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A G AR Obligate root hemiparasites

A G5B Bartsia alpina PP328778
A\ FHeEAR 24 Facultative root hemiparasites 4@‘ N KL Euphrasia officinalis PP335070
100 A )\ B %% Rhinanthus minor PP541887
K R HAERY Stem hemiparasites 99.4 —: A BEEER Triphysaria versicolor NC 053793
o 100 A Hil D% Pedicularis kansuensis PP232718
O 4% 4H4 Holoparasites 75.7 JANE "R TIPS Striga asiatica NC 067570
100 A\ AEWAEI4  Striga hermonthica KU212372
® {istHi# Model plants 100 O % 9K Aeginetia indica MW851293
100 k-t E Orobanche cernua KT387722
o RS Evolutionary model plants 100 O ¥4 Orobanche crenata HG515537
100 O W K %  Cistanche deserticola NC 021111
903 99.9 { O iz Orobanche californica NC 025651
100 O HR#E Epifagus virginiana NC 001568
100 o /IR Coffea arabica EF044213
—: O % % F  Cuscuta australis NC 045885
100 O W) #4T  Cuscuta chinensis OL752638
. L[ *m ¥ Nicotiana tabacum PP354876
100 ® % fii  Solanum lycopersicum NC 007898
* J* % 4 Taxillus chinensis OR909707
] 100 * NSHA Taxillus sutchuenensis OR909704
995 = 00 K 4E% Scurrula parasitica OR909708
100 K g2 Taxillus delavayi MH161426
100 KB Helixanthera parasitica MNO80718
KBS Helixanthera sampsonii NC 088728
100
* BKWEZE%E  Loranthus europaeus NC 058860
KR4 Viscum album NC 028012
100 100 100 * ks Viscum coloratum NC 035414
100 * JaEiMi a4 Viscum articulatum NC 056292
100
{ A il #  Santalum album MW464922
100 754 O s Bl Cynomorium songaricum FJ895901
A i B % Thesium chinense NC 065651
® K T Glycine max PP712901
99.9 100 ® EBETE Medicago truncatula NC 003119
' ® B Malus domestica MK434916
o £ R ¥ Populus trichocarpa MW376841
22 ® i % Vitis vinifera DQ424856
o 1 © % W & Amborella trichopoda NC 005086
99.7 * £ M Cassytha filiformis MF686119
100 S o K 4  Oryza sativa PX733955
— O F # ¥ Mitrastemon yamamotoi NC 080971
O /NILBiEE Physcomitrium patens AP005672
o K #  Chlamydomonas reinhardtii NC 005353

T N NCBIEGE R N a9 R 25 A | 11 Rh 2Rk 95 A, 0 Fh 295 A | 8 I L 5 Pt AL U o iy - { FE R 20 77 5], #) PhyloSuite
V2 HAA DA (It AR DR A B U P R SR (PCGs) , i MAFFT 3453 R EA T 2 T 781 L XS, BJS FH Gblocks #E4T LEXHEAL, HE0 1L
JEHEEP B, T4 1Q-TREE 2 TR R AUA L (Maximum Likelihood) IEMEE RG LT W . 8L LI EL 1000 YITAL AT iU SCHER, it ARG K
TWTE ITOL TR H AT RAL . 4332 FARTER B A 19 248 SRR, BEb s RmiZ 00 SCRY TSP o A b 42y AR AR B2 B AR A AR A A9 23
PR HE , ZAE AT RS2 R A AEAE Y 43 T HEAL BB R B RS | BN, 5 ATy A A A e T AR AR A AR 1 B U7 1 M 22, 1)
AR E SR F o AEUN T B WRR 5 A 2SR S SRR B R BORGOCR, AT T2 A AR 70 Hms ] | (o 3 R 2 A= SR
IR D S AR DG B AR R TIE o

Note: Chloroplast genome sequences were downloaded from the NCBI database, including 9 root hemiparasitic species, 11 stem hemiparasitic species,
9 holoparasitic species, 8 model plant species, and 5 evolutionary model plant species. The PhyloSuite v2 software was used to extract protein-coding genes
(PCGs) from the complete chloroplast genomes. MAFFT was employed for multiple sequence alignment of each gene, followed by alignment trimming
with Gblocks. The trimmed genes were concatenated, and IQ-TREE was used to construct a phylogenetic tree based on the Maximum Likelihood method.
The bootstrap replication number was set to 1000 to evaluate the support rate of each node. The resulting phylogenetic tree was visualized using the iTOL
online tool. The values labeled on the branches are bootstrap support values, with higher values indicating greater reliability of the branch. The topology of
the tree shows that holoparasitic plants diverged earlier than root parasitic plants. This result may be affected by the long-branch attraction effect caused by
the rapid molecular evolution of holoparasitic plants, which deviates from the theoretical expectation that "holoparasitic plants diverged later than root
parasitic plants" and thus does not represent the true evolutionary timeline. This figure is only used to intuitively display the composition of parasitic plant
groups and their approximate phylogenetic relationships, and cannot be used for strict demonstration of evolutionary history-related issues such as the
divergence time, evolutionary rate, and origin of parasitic strategies of parasitic plants.
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Fig. 1 Phylogenetic tree of parasitic and model plants based on chloroplast genomes
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AEAE I o ELAE N W) R B R A, R
H W) W % 22 F (Cuscuta chinensis) F1 §i 25 =
(Hydnora africana)?%, Tt = TIRgtE -4 &, Jt
BT AROCEER, 78 20O 75 F P e 5
FE, XECAH YR S W AR o iE A RS e HEE
)RR e A, N AR EBOREIS | R A5 T I I
g%, BERRVER R AR &, AL 1] 53 AR
BRAH I B AR B R A P (BEANEDL AR
Jyandel, Fr A A AR YRR LA E R R BT T
TIIREERRPI(E 2) .
1.4 WBHBHNEWSWFIBENG L EMHY
A W 4 e F00) 45 ) K T 5 B0 3 A8 I ) o )
255, R AR )27 AR SR o DA D 4 /N B
P RARER I — AR AR A7 AR ALY, B s Ry i
Bt AE )y, HOR i 48 5 & 98 I B,
TG S B MAEE ™Y, s R E AT £ S
25 A A W 8] B K FBh BE IR 2, & T 4k ) is i ad
o XIS AE R m 2= R AL
S TR DL R R R R AR A VR ) o, il
HOKSBFEEAR T £, MHHZ T, ZaEAREF
A A W SR SBURE R PR T 1Y) A A SR O, L e %
T Ao A P A AR e R 2 2 S IR, A
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- Ekrr;lhq Haustorium W 5 1000 pm
A CABER & S A { mm
A SRR A R F KOO, BARAN A R 2h R P CAlMI s MR FF FREDIRY; D—F 2R3 Ay 54E

NI WARLTR B WA AT ENIA ;. G—L A AR A LAY PR AR AR BRIAT L IR AR AT TR
s J—L AR A RIS . WaRaitm B . W ATy TR
A. Facultative root hemiparasite Striga hermonthica infesting maize (Zea mays)*”.. B. Schematic diagram of the haustorium structure of
S. hermonthica?. C. Cross-section of the S. hermonthica haustorium invading host tissue®’. D—F. Stem hemiparasite Taxillus chinensis
infesting a host, schematic diagram of its haustorium, and cross-section of the haustorium invading host tissue. G-I. Obligate root
hemiparasite Thesium chinense, schematic diagram of its haustorium, and cross-section of the haustorium invading host tissuet!l.
J-L. Facultative root hemiparasite Santalum album (sandalwood) morphology, schematic diagram of its haustorium, and cross-section
of the haustorium invading host tissue.
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Fig.2 Morphology and haustorium structure of hemiparasitic plants
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Wt A S EFTY A, BRAK ST T B R
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MBI DG B A AR W AE 2 A Y L T AN AE
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(Dendrophthoe falcata) )45 400 Fp 25 140, [H I,
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22 FHEEEREFH

221 RKAE AMHUAN, MY AF SRR
S50 BRI 2 PREE rh AR ke i1, RIS 5t
T, AR R R E W CEERR Gl 7 45, gk
AR T Be 4K 8N 1A ER PR IR BT 55
o CAFRIESE, B HF AP A R
A ) R G o N, AT AR B A R
o AFAEAE & A A 2R B (SR RARE
&) B9 YU 2 A (Phoradendron californicu) 1
SR Acacia greggii I 1A SR AE PR
¥ (Juniperus monosperma )i 7 %, AR JFHB 11 A
TEREE N 3.5 5, A AT RN A LA
(Trifolium pratense) I /N AL AR S AR T IO A
FACPRH LT T — DB, SR, A A
FBE TR TN/ ) R T e, o LA
ARG RAEE IR, BT, EaF Y S A
FAAE ) v R A R BT T T R, ORI I
G, 2B AR ) A I DR 4l AN ) A R R SR
W ST SR W R RE T, SR 2 A ) 8 R o Mk
TCR A A2 F ERP A 2, HAE K AEARR
(Chaenomeles sinensis) 11}, IRINBRAKALE) . L
REWG RS, 86 45, BN, Bk BFSE TR ST
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(Prunus mandshurica) 1B}, JCAR YRR FRE
BB R X B g ool
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b AR BOT R R AR ), X — Rt H 1 &
FA) A 23 o M ) P T B E R S, AT DL
s HOW B B S BT, WD EE 05, I RERE N
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Y RENS ZF A 1E H B B 5. (Clyde albus) L, 1 H
Jad SLAFE 2 A s AR A P il A L R AL,
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HAH AN 2R 5 Aok H 37 E A Yme, o 2
FEAL T R O H B IR i 5 R, S AR AR
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T 15% ~20%. HILATIL, C. indivisa 181 PeEE
A EEA B R D BRI A £ b, HEERST
A 5 B B R LT FE © Phragmanthera
austroarabica-Acacia gerrardii” 7 225 HH L & PR
TEMIIME, P. austroarabica MU B T 5155
FIMERIFR R, AR R AR T ERA T
B AR 19 21 5 S B, X e Rk AR A A B AR A
YWHANRBIG, AR08 7 HA G2 R e
HHRAENAE S,

223 FEAR/ELH FIEDOR ., Z85HN
SR A AEY) B9 FERERE, A AR A A
] TR B AR 2R G0 by B 4 il A 23 1) 27 3, il an,
W DR ARAR Y b £ 2 5 RABHE YR
BRFRURE UAH G 7 TR SE I EREE N, RAEHE
Wi # 2E OREKF- 20 A B EFARIR /MR, 3X AR
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Tab. 1 Summary of positive and negative impacts of major hemiparasitic plant types on their hosts
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The parasitic relationship between hemiparasitic

plants and host plants

Liu Yunshan'*, Meng Sen'?, Qin Fangcuo'?, Lu Junkun'**
(1. Hainan Institute of National Park/Key Laboratory for National Park Protection and Development of Hainan Province, Haikou,

Hainan 570203, China; 2. Research Institute of Tropical Forestry, CAF, Guangzhou, Guangdong 510520, China)

Abstract: Hemiparasitic plants account for approximately 80% of parasitic species. Although they possess chlorophyll and retain
a certain capacity for photosynthesis, these plants establish parasitic connections with their host plants via specialized structures
called haustoria, which are attached to the host's stems or roots. Through these connections, hemiparasites extract substantial
amounts of water and nutrients from their hosts to sustain their own growth. By imposing long-term nutrient stress on their hosts,
hemiparasites not only severely inhibit host growth and development but also exacerbate the host's vulnerability to environmental
changes, leading to significant economic losses in agriculture and forestry. A review was made to systematically elaborate on the
parasitic relationship between hemiparasitic plants and their hosts, covering the formation, structure, and function of haustoria,
host preferences, and the physiological impacts on hosts. This review also analyzes the survival strategies of hemiparasitic plants
under changing environments, as well as their applications and control methods in ecosystems. Furthermore, the review discusses
research trends in hemiparasitism and proposes future research directions, including focusing on the dynamic processes of
haustorial development, expanding the scope of host studies, and elucidating the dynamics of parasitic relationships under
environmental changes. Additionally, it highlights the integration of molecular regulation approaches and the screening of anti-
parasitic traits to facilitate the breeding of parasitic-resistant species, aiming to provide valuable references for in-depth research
into the physiological and ecological characteristics of hemiparasitic plants.

Keywords: Hemiparasitic plants; haustorium; parasitic relationship; survival strategy
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