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A R AERY Obligate root hemiparasites

A 5% Bartsia alpina PP328778
A\ FelEARE 2446 Facultative root hemiparasites 100 A N Xk ® Euphrasia officinalis PP335070
100 A ) B 7% Rhinanthus minor PP541887
K %4 Stem hemiparasites 99.4 { A FEEER Triphysaria versicolor NC 053793
A HiltD%#  Pedicularis kansuensis PP232718
O 4% 4/ Holoparasites 75.7 VANE TR Striga asiatica NC 067570
100 N AEMEES  Striga hermonthica KU212372
® I Model plants 100 (OF ¢ K Aeginetia indica MW851293
100 U BEFIL Orobanche cernua KT387722
o LAY Evolutionary model plants 100 O Hiks4 Orobanche crenata HG515537
100 O W K #  Cistanche deserticola NC 021111
08 99.9 { QO zls Orobanche californica NC 025651
100 O HR#E Epifagus virginiana NC 001568
100 o /NAtuinmE Coffea arabica EF044213
_(: O % # F  Cuscutaaustralis NC 045885
O ®H#%TF  Cuscuta chinensis OL752638

999 . JH i Nicotiana tabacum PP354876
. § B Solanum lycopersicum NC 007898
K P % 4 Taxillus chinensis OR909707
* JIE 3% Taxillus sutchuenensis OR909704
99.5 K 4% Scurrula parasitica OR909708
| T K s Taxillus delavayi MHI61426
m * s Helixanthera parasitica MNOS0718
i K HEMELE Helixanthera sampsonii NC 088728
W BRES%%4  Loranthus europacus NC 058860
* FRM 4 Viscum album NC 028012
100 * it 75 A Viscum coloratum NC 035414
100 K S Viscum articulatum NC 056292
100 [ A % Santalum album MWA464922
100 75‘4 @) Bt PH  Cynomorium songaricum FI895901
A 7 B ¥ Thesium chinense NC 065651
® X & Glycine max PP712901
99.9 ’_W'E ® EHETE Medicago truncatula NC 003119
e B Malus domestica MK434916
100 ® £ F # Populus trichocarpa MW376841
929 P % Vitis vinifera DQ424856
100 ,_(: © & W #  Amborella trichopoda NC 005086
99.7 w £ M Cassytha filiformis MF686119
100 L ° % & Oryza sativa PX733955
E— O g & ¥ Mitrastemon yamamotoi NC 080971
O /NSLBEE Physcomitrium patens AP005672
o K # Chlamydomonas reinhardtii NC 005353
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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 1 000 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.

1 EFHERHEEANEESERENR%S Bt

Fig. 1 Phylogenetic tree of parasitic and model plants based on chloroplast genomes
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Snte - " Haustorium \ . Lo
AR 27 A MR 5 0 T FORE S BRI AR A AR R IR CARBI g A A BRI, D—F 28 ar A w4
HEAE, WASHR A W MR BRI G—L MR A AR | RS SRR R IR AR 27 R D)
M T—L AR A RIS . IRaREE s R Weas AR oy R
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-1. 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.

B2 $HFEEMHSERFEN

Fig.2 Morphology and haustorium structure of hemiparasitic plants
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] FRE B AL R G0 7 el A28 33 1) 25 =, il an,
HA B e SRR I o 2 5 ARABHE YR
HRA R ASAH G, 7E RIS IRE T, RASEHE
Wi i 238 O SR 434 B 2R ARIR /R, 3K R
BRZE ARG N T HAI A A A AR R RN T R
O 52 MR, H A o8 3 2 4 B AR, HRAE
TP AR o B4 (Leucanthemum vulgare) i)
WA S H S HLUREE, B/ s AE a5, BH
1EHR AR A A 2 i85 FLAR TP AR JK 5 (Oryza sativa)
T AT P 7 2 00 R RE o JEE IR I Ak, D 4 T 2
HEA R 25 Bk “B15E7, BEWTE g4k, JCEE 28 ik
W EZZBIGA R AERT, X Al RERE 7R & 27 AR L
ey, A 2 B A AR B RE T B .

3 FHEEEYMSFEERNEEIER

4 2 AR AR W I T A% A AT A ) TP R IBOK
g3 WSRO CANA ., B B 85 BE) MBI, JEH%
HAREMAT A SHL, FIRHHFEST EARSH
PERRK AL W 2, DTS W) 2 32 ) A L AR, 4
FEARIIWAL, S B AR KA 537 7, W 2P T
PR | AR AR MR R AR | B S
Mot RSCBUI R T, 1 585 G ok JHC A B85 k3
REST . AR A AR D E A S BUF AT,
(ELHOO] 2 2 A T D AR A R IUT R ) 2 TR Y, R
o3 2 AR R A BRI ARG, (HAd A — L
FLEAEY A A A BRI 5, XA B A
e RN AN S 25 1) AR AR
3.1 FFEEONFENRERN
301 KRR A AR R 2

IEOLEHEAR . AL, I LA 45/ r )
AECY ., TCAREE (Cassytha filiformis 1R YA T 3 £
) 5 (Ulex europaeus) Fl 4 46 4% (Cytisus scopariu)
Y d5c R HL 1A% 388 R FDE R g8 TR0, i
W R T 2 ER ISP § 5 = 2R A AR

(Arceuthobium sichuanense ) 1R9EFH Picea wilsonii)

J& B ERREAR DY F oG B 78 R KoK 5]
FHASCR, AR 2 FE 0 PR PR 8 i o 9 52

312 FHOER LAY BARA—ERE
HrRe ST, (H LR R S SO T 0 A5 32 A AL AR 1) 45
B T “CO, ARig SE 50 O 7E Z AR 2 F5 A= 41
A HIESE, A HLEK T NP = 1) A A AR BN TR
% 5 3 (Sorghum bicolor) I F) AE PH i il 45 (S,
hermonthica) FN A I 45, &5 6"°C {ELARS I 25 S 22
AF EORAE PRSI G i R AR e i o gy
Ik 28% FI 35%1 . JEiT AT IR AR R 7 i
VAR T Z R P25 AR i e, & B3 £ R4k
Wik T A A A R Y 20% ~ 80%, HAAR LA K
FPFRSE RN L B B B 55, P. austroarabica 8 13
AR T A E & WHKFERBER, DL 1.7 4%
FTHEMNSILTER 14 5T ENEBECR, &
S M A BT 32 K o R SR A3, A P
TR R BT E0Y 3 £54,

313 AKp#E CEA YR HAT e B
g P18 28 1 38 % R BTG 8 K o0 R SR, AR AR Bl
TIRVET A Y S % F Z B2 E 0 KL
FE——p A A o AR R L A AR CE )Y
I R 7K 3, B DR 7K 53 T A B3 DA 37 3 B[] i [n]
BB AENEIE-KFZ (Hordeum vulgare)” 2742 &
girh, INRAERF AR TR HRISOK 43 . DU AZE B AR
FH S 2B, I 37K A3 AR BB i i T 20
AR N BRI, T AR A e i B K A Y
20% A1 ANARAEK 3 HER FE R, F5 50432 PR
RIS, #5027 A (Pine mistletoes) 5 3 3 7] LA
KA, (HAE T AR A R, 227 Y 8
1 FEZK 2 VIR 43 R B3GR AT Be 2 il 25 329 1
aa, S R LT Z K58, X2 R
A A B TS

314 XTFFLHNZHEAEEENBRI PAF
A T AT LEAEAR TR AT 856, AR UK 7
IR AT e X T % 3, HEedilE
B ELAT AR T A 25 HOR AR AL S B, e
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T ARAD L AF /0N, KA R RCRAR . A4 &
P s Sk fiff e P s 1) U3 A R U A
A2 BN FAR IR s ZU PR, Rk, EATLEEE &
1Y) 7 106 3 8 TA, DA AR 25 2 AR B o Hh 4R A5 2
i B U, 2) B B AR B IA R AR AR B e Y 7%
Jit5 AR A RN SZ B e 5 SR B 20, T HLid 32
FI)38 8 A AT LA Z IR RS K ik fig
JIH9 KB, BIAAF AR A R ik S B DL R
HIE N AF AR BTHE ) A A R 3) W27 A2 i
U ITA A - 25 A AL 1 v 25 I A T W] AR B T 1
WA PR Ay bt st A7 3 HH AR BRUBAEC)

ST ST Ry < RAF AR BB A TR .
Zhang %5 Xt ef [ PR HIIX. 4 bS5 11 R AT
AN 104 FHEFER 11 FEFRITR . 2 FRIGLR 1L
{ELFN 2 At IR SRR SEAT T 0, 25 3R, #it
MBI E R S TR, ARG R
(6"N) i 25 T3 &, kA & [ (6°C) KT
2F 3 HL A 27 32 R B R 3G m, Mk AR Y 6°C K
575 F M 6°C 22 K (6°C 88 R 7 A Wk
SRIEMIRIL), RUPEAFAMY 5 %5 EEA SR
TERRICER . WA, WA R SRR R
FEAEAIL, IS ATY T BN 22 00 T AR UE DD “ B 25
A B B AT AR UL . Zhang HIBFFE R “ A AT
AR B T 3R AT ) B SMIESE , E I AR £
BRI BRI, A T REAERE A YRR
S B = AR R E R, KRR A
L g 5 2o R i eE ik, kR R 3R/
SRAEBR Bl FF LEAE DK S FERCH AR X AL
32 ¥FEEYMNSFENERRZE HomHR
K, A BT R, AR
RO &, AT S Z A W8, Rl A fe
FARFE . BN, KLAHEMW (Acacia ampliceps)
e 7 (8RR “ A e, Sesbania formosa) R 2%
FE R, KOG # R 85w T UAESRHEY N
A EITCAH ERAK, XA He S S RHEY e
AL 2 0 B A X, SR A MY -
AERGN, SRR YT M, Bl Y Y 2F
F AT I T = DG G R SR SR P,
B ARBCFPX A VR FH B FUAR R Wi -5 A e WA
FAG AR AU AT T AR X A K R e
A e, WA ERM, F GRS R ]
REJE R T MR ZF B AR R I A AL A e

TEFR 4T ia B R BRI b, 2 T A A Y0 2F A
AN . BN, 22 B %Az (Phoradendron
villous ) ¥R A Bk (Quercus palustris) B4 K KA1
ToHA B RZ s 5 A WS BoR, B BR K 2R A (Pinus
sylvestris) b IMEF A IS, 27 AR AIFHPE . Bk
i RUE SRR LA AR K ORI RS RR
Wkar A= 0 7 A PR e
£l S SR 2 X EE Y/ DORA RN (0F A PN RS A
1y (1), Hy R ke T BARM YR & | 315
AU S TAG B A BT bR . B A TR AT N AEAIL
i, 2N BT Z2 R i A A AR - R GEAEA R
IR N A TIRABSE

4 EHLEYSEEERRTETHLR
T

TE A RS o, R A 5 H £ 5 28T
TR OIRA R LR RS YRR S 2 H R
Belin . AU SR, s U R BT
— BB EAT RIS AR, AN AR A SR
G55 HARR R AREL
4.1 JKSFESFE KMRO T, MY S E
(8] (147K 53 5 4 JE A AN, FF J BRI AN [R] ) 7K o2
HESEWG A R A M A A A R A T R A
N, RI OK 2 4T A, (e A BEASHY 1R B
HARFF /N OK ) AR AR SN A AR
TR LL AR 2 R RCR, RBU ey EHR M
SR ANIMLRE | TR B A R A LA N K iz
B, (Al B A ZE A A 32 S, LA 5
TRBEK B i 2 4 5 Z A0, VP2 ARARFY
EHEPIME R B T K I RCR BT Sms, R
A EHARAY I RS R L, AELE A R
R EHUNROK O A B BN AL
A LASR K iz fi kAR, B B A T B A
R

(EAH T A2, Mo A2 B Ty AR 2 i g
AR B ERAY K S TSR, X sl I F AR B IR
IR, T — PR ) AR AN A e 2 R
AR AT BESE Dy 1 AT 9 A8 A JB 9 b UL o
R WREERT TR oY, [RIER A FRAGRR BT IR 22 3 73
25 AR RN BB, AR T O & Bl sk it e
RETHR AR o & A8 i 4 s i 75 R (ABA)
K REERALITE | EHT o BC TR AR A B T B
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Tab. 1

FHFEEYETEEYXBENFEN A S ERZMm

Summary of positive and negative impacts of major hemiparasitic plant types on their hosts

LAERRAE AT A

Obligate root hemiparasites

AR 25 A R )

Facultative root hemiparasites

WA

Stem hemiparasites

1. GEURGE S S A 27 T4
K5 YR RS
BRI (AL B8 o

2. A FRA . LA RS
ZRIBAR, 55 HptiviaE

3. SERARE W AR AT RE
RAF B

HEBRGUR M

LIRS 0350, fie
PIFhILA7 5 2R

2 S EAEEA: B R U v
Y, DTG o

PTG

Negative impacts

E AT 5

Positive impacts

1 AL S AL e, HESF

WA 3, AT RSN F 1] 1Y
FEIRIRAF

2. A HAE AR IE ALV 25
BURF TR P A Y Il

R IEREBZ A SR G

PEFIBLH S 15 5 2%

Mechanism and context

1. BRI SR Ar A=
K5 YR RS
W Ry CANAL %) o

2. A FRA . LA RS
ZRIBCR, 55 Hp e

3. SERARE W AR AT RE
IFF Y

A= B T

1 XU B S A 32 (N
SRR I REAF AR R R TR
AU S o

2. e e MIREfREB iR AR
7, SR RGP

1AL OB RE n] A8, W)
ST B B A 2 (B SR
i)

2. A SR EIR A £ (NS
B R, ] RESCEILEA; 5
fiE IR e B, RN i
faEw EEs A,

1 BEIRGE S S KA
WGB3 H; S
mRNEF K E

2. SERRE W S ECY B
RFECRZR A FT) o

3. AR E T REAE AT
RS A AL IR
HEBRGR

1. STRPAE 2R 52
B A SR AU AR B ) S
Bt

U e BRI VE AT
SRR T AL T

L B (SO,
AP EARFORIHG, A 5
WHATEEVER; K25
A,

2. 5 AR AR,
HAFAEA B T HEIR I
A2, IE TR A S
EEE ST RS
7/

X 2 A A AR 7K A3 SE 4, an, g/ NG AL
AEJE 6~ 12 h, THEREMA T ABA W HE 7t
2 ~ 4 £, DA ILIEM] . B2 251, R
FOK BB, ABMAFAEGIIME DL, T3 A
PIHFE T 550 S YERe S 28 s R | IR 3, R
FLXF ABA AR HFFLIT R, HAl, T a4k
FYIE T 2500 T O A AR K o 5e i A A7
IR LD, HONTENLTA RRR ARG .

42 ZTESHFEZTS AT 5EBEAR
KA 5 3R R L R R, DGR S 7S (R B
BIRRI TR . AT A S ¢ A ] S R R IR R
s, HLFh 7 22 28 9 2 Ak I J A R e
N A 5104, W 25 233 AR J2 I BV Al T R AR
JHR, ELE YR AR L, TE 4R A AR i TR
IF, 4T3 N 2F AR IBCE R ERBRIECT A4 A2
FBRIRFE o, 27 32 2 Fh s A P B A SR s, T
B I A G 55 7 P-4 . — SRR A 2, B2
TR T J 2 AE W 25 S B S 4 0, T8 A T4
SR, F AR LA 2 05 R L 2 2 b, R AIG
KA G R ZRASE A 7, W B AR AR S
TR PR TE , B DRRIC ARG, Sk G 2 A= TE AR e
AT s 3 B PR R BR3P P AR AR 2, B

A% — YRR M 1681

43 HEMETHESES

A MY S E

TYITE H AR b By 52 6 55 8l W) R SR S5 A )
8, Hoh dE e T ME S SRR R
MR e ik, T AR R, A AAEY)
7 HUF e TR R RIS, EAEAE Y S
TG IR OCHEA A, LIS 2T R R TEAL
FHFEF MY, 1l 20 R JE, AT O R
mRNA 52 MR G50, B 55 EEY -4
RGP R BT, b
T %22 535 )X (Cucumis sativus) 2 [8] Y] mRNA
XU AE L, FT51 KA FR JA) 5 KR (SA)TEFF
R/ ENGIEFEAUMENES RS d VA NT(TH - Rl iz
BB DR 3Rk, $ i 27 0 U R RE 17
535 1A BRI A X0 < M A — R A A A7 A R
25 o X 2B B B B Wk (Plecoptera oculata, VA%
BB YRR UL Lz — ) R R R S i
G IR, 28 TR A A I IR 1Y T AR
S AR R W, Yot R S SRR B R B —
SEARAEAE ), oA RS 4 PP & W 6t B S 1)
1 75 5y W (Delias pasithoe) 75 e B — 52 H HEAH 7
o R, R BRI PR T, PR i
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LR B JA L SA R E I, A B
HY JA FHOC & B R E I, AR A BAEY R G
T, 5 JA BB ST N F A 2 B, X R I
BARFR PR GRS AT LS s i B, HAF 3
et A TAOMEL 2 30 R T T i m] R SR 48 A0 T LR A
XA ) £ B LT

5 FHFEEYHNASHE

501 FFHEEWHIRA FIAETFAME Y
RANAEY) S — 5L T AR TR AR a4 S g
5T N 51 2R 2 3 AR A ) O H R AR 2 F5 A A
Yy )X 2F A O 5 PR I R L, B R AR AR )
RANHIREIE H SR AR, R S YR
FhZHENE, IR K o BN, AR 27 A AE D)
FE & 16 (Rhinanthus alectorolophus) BEFE 1 ~ 2 4F
H KA YT (Calamagrostis epigejos), H:
Y FAAIL I AT 8 2 DA TP H b T i R A K S R
Y U2 3 2 A7 A R HBF 1L 8 AE (Melampyrum
arvense) A /0 AR 80% ~ 90% 3 F AR 2K
Y, IFE 4 N AR Solidago gigantea
. Symphyotrichum lanceolatum FIHLFIE EF M 90%
B2 8% ~ 12%17,
52 FFHEEWHIRE X TAMEA . WAL T
AL S G F R R AT ALY, i R R A BBl
N TG BR, (A5 A7 1E 5 B2 K« ME LAY RC T B 14 1)
M BEE G FAEMERB KR, 1A A Y B
16T B B 8 ML G807 5% 101 B T 03 L A ey
F O R ARG ER P e . 38 5 DK S ( CRISPR-
Cas9 F ARG ) R bR S ] OGS 0 46 N iR e iz R
FIE, mlsi/ 27 32 77 AR i 2 15 = A, aF
if B R AR (A S iy Igs1 R DhfETE R ),
A AEAE AR GT 1) 5- Mot Ak D 4 It 720 Ay O - A
A2 2 1, DA S 2 R AR 25 A AR P D (R i &
0 T T B, B Bl A B i SR Pl
JE 4 RSS2 8 1 (ShSLTI M1 ShSLT2) W] LAl it
MR A4 P TR 5 i ok 25 ) 55 I A 4 i 2 o)
AN, H o A Wyt 2 5 2 % AR A Y B
1h o A LR R PR R AL ST 5 (Stipa purpurea )
R IEARHE, 3R A0E PR R b AE Y &
DAGE At H R S 5l v o AR 2R A0 3 2B fa 35 70, ISR
R L AT 368 2o 400 o) R o R B AR A S S
(Pedicularis rex) A, W Z W4 T 6% F 10

A RO U7 DAAS TR AR L TR EE VY R R 85 (Glomus
mosseae) Fl AR J&8 T (Rhizobium leguminosarum )3t
AL U TR AR Y B . DS (P
tricolor) %t G RMAF 3 H 4505 ( Trifolium repens) 1
PFE,

6 B =

A AR F ORIV P A — R R 1) 2H
e, HoT B R B A KOR T, HORER
3 2E 2 AR08 AT SR B R I 2 T AR R, (A AR
SRR AA —EM B S . 5 R Rl
KEZ, FE AR I X, 78U
BT, WA KR URAT BT AL, X Py FIAE
Tty o DX A AL A At R e R B . PRI, ik
Py AR A LE ML | 55 %7 ) A A2 e R A
5L, A B TSN AR R R . A A
5 EZMEBRR, RALATMNLIF 4 405 Hixf
e

1) A A A ) WA B S ST A /3
o Far By Was P Uk B R — g8 HAk
SRR, WA A AR AR AR A2 B AR T I
T EUA /NI RO I, 10035800 252 25 AL A
KRB (Y 1] A REIE 1, LR 5 AN [ 2 32 2
SEFEAE A AT T 22 57 OR BB A0 B2 1), 3 vl fig
WA AR AR NS ) B 25 5% . H RIS
TR A YA RIS B T AR R 2, H
Xt WA I RS 1 2 M H AT ik =, R R A
A AR W A AT I PR A P W BRI, R Dy
T AR I B IR AR SR XIS
TERETRAL, A T 255 07 2 A AP0 2 A
IKGE W IR T IR R AR, B A
AR 2 AL

2)3H e A A A EATSEIE L . H R, 2F
WL e 25 b TR A A S 2
Far EHAF A SRR b, 2R A A i T
REAY 2 T A7 225000 Jmy KR, O 1 95 2 A0 fi 4
P, 59 ERBYIGR . (5B SSHAF, fad 2
M7 EHAFEATIRR . RILOK, L EEY S
EEAUENEREEP SN e 41 1% S i S Resyi /Do)
A AL 0 A B, RO I T G TEA A AR A
B OESRER R/ b A I LR S Ra Y i K7/ RS
P EAEY IR A7 A2 0 AR, X AT RE T I R A =S
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(i) 2 5 R B i ) RUBE A5 5

INERAFEXLRNNEL . RSP RIS
B, CEFAEYH TRAVRATE —-RIE
A SRR, A9 G0 4 e SR 1Y) 25 I T R A AR ) K
SN ZF T R IUR 88 (1) 37 43, 17 3 TH I E S
i B3 548 40 2 A 04 SRR DR AR, AT 0K AE K 43
¥ Wy B EL 2 A FAS A AR e R 7 H
HOR T 27 AEAE I AE T 2450 T WX 25 =AY K 43
TE I A A IR MR A ST A0 FL A R ) A A —
REZE LAY, HAR RIEA T 2R, 722K
HE 25 AT 25 PR IUK 2 F R A, FE A AR AR
b, TR A 5 A A SR AT R e S, 7
— R B S5 SR AT .

A ST IRETF B S AR, B
NP E R, KRR A
Z AR SR 200, RERT T Y
FEFF AR T N2 2%, F2 4 s bt L 5
PR, RS L, TAIH CRISPR-Cas9., HIGS
IR g, KR & B 53410 )
S A | B AR5 R A DG B B Rk, B
BAREITFAEERGF R, FN, 2565
i R 5N TR REAT B B A, # s A b
A LE VIR A PR PPN A R, S T R B R A
FEUEREE o A, I SR a) A 25 M TR,
PRyt EE AR BAES RGP MR E R,
W It EM SEEEMNAIESS, A8
BB AR DU A S 2RO R AT R,
R RTRFSEAR AR AR 7 R AR R R

AR AR YR R 2 A AR ) ) B2 R
g, HS5FEZRMHEETAENRE - MR RESE
B A2 AR

7 & it

RICRGERR T 2 25 LEAE D) W2 BT 1AL
il ¥ EREFE R, A AR AR S P A AH ELA
PR Ao A A —aF BAEY) IR RS2 A T
F1%9 T 7 5 s L B St > 2 AR A0 1) 18 5 BT 3 46
T HAEA S RGO R A (0 ——RE R IR
Fri, WRAER RN H . HATHEE B AR THL
A B R R AR SO A5 T T I 2 R, (H
VITFAEE Z R 2, W R B B SEm a2 &
A=A EHARR IR AR . ARORAITFE N E— A0

BG 2 BINESEOR, IHOWALH 275 WA 25
ZA R R 2 B AR AL A AR O AR I B, O
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A

S 3Lk

[1] Yoshida S, Cui S K, Ichihashi Y, et al. The haustorium, a
specialized invasive organ in parasitic plants[J]. Annual
Review of Plant Biology, 2016, 67(1): 643—667. https://
doi.org/10.1146/annurev-arplant-043015-111702

(2] Z=fis . v A A= B TR B 24 L o0 A e A= 25 (D).
T 50 B 5T K2, 2019. https:/doi.org/10.27245/d.
cnki.gnjsu.2019.001052

[3] Nickrent D L. Parasitic angiosperms: how often and how
many?[J]. Taxon, 2020, 69(1): 5—27. https://doi.org/10.
1002/tax.12195

[4] Scalon M C, Heilmeier H, Rossatto D R. Plant-plant para-
sitism: trends in the last 50 years and a call for papers for
a special issue in Flora[J]. Flora, 2024, 310: 152438.
https://doi.org/10.1016/j.flora.2023.152438

[5] Savov S, Marinova B, Teofanova D, et al. Parasitic
plants: potential vectors of phytopathogens[J]. Pathogens,
2024, 13(6): 484. https://doi.org/10.3390/pathogens
13060484

[6] Hegenauer V, Korner M, Albert M. Plants under stress by
parasitic plants[J]. Current Opinion in Plant Biology,
2017,38:34—41. https://doi.org/10.1016/j.pbi.2017.04.006

[7] Hartley S E, Green J P, Massey F P, et al. Hemiparasitic
plant impacts animal and plant communities across four
trophic levels[J]. Ecology, 2015, 96(9): 2408—2416. https:
//doi.org/10.1890/14-1244.1

[8] Teixeira-Costa L, Davis C C. Life history, diversity, and
distribution in parasitic flowering plants[J]. Plant
Physiology, 2021, 187(1): 32—51. https://doi.org/10.1093/
plphys/kiab279

[9] Kirschner G K, Xiao T T, Jamil M, et al. A roadmap of
haustorium morphogenesis in parasitic plants[J]. Journal of
Experimental Botany, 2023, 74(22): 7034—7044. https://
doi.org/10.1093/jxb/erad284

(10] Julu, BRF, FRoR, &5 . ARLAT Az A 4 b1 i 4 RS

F 5T 2E (7). H9) A2 252741z, 2009, 33(3): 607-616.
https://doi.org/10.3773/.issn.1005-264x.2009.03.020

(11] BT, ETF =, R, AR R 22 R Sk

A2EO (7). A2 2Rk, 2011, 30(8): 18381844
https://doi.org/10.13292/j.1000-4890.2011.0278

[12] Bouwmeester H, Li C S, Thiombiano B, et al. Adapta-

tion of the parasitic plant lifecycle: germination is con-
trolled by essential host signaling molecules[J]. Plant
Physiology, 2021, 185(4): 1292—1308. https://doi.org/
10.1093/plphys/kiaa066

[13] Nelson D C. The mechanism of host-induced germina-


https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.1146/annurev-arplant-043015-111702
https://doi.org/10.27245/d.cnki.gnjsu.2019.001052
https://doi.org/10.27245/d.cnki.gnjsu.2019.001052
https://doi.org/10.27245/d.cnki.gnjsu.2019.001052
https://doi.org/10.1002/tax.12195
https://doi.org/10.1002/tax.12195
https://doi.org/10.1002/tax.12195
https://doi.org/10.1002/tax.12195
https://doi.org/10.1016/j.flora.2023.152438
https://doi.org/10.1016/j.flora.2023.152438
https://doi.org/10.3390/pathogens13060484
https://doi.org/10.3390/pathogens13060484
https://doi.org/10.3390/pathogens13060484
https://doi.org/10.3390/pathogens13060484
https://doi.org/10.1016/j.pbi.2017.04.006
https://doi.org/10.1016/j.pbi.2017.04.006
https://doi.org/10.1016/j.pbi.2017.04.006
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1890/14-1244.1
https://doi.org/10.1093/plphys/kiab279
https://doi.org/10.1093/plphys/kiab279
https://doi.org/10.1093/plphys/kiab279
https://doi.org/10.1093/plphys/kiab279
https://doi.org/10.1093/plphys/kiab279
https://doi.org/10.1093/jxb/erad284
https://doi.org/10.1093/jxb/erad284
https://doi.org/10.1093/jxb/erad284
https://doi.org/10.1093/jxb/erad284
https://doi.org/10.1093/jxb/erad284
https://doi.org/10.3773/j.issn.1005-264x.2009.03.020
https://doi.org/10.3773/j.issn.1005-264x.2009.03.020
https://doi.org/10.3773/j.issn.1005-264x.2009.03.020
https://doi.org/10.3773/j.issn.1005-264x.2009.03.020
https://doi.org/10.13292/j.1000-4890.2011.0278
https://doi.org/10.13292/j.1000-4890.2011.0278
https://doi.org/10.13292/j.1000-4890.2011.0278
https://doi.org/10.13292/j.1000-4890.2011.0278
https://doi.org/10.1093/plphys/kiaa066
https://doi.org/10.1093/plphys/kiaa066
https://doi.org/10.1093/plphys/kiaa066
https://doi.org/10.1093/plphys/kiaa066
https://doi.org/10.1093/plphys/kiaa066

884 PEEMFIR (PR ) J. Trop. Biol.

2026 4F

tion in root parasitic plants[J]. Plant Physiology,
2021, 185(4): 1353—1873. https://doi.org/10.1093/plphys/
kiab043

[14] CHANG M, LYNN D G. The haustorium and the chem-
istry of host recognition in parasitic angiosperms[J].
Journal of Chemical Ecology, 1986, 12(2): 561-579.
https://doi.org/10.1007/bf01020572

[15] Cui S K, Wada S, Tobimatsu Y, et al. Host lignin com-
position affects haustorium induction in the parasitic
plants Phtheirospermum japonicum and Striga her-
monthica[J]. New Phytologist, 2018, 218(3): 710-723.
https://doi.org/10.1111/nph.15033

[16] Cui S K, Takeda-Kimura Y, Wakatake T, et al. Striga
hermonthica induces lignin deposition at the root tip to
facilitate prehaustorium formation and obligate parasit-
ism[J]. Plant Communications, 2025, 6(5): 101294.
https://doi.org/10.1016/j.xplc.2025.101294

[17] Jhu M Y, Farhi M, Wang L, et al. Heinz-resistant to-
mato cultivars exhibit a lignin-based resistance to field
dodder (Cuscuta campestris) parasitism[J]. Plant
Physiology, 2022, 189(1): 129—151. https://doi.org/10.
1093/plphys/kiac024

[18] Li L L, Su L, Zhao R X, et al. Sunflower HaWRKY29
dampens Orobanche cumana parasitism via transcrip-
tional activation of HaLAC17 and lignin deposition[J].
Plant Physiology, 2026, 200(3): kiag038. https://doi.org/
10.1093/plphys/kiag038

[19] Xiang L, Cui S K, Saucet S B, et al. Glucosylation of en-
dogenous haustorium-inducing factors underpins kin
avoidance in parasitic plants[J]. Science, 2025, 390
(6771):405—410.https://doi.org/10.1126/science.adx8220

[20] T, XU/NGs, Y, 45 /DN G 2 Racl BT
B S5ThReaHr O], PaALRYI 44, 2021, 41(1): 46-51.
https://doi.org/10.7606/j.issn.1000-4025.2021.01.0046

[21] Meng S, Bian Z, Wang S K, et al. SaRacl, a small GT-
Pase, plays an essential role in haustorium development
in the root parasite sandalwood (Santalum album)[J].
Tree Physiology, 2025, 45(12): tpaf147. https://doi.org/
10.1093/treephys/tpaf147

[22] Aoki N. Cui S K. Yoshida S. Cytokinins induce prehaus-
toria coordinately with quinone signals in the parasitic
plant Striga hermonthica[J]. Plant and Cell Physiology,
2022, 63(10): 1446—1456. https://doi.org/10.1093/pcp/
pcacl30

(23] ISHIDA J K, WAKATAKE T, YOSHIDA 8, et al. Loc-
al auxin biosynthesis mediated by a YUCCA Flavin
monooxygenase regulates haustorium development in
the parasitic plant Phtheirospermum japonicum[J]. The
Plant Cell, 2016, 28(8): 1795—1814. https://doi.org/10.
1105/tpc.16.00310

[24] Tomilov A A, Tomilova N B, Abdallah I, et al. Local-
ized hormone fluxes and early haustorium development

in the hemiparasitic plant Triphysaria versicolor[J].

Plant Physiology, 2005, 138(3): 1469—1480. https://doi.
org/10.1104/pp.104.057836

[25] Pan L M, Wan L Y, Song L S, et al. Comparative pro-
teomic analysis provides new insights into the develop-
ment of haustorium in Taxillus chinensis (DC.)
danser[J]. BioMed Research International, 2022, 2022:
9567647. https://doi.org/10.1155/2022/9567647

[26] Gurney A L, Grimanelli D, Kanampiu F, et al. Novel
sources of resistance to Striga hermonthica in Trip-
sacum dactyloides, a wild relative of maize[J]. New
Phytologist, 2003, 160(3): 557—568. https://doi.org/10.
1046/j.1469-8137.2003.00904.x

[27] Pielach A, Leroux O, Domozych D S, et al. Ara-
binogalactan protein-rich cell walls, paramural deposits
and ergastic globules define the hyaline bodies of rhin-
anthoid Orobanchaceae haustoria[J]. Annals of Botany,
2014, 114(6): 1359-1373. https://doi.org/10.1093/aob/
mcul2l

[28] Irving L J, Cameron D D. You are what you eat: interac-
tions between root parasitic plants and their hosts[J].
Advances in Botanical Research, 2009, 50: 87—138.

[29] Makaza W, En-Nahli Y, Amri M. Harnessing plant res-
istance against Striga spp. parasitism in major cereal
crops for enhanced crop production and food security in
Sub-Saharan Africa: a review[J]. Food Security, 2023,
15(5): 1127-1149. https://doi.org/10.1007/s12571-023-
01345-9

[30] Huang X Y, Zhang Y B, Scalon M C, et al. Survival
secrets of mistletoes: high drought tolerance in canopy
habitats[J]. Tree Physiology, 2025, 45(7): tpaf071. https:
//doi.org/10.1093/treephys/tpaf071

[31] Press M C, Graves J D, Stewart G R. Transpiration and
carbon acquisition in root hemiparasitic angiosperms[J].
Journal of Experimental Botany, 1988, 39(8): 1009—
1014. https://doi.org/10.1093/jxb/39.8.1009

[32] Kim G, Westwood J H. Macromolecule exchange in
Cuscuta-host plant interactions[J]. Current Opinion in
Plant Biology, 2015, 26: 20-25. https://doi.org/10.1016/
j.pbi.2015.05.012

[33] Smith J D, Mescher M C, De Moraes C M. Implications
of bioactive solute transfer from hosts to parasitic
plants[J]. Current Opinion in Plant Biology, 2013, 16(4):
464—472. https://doi.org/10.1016/j.pbi.2013.06.016

[34] Péron T, Candat A, Montiel G, et al. New insights into
phloem unloading and expression of sucrose transport-
ers in vegetative sinks of the parasitic plant Phelipanche
ramosa L. (Pomel)[J]. Frontiers in Plant Science, 2017,
7:2048. https://doi.org/10.3389/fpls.2016.02048

[35] Jiang F, Veselova S, Veselov D, et al. Cytokinin flows
from hordeum vulgare to the hemiparasite Rhinanthus
minor and the influence of infection on host and para-
site cytokinins relations[J]. Functional Plant Biology,
2005, 32(7): 619-629. https://doi.org/10.1071/fp04168


https://doi.org/10.1093/plphys/kiab043
https://doi.org/10.1093/plphys/kiab043
https://doi.org/10.1093/plphys/kiab043
https://doi.org/10.1093/plphys/kiab043
https://doi.org/10.1007/bf01020572
https://doi.org/10.1007/bf01020572
https://doi.org/10.1111/nph.15033
https://doi.org/10.1111/nph.15033
https://doi.org/10.1016/j.xplc.2025.101294
https://doi.org/10.1016/j.xplc.2025.101294
https://doi.org/10.1093/plphys/kiac024
https://doi.org/10.1093/plphys/kiac024
https://doi.org/10.1093/plphys/kiac024
https://doi.org/10.1093/plphys/kiac024
https://doi.org/10.1093/plphys/kiac024
https://doi.org/10.1093/plphys/kiag038
https://doi.org/10.1093/plphys/kiag038
https://doi.org/10.1093/plphys/kiag038
https://doi.org/10.1093/plphys/kiag038
https://doi.org/10.1126/science.adx8220
https://doi.org/10.1126/science.adx8220
https://doi.org/10.1126/science.adx8220
https://doi.org/10.7606/j.issn.1000-4025.2021.01.0046
https://doi.org/10.7606/j.issn.1000-4025.2021.01.0046
https://doi.org/10.7606/j.issn.1000-4025.2021.01.0046
https://doi.org/10.7606/j.issn.1000-4025.2021.01.0046
https://doi.org/10.1093/treephys/tpaf147
https://doi.org/10.1093/treephys/tpaf147
https://doi.org/10.1093/treephys/tpaf147
https://doi.org/10.1093/treephys/tpaf147
https://doi.org/10.1093/pcp/pcac130
https://doi.org/10.1093/pcp/pcac130
https://doi.org/10.1093/pcp/pcac130
https://doi.org/10.1093/pcp/pcac130
https://doi.org/10.1105/tpc.16.00310
https://doi.org/10.1105/tpc.16.00310
https://doi.org/10.1105/tpc.16.00310
https://doi.org/10.1105/tpc.16.00310
https://doi.org/10.1105/tpc.16.00310
https://doi.org/10.1104/pp.104.057836
https://doi.org/10.1104/pp.104.057836
https://doi.org/10.1104/pp.104.057836
https://doi.org/10.1104/pp.104.057836
https://doi.org/10.1155/2022/9567647
https://doi.org/10.1155/2022/9567647
https://doi.org/10.1155/2022/9567647
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1046/j.1469-8137.2003.00904.x
https://doi.org/10.1093/aob/mcu121
https://doi.org/10.1093/aob/mcu121
https://doi.org/10.1093/aob/mcu121
https://doi.org/10.1093/aob/mcu121
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1007/s12571-023-01345-9
https://doi.org/10.1093/treephys/tpaf071
https://doi.org/10.1093/treephys/tpaf071
https://doi.org/10.1093/treephys/tpaf071
https://doi.org/10.1093/treephys/tpaf071
https://doi.org/10.1093/jxb/39.8.1009
https://doi.org/10.1093/jxb/39.8.1009
https://doi.org/10.1093/jxb/39.8.1009
https://doi.org/10.1016/j.pbi.2015.05.012
https://doi.org/10.1016/j.pbi.2015.05.012
https://doi.org/10.1016/j.pbi.2015.05.012
https://doi.org/10.1016/j.pbi.2015.05.012
https://doi.org/10.1016/j.pbi.2015.05.012
https://doi.org/10.1016/j.pbi.2013.06.016
https://doi.org/10.1016/j.pbi.2013.06.016
https://doi.org/10.1016/j.pbi.2013.06.016
https://doi.org/10.3389/fpls.2016.02048
https://doi.org/10.3389/fpls.2016.02048
https://doi.org/10.3389/fpls.2016.02048
https://doi.org/10.1071/fp04168
https://doi.org/10.1071/fp04168
https://doi.org/10.1071/fp04168

5 ]

REARZEE P EAY S F BRI ERR 885

[36] LuJ K, Kang L H, Sprent J I, et al. Two-way transfer of
nitrogen between Dalbergia odorifera and its hemipara-
site Santalum album is enhanced when the host is effect-
ively nodulated and fixing nitrogen[J]. Tree Physiology,
2013, 33(5): 464—474. https://doi.org/10.1093/treephys/
tpt024

[37] Yoshida S, Maruyama S, Nozaki H, et al. Horizontal
gene transfer by the parasitic plant Striga hermonthica
[J]. Science, 2010, 328(5982): 1128. https://doi.org/10.
1126/science.1187145

[38] Zhang D L, Qi J F, Yue J P, et al. Root parasitic plant
Orobanche aegyptiaca and shoot parasitic plant Cus-
cuta australis obtained Brassicaceae-specific strictosid-
ine synthase-like genes by horizontal gene transfer[J].
BMC Plant Biology, 2014, 14: 19. https://doi.org/10.1186/
1471-2229-14-19

[39] Calvin C L, Wilson C A. Epiparasitism in Phoraden-
dron durangense and P. falcatum (Viscaceae)[J]. Aliso,
2009, 27(1): 2. https://doi.org/10.5642/Alis0.20092701.
02

[40] F540005. Hh 2 AR B AE A Y 40 A B 5 27 EIOCR
[D]. B AT: m mUME R, 2021,

[41] Bowie M, Ward D. Water and nutrient status of the
mistletoe Plicosepalus acaciae parasitic on isolated
Negev Desert populations of Acacia raddiana differing
in level of mortality[J]. Journal of Arid Environments,
2004, 56(3): 487-508. https://doi.org/10.1016/S0140-
1963(03)00067-3

[42] Ehleringer J R, Schulze E D, Ziegler H, et al. Xylem-
tapping mistletoes: water or nutrient parasites?[J]. Sci-
ence, 1985, 227(4693): 1479-1481. https://doi.org/10.
1126/science.227.4693.1479

[43] Schulze E D, Ehleringer J R. The effect of nitrogen sup-
ply on growth and water-use efficiency of xylem-
tapping mistletoes[J]. Planta, 1984, 162(3): 268—275. ht-
tps://doi.org/10.1007/bf00397449

[44] Seel W E, Cooper R E, Press M C. Growth, gas ex-
change and water use efficiency of the facultative hemi-
parasite Rhinanthus minor associated with hosts differ-
ing in foliar nitrogen concentration[J]. Physiologia
Plantarum, 1993, 89(1): 64—70. https://doi.org/10.1111/
j-1399-3054.1993.tb01787.x

[45] Kim C W, An C H, Lee H S, et al. Proximate and miner-
al components of Viscum album var. coloratum grown
on eight different host tree species[J]. Journal of
Forestry Research, 2019, 30(4): 1245—1253. https://doi.
org/10.1007/s11676-018-0730-6

[46] Adler L S, Karban R, Strauss S Y. Direct and indirect ef-
fects of alkaloids on plant fitness via herbivory and pol-
lination[J]. Ecology, 2001, 82: 2032—2044. https://doi.
org/10.1890/0012-9658

[47] Barhoumi Z, Atia A, Hussain A A, et al. Host-hemipara-

site Acacia gerrardii —Phragmanthera austroarabica re-

lationship: physiological and biochemical aspects
[J]. Phytoparasitica, 2025, 53(4): 79. https://doi.org/10.
1007/s12600-025-01300-8

[48] Press M C, Phoenix G K. Impacts of parasitic plants
on natural communities[J]. New Phytologist, 2005,
166(3): 737-751. https://doi.org/10.1111/j.1469-8137.
2005.01358.x

[49] Cameron D D, Coats A M, Seel W E. Differential resist-
ance among host and non-host species underlies the vari-
able success of the hemi-parasitic plant Rhinanthus
minor[J]. Annals of Botany, 2006, 98(6): 1289—-1299.
https://doi.org/10.1093/aob/mcl218

[50] Dérr 1. How Striga parasitizes its host: a TEM and SEM
study[J]. Annals of Botany, 1997, 79(5): 463—472. https:
//doi.org/10.1006/anbo.1996.0385

[51] Cirocco R M, Facelli J M, Watling J R. Does nitrogen
affect the interaction between a native hemiparasite and
its native or introduced leguminous hosts?[J]. New
Phytologist, 2017, 213(2): 812—821. https://doi.org/10.
1111/nph.14181

[52] i W], SAZIEM AR A 1 R AR AR 3 BT SRR 5 G
G HZEBERIRZ [D]. Jbat: JEaipkil R, 2014,

[53] Govier R N, Nelson M D, Pate J S. Hemiparasitic
nutrition in angiosperms[J]. New Phytologist, 1967, 66
(2): 285-297. https://doi.org/10.1111/j.1469-8137.1967.
tb06006.x

[54] Té&sitel J, Plavcova L, Cameron D D. Interactions
between hemiparasitic plants and their hosts[J]. Plant
Signaling & Behavior, 2010, 5(9): 1072—1076. https://
doi.org/10.4161/psb.5.9.12563

[55] Rigling A, Eilmann B, Koechli R, et al. Mistletoe-in-
duced crown degradation in Scots pine in a xeric envir-
onment[J]. Tree Physiology, 2010, 30(7): 845—852.
https://doi.org/10.1093/treephys/tpq038

[56] Scalon M C, Wright I J. Leaf trait adaptations of xylem-
tapping mistletoes and their hosts in sites of contrasting
aridity[J]. Plant and Soil, 2017, 415(1): 117-130. https://
doi.org/10.1007/s11104-016-3151-3

[57] Zhang Y B, Corréa Scalon M, Liu J X, et al. You are
what you eat: nutrient and water relations between
mistletoes and hosts[J]. New Phytologist, 2023, 238(2):
567-583. https://doi.org/10.1111/nph.18747

[58] Radomiljac A M, Mccomb J A, Pate J S. Gas exchange
and water relations of the root hemi-parasite Santalum
album L. in association with legume and non-legume
hosts[J]. Annals of Botany, 1999, 83(3): 215—224. https:
//doi.org/10.1006/anbo.1998.0815

[59] Barhoumi Z. Physiological and biochemical attributes of
the association host-parasite (Tamarix aphylla-
Plicosepalus acacia)[J]. Plant Physiology and Biochem-
istry, 2024, 216: 109163. https://doi.org/10.1016/j.
plaphy.2024.109163

[60] Tesitel J, Li A R, Knotkova K, et al. The bright side of


https://doi.org/10.1093/treephys/tpt024
https://doi.org/10.1093/treephys/tpt024
https://doi.org/10.1093/treephys/tpt024
https://doi.org/10.1093/treephys/tpt024
https://doi.org/10.1126/science.1187145
https://doi.org/10.1126/science.1187145
https://doi.org/10.1126/science.1187145
https://doi.org/10.1126/science.1187145
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.1186/1471-2229-14-19
https://doi.org/10.5642/Aliso.20092701.02
https://doi.org/10.5642/Aliso.20092701.02
https://doi.org/10.5642/Aliso.20092701.02
https://doi.org/10.5642/Aliso.20092701.02
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1016/S0140-1963(03)00067-3
https://doi.org/10.1126/science.227.4693.1479
https://doi.org/10.1126/science.227.4693.1479
https://doi.org/10.1126/science.227.4693.1479
https://doi.org/10.1126/science.227.4693.1479
https://doi.org/10.1126/science.227.4693.1479
https://doi.org/10.1007/bf00397449
https://doi.org/10.1007/bf00397449
https://doi.org/10.1007/bf00397449
https://doi.org/10.1007/bf00397449
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1111/j.1399-3054.1993.tb01787.x
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1007/s11676-018-0730-6
https://doi.org/10.1890/0012-9658
https://doi.org/10.1890/0012-9658
https://doi.org/10.1890/0012-9658
https://doi.org/10.1890/0012-9658
https://doi.org/10.1890/0012-9658
https://doi.org/10.1890/0012-9658
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1007/s12600-025-01300-8
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1111/j.1469-8137.2005.01358.x
https://doi.org/10.1093/aob/mcl218
https://doi.org/10.1093/aob/mcl218
https://doi.org/10.1006/anbo.1996.0385
https://doi.org/10.1006/anbo.1996.0385
https://doi.org/10.1006/anbo.1996.0385
https://doi.org/10.1006/anbo.1996.0385
https://doi.org/10.1111/nph.14181
https://doi.org/10.1111/nph.14181
https://doi.org/10.1111/nph.14181
https://doi.org/10.1111/nph.14181
https://doi.org/10.1111/nph.14181
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.1111/j.1469-8137.1967.tb06006.x
https://doi.org/10.4161/psb.5.9.12563
https://doi.org/10.4161/psb.5.9.12563
https://doi.org/10.4161/psb.5.9.12563
https://doi.org/10.4161/psb.5.9.12563
https://doi.org/10.4161/psb.5.9.12563
https://doi.org/10.1093/treephys/tpq038
https://doi.org/10.1093/treephys/tpq038
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1007/s11104-016-3151-3
https://doi.org/10.1111/nph.18747
https://doi.org/10.1111/nph.18747
https://doi.org/10.1111/nph.18747
https://doi.org/10.1006/anbo.1998.0815
https://doi.org/10.1006/anbo.1998.0815
https://doi.org/10.1006/anbo.1998.0815
https://doi.org/10.1006/anbo.1998.0815
https://doi.org/10.1016/j.plaphy.2024.109163
https://doi.org/10.1016/j.plaphy.2024.109163
https://doi.org/10.1016/j.plaphy.2024.109163
https://doi.org/10.1016/j.plaphy.2024.109163
https://doi.org/10.1016/j.plaphy.2024.109163
https://doi.org/10.1016/j.plaphy.2024.109163

886 P EMFER (L) J Trop. Biol.

2026 4F

parasitic plants: what are they good for? [J]. Plant
Physiology, 2021, 185(4): 1309-1324. https://doi.org/
10.1093/plphys/kiaa069

[61] Heide-Jargensen H S. Parasitic flowering plants [M].
Boston: Brill, 2008: 1-438. https://doi.org/10.1163/ej.
9789004167506.i-438

[62] WATLING J R, PRESS M C. Impacts of Infection by
Parasitic Angiosperms on Host Photosynthesis [J]. Plant
Biology, 2001, 3: 244-50. https://doi.org/10.1055/s-
2001-15195

[63] Koenig W D, Knops ] M H, Carmen W J, et al. Effects
of mistletoe (Phoradendron villosum) on California
oaks[J]. Biology Letters, 2018, 14(6): 20180240. https://
doi.org/10.1098/rsb1.2018.0240

[64] Yan C F, Gessler A, Rigling A, et al. Effects of mistle-
toe removal on growth, N and C reserves, and carbon
and oxygen isotope composition in Scots pine hosts[J].
Tree Physiology, 2016, 36(5): 562—575. https://doi.org/
10.1093/treephys/tpw024

[65] Zhang Y B, Huang X Y, Corréa Scalon M, et al. Mistle-
toes have higher hydraulic safety but lower efficiency in
xylem traits than their hosts[J]. New Phytologist, 2025,
245(2): 607—624. https://doi.org/10.1111/nph.20257

[66] Jiang F, Jeschke W D, Hartung W. Abscisic acid (ABA)
flows from Hordeum vulgare to the hemiparasite Rhin-
anthus minor and the influence of infection on host and
parasite abscisic acid relations[J]. Journal of Experi-
mental Botany, 2004, 55(406): 2323—-2329. https://doi.
org/10.1093/jxb/erh240

[67] Svétlikova P, Hajek T, T&sitel J. Water-stress physi-
ology of Rhinanthus alectorolophus, a root-hemiparasit-
ic plant[J]. PLoS One, 2018, 13(8): €0200927. https://
doi.org/10.1371/journal.pone.0200927

[68] Reid N, Yan Z G, Fittler J. Impact of mistletoes
(Amyema miquelii) on host (Eucalyptus blakelyi and
Eucalyptus melliodora) survival and growth in temper-
ate Australia[J]. Forest Ecology and Management,
1994, 70(1/3): 55-65. https://doi.org/10.1016/0378-
1127(94)90074-4

[69] Watson D M, Mclellan R C, Fonttrbel F E. Functional
roles of parasitic plants in a warming world[J]. Annual
Review of Ecology, Evolution, and Systematics, 2022,
53(1): 25—45. https://doi.org/10.1146/annurev-ecolsys-
102320-115331

[70] Hettenhausen C, Li J, Zhuang H, et al. Stem parasitic
plant Cuscuta australis (dodder) transfers herbivory-in-
duced signals among plants[J]. Proceedings of the Na-
tional Academy of Sciences of the United States of
America, 2017, 114(32): E6703—E6709. https://doi.org/

10.1073/pnas.1704536114

[71] Song J, Bian J G, Xue N, et al. Inter-species mRNA
transfer among green peach aphids, dodder parasites,
and cucumber host plants[J]. Plant Diversity, 2022,
44(1): 1-10. https://doi.org/10.1016/j.p1d.2021.03.004

[72] Li Z S, Wang S K, Meng S, et al. Haustorium connec-
tion between parasitic Santalum album (sandalwood)
and herbivore-damaged Dalbergia odorifera mediates
the associational effect to an enhanced herbivory resist-
ance in neighboring sandalwood[J]. Industrial Crops and
Products, 2025, 229: 121046. https://doi.org/10.1016/
j.indcrop.2025.121046

[73] Tesitel J, Mladek J, Hornik J, et al. Suppressing compet-
itive dominants and community restoration with native
parasitic plants using the hemiparasitic Rhinanthus
alectorolophus and the dominant grass Calamagrostis
epigejos[J]. Journal of Applied Ecology, 2017, 54(5):
1487-1495. https://doi.org/10.1111/1365-2664.12889

[74] Knotkova K, Té&sitelova T, Knotek A, et al. Biocontrol
by a native hemiparasite: rapid suppression of noxious
invasive plants in a field experiment[J]. Journal of Ap-
plied Ecology, 2025, 62(12): 3514—3524. https://doi.org/
10.1111/1365-2664.70183

[75] Gobena D, Shimels M, Rich P J, et al. Mutation in
sorghum low germination stimulant 1 alters strigolac-
tones and causes Striga resistance[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2017, 114(17): 4471-4476. https://doi.org/10.
1073/pnas.1618965114

[76] ShiJ Y, Mei C, Ge F Y, et al. Resistance to Striga para-
sitism through reduction of strigolactone exudation[J].
Cell, 2025, 188(7): 1955—1966. el3. https://doi.org/10.
1016/j.cell.2025.01.022

[77] Bao G S, Song M L, Wang Y Q, et al. Does Epichloé
endophyte  enhance  host tolerance to  root
hemiparasite?[J]. Microbial Ecology, 2021, 82(1):
35—48. https://doi.org/10.1007/s00248-020-01496-8

[78] Li A R, Guan K Y, Stonor R, et al. Direct and indirect
influences of arbuscular mycorrhizal fungi on phosphor-
us uptake by two root hemiparasitic Pedicularis species:
do the fungal partners matter at low colonization
levels?[J]. Annals of Botany, 2013, 112(6): 1089—
1098. https://doi.org/10.1093/aob/mct177

[79] Sui X L, Zhang T, Tian Y Q, et al. A neglected alliance
in battles against parasitic plants: arbuscular mycorrhiz-
al and rhizobial symbioses alleviate damage to a legume
host by root hemiparasitic Pedicularis species[J]. New
Phytologist, 2019, 221(1): 470—481. https://doi.org/10.
1111/nph.15379


https://doi.org/10.1093/plphys/kiaa069
https://doi.org/10.1093/plphys/kiaa069
https://doi.org/10.1093/plphys/kiaa069
https://doi.org/10.1093/plphys/kiaa069
https://doi.org/10.1093/plphys/kiaa069
https://doi.org/10.1163/ej.9789004167506.i-438
https://doi.org/10.1163/ej.9789004167506.i-438
https://doi.org/10.1163/ej.9789004167506.i-438
https://doi.org/10.1163/ej.9789004167506.i-438
https://doi.org/10.1163/ej.9789004167506.i-438
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1055/s-2001-15195
https://doi.org/10.1098/rsbl.2018.0240
https://doi.org/10.1098/rsbl.2018.0240
https://doi.org/10.1098/rsbl.2018.0240
https://doi.org/10.1098/rsbl.2018.0240
https://doi.org/10.1093/treephys/tpw024
https://doi.org/10.1093/treephys/tpw024
https://doi.org/10.1093/treephys/tpw024
https://doi.org/10.1093/treephys/tpw024
https://doi.org/10.1111/nph.20257
https://doi.org/10.1111/nph.20257
https://doi.org/10.1111/nph.20257
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1093/jxb/erh240
https://doi.org/10.1371/journal.pone.0200927
https://doi.org/10.1371/journal.pone.0200927
https://doi.org/10.1371/journal.pone.0200927
https://doi.org/10.1371/journal.pone.0200927
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1016/0378-1127(94)90074-4
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1146/annurev-ecolsys-102320-115331
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1073/pnas.1704536114
https://doi.org/10.1016/j.pld.2021.03.004
https://doi.org/10.1016/j.pld.2021.03.004
https://doi.org/10.1016/j.pld.2021.03.004
https://doi.org/10.1016/j.indcrop.2025.121046
https://doi.org/10.1016/j.indcrop.2025.121046
https://doi.org/10.1016/j.indcrop.2025.121046
https://doi.org/10.1016/j.indcrop.2025.121046
https://doi.org/10.1016/j.indcrop.2025.121046
https://doi.org/10.1111/1365-2664.12889
https://doi.org/10.1111/1365-2664.12889
https://doi.org/10.1111/1365-2664.12889
https://doi.org/10.1111/1365-2664.12889
https://doi.org/10.1111/1365-2664.12889
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1111/1365-2664.70183
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1073/pnas.1618965114
https://doi.org/10.1016/j.cell.2025.01.022
https://doi.org/10.1016/j.cell.2025.01.022
https://doi.org/10.1016/j.cell.2025.01.022
https://doi.org/10.1016/j.cell.2025.01.022
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1007/s00248-020-01496-8
https://doi.org/10.1093/aob/mct177
https://doi.org/10.1093/aob/mct177
https://doi.org/10.1093/aob/mct177
https://doi.org/10.1111/nph.15379
https://doi.org/10.1111/nph.15379
https://doi.org/10.1111/nph.15379
https://doi.org/10.1111/nph.15379
https://doi.org/10.1111/nph.15379

%5 REARZEE P EAY S F BRI ERR 887

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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