SUPPLEMENTARY INFORMATION

Dynamics of chlorophyll a fluorescence changes in control L1 leaves of Ipomoea tricolor plants

The dynamics of prompt chlorophyll a fluorescence (PF) changes in control plants reflects the effects of aging. Fig. 1S represents the induction curves (IC) of PF measured on first true leaves, L1, from 0 to 35th day of the experiment. At the first measurement – 0 day, the standard errors were small, meaning the leaves of all of the plants were in the same physiological condition. At 25th day the PF values had decreased, and the standard errors were bigger – i.e. the processes of senescence were different in different leaves/plants, and resulted in differences in PSA characteristics.

OJIP analysis

For clearly assessment of the effects of the aging and the infection with Cuscuta campestris, we have calculated and analysed difference curves (DC). First the induction curves were normalized, and then the DC were calculated by finding the differences in the values of the relative variable fluorescence [Vt = (Ft – FO)/(FM – FO)] for every term of measurement and for the first measurement – 0 day for L1, 4th day for L2, and 18th day for L3. For example, for L1, 16th day ΔVt = Vt(L1/16) – Vt(L1/0). The values of ΔVt for 0 day are 0. Thus we were able to estimate the effects of aging processes in leaves.
We had analysed the induced by C. campestris infection changes in IC of PF in I. tricolor leaves in three steps: 
1) Analysis of PF in leaves of different ages – L1, L2 and L3, from control I. tricolor plants. The effect of leaf senescence was revealed. 2) Analysis of PF in leaves of different ages – L1, L2 and L3, from I. tricolor plants infected with C. campestris. The effects of infection and senescence were revealed. 3) Analysis of the differences in PF in leaves of different ages – L1, L2 and L3, between control and infected I. tricolor plants. The effect of C. campestris infection was revealed.
The results from the first and second steps of IC analysis are presented here, in Supplementary Information.

Analysis of difference curves from control I. tricolor plants

The DCs for L1 from control I. tricolor plants are presented on Fig. 2SА. Negative amplitudes were formed during the vegetation, especially in O–J band. These negative differences in the induction curves, especially in the interval around step J, indicated age-dependent acceleration of electron transport reactions. The electron flow from QA– was slower during the first periods of vegetation, and faster around 32nd day. On 35th day the electron transport slowed down again. At about 20th millisecond the differences became positive, and then again negative during the second half of I–P transition. The PF changes in different time intervals are presented in more detail below, on panels B, C, D and E.
Similar changes in electron transfer from QA– to PQ were recorded in younger leaves L2 but with lower amplitudes in O–J band, and bigger in J–I band (Fig. 3S). The DCs from the youngest leaves, L3, were with the smallest amplitudes (Fig. 4S).

О–К phase, 50 – 300 μs

In the early days of first true leaves L1 development (0–16th days) an increasing of the negative amplitude was recorded 
(Fig. 2SB) which means increased grouping of antenna complexes (probably reflecting synthesis of antenna complexes and the increase in their concentration in membranes in developing leaves). During the period from 16th to 28th day, the values of L-band gradually increased, probably due to the enlargement of the chloroplast membrane area, lateral diffusion of the complexes, and destacking of granal thylakoids. In the latest periods processes of grouping prevail, and on the 35th day the L-band values become negative again.
Different degrees of forming of negative L-band were observed in control leaves L2 also (Fig. 3SB). The most pronounced and with maximal amplitude was the L-band at 28th day – at that time the antenna complexes were the most grouped. They have been ungrouping with the age. The values were smaller than those in oldest leaves L1.
There was almost no negative L-peak in the youngest L3 (Fig. 4SB), the leaves were still in process of forming of photosynthetic structures, and antenna complexes were still not well grouped. There was no additional grouping during the investigated time of growing of the leaves.

О–J phase, 50 μs – 2 ms 

Fig. 2SC represents differences in K-peak formed in leaves L1 during the vegetation of control I. tricolor plants. During the plant growing and development some changes in PSII structure occurred, leading to increasing rate of electron donation from OEC to P680+ and less quenching forms were produced. The maximal value of the negative differences was on 18th day.
Noticeable negative values in K-bands were recorded in L2 (Fig. 3SC), with smaller amplitudes compared to L1. The differences in K-peaks in the youngest leaves L3 were very small, with the biggest, positive difference on 32nd day. There were no aging processes observed in youngest leaves L3 (Fig. 4SC).

J–I phase, 2 – 30 ms

In the first true leaves L1 of control I. tricolor plants the values of the differences in J–I phase were negative during the entire investigated period, with different amplitudes (Fig. 2SD). At the beginning of the vegetation – untill 18th day, the J–I differences were relatively small – the leaves were still young, in a process of developing, not optimally structured, and do not work effectively. After the 21st day the PQ pool become relatively bigger, the leaves were in active age, and worked effectively.
The age-depending changes were similar in leaves L2 (Fig. 3SD) and L3 (Fig. 4SD), confirming the increasing of the PQ pool volume with the age, and improving the efficiency of PSA.

I–P phase, 30 – 300 ms

The differences in the fluorescence signal dynamics in the interval 30–300 ms reflect changes in PSI ability for electron transfer between the pool of reduced PQ molecules and the pool of PSI end acceptors. There were two phases in the DC during the I–P phase in all the three types of leaves – positive differences at the beginning of the interval, and negative values later. The results for L1, L2 and L3 are presented on Figs. S2E, S3E and S4E, respectively. The positive amplitudes could be a result of relative decreasing of the volume of PSI end acceptors, and the negative ones – a result of increasing the size of this pool. The relative size of these two phases may vary considerably. A probable reason for this biphasic signal pattern may be some heterogeneity in electron acceptors (NADP) localization in relation to the acceptor site of PSI. In general, the younger the leaves, the smaller the amplitudes.

Prompt chlorophyll a fluorescence in leaves of Ipomoea tricolor plants infected with Cuscuta campestris

I. tricolor is a semi-compatible host, and C. campestris can infect it but the parasite growth and development are highly restricted. In this case, the influence of the parasite on the host is not well pronounced but it should not be underestimated. Photosynthetic apparatus is a very sensitive structure, its functioning changes even with weak influences, and those changes provide us information about the plant condition. We have used the high sensitive JIP test to follow physiological effects of 
C. campestris parasitism on this semi-compatible host in leaves at different vegetative stage – aged, mature and newly emerging.
The IC of the PF in leaves from infected I. tricolor plants were normalized, and the DC were calculated in a way analogous to that for control leaves – finding the differences in the values of the relative variable fluorescence [Vt = (Ft – FO)/
(FM – FO)] for every term of the measurement and for the first measurement (0 day for L1, 4th day for L2, and 18th day for L3).
There were well pronounced two phases in the DC of the oldest leaf L1 in infected plants (Fig. 5SA). Slower electron flow from QA– and slower reduction of PQ pool are probable reasons for this DC shape. The curve shapes and the negative (even very small) differences in O–K phase (L-band values) showed slightly increasing interaction between neighbouring antenna complexes; there was some stacking but not big (Fig. 5SB). Negative K-bands were formed during O–J phase, with lower amplitudes compare to that in the control leaves L1 (Fig. 5SC). Effects of both – the aging and the parasite, result in reduced band amplitudes. The negative H-bands indicated relatively increasing PQ pool with the age of L1 leaves of infected plants 
(Fig. 5SD).  G-bands were mostly negative at the beginning of the experiment (Fig. 5SE) which means increasing number of PSI end acceptors (NADP) in oldest leaves L1 of infected plants – electron carriers had increased in the acceptor side. The relative part of easily accessible NADP molecules readily increased in those leaves with the age, and a big negative G-band appeared on 35th day.

Reactions of the younger leaf L2 to the infection leaded to significant slowdown of the electron transfer especially on 35th day, when the values of the differences in IC were positive (Fig. 6SA). The values of the L-bands in infected plants were a bit bigger than in control ones (that means some grouping of the antennae complexes in first terms) with maximal amplitude on 28th day, and then some ungrouping and decreasing of the differences occurred (Fig. 6SB).
K-bands were negative until 28th day (Fig. 6SC). Then the processes went to fast senescing of I. tricolor leaves in the 
C. campestris presence, and a small positive K-band appeared on 35th day, indicating OEC inactivation, probably because of exhausting of the infected plants.
H-band changes revealed periods of fast and slow reduction of the PQ pool, i.e. presence of two populations PQ molecules – fast and slow accessible PQ molecules (Fig. 6SD). At the end of the investigated period, days 32nd and 35th, depletion was observed.
During the I–P phase, mostly negative G-bands were formed, with maximal amplitude on 35th day (Fig. 6SE). This means an increase in number of NADP molecules (PSI end electron acceptors) despite aging processes. We supposed that 
C. campestris activates PSA in host leafs, and it works more efficiently. The pool of PSI acceptors had relatively increased, although it remains unclear whether it was due to NADP only or due to other acceptors also. The number of acceptors increases not only in the early days of plant development, but also in the later periods, when the plant is supposed to grow old. This continuous increase is a sign for delayed aging.
The youngest leaves L3 have developed entirely in the C. campestris presence, they were adapted to the parasite and were relatively stable functionally (Fig. 7SA). Well-formed negative L-bands reflect a good grouping of antenna complexes 
(Fig. 7SB). Probably more Chl molecules were synthesized in the presence of the parasite. As a result of accelerated electron transport in donor side and delayed transport in acceptor side, negative K-bands were formed in O–J phase, with the biggest value on 25th day (Fig. 7SC). The K-band amplitude have been decreasing after the day 28th. It seems C. campestris was not a suppressing stressor, and the parasite did not reduce the host photosynthetic activity in youngest leaves L3. During the J–I phase (H-band) an active development of the slow PQ pool was observed in L3 leaves of infected plants compare to control ones 
(Fig. 7SD). A relatively large PQ pool was formed in the youngest leaves of infected plants. The total amount of PQ molecules varies over the time, but the ratio of fast and slow accessible PQ molecules does not change.
Typical biphasic transition with positive and negative G-bands was clearly shown in leaves L3 (Fig. 7SE). The amplitudes were bigger than in control plants. This could be explained by increasing of the part of slow (larger and slower accessible) carriers (NADP) and decreasing of the part of fast ones.

Analysis of the amplitudes of the differences between the infected and control plants in the four characteristic phases

PSA is a very sensitive structure, and its functioning changes under even slight stress. JIP-test is a non-invasive method allowing us to reveal small alterations in PSA condition and functioning. The JIP-analysis of the effects of parasite C. campestris on 
I. tricolor plants had revealed differences in sensitivity to the infection of different processes in PSA.
PSA reactions to the C. campestris infection depended on the leave age but for all the three types of leaves the most sensitive to the infection was I–P phase. The differences between the infected and control plants in the values of the four characteristic phases are presented on Fig. 8S.
C. campestris effect on the antenna complexes grouping in the investigated three types I. tricolor leaves of different ages was relatively small (Fig. 8S, L-band curves). There was a tendency (more noticeable in the youngest leaves L3) for some ungrouping in first days after the infection, then the grouping of the complexes in infected plants was a bit higher (25th and 28th days, L1) or close to the control ones. Some similarity in dynamics of K-band changes in L1 and L2 was manifested – positive values of the differences in first days, negative in late periods, and positive again at the end of the investigation (Fig. 8S, K-band curves). K-band is related to electron transfer between donor and acceptor side of PSII. Positive values of the differences in first days after the infection mean that C. campestris had inactivated OEC, slowed the electron transport from the donor side, and retarded the electron withdrawing from the acceptor side. Later the differences become negative (with maximal amplitude on day 25th for L1 and on day 32nd for L2). Infected I. tricolor plants reacted to the parasite by activating the electron transport in PSII. At the end of the investigated period the difference values were positive again, showing some depletion of the host plant. Reactions of L3 leaves were different – after the first strong reaction with positive values, an adaptation to the parasite occurred and the K-peaks values in infected plants were equal to the control ones.
C. campestris influence results in a slight but lasting decrease in the PQ pool size – all the differences between infected and control plants had positive values, except 21st day for L2 (Fig. 8S, H-band curves).
The most interesting was dynamics of the accessible end electron acceptors of PSI manifested by G-band changes (Fig. 8S, 
G-band curves). The C. campestris effect on I–P phase was quite different in the investigated three types I. tricolor leaves of different ages; and the biggest differences between infected and control plants were observed for G-band. The oldest leaves L1 reacted to the infection with increasing of the PSI end acceptors until 28th day; G-band had positive values on 32nd and 35th days – the number of accessible PSI end acceptors decreased in infected plants compare to control ones.
Completely opposite were reactions of the younger leaves, L2 – positive G-bands until day 25th indicated decreasing in accessible PSI end electron acceptors, with maximum on 21st day. The G-band values were negative in latest periods, with maximal negative difference on 35th day.
In the youngest leaves L3, which completely developed under C. campestris influence, the number of accessible PSI end acceptors was bigger than in control leaves during the whole investigated period with maximal difference on the 18th day; exception was 21st day when a small positive difference was observed. After that, some compensation occurred, and the number of accessible PSI end acceptors was bigger in infected plants until the end of the investigated period.
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Fig. 1S. Chlorophyll a fluorescence induction curves (IC) measured on L1 leaves of control I. tricolor plants on different days of vegetation. Experiment started when the plants were 15 days old – 0 day of measurements, and finished 35 days later, on 50th day of vegetation. The IC were recorded using M-PEA fluorimeter (Hansatech Instruments Ltd, UK) after illumination of dark adapted leaves with red light with 4000 μmol hν m–2 s–1 intensity. Error bars indicate the standard errors of fluorescence signal in characteristic points O, J, I and P. * marks induction curves for which the standard errors cannot be calculated because of small number of measurements. The presented IC are average values of 16–6 measurements for each curve from 0 to 25th day, average of three measurements for 28th, 30th and 32nd days, and one measurement only for 35th day – most of the leaves were already withered and were yellow in color. The standard errors are shown for the characteristic steps O, J, I and P. The standard errors for 35th day cannot be calculated, this IC is marked with star (*) on the legend.
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Fig. 2S. Differential curves calculated from PF IC of the oldest leaves L1of control Ipomoea tricolor plants. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in legend to Fig. S1. The DCs were calculated as difference between transients of double normalized values of relative variable fluorescence within corresponding phase of induction period in infected and control samples. ΔVt = Vt(inf) – Vt(contr). For different JIP time intervals the double normalized curve was calculated as follows: a) for O–P, Vt = (Ft – FO)/(FM – FO); b) for O–K: Vt = (Ft – FO)/(FK – FO); c) for O–J: : Vt = (Ft – FO)/(FJ – FO); d) for 
J–I: Vt = (Ft – FJ)/(FI – FJ); e) for I–P: Vt = (Ft – FI)/(FM – FI).
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Fig. 3S. Differential curves calculated from PF IC of younger leaves L2 of control Ipomoea tricolor plants. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in the legend to Fig. 1S. The calculation of the differential curves presented in the panels is described in the legend to Fig. 2S.
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[bookmark: _GoBack]Fig. 4S. Differential curves calculated from PF IC of the youngest leaves L3 of control Ipomoea tricolor plants. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in the legend to Fig. 1S. The calculation of the differential curves presented in the panels is described in the legend to Fig. S2.
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Fig. 5S. Differential curves calculated from PF IC of oldest leaves L1 of Ipomoea tricolor plants infected with Cuscuta campestris. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in the legend to Fig. 1S. The calculation of the differential curves presented in the panels is described in the legend to Fig. 2S.
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Fig. 6S. Differential curves calculated from PF IC of leaves L2 of Ipomoea tricolor plants infected with Cuscuta campestris. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in the legend to Fig. 1S. The calculation of the differential curves presented in the panels is described in the legend to Fig. 2S.
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Fig. 7S. Differential curves calculated from PF IC of youngest leaves L3 of Ipomoea tricolor plants infected with Cuscuta campestris. The four characteristic bands are marked with different colors (panel A), and four additional panels (B–E) show details in each band. For panels B, C and D the values for the curves are related to the left scale of Y-axes, for panel E – to the right scale. The chlorophyll fluorescence transients were measured as described in the legend to Fig. 1S. The calculation of the differential curves presented in the panels is described in the legend to Fig. 2S.
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Fig. 8S. Amplitudes of the differences between the infected with C. campestris and control I. tricolor plants in the four characteristic phases.
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