 1~ 1C476
2.2 TC364 TC365 AT207 6.5 TT1139/2+
15.7 0.0 —4—AC110 0.0 4~ TT679/303a o0
1 52 —f— AT893/84+
0.0— 0.0—g— TT215/79+ 0.0—J—AToE3 76T TAT424
3.4
72—} — CA363/208+ 18.7—4—TCo06
9.2— - CA383 57.3~0 - AT513 gg.g\ |~ E:;Ez%g
ol e TT481 22—
1‘71‘2—* — ggi:%qs/msf&z 27.1—f—TA519 243> cT96
: 21.9—4— AT975
o 30.0——AC214/168- 38.3— — TT675
333~ 79.4 TT857/52- i L TT541/7-
372~ ] CcG387 80.2 ¥~ TAg57/21. 358 TC341/71-
42.2 ' 840"~ 0.0 — AC309/359+
44 6~ - AG491/177+ : . 55.8~ ] - GC327/386- _AA129
457 e, \AC851/240- 499 TT229/15+ 0.0 AG495/176- 597 / 157 16 9.0 n al 3. — AG129
46.9 CG641 51.8—f— TC565/69- <2 AA297/132- 60.5— 1 6.6 —V— TA330/27-
= s ’ TT201 —e— XU 14.0 TG801/35+
53.1 CG537/246- 52 6 # TC563 4.7~y 0.0 T 614 0.0 TT553
- )| e 1.1—f— CT211/380-
12.0 CA700/210+ 72.1 —§— AG389/363+ : TT579/5+
12.5 7R TT496 73\
13.1 CA438/218- 790—1—Ac3ss  31.5~] - TC1079 7.6 AA2680/148+
33.4—f— CT1159/266+ 9.6 CG568
353~ “~TC1069
79.7~ ] 1AA67_SSR SPDSTIASE| 18.0—}— AG694
81.1 —f—AA37_SSR
83.8- “~TA942
0.0 —— TA554/58+
103.2—f4— TG288/40- 2661 cTa10
49.3 > GC203/232+ 38.4—— CT408
495~ GC194 42 41— AG337
51.8” } ~Tra3o/ra+ 116.4 —¥%— AC499/242+
56.1 AG449/178+
59.8—84— AT510/89-
0.0—=—TC686
75.8—%— AC830/239-

Supplementary Figure S6: Genetic map determined for the recombinant inbred lines derived from the cross between the cvs. Enigma
and Kahuna (EK/KE) at F6. Highlighted in green are genetic markers which correspond to gene-specific markers that allow maps to be
cross-referenced, largely based on those of Aubert et al. (2006); for those assays which used a restriction enzyme, the enzyme is indicated
in the marker name.



5.6
5.4
5.2

4.8

4.4 @

4.2 y =0.2155x + 3.6732
R2=0.9238

Tonnes per hectare

2 3 4 5 6 7 8
Standing ability

Supplementary Figure S7: Comparison of yield (tonnes per hectare) with standing ability scores for a subset
of RILs with contrasting yields (blue dots) and the high-yielding cv. Prophet (green dot) at the PGRO site.
The regression equation and correlation coefficient are shown.



Supplementary Figure S8: Predicted amino acid sequences for the small subunit 2 of ADP-glucose
pyrophosphorylase (AgpS2) in ten lines of pea, including the cultivar parents, cvs. Brutus, Enigma and
Kahuna. The cv. Princess is an additional marrowfat line, whereas JI 2822, JI 15, JI 399, JI 281, JI 1194 and
JI1 185 are the parents of additional sets of recombinant inbred lines. A single amino acid difference is
highlighted (yellow).

J12822_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
Enig_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDK ILTVSGKGAPRGRCTRKHVIVTPKAVS 60
Bru_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
JI115_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
JI1399_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
J1281_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
JI11194_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
J1185_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
Princ_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
Kah_AGPS2 MSSIVTSSVINVPRSSSSSKNLSFSSSQLSGDKILTVSGKGAPRGRCTRKHVIVTPKAVS 60
J12822_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
Enig_AGPS2 DSQNSQTCLDPDASRSVLGI ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
Bru_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
J115_AGPS2 DSQNSQTCLDPDASRSVLGI ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
JI1399_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
J1281_AGPS2 DSQNSQTCLDPDASRSVLGI ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
JI11194_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
J1185_AGPS2 DSQNSQTCLDPDASRSVLGI ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
Princ_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
Kah_AGPS2 DSQNSQTCLDPDASRSVLG I ILGGGAGTRLYPLTKKRAKPAVPLGANYRLIDIPVSNCLN 120
J12822_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAYV 180
Enig_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
Bru_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
JI15_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
JI1399_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAYV 180
JI1281_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
JI11194_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
JI1185_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
Princ_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
Kah_AGPS2 SNISKTYVLTQFNSASLNRHLSRAYASNLGGYKNEGFVEVLAAQQSPENPNWFQGTADAV 180
J12822_AGPS2 RQYLWLFEEHNVLEYLILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
Enig_AGPS2 RQYLWLFEEHNVLEYL ILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
Bru_AGPS2 RQYLWLFEEHNVLEYLILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
JI115_AGPS2 RQYLWLFEEHNVLEYL ILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
JI1399_AGPS2 RQYLWLFEEHNVLEYLILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
J1281_AGPS2 RQYLWLFEEHNVLEYL ILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
JI11194_AGPS2 RQYLWLFEEHNVLEYLILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
J1185_AGPS2 RQYLWLFEEHNVLEYL ILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
Princ_AGPS2 RQYLWLFEEHNVLEYLILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
Kah_AGPS2 RQYLWLFEEHNVLEYL ILAGDHLYRMDYEKFIQAHRESDAD I TVAALPMDEKRATAFGLM 240
J12822_AGPS2 KIDEEGRI 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGI1YVISKNVMLDLL 300
Enig_AGPS2 KIDEEGR 1 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGIYVISKNVMLDLL 300
Bru_AGPS2 KIDEEGRI 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMG1YVISKNVMLDLL 300
JI15_AGPS2 KIDEEGR 1 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGIYVISKNVMLDLL 300
J1399_AGPS2 KIDEEGRI 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGIYVISKNVMLDLL 300
JI1281_AGPS2 KIDEEGR 1 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGIYVISKNVMLDLL 300
J11194_AGPS2 KIDEEGRI 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMG1YVISKNVMLDLL 300
JI1185_AGPS2 KIDEEGR 1 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMG I YVISKNVMLDLL 300
Princ_AGPS2 KIDEEGRI 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMG1YVISKNVMLDLL 300
Kah_AGPS2 KIDEEGR 1 1EFAEKPKGEQLKAMKVDTT ILGLDDERAKEMPFIASMGIYVISKNVMLDLL 300
J12822_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWED IGT IEAFYNANLG I TKKPVPDFSF 360
Enig_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWED IGTIEAFYNANLG I TKKPVPDFSF 360
Bru_AGPS2 RDKFPGANDFGSEVIPGATSVGMRVQAYLYDGYWED IGT IEAFYNANLG I TKKPVPDFSF 360
JI15_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWED IGT IEAFYNANLG I TKKPVPDFSF 360
JI1399_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWEDIGTIEAFYNANLG I TKKPVPDFSF 360
JI1281_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWED IGT IEAFYNANLG I TKKPVPDFSF 360
JI11194_AGPS2 RDKFPGANDFGSEV IPGATSVGMRVQAYLYDGYWEDIGTIEAFYNANLG I TKKPVPDFSF 360
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Supplementary Table S1: List of cultivars from which parents were chosen based on
combined phenotypic and genotypic data

Astina

Atomic

Backgammon

Baroness

Baryton

Beaumont

Beetle

Big Daddy

Bilbo

Bohatyr

Brazil

Brutus

Carlton

Celica

Chambord

Cooper

Cosmic

Cratos

Croma

Delta

Enigma

Espace

Faust

Guido

Hawaii

Javlo

Kahuna

Lumina

Magnus

Maro

Minerva

Nitouche

Orb

Orka

Profi

Prophet

Princess

Racer

Rambo

Renata

Rose Maple

Samson

Santana




Setchey

Solara

Supra

Pidgin

Woodcock




Supplementary Table S2: Summary data from breeders' trials*, showing positive and negative responses of cultivars to yield, downy mildew,
seed protein content and standing ability/ease of combining. The market classes of the varieties are indicated (marrowfat, white, large or small
blues, maple). Green and red colours indicate the best and worst scores for the four traits, respectively, with pink and pale green representing lower
scores than the stronger colours. Positive and negative scores are indicated; note that a plus score for downy mildew reflects an undesirable trait,
in contrast to the other traits. A zero score means neither a positive or negative for the trait compared to other varieties. AFP refers to the unique
reference number for the variety as it enters testing in the UK. The derived GGE biplot is shown alongside the table, based on the AFP numbers
and the listed traits plus ease of combining (EASE COM) which is strongly correlated with standing ability. The three chosen parental lines are
highlighted in the table and indicated in the biplot. Note that there were very limited data available for seven cultivars, including cv. Minerva.
These varieties are listed at the end of the table but were excluded from the biplot.

*Source of breeders’ trial records: NIAB

AFP

124
139
142
191
228

22
256
257

25
274
294
295
314
315
327
330

Market class

Marrowfat
White
White
White
Maple
Marrowfat
White
Marrowfat
White

L. Blue

L. Blue

L. Blue
White
Marrowfat
L. Blue

L. Blue

Cultivar
name

Guido
Renata
Baroness
Profi
Setchey
Maro
Delta
Celica
Birte
Atomic
Espace
Astina
Croma
Supra
Woodcock
Nitouche

Dry
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348
384
395
396
422
443
475
476
483
486
494
497
504
510
523
524
526
529
531
545
562

66

70

72

87
113

441
556
533
260
454
458

Maple

L. Blue
Marrowfat
Marrowfat
Marrowfat
White
Marrowfat
L. Blue
White
White
Marrowfat
White

L. Blue
White
Marrowfat
L. Blue

L. Blue
White
Maple

S. Blue

L. Blue
White
Marrowfat
L. Blue

S. Blue
Maple
Maple
Maple
Marrowfat
White
White
White
White

Racer o -poor

Brutus

+ 0
samson  (HNECOINIENEEEN
Rambo =
Big Daddy - +poor
Lumina 1 -
Cratos - +
Carlton 0 =
Enigma ~ +good  -good
Baryton +
Kahuna 0
Beetle 1 -
Backgammon +
Santana +
Orka - 0
Cooper  +good  -good
Beaumont 0
Bilbo +
Rose Maple T
Hawaii I
Prophet - -
Bohatyr
Princess =
Solara -

Orb -
Magnus +
Minerva -
Pidgin

Brazil

Chambord

Cosmic

Faust

Javlo
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