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Figure 1. TEM micrograph of typical IBV-particles showing the characteristic
depression and a “crown” of projections forming a corona (crown) at the periphery of
each patrticle (source: Putterill, 2014).

Figure 1. The morphological characteristics of a normal embryo (source: Deltamune,
2023).



Figure 2. An embryo displaying morphological characteristics of IBV — curling,
stunting growth retardation, and feather club-down (source: Deltamune, 2023).
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Figure 4. 1% Agarose gel of partial S1 gene bands 745 bp.
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Figure 5. Sample number P2-2 showed as an example of where the letter “R” and

“S” would have been changed to a “G” according to the IUPAC nucleotide guidelines.
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Figure 6. Sample P3-8 displayed as an example of overlapping sequences that
indicate a possible mixed sequence.
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Figure 7. Maximum-likelihood phylogenetic tree based on a partial sequence of the
S1 gene that includes all reference and isolate sequences.
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Figure 8. The percentage of IBV isolates identified per lineage during the study
period of 2011-2020.
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Figure 9(a). Maximum-likelihood phylogenetic tree of lineage GI-1 IBV. Study
isolates are highlighted in red, genome classification reference samples are in light
blue, and field viruses retrieved from Genbank are in black.



Figure 13(b). Maximum-likelihood phylogenetic tree of lineage GI-1 that includes
previously identified ZA H120-like strains from Knoetze et al., 2014 (KJ200286,
KJ200283, KJ200280, KJ200279, KJ200278, KJ200291, KJ200275, KJ200276,
KJ200277, KJ200290, KJ200289, KJ200274, KJ200288, KJ200287, KJ200285) that
were retrieved from Genbank. Study isolates are in orange font, ZA strains are in
blue font, genome classification reference samples are in magenta, field viruses
retrieved from Genbank are in black.
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visualization. Study isolates are highlighted in pink, genome classification reference
samples are in light blue, field viruses retrieved from Genbank are in black.
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Figure 13(d). Maximum-likelihood phylogenetic tree of lineage GI-1 highlighting sub-
set-based trees in Figs 13 (e to j) that follow for a better visualization and discussion.
Study isolates are in red font, genome classification reference samples are in light

blue font, field viruses retrieved from Genbank are in black font.
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Figure 13(e). Maximum-likelihood phylogenetic tree of the GI-1 lineage re-rooted for
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Genbank are in black font.
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Figure 13(f). Maximume-likelihood phylogenetic tree of the GI-1 lineage, re-rooted for
an enlarged view of isolates 259214 S1 2014, 289368 H7 2014 and

276824 2014. Study isolates are highlighted in purple, genome classification
reference samples are highlighted in magenta and field viruses retrieved from
Genbank are in black.
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Figure 13(g). Maximum-likelihood phylogenetic tree re-rooted for an enlarged view
of isolate 259214 S1 2014 and 259214 S2 2014 in the GI-1 and GI-19 lineage.
Study isolates are highlighted in light blue, genome classification reference samples
are highlighted in magenta and field viruses retrieved from Genbank are in black.
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Figure 13(h). Maximum-likelihood phylogenetic tree of the GI-1 lineage, re-rooted for
an enlarged view of isolates 226827 HF_ 2013, 220197 2013, 221316 2013,
222042 2013, and 526250 H2_2018. Study isolates are highlighted in gold, genome
classification reference samples are highlighted in purple and field viruses retrieved
from Genbank are in black.
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Figure 13(i). Maximum-likelihood phylogenetic tree GI-1, re-rooted for an enlarged
view of isolates 198999 B9 2012, 229498 H1 2013, and 242100_H9_2013. Study
isolates are highlighted in orange, genome classification reference samples are
highlighted in green and field viruses retrieved from Genbank are in black.
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Figure 13(j). Maximum-likelihood phylogenetic tree re-rooted for an enlarged view of
isolates 347477 _H2_ 2015, 336344 H8 2015, 346613 _H4 2015, 351290 _H2_ 2015,
229015 2013, 235104_2013, 348520_2015, 318879_2015, and 282913 H2_ 2014
in the GI-1 lineage. Study isolates are highlighted in red; genome classification
reference samples are highlighted in blue and field viruses retrieved from Genbank
are in black.
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Figure 14. Maximum-likelihood phylogenetic tree of lineage GI-11 IBV. Study isolates are
highlighted in purple, genome classification reference samples are in light blue, field viruses

retrieved from Genbank are in black.
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Figure 15(a). Maximum-likelihood phylogenetic tree of lineage GI-13 IBV. Study
isolates are highlighted in red, genome classification reference samples are in light
blue, field viruses retrieved from Genbank are in black.
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Figure 15(b). Maximum-likelihood phylogenetic tree of lineage GI-13 rooted with
more closely related reference sequence (EU914938) for a better visualization.
Study isolates are highlighted in purple, genome classification reference samples are
in purple, field viruses retrieved from Genbank are in black.
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in black font.
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Figure 15(e). Maximum-likelihood phylogenetic tree of the GI-13 lineage re-rooted
for an enlarged view of isolates 253811 2014, 253810 2014, 193774 2012,
277560_2014, 270254 2014, 320709_2015, 210882_H3 2013, 229207_2013,
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shaded in pink; genome classification reference samples are highlighted in pink and
field viruses retrieved from Genbank are in black.
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Figure 15(f). Maximume-likelihood phylogenetic tree re-rooted for an enlarged view of
isolate 238153 2013 in the GI-13 lineage. Isolates are shaded in red; genome
classification reference samples are highlighted in red and field viruses retrieved

from Genbank are in black.
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Figure 15(g). Maximume-likelihood phylogenetic tree re-rooted for an enlarged view
of isolate 174443 2011 in the GI-13 lineage. Isolates are highlighted in bright pink;
genome classification reference samples are highlighted in dark pink and field
viruses retrieved from Genbank are in black.



Figure 16(a). Maximum-likelihood phylogenetic tree of lineage GI-19 IBV. Study
isolates are highlighted in light blue, genome classification reference samples are in

red, field viruses retrieved from Genbank are in black.



Figure 16(b). Maximum-likelihood phylogenetic tree of GI-19 lineage rooted with
more closely related reference sequences (KC577395 and AY189157) for a better
visualization. Study isolates are highlighted in light blue, genome classification

reference samples are in red, field viruses retrieved from Genbank are in black.



h

Figure 16(c). Maximum-likelihood phylogenetic tree of lineage GI-19 that includes
previously identified ZA QX-like strains from Knoetze et al., 2014 (KJ200284,
KJ200281, KJ200282, and KJ200273) shaded in red. Study isolates are highlighted
in purple font, genome classification reference samples are in red font, field viruses
retrieved from Genbank are in black font.
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Figure 16(d). Maximume-likelihood phylogenetic tree of GI-19 lineage highlighting
isolates in the trees to follow (Figure 16(e), 16(f), 16(g), 16(h), 16(i), 16(j)), with more
closely related reference sequences for a better visualization. Study isolates are
highlighted in light blue, genome classification reference samples are in red, field
viruses retrieved from Genbank are in black.
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Figure 16(e). Maximum-likelihood phylogenetic tree of GI-19 lineage re-rooted for an
enlarged view of isolates 340340 2015 and 345298 38D 2015. Isolates are shaded
in purple; genome classification reference samples are highlighted in purple and field
viruses retrieved from Genbank are in black.
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Figure 16(f). Maximume-likelihood phylogenetic tree of the GI-19 lineage, re-rooted
for an enlarged view of isolates 166355 2011, 187521 H1 2012, and 215735 2013
in the GI-19 lineage. Isolates are shaded in green; genome classification reference
samples are highlighted in green and field viruses retrieved from Genbank are in
black.
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Figurel6(g). Maximume-likelihood phylogenetic tree of the GI-19 lineage, re-rooted
for an enlarged view of isolates 321872 2015 2, 209842 2013, 193921 2012 and
409284 2017. Isolates are shaded in yellow; genome classification reference
samples are highlighted in yellow and field viruses retrieved from Genbank are in
black.
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Figure 16(h). Maximume-likelihood phylogenetic tree of the GI-19 lineage re-rooted
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Isolates are shaded in light blue; genome classification reference samples are
highlighted in light blue and field viruses retrieved from Genbank are in black.
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Figure 16(i). Maximum-likelihood phylogenetic tree of the GI-19 lineage re-rooted for
an enlarged view of isolates 579119 2019. Isolate is shaded in blue with closest
related field viruses retrieved from Genbank in black; genome classification
reference samples are highlighted in dark blue. All other field viruses retrieved from

Genbank are in black.
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Figure 16(j). Maximum-likelihood phylogenetic tree of the GI-19 lineage re-rooted for
an enlarged view of isolates 564876 _2019. Isolate is shaded in light green with
closest relating field virus retrieved from Genbank in black; genome classification
reference samples are highlighted in light green and field viruses retrieved from
Genbank are in black.
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Figure 17(a). Maximum-likelihood phylogenetic tree of lineage GI-23 IBV. Study
isolates are highlighted in green, genome classification reference samples are in

yellow, field viruses retrieved from Genbank are in black.
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Figure 17(b). Maximume-likelihood phylogenetic tree rooted with more closely related
reference sequence (AF093796) for a better visualization of lineage GI-23. Study
isolates are highlighted in pink, genome classification reference samples are in
orange, field viruses retrieved from Genbank are in black.



AF093796_GI_23
I MZ666058_1251

MZ666057_978
% ¥ MN887193_Ck_Poland_G244_2019
4 MN887184_Ck_Poland_G269_2018
MN887183_Ck_Poland_G116_2018
R0 MZ666057 83d
1l MZ666048708

- Mzseeoza 117n

MZE66044_569

- MZ666024_431
1 MZ666043_ 1353
1§ MZ666006_1440
1 MZ666075_1360
L MN887188_Ck_Poland_G209_2019
’- MZ666069_204

MZ666045_583
MZ666028_516

MZ666012_104
MZ666059_1205

T mze66060_1036

b MING85769_Ck_TR_IBV56_2019
|h MNG685769_Ck_TR_IBV56_2019 ] | MNeaszseCiCTR IvS1 2019
21 _TR »
Figure 17(f) 768 Ck_TR_IBV55
773_Ck_TR |avso 2013
1 | Mnessrri-clTRBVas 3013
MZ666052_1482 ¥ | MNGB5760-Ck_TRIBVA7 2018
MN685759_Ck_TR_IBV46_2018
MN685761_Ck_TR_IBV48_2018
MZ666025_433 MNGB5770_Ck_TR_IBVS7_2019
4 MZ666027_444 99| MN685762_Ck_TR_IBV49_2018
MN685758_Ck_TR_| IBV45 2018
1 mésszsaazass gk o
MZ666052_1482
Figure 17(d

MZ666025_433

MZ66602°

7_444
MZ666056_523
14 IgZBSBI]EJ_!BZ
98|
3
1 MNB87192_Ck_Poland_G504_2018
- MZ666014_T66
MN685733_Ck_TR_IBV20_2015

MNE85720"Ck_TR_IBV16_2015
MN685726_Ck_TR_IBV13 2015
MN685714_Ck_TR_IBV1_2014

Figure 17(e MNG685730_Ck_TR_IBV17_2015
MNB85724_Ck_TR_IBV112015
4] | MNess731-Ck TR IBV18 2015
1 MNSESTZT Ck_ ._TR_IBV14_2015
of MN685728 CKk TR IBV15 2015
KY805846 Gl 23 ] WMN685725 Ck TR IBV12 2015

1
100 - MN685732_Ck_TR_IBV19_2015

KY805846_GI_23

bl | MF101744_1_IBV_Romania_2016

. KY028746_Ck_Poland_G086_2016
Figure 17(g) MN887172_Ck_Poland_G258_2016
KY028748_Ck_Poland_G114_20161
KY028743 Ck Poland GZZS 2015
KY028747_Ck_Poland_G087_2016
MN887189_CK_Poland_G085_2016
& MNas'mn_t:k Poland_G151_2016
MZ666021 371

MZ666026_440
MN887191_Ck_Poland_G259_2016
MN887176_Ck_Poland_G112 2017
MN887178_Ck_Poland_G213_2017
MNBB7177_ Ck_Poland_G199_2017
MZ666070_34

b MZ666007_94

|- MK581208”Ck_Poland_G225_2017
MZ666013_147

MZ666046_599
MZ!

a

)_319
MZ 427
M 617
MZ )_642

MZ —494
MZ666031_677
MZ666050_724
MZ666055_958
|- mze66016_T82
KY028744_Ck_Poland_G012_2016
19l MZ666010 73
- MZ666032_955
MN887180_Ck_Poland_G246_2017
ZI1P MN887174_Ck_Poland_G023_2017
MN887179_Ck_Poland_G234_2017
- KY047602 Ck_Poland_G052_2016
4§ MZ666077_732
MZ666034_1018
MZ666076_781
4 MZ666038_1148
MN887175_Ck_Poland_051_2017
MZ666005_12
MK581207_Ck_Poland_G103_2016

X52084_GI_12

0.04

Figure 17(c). Maximum-likelihood phylogenetic tree of the GI-23 lineage highlighting
isolates in the trees to follow (Figure 17(d), 17(e), 17(f), 17(g)), with more closely
related reference sequences for a better visualization. Study isolates are highlighted
in light blue, genome classification reference samples are in red, field viruses
retrieved from Genbank are in black.
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Figure 17(d). Maximume-likelihood phylogenetic tree of the GI-23 lineage re-rooted
for an enlarged view of isolates 149399 2010. Isolates are shaded in red; genome
classification reference samples are highlighted in blue and field viruses retrieved

from Genbank are in black.
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Figure 17(e). Maximum-likelihood phylogenetic tree of the GI-23 lineage re-rooted

for an enlarged view of isolates 635300 2020, 578946_N5 2019, 578946 _N6 2019,
578946 N2 2019, 336625 2015 and 592655 2019. Isolates are shaded in yellow;
genome classification reference samples are highlighted in gold and field viruses
retrieved from Genbank are in black.
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Figure 18(a). Maximum-likelihood phylogenetic tree of lineage GIV-1 IBV. Study
isolates are highlighted in green, genome classification reference samples are in
blue, field viruses retrieved from Genbank are in black.
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Figure 18(b). Maximum-likelihood phylogenetic tree of the lineage GIV-1, rooted
with more closely related sequence (AY425685) for a better visualization. Study
isolates are shaded blue, genome classification reference samples are blue, field
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Figure 19(a). Maximum-likeliﬁood phylogenetic tree of lineage GVI-1 IBV. Study
isolates are highlighted in light blue, genome classification reference samples are in
pink, field viruses retrieved from Genbank are in black.
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Figure 19(b). Maximume-likelihood phylogenetic tree of the lineage GVI-1, rooted
with more closely related reference sequence for a better visualization. Study
isolates are shaded yellow, genome classification reference samples are in yellow
font, field viruses retrieved from Genbank are in black font.



