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B 1 RS2 R A KFE(Oryza sativa); B: 335 KE(Glycine max), RIECENNFT I LLERELMF; C: B KE(Glycine
soja), RIECH)BIRITE; D: 182 (4rachis hypogaea); E: 2 [¢% (Datura stramonium); F: ¥tk(Juglans regia); G: J\ff lllicium
verum); H: JTCE M (Acer truncatum); 1: U/ FF (Arabidopsis thaliana); J: K >%(Magnolia denudata); K: |7 H 3% (Helianthus annuus);
L: W& (Foeniculum vulgare); M: TALR:(Ficus carica); N: & (Ziziphus jujuba); O: SER(Malus domestica); P: FFE(Citrus
sinensis); Q: EJN(Cucumis melo); R: #IEFHi(Solanum lycopersicum); S: EEEETEi(Solanum pimpinellifolium); T: TR
(Capsicum annuum var. conoides); U: SA(Capsicum annuum var. grossum); V: H#l(Capsicum annuum var. annuum); W: 5 Z#)
(Capsicum annuum var. fasciculatum); (X1~X3): KRR (Physalzs philadelphica); Y: FBIRIE(Physalis floridana); Z: 41358

(Physalis alkekengi). BRI J& P BT 8 AR B0 7 4, LR R HP AR, AR 1 em

Figure 1 Fruit diversity. A: Rice (Oryza sativa). B: Cultivated soybean (Glycine max). Pod is artificially opened to show seeds (right). C: Wild
soybean (Glycine soja). Pod cracks spontaneously (right). D: Peanut (Arachis hypogaea). E: Datura stramonium. F: Walnut (Juglans regia). G:
Aniseed (/llicium verum). H: Acer truncatum. 1: Arabidopsis thaliana. J: Magnolia denudate. K: Helianthus annuus. L: Fennel (Foeniculum vulgare).
M: Fig (Ficus carica). N: Jujube (Ziziphus jujube). O: Apple (Malus domestica). P: Sweet orange (Citrus sinensis). Q: Melon (Cucumis melo). R:
Cultivated tomato (Solanum lycopersicum). S: Currant tomato (Solanum pimpinellifolium). T: Capsicum annuum var. conoides. U: Capsicum annuum
var. grossum. V: Capsicum annuum var. Annuum. W: Capsicum annuum var. Fasciculatum. (X1-X3) Tomatillo (Physalis philadelphica). Y: Physalis
floridana. Z: Physalis alkekengi. The “Chinese lantern” of the genus Physalis is torn or partially removed to show the berries inside. Bar=1 cm

[l R RARR BRI, RIMER KBS —R5 REHER), YR o 2 WX L 5 DA (R Y B 1% K
MADS-box ¥4 H FHR A K, HILH 7T —RNEW  ELER TR IEAGTE . 5 — ] [R5 R 1% M AE
TR B MABCHALHI DU RAEBALSAR U, BRI 3% B P SRR AR G 10 8 1 T A RIS R 432 T 42
KREMA—BEARIE. FEMERXERU, R, AR RIS B R E S R m R i B
TERRIE R RS H AT IR R AR AR 23, B EINRIERE. BARO R REIETI RN KRR 3k, HIX
FE R T EYCRIR SRR ATE . Y IR ARERER A DS RS E . TR SRS LB L
W EAER B A S e AR SRS R B R R HIBE 7T, TR, O Bk A IS LA A 11
PG DR ZREAOR EIZ 0 B (IR ) RIAE L RTORE 2 BHE R B R b, (B SRR BRI A 4 2
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R KN RYME S R i BRI R —,
—HZFEDE R EMEN. MEIF. KRS
PR AR A SR S2 KN IR AR R SR )2, B
TR, TR T 702N ER, VR RLRGT L
gea!" T BT R KB, EREE TR, EARLY
FLOWERING IN SHORT DAYS(EFS), DEVELOPMENT
RELATED MYB-LIKEI(DRMY1)Z 518K 1 5k
NS ZEKAE T, GRAIN NUMBER PER-PA-
NICLE GENE 4/LAX PANICLE2(Gnp4/LAX2)id 3%k 1§
P74 K. GRAIN WIDTH 5(GWS5), RICE HETERO-
TRIMERIC G-PROTEIN y2 SUBUNIT(RGG?2), THOU-
SAND GRAIN WEIGHT 3(TGW3), GW5-LIKE(GWS5L)id
FIRAE AT IR TR KA SR KRR (R ) Fh
TRNEEE BRI T — 2, (E R e
IR FE AR 2 N R IR M 8 A4 B A B
TRFANED), IKE, BRI, KRR
RTAFET TR, Wl T E R
FVE. R FGE RIS R DL T A RS AR it
FERPER R Z B, A AR A — 2
A A A ORI 9 R

2.1 FRHRSER/ANFIIEAR 8 15 %

MRHEY) R AT E R R R —, W
PIAFA ST B, ICA 2R RS B
S RSR/NATZAR X S ra P i R 3 J5 A5 B AR
A X 43 FF S 2 BRI A Sk 38 e o 355 35 i A T
AT ELEE T, AL 2 AL S T
RIEVERERE. WEFURI, SEma R SR /NFTR (1 5 3=
RZ, QAR BB AR R P AL B 555, H.
ANTR] A A r s i) SR SN AR AR 7 1) 43384
WU REA AR~ P SO I L s e 1. ARSI W 5T, 32
LG, T — SO AR SN BAT R4 )
QTL(quantitative trait locus)/ZE K, KILEA15 772 M
YA 5> FLRAVE L AR ORI s = 2 A 7 TR R
FERSERPAITER(E2, RA2). TXLEIE A B AHE
S5 T HMBLMYMLEY, BERS T EAHER R

CLV3(-) WUS(+)
FAS (-
2 locules e HLC.(*') Multiple locules
S FIEBEEHE o
' .’ Locule number I .!
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SI-IAA17 (-) OVATE (-)
SIWEE1 (+) FW2.2(-) | SUN (+)
€—— | Sleif1 (+)
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REKFE
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Figure 2 Genetic controls of fruit size and shape in tomatoes. The size
and shape of tomato fruit are mainly determined by cell expansion, cell
division, the plane of cell division and locule number. The + in
parentheses after a gene indicates that the gene encodes a positive
regulator of the corresponding process, and the — means a negative
regulator. The arrow indicates the changing direction of the process.
Detailed information is available in Tables 1 and 2

Yolal 4 FIALAR 5 D RE E AL ke

(1) g i 7. B BT,
W 17 2 2 S s 1) 40 i 73 2R3k T 52 i R S R/ DN ) 2 4]
(B2, #1), HAfiuit weight 2.2(FW2.2)3# )& T4 %L
H i ¥ (cell number regulator, CNR)ZEF FK %, &
A — AT BEQTL ) FW2 2 E L& A,
5oy e BRI I CK LB B E A AR, 2
SR e M RN RE T S iEe, Sas
R SEAERMCNRSOMEL, Fw2.24E
AE AR RS P RIEEAC. K& W E
FEP2 DR e, % DRI 2 AR AT (1 5 (T B R
IR 4 A S ) £ /N A i A b AR A
FW2.2KB KR S Ry, HETERE ., BR
F KRG, TR SR Z MY TR IFW2.21H)
[ 5 DS 0 AR ) 2 23 B S B ORI B SO 4R A
FAETSTON R, (ERRIR B R, FW2. 200 B AR RV
K| Physalis organ size 28¢Physalis floridana cell number
regulator 1(POS28LPFCNR )% i 25 (At 9 s 5 47,
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Table 1 Regulators of cell division and cell size in the fruits of Solanaceae

AL QTL/A: A iy A 5 hRE/RR Y SR
FW2.2/CNR FRIEAL 5 PN R [25~27]
FW3.2/SIKLUH JR I %ﬁéﬁggﬁpm%& NN ;ﬁf& [28]
S|
OVATE PRI IERIE PSR B [29,30,34]
s T
YR REF Rider /5 105 Y ik 575 TR Gl
SUN Y 110247 Kbl HEP 4 RERK e [31~34]
Slelfl A5 RSLR i [35]
fs3.1 AREn REIR B [36]
f510.1 PRl RITIEAR B [37]
SI-IAA17 A&, RS Fhh [38]
SICCS524 W&, Rk & [39]
SIWEEI WA, FR ] [40]
Yl U HEfif
FW11.3/CSR-D A 1406%1;5%%%@%*']22 bpfy LS NN FHh [41]
PoSI L L e T BRI B [42.43]

EAML G F ML E AR ACK B pI AL, SEi
XTI 2L, I 5 MADS-domainf 5% K Phy-
salis floridana AGAMOUS(PFAG)#E A HAE, M szFi
o 441 i A A B 1 B AL PFCyelin - D2V T G 4240
H 4> 207 T IEAGAMOUS(AG) I R e 5E O 2 1 5
AR B, BB PFAG R TFAGIH [R5 HE R,
HPOS2idE it 5PFAGHI FLAE SEIL 1 4 7 by ) B R 2%
R R/NEIE R, X W2, 29845 20 0 43 2L A
. fEFENRIAZEH E, POS25FW2.2—FE, B
PR S A 1) 5 5 T S 2 SR K/ IN ) R R S 5 )
)FB?%[ZS,N].

FW3.2(fruit weight 3.2)7efE3 A RKILE 75—
S e 4 ) 200 4 Sk s SR S N R R Y,
FEPNFEIFKLUHTI R, DR S A 44 N SIKLUH,
JB T CYP78AN LRI SR ik 521, Fw3. 210 B TR
e AR R 52 R e R S SRR R R I X35 ) 40 A B
o, TR L ik B 2R A AR S e R K LA S I R A
WRPY FEREE I, KT ANERKFES B T,
BRI eSS EEm R RO T 5FW3 286 5 E
DIREPR T IEMICYPTSANE JE R K A% i1, HLaxX 2L ]
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MTONNEAU 1R F & & A8 40 i J5 52 L MU € iz
IENASTAE, R0+ b5 KB A 5 AN G B 2 fif 1)
R, BN RLRTY. BT R SUNR
SRS G ED, (RN m g2, [F
IR i (R A i 43 240 Y R R S AR A STelf1(Sola-
num lycopersicum elongated fruit 1)5] 5 529 7] 41 g
JEHE N, MTTTAE B S22 K 5 4k, 78 B R BT 2
M HIQTLs Nfiuit shape 3.1(fs3.1)Ffruit shape 10.1
(f10.1), 2 5RSTRRMREEDST. X EQTLsI v k%
P BT 58 A0 AR R RNFITE R 1 455 104 4.
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Table 2 Regulatory genes of ovary locule number and their conservation
Yk QTL/%H FLRE TF o (1 ) YR R e hig/R A SR
b LC/SIWUS WUSCHEL L TUF1080 bp/a X2 4NSNP F = A H 0, Haurk [47.48]
SIFAB CLAVATAI JabTEBAR TEFe Iy 3CHL, 1 B R0 In [46]
SICLV?2 CLAVATA2 IhRG R RAR TETF 53 SCHOR B == 0 [46]
SICLV3 CLAVATA3 CRISPR/Cas9-SICLV3 TEF 53 38, ¥ B = B [46]
SIFAB2 WIECLVE 5% Sk ThRE BRI RAE A 5330, T B A H 3 n [46]
SIRRA3 WECLVE 57 S@&t TRk ke RA M TeFP oy 3, TEa B E 1 [46]
piy PEEEO BT ISR WFHLH, TRESEM  [46]
Tk DI CLAVATAI td1 7Bk SRS BT R [49]
FEA2 CLAVATA2 Sfea2 Z¥AFAK RSz BARATRORIECH B [49]
FEA3 CLAVATA3 &8 E 5 24k Sfea3 ALK TR EE L, MhrEugin [53]
IKF FONI CLAVATAI T fe ke RA I Ted B B, Py A n [50]
FON2 CLAVATA3 TiRe R R RAR A6 4 B AR T HE [50]
YN CsCLV3 CLAVATA3 TERS I SR F b5 = B8 [52]
L BrCLV3 CLAVATA3 mi4FEAE R £ R0 b = B Hag [51]

SI-IAA17(Solanum lycopersicum Indole-3-acetic acid 17)
FEAuX/TAASERI R I 0L, PRI KRR 58
12, WATHMLE AR, R HIEY A KA E . RNAT
PLRNADITERSI-IAA 1 7AE R SR E R, X FE R
Hd K P EUR R R N4 B, SanR R T,
F ARk E LR SSICCS524(Solanum  Iycopersi-
cum cell cycle switch 52A)ERFFRIE. DNAKHNE
] Ry S PEAN AR RN O, 24SICCS52413RIE T
I, NI SBOEREA N, BSICCS5243%3% 1
W, AN EREYER, 5FXREEEEE, SBCR
AR RPY fEix—it fEd, %2 RDNA P& i1 51 241
JH 4064, T A SR AR DR, ek 55 24 i ) S0 A O 2 1
SENSIWEETIIZZTE, 1 T R A0 DNAfE T T
B, MR dibE AR 0N, AN 45 7 iR R R R S A
ANV BAGFWIL.3(fruit weight 11.3)/CSR-D(The de-
rived allele of cell size regulator) €L T 115 YL tafk, Y
i — & A FAF4E #43% (DUF3049, Pfam accession
PF11250)f 8 8 ™, e Rserh, CSR-DRTEE
IR SN DL AR A Bl [ s, 5 2R SRk
POL AR KRB B —BG e EE R G R R

PRI IR sed &, 13 EOR AL K R R 2
Rz e K1Y,

TEXE BR3¢ (Physalis philadelphica)}, POSI(Phy-
salis organ size 1)FER[NFRIEE SR E WTE.
SRR T I /N B AE S o e 5 R i
POSIMZRIE S =T /INFIAE . BELL I /N4 i, AH
S, I FRIEPOSIZATAMIAL KR, 208 B K, H4
HOE SRR 8] POS Y TS A0 fi /N (4 TE 28 8]
T PR, KRB P POSTEERI S —A
WET&A—N37-bplIEE T, 1K B 1A [ F
JEPOSITIEE — W& TR, H5 RS RN
o, Ky AN SE =2 R POS TR R R (1 55— N
EFaMEA— WA EA BN —EE )T
5™ IE RN & T rh37-bpE A TS 5 3L
R Z Rk, EIRRRRE LOUE TR R IR R
SR/ B AR AE B POS 14T 25 AN CRF (cytokinin
response factor)-AP2(APETALA2)45 #dsk [ 4 s [ 1,
R R IEY, R, B/ T RS
POST B Z [ 5 25 PR D) AS L 4 428 i) R SR /N 1)
(Wang L, He CY, AR K R). IX—RKILF8/ IL 2%
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F2REAT 1 [ R AR 4 4 o) SR S OK /N T4 3 AR 11 5
1ot

(3) T =EHHE MR . EF MY e
AT by EACH AR R TR KME . B AR 20
FilEr, T AR A 1 P 2 20U B 38 £ . FASCIATED
(FAS)MLOCULE NUMBER(LC)&% i b R ILHI P A
FEEH T 5 = E5E A (B2, $R2). FASER
Ak NN A # B T R YABBYRE N E S — N & 7
WHIA T 116~8 KbIDNA F B fd 5 e s, i@
o 3k — 25 ok B A e i R0 R B 7 5 A EL B o M R B,
YABBYX: NI — W& FRICLAVATA3 [R5 % K
(SICLV3) Lii# 1 1-Kb X 3k 2[5 —4~294-Kb A Bt 115
BL, XAMBNL FELSICLY3ZRIE R, MIfisem+ 5 =
% B Bl S AL T SIWUSHEE R 71080 bp
J& X35k, 1% [X 35k [¥)2 > SNP(single nucleotide polymorph-
ism)5 0o B2 50 H AR AR 3E, AT 25 At e K,
PLCLAVATA (CLV)-WUSCHEL (WUS)3 Rl A o0 ()
S H BT D = A H AL A S ORAF I, —
S [ 5 S DRt AT AR AL R Th R (F22). 5 LORE s8N
— 3, UVTERB M WUSE RN (SIWUS) G H Mt KB %
B, AEas B ¥ H RSR ST By s MO ™, Lot
SIWUS. WUSTHEHEA I RE 32 I P24 () 2lifb 1k £, 72 &
KHE W T oy AR R 22 5 R B F ¥y i 2 A
@2 T CLYRFE R AR AL 2% B R 155 5 8 H 7 1
T REAEAS [FIAE ) B+ 7 PR 57 (3R2). FH A FAB
(FASCIATED AND BRANCHED). EXTDI(THICK
TASSEL DWARFI)FI/KFEHIIFONI(FLORAL ORGAN
NUMBER ¥ 0 8 7 CLVIFI R JEIE A, BRI ThRE
il 2R GEAR R B 35 TR G 2 R D AR T 93 S8 e
SEE R B = MO ot ALy 2ohig
RRABNRRIIIMAT fab, (F1F1ET 0 ST T 55 =5
™ E kb CLy 24 [R5 3 K FEA2(FASCIATED
EAR2) A FAI T aE™. £ M h CLy3 5Ly
MCLY2[RVEHE K Dy e fr ¢, FwASICLY3. 3K
CsCLV3. &&EKIBrCLV3FKFEHICLV 3[R Y5 5 K
FON2(FLORAL ORGAN NUMBER2){#i4£ 743441
KNG TE8S B BB AT B o e, BeE oLy
AHOCIE DRt LA AL T RE. 0t BT oz A1 h 4 A2 B L K]
SIFAB2, SIRRA3MFIN(FASCIATED INFLORES-
CENDE)/\ 3 CLV3IBT i H 534k, #mCLV(E 55
SiE, HIResh R G ET o b e ds B 20 H B,
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FASENLH R B AL R E AE W) 22 50 0 E A VR 1 )
. B E R A2 REYIE B R R, [E1S A HL
SHAFFR I 2 R s R/NPQTLAE K. i H Al
MR, B Le IR R LA a8 ) 55 R 5 2 4
IR 2 HIRe Ry, A% ¢ REOE AL =14
%, (HR4 R ZHAEAFF R FEA B PR H
R A AT RE A SR R Z AR L. Rk, fER
SEAFF I A TR B AL AN R R TR &R, DA 4T LR R
SEM L R E, E T R B IR 0 4 TR
A

22 HABBET RPN B AR A S D

W0 TR S — g S P IME I EY) . B
Y, WK, SRR, #NR S SR, ik
BHOREE, SER. WALRERL. BERITFEE . M
TRV IR, HE R & M EERHTESE, e
TR SZR/N B Rt — B (3R3). B2, 7
XL R, AR A AR — FE AT OB I )
WAL AR F, WA A e g A, R
B, L2200 T S R IRTG — Sk BE R (3R 3). WEALK
B, 75K E h— R R (1 K B3R IE, W4 (L 2= P45S0K
J%(cytochrome P450)%FEGmCYP7845F1GmCY-
P78472, GIBBERELLIN 20 OXIDASE(GmGA200X)H
NUCLEAR TRANSCRIPTION FACTOR Y SUBUNIT A
(GmNFYA)%E, F—LLRRIEN N HSUIER, WBIG
SEEDS(GmBSIMIGmBS2)MICELL WALL INVERTASE
INHIBITORS(GmCIFI), ¥{§iFhF14 K770 Fe 4173
MR KRG R G R R B RFAN R EE T
—RINSHMFRE, BT RERE R R/ I %%
HER S op b R 5 R S /N BIQTL, 78 F A 22
IRl 4 v %8 58 B FAS, OVATE, FW2.2, SUN, LCHIFW3.2%%
MR F R A B R R, OVATER
TONNEAUI“5QTL/: R ¥ il &I 38T SRSz iR
Aoy s, T HRCERE . R R
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Table 3 Genes involved in control of fruit/seed size in other angiosperms

Y B it B Y RIS EE BTN
GmCYP7845 4 0 K PASOFK IR R PR AN [73]
GmCYP78A472 YA K PASOF R EE (LR [70]
BEERD GmGA200XFIGmNFYA iNES ety hed K/ [74]
GmBSIFIGmBS2 R ET R 2R AN [75]
GmCIFI AL B 1) 77 7 Tl iR [76]
FW2.2 il gER RS NN [77]
FW3.2 4 0 K PASOFK IR E NG [77]
LC WUS/WOXZK ik 2 [ EE L GIEDSI2N [77]
A SUN 1Q45 IR A RSIAR [77]
OVATE OVATEZK K5 [ RS [77]
TONNEAUI TONNEAUI %;dﬁiégmiﬁ(mw% RLIBAR [77]
OVATE OVATER REH RIBAR [71]
HOR TONNEAUI TONNEAUH%Z?:@ BU(TRM)Z RITBAR [71]
R FveCYP70744a 2 (3R PASO B N 4 RIEAN (78]
B MdCDKAI T L 2R A K% A S /AR SR/ [79]
PRk PaCYP7849 i (L R PASOK B LSRN [80]
FHHFR A FtARF2 AR A B T TR AN [81]
LN R CsGRF2, 3, 7H19 AR IRATR T HRIRD [82]

A EE R R MRS RN a2 s

i v IR 141~ TT e TR A 0 R R BREA 3R, AT

PR R E . RN R 2R i 3 ),
TERFEANRLR AR, EKE. FERGAR
JBL7% B (ABA)TE A ORI IR S A,  Skedas il sk
BILFEFABARIK; Hoicytochrome P450 707A44a
(FveCYP707A4a)3ERVE N OIRFT, AMUIHFTABA)
A, il A2 KE. GANABALS SR MR H sk
RN )Ry 3 B 4R 98 A “Grand
Gala” 5 HARIEIN15%, HEHEN38%, Wk, H
SRS O R AR AR R ST eI B ik
B, MdCDKAI(cyclin dependent kinases 1)3& KKk [
W, RN R R CYCA2, 335 T, e
W R K. R R B, AN
FEP4503E K PaCYP7849(cytochrome P450 7849)W] LA
PRI B S T R, YRR SR
B R RN R 1) 2 S B DR AL 5 384 B
ST 2370 7 2R 2 i R R s 2 20U Ui
B, BRI FEE R E M A R, KRN

RS Tl IS 3 KR R Fauxin response
factor 2(FtARF2) {7k i, X RhFoR /N7 Y,
X IR /N B Sk 222 S 1) 0 REE AT miRINA 1y 38 &0
JParir, % H 1374 2 AImiRNAFI264HmiRNA;
HE— ST R 22 TR/ SRR, fE A A T,
MA Bk, KIL6 5% % REAKMQTL, ¥
BUREEAE11.3%~33.0%"". S5 RHHHE B AT PR K
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Figure 3 Molecular mechanisms underlying the origin of “Chinese
lantern” in Physalis. A: STMADSI6 is not expressed in the calyx of
potato (Solanum tuberosum) due to the MPF3-like inhibition, thus no
“Chinese lantern” is generated in this species. The classical CArG-BOX
motifs are present in the STMADSI6 promoter. B: A molecular
mechanism underlying “Chinese lantern” in Physalis. There are mutated
CArG-box motifs in the MPF2 promoter, and the MPF3’s inhibition on
the MPF2 expression is thus significantly reduced, which leads to the
heterotopic expression of MPF2 in floral organs. STMADS16 and MPF2
are orthologous genes. MPF3 encodes an AP1-like protein; PFAG is a
homologous protein of AG. Here, we only show that the MPF2-
associated dimers bind to the MPF2 promoter. C: Two component
system of genetic and hormonal control in the origin of “Chinese
lantern”. 6-BA, cytokinin; GA, gibberellin. The lightning arrow
represents the fertilization signal that could be replaced by some
hormones. The arrow indicates activation or promotion, and the blocked
line means inhibition. Parts of the “Chinese lantern” were cut to show
the relationship between the berry and this morphological novelty
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Figure 4 Evolution of fruit types in angiosperms. Phylogenetic tree is
framed according to APG 1V, consisting of 64 orders and 416 families.
The size of the gray triangle represents the number of orders and
families in each branch, which is listed at the right of the gray triangles.
The pie chart shows the proportion of fruit types in the corresponding
branches, and the various colors show different fruit types as indicated
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Evolutionary developmental mechanisms underlying the origin and
diversification of the fruits
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The origin and diversity of fruits are the results of the long-term adaptation of plants to terrestrial ecosystems, which is closely related
to plant reproduction and adaptation to various living environments through seed dispersal. This evolutionary phenomenon and
process have resulted in the origin and great prosperity of angiosperms. Dissecting the mechanisms underlying fruit origin, diversity
and adaption is one of the core scientific issues in evolutionary biology. In this review, we summarized the main progress in
evolutionary developmental genetics of fruit morphology (size and shape), morphological novelty of fruit accessory structures, and
fruit types. The research directions and topics of future work in this field are also proposed.
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