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Histological phenotypic characteristics during parasitic structure development of different Orobanche
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Abstract: To investigate whether the differences in xylem bridge formation among different physiological races
of Orobanche cumana during sunflower parasitism determine their parasitic efficiency and developmental timing,
this study used sunflower variety LD5009 as the host and selected races D, E, G (originating from sunflower), and

the tomato—adapted race G as materials. By combining vibratome sectioning with dual fluorescence staining technol-
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ogy, we systematically compared the histological characteristics of different races at key parasitic stages, including
haustorium formation, xylem bridge development, and tubercle formation. This revealed a correlation between struc-
tural complexity of xylem bridge and parasitic ability. Statistical results on parasitic tubercles following inoculation
with different races showed that under the same parasitic conditions, the order of parasitic ability on sunflower roots
was as follows: race G (originating from sunflower) exhibited the strongest parasitic ability, followed by the tomato
adapted race G and race D, while race E was the weakest. Histological comparisons across different parasitic stages
revealed differences in the process of establishing parasitic structures after infection by different races. The results
indicated that at the attachment phase, germ tubes formed by different physiological races began attaching to sun-
flower roots, with no significant differences observed in host root structure post attachment. During the haustorium
formation phase, race G (from sunflower) and the tomato adapted race G developed highly elaborate xylem bridge
structures, whose proportion within the parasitic tissue was far greater than that of the corresponding structures
formed by races D and E. When race G (from sunflower) and the tomato adapted race G had entered the tubercle
phase, races D and E were still in the parasitic haustorium formation phase. All tested 0. cumana races and the to-
mato adapted race G entered the stem emergence phase 23 d after seed germination and initial contact of the germ
tube with sunflower roots. However, the tomato adapted race G exhibited the earliest stem emergence, followed by
race G (from sunflower) and race D, while race E emerged latest. The above findings further revealed that the mor-
phological changes of parasitic tissues during sunflower root infection were largely consistent among different O. cu-
mana races, but the connection morphology of the vascular bridges formed in roots differed among races. Specifical-
ly, the xylem bridges of races D and E exhibited lower structural complexity in their connections to sunflower root
xylem cells, narrower spatial extension, and limited tissue connectivity. In contrast, the xylem bridges of race G
(from sunflower) and the tomato adapted race G were complete, exhibited broad spatial extension, and demonstrated
more sufficient tissue connectivity. Their connection morphology was directly correlated with the subsequent forma-
tion and growth rate of Orobanche stem.
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Table 1 Information regarding the tested Orobanche inocula
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Sample code Location of sample Latitude Longitude Race type
WS L R T B . .
BM1-D 40°33'N 107°01' E D
Dengkou, Bayannur, Inner Mongolia
AL 3K O B ) )
HB6-E 40°01'N 114°00" E E
Yangyuan, Zhangjiakou City, Heibei Province
PRS2 T I A T 21 ) .
NMG42 40°09'N 111°36'E G
Wuchuang, Huhhot, Inner Mongolia
NS L R i TR . .
NMWYG 41°09'N 108"27'E G

Wuyuan, Bayannur, Inner Mongoilia
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Note: A: ermination rates of different race types of O. cumana on LD5009; B: Tubercle numbers of different Orobanche inoculums on sunflower LD5009.

Caption: Data are presented as mean + SD (n = 5 for germination rate; n = 10 for tubercle number). Different lowercase letters indicate significant differ-

ences at P <0.05
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Fig.1 Comparison of seed germination rates and parasitic tubercle numbers among different Orobanche species after root

inoculation
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Note: Yellow color is cell wall staining by Direct Yellow; Red is lignin staining by Basic Fuchsin; same as below. A—A’: attachment phase; B-B’: haus-

torium formation phase; C—C’: tubercle phase; D—D’: juvenile stem phase. X: xylem; XB: xylem bridge; H: host plant; P: parasitic plant; Same as below
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Fig. 2 Histological analysis of the parasitic process of Orobanche cumana on sunflower
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Note: Different Orobanche types are in diferent capital letters. A—A’’: Race D (BM1-D); B-B’’: Race E (HB6—E); C—C'’: sunflower tissue parasitized

by O. cumana race G (NMG42); D-D'": parasitic tissue from tomato adapted O. cumana race G (NMWYG). Scale bar 50 wm
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Fig.3 Histological sectioning and staining analysis of sunflower root tissue changes during attachment phase induced by

different Orobanche types
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Fig. 4 Histological analysis of sunflower root tissue alterations during haustorium formation phase induced by different

Orobanche types
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Fig. 5 Histological analysis of sunflower root tissue alterations during tubercle phase induced by different Orobanche types
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Fig. 6 Monitoring of juvenile stem formation at the same time point following inoculation with different Orobanche types
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