B % R 2024,41C10): 2091-2105

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20240265

AERMEYI R X B RHER
ZEXX" et K O ETEFE, KK, 87
Co A R CARR AR T, BEFH 5500255 * B MR FARERE, 5B 5500255 *ff e B AR R, SR HFFFE 5532000

AR E AR R E AR R S, B R R AR B AR ﬁﬂfﬂffﬂ%}%*umwh%%*ﬁﬁhm

2 BEME , ARLE SR A = i A A LU (51 R, G I 22 MERE R D, PR s )2 1 SRS i, s LA B Al . &
g5 T HIBKEHEYME HETE R B G ARRE , 0 IR VE IR T G 3 R0 AT BSOS T8 5 A IR e L AR

T AR BB SE R ThREIF T AT T 453, DX SRR P ME 6 2 AR AL R R S Afe o i 7 R W T3 i 2

%,

FKBEIR AL WALk TR T b s RAEEE R A R B

FE S :S664.1 CRRFRRRRD: A X EHRES :1009-9980(2024)10-2091-15

Research progress on flower development of Juglandaceae plants

LI Wenwen"?, CHEN Jinyan"?, CAI Hu"? PAN Xuejun"?, ZHANG Wen’e”, PENG Jian™
('Guizhou Provincial Fruit Tree Engineering Technology Research Center, Guiyang 550025, Guizhou, China; *College of Agriculture,
Guizhou University, Guivang 550025, Guizhou, China; *Forestry Bureau of Hezhang County, Hezhang 553200, Guizhou, China)

Abstract: Juglandaceae plants are monoecious and dioecious, and they are major woody oil crops and
nuts. Juglans and Carya fruits are highly valuable economically; however 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 deficien-
cy of female flowers. This phenomenon could significantly reduce the tree's economic yield and benefit.
The effects of 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 reviewed in this paper. Most Juglandaceae plants have unisexual
blooms, which typically open once a year. Nonetheless, a few early-bearing Juglans regia varieties can
produce a large number of secondary flowers and fruits in a unique environment that allows for late-au-
tumn blossoming. 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 primordi-
um, and the formation stage of the anther and pollen grain are the main divisions of the male flower dif-
ferentiation 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 flo-
ral induction. Numerous plant hormones, including CTK, GA, ABA, IAA, and PAs, significantly im-
pact the differentiation of flower buds. GA promotes the development of male flowers, and spraying
proper concentration of PAs can increase the amount of female flower buds. The balance of the endoge-

nous hormones may be more significant for the flower bud differentiation in Juglandaceae plants, even
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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 and
mineral nutrition. During the physiological differentiation stage, the soluble sugar concentration rises
first in female flower buds. The 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 induce
flowering. Plants have developed sexual and reproductive allocation mechanisms over their lengthy evo-
lutionary history. There is conjecture that male flower buds situated at the base of walnut plants, which
differentiate early, would prefer obtaining greater nutritional resources. Consequently, there would be
significantly more male flower buds than female ones. The LFY, FT, CO, and AP! in the flowering path-
way may have favorable effects on the female flower formation in Juglandaceae plants, and the MADS-
box family also has a significant impact on flower development, according to research on the flower de-
velopment of the model plant Arabidopsis thaliana. Up to 77 members comprise the MADS-box family
of J. regia, and some MADS-box genes are strongly expressed in floral organs. Following their heterol-
ogous transformation into A. thaliana, the JrAG, CiMADS9, and CcAGL24 underwent a considerable al-
teration in their floral phenotype. Genes that are homologous to MADS-box have a variety of regulatory
roles. For instance, functional distinctions exist between the homologous genes CcAGL24a and CcA-
GL24b in Carya cathayensis when controlling carpel formation. A. thaliana plants that overexpress
CcAGL24b have longer carpels, larger sepals, and depression, whereas plants that overexpress CcA-
GL24a have shorter, thicker carpels. The IncRNAs are a type of epigenetics that regulate plant growth
and development but do not encode proteins. Analysis was made using the J. 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 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 ad-
ditional biological techniques, it should be possible to precisely induce more female flowers, uncover
the essential genes for determining the sex of flowers, and enhance the regulatory network map of the
blooming pathway.

Key words: Juglans; Carya; Flower bud differentiation; Flowering gene; Floral organ development
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fb. BELEZF s mb. HEAEZE .
fb. Female flower bud; mb. Male flower bud.
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Fig. 1 Location of male and female flower buds (A), and morphological characteristics of female flower buds (B)

and male flower buds (C) in J. sigillata
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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 1. 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.
E 2 @ik (A~E) FEFLZM (F~J) AL T iEPaa Rt

Fig. 2 The organizational structure of female flower bud development process of J. sigillata (A-E)

and Carya illinoensis (F-J)**
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Zjsin. 467
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. 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 pri-
mordium differentiation stage; E. Anther and pollen grain formation stage; ab. Apical bud; Ib. Lateral bud; SAM. Growth point; bp. Perianth primordi-

um; fp. Flower primordium; fpe. Male sepals; st. Stamens; ant. Anthers.
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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

HABEEL M I3 15 225 R
Juglandaceae Total numbers  Type | Type 1I AP AP3 AG SEP References
1i#%#k C. cathayensis S. 66 16 50 7 3 3 4 [72]
#E eI L%k Caraya illinoinensis K. 33 3 30 6 2 2 4 [65]
WMk J. Mandshurica M. 67 19 48 2 3 3 2 [72]
¥%Hk J. regia L. 77 25 52 6 5 3 5 [72]

B, AG 2 BTSN T2 1 C R R I
BAORIRZERIRE . WMk CcAG-1 2 RTE 1
FE AR IE , HEI % R AT BRAN 5 L AZ Bk METE T B
AR, FERLRG IF i FRIA Ak JrA G 1 RE R IE S 7
W I FIE JrA G2 e DR R A HA 30 328 9 /s L
TEHEAR™, A H N AG 5[4, (0 L [F) 53 R 4% 1
DhREAIR . D ZEHEH A& STK A1 SHP1/SHP2 4™
933, FEAEMER R ST RIX IR IL , Bk K
B RLRBEAIFH™, ERIEFFEES 5L
WEVJRERCGREO AT R E 7 T KK FE T
ORI AGL6 5 SEP W5 K R B, W] Be A8 M At
B T4 R B HROR SR, e BT 1, e
KMk [R1VR FE DR CiAGLG6 3k & B =, X METE Y s n]
Aef BB EAE AT, HAth MADS-box F ik B A 7E
TRKEHEYIL S B R B Rt R EE AR, - fU R
¥ AGLI1S Befie E A 40 H iR e B 7, 5% Ll A Bk ] s
LK CIMADS9 fE A Ti #8 B W IR IA B =5 T8 5+
W ML RA B TR U T R Rk
CiMADS9, % F PR R R I o M v B i 3g n, B
FRAELEIR , #EM CiMADS9 % 5 1 58 1LZ Bk I T AL
W e MR 25 B R B B4R ™. MADS-box [A]JF I K]
() 8 4% Th REAF AE 2 BEM: - L AZ Bk b A 5 36 ] Ced-
GL24a F1 CcAGL24b 150 2 R B W% F A7 4E T RE 2
Ft, i RIE CcAGL24a HIHNFG TR RO S AR H A2 HH
1M I8 CcAGL24b [PIRE R O 2 AR K VA2 K H
SRR Al LAz Bkt fE & F iR Ced-
GL24.CcSOCI F1 CcAP1 [)ZFRIENE I, RIL CcAGL24
(1) 2238 g e 5 B, CeSOCT IR 2., CeAPI i , HE
= 7E L AZ AR BEAETFAE I 265 T 1R AT BRI 457 25 A
B AR KN CeAGL24 CeSOCT F1 CeAPI™, H.
CcAGL24 5 CeAPIAFAEHAE R R GEDM,

BRI, BBk RHRE ) MADS-box 5 1 ik K %t T 46
FELEVRYEAE F , 040 J: DN ) ik i A 6 22 AR
KB, R AAEY) S RIA S5 RS B

A . AR5 T SR B G YA L, SABR R E 4
K245 B E %, MADS-box 2 R L &2, B 241 C
FIE R 2 AN L R 7 MERE A8 B R & R R I
S 5 T TR Ik R A s v 1) R AR BT AT) R 45 ) kA
(R 2 ok 1) 22 e, HR AR A% DI Re A B A
[F) 5 L 25% BR] Tl e [R5 56 1 A7 7 SR 188 4% % AU AT 2
IR 390, 3K D R N K 38 A Bk RHE 42 1 MADS-
box & K D g 1 — 20 58 Sk RHE 16 K & Bk
B e ISR Al
3.3 AEYRAIRNA SHBESL

eSS RNA (ncRNAs) A& —Fh R M ik (£, AN
it A HENTERE A KR B o R R R i
P Y. = 2445 /N RNA (microRNA, miR-
NA) ./ RNA (small interfering RNA, siRNA) .
K 5 9E 2 5 RNA (long noncoding , IncRNA ) Al 3R
RNA (circular RNA, circRNA)Z£™, L2 18 miRNA
RE 15 F Y AL RE L K G RIEEARE - In-
cRNA ft 5 miRNA HAEE M= HIE K G 25
KB BE YU A S A i S R, kA
S0 21 U8 7 miRNA SR VR 2 1L, LR R 1) 3%
A5 FH O¢ miRNA (1) 8 185 XA =, % B miR-
NA A] Ge£E L AZ Bk B e AE i B B2 D™, B 7K
LHETE 1 2 A cireRNA 7] PL5 miR167 $ 1 3£ 7] 1
8 FT I FRIE™, I+ o R I E ik miR156, 23
8 L SR AE R T SPLAE FH , B#AR SPL 3Rk 15 1 , 4E
IRTFACHS 18] o 1 FH AZ Ak HE A8 28 At 28 2 & 11 miR-
NA-seq HUH FE AT 734, 4 H METE 28 Hh B 2 1
FEIK 1) 7 5 miRNA (U1 miR156 .miR 157) , #Eil] 1 5
WERE R B AR, FLSCAZ bk A B2 A PR IS R A8 R B A
FEHIUESE SPL 9 miR 156/157 FHE L ], 42 —
WA s AR BRMERE & & H & ) IncRNA
(10 22 S 28 o L [ i [R] W] 3 ik 52 1 JA A ABA BB
ENERSR e cbud A IR0 A=
50, KB IncRNAs W Il 2 45 5 &% 5 5
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Table 2 MADS-box genes and their expressions in Juglandaceae
Yt FEL A 2 FIE TSI e EE PN
Species Genes Types Expression and regulatory function References
1A%k CeSEP-1 E% MELE b5 W Rk [72]
C. cathayensis Class E High expression at late stage of female flower differentiation
S CcSEP-2/4 E% TEMERERE R8T 220 AELREAE PR 36 G T MEAE
Class E It was expressed in both male and female flowers, but the expression in male flowers
was higher than that in female flowers
CceSVP T, MEAE 70 AL BT MR R i
Flowering inhibitor, low expression in early stage of female flower differentiation
CcAPI A TEMEAE 731 J5 BIANHETE 23 AT e R ik
Class A It is highly expressed in the late stage of female flower differentiation and the early
stage of male flower differentiation
CeSOC1 TPAEAEHEDE T, HMEAE b ik i T-HEAE
Flowering promoting factors, and the expression in female flowers is higher than that
in male flowers
CcAGL24a TREHERRAR I AL, BoM 0 B H 5 CedP1 HA [69,81]
Promote early flowering of plants, affect carpel development, and interact with Cc4AP1
CcAGL24b AR T IT AL M0 R & [69,81]
Promote early flowering of plants, affecting carpel development
WM CiMADS20/21/37  C METEREAE T e s [65]
C. illinoinensis (AG) Class C High expression of female flowers in full-bloom stage
K. CiMADS40(4P3) B% BEEAE 25 A 07 2340, SEER 2 0K T M A1
Class B With the continuous differentiation of female flower buds, gene expression gradually
decreased
CiMADS9/10/19 WETEREAE W s
(SEP) High expression of female flowers in full-bloom stage
Bk JmMADS28 (SVP) TEMEMERE 2F B ORI i 72k [35]
J. Mandshurica Highly expressed in the dormancy period of male and female flower buds
M. JmMADS41(P) B HEAETF AL R 3k
Class B High expression of male flowers at flowering stage
JmMADS27(4P3) B WEAETT A I R Ik
Class B High expression at flowering stage of female flowers
FHk JrFUL PEHESE Y S Fh o 08, AT e MEAE A (R [82]
J. regia L. High expression in male-precursor varieties may promote male flowers
JrSoCl AR h 208, WEREAE T IR IK , AT RES S I MEIEZF TR 1K [83]
At the early stage of differentiation, it was highly expressed in terminal buds and lowly
expressed in male and female flowers, which may be involved in the formation of J. re-
gia flower buds
JrAP1 A RYZHE T IERIE TR SAZ AL W RE (Lt R AR [62]
Class A The expression in early-fruiting J. regia was higher than that in late- fruiting J. regia,
which may promote early flowering
P& E ol B E S TR S A e, Ak 50 B AR IR A IR TR 4 Y

A i 15 45 1 43 ncRNAs Eb 2 1 4 f 35 [A] o8 1k
b A B 33X A AR ME R A 4 b R A E LT
AEo BEAL , I 2Ry S 1 3R £ L RE 65 K 40 VR P A )
A RIEMBRThRE . DA BIFFE 2 78 SE R 4K P 0t
ncRNAs [ 2 A B AT 50, 2 R PTER (VIGS) & [A]
i [ (CRISPR/CASY & 4i) 25 Hi AR C 41 25 @ A %
ncRNAs R i D REAIF 70 o, K >k ml R FH B8 2
FER B WF 98 T B, ¥ RNA G5 K 1 55093 25 20248 i )
JF B3 10 S5 il A B FE 2 A 4 neRNAs 1) 1

2% 1, PRI AL T TR S R B L DY K neRNAs & e i
FaHER R T H

4 thieHREYE

feA R K R B R T AR A5
W BRI P HIEIE e 2AE (B AT D
S FEA) L DUMERRE SR A, T R A . B PRI S A
DB T = M S e P PEAESR T , 3l 5 AN []
AT R 8 T 287, R H A ) PR g B = A
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R KIE— 2 2, Lt e R %, 2 AP 2 Fol
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COFZ I QU S BB VI MERE T E s 7 R BEUR
FENL i R R E R R FHRFAE M 2
A b AP ATE 31 7 MR S B g P E B3 300D , A1 A
L TR Gt 4 B AR I 7 38 DA 10 TR AR AR AR S 0] 4
B PR BEAT B A i 7T e i 5 PRI D RE B IE 1) 2 AR
15, PRd PR BRI E R 5, it — B2 il MEAE A 5
RIS B E HeAit . AR B MEIR IS R A7
AT AL LA 5 A ) R 3o T P AR R
RIERREE L AT B R Lo
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TERE KRB 1 2 R, ARG 5 RNA I e AR AL 3
A RNV SR 25 £y 52 By 73 B TR Dy e O g A » R A48
HA R RS WRE T IAIE O TER 7 E
AU Z R T BE Rl . £ X MADS-box [Fl YA
FE DN HAT AN R R T2 D R, RIA F 22 TR G R
Iea) e R 2 X ke s 38 R o T BE I H K, AT
IS HE HARTEAR IO AS RS20 o

(3) 2 ARREAT H AR R T RE SR IE , 76 35 Wbk
BHEVIBAEFACIR R . AR BT ST 20 A IO
A T 4 S YR AL A AR AR T v IR AR R
PRE I RRT . tAh, B TSI RHE Y Ol
S ZE BN B AR IR S AR RO R A 3 1A
PRI BR A 18473 AW P AL 5 RSB 1 6 PR e 4 i o
IR I ZRIEDT, RR A B AL AR R I S 7 R
BUOREL R e 2 AR A RS S5 L3, 82 R AL ) [ YL A% e
T i 5 R Ty B B TE AT AR R R, — B
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