YT 2025,45(6):837 ~839

Bulletin of Botanical Research

HTHE WL &L Viewpoint

EYMHUEZEENFAREE

1,2
NE B

#ow

A PEPBE AR Y 2 EEE SR A 2P EY 2 E S SR A, JEET 100093 2. EE MY, LA 100093)

T AL K T LY e — TRl G A 29
AR UL T Y S SUE R B R
Wit 2 (A5 K KL RE 22 BEPEIE R0 g AL BIL )
ULARR IR U E A G A2 TR 2 i ML
TR, B 1) o L i O B DA - e 4 R AR RO B
i AN YR R AT R TR D 4
2 ik e N T3 B A5 T B O DO & g, HE 8l 1
TP AL K B A T S8 2 WA RO R L 3t
— R IR R BRI S A R AR AR
o FEZ AR S S RGN B 5
T AR B 15 2k K AU B T IR HE
Wy T Stk Al FUARAS 5T ) B , ALORE S I x4 sk
SURARAL DRAPAEY) Z L, HES B Rk AL B
T R AR AR B R 4 e ORI -5 AT R T e A
I 2 BE ST REOR S, AL &
T Rp 2 K R TRk )

(DHEYREHERAGRRSEDFCERE
o XA K KT IR A S T R
TEVEAE T UL, 38 5 BEAR M AR G B MR
TE 5 73 WA e i A T HEZR T R S A A A
TR OSIB ER LR/ PSS ER N S YN g i R E
R S s R AL AL B SRR . RO A
PSUPMEE S PSRN EC N Wi o e ]
MICR , BIZOCH S S ORI iivitt s
R Bl AT 45 T QS R A 49 R G
AR YR IR AL AR S S W A ) R R
BRI BT R IRAR R . B AU
W5 AR RS AR YA S 2 o BHEOR
TREERR G, R OR AT B\ 22 2 JBE 4 i it A 2 (AL )
IR A8 Il S A ) R A A TR S
KRR RIS

F4WH EHFE S AR E (2023YFD2200201) ; 5 H SRR 345

(2)HEYRB T B S PREB N . &
TR ] S P R A ) 7 X R 00 P 05 A ) A
AU G T AR AR AR AL R A 5 i A
e 7 S UKy ) 3 A A B I 1 BRI . ROk
WP B AT S B IR fith e 14 2 0 ] YA PR AL
R W) S AE AR BT AR B 05 365 17 B ) Al B PR R
ARAR A W bR T O A F) e AR A AL
FEAFTIT T o

)Y ALY R A AR R S R .
FLY) 5 AR YRl (S8 AR R Y45 ) B9 FLAE:
TEAERF A2 25 R GURs U Mk T 1 A 4536 B 2AE L A
INRIEP YA/ B2 =8 e A PN W RS 0 A A RS
HRB Iy o RTINS R K
RERBZA R, WEEY S REY QAR S
TR S S (kR R sl ) 45 22 1]
Z IR A A5 Y i B 52 2% AR ) 25 1) 5C B
T RURAZ DA, B8 78 A ) 5 HAB ) i o [) 32 Ak
IUBUREN WL i P 8

(4) 1Y) 2 B 5357 R W BT IRT R A A
HL) 22 P SR A 0 7 S () PR S5E AY 45 2, kg i 2
R b SR ) DR A O 08 55 O R R AR A T S
Wy G A DR e [ S A ) e MR A T R B )
L) ik 5 oK A e TR A58 e AR ) 5 119 i 2
AR IORE 17 Z2 o0 e KE Al kAL T A
Ji& G R AE TR B B AN R R RO S B
JEHE ) it A2 5 R A TR 425 8 BRI AR A PRk R
5 IS5 T

(SHANTERESFR IS . AT AL
TE T SRR I 2 19 245 SC B 19 i AROH A A 5
PRPRIRA R BCE M R . R T A5 AT
B RE 1R LR S B S SR W 5T 5 AR 14 3L

BEFREARITH (32221001)

TEZ TN AR B (1983—), T3, -4, BIAFSE 51 B2 NFAES B & A ALY & P e ML 2EAL & 198 E-mail: gongpeichang@
ibcas.ac.cn: #RIE (1983—), 55, i, WF 5% 51 « B A Al A M DOR IR -5 35 g Pk AR LIS . E-mail : boxu@ibcas.ac.cno

LR
Weks H #H1:20254E3 H 28 H .



838 Uil

/B 45 45

[i) S, A ABL 0 D0 5 ol I 1 ) % % 5L v 28 T 4
seos S UIVIRAERS 1y S o 2 A A LN
JE YRR ARG DT ) R R R AR T R AR

RESES.Q7  TERERER A

AR 22 190 285 B K A AT 22 i 00008 28 5 7 RE AL ol
TRV 15 B0 R A R TR i) A ] 1o FH 47 5 1) 8 T vl
JROHE ML B ] 25 75 T

doi: 10. 7525/j. issn. 1673-5102. 2025. 06. 001

Research Prospects in Plant Evolutionary Developmental Biology

GONG Pichang'?

XU Bo'*?

(1. State Key Laboratory of Plant Diversity and Specialty Crops, Institute of Botany, Chinese Academy of Sciences, Beijing 100093 ; 2. China Na-

tional Botanical Garden, Beijing 100093)

Plant evolutionary developmental biology (Evo-
Devo) is an interdisciplinary field that integrates evo-
lutionary biology, genetics, and developmental biolo-
gy to uncover the genetic mechanisms underlying the
morphological, structural, and functional diversity of
plants. In recent years, the focus of plant Evo-Devo
research has shifted from traditional morphological
descriptions and phenomenological observations to
the elucidation of key genetic factors and regulatory
networks. The rapid advancement of cutting-edge
technologies, including the reconstruction of the
‘Tree of Life’ , integrated multi-omics approaches,
precise genome editing, and artificial intelligence,
have significantly propelled researches in this field at
both macro- and micro-scales, fundamentally trans-
forming its research paradigm. In the context of in-
creasing interdisciplinary integration and the exten-
sive application of big data, future developments in
this field will not only deepen our understanding of
the principles governing plant development and evo-
lution but also provide essential theoretical frame-
works and technological innovations. These insights
will play a crucial role in addressing global challeng-
es such as climate change, biodiversity conserva-
tion, the modernization of sustainable agriculture,
and the efficient and sustainable utilization of plant
resources, thereby supporting the broader goal of sus-
tainable development for human society.

(1) The origin of key innovative traits and
major evolutionary events in plants. Phenotypic
traits that are critical for plant growth, development,

environmental adaptation, and ecological functions

are often referred to as key innovations. Within the
high-resolution framework of the ‘Tree of Life’ , ac-
curately reconstructing ancestral states and tracing
the origins and divergence timelines of these traits
are fundamental for elucidating the mechanisms and
patterns of plant evolution. Future research will em-
phasize investigating the links between the emer-
gence of key innovative traits and major evolutionary
transition events. Critical scientific questions include
evolution of photosynthesis and the origin of green
plants, the development of stress tolerance and plant
terrestrialization, the evolution of life cycle and alter-
nation of generations, the emergence of vascular sys-
tems and the origin of vascular plants, and the evolu-
tion of flowers and fruits and the rise of angiosperms.
With the deep integration of multidisciplinary ap-
proaches, including computational modeling, palaeo-
geological and paleoenvironmental reconstructions,
and synthetic biology, future studies are expected to
multidimensional and comprehensively illuminate
the driving forces, processes, and mechanisms be-
hind major evolutionary milestones such as the origin
of green plants, the colonization of land, and the rise
and rapid radiation of angiosperms.

(2) Phenotypic plasticity and rapid adaptive
evolution in plants. Phenotypic plasticity is a vital
strategy that enables plants to respond to short-term
environmental fluctuations. It not only enhances the
fitness of plants under changing conditions but also
provide a critical basis for rapid adaptive evolution
driven by genetic variations. Future researches will

focus on elucidating the mechanisms and dynamic re-
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ponse patterns underlying environmentally induced
phenotypic plasticity, evaluating the adaptive capaci-
ty of plants to diverse environmental stresses, and ex-
ploring the processes and molecular mechanisms that
underpin rapid adaptive evolution in species shifting
environmental conditions.

(3) Interactions and co—evolution between
plants and other species. Interactions between
plants and other organisms, including animals, other
plants, and microorganisms, are key drivers of biodi-
versity, ecological complexity, and ecosystem stabil-
ity. Future studies will aim to construct comprehen-
sive, multi-layered interaction network models that
describe plant-microbe (including symbiots and
pathogens) and plant-animal (such as pollinators
and herbivores) relationships across molecular, cel-
lular, individual, population, and ecosystem scales.
Such research will help identify critical nodes and
core modules in these complex networks, providing
insights into the processes, patterns, and driving
forces of co-evolution between plants and associated
species.

(4) Plant diversity and the utilization of nov-
el germplasms. The rich diversity of plants, shaped
by adaptation to heterogeneous environments, offers
a vast reservoir for identifying and developing new
high-quality plant resources. In response to strategic

needs such as safeguarding national biosecurity and

advancing the ‘Great Food View’ strategy. Future re-
search should build on comprehensive surveys of
plant resources to promote diversification, refine-
ment, and industrialization. Key research directions
will include establishing robust evaluation systems
for novel plant resources, mining and characterizing
new genetic materials, and accelerating the improve-
ment and domestication of traits with desirable agri-
cultural, ecological, or industrial value.

(5) Artificial intelligence and germplasm in-
novation. The core of germplasm innovation is the
precise identification of key regulatory nodes govern-
ing superior traits and the efficiently targeted en-
hancement of these traits. The integration of plant
evolutionary developmental biology with artificial in-
telligence will drive transformative advances in both
fundamental research and applied innovation, pro-
viding comprehensive insights and systematic solu-
tions for creating superior plant germplasms and en-
abling efficient resource utilization. Future efforts
will emphasize the high-precision, multidimension,
and integration, focusing on the in-depth analysis of
complex trait regulatory networks, the development
of multidimensional databases and intelligent germ-
plasm innovation platforms, and the precise design
and creation of high-quality germplasms tailored to

diverse application scenarios.



