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Fig.1 Schematic chromosomal localization of classical Mendelian trait genes in pea (modified from [21])
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N GA, . 19834F Reid " BEIF T U PRI 2R
BRSEEy, P X D IR R 7R
BAYIReM: Le A R R 22 Wi O b, 4510
[PH] GA, REm R GA s MR, TR le %8
AT GA, 17 GA, RS2 B, S ZUHTR GA,L, 7E
RN RN GA BEA L . AR B IRIIE T
Le BRI A R AW U b i GA, 56 7%
N GA W e — 3p-F b RN, P AL G fL 21
PR B OCIR B AR A fis R, WiE /R iR
AR R A P HLELEE 1 LA

Le SE PR 1 SO R b 1 20 20 90 4R AR K . 1997
A, ORI AN SE [ 5351k ST 48 Le HEPH ) cDNA
JFHFIIIRE . Lester 4 20 i £ 21| — 34> cDNA K
B, HaEEm)y 55w ok & R 3p- R L
(gibberellin 3B -hydroxylase, GA3ox) & K [F] I,
i o DNA E[JiE 7% (Southern blotting) 1454y F [H]
3 BUAIE S M RE DR Le A7 5, WS AR R A v v
SR 2R TR %L 7 M et GAL F b GA .
Martin 55 " (AR M ZA B G R (Le. le-1.
le-3. led) FiFEZF] GA3ox HH cDNA, 7R le-1 il
le-3 73 & A B G A8 5, 1M led A BRSBR
WITAFIE —EOEM . Le FEHN it DI HEME) GALB-72
1Rl , HI)RRE R BTG PERE IR BB GA B %
FH, M50 SRR R0 R AL R, i f /R
()8 ILRBAF 9278 le-1 72— G—A YA 1 R X
PRGN, KGR BME P ALAT IE 1) Z IR A
W2 R A2 Ry on = B, BTGk BT R E R 58 4
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n, Slender (sln) 78 FEN gt iRk K 2-F ALK,
I GAREf# ;. SZWA, LedEH LM GA G,
PE LR A AR R Y R Z T, YR
K ZEWWE R (3-indoleacetic acid, TAA) Z5
T ZWMRE R, EKEBEIHES
PsGA3ox1 ik, MR HE GA, ZE W& st ff
EMRARK 2 [, GAFT Wl ks
M IAATERE R 02045, i, AP GA AL F RS
W5 Wi 2 PsPINI S5 KR AMHERAR R FIE, N
INEE TAA 25 25t s . T ILIAA 5 GA
WS E B LI R 2, Rl =R
PR AR KRR S R . X R T YRS
TEAR E] A AH AR D PR i ik — MR R B Rl s il ot
Gh, JREISEIR KL, A GA3ox HA R4k
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(hnfp—+-. M) hRFEAMEEH

U, TEIRAE R B MR A o B DR T
B A Ry R AS £ 53 26 TR M R B 3K GA, I 4 GA
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LR 4H B 43 M1 (genome-wide association study,
GWAS) FIKTHIERMITE, HE—PUESE T RO
i SBE 1IN, FEMEMT T r 557 3L A6 A 1 5838 Ips-
r G EF RS 450 . Daba %5 il B A R4 A T
Be, AR I 4 d 2 s o A BRI L
AR BT RIATE , R IARL S & o SBE 18R [474E
TR, R vicilin 235 T L legumin 3 T
Warsame %5 ! JRif 1f GWAS & B, ¥ l vicilin 1
legumin &5 85 [ 51 =F B 1) 18 38 B PR IR 2 50k
(single nucleotide polymorphism, SNP) {7 i {4 &
A7 F RAVE p, BT sl M R DT AR X N o X S F
FARR TiER 5 E A BCRHTER AR R i
I MR AR AR

PREBLE RO AN, AR R I T —Se H oA,
AL A AR R () BE R A8 67 i, i rb BEEHT (9
fith ADP-#ij ) HE LB IR (LB R ) ', ik, X
ST 1Y) 5 A8 Z2 I AE IRARORR 35 0 3 w2 & rp e
FFAE R R BT ) 2 st R 7 1

55 ST R 3 N e & oS i e =X
9% BB Ry L AS 171 35 SBE 14w A% 1Y 3 8] & A 48 A2
ERRETRAS, FECCEREMN G BUZ IR IR
4n (K1S2).

3 #f: A (bHLH) 5A2 (WD40) &3
TIMBWHRE SR IETEZSHRREE

B X B AR 0 R AL R T 1972
4, Statham %5 7 SRR 3550 B 5O0I% - e
AR, BRAMERB O ESFORNETE,
1986 4F, Hrazdina 5 Weeden **' 3 1 1% VA £ IR ATL il
FIG PRI SHUEG TR, KB AAEHi S
ST O H A TE 1) A R G BURE (chalcone
synthase, CHS) i, X —SCugs R e KHERR 1
SRR T BUEE R, a5
[] 2R £ T sk R P LRI A BB . 1997 4F, Uimari
Sl e B 5L 4 B i RE BE A R
(myeloblastosis, MYB) ik &% % A -+ MYB26,
I 38 1 L Yk G B8 R AE B 43 BT (electrophoretic
mobility shift assay, EMSA) 544 il B i 2 38
R, IESEMYB26 XF £ 75 3 G MO B [N 1 3¢

iy CHS. % %t B 3- ¥ fk B (flavanone 3-
hydroxylase, F3H) . — & #% [ i 4- it J5 [

(dihydroflavonol 4-reductase, DFR) HYJ5 s F%1
BAWHBSETEE, MM2ZEE T R2R3 MYB %%
S A A G T R OCRE AL . 1998 4F

Uimari 55 ' X RZ G55 T B G460 RAZK (a.
a2 RRUGEASAR) WAL R A W6 GE i h 454
FERRGRAKF 520, IR R S5 R RE PR 0 2 oK
PAERAST B R, i BRI R F oK
R 7 51 BEAS W Jié - 24 - MR i 4% 5 X 7 (Dasic helix-
loop-helix, bHLH) ZmLC £ ZmR ‘7 A % & 1€ 41
L, WIWKE TR AET KA AE S, D uEst
T AL Gt bHLH 287 53¢ 5 A 4D . 2010 45,
Hellens %5 "> 25 45 (%% B SNP i % 52 (o7 5 SE R 4 40
M5 AR i e R (targeting induced local lesions IN
genomes, TILLING), BFXFEREIFDIRESE T Wi,
MR IR 4 5 42, WFSE R A 4
 bHLH ¥ 5 H 7, a 78 e Wi IE X2 1E% 6
W& TR A & A G—A BT IR E e, Bl
SRR T W 8 M RAL BT — ] ] GT 4
¥, M5 A %EAE (frame shift) = A $E AT
LW, RBUGE ISR . BIPRRRTL
1k Tl A2 BRI S 52 1 MY B-bHLH-WD40 4% 55
B4Y (MYB-bHLH-WD40 complex, MBW) 4%
4 SR WDA40 A 45 a1 1 A2 SRR R A
TETZ MG, PFEasie Iy T R T
JEM, HRABEINEF 6 TIRA T I MESIMETTRR,
[FFE R A S FIHR AT 28 IR B . AR
rh (Y AR SR AR AT BB o SRR R T X
148 il Gt IR A /- BUSS R 88 LM R h
A T8N (=89%) Al —GoAZE, ifGA M
A6 Z R EF A Y G A% IR 1. RIAE 19 g
DI i DL Bt SR AR SR A8 TP B A 3 — B 45407
RS T AR A SR B P 32 AR FE AR L
VA5 b 1) L AR, S R AT BEAE Y I A A R
AR

e 2 2R R Y PR e Jre A A PRI 2
TBREEY, FEEREYWHEARGERE DO
(national center for biotechnology information,
NCBI) i i b b AL 1R 2250 20 & 1 4k R 4
WP, Gz HAE YIS Bk s AT i it
— UL T X B AR AR AL 1 B . 202248,
Yang 45 Y i T 54K i &R (NCBI FALZ 791 5
J12822) DN 4 Bl AT A W15 B o o B 4 5E
11952 R2R3 MYB B, [R] IS XA [R] AL A7
2B RNA #1752 B & 3 PCR  (quantitative PCR,
qPCR) . AR &, 2l 7 SRR ERIR
W%, K PsMYBII6. PsMYB37. PsMYB32%5%1~
BETEACIRAN [F] X I % B B B kK- 5 467
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RO mE MBS, B8 T MYB %
WA AR B B A D AR U4 S Re b A2 1 o fE B
%o Zhang 5§ 1 3E 1 9O R BRI FL S W B
E 44 M & (LUminescence-based mammalian
IntERactome, LUMIER) & & f & LT HE 45 & %
A, M T AN S bHLH E H 5 £
R2R3-MYB [A ¥ [a] () fiff 25 %, IEWIAN[F MYB

Xf[A]—bHLH HA 22 Ak )y, it —20 42 i
T “¥%0 bHLH-WD40 Z5#g -+ He fk MYB K7 )
MBW & & RS L B i, Bl MYB B2 41 4L i)
RS, AL T R e G RE B,
bHLH 5 WD40 | [F] #4) il e sk s 5,
FEERAEAT RS LT R

Table1 Core components of the pea anthocyanin MBW (MYB-bHLH-WD40) transcriptional complex
®1 HWEWHSTZE MBW (MYB-bHLH-WD40) ¥FE AW EK

HHEWTHRIG FERFFS hifig L EARFGR&NZOEE T BRI /R NEIEBEN
MYB ERIAMYBEL: PsMYBII6.  FEOEHT R2R3-MYB AEIEES /AN A6 7 25 R [51]
PsMYB37. PsMYB32
bHLH A (PsbHLH, GU132941) PEIGHE T WMIIFbHLH; SACTHCH: REBHKEHFRAE/L (A4 [12, 50]
Ay AR TeaBHD)
WD40 A2 (PsTTGI-like WD40) THEEA TxWD40E ZHELE, HIRMBW 54. MYBWHE: #5550 [12, 50]

Bk S

a2 AAETE

ZE LTI, SRR R AL X — e s R
() 53 AJT 2 1 A FE [ G Bt () bHLH 28 5% S [R5~
A2 FEH i WD40 R 25, LUKk —RF
FEE [ R2R3-MY B % 5 [K - i S [R] 241 iU MBW %
SEREE AR (FD), B REIEES R G
WA H CHS. F3H Mz DFR 45 G4 45 #h 35 [ () 4 5%
Fik, MR B S P T R AER R (F
S3). XM MBW & A AT — B R 51 &k A R AR
FEIREHIET, RSP A AU S,
LRI N AT AEE 20 IEH R MIE L
HEARRA, HAEENE, £FRAMM
MBW P ALHIEA [ & B ol B — e B PRy
¥ttt filhn, 603K — R FERRIE T O
P EHERMKER R, HIFEIREMZ CEAE
FICHEER) S5 B MBW AILHI LA, 4R
M, AN [A] s B Az I 4 i B S R B A
P MBW & S1RMZ.0 445> (WMWD40 W) T
RETEA AU S BEARST, AN [ R2R3-MYB 7% 55
R F AR 25 Rk 22 T T B A 48U 5+
o #FHZ, MBW W L8 AE S — A~ F Y 8 45 45
Yo, AR E HRELERy T IR RS, SGE
FERE A0 25 AL B T R & —1k .

4 FFRERE: I (PsSGR) EEXESM &
SRR

2003 4F, Pruzinska 2% ¥ F] FH LR 5% o8 28 AR HIF
5, WAE T LR R B R Be 2 R

a %A 1Ll (pheophorbide a oxygenase, PAO) Hijfill
HAMIAET. 1 (accelerated cell death 1, ACDI) %
RIZwi, SATR ASRE MY 2R R BERALEI 28 T3¢
BT fG2p Rt . 2007 45, Kusaba 55 Y i —
AN T MR R R AP AL, i A v
PR R KR % E % L 1 (non-yellow
coloring 1, NYCI) PN 4uiy28 K bik 5, %
BT AL SR R b SR R a YR IR Ak, RIS,
ZAI BN IESE NYCL 1y [l 5 8 HAE 84k 17 (non-
yellow coloring 1-like, NOL) & H L HA5 {12
AE, HEUERH TSR R P T REAAAE I RETT
RIBFIEALH] . [R14F, Armstead 55 M I P R
SERA P A X i, BUONAES G R AL T sk
(STAYGREEN, SGR) H:PHIXEt, 1 URIESSZEEH
5 BRI B o/ kR AR (Ui gd) o8
IR, iR RR P A T L
Wl BlJS, Sato 5 LAy SORESE— L HHIA
BiELTHER RIR SGRIED , FFIEIZI% A P ) DI RE Bk
&Ko FHO  MUOFFRL B 74k (stay-green) L,
TR T SGR 5E PR 78 B &7 2 3R W A v 1 G At
EH.

TERAIN SGREEH B 5, Je 8L nyh o ) 2R £5
T WA Y AR LS . 2008 4F, Aubry 45
TE da PRI T 28 Mg (R PR 7 3R 12775 Hh LA
MR A bR, 455 S0 i PCR. U BNl
i SGR/PAO & I S5 HHE , A 1 izl KRR T 35
By C BUFFEE R AZIK (type C stay-green mutant), HI
W& 2% B A 52 BELIATIT 5 ) R A PRI R (. AT &
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B, J12775 il 2 SGR AL R KKV W IR H A
JRUIRES S, TR UE A PAO BHE R Z R, B
UAg H SGR TRz 57 T PAOEH Z iy 20 B
2009 4F, Schelbert 45 7 X 4 3k PR 21 it i 35k il e
SR AT DG Bae 5 IR L, B
PPHEE, JFif—M 8 T pph-1 28784K, i@
21 B AR A i 2 ST IE S g R A A AT I
(pheophytinase, PPH) HEW& 4 S5 M fb LB -4 R
EBRMEREIEA], e SRR, 456 R AR
T A ) B AR T S X I R R AR ) B
fitt, DIHAM SRR BEM RS — 2P B SGRA S T
Wi KR, T B i PPH M AL B AR B FE L LS,
Shimoda 5§ **/ Ji o 5 i #%3% SGR1/2/SGRL H 4 4
F . ARIMEEMES B i 8 2 S R a fb 25 3 3R
MR RERE MR N EREDC R G, RN Z
TER SGR B -4 REE S 5 1

TR TR —20 B B T W A SR A B S AR
YRR, 1 GWAS FIIEBIRHARE M E N, K ITE
R AR B N A E T T el R R A, RiAb
AN Ty 1-Copia B G 56 86 VE 1, VU Gt X
B 37 X I K A 24 408 bp 1 4E H BER gk 2, X
BSOS NCHN G T SGR FER (1 7% sk sl B, b
FET SRR ILIE T, RIAAL M sk
A, eAh, Weeden 55 5 i ik X 9 52 Y AR ST 2%
Pisum fulvum 1 SGRHEPR N & FTREE Y, A3
ZHERTEH I R R T & st 2 S
HIEWi G (Pisum sativum) 1) H IR 43S AL IR
HE— 2P0 T i E FARFIRE th A 2R kb Dy
5 Z R LT

R, ETEIRORERL PR A ) DR A
BHAf R B 57 2R 3R R A a1 T B B8 M G e T
() SGR JE R & A= I JEE -4 ABUT N B R 2848, &
Bt gk R B AR A2 B, DT ™ AR R R e g R A
(E24),

5 TEHE: Gp (ChG) EREEMTRIT
MeREE R RERE

2021 4F-, Shirasawa ¢ ' & & F) FH 44 K& FL
(nanopore) il i U AR IF 45 it AL 14 i RT3
B Gp FEPHLE 7 T8 5. Chr 3 19— BURrE X3, i
20X (A T GRS R AT 1 e B 1 A 5L
e, I sk 5 W0 0 I8 R SR Al
FikZS, RIZXINEA 3 IR R il i
FAFE R G IEh I 5w, HENH TR

Sl I A R e S . AR, BBz g —
HDIRERUEIRES, BT A AE B A HL AR — A3
DR e ol 2 et Ane e 3 IR ) AR B A7 AR 3
KA ENE

2025 4%, FREFEE P BAIE T X 697 107 i A #HAY
TREE T 7T ) GWAS,  FRK K F Ak i ) fir g
(O IR RS R — BEZ4 100 kb (9K F BEBl G,
PRI AT TIR-NBS-LRR 3K IS 25 H 5 AH4R -
Lk R A il (chlorophyll synthase, ChIG) i p5 %
He B SRl 2 (read-through transcription) :  #( W AY
NLR % AR 1] T Ui ChIG 52 BT & A 85 56 IR B 22
A AT Z 0] A2 B B E X 1 NLR-ChiG il i 5%
A, NIRRT IE % 1Y mRNA 4544, gk — 2 F] H
P G L&A (WI121%) () ChIG-TILLING # & ,
5 gp AR HATHANEAS . FEFLT, FrABf
FENRI R A Agp SRR FT W21 A5, TiE
W] Gp BV ChiG HRZEZ I fRgmkk . T ChiG 4%
MR 205 G, R TN 4 3R I 4R 5 A )
B, XX R MR g Rz Y S
R, BEIEOTIERA, X5 E U T
HTZRIA AT HED %) 3 MUIAZ IR B A S A ANy
UGBS, AR BRI s o B, W
W ChiG FE P ) T RE B2 A2 T B A PR IR A
JRPH o PITURIE S -0l ORELIG S 457 EIRG AN 45440 78 S
B, JEREIEE T Gp FER 5848 1Y 8 B it A& 24k P 5
ko SRR E (0 B PE X o FaE (2
) M-SR RREZ G i iEsk (PsSGRH:
) AR, GIEE st BT & i (&
277) HIRA HIEE TR SRR 2. it
AU, PRI AR S AR ARG, (H Bk
AR R B 5 53 40 M AE ) 2E T8 LR o8 R
]

AR, dE—B MR R RR T M SRR,
i RRGHEBR TS S O YEEaE R,
S MEADIMIEIE () A, 20244,
Zhou % 'V FIFER A B Mg @ MG M2
WA T, BRI T i Chr 6 1) bHLH ¥ 5%
R FHE K KIws4_ 061698 5 G 3 A8 H 4 (A3
. REHEMRZEZERT) KRB EHR
Ik, RN AT BE R ) 58 0 L R OB R P B
ULk, Zhong %5 " 3 3o AN I PR AL 33K X 4% 43 Ht
(WGCNA) i — 25310 T 24> WD40. WRKY }&
MYB PR, R BN T HEH A A5
SJEB A IE 1 22 MBW & A AR 4R B s, A
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Fig.2 Comparative schematic diagram of pea pod color and seed color gene regulation mechanisms
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PPH: M4 iMLEES (pheophytinase); PAO: MBS 4K atfili4 B (pheophorbide a oxygenase).
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M FECLIEN TR TEREL LU, Iy Al
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(CLAVATA3/ESR-related 41/44, CLE41/44) 51
B - A BT A2 A 2 AR R B S (phloem
intercalated with xylem receptor-like kinase, PXY)
e [v) 20 S0 4R I 2% . AL TR A 1) KR Y CLE41/
44 FEH Jr it 48 AL A [ ¥~ (tracheary element
differentiation inhibitory factor, TDIF) Z&{5F-*5 fik,
PG &R 2 T A BT 2 35 1) PXY A2 K
PRI T O, TS B R B S e S
PXY ¥ i% 5 W & b8 WUS A G [F] I & 4/14
(WUSCHEL-related homeobox 4/14, WOX4/
WOX14) HyRIkKNF-, fEdEIE )z T 40y 722
s, ISR AL ORI mriksS

KE ', Dai %" RS R T X —
R A AT B IR & B WOXda &% s IR - i 5 AR
K NAM-ATAF1/2-CUC2 % & ¥ 5 1 ¥ (NAM-
ATAF1/2-CUC2 transcription factors, NAC) AHHAE
M, IfiE 2418 A H3 SIS AL R 8 B2
MR AIE A S o0k, TS24 T AR BT
AR R S oAb

20254, FRIPEEAIB 21 T B E I Hds
FE GWAS, 456 PG E A SRR S5 728 755
Br, Jo¥s P59 46 % Chr 1 1 —B£0.92 Mb [ X
B, JFsekER| o TR PsCLE4], Fatk p 54
FERHENT T>A RS L RTOERTLALE, HHERTE
TDIF ik, MifiFHKT TDIF-PXY-WOX i f#% . #1fil &
SJE N RE JELRE AN 5 G RS Ak, 7R AR (RS SR
Je” AL, HIBGATE Chr 6 629 Mb BRI X B % 5 1)
JEHE VYRR A5 SRR F PsMYB26, %3 H1E G JEN
BELTAEAN M = B AR S 3R, SRR REAR BTAb A% 0
R, A CTCREIERT MR PsMYB26 I B
T U R B2 23 kb 1) Ogre-LTR Wi 5 )4 T4l A,
Horlr sm oo B3 T PsMYB26 5 5%, RNA
MF (RNA-seq) . ¥i%% 5ESC0] 52 & PCR (reverse
transcription-quantitative PCR, RT-qPCR) } i B
7% S 09 3L A UL 8K (virus induced gene silencing,
VIGS) #F—2ER, %Rk di R T BH B vk A= e
IESARBRRI; HEAFEENE, fEppBs b
PsMYB26 . % T ¥ , % W] TDIF-PXY {5 5 Xf
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Fig.3 Schematic diagram of pea pod shape P and V gene regulation mechanisms
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PXY : ) B 35 - AR BB A2 5 37 AR RE 4R 3 (phloem intercalated with xylem receptor-like kinase) ; WOX: WUSHIZ&[RVE & (WUSCHEL-
related homeobox); NAC: NAM-ATAF1/2-CUC2% 544 K- F (NAM-ATAF1/2-CUC2 transcription factors) .
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TR A% OAEH . ZaE T, CLV3F5 k5 e
M ZIRE A (FZRCLVI 5 #3214 CIK 28
WA ) S5a)E, SRR R =R R A A
J X ) WUSCHEL (WUS) 28%6 %41, MG
B T A i B A S oA A T 202548, R
Af % AT BA 2 38 2 GWAS 7 Chr 4 ) 0~40 Mb 5 il
) 5IA LR WO g, MR 45 G ME
Faxfa F, T 1 09 1K 40 Jfa 3 &5 5 1A 01 )7 (bulked
segregant analysis, BSA) 5 3t 355 4P S 3
T 5 PCR |19 43 A (kompetitive allele-specific
PCR, KASP) #ric, Bk X [H] 45 /N 2 18.18~
19.51 Mb, TEIZIX BN, ME—5 RT3 EY
L H 2 Psat04G0031700, H4mih— 3% CIK-FE A2 /K
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Fig. 4 Schematic diagram of pea flower position FA gene regulation mechanism

B4 BELMFARRFZENFRE
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Table 2 Chromosomal localization, molecular functions, and key mutations of classical trait genes in pea

F2 BEZHEMREEANEBEEMC. S FUERHEETRICA
B FNID /LR USTEL A BN SERAFE  SAThRERE RBERAE MR
(ZW6v1.0)
Le/PsGA3oxI Psat05G0825300 Chr5 (LG IID KJE~2.9kb; 24MNET/ 4 15 374 aa GA le-1% i3 HG—AH  [10, 30]
567 365 732~567 368 596bp L& T 3p-FRALEE, MM SRA—HEE VK
ME—FEARXM . GA,—GA,, hE —FUEHk
051027921.1 ES
R/PsSBEI  Psat03G0136800 Chr3 (LGV) KE~38kb: 224ME 4922 aalEN 4> 0.8 kb Ac/Ds- FE# 2 [9, 36]
108 732 329~108 770 718 bp FRINE T XML, @iLa-1,6 T4 AN — AR FE RS
FIERAXM_ vsd — 4
051023084.1
A/PsbHLH  Psat06G0169800 Chr6 (LG ID KF~2.4kb; THMET/ 4if5652 aa bBHLH 5564 & TGT—GAB]  [12, 50]
68 334 112~68 336 504 bp 6 E T HRET, MBW #4RE—>E1k
FEEFARXM SERm s, W
051030262.1 BIEH RGN
A2/PsWD40 Psat05G0634800 Chr5 (LG IID KJ¥~48kb; SHMET/ 4if%351 aa WD40 IRATL IR/ R5%45—  [12, 50]
57 876 321~57 876 798 bp AN ET ®H, MBWE A ATk
ME—BERAXM R
051025501.1
I/PsSGR  Psat02G0529500 Chr2 (LGD KE~11kb: 49N T/ 4afiB340 aalt 4¢3 Tyl-Copia 6 N 80 [11, 21,
422 145 620~422 156 581 bp 3T HERAXM  BEME G MEAZ L, 408 bpBlt &k, M4 &R 55]
051017173.1/XM_ JREIBEAR AR LT
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324 693 012~324 696 742 bp 6N E T G RCEE, Mt So@sz, rAETIRE
ME—HRXM_ SERRIE S B ERA R
051022511.1 ShkRE—
P/PsCLE41 Psat01G0420500 Chr1 (LG VD KJE~1.1kb: HT Cuijl2 aa JTDIF- R79*EATL 1L, T3 [21]

322 608 745~322 609 861 bp HNET
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PXY-WOX/NAC
I i J5E B 2
e

5 BE— A 4
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Abstract Mendel established the laws and laid the foundation of modern genetics through his famous
hybridization experiments on seven pairs of classic traits in the garden pea (Pisum sativum). However, the
molecular bases underlying these traits have only come into sharp focus in recent years. Leveraging advances in
traditional map-based cloning, TILLING, long-read resequencing, population genetics, and GWAS, this article
synthesizes current knowledge of ten genes governing seven traits—plant height, seed shape, flower color, seed
color, pod color, pod morphology, and flower position—by summarizing each gene’s identity, chromosomal
localization, and functional pathway. For plant height, the classical Le locus corresponds to PsGA3oxI, which
encodes a gibberellin 33-hydroxylase. Mutations at Le impede the biosynthesis of the bioactive hormone GA,, and
the resulting deficiency leads to a dwarf or reduced-stature phenotype. Seed shape is determined by R, identified
as PsSBEI (starch-branching enzyme I). Insertion of a transposable element into R restricts amylopectin synthesis,
perturbing endosperm starch architecture and resulting in the wrinkled seeds noted by Mendel. Flower color is
specified by the coordinated action of 4 (a bHLH transcription factor) and 42 (a WD40 scaffold). Together, they
assemble the canonical MYB-bHLH-WD40 (MBW) regulatory complex, which co-activates structural genes in
the anthocyanin pathway to determine pigment accumulation and floral hue. Seed color is governed by /, which
encodes PsSGR (STAY-GREEN), a magnesium dechelatase that catalyzes a key step in chlorophyll catabolism.
Loss-of-function alleles at / block chlorophyll degradation, yielding “stay-green” seeds in which chlorophyll
persists beyond normal developmental stages. Pod coloration maps to Gp, corresponding to ChlG (chlorophyll
synthase). Either direct loss of Ch/G function or readthrough-fusion transcriptional interference caused by a large
upstream deletion suppresses chlorophyll biosynthesis in developing pods, resulting in the yellow-pod phenotype.
Pod morphology depends on two convergent regulatory pathways. The P gene, PsCLE41, signals through the P-
PXY-WOX/NAC axis to promote vascular differentiation and secondary-wall programs, while V' encodes
PsMYB26, a transcription factor that drives secondary wall thickening in fiber cells. Acting in concert, these
modules ensure robust secondary-wall deposition in the fiber layer lining the inner pod wall; disruption of either
component compromises wall thickening and leads to pleated or wrinkled pods. Flower position (inflorescence
determinacy at the shoot apex) is controlled by FA, identified as PsCIK, which participates in the CLAVATA-
WUSCHEL (CLV-WUS) feedback circuit that maintains shoot apical meristem homeostasis. Mutations in F4
destabilize this self-regulatory loop and promote terminal flowers at the apex. The expressivity of this
determinacy phenotype is further modulated by a recessive modifier, Mfa, which fine-tunes the outcome in the fa
background. Across these loci, convergent evidence highlights the central role of structural variation in generating
the classical Mendelian phenotypes. Building on this clarified molecular landscape, we outline practical
implications for quality improvement and the deliberate “design™ of traits. Looking ahead, we envisage a next
generation of legume genetic improvement anchored on three mutually reinforcing pillars: high-quality reference
genomes to deliver contiguous, structurally faithful assemblies; comprehensive pan-genomes to capture presence/
absence variation and structural polymorphism across germplasm; and precise gene editing to target coding,
regulatory, and structural features alike. Together, these tools chart a path toward mechanism-based breeding,

enabling purposeful, design-driven trait improvement in peas and, by extension, other legumes.
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