Supplemental Figure Legends:

Supplemental Figure S1. Global sRNA profiles for the species shown in Fig. 1.

Supplemental Figure S2. Presence of viral-derived small RNAs (sRNAs) in
Orobanche sRNA libraries compared to Arabidopsis mock and cucumber mosaic virus
(CMV)-infected sRNA libraries. Values shown are the average between multiple sSRNA
libraries (2 bioreplicates for Orobanche, CMV-mock/control and CMV-infected) with
error bars representing the standard deviation between bioreplicates.

Supplemental Figure S3. Comparison of microRNA conservation between Cuscuta,
Arabidopsis, maize and rice. A. Number of members in each microRNA (miRNA)
family indicated in Arabidopsis, maize, rice and Cuscuta. B. Comparison of highly
conserved miRNA families (conserved between more than 7 Solanaceae species, 33
miRNA families), not conserved miRNA families (conserved in less than 7 Solanaceae
species, 138 miRNA families) and Cuscuta exclusive miRNA families (7 miRNA
families). Whiskers extend to 5th and 95th percentile. Data points outside of those
percentiles are represented as circles.

Supplemental Figure S4. Principal component analysis of the sRNA libraries
produced from different Cuscuta tissues restricted to miRNAs.

Supplemental Figure S5. Size distribution of individual microRNA (miRNA) families

for each Cuscuta sRNA library produced in this study.

Supplemental Figure S6. Size and 5’ nucleotide distribution for each replicate of the
C. campestris SRNA libraries shown in Fig. 3B and C.

Supplemental Figure S7: Heat map showing differential expression of Argonaute
(AGO) proteins in young and emerged haustoria. AGO proteins were identified in the
genome of C. campestris (version r.032, Vogel et al. 2018) based on their sequence-
based annotation. Their expression is shown as fold-changes (log2) in gene
expression rates. Fold changes with a p-value > 0.05 were considered significant and
are color-coded with a linear color scale from yellow (-3) to blue (+3). Non-significant



values are not shown. To indicate the overall expression level, reads per kilobase per
million (RPKM) for the niS control stage are shown (in italics, as average of three
replicates). Expression values are from Bawin et al. (2022) and correspond to the niS

(stems), SWE (prehaustoria) and PEN (emerged haustoria) stages.

Supplemental Figure S8. Secondary structure of new microRNAs identified in this
study. RNA secondary structures of all pre-microRNA (pre-miRNA) sequences
identified in the study are shown. Color scale indicates base-pair probabilities, with the
maximum value (1) being colored in red, while the lowest value (0) is colored in purple.
Position of the mature miRNA and miRNA* sequences along the pre-miRNA
secondary structure are indicated with a black and grey line respectively.

Supplemental Figure S9. Identification of miRNA-targeted mRNAs in Cuscuta
through degradome sequencing. A. Principal component analysis of the
PARE/degradome libraries produced from different C. campestris tissues. B. Table
showing PARE-identified genes targeted by conserved and new miRNAs in haustorial
tissues. Presence of the target site in different bioreplicates is indicated and the
percentage of reads that map to a 20 nt window relative to the cleavage position
compared to the number of total reads mapping to the targeted transcript. In the table
the gene identification number (Gene ID) for Cuscuta genome version r.032 is shown,
together with a brief description of the gene function (Description), the miRNA
mediating its cleavage (miRNA), the cleavage position (C), the number of replicates
in which the cleavage site was observed (R, which is indicated by a grey-color scale
in the table legend) and the presence of the cleavage event in the prehaustoria (Pre)
or emerged haustoria (Emr) degradome libraries. The amount of degradome reads
present at the target site (within a 20 bp window) is indicated with a color scale as
indicated on the right side of the table, with red indicating up to 90% and blue indicating
less than 10% of the total degradome reads of the transcript accumulating within the
20bp window defined by the cleavage position.
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Supplemental Figure S1. Global sRNA profiles for the species
shown in Fig. 1.



Supplemental Figure S2
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Supplemental Figure S2. Presence of viral-derived small RNAs (sSRNAs)
in Orobanche sRNA libraries compared to Arabidopsis mock and
cucumber mosaic virus (CMV)-infected sRNA libraries. Values shown are
the average between multiple sRNA libraries (2 bioreplicates for
Orobanche, CMV-mock/control and CMV-infected) with error bars
representing the standard deviation between bioreplicates.
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Supplemental Figure S3. Comparison of microRNA conservation between Cuscuta, Arabidopsis, maize and rice. A. Number of members in each microRNA (miRNA) family
indicated in Arabidopsis, maize, rice and Cuscuta. B. Comparison of highly conserved miRNA families (conserved between more than 7 Solanaceae species, 33 miRNA
families), not conserved miRNA families (conserved in less than 7 Solanaceae species, 138 miRNA families) and Cuscuta exclusive miRNA families (7 miRNA families).
Whiskers extend to 5th and 95th percentile. Data points outside of those percentiles are represented as circles.
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Supplemental Figure S4. Principal component analysis of the sRNA libraries produced from
different Cuscuta tissues restricted to miRNAs.



Supplemental Figure S5
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Supplemental Figure S5. Size distribution of individual microRNA (miRNA) families

Cuscuta sRNA library produced in this study.
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Supplemental Figure S6
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Supplemental Figure S6. Size and 5’ nucleotide distribution for each replicate of the C. campestris
sRNA libraries shown in Fig. 3B and C.



Supplemental Figure S7

Cuscuta pre- emerged
campestris haustoria vs haustoriavs RPKM in stems  Protein Mapman
Identifier stem [logFC]  stem [logFC] [avg. (st-dev)] name v.4 bincode Description or function
miRNA recruiting factor (AGO) of RNA-induced
Cc004803.t1 29.33(5) AGO10 16.9.2.7 silencing complex (RISC) assembly
miRNA recruiting factor (AGO) of RNA-induced
Cc008841.t1 0.61 0.01 66.84 (12.6) AGO1 16.9.2.7 silencing complex (RISC) assembly
miRNA recruiting factor (AGO) of RNA-induced
Cc021107.t11 0.83 0.11 67.67 (19) AGO1 16.9.2.7 silencing complex (RISC) assembly
miRNA recruiting factor (AGO) of RNA-induced
_Cco44782.t1 041 052 __2067(2.5) __AGO10 __16.9.2.7____silencing complex (RISC) assembly _________
siRNA-binding factor (AGO2) of non-canonical
Cc013394.t1 -0.82 -0.11 15.62 (2.8) AGO2 12.5.1.15.2 RdDM pathway
siRNA-binding factor (AGO2) of non-canonical
_Cc018519.t1 _ __ _ e 7.V A 49.7(6.8) _ _AGO2 _ 1251152 RdDMpathway ___ _________________
Cc017068.t1 0.51 0.58 77.43 (23.9) AGO4 12.5.1.13 siRNA-integrating factor (AGO)
_Cc028339.t1 065 _ ____f 0.75. _____ 68.94(20.6) __AGO4 _ 125113 __siRNA-integrating factor (AGO) __ _____ ____
Protein argonaute MEL1 OS=0Oryza sativa subsp.
Cc017553.t1 1.05 0.63 15.3(5.8) AGO5 35.1 Japonica
Protein argonaute MEL1 OS=0Oryza sativa subsp.
_Cc032321t1 28T 143 _3.38(167) __AGOS __ 351 ______ Japonica_ __ __ ___ _________________
Cc037224.t1 0.99 -0.31 1.64(0.19) AGO6 12.5.1.13 siRNA-integrating factor (AGO)
_Cc008056.t1 [ 167 ] 056 ____127(0.53) __AGO6 _ _12.5.1.13 _ _siRNA-integratingfactor (AGO) __________
regulatory protein (AGO7) of transacting siRNA
Cc022959.t1 1.28 1.30 0.48 (0.25) AGO7 16.5.1.6 pathway
regulatory protein (AGO7) of transacting siRNA
Cc045134.t1 2.09 1.75 0.69(0.17) AGO7 16.5.1.6 pathway
Fold change
down -3
up 3

Supplemental Figure S7: Heat map showing differential expression of Argonaute (AGO) proteins in young
and emerged haustoria. AGO proteins were identified in the genome of C. campestris (version r.032, Vogel
et al. 2018) based on their sequence-based annotation. Their expression is shown as fold-changes (log,)
in gene expression rates. Fold changes with a p-value > 0.05 were considered significant and are color-
coded with a linear color scale from yellow (-3) to blue (+3). Non-significant values are not shown. To
indicate the overall expression level, reads per kilobase per million (RPKM) for the niS control stage are
shown (in italics, as average of three replicates). Expression values are from Bawin et al. (2022) and
correspond to the niS (stems), SWE (prehaustoria) and PEN (emerged haustoria) stages.



Supplementary Figure 8
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Supplemental Figure S8. Secondary structure of new microRNAs identified in this study. RNA secondary structures of all pre-
microRNA (pre-miRNA) sequences identified in the study are shown. Color scale indicates base-pair probabilities, with the
maximum value (1) being colored in red, while the lowest value (0) is colored in purple. Position of the mature miRNA and miRNA*
sequences along the pre-miRNA secondary structure are indicated with a black and grey line respectively.
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Supplementary Figure 9
A. B.

Percentage reads

PCA Gene ID Description miRNA C R Pre Emr Gene ID Description miRNA C R Pre Emr at target site
Cc001219.t1 Terpenoid synthesis miR156/7 3012 ---- Cc003376.t11 UBQ ubiquitin-fold protein miR1863 1133 - >900/
Cc001831.t1 CAMK kinase superfamily miR156/7 O | | | | Cc008039.t1 hypothetical protein miR1863 e | | | | °
Emerged haustoria biorepz 4 Cc001974.t1 BBX/ DBB transcription factor mfR156/7 s NN Cc009843.t1 hypothetical protein miR1863 e | | | |
. Cc006768.t1 CrIRLK1 kinase miR156/7 /I Cc012691.t1 hypothetical protein miR1863 i | | | |
0.4 : O Emerged haustoria biorep1 €c007904.t1 CriRLK1 kinase miR156/7 a1 [ I I Cc015952.11 hypothetical protein miR1863 21 NN
— : Cc008568.t3 hypothetical protein miR156/7 e | | | | Cc016114.t1 hypothetical protein miR1863 e | | | |
i) E P h t . b 2 Cc008966.t1 TON1-TRM-PP2A (TTP) preprophase band formation com miR156/7 1313 ---- Cc017925.t1 hypothetical protein miR1863 43 ----
GC) : 4 renaustoria biorep €c009391.t1 M18 aspartyl aminopeptidase (DAP) miR156/7 v | [ | | €c022610.t1 hypothetical protein miR1863 s BN
= : 4 Prehaustoria biorep? Cc010775.t1 GSK3-type protein kinase (BIN2) miR156/7 . | | | | Cc022889.t1 hypothetical protein miR1863 2 HEEN
= 0.2 - E Cc011576.t3 meiotic double strand break initiation miR156/7 64 ---- Cc026315.t1 hypothetical protein miR1863 32 ---- <1 0%
o ) : Cc012536.t1 aspartate-derived amino acids miR156/7 221 ---- Cc027622.t1 hypothetical protein miR1863 39 ----
EI<J Cc013818.t1 UBQ-ligase E3 activities miR156/7 152 €c031095.t1 hypothetical protein miR1863 oy | | | |
~ Cc014532.t1 hypothetical protein miR156/7 ] ] P Cc033547.1 hypothetical protein miR1863 23 NN
E Cc017262.t1 hypothetical protein miR156/7 387 ---- Cc033985.t1 hypothetical protein miR1863 45 -- Replicates
> L C017392t1 UBQrligase E3 activties miR156/7 el | | | Cc04729041  hypothetical protein miR1863 T [ | | |
o 0.07-% Cc021328.t1 PS-II complex miR156/7 2 HEENE €c000419.t1 hypothetical protein miR5021 35 HIEE 4
o Cc021792.t1 GBF-type ARF-GEF factor miR156/7 UL | | [ | Cc001627.11 hypothetical protein miR5021 el | | [ |
<O Cc022536.t3 hypothetical protein miR156/7 1293 [ | €c001627.t1 hypothetical protein miR5021 el | | | |
& €c023333.t1 ELP2 component miR156/7 133 NN €c002206.t1 pepsin-type protease miR5021 10« N S
. Cc023345.t1 hypothetical protein miR156/7 SN | | | | Cc004767.t1 hypothetical protein miR5021 v | | | | 3
< —-0.2 A Cc023707.t1 U2 small nuclear ribonucleoprotein particle (snRNP) miR156/7 19 ----- Cc005044.t1 hypothetical protein miR5021 1256 ----
~ Cc024260.t1 ERF-type transcription factor miR156/7 soo T L D Cc005738.t1 serine carboxypeptidase miR5021 ey | | | |
AN Cc025064.t1 hypothetical protein miR156/7 124 ---- Cc005738.t1 serine carboxypeptidase miR5021 34 ----
O Cc025064.12 hypothetical protein miR156/7 e | | | [ ] Cc009955.t1 hypothetical protein miR5021 el | | | | | 2
o Cc025466.t1 hypothetical protein miR156/7 457 [ 1 I I €c010221.t1 hypothetical protein miR5021 1339 BN
—-0.4 - Cc025467.t1 hypothetical protein miR156/7 s N €c010221.t1 hypothetical protein miR5021 e | | | |
Cc028150.t2 hypothetical protein miR156/7 15 [ Cc011115.12 GC3/GC4-type golgin miR5021 v | | | |
Cc030798.t1 hypothetical protein miR156/7 ®g | | | | | Cc016889.t1 hypothetical protein miR5021 23 HIEE 1
8 Cc031421.12 hypothetical protein miR156/7 10s BN Cc018195.t1 hypothetical protein miR5021 2 RN
Cc039076.t1 CAMK kinase superfamily miR156/7 2 NN Cc020406.t1 hypothetical protein miR5021 s HENEN
' ' ' ' ' ' Cc041362.t1 hypothetical protein miR156/7 . | | | | Cc022961.t1 hypothetical protein miR5021 203 THEEE
0.0 0.1 0.2 0.3 0.4 0.5 Cc041547.2 hypothetical protein miR156/7 135« EHEN NN Cc023489.t1 hypothetical protein miR5021 sss 0
Cc043958.t1 hypothetical protein miR156/7 it | | | | Cc024716.t1 NA miR5021 sos PN
PC 1 (95 1 % Of Va r expla i ned) Cc044499.t1 MADS box transcription factor miR156/7 121 ---- Cc030544.t1 PRONE-type exchange factor miR5021 445 ----
' ) Cc005763.t1 hypothetical protein miR164 1552 ---- Cc030779.t1 hypothetical protein miR5021 1653 ----
Cc017280.t1 hypothetical protein miR164 79 N Cc030856.t1 type-2 peroxiredoxin (Prxll) miR5021 ee | | | |
Cc017493.t1 hypothetical protein miR164 2762 N L D Cc030947.11 serine carboxypeptidase miR5021 3 N
Cc017493.12 hypothetical protein miR164 2771 [ Cc031671.t1 hypothetical protein miR5021 o | | | |
€c020887.t1 hypothetical protein miR164 2673 | Cc031934.t1 NST-TPT group miR5021 ol Pl
Cc002635.t1 HD-ZIP 11l transcription factor miR165/6 ey | | ] | | €c031944.t1 NST-TPT group miR5021 o | | | |
€c003431.t1 HD-ZIP Ill transcription factor miR165/6 e | | ] ] Cc032570.t1 pepsin-type protease miR5021 207 HINENE
Cc003543.t1 HD-ZIP Il transcription factor miR165/6 vy | | ] Cc036862.t1 hypothetical protein miR5021 s70 I
Cc008901.t1 HD-ZIP Ill transcription factor miR165/6 1068 ----- Cc044054.t1 serine carboxypeptidase miR5021 288 ----
€c012886.t1 HD-ZIP Il transcription factor miR165/6 1014 [ L I 0 Cc044746.11 hypothetical protein miR5021 266 NN
Cc017517.t1 HD-ZIP Il transcription factor miR165/6 1507 [ D D Cc000487.1 Hspo0 family miR5044 1222 BN
Cc027677.t1 ARF transcription factor miR167 2811 [l Cc017685.t1 LSU proteome miR5171 % BN E
Cc027811.t1 ARF transcription factor miR167 2934 ----- Cc037163.t1 hypothetical protein miR5174 2252 ----
Cc031191.t1 ARF transcription factor miR167 2743 -- Cc046865.t1 NA miR5174 502 -----
Cc034367.t1 ARF transcription factor miR167 277s [ B P Cc015648.t1 hypothetical protein miR5205 726 [ | ]
Cc044235.t1 ARF transcription factor miR167 2905 [ L D Cc015649.t1 NA miR5205 uss N
Cc047578.1 ARF transcription factor miR167 2767 I Cc000616.t1 UBC-conjugating E2 protein miR6190 v | | | |
Cc008841.t1 AGO siRNA-integrating factor miR168 722 NN €c002202.t1 MAPK kinase miR6190 @ | | | |
€c021107.t1 AGO siRNA-integrating factor miR168 722 [N €c002202.t1 MAPK kinase miR6190 | | | |
€c007913.2 peripheral V1 subcomplex miR172 1525 [ NI Cc005557.t1 hypothetical protein miR6190 e | | | |
€c007977.t1 UBQ:-ligase E3 activities miR172 10s NN Cc006465.t1 hypothetical protein miR6190 us  THIHEE
Cc010427.t1 GRF transcription factor component miR172 2587 -- Cc007683.t1 hypothetical protein miR6190 57 -
€c010810.t1 hypothetical protein miR172 s7 [N Cc016664.t1 hypothetical protein miR6190 2« BN
Cc014993.t1 LRR-X kinase families miR172 53 [N Cc018926.t1 hypothetical protein miR6190 & | ]
Cc016783.t1 hypothetical protein miR172 s02 NN Cc022588.t1 hypothetical protein miR6190 7e0 | D
Cc034485.t1 ferulate 5-hydroxylase (F5H) miR172 83 ---- Cc026593.t1 hypothetical protein miR6190 158 ----
Cc012687.t1 hypothetical protein miR390 726 [0 Cc032738.t1 UBQ-ligase E3 activities miR6190 g |l ] ]
Cc018236.t1 receptor complex miR393 1600 ----- Cc033758.t1 middle module miR6190 2859 ----
€c019040.t1 SUMO ubiquitin-fold protein miR396 3211 Cc034747.12 hypothetical protein miR6190 ey | ] ] | |
Cc001838.t1 DOF transcription factor miR414 750 HIHIEE Cc042063.t1 hypothetical protein miR6190 o7 T HEEE
€c004915.t1 hypothetical protein miR414 2179 Cc044634.1 mTERF transcription factor miR6190 21 BN
Cc006717.t1 hypothetical protein miR414 1825 ---- Cc044754.t1 hypothetical protein miR6190 187 ----
Cc007334.t1 hypothetical protein miR414 3036 ---- Cc044824.t11 hypothetical protein miR6190 4118 ----
Cc008728.t1 hypothetical protein miR414 179 --- - Cc000828.t1 pepsin-type protease miR6220 1574 ----
€c009869.t1 hypothetical protein miR414 e | | | | €c010892.t1 hypothetical protein miR6220 1886 [
Cc016860.t1 hypothetical protein miR414 869 | | | €c011509.1 hypothetical protein miR6220 1232 NN
Cc019448.t1 hypothetical protein miR414 3159 ---- Cc025183.t1 hypothetical protein miR6220 1012 ----
Cc019448.t1 hypothetical protein miR414 e HINE Cc028680.t1 hypothetical protein miR6220 1wes BN
Cc022942.t1 class-Il alpha-mannosidase Il miR414 3137 ---- Cc021318.t1 diacylglycerol O-acyltransferase miR6478 894 ----
Cc022942.t1 class-Il alpha-mannosidase Il miR414 3137 ---- Cc045743.t1 diacylglycerol O-acyltransferase miR6478 579 ----
Cc023625.t1 aspartate-derived amino acids miR414 1283 ] ] | Cc027059.t1 fatty acid elongation miR7753 e | | | |
€c027527.t1 FLZ SnRKL-interacting factor miR414 357 PN €c007707.1 Hsp70 family miR7767 e | | | |
Cc028840.t1 MYB-related transcription factor miR414 730 - - Cc010305.t1 Hsp70 family miR7767 943 ----
Cc030823.t1 hypothetical protein miR414 120 ---- Cc030788.t1 UDP-L-arabinose mutase miR7782 1070 ---
€c042100.t2 hypothetical protein miR414 198 D €c023916.t1 MIP family miR7810 pive | | | |
Cc044861.t1 hypothetical protein miR414 wss  THIHEE €c010135.t1 hypothetical protein miR8019 sss7 IR
Cc045551.t1 DOF transcription factor miR414 02 [ HIHEE €c003847.t1 GATA transcription factor miR8154 1193 [N
Cc011098.t1 Plasma membrane intrinsic protein (PIP-type) mir845 1081 ----- Cc004513.t1 NAC transcription factor miR8154 766 ----
€c005830.t1 NA miR1127 2 RN Cc004624.11 hypothetical protein miR8154 2 | | |
Cc006220.t1 hypothetical protein miR1127 673 ---- Cc004772.t1 hypothetical protein miR8154 175 ----
Cc009133.t1 PGR5/PGRLI complex miR1127 s2 NN Cc005014.t1 hypothetical protein miR8154 2976  HIEHEE
€c034385.t1 hypothetical protein miR1127 si10 [N Cc010234.11 LRR-VI kinase families miR8154 13
€c038480.t1 hypothetical protein miR1127 Sram | | | | Cc018908.t1 hypothetical protein miR8154 e | | | |
Cc044985.t1 hypothetical protein miR1127 1 NN €c026100.t1 hypothetical protein miR8154 110 HEl
Cc012505.t1 hypothetical protein miR1128 o0 [HINENE Cc030471.t2 formin actin filament elongation factor activities miR8154 2677 [ 1 L O
Cc014787.t1 hypothetical protein miR1128 e | | | | Cc044164.13 CDPK kinase miR8154 261
Cc029665.t1 hypothetical protein miR1128 1399 ---- Cc044192.t1 DUR proton:urea symporter miR8154 55 ----
Cc046446.t1 APC family miR1436 1200 NN Cc046756.11 hypothetical protein miR8154 ree | | | |
Cc046851.t1 hypothetical protein miR8154 vy | | | | |
Cc001825.t1 alpha-like-type expansin miR8741 e | | | |
Cc030697.t1 RAB-GTPase GDP-dissociation inhibitor (RAB-GDI) Ccamp-miR21 914 -----

Supplemental Figure S9. Identification of miRNA-targeted mRNAs in Cuscuta through degradome sequencing. A. Principal component analysis of the PARE/degradome libraries produced from different C.
campestris tissues. B. Table showing PARE-identified genes targeted by conserved and new miRNAs in haustorial tissues. Presence of the target site in different bioreplicates is indicated and the percentage of
reads that map to a 20 nt window relative to the cleavage position compared to the number of total reads mapping to the targeted transcript. In the table the gene identification number (Gene ID) for Cuscuta
genome version r.032 is shown, together with a brief description of the gene function (Description), the miRNA mediating its cleavage (miRNA), the cleavage position (C), the number of replicates in which the
cleavage site was observed (R, which is indicated by a grey-color scale in the table legend) and the presence of the cleavage event in the prehaustoria (Pre) or emerged haustoria (Emr) degradome libraries.
The amount of degradome reads present at the target site (within a 20 bp window) is indicated with a color scale as indicated on the right side of the table, with red indicating up to 90% and blue indicating less
than 10% of the total degradome reads of the transcript accumulating within the 20bp window defined by the cleavage position.



