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[bookmark: _Toc224209465]Supplementary Figure 1: Flow cytometry gating strategy for the sort of αβ and γδ T cells.



[image: ]

[bookmark: _Toc224209466]Supplementary Figure 2: Private delta and beta but public gamma and alpha chains. Rare public TRG expression, rare overlap in TRA, TRB, and TRD. 
a) Overlap of paired, gamma and delta, chains in patients with (p1-p6, n= 6) and without (ctrl1, ctrl2, n=2) CMV reactivation. b) Interpatient Morisita-Horn indices for all gamma and delta chains and paired clones. 1 indicates identical samples and 0 no clonal overlap. c) Overlap of alpha and beta, chains and paired clones in patients with (p1, 3, 5, 6 n= 4) and without (ctrl1, ctrl2, n=2) CMV reactivation. d) Interpatient Morisita-Horn Index for all alpha and beta chains and paired clones. 1 indicates identical samples and 0 no clonal overlap.
[bookmark: _Toc224209467]
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KI-generierte Inhalte können fehlerhaft sein.][image: Ein Bild, das Reihe, Diagramm, Text, Steigung enthält.

KI-generierte Inhalte können fehlerhaft sein.]Supplementary Figure 3: Frequencies of γδ T cell subsets over time. Flowcytometry and scRNA analyses. 
Frequency of γδ and non-Vδ2+ γδ T cells across various patient samples. a) Percentage of γδ cells of all CD3+ T cells. b) Frequency of Vδ2+ γδ T cells from sorting analysis of γδ T cells per day, focusing solely on delta chains. The right panel represents the frequency of Vδ2+ T cells from derived from single-cell sequencing from all recovered delta chains at the indicated timepoint. Each line represents a different patient, with markers indicating the respective patient samples (p1-p6 and ctrl1 and ctrl2). Statistical comparisons (day 30 vs. subsequent timepoints) were performed for CMV-reactivated patients using linear mixed-effects modeling with Bonferroni correction. p-values shown below the graph correspond to pairwise comparisons between day 30 and subsequent timepoints, derived from linear mixed-effects modeling with Bonferroni correction for multiple testing.

[bookmark: _Toc224209468][image: ]Supplementary Figure 4: Monitoring γδ TCR repertoire stability within patients over 180 days.
a) Longitudinal frequency of delta chains. The x-axis represents the time points of available samples, while the y-axis shows the percentage of all delta chains available per day. The clonal development of delta chains (paired and unpaired with a gamma chain) is presented for each patient individually. b) Intra-patient Morisita-Horn indices for paired γδ clones longitudinally. 1 indicates identical samples and 0 no clonal overlap. c) Gini Indices per patient longitudinal. Values range from 0 (perfect equality, all clones at equal frequency) to 1 (perfect inequality, single clone dominance). The black and white arrow indicates CMV reactivation
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[bookmark: _Toc224209469]Supplementary Figure 5: Monitoring γδ T cell phenotypes and TCR delta chain usage within patients over 180 days.
a) UMAP visualization of the integrated γδ T cell dataset shown separately for each patient. b) Relative cluster composition (c0–c12) per patient displayed as proportional bar plots. c) UMAP colored by patient identity. d) Longitudinal cluster distribution across time points for each patient; arrows indicate CMV reactivation events. Each color represents a distinct cluster identified by unsupervised clustering (Figure 2a). e) Bar plots show the distribution of major γδ T cell subsets (based on Vδ chain) across clusters for each patient and control. The black and white arrow indicates CMV reactivation. Grey bars indicate no sample available.
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Supplementary Figure 6: Monitoring γδ T cell phenotypes of adaptive-like γδ T cells within patients over 180 days.
Cell distribution of all non-Vγ9Vδ2 γδ T cell clusters longitudinally for each patient individually at available time points following transplantation. Stacked bar plots show the proportion of γδ T cells per identified cluster over time (days post-transplant or post-treatment, as indicated). Each color represents a distinct cluster identified by unsupervised clustering. Each color within the bars corresponds to a specific T cell cluster described in Figure 2a. The black and white arrow indicates CMV reactivation. Grey bars indicate no sample available.


[bookmark: _Toc224209470][image: ]Supplementary Figure 7: Monitoring γδ T cell phenotypes of Vγ9Vδ2+ T cells within patients over 180 days.
Cell distribution of a) Vγ9Vδ2+ T cells using JP VJ connection and b), Vγ9Vδ2+ T cells using no JP VJ connection longitudinally for each patient individually at available time points following transplantation. Stacked bar plots show the proportion of γδ T cells per identified cluster over time (days post-transplant or post-treatment, as indicated). Each color represents a distinct cluster identified by unsupervised clustering (Figure 2A). Each color within the bars corresponds to a specific T cell cluster described in Figure 2a. In ctrl2, too few Vγ9Vδ2+ T cells were recovered to be analyzed. The black and white arrow indicates CMV reactivation. Grey bars indicate no sample available, a white bar with black border indicates available sample but no cell of interest detected.

















[bookmark: _Toc224209471][image: ]Supplementary Figure 8: Clonal expansion and phenotypic shift of individual clones.
Phenotype of three individual clones of interest from a) patient4, b) patient5 and c) patient2, d) control1, e) control2. Tracking the phenotype of the clone of interest longitudinally in the UMAP. Highlighted dots represent one cell of the indicated clone. All clones share the same paired CDR3 sequence. The frequency of the clone of interest per patient per day is indicated above each UMAP. Bar chart representation of the phenotype of the clone of interest longitudinally (left side). Line plots show the proportion of cells within the cluster (c01 and c07 – red or c04, c06, c08 - green) for clones of interest versus all other clones (grey) across post-transplant timepoints. Significance stars indicate Bonferroni-adjusted Fisher's exact test p-values (*p<0.05) (right side). Cells are coloured based on the associated UMAP clusters (Figure 2a). The black and white arrow indicates CMV reactivation. Grey bars indicate no sample available.


[bookmark: _Toc224209472][image: ]Supplementary Figure 9: Monitoring αβ T cell phenotypes within patients over 180 days.
Cell distribution of all αβ T cell clusters longitudinally for each patient individually at available time points following transplantation. Stacked bar plots show the proportion of αβ T cells per identified cluster over time (days post-transplant or post-treatment, as indicated). Each color represents a distinct cluster identified by unsupervised clustering (Figure 6a). Each color within the bars corresponds to a specific T cell cluster described in Figure 6a. The black and white arrow indicates CMV reactivation. Grey bars indicate no sample available.
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[bookmark: _Toc224209473]Supplementary Figure 10: Monitoring αβ TCR repertoire stability within patients over 180 days.
a) Intra-patient Morisita-Horn indices for paired αβ clones longitudinally. 1 indicates identical samples and 0 no clonal overlap. b) Longitudinal frequency of beta clones. The x-axis represents the time points of available samples, while the y-axis shows the percentage of all beta chains available per day. The clonal development of beta chains (paired and unpaired with an alpha chain) is presented for each patient individually. c) Frequency of individual TRBV beta chains per patient longitudinally. The x-axis represents the time points of available samples, while the y-axis shows the percentage of all beta chains available per day. Overlap of beta chains (paired and unpaired with an alpha chain) is presented for each patient individually. The black and white arrow indicates CMV reactivation. d) Gini Indices per patient longitudinal. Values range from 0 (perfect equality, all clones at equal frequency) to 1 (perfect inequality, single clone dominance).
image5.png
a
% Individual clonal development of the delta chain longitudinal as frequency per day

100 otrlt ctri2
50
30 90 120 180 30 60 90 120 180 30 60 90 120 180 30 90 120 180 60
T cMv Reactivation
b
Morisita-Horn overlap indices of paired yd clones longitudinal 1.0
p2 p3 p5
0.8
P! 190 trl2 06
ctrl A
120 ctrl1
2 2 180 120 04
90 60 60 90 90 0.2
30 30 30 60 60 0.0
30 90 120 180 30 60 90 120 180 30 60 90 120 180 30 90 120 180 30 60 90 120 180 60 90 180 90

¢ 4
@ ctri1
& ctrl2
p1
o p2
* p3
* p4
0 ® p5

30 60 90 120 180





image6.png
p1 all-yd p3 all-yd
i,

p5 all-yd

% 100
- ctll
- ctrl2
wopt
- p2
- p3
ctrl1 all-yd ctrl2 all-yd - - p4
= 27
N = [~ -
L2, 3, Pq ‘-‘b; g
a// K3 *% WA 7o <y
d Vo VW W Tl VS /“’d /“l’o‘
1(;/8 p1 all-y p2all-y p3 all-y5 p4 all-y p5 all-v
0 l.. - = . -.- .
30 60 90 120 180 30 50 90 120 180 30 60 90 120 180 30 60 90 120 180 30 50 90 120 180
it iy o
% ctrl1 all-vd ctri2 all-vd
100 @ cO_TEMRA_cytotoxic_CD16 ¢ c07_antiviral_TNF_IFNG_KLRC2
@ c01_antiviral_IFNG_TNF @ c08_MHC-II_KLRC2
© c02_activated_effector @ c09_naive-like
® c03_Type3_Vyovd2 © c10_Type3_Vy9v2_TNF
50  c04_TEMRA_cytotxic ©  c11_Interferon_induced
@ c05_Type3_Vy9Vd2_KLRC1 ¢12_proliferative
m c06_TEM_ZNF683_IFNG o ow
Reactivation
o - =- -
30 60 90 120 180 30 60 90 120 180
% Plalyd p2 all-ys 03 Al pAan Vo

6“& s’”ﬁ&‘&"?#sﬁ’ﬁﬁa‘& %“&”&"ﬁﬁs“@ﬁﬁg@o & ISFLIEES FSS

% Dp5all-vd ctrl1 all-yd ctri2 all-yd

9& R N CLFFFFLESSELY S F S &S

TSI TS TN

® vorr

@ V52" V9P

© VB2 W9

© V52-Vy9* not JP

VB2 V9" and Ve

@ Vo3 Vo4*, VB5*, VBT, Vo8
@ multi_chain




image7.png
Cellcount 15 ¢

% 100

50

Cellcount o

% 100

5

=]

p1 non-Vyava2

245

6 402

P2 non-Vyovo2

o1 309 283

1
I =

p3 non-Vyova2

6 16 34 31 81 2

P4 non-Vy9va2

o

P5 non-Vy9va2

w8 42 N 52 3

82 2092

30 60 90 120 180
o

ctrl1 non-Vy9va2
w7 75 0 2381

30 60 90 120 180
©

ctrl2 non-Vyova2

o w0 2 7 0

30 60 90 120 180

30 60 90 120 180

30 60 90 120 180 30 60 90

@ it

@® cO_TEMRA_cytotoxic_CD16
c01_antiviral_IFNG_TNF

© ¢02_activated_effector

© c03_Type3_Vy9vo2

 c04_TEMRA_cytotxic

@ c05_Type3_VyoV52_KLRC1

 c06_TEM_ZNF683_IFNG

120 180 30 60 90 120 180

4 o4

c07_antiviral_TNF_IFNG_KLRC2
c08_MHC-II_KLRC2
c09_naive-like
c10_Type3_VyoVd2_TNF
c11_Interferon_induced
c12_proliferative

0 oMy

Reactivation




image8.png
p1 Vy3JPVE2

Cell count 33 0 344 12 594
. I III
o/l .I-
3 90 120 180

0 60
p1 Vv9V62 not JP

Cellcount g o

% 100

b

30 60 90 120 180

® cO_TEMRA_cytotoxic_CD16
@ c01_antiviral_IFNG_TNF

© c02_activated_effector

©® c03_Type3_Vyovd2

© c04_TEMRA_cytotxic

P2 VY9JPVE2
81 138 18 66 79

30 60 90 120 180

P2 Vy9Va2 not JP
1B w1

30 60 90 120 180

© c07_anti

p3 Vv9J PV62

30 60 90 120 180

P3 VY9Vd2 not JP
11 o110 2

30 60 90 120 180

@ c05_Type3_Vy9Vvd2_KLRC1
c06_TEM_ZNF683_IFNG
ral_TNF_IFNG_KLRC2

© CO8_MHC-II_KLRC2

© c09_naive-like

p4 Vv9J PV§2

30 60 90 120 180

p4 Vy9V52 not JP
2 0 0 0 2

30 60 90 120 180

p5 Vv9JPV§2
30 60 90 120 180

p5 Vy9Va2 nol JP
7219 7

30 60 90 120 180

© ¢10_Type3_Vy9vo2_TNF

© ¢11_Interferon_induced

© c12_proliferative

ctrl1 Vy9JPV52
0 391175 0 752

I e B
30 60 90 120 180

ctrl1 Vy9Vd2 not JP
0 2 130 s6

30 60 90 120 180

CMV
Reactivation




image9.png
a
TCR2_p4 Patient4: Vy3J2 CATWDRGRKLF

Phenotype p4

® c0_TEMRA_cytotoxic_CD16

@ c01_antiviral_IFNG_TNF
c02_activated_effector

©® c03_Type3_Vy9vd2

© c04_TEMRA_cytotxic

@ c05_Type3_Vy9Vv52_KLRC1
c06_TEM_ZNF683_IFNG

c09_naive-like

V51D3J1 CALGELYGPLYWGPTPRTTDKLIF TCR1_p4 %
% 100 100
3
0% 31.3% a0 236% Q¢ 255% @0 50 5 50
no data ° §° 2
. - £
3 0 e O
T T T T T » 30 60 90120 180 30 90 120 180
30 60 90 120 180 cmy CM\/
b o Phenotype p5
TCR3_p5 Patient5: Vy3JP2 / Vy9J2 CATWDGSSDWIKTF / CALWLDYKKLF TCR2_p2 %
V51D3J1 CALGELWHPRDWGIPTDKLIF % 100 5100
4% 4.2% 9.8% oo 3.1% 71% °
v S 50
e - 5
c
oz /
T . T . —» 30 eo 90 120 180 30 60 90120 180
30 60 90 120 180
c ﬁ ﬁ CMV CMV CcMv CcMV CMVCMV
TCR3_p2 Patient2: Vy2JP1 CATWDGPIGTGWFKIF Phenotype p2
V51D3J1 CALGGTGGYPDKLIF TCR2_p2 %
% 100 3100 .
- .
0% 4.9% 9.9% 11.3% 13.7% 5 /\'*‘
&.. e o II < 50
® o0 T ie % e 3 /\/\.
2 <
(=3
20
T T T T —» 30 60 90 120130 o 30 60 90120 180
30 60 90 120 180 &
d ﬁ cmy CMV
Control1: Vy5J1 CATWDRLSINYYKKLF
V52D3J3 CDTWGDRSWDTRQMFF i % 100
24.2% 5.9% ¢ 31.1% j'jg; = =
no data = o data &\ £
&
- . || | |
T T > 30 60 90 120 180
Control2: Vy2J1 CATWDGPIGTGWFKIF
V51D3J1 CALGGTGGYPDKLIF % 100
23.1% 50% 28.6%
no data = L . no data 50
T T T T > 0 3% 0 90 120 180
30 60 90 120 180

c10_Type3_Vy9Vd2_TNF
© ¢11_Interferon_induced

i CMV Reactivation
" c12_proliferative

Clone of Interest in c01 and c07
@ Clone of Interest in c04, c06 and c08
@ Not expanded non-Vyova2+




image10.png
%
100

50

Phenotype of op T cells of each

p1 all-af p2 all-af
I- =

patients longitudinally

p5 all-af

30 so 90 120 180 30 60 90 120180 30 60_90 120130
4 o 00

® c0_oytotoxic_Temra

) cD1_antiviral_TNF_IFNG_CCL4

® c02_Tem_GZMK

 c03_CD4_Tem_CCR4
€04_CD8_naive-like

€05_CD8
©® c06_CD4_KLRB1
@ c07_Temra_CD8_cytotoxic_2
©08_Temra_CD8_cytotoxic_3
©09_Interferon_induced

p6 all-af

30 50 90 120180

© c10_Tmem_NK-
@c11_CD4_Tregs
® c12_ MKI67_pro

£ oMy

ctrlt all-af

30 60 90 120 180

like

liferative

Reactivation

ctri2 all-af

—Ee=
30 60 90 120 180




image11.png
a

180 120 120 180
120 % 120
% 60 %
30 30 60

% 100,

0
30 90 120 180

% 100

50,

Morisita-Horn overlap indices of paired ap clones longitudinal

p1 p2 p5 p6
180 180

30 90 120 180 30 60 90 120 180 30 60 90 120 180 60 90 120 180

Individual clonal development of the beta chain longitudinal as frequency per day
6

p1 p2 p

ctrl1 ctri2
180 120
90 90
0 60
60 90 180 60 90 120
ctri1 ctrl2

30 60 90 120 180 30 60 90 120 180 60 90 120 180

Longitudinal tracking of B chains frequencies

o 40
p6
I1it

ctri1

60 90 180

% 100

50

0

Gini Index

30, 90 120 180 0 60 90 120 180 30 §0 90 120, 180 60 120 , 180
o & £ 2 0" 0%
Longitudinal tracking of paired B chains frequencies
p2 p6 ctri1 ctrl2
30 90 120 180 30 60 90 120 180 30 €0 90 120 180 60 90 120 180 60 90 120 60 90 180
o0 & OO0
] oMy
@ ctrl1 Reactivation
o @ ciri2
A== - p2
/\// - p5
® p6
0 p

30 60 90 120 180

1.0
0.8
0.6
0.4

02
0.0

@ TRBV10
® TRBV11
© TRBV12
@ TRBV13
® TRBV14
© TRBV15
® TRBV16
TRBV18
@ TRBV19
TRBV2
@ TRBV20
© TRBV24
TRBV25
TRBV27
TRBV28
© TRBV29
® TRBV3
© TRBV30
© TRBV4
© TRBV5
@ TRBV6
@ TRBV7
TRBV9

@ nd




image1.png
.
0

0

CD3

SSC-A

SSC-W

" FSC-A





image2.png
1

6 7 5
=) =3 @
* * T
€5 e s 4
5 H z
8 - 85 G
c4 | | = Y
] | | © E<
2 24 £ %3
S - S £z
g3 | | 2 °3
€ | 33 g3
g | | ‘ o S c2

2 | | | o g
° | o 2 o5
o | | 3 o
o) il | <3
31 1 1 | s g !
2 1 1 e g
© ‘ \ 4

0 - _Hm o —% . —

pl p2 p3 p4 p5 p6 ctrll ctri2 p1 p2 p3 p4 p5 p6 ctrll ctr2 plt p2 p3 p4 p5 pb ctril ctri2

b Morisita-Horn overlap indices of all gamma and delta chains and paired y3 clones

ctrl2 otri2 ctri2) 1.0
ctri1 ctri1 ctrl1 0.8
pé pé p6

p5 p5 p5 0.6
p4 pg p4 0.4
p3 p p3

p2 p2 p2 02
p1 p1 p1 0.0

p1 p2 p3 p4 p5 p6 ctritctri2 pl p2 p3 p4 p5 pb ctritctri2 p1 p2 p3 p4 p5 pb ctritctrl2

[+

«és é 8 s 8

= X 8

g z

[s14] 8 6 o 6

s 5 22

x

5 5 sz

£4 $4 B84

s s T e

s 3 Ly

5 2 5°

32 82 g 2

8 & §

© 4

0 0 0 =

p6  ctri1 ctrl2 a1 ctrl2 p1 p2 p6 ot ctrl2

d  Morisita-Horn overlap indices of all alpha and beta chains and paired a8 clones

ctri2) ctri2) 10
ctrl1 ctrl1 0.8
p6é p6 0.6
p5 p5 0.4
p2 p2 0.2
p1 p1 0.0

p1 p2 p5 p6 ctrll ctrl2 p1 p2 p5 p6 ctrll ctrl2 p5 p6 ctrll ctri2




image3.png
Frequency of y& T of
CD3+ T cells (%)

o

Frequency of non-V82 y& T
of yd T cells (%)

Data from single cell sorting

6 N

day30  dayé0  day90 dayi20 day180

Data from single cell sorting
100

[XENERNX]

Frequency of non-V32yd T

ctrl1
ctrl2

p1
P2
P3
p4
p5
p6

1

of yd T cells (%)

00

75

50

25

Data from single cell sequencing

M

day30 day60 days0 day120 day180

“day30 - day60: p = 0.0336"
“day30 - day90: p = 0.0029"

“day30 - day120: p =0.0003"
"day30 - day180; p = 0.0017"

day30 day60 day90 dayl20 day180

"day30 - dayB0: p = 1.0000"
"day30 - dayQ0: p = 0.1822"
"day30 - day120: p = 0.1201"
"day30 - day180: p = 0.1346"

(EXEN X RN N

ctrl1

ctrl2
p1
p2
p3
pé4
PS5
p6




image4.png
S S =)

Frequency of y0 T of CD3+ T cells (%)

=)

-p
-
-
-
-5
-

day30 day60 day90  day120 day180




