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Research progress on flower development of Juglandaceae plants
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Abstract: Juglandaceae plants are monoecious and dioecious, and they are a major woody
oil crop and nut. Juglans and Carya fruits are highly valuable economically, but in practice, the
ratio of male to female flowers on the tree is out of balance, with an excessive number of male
flowers and a deficiency of female flowers. This significantly reduces the tree's economic yield
and has an impact on its revenue. The physical characteristics of male and female flower growth,
location, and endogenous hormones on flower bud differentiation, as well as the function of genes
linked to floral induction and a flower development model, were all assessed in this study. Most
Juglandaceae plants have unisexual blooms, which typically open once a year. Nonetheless, a few
early-bearing Juglans regia has the ability to produce a large variety of secondary flowers and
fruit in a unique environment that allows for late-autumn blossoming. Even if both male and

female flowers are found on the same tree, a phenomenon known as dichogamy occurs when the
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female flowers' blooming period and the male flowers' pollen-shedding period do not coincide,
causing the sequence of flower opening to vary. The female flower bud differentiation process can
be separated into four stages: the emergence stage of the female flower primordium, the formation
stage of the involucre and perianth, and the formation stage of the pistil primordium. The flower
bud differentiation process can take up to a year. The undifferentiated stage of the male flower, the
differentiation stage of the male inflorescence, the differentiation stage of the male flower
primordium, the differentiation stage of the stamen primordium, and the formation stage of the
anther and pollen grain are the main divisions of the male flower differentiation period.
Furthermore, it is possible to determine the stage of flower bud development by looking at the
outward morphological traits of the buds, which is useful for managing blooming and floral
induction. Numerous plant hormones, including CTK, GA, ABA, IAA, and PAs, have a
significant impact on the differentiation of flower buds. While GA promotes the development of
male flowers, spraying the right PAs can increase the amount of female flower buds. The balance
between endogenous hormones may be more significant for the flower bud differentiation of
Juglandaceae plants, even if a single exogenous plant growth regulator may control the quantity of
male and female flower buds to some extent. It is well known that the material foundation for
flower bud differentiation is carbon nutrition and mineral nutrition. The soluble sugar
concentration rises first in female flower buds during the physiological differentiation stage.
Potassium fertilizer applied during production aids in the differentiation of flower buds, and
girdling, branch ringing and root cutting can all be used to control C/N and encourage flowering.
Plants have developed sexual and reproductive allocation mechanisms over their lengthy
evolutionary history. There is conjecture that male flower buds situated at the base of walnut
plants, which differentiate early, have a preference for obtaining greater nutritional resources.
Consequently, there are significantly more male flower buds than female flower buds. LFY, FT,
CO, and AP! in the flowering pathway may have a favorable effect on the female flower
flowering of Juglandaceae plants, and the MADS-box family also has a significant impact on
flower development, according to research on the flower development of the model plant
Arabidopsis thaliana. Up to 77 members make up the MADS-box family of Juglans regia, and
some MADS-box genes are strongly expressed in floral organs. Following their heterologous
transformation into Arabidopsis thaliana, JrAG, CiMADS9, and CcAGL24 underwent a
considerable alteration in their floral phenotype. Genes that are homologous to MADS-box have a
variety of regulatory roles. For instance, there are functional distinctions between the homologous
genes CcAGL24a and CcAGL24b in Carya cathayensis when it comes to controlling carpel

formation. Arabidopsis thaliana plants that overexpress CcAGL24b have longer carpels, larger



sepals, and depression, whereas plants that overexpress Cc4AGL24a have shorter, thicker carpels.
The IncRNAs are a type of epigenetics that regulate plant growth and development but do not
encode proteins. Analysis was done using the Juglans regia female flower bud and leaf bud
development miRNA-seq database. It was shown that female flower buds had larger levels of
differentially expressed miRNAs than did leaf buds. It was discovered that the target gene of
miR156/157 was the flower-promoting gene SPL. The current lack of a complete understanding of
the genetic system of Juglandaceae plants restricts the study of linked genes' functional properties.
We will keep working to find a solution for the genetic transformation system in the future. When
combined with additional biological techniques, it should be possible to precisely grow more
female flowers, uncover the essential genes for determining the sex of flowers, and enhance the

regulatory network map of the blooming pathway.
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Fig. 1 Morphological characteristics of male and female flower buds (A), female flower
buds (B) and male flower buds (C) of J. sigillata Location
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A and F. flower bud undifferentiated stage; B and G. the initial stage of female flower differentiation is the
physiological differentiation stage; C and H. pistil primordium and bracts appear; D and L. ovary differentiation; E
and J. pistil primordium formation stage; SAM. growth cone; sq. scales; gp. growth point; Ip. leaf primordium; fip.

inflorescence primordium of female flower; pi. Female flower primordium; br. bracts; fst. petiole; fp. flower
primordium; pd. Pedicel; ov. ovary; ou. ovule; op. ovule primordium; ps. pistil primordium
&2 jatbk (A-E) FERILEE (F-1) BETESF & i3 2R AR
Fig. 2 The organizational structure of female flower bud development process of J.
sigillata (A-E) and Carya illinoensis (F-J)!*5-26]
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A. dormant period; B. germination period; C. expansion period; D. male flower buds differentiated in the new
shoots; E. early stage of powder scattering; F. Powder scattering period; G and H. powder ends. mb. male flower
bud; f. female flower; mfb. flower bud; an. anther; in. Inflorescence.
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Fig. 3 Development process of J. sigillata male flower!!"!
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A. flower bud undifferentiated stage ; B. male inflorescence differentiation stage ; C. male flower primordium

differentiation stage ; D. stamen primordium differentiation stage ; E. anther and pollen grain formation stage ; ab.



apical bud ; lb. lateral bud; sam. growth point ; bp. perianth primordium ; fp. flower primordium ; fpe. male sepals ;
st. stamens ; ant. Anthers.
[ 4 Bt sr & IR A LS 28
Fig. 4 The organizational structure of the development process of male flower buds in

precocious J. regia!®®!
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Table 1 Number of genes in MADS-box gene family of Juglandaceae
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66 16 50 7 3 3 4 [72]
Carya cathayensis S.
ST A%k

33 3 30 6 2 2 4 [65]
Caraya illinoinensis K.
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67 19 48 2 3 3 2 [72]
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APl BT A RACR BRI, YoEten BA BN S . AEIE 3 B R AR
A, 5 B RFERA AR RIS A Eds BB BRI E AP3 A PL A ISR,
FEATTAMAHEENIRE . AP3 LHIET A AP3 FI TM6 W73 3. AFAEF AR R 43 3¢
Pyt AP-3like F1 TM6-like F R DI RE W I 704K, TM6-like 3R R 2 5 1AE SR G
U4, Itk CeAP3-1. CcAP3-2 AWEREAE H #RAT 3Rk, (R W SA A AR I AN ]
S0 43 ) ) 1S AN )3 A% (45 5 T R 2 HE A6 AN [ R BRAE 102, AG 2 H AT RIE ST iz
() CREEN, WML FIEMEE . WMk CcAG-1 FERFEMELL R FRIE, HE
A R AT REAN 5 1L AZ BEEFE T A O 2), FEAUL R 77 id R Bk JrAGT REARIESS S8, 1
IWRIE JrAG2 B AR B R 0/ L FLAGHIRIOS), RGN AG B, H FEHE R
WM IIREE A T ANE . D AR & STK M SHP1/SHP2 A4, FEAEMRER. Fsk



FRXIPERIEL, WEMGERE . RLRKEMFRD, ERERNFESHWTHRT, Bk
(BRM) FFhFRE, FARFKRETTHIRI AGL6 5 SEP WK ERRHE Y], 1 e LMk
BeFAR R & R IEAE U FEREACEEIT I, 58 LBk RIVEE H CidGL6 b fs, hf
WETE TR B RT REAT B4R U7, Hofh MADS-box 5% i 3 AE SRk RHE L S B R B
REEEAERM, W WFTI AGLIS e XY o 44 4 fa IRk & U8, 3 7 1L A% bk [ U A [
CiMADSY TEAEFAS B i R A Sim i T FR 88 T, Mferh Rk & THEE: R+ b s
R CIMADSY, % HRREMEI N i in, HIFEER, 0 CiMADS9 25 7 #iF
L2 W6 £ T A 350 B e % 7 1) 2 7 IR% 090, MADS-box [/ 3 R 1) R 4% Th RE A AE 2 BE P
L A% B A [R5 2 Bl CeAGL24a R CeAGL24b TR0 2 R B MBI IIREE S, dRIA
CcAGL24a W ST MR O AR AT, T 298 CeAGL24b RO ALK . HHARKHE
WTREAR ST, A L AZ B MERE K B I FE R CcAGL24. CeSOCI il CcAPI [RIEEW, K
CcAGL24 MR IE G RGN, CcSOCI IRZ., CeAPI M, N =& 1E LI HRMETE T e
P 28 H 1) AT BB U A7 i M BB R AKIKCN CcAGL24 CeSOCT FI CeAPI®Y, H CeAGL24 5
CcAPI AFAE HAE R RBY,

< 2 tAHER MADS-box EE R HFTIAFIE

Table 2 MADS-box genes and their expressions in Juglandaceae

Wy ] et} FIENH I KR RE 225300k
Species Genes Types Expression and regulatory function References
E % WETE T S R ik
CcSEP-1
Class E High expression at late stage of female flower differentiation
i EMEREAE A R0k, EREAE T 3Rk T MERE
CcSEP-2/4 Clﬁ E It was expressed in both male and female flowers, but the expression
ass
in male flowers was higher than that in female flowers.
TEAEA0H T, METE AL AT R IE
CcSVP Flowering inhibitor, low expression in early stage of female flower (721
differentiation
. i TERERE /3 J5 HRIETE S AL YT e ok
A%k AR o .
CcAPI It is highly expressed in the late stage of female flower
Carya cathayensis S. Class A X o . L
differentiation and the early stage of male flower differentiation.
THERHE R T, HMEE Rk T M
CcSOCI Flowering promoting factors, and the expression in female flowers is
higher than that in male flowers.
PRI IFAE, MmO RE, 5 CeaPl HAE
CcAGL24a Promote early flowering of plants, affect carpel development, and [69, 81]
interact with CcAPI
(R FITAE, S R &
CcAGL24b . . [69, 81]
Promote early flowering of plants, affecting carpel development
CiMADS20/21/37 (OES HEFE REAEYT v A [65]
(AG) Class C High expression of female flowers in full-bloom stage
, , BEMEAE 2F AT o3 Ak, FE R 3R 03 T P A1
e LBk ) B % ) . . L
CiMADS40 (AP3) With the continuous differentiation of female flower buds, gene
Caraya illinoinensis K. Class B .
expression gradually decreased.
CiMADS9/10/19 HEFE REAEYT v A
(SEP) High expression of female flowers in full-bloom stage
Bk TERERETE 27 A RIS i 2k
JmMADS28 (SVP) [33]

J. Mandshurica M.

Highly expressed in the dormancy period of male and female flower




bk
J. regia L.

buds
B HEETT A ik
Class B High expression of male flowers at flowering stage
B % WETETT AL ik
Class B High expression at flowering stage of female flowers
FERRESS T S A R s Rk, T RERS HETE A R HEAF

JrFUL High expression in male-precursor varieties may promote male  [82]

JmMADS41 (PD)

JmMADS27 (AP3)

flowers.
AR ZE h i akik, MEMEAE T RERIE, WTRES Bk AEEF
TR
JrSOCI At the early stage of differentiation, it was highly expressed in  [83]
terminal buds and lowly expressed in male and female flowers,
which may be involved in the formation of J. regia flower buds.
A% RSBk ARk T RSBk, R RE(RE RAE
Jr4P1 The expression in early-fruiting J. regia was higher than that in late-  [62]

Class A . X X
fruiting J. regia, which may promote early flowering.

Kk, SABERHME Y MADS-box 55 EE R JF A6 A7 AE AR R, 0 40 5 R ) SR A A =X
FEEMALRERA, ERXHEY L RE 25 BIER Tk, HE5MrE TSR
YIAHEL, BARERMEIEE R4S B E 4%, MADS-box 2 RHHE IR, B M C HEREZ 4MY
BERITEMEREAE RS B R A PRI R e s o T [ Y06 R 9 5 v 90 A BT ) J 45 ) R DR 1
AT 2 R, HRABR AR R A BT AN E I R ) B 5 Y5 960 A7) 7% SR it 18t 4 %
AN 2 SRR R 1, XK IR N R AR SR RHE Y ) MADS-box B: R T fig, i3k — 2 5638
BB RHE A K B B 1 BT IR S A Rl

3.3 IE4RES RNA 5HRE S

et RNA (ncRNAs) fE ARG 1) —FB9, BEAMISE AR, AEMDEKEK
B R B AR, EEAE /N RNA (microRNA, miRNA). /M4t RNA
(small interfering RNA, siRNA). K#EdE%f5 RNA (long noncoding, IncRNA)D FIFRAR
RNA (circular RNA, circRNA) Z5B6, 418 miRNA BE% SV RAE . WK E M
HEVEAH o IncRNA fit 5 miRNA HAEBEMERIERE . B KE « BT 50
Pt BT, LR HRAE PRI B A 5 miIRNA KRRV 2 A, R LR (A X 5 4
% miRNA IR EEE AR, £ miRNA T RETEILAZAk I e b A EE IR, Rk
DLMELE 1 2 A circRNA AT L5 miR167 BESLRIASE FT HRIEE). 7T kIl &k
miR156, 34556+ SPLYE, AR SPL RIAWEME, IR FFARRTE] . ) FH Bkt
FE2F FI I 28 K B 19 miRNA-seq B4 B3R AT 70 4, 485 METE 28 o LE i 28 s Rk 10 22
miRNA (1 miR156. miR157), HEWF 5 MEL R F AR, B2 B A& B MG 76 K B it
FIUESE SPL 9 miR156/157 HUHEIEER, A2 H R AL 27 704000 I BkMETE & &
R IncRNA 1) 22 57321k S FLE ) 2 R n] 3@l 52 JA D ABA SR (5 516 TR A L%
BRMELE K B 4205, KB IncRNAs il 2 46 555 5B T .

AR PRSP f ncRNAs EHT A 9o i J DR BE PR AR A0 ) S s, 3 A5 G A EREE AR 73 1 Hh R 4%
HEDIRE. MAN, BRI R A RS A A, ORI DR IR TS



FBMG =, DA R 2 AL AKX ncRNAs (R BATHE T, JERTTER (VIGS).
FRER (CRISPR/ICASY R4t) SFHA TRl A\ E] ncRNAs FFE#DIREWE 7L 02, Ak,
M EZHEAR LT B, W RNA 85015 90, Sanioill 5. By 7 I S Rl 3
b Z M) neRNAs IR %8 5E R DhRe i, 4k 5038 e 2 i 4 I, 24848
PRI PR B FEIN, ¥ ncRNAs K& OB M0 T A,

it SRE

et m A A R A AR AR EE RS T, 4O TR e a1,
(Bt /DB M)t IR S A, TR e o e e B S A AR P R T A 2 O M
LA, Gl A R R 8 A PERISEAY,  H AT A T PR ) = 07 i 3k R 2 24
AR ELE AU FOBOIR N, T8 BORE PR SR TR B A A A Y3 A58 FL O FE 531 734
Y 2 — B3, 2 H P RHE T 7S, SIRkRHEYI e B e, ME.
BT e KIE —F 2 2, HiBtEHRER, NS REREGEIRE, Hnzs
FEAE R E WP I 2 ZM B T2 AL TR A AT, Bk T 2R W A = B 0 e E
oA R R AR LA I AR AU R 7 S AR S ) AT IR R AIE 1238 i 5 DR R 9% R 28 AT T RN
GG, M7 RN TT B P 2 A AN SR v A LB PR B AR B T A AR A Y
BT, ARORAT A BLR LA T3 T T AE -

(1) 240 B2 IR Y MERE E Ry A VIR SR, @ et R A e A R . FHRE
FER AR 2 MELE S AP AR 3 A e TR CRTPIPEAE BRI, R 5k R 2 BB 5 AR SR A A e
PRI AR AR AE R L 0 S i AT EAT B 7 A b 10 mT o e 3 PR T e S0 E ) 3R Y B, BRad AR )
FLPRIAE I i, X — P A2 A S R A i PR B At R SRR FH S 1R 3t 1 5 s i
Az B RS EMEFE N 3 R s, 0 4R SRR A (1 ME A L %A 3R X

(2) FAEDBARTB, e M ABRHE LR T LS. B SR RHE ) 5 R 415
AR FVAE MV 7 R I R N 2 O we S | e e SR U RV A= S 7 £ PSR o
B, ARG 5 RNA W Fy ARG 1% M % S U 42 1 P2 0 70 3 DR D RE R A A, A AT A 22 4R
REWRTE T LA IEXE R B € RGN 2 R T BOE 2l . £1%F MADS-box [F]
VR R BA AN R R DI RE 7T R 35 R) 2 08 5 A LS 0 5 TR 8 DX s ok 398 1 5 2 Th e
(K3 H B, AT R R HARTER A RS2 o

(3) Zigfeit T H AR hRESE, e B IR RHMEM B AL R R . 3 TAE DA TT
PER A R AR, 38 5 S PR AR R vl v AR Bk B AR B I IR fRehs - BB A1,
H AT SIERHE Y O R Dh £ 7 528 25 BUK B AR IR PR B AR R 0491, A T IR R OB &
73 BT W P 2 6 45 AR S0 R 7 200 6 v AW B A D067), - ROR A 8 AR Fe AL AR R I SRR
AR AR ZE AR L AN BB S5 R L, g R AR R0 30 A A A ) KT 2 A D e 98 e AT R A R i
— ELE ) R B R AR S I 12 X 28 R B, LT AT A EFE S PR AL K AR A5 AT AT AR S8
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