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Abstract: Receptor-interacting serine-threonine kinase 3 (RIPk3) is a key signaling molecule in the regulation of cell
apoptosis and necroptosis, it plays an important role in the pathophysiological changes of many hematologic dis-
eases. However, the regulatory role of RIPk3 in programmed cell death (PCD) is not fully known. In this study, bone
marrow-specific RIPk3 gene knockout homozygotes (RIPk3-/- mice) were established by homologous recombina-
tion. The physiological index of peripheral blood, the morphology and structure of the bone marrow, the bone mar-
row nucleated cells (BMNCs), the hemopoietic stem cells (HSCs), interleukin-6 (IL.-6) level and the colony formation
capacity of bone marrow hematopoietic progenitor cells were compared between RIPk3-/- mice and wild-type mice.
The results showed that, the cell death rate of BMNCs in RIPk3-/- mice was significantly higher than that in control
mice, indicated that RIPk3 gene knockout may cause damage to bone marrow cells to some extent. However, the
bone marrow had normal structure and morphology in the bone marrow-specific RIPk3-knockout mice, and there
were not significantly different between the two mice in most of the blood physiological indicators, and colony yields
of hemopoietic stem/progenitor cells. Further study found that the bone marrow IL-6 level of the RIPk3-/- mice in-
creased significantly, besides, the number of BMNCs and HSCs in the bone marrow of the RIPk3-/- mice increased
considerably as compared with the control mice. The findings implies that bone marrow RIPk3 gene knockout may
lead to the increase of BMNCs cell death, however, increased secretion of hematopoietic cytokines such as IL-6 may
promote the proliferation of hematopoietic stem/progenitor cells and thus maintain the stability of bone marrow
hematopoiesis. This hypothesis and the detailed mechanisms remain to be further investigated.
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Introduction marrow PCD can facilitate hunting for patho-
genesis of hematologic diseases and provide
scientific clues for the diagnosis and new thera-

py exploration of hematologic diseases.

Programmed cell death (PCD) is a physiological
cell death process involved in the selective
elimination of unwanted cells. This process is

closely connected with the activation, expres-
sion and regulation of multiple genes and plays
an important role in maintaining homeostasis
and normal cell functions. Bone marrow is the
major site of hematopoiesis. The balance bet-
ween the proliferation and death of bone mar-
row cells is the basis of normal hematopoiesis.
When the regulatory mechanism of cell death is
in disorder, bone marrow hematopoiesis may
be affected by excessive proliferation or death
of bone marrow cells caused by PCD abnormali-
ties. This may further lead to various hemato-
logic diseases such as aplastic anemia, leuke-
mia and myeloproliferative diseases [1-5]. Un-
derstanding the regulatory mechanism of bone

PCD mainly consists of apoptosis and necropto-
sis, which are crucial for the development and
homeostasis in organisms. Recent studies ha-
ve shown that RIPK3 is a key signaling molecule
in the regulation of cell apoptosis and necropto-
sis [6, 7]. It plays an important role in the patho-
physiological changes of many diseases [8-12].
According to recent studies, RIPk3 is involved in
the occurrence and progression of many hema-
tologic diseases, including aplastic anemia (AA)
[13], chronic lymphocytic leukemia (CLL) [14]
and acute myeloid leukemia (AML) [15]. The
role of RIPk3 in the pathogenesis of diseases
has drawn wide-spread attention. RIPk3 can
act as an important target in gene therapy [16-
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20]. However, the regulatory role of RIPk3 in
PCD is not fully known. Establishing the bone
marrow RIPk3 knockout mice may facilitate the
understanding on the molecular mechanism of
RIPk3-mediated PCD of bone marrows and the
pathogenesis of related hematologic diseases.
In this study, bone marrow-specific RIP3 knock-
out in the mouse model was induced by homol-
ogous recombination and the influence of bone
marrow-specific RIPk3 gene knockout on the
bone marrow hemopoietic function was obser-
ved. The purpose was to provide experimental
data for understanding about the pathological
role of RIPk3 in hematologic diseases.

Materials and methods

The study protocol was approved by the ethics
committee of the Institute of Tumor, Medical
College of Taizhou University and conformed to
the Guide for the Care and Use of Laboratory
Animals published by the Chinese National
Institutes of Health.

Reagents

Bacterial Artificial Chromosome (BAC) contain-
ing RIPk3 was purchased from BAC/PAC Re-
sources Center (Children’s Hospital Oakland
Research Institute, Oakland, CA, USA). pL-451
Plasmid and EL-350 Strain were provided by
Pengtao Liu (Welcome Trust Sanger Institute,
Cambridge, UK). pSC101-BAD-yBa-A-tet was
provided by Youming Zhang (Gene Bridges
GmbH, Germany). pBR322-2S and pDTA were
provided by Shanghai Research Center For Mo-
del Organisms. Restriction enzymes, T4 DNA
ligase, T4 DNA polymerase, Tag enzyme and
PCR kit were purchased from TaKaRa Bio-
technology (Dalian, China) and NEB company
(Carlsbad, CA, USA). Alexa Fluor 488 Annexin V
and a PI kit were purchased from KeyGEN
BioTECH (JiangXu, China). IL-6 ELISA kits, IMDM
substratum, erythropoietin (EPO), thrombopoi-
etin (TPO), granulocyte-macrophage colony sti-
mulating factor (GM-CSF), fluorescent antibody
PEc-kit and FITC-CD45 were all purchased from
the Boster Company (Wuhan, China).

Construction and identification of the targeting
plasmid

The loxp sequence was inserted to the intron 3
and 9 in the RIPk3 gene, respectively. Using
pGK-Neo gene as the positive selection marker
(flanked by frt sequence, with the deletion of
pGK-Neo gene using the flpe enzyme) and TK
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gene in the targeting vector as the negative
selection marker, the targeting vector for exon
4-9 knockout was constructed (by reacting with
the Cre recombinase).

ES cell targeting, blastocyst microinjection and
transplantation

The linearized targeting vector was transferred
to the ES cells by electroporation. After that,
the ES cells were screened with 200 pg/mL
G418. Resistant ES cell clones were subjected
to further culture. Genomic DNA was extracted
from the resistance ES cells, and the positive
clones were screened by long fragment PCR.
The 5 homology arm was identified using the
forward primer 5-GGCAGGCTGGTTTCTGAGTT-
TG-3’, and the reverse primer 5’-GGCCTACCC-
GCTTCCATTGCTC-3; the 3’ homology arm was
identified using the forward primer 5-CCGT-
GCCTTCCTTGACCCTGG-3’, and the reverse pri-
mer 5-CATGGGCAGGCAACAGTCACA-3'. Blasto-
cytes were harvested from female C57BL/6)J
mice aged 3-4 weeks, the positive ES cells
were used for blastocyst microinjection after
check and transplanted to the mice during spu-
rious pregnancy.

Mice of F1 generation and genotyping

Coat color chimerism was determined in new-
born mice from the female C57BL/6J mice
transplanted with the blastocysts. Those with
high degree of chimerism were chosen for
breeding with the FLP mice to obtain the F1
generation. At 10-12 d after birth, the tail tip
was harvested, and 200 pl Tail buffer and 10 pl
protease K (20 pg/ml) were added. After diges-
tion at 55°C overnight, protease K was deacti-
vated at 95°C for 15 min and centrifuged. The
supernatant was collected, amplified by PCR
and sequenced. Identification of 5 homology
arm was performed using the forward primer
5-GGCAGGCTGGTTTCTGAGTTTG-3’, and the re-
verse primer 5-ATTCATCTCCTGAGCCCATTCCA-
3’; identification of 3’ homology arm was per-
formed using 5-CCCTCCACAGACTAAGACATCC-
CTAA-3’, and the reverse primer 5-CATGGGC-
AGGCAACAGTCACA-3'. PCR reactions were per-
formed: 94°C for 2 min, then 98°C for 20 sec,
66°C for 20 sec and 68°C for 2.5 min, a total of
34 cycles; 68°C for 5 min.

Breeding
In theory, the breeding between RIPk3 loxp/+

and lyzcre/+ mice can lead to individuals that
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Figure 1. Analysis of the vector and ES cell clones positive for homologous recombination. A. Map of restriction
enzyme analysis for the homologous recombination vector (For the digestion with Sall, the theoretical band was 3.7
kb and 14.2 kb in length, respectively; M: 1 kb DNA ladder). B, C. Electrophoretogram of PCR products for ES cell
clones positive for homologous recombination (2-C11, positive clone; M, DNA marker; B. Identification result of 5’
homology arm; C. Identification result of 3’ homology arm).

contain loxp sites and express Cre recombi-
nase (i.e., loxp/+_cre/+). Similarly, the breeding
between RIPk3 loxp/loxp and loxp/+_cre/+
mice can lead to loxp/loxp_cre/+ individuals.
Study has shown that the binding of the loxp
site to Cre recombinase will result in gene
knockout [21]. Therefore, the loxp/+_cre/+ indi-
viduals will be heterozygotes with bone mar-
row-specific knockout of RIPk3 gene (lyz-/+),
while loxp/loxp_cre/+ individuals will be homo-
zygotes.

Acquisition and identification of homozygotes

Tails were cut off from the mice reaching 2
weeks. DNA was extracted conventionally and
subjected to PCR and electrophoresis. The loxp
site was detected using the forward primer
5-CTCCTTACCAGACGCCCTTCT-3" and the wild-
type genomic site was detected using the for-
ward primer 5-CAGCGACACCTTGTGATCTCC-3..
The homozygous loxp site corresponded to a
629 bp band, and the heterozygous loxp site
was split into two bands, which were 629 bp
and 476 bp, respectively. The wild-type gene
containing no loxp site corresponded to one
476 bp band. That is, loxp/loxp = 629 bp; wt/
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wt = 476 bp; wt/loxp = 476 bp + 629 bp. Cre
recombinase gene was detected using the for-
ward prime 5-GACACGGCACTCCTTGGTAT-3'. If
Cre recombinase gene was inserted into the
genome, a 335 bp band would be produced;
otherwise, there would be no band.

Peripheral blood and bone marrow examina-
tion

Bone marrow-specific RIPk3 gene knockout ho-
mozygotes (RIPk3-/- mice) were obtained and
wild-type mice were taken as control. Routine
blood examination was conducted, then three
mice of each group were sacrificed, and the
femurs of each mouse were taken. One femur
was surgically dissected, the BMNCs suspen-
sion was prepared and number of BMNCs was
counted by flow cytometer.

60 ul of the BMNCs suspension was centri-
fuged, then washed with PBS and stained twice
with PE-c-kit and FITC-CD45, bone marrow
HSCs were counted by flow cytometer. 100 ul
BMNCs suspension was used for cell death
rate evaluation by annexin V and PI staining,
and 100 ul suspension was used in ELISA for

Int J Clin Exp Pathol 2018;11(2):568-576
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Figure 2. Electrophoretogram of PCR products for the 5’ and 3’ homology arm of mice of F1 generation with Neo
deletion. Number, serial number of mice of F1 generation with Neo deletion; wt, wild-type control; M, DNA marker, 1
kb DNA ladder. A. Identification result of 5 homology arm; B. Identification result of 3’ homology arm.

53 54 55 56 57 58 59 60 61 62 63 64 © 65 66 67 68 69 70 V1 72 73 74 75 76

--——-—------;5---—_--——_—— - luxp629bp
-y - - - - — - - e — el =— wt 476bp

- “— Cre 335bp

Figure 3. Electrophoretogram of PCR products of Rip3 floxed mice. (Number, serial number of mouse) Mice num-
bered 57, 59, 64, 65, 66, 67 and 68 were homozygous for loxp; those numbered 56, 60 and 62 were homozygotes
with bone marrow-specific knockout of the RIP 3 gene (RIPk3-/-). A total of 6 homozygous were obtained after
breeding.

the measurement of levels of IL-6. All opera-
tions step by kits instructions.

Morphological evaluation of the bone marrow

Another femur were dissected and fixed in 10%
formalin solution for histopathological evalua-
tion. The femur was further decalcified in 5%
nitric acid solution for 7~12 h. Then, paraffin-
embedded sections were prepared routinely for
hematoxylin and eosin (HE) staining and histo-
pathological evaluation.

Hemopoietic progenitor cell culture in vitro

BMNCs were adjusted to a concentration of 5x
105 cells/ml, cells were cultured at 37°C with
5% CO, and saturated humidity. Three days
later, CFU-E was counted under the micro-
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scope, and 7 days later, BFU-E, CFU-Meg and
CFU-GM were counted.

Statistical analysis

All data are expressed as the mean + standard
deviation (SD). The t-test was used to evaluate
the difference between groups. A P value less
than 0.05 was considered statistically signifi-
cant.

Results

Identification of the homologous recombina-
tion vector using restriction enzyme cutting

The map of restriction enzyme analysis for the
homologous recombination vector is shown in
Figure 1A. The fragments obtained by restric-
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Table 1. Peripheral blood and bone marrow
examination (X +s)

Iltems RIPk3-/- Control
WBC (x10°%/1) 10.40+£2.02 10.92+2.17
RBC (x10*%/1) 10.33+0.59 10.24+0.48
HGB (g/1) 161.67+6.28 159.33+5.75
HCT (%) 50.50+2.42 48.70+1.41
MCV (fl) 48.90+0.68 47.60+0.93
MCH (pg) 15.67+0.29 15.57+0.19
MCHC (g/1) 320.33+3.61 327.00+£3.58
PLT (x10°/1) 1385.00+72.21 1377.00£121.00
RDW-SD (fl) 30.10+0.50 29.37+0.36
RDW-CV (%) 20.47+0.81 20.77+£0.85
PDW (fl) 7.40+0.24 7.23+0.26
MPV (fl) 6.77+0.23 6.73+0.29
P-LCR (%) 4.73+0.81 4.67+1.56
PCT (%) 0.94+0.81 0.93+0.12
NEUT (x10%/1) 1.20+0.15 1.36+0.32
LYMPH (x10%/1) 8.95+2.09 9.26+1.91
MONO (x10°/1) 0.08+0.03 0.11+0.06
EO (x10%/1) 0.17+0.01 0.18+0.01
BASO (x10°%/1) 0.00£0.00 0.01+0.01
RET (x10%/1) 781.37+184.51" 624.50+31.70

“P < 0.05, compared with control group.

tion enzyme digestion were of the same size as
expected, DNA sequencing also verified that
the vector was successfully constructed (see

Supplementary File 1).

PCR identification of ES cells positive for ho-
mologous recombination

After targeting the ES cells, screening with
G418 and further culture were performed. Thus
a total of 96 G418-resistant ES cell clones
were obtained. Genomic DNA extraction was
performed for these positive clones, which
were further identified using long fragment PCR
and sequenced (see Supplementary File 2).
One ES cell clone positive for homologous re-
combination was obtained (Figure 1B and 1C).

Identification of mice of F1 generation with
Neo deletion

Breeding between the male chimeras and
FLP mice yielded F1 generation. After PCR
identification (Figure 2) and sequencing (see
Supplementary File 3), four positive heterozy-
gous mice with Neo deletion (RIPk3 loxp/+)
were obtained. They were numbered as 7, 8, 10
and 11, respectively.
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Acquisition and identification of homozygotes

Breeding between RIPk3 loxp/loxp and loxp/+_
cre/+ mice yielded two different individuals
homozygous for loxp, namely, individuals con-
taining only homozygous loxp sites (RIPk3 loxp/
loxp) and individuals containing homozygous
loxp sites and expressing Cre recombinase
(loxp/loxp_cre/+), and the latters are bone mar-
row-specific RIPk3 gene knockout homozygotes
(RIPk3-/-) (Figure 3).

Peripheral blood and bone marrow examina-
tion

Detection of peripheral blood indicated that
RET increased considerably in the RIPk3 knock-
out mice, while other peripheral blood indica-
tors were not significantly different from those
of the control mice (Table 1). Compared with
the control mice, the counts of BMNCs, HSCs
and bone marrow IL-6 level in the knockout
mice increased considerably. In addition, flow
cytometer showed that the cell death rate of
BMNCs in RIPk3-/- mice was significantly high-
er than that in control mice (Figure 4).

Morphological evaluation of the bone marrow

The bone marrow had normal structure and
morphology in the bone marrow-specific RIPk3-
knockout mice. Bone marrow cells proliferated
actively in mice of two different phenotypes.
A large number of hematopoietic cells were
observed, megakaryocytes were easy to be
seen (Figure 5). There was no sinusoidal dilata-
tion and the sinus wall was intact.

Colony yields of CFU-E, BFU-E, CFU-GM and
CFU-Meg

In vitro cell culture indicated no significant dif-
ference between RIPk3-/- mice and control
mice in the colony yields of CFU-E, BFU-E, CFU-
GM and CFU-Meg (Figure 6).

Discussion

RIPk3 is a member of the receptor-interacting
protein family and exhibits specific serine/thre-
onine kinase activity [22]. RIPk3 has been
found to be an important molecular switch for
PCD signaling. Excessive RIPK3 expression can
induce Caspase-mediated apoptosis of cells.
When Caspase activity is inhibited, overexpres-
sion of RIPk3 can promote the conversion from

Int J Clin Exp Pathol 2018;11(2):568-576
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0.05, compared with control group.

cell apoptosis to non-Caspase-medicated PCD
[23]. RIPK3 is involved in the pathogenesis of
many hematologic diseases [24, 25]. Through
preliminary experiments, it was found that
RIPk3-medicated PCD was involved in the cy-
clophosphamide- and busulfan-induced aplas-
tic anemia in mice [4]. Xiao et al. reported that
RIPk3-medicated PCD was related to the death
regulation of hematopoietic stem/progenitor
cells in Tak1-knockout mice. Moreover, it played
an important role in the progression of bone
marrow failure syndrome of Tak1(-/-) mice [26].
According to a recent study, defect in the RIPk3-
mediated PCD is related to the pathogenesis
of CLL and AML, and it is an important reason
for resistance to chemotherapy [14, 15]. Thus
RIPk3 is a valuable therapeutic target for hema-
tologic diseases.

Flox modification of the RIPk3 gene was per-
formed by targeting ES cells using homology
recombination. The Cre/Loxp system was used
for specific knockout of RIPk3 gene in the
mouse bone marrow. Cre recombinase is deriv-
ed from bacteriophage P1. Loxp is a 34 bp pal-
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control

ing the Cre recombinase.
However, since Cre recom-
binase is not expressed
in other tissues or cells,
DNA deletion will not affe-
ct these tissues and cells.
Thus the target gene remains normal in the
offspring. This method can prevent embryonic
death or severe developmental disorder at an
early developmental stage due to systemic
knockout in all cells and tissues [27-30].

RIPk3—/—

Many reports have been published on the spe-
cific knockout by the breeding between mice
with specific Cre recombinase expression in the
bone marrow and Loxp transgenic mice. The
target gene is specifically knocked out in the
bone marrow of the offspring [21, 31]. The bone
marrow-specific RIPk3 knock-out mouse model
was successfully established using this meth-
od. However, this does not mean that the target
gene is removed from all bone marrow cells.
For example, the knockout rate is only 83%-
98% in the mature macrophages, and knock-
out may be not limited to bone marrow cells.
Clausen et al. reported a 16% knockout rate in
a type of dendritic cells in the spleen [21]. More
researches are needed for the genotyping of
bone marrow-specific homozygous and hetero-
zygous RIPk3 knockout mice obtained in this
study.
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Bone marrow is an important organ involved
in hematopoiesis and immune regulation, the
healthy bone marrow tissue is the structural
basis for maintaining normal hematopoiesis.
Our results showed that bone marrow had
normal structure and morphology for bone
marrow-specific RIPk3-knockout homozygotes.
However, flow cytometer showed that the cell
death rate of BMNCs in RIPk3-/- mice was sig-
nificantly higher than that in control mice, indi-
cated that bone marrow RIPk3 gene knockout
may lead to the increase of BMNCs cell death.

Physiological value of blood can reflect the
hematopoietic function of bone marrow to a
certain extent and also serves as an indicator
of the health status and genetic stability of ani-
mals. It is also an important basis for clinical

574

CFU-E BFU-E CFU-GM CFU-Meg

tro culture can reflect the
proliferative capacity of he-
mopoietic cells. Our results
of in vitro culture showed
that there was no signifi-
cant difference in the colony yields of hemopoi-
etic stem/progenitor cells of three lineages
between the two mice. This findings indicated
that the stability of the bone marrow hemopoi-
esis can be maintained under RIPk3 gene
knockout.

IL-6 is a kind of cytokine with a wide range of
biological activities, it is involved not only in
regulation of proliferation and differentiation of
early hemopoietic stem/progenitor, but also in
the progress of the stress reaction, autoim-
mune and neoplastic diseases of the body [32,
33]. In the present study, we found that the
bone marrow IL-6 level in RIPk3-/- mice was
increased significantly than that in control
mice. In addition, flow cytometry revealed that
the number of BMNCs and HSCs in the bone

Int J Clin Exp Pathol 2018;11(2):568-576
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marrow of the RIPk3-/- mice increased consid-
erably, indicated that the positive hematopoi-
etic factors such as IL-6, may involved in the
promotion of proliferation, differentiation, and
maturation of HSCs in RIPk3-/- mice.

Taken together, the findings of our study implies
that bone marrow RIPk3 gene knockout may
lead to the increase of BMNCs cell death, how-
ever, increased secretion of hematopoietic fac-
tors such as IL-6 may promote the prolifera-
tion of hematopoietic stem/progenitor cells
and thus maintain the stability of bone marrow
hematopoiesis. This hypothesis and the detail-
ed mechanisms remain to be further investi-
gated.
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Supplementary File 1. Plasmid sequencing results

1. M0827.0479-RIP3-RIP3_C1R_F09

TAAAGGAAAGGAAAGGGAAGGTATTAGATGAAGGGGGGGGTCAGAGATTTTTCCCTCTCTTGCTCCCCAGAAGATGCAGC
AGCCTCAGCTTTTTGGAAGGTGTTATGGAGGACCAGAGGGAAGGTAAAGTCATTGAGAACTTAGCAGGAGATCTGAGTTG
CTGATGGGCAGGCCTGAGATAAGTCAGCCGGATCCCCTCGAGGGACCTAATAACTTCGTATAGCATACATTATACGAAGT
TATATTAAGGGTTATTGAATATGATCGGAATTGGGCTGCAGGAATTCGTCGACTGGGTCCGTGAGGGTGCATTAGGCCTG
TGGAACTGAGCCAGGGGGTTAAGAAGGGCGTCTGGTAAGGAGGGTCACCTGGTATGACTAGAAATAAAACTCCTAGTTGG
GTCTTGTCATGTGTGTAGTCTTGTATTCAGAGGGACAGGTACTCAACATGGTCCCAAGTCTACACTAGGTTGTAGATGGA
CTAACCTTGGCGTGGAGCTCTGGATCCAGCAGAATGTTAGAGGGCTTGAGGTCCCGGTGCAGGAGCGGAGGGTTCAAGCT
GTGTAGGTAGCACATCCCCAGCACCACTTCCTGCAGCAGGCGACAGAGGAGTGGCCAGGGCCGAGGGCACTCGGGTTGCA
GCAGCCCTGCGAGGGAGCCATTCTCCATGAATCTTGTCACCAGAGCCTGCCCGGACACGAAGTCCCACTGGAGGTCCTCA
GTGACCCCCAGCAGGAGCAGAACGTTCTCATTACGAAGATTAACCATAGCCTTCACCTCCCAGGATATCTTCTTCCTACA
CGCCGAAAGGGGGCCAAAATTGGATTGCGCTCTGGAAGACCCCACCCTTGCCCCACTCAGCTCGTGACCACACTCTGACT
ACAGCTGGGGTCACTCACGAGTTCACGATCTTGACTGCTACATCATGGTTCCATG

2. M0827.0480-RIP3-NEO_R_GO9

CGCTCACCTGGCACGACGCGAGCTGCGGGGCGGGGGGGACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCGCGAAGGGGC
CACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCACTTGTGTAGCGCCAA
GTGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTTGGGAAAAGCGCCTCCCCTACCCGGTAGAATTTCGACGA
CCTGCAGCCAAGCTAGCTTGGCTGGACGTAAACTCCTCTTCAGACCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTT
CGGAATTCTGCTGTTTGGGTGTCTTTGATGGGAGACCTTCTGGACTTGCTTATCAATAAAGGAACTGTGGGGGCTCACAG
ACTCTGTGCTGGGAAAAGTCAGCCAATCCCGACTTTCTTTCGTTGTGTGACCTCAGTGGGATCCTCTCCTAGTGGATGTC
ATGTTCCTCGTCTTAAACGAGGCAGATCGGGTTAGATGATCTCTAGTCATTCCTTCCCACCTCCAGAGTAACTCATGTCT
ATAGATAAGTGCTGAGGAGGAAGGTGATGGGAGAGCTGAGCGGGGAGAGCAAGAGAGAATGAAGAATGGGTACCTGTCAT
TGGATTCGGTGGGGTCCAGGGATACCAAGGAGTGCCGTGTCTTCCATCTCCCTGCAAACAACACAGAGCTCTCAGGCTTT
CTATTCAAGAGCCTAATCTCATCACCGTGCAGTTCTCCTGGGTAAGAGGGTGTGCTCTAGTCTTGCCAGTGTCTCACCTG
ATTCCTTTGGGGGTGAGGACCGGGAGTCTCAGTAAAGACTGGCCCAGGTGTTGTGCCTCTGAAGGGTAAAGTATGTGGAA
TCTGAGGAGTGCCAGCCACGGGGTCAGAAGATGTCCTTGCTGGTGTGGCAGGCCCAACTGATGTGTCCTGTGCTTGCCTC
TCAGGACATTTTCCAGGAACTGGTCCGGAGGGTTCCTCCAAATGCA

3. M0827.0481-RIP3-NEO_L_HO09

CCCAGCCTGGGGGTGCGGTGGGGCAGGAAGCAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGG
CTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGACTAGAGCTTGCGGAACCCTTCGAAGTTCCTATTCTCTAG
AAAGTATAGGAACTTCATCAGTCAGGTACATAATATAACTTCGTATAATGTATGCTATACGAAGTTATTAGGTGGATCCC
CCTCCACAGACTAAGACATCCCTAATGGAATGGGCTCAGGAGATGAATGGCACTACTCTTTGAGCTTCTACAAGACTAAT
TCTGAAGAGGCACAGCTCATACTGGGACGCAGTAGCTAGCAGGTGAAGACCCTGCATTTGCATTCCCCAGGGAGATCACA
AGGTGTCGCTGCCCCTTTCCCCAAAGTGCTTGTCAACTTCATCTTTCTAACCTCTGAACCCTCTCACCATCACCTCCTCC
TTTCCTCTTAAAGGGCCACCGGCTCTCGTCTTCAACAACTGTTCTGAAGTGCAGATTGGGAACTACAACTCCTTGGTAGC
ACCACCAAGAACTACTGCCTCAAGTTCGGCCAAGTATGACCAAGCACAGTTCGGCAGGGGTAGGGGCTGGCAGCCCTTCC
ACAAGTAGACTTCAGAGAATCACTGCAAGAGCCTGAAGTGTGCCATTCAGCGTGGCAATAAAAAGCACGTTTTAAGCAAC
CTGGACTGGCTAAGACAGTCCTTGCCACTTCCTGAAGCTCACAACATTCTGTGAGGACAGTTGGACCTACACCCAAACTG
ACTCTTGACCCATCTCCTTAAAGTCAATAAACATAGCATGTTAACTGTGAGAGAGTCTGAGGTGTCAATCCAGGGCATCA
GGGATGGACAGCCAGGAGCTGGCTACCCTGCAGGGGGGGGGTGAGGTGTGTGTGGGGGGGAGTT
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Supplementary File 2. ES sequencing results

1. M0928.3699-2_5R_C11-NEO_R_A03

TGAATACTCTCAAGACGCGAGCTGCGGGGCGGGGGGGACTTCCTGACTAGGGGAGGAGTAGAAGGTGGCGCGAAGGGGCC
ACCAAAGAACGGAGCCGGTTGGCGCCTACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCACTTGTGTAGCGCCAAG
TGCCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTTGGGAAAAGCGCCTCCCCTACCCGGTAGAATTTCGACGAC
CTGCAGCCAAGCTAGCTTGGCTGGACGTAAACTCCTCTTCAGACCTGAAGTTCCTATACTTTCTAGAGAATAGGAACTTC
GGAATTCTGCTGTTTGGGTGTCTTTGATGGGAGACCTTCTGGACTTGCTTATCAATAAAGGAACTGTGGGGGCTCACAGA
CTCTGTGCTGGGAAAAGTCAGCCAATCCCGACTTTCTTTCGTTGTGTGACCTCAGTGGGATCCTCTCCTAGTGGATGTCA
TGTTCCTCGTCTTAAACGAGGCAGATCGGGTTAGATGATCTCTAGTCATTCCTTCCCACCTCCAGAGTAACTCATGTCTA
TAGATAAGTGCTGAGGAGGAAGGTGATGGGAGAGCTGAGCGGGGAGAGCAAGAGAGAATGAAGAATGGGTACCTGTCATT
GGATTCGGTGGGGTCCAGGGATACCAAGGAGTGCCGTGTCTTCCATCTCCCTGCAAACAACACAGAGCTCTCAGGCTTTC
TATTCAAGAGCCTAATCTCATCACCGTGCAGTTCTCCTGGGTAAGAGGGTGTGCTCTAGTCTTGCCAGTGTCTCACCTGA
TTCCTTTGGGGGTGAGGACCGGGAGTCTCAGTAAAGACTGGCCCAGGTGTTGTGCCTCTGAGGGGTAAAGTATGTGGAAT
CTGAGGAGTGCCAGCCACCGGCGTCAAAGATGTCCTTGCTGGTGTGGCAGGCCCAACTGATGTGTCCTGTGCTTGCTCTC
ACGACATTTTCAAGGAACTGGTCCGGAGGGTTCTCCAAATGCAGCGGTCCAGCATTTTATAACCATTGGTTTCCTTCGGG
CAAT

2. M0928.3700-2_5R_C11-RIP3_C1R_B03

CGAAAATCGGATCTGATCTGATCCTGACCCTGACTGGGACCCTCCCTGAAACGTGGACAGGCCAAAATCTGCTAGCTGTA
AAGGAAAGGAAAGGGAAGGTATTAGATGAAGGGGGGGGTCAGAGATTTTTCCCTCTCTTGCTCCCCAGAAGATGCAGCAG
CCTCAGCTTTTTGGAAGGTGTTATGGAGGACCAGAGGGAAGGTAAAGTCATTGAGAACTTAGCAGGAGATCTGAGTTGCT
GATGGGCAGGCCTGAGATAAGTCAGCCGGATCCCCTCGAGGGACCTAATAACTTCGTATAGCATACATTATACGAAGTTA
TATTAAGGGTTATTGAATATGATCGGAATTGGGCTGCAGGAATTCGTCGACTGGGTCCGTGAGGGTGCATTAGGCCTGTG
GAACTGAGCCAGGGGGTTAAGAAGGGCGTCTGGTAAGGAGGGTCACCTGGTATGACTAGAAATAAAACTCCTAGTTGGGT
CTTGTCATGTGTGTAGTCTTGTATTCAGAGGGACAGGTACTCAACATGGTCCCAAGTCTACACTAGGTTGTAGATGGACT
AACCTTGGCGTGGAGCTCTGGATCCAGCAGAATGTTAGAGGGCTTGAGGTCCCGGTGCAGGAGCGGAGGGTTCAAGCTGT
GTAGGTAGCACATCCCCAGCACCACTTCCTGCAGCAGGCGACAGAGGAGTGGCCAGGGCCGAGGGCACTCGGGTTGCAGC
AGCCCTGCGAGGGAGCCATTCTCCATGAATCTTGTCACCAGAGCCTGCCCGGACACGAAGTCCCACTGGAGGTCCTCAGT
GACCCCCAGCAGGAGCAGAACGTTCTCATTACGAAGATTAACCATAGCCTTCACCTCCCAGGATATCTTCTTCCTACACG
CCGAAAGGGGGCCAAAATTGGATTGCGCTCTGGAAGACCCCACCCTTGCCCCACTCAGCTCGTGACCACACTCTGACTAC
AGCTGGGGTCACTCACGAGTTCACGATCTTGACTGCTACATCATGGTTCCATGTTCTGTGGTGTGCCCGGAACACGACTC
CGAACCCTCCTTTACCCACAAACTCCAGCTTCTTCAGTTCTTCACGGCTCACCAGAGGAACCGCCTGACGCCCCAGTAGC
CTGAAGAAAGGTTCTTGTCCGTAGGGGCCCATCCCCCAGCCTACGCATTCTCTGTCTCCAGCTCCGGATTCCTTGACTGC
CGCGTGGCCAGCGTAGGCAGCGAG

3. M0928.3701-2_5R_H11-5RIP_111_C03

TGGGTCTTATTGGTGAGTTCAGGACAGCCAGGCTACACAGAGAAACCCTGTCTCGGGGGAAAAAAAAAAAAGAAAGAAAG
ATTTCAGGAACTCTGAAGTGCAGCAAGGAAAGCATGTTTTCCAGCACACTCAACCCAAATAACTGAGCATCCTTCCAAAC
CCTCGCTGATGAAAGGGGTGACTCTCTTTTTCCAAACAGCATCTGCTGTGAGCACTTCTACCTCCGAAAAAAACTAAAAG
CTGGGACTCAAATAACTTCTGTACAATAATGTTCACAGCACTGTCATTTACAATGTTTGAAAGGAAAAAACCAACCAATG
CCCAGGATGGATGAATGGGCATAAAGGTGTGGTATGCACTGTGCTAAAATATTTTCAGCATTTATGGATATTATTTAACC
TTAATAAAATTCAAAAACATCCCATAACATAATTTACCTCGAAAATGTTGTGTCTGAATCCAAATGAATTAAACCAGTCA
AATAAAATAGCATATGGTTCTTCCTCCTCCTCCTCCTCCTCCTTTTTTTTTCTTTTTGAAACAGGGTTTCTCTATGTAGC
CCTGTCCGTAAACCAGGCTGGTCTAACTCTGCCTCCAAAGTATTGGAATTAATGGTGTGTCTCTTTTATAAGGCATCTGA
AGTGTTCGTCAGTGAAGGTTGGGGAGTAGGAATGAGGTGGGAATGGTGTTTTACTGGGCCTGGGAAGAAGGAATGGGGAG
TAACTATGAAATTGCTCCAGAGTGTTACCTTGAGGTTGGATCTTCTTACTAAGGACTGAATGCTAGGGCTGACTATCCAG
TTATTTTCTACCTCCAGCCACAACTATGCCCTGAGTGATAAA
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4. M0928.3714-2_3R_C11-3RIP_212_H04

CGCCCACATCATCTTGAGGAGGCAATGATTACCCTGAGCCTCTTATAAAGAAGGTGCTAAGAAGCTGCTCTTTCTGAGCT
GCTGTCCCTTTCTGCCTCTTAGGTCCTACTGACCTGGTGCTTTTTCTCAGTGTCCAGCCTCCGGCGTGAGTGCATAGAGC
TAAGAGCCTCCCGGAACGTGGCCCGCAATGCTCGCTCCATCAGGGCCTTGTGGTACCCTCCCACCACGTTCCCACACAGG
AACAATACCGCGTTTGCTGCCAACTGTGGGCAAAGGCCAGACTTAAAAAGTGTACTACTCCCCTATCTCTACTCTGTGGG
GGAGTCTATCTGTGTAGCTGGAGTTGGTTGCAAACACAGGTCGAGGAGAGCTGGCTCTATGGTTAAGGACCTAGGTATCT
CAGAACAATAGGAGCCACTTTGTGACATCCATCCGGAAGAGTTGGTTGCTTTCCTTCTCTGCTCTCTGCTATAGACTCTT
TCTTGGCTGTGGAACCAACCTGACCGCTTAGGCCTAGCTATCTTGCATGTATATTTCCTCTGTCTACAGTGCTATTCTTC
CATATTCATCTCCTGAGCCCATTCCAGCTGCAAGAAACTACTCCAGTTCTGATTCACGTTTTCCACTAATGCTCCTCGGT
TTACTTCTGTACCCGCGAGAGAATCTTGACTGATTTCCCAATGGCTATAGTGCCCTCTTCTGACAAAGGTAGGCATGATG
CACTGATGTACCAACGACACTAGAGGTCGCTATAGGGGTGTTATCAATGCTTGGCTCCTGCGAGGGCCGAGCCATGTCTT
GGATAATGCTCACAGCATTACTAAACAGCTGACCCAGCTCTGGGCACACTATCGACACCACTTGCATTTTTACCTGTGGT
AGCAGAGCTCTCTGTGACTCAAGCTGCCACCCAAGATACAGTCCAAGGACCAGCACGTGCGAGAGGGATGAGATGACTCC
CGCAGCAGCAGCATCCCGCATGCCCAAGGCAGCATGGCGTACACGGTGAAGATGATGAAGAGGAAAAAAAGACACCTGGA
GAAGGGTGTGGGAAGCTGAATGCCCGTGATGTTGCGCCCAGGGTCTAAATTTGAAGGTTCAACTTCCCTCAAGCCTTGAT
TTTCCTCACCTGGATCCAAGGCGCTCACCACACCCCCCAGTGCACAAGAAAATTCCATAGGCCAAAGGCGGTAATGCCAC
CCGATATTGC

5. M0928.3715-2_3R_C11-NEO_L_A0O5

TACAATTCTCGCTGGGGGGGTGGGGAGGAAGCAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGG
GCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGACTAGAGCTTGCGGAACCCTTCGAAGTTCCTATTCTCTA
GAAAGTATAGGAACTTCATCAGTCAGGTACATAATATAACTTCGTATAATGTATGCTATACGAAGTTATTAGGTGGATCC
CCCTCCACAGACTAAGACATCCCTAATGGAATGGGCTCAGGAGATGAATGGCACTACTCTTTGAGCTTCTACAAGACTAA
TTCTGAAGAGGCACAGCTCATACTGGGACGCAGTAGCTAGCAGGTGAAGACCCTGCATTTGCATTCCCCAGGGAGATCAC
AAGGTGTCGCTGCCCCTTTCCCCAAAGTGCTTGTCAACTTCATCTTTCTAACCTCTGAACCCTCTCACCATCACCTCCTC
CTTTCCTCTTAAAGGGCCACCGGCTCTCGTCTTCAACAACTGTTCTGAAGTGCAGATTGGGAACTACAACTCCTTGGTAG
CACCACCAAGAACTACTGCCTCAAGTTCGGCCAAGTATGACCAAGCACAGTTCGGCAGGGGTAGGGGCTGGCAGCCCTTC
CACAAGTAGACTTCAGAGAATCACTGCAAGAGCCTGAAGTGTGCCATTCAGCGTGGCAATAAAAAGCACGTTTTAAGCAA
CCTGGACTGGCTAAGACAGTCCTTGCCACTTCCTGAAGCTCACAACATTCTGTGAGGACAGTTGGACCTACACCCAAACT
GACTCTTGACCCATCTCCTTAAAGTCAATAAACATAGCATGTTAACTGTGAGAGAGTCTGAGGTGTCAATCCAGGGCATC
AGGGATGGACAGCCAGGAGCTGGCTACCCTGGAGGGGGGGGGTGAGGTGTGTGTGGGGGGA
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Supplementary File 3. Sequencing results of F1 generation

Results of no. 1:

Query 12342 GAGTTCCAGGACAGCCAAGGCTACACAGAGRARCCCIGICICGGGGGaaaaaaaaaaaaG 12401

LR e b eer P e b neiariinl
Sbjct 17 GAGTT-CAGGACAGCCAGGICTATGCAGAGAAACCCTGICICGGGGGARAARRDRRRAR- T4

Query 12402 AAAGAAAGATTITCAGGAACTCIGAAGTGCAGCAAGGAGAGCATGITTTICCAGCACACTCA 12461

FEPEREr reeer eeeerer eereneent vt b berrererner il
Sbjct 75 AAAGARATATTTCCGGRACTCGGARGTGCAGAATGGARAGAGTGTITTCCAGCCCACTCA 134

Query 12462 ACCCRRATAACTGAGCATCCTITCCARAACCCTICGCIGATGAGAGGGGTIGACICICITITIC 12521

IIIIIIIIIIIII PRELRErerrrennr teeeer 1 1l IIlllI[IIII[I
Sbject 135 CCCAARATAACTGGTCATCCITCCAAACCCCCGCTGAGGARAGGGGGGACTCICITITIC 194

Query 12522 CAAACAGCATCIGCIGIGAGCACTICTACCICCGAAAAGAACTAGAAGCTGGGACTCARAA 12581

FEErrreerrerrreener vrerrenrenrrr veer rreer rrnreerrrernnnl
Sbjct 195 CARRCAGCATCIGCTGIGATCACTTICTACCTICCRARARARACTARARGCTGGGACTCARR 254

Query 12582 TAACTTICTIGTACAATAATGITCACAGCACTGICATITTACRATGITTGARAGGAGARARACC 12641

CETERERR Rt et e e et PR e e errinntl
Sbjct 255 TAACTTCTGTACAATAATGITCACAGCACTGTARTTTACAATGTTTGARAGGAGRRAACC 314

Query 12642 AACCAATGCCCAGGATGGATGAATGGGCATAGAGGTIGIGGTATGCACTIGIGCTAGAATAT 12701

FELTRIRRE R ettt il I]IIIIIIIIIIIII[ 11111
Sbject 315 ARCCAATGCCCAGGATGGATGAATGGGCATAAAGGTGGGGTATGCACTIGIGCTARAATAT 374

Query 12702 TTITCAGCATTITATGGATATTATTTAACCTTAATAARATTCAGAAACATCCCATAACATAA 12761

FELTRERRR R et e b e e e e el P rennntl
Sbjct 375 TTTCAGCATITATGGATATTATITAACCTTAATAARATTCARARAACATCCCATAACATAR 434

Query 12762 TTTACCICGAAGATGTIIGIGICTIGAATCCAAATGARGTAARRCCAGTCAAATARGATAGCA 12821

PECERRRen e renn et e e e el rnnnnl
Sbjct 435 ITTACCICGAARATGITIGIGICIGAATCCAAATGAAGTARACCAGTCARATARARTAGCA 494

Query 12822 TATIGGITICTtcctcctcctcocctoctecctectttttttttctttttGAGACAGGGTITICTIC 12881

FRLLRERRE e e e e e e e e e e el berereennetl
Sbjct 495 TATGGTICTTCCICCTICCTCCTCCTICCTCCTITITITTITICTTITITGAAACAGGGTITICIC 554

Query 12882 TATGTAGCCCIGICCGIAGACCAGGCTGGICTAACTCIGCCICCAGAGTATTGGAATTAA 12941

FECErreerrerrrernl rerer et bbb teererrrnnnl
Sbjct 555 TATGTAGCCCIGICCGTARACCAGGCTGGICTARCTCTGCCICCARAGTATTIGGAATTAR 614

Query 12942 TIGGIGIGICICITITATAAGGCATCIGAAGIGITCGICAGIGAAGGTITIGGGGAGTIAGGAA 13001

IIIIIIIIIIIIIIIIIIIII|IlIIIIIIIIlIIIIII]IlIIIIIIIlllIIIIII[I
Sbjct 615 IGGIGIGICICITITATAAGGCATCIGAAGT GTGARGGTITGGGGAGTAGGAA 674

Query 13002 TGAGGIGGGAATGGIGITITACIGGGCCIGGGAAGAAGGARTGGGGAGTAACTATGAAAT 13061

FETEREER e e e e e et e e bt
Sbjct 675 TGAGGIGGGARTIGGIGITITACTGGGCCIGGGAAARRGGRATGGGGAGTAACTATGARAT 734

Query 13062 TGCTCCAGAGIGITAGCTIIGAGGTTGGAICTICCTACTAAGGACTGAATGCTAGGGCTGA 13121

PECEREE PR et e e e e e e el
Sejct 735 TGCTCCAAAGTIGITAGCTTGAGGTTGGATCTTICCTACTARGGACTGAATGCTAGGGCTGA 794

Query is the Target sequence (RIPK3 cko recombinated genomic DNA sequence), Subject is the result of sequenc-
ing.



Results of no. 2:

Query
Sbijct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query

Sbjct

15603
1011
15659
952
15715
g92
15773
832
15830
772
15889
712
15949
652
16009
592
16069
532
16129
472
16189
412
16249
352
16309
292

Effect of RIPK3 gene knockout on hematopoiesis in mice

AGTCAAGA-TCGIGAACTCGIGAGIGACCCC-AGCTIGTI-AGICAG-AGTIGIGGICACGAG

]IIIII]I PR LEE b e b b peniinenl |
AGICRAGATICG-GAATTCGIGARTARCCCCCAGCTGTIAATICAGRAGTGTIGGTICACRAC

CCTIGAGIGGGGCAA-GGGTG-GGGTCTTCCAGAGCGCAATCCARTTTITGGC-C-CCCTTT

PELEr reeenrer rener  rereeernr 0 ey rerr e o
CCTIGARTGGGGCARAGGGTGAAGGICTTICCARRAGGCARRCCARTTTTIGGCACACCCTTIT

CGGCGIGTA-GGARGRAGATATCCT-GGGAGGTGAAGGCTATGGTITARTCTITCGTARTIGA

Per reeer errrreeeerrr e e eb o rerer o rererrerrrerer el
CGGIGIGTAAGGAAGAAGATATCCTTGGAAGATGAACGACTATGGTITAATCTITAGTARAGA

GAA-CGITCIGCTICCIG-CIGGGGGTICACTGAGGACCTCCAGTIGGGACTICGIGICC-GG

A T N N .
GARACATTTTGCTACTGGITGGGGGTCAATGAGGACCTCCAGAGAAATTTCGTATCCAGA

GCA-GGCTCIGGTIGACAAGATTCATGGAGAATGGCTCCCTCGCAGGGCTGCTGCAACCCG

LEE b neerrnerrerrnee e reeren e veneerbrr rener teerrnetl
GCAGGGATCIGGTGACAAGATTCRAGGAGRATGGTITCCCTCGCRAGGCTGATGCARCCCE

AGTIGCCCICGGCCCTGGCCACTCCICIGICGCCTGCTGCAGGRAGTGGTIGCTGGGGATGT

PELLEL DLRREnen e 1ot IIII]IIIIIIIIIIII!IIIIIIII
AGTGCCATCGGCCCTIGGCCACTCTTATGTCGCTIGCTGCAGGAAGTGGTGCTGGGGATGT

GCTACCTACACAGCTTGAACCCICCGCTCCTGCACCGGGACCTCARGCCCTCTAACATTIC

PRErerrrr e et bere e e e e i rnrtl
GCTACCTACACAGCTTIGARACCATCCGCTICCTIGCACCGGGACCTCARAGCCCICTARACATTA

TGCTGGATCCAGAGCTCCACGCCARAGGTTAGTCCATCTACAACCTAGTIGTAGACTTIGGGA

TELLELRR R e e e bt e b e bbb e nernnnl
TGCIGGATCCAGAGCTCCACGCCAAGGTTAGICCATCTACAACCTAGTIGTAGACTTGGGA

CCRAIGITGAGTACCIGICCCICIGAATACAAGACTACACACATGACRAGACCCAACTAGE

PEEERRERE R e e e e e e e e i e e e e erernrinl
CCATGITGAGTACCTIGICCCICIGRATACARGACTACACRCATGACRAGRACCCARCTAGG

AGTITTTATTICTAGICATACCAGGTIGACCCTCCTTACCAGACGCCCTICTTAACCCCCIG

PR e e e e e e e b e e et erinnl
AGTITTITATTICTAGTICATACCAGGTGACCCTICCTITACCAGACGCCCTICTITAACCCCCTIG

GCTCAGITCCACAGGCCTAATGCACCCTCACGGACCCAGTCGACGAATTCCTGCAGCCCA

]III|I1I|IIIII|IIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIII
CAGTITCCACAGGCCTAATGCACCCTCACGGACCCAGTCGACGARTTCCTIGCAGCCCA

ATTCCGATICATATTCRATAACCCTTAATATARCTTICGTIATAATGTATGCTATACGRAGTT

PREERERRRE R et e e e e b i e et et
ATTCCGATCATATTICAATAARCCCTTARTATAACTICGTATAATGTATGCTATACGRAGTA

ATTAGGT 16315

1
ATTAGGT 286

15658
953
15714
g93
15772
833
15829
773
15888
713
15948
653
16008
593
lée0e8
533
16128
473
lelge
413
16248
353
le6308
293

Query is the Target sequence (RIPK3 cko recombinated genomic DNA sequence), Subject is the result of sequenc-

ing.



Results of no. 3:

Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Skjct
Query
Sbjct
Query
Skict
Query
Sbict

17755
779
17815
719
17874
659
17934
599
17994
539
18054
479
18114
419
18174
359
18234
299
18294
239
18354
179
18414
119
18474
59
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TTCCIGGARAATGTCCTIGAGAGGCAAGCACAGGACACATCAGTIGGGCCTGCCACACCAG

FELEERER TR e bbb e e bbb e bbbt
TTCCIGGARAATGTCCTIGAGAGGCAAGCACRAGGACRCATCAGTTGGGCCTIGCCACACCAG

CAAGG-ACATCTITCIGACCCCGIGGCTGGCACTCCTCAGATTICCACATACTTTACCCTIC

Peeer e e e e e e eerrr e et
CAAGGGACATCTICIGACCCCGIGGCTGGCACTCATCAGATTICCACATACTTTACCCTIC

AGRGGCACAACACCTGGGCCAGTCTITITACTGAGACTCCCGGTICCTCACCCCCARAGGART
PRERELRR R et e e bbbt
AGAGGCACAACACCTGGGCCAGTCTITITACTGAGACTCCCGGTICCTCACCCCCARAGGAAT

CAGGTGAGACACTGGCARGACTAGAGCACACCCTICTTACCCAGGAGRACTGCACGGTIGAT

FEELREER et e e e e e e e bbbttt
CAGGIGAGARCACTGGCAAGACTAGAGCACACCCTICTITACCCAGGAGRAACTGCACGETIGAT

GAGATTAGGCICITGAATAGAAAGCCTGAGAGCTICTGIGITGITIGCAGGGAGATGGAAG

PEERRERRE e er e e et e e e e e e et et e et
GAGATTAGGCTCTITGAATAGARAGCCTGAGAGCTCTGTGTITGTTTIGCAGGGAGATGGARG

ACACGGCACTCCTTIGGTATCCCTGGACCCCACCGAATCCAATGACAGGTACCCATTICTIC

PEEEerrrerrr bbb bbb bbbl
ACACGGCACTCCTITGGTATCCCTIGGACCCCACCGAATCCAATGACARGGTACCCATTICTTIC

ATTCICICTTGCICTCCCCGCTCAGCTCTCCCATCACCTTCCICCTCAGCACTTATCTAT
FELREEEREE et bt e e e e bbb e eninrnind
ATTCTICICTTGCTCTCCCCGCTCAGCTCTCCCATCACCTTCCTCCTCAGCACTTATCTAT

AGACATGAGTITACICIGGAGGTIGGGAAGGAATGACTAGAGATCATCTARCCCGATCIGCC

PEELEEER e e b e e e e el
AGRCATGAGITACTICIGGAGGIGGGAAGGARTGACTAGAGATCATCTARCCCGATCIGEC

TCGITTAAGACGAGGAACATGACRTCCACTAGGAGAGGATCCCACTGAGGTI CACRCARCE

II[I[IIIII]IIIII[IIIIIIII]]IIIIIIIIIIiIIIII||I|IIIIIII[[III|
TCGITTAAGACGAGGRACATGACATCCACTAGGAGAGGATCCCACTGAGGT CACACRACG

ARAGAAAGTCGGGATTIGGCTGACTITICCCAGCACAGAGTCTIGTGAGCCCCCACAGTTICC

FREEREre e e e e e e e e e et ettt
ARRGAAAGTCGGGATTIGGCTIGACTITTICCCAGCACAGAGTICIGTIGAGCCCCCACAGTICC

TITATTGATAAGCAAGTCCAGRAGGICTICCCATCARRGACACCCARACRGCAGAATTICCG

FEELREERr et rrnnil IIIIIIII1IIII[IIIIIIIIIII[IIIII
TTTATTGATAAGCAAGTCCAGAAGGTICTICCATCARAGACACCCARACAGCAGAATTCC

ARGTTCCTATTICTICTAGRRAGTATAGGRACTTCATCAGTCAGGTACATARTATAACTTICG

FELLEE PR b et e e bbb bbb e intninl
AAGTTICITATICICTAGRRAGTATAGGRACTTCATCAGTICAGGTACATARTATARCTITICG

17814
720
17873
660
17933
600
17993
540
18053
480
18113
420
18173
360
18233
300
18293
240
18353
180
18413
120
18473
60

TATAATGTATGCTATACGAAGTITATTAGGTIGGATCCCCCTCCACAGACTAAGACATC 18530

PEETREER e peee el r 11l
TATAATGTIATGCTATACGAAGTITATTAGGIGG-TCCCCCTCCACAGATTATGICAIC 4

Query is the Target sequence (RIPK3 cko recombinated genomic DNA sequence), Subject is the result of sequenc-

ing.



Results of no. 4:

Range 1: 1 to 674 Graphics Next Match Previous Match
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Score

1210 bits(655)

Expect Identities Gaps Strand
0.0 670/676(99%) 5/676(0%) Plus/Plus

Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbict
Query
Sbict
Query
Sbjct
Query

Sbjct

18542
1
18600
59
1g660
119
18720
17¢
18780
239
18840
299
18900
359
18960
419
19020
479
15080
539
19140
599
19200
659

GGGCTCAG-GAGATGA-ATGGCACTACTCTTTGAGCTTCTACAAGACTRAATTCTGAAGAG
LEE e e e e e ittt
GGG-TCAGCTAGA-GAGATGGCACTACTICTTTIGAGCTTCTACAAGACTAATTCIGAAGAG

GCRCAGCTCATACTIGGGACGCAGTAGCTAGCAGGTGRAGACCCTGCATTTGCATICCCCA

PEELEEER e e e et b e e e e e it iiirill
GCACAGCTCATACTGGGACGCAGTAGCTAGCAGGTIGAAGACCCTGCATTTGCATTICCCCA

GGGAGATCACAAGGTGTICGCTGCCCCTITICCCCAAAGTGCTIGTICAACTICATCITICIA

PELERERRER e e e e e e e e e e e e e e el
GGGAGATCACAAGGTGTCGCTGCCCCTTTICCCCARAGTGCTTIGTCAACTTCATCTTICTA

ACCICTGAACCCTICTCACCATCACCTICCTICCTTTCCTICTITAAAGGGCCACCGGCICICGT

PELLRLERE e b b e e bbb e e e et e e rnrninl
ACCTCTGAACCCTCTCACCATCACCTCCTCCTTTCCTCTTARAGGGCCACCGGCTCTICGT

CITCARCAACTGITCTIGAAGTGCAGATIGGGAACTACAACTCCTITGGTAGCACCACCAAG
PELERTRRE e et e e e e e e e b e e et et
CITCARCAARCTGITCIGAAGTGCAGATTIGGGAACTACAACTCCTITGGTAGCACCACCARG

AACTACTGCCTCAAGTTCGGCCARGTATGACCARGCACAGTTCGGCAGGGGTAGGGGCTG

TRLLREEE R e e i e e e bbb e el
AACTACTGCCTCAAGTTCGGCCARGTATGACCAAGCACAGTTCGGCAGGGGTAGGGGCTG

GCAGCCCTITCCACARAGTAGACTTCAGAGAATCACTGCARGAGCCTIGARGTIGIGCCATTICA

PETEREERE e e e b bbb e e e b el
GCAGCCCTTCCACARGTAGACTTCAGAGAATCACTGCAAGAGCCTGAAGTGTGCCATICA

GCGIGGCAATAARARGCACGTTTTAAGCAACCTGGACTGGCTAAGACAGTCCTTGCCACT

PEELEErr e e e et bbb et riininl
GCGIGGCARTARAARGCACGTITITAAGCAACCTGGACTIGGCTAAGACAGTICCTTIGCCACT

TCCTIGRAGCTCACAACATTCTIGTGAGGACAGTTGGACCTACACCCARACTGACTCTTGAC

IIIlIIIIIIIIIIIlIlIIIIIIIIIIIIIIIIIIII]I]IIIIIIIIIIII]IIIII
TCCTIGRAGCTICACAACATICTGTIGAGGACAGTTGGACCTACACCCARAACTGACTICTIGA

CCATCTICCTTARAGTCARTARACATAGCATGTTAACTGTIGAGAGAGTCTGAGGTIGTICART

PETERLEREr e e e e b e e b e e et nrnnld
CCATCTCCTTARAGTCARTARACATAGCATGTTAACTGIGAGACGAGTCTGAGGTIGTICART

CCAGGGCATCAGGGATGGACAGCCAGGAGCTGGCTACCCTIGGAgyoggggggTGAGGTGT

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIII]IIIIIIIIIIIIII]IIIIII
CCAGGGCATCAGGGATGGACAGCCAGGAGCTGGCTACCCTGGAGGGGGGGGETGAGGTIGT

GIGIGGGGGG-AGTIIG 19214

LEELEEEREL T1nn
GTGTGGGGGGGAGITG 674

18599
S8
18659
118
18719
178
18779
238
18839
298
18899
358
18959
418
19019
478
19079
538
19139
598
19199
658

Query is the Target sequence (RIPK3 cko recombinated genomic DNA sequence), Subject is the result of sequenc-

ing.



Results of no. 5:

Query
Sbijct
Query
Sbjct
Query
Sbjct
Query
Skbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbjct

22673
739
22733
679
22783
619
22853
559
22913
499
22973
439
23033
379
23093
319
23153
259
23213
199
23273
139
23333
79
23383
21
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CGCTIGCTACATCAGTIGCACCATGCCTACCTITGICAGAAGAGGGCACTATAGCCATIGGG

PEEERERRR e e e et e e e e e e e e et
CGCTIGCTACATCAGTGCACCATGCCTACCTTTGTCAGAAGAGGGCACTATAGCCATIGGG

ARATCAGTCAAGATTCICICGCGGGTACAGAAGTARACCGAGGAGCATTCGTIGGARAACG

PEEEREERE e e bbb bbb et iirngl
ARATCAGTCAAGATTCICICGCGGGTACAGAAGTARACCGAGGAGCATTCGTIGGARAACG

TGAATCAGARACTGGAGTAGITICTTGCAGCTGGAATGGGCTCAGGAGATGAATATGGARG

IIII1IIIIIIIIIIIIIIII|II|IIIIlII]IIII[IIIIIIIIIIIIIIIIIIIIII
TGAATCAGAACTGGAGTAGITICTTGCAGCIGGAATG CAGGAGATGAATATGGAAG

AATAGCACTCTAGACAGAGGARATATACATGCARGATAGCTAGGCCTARGCGGICAGGETIT

PELRRLRER R e e e bbb et
AATAGCACTCTAGACAGAGGARATATACATGCARGATAGCTAGGCCTARGCGETICAGGTT

GGTTCCACAGCCAAGARAGAGTCTATAGCAGAGAGCAGAGAAGGARAGCAACCAACTCIT

NN NN NNy
GGTTCCACAGCCAAGAAAGAGTCTATAGCAGAGAGCAGAGAAGGAARGCAACCAACTICIT

CCGGATGGATGICACAAAGTIGGCTCCTATIGITCTIGAGATACCTAGGTICCITAACCATAG

PELTRERER e e e bbb e el
CCGGATGGATGTICACAARAGTIGGCTCCTATIGITCIGAGATACCTAGGTCCTTAACCATAG

AGCCAGCTCICCTICGACCTIGIGITIGGAACCAACTCCAGCTACACAGATAGACTCCCCCA

PECERERRR Rt et b e bbbyl
AGCCAGCTCICCTICGACCTIGTIGITIGGAACCAACTCCAGCTACACAGATAGACTCCCCCA

CAGACTAGAGATAGGGGAGIGGTACACTITCTAAGTICTIGGCCTITIGCCCACAGITGGCAG

PELERERER R e b e i e e e e bl
CAGACTAGAGATAGGGGAGIGGTACACTTITCTARGTICIGGCCTITIGCCCACAGTTIGGCARG

CARACGCGGTATIGITCCIGIGIGGGAACGIGGTIGGGAGCGTACCACARGGCCCIGATIGG

Perrerrerrrreeereererreereereerrrereerrererrerreererrrinnend
CARACGCGGTATIGTITCCIGIGTIGGGARCGTGGTGGGAGCGTACCACARGGCCCTIGATGE

AGCGAGCATTGCGGGCCACGTITCCGGGAGGCTICTTAGCTCTICTIGCACTCACGCCGGAGGC

PECERERRR TR e e e bbbt e bbb e bbbl
AGCGAGCATTGCGGGCCACGTTCCGGGAGGCTCTTAGCTCTCTIGCACTCACGCCGGAGGC

TGGACACTGAGARARAGCACCAGGTCAGTAGGACCTAAGAGGCAGRARAGGGACAGCAGCT

PELERRRE R e e b bbb e e e bbbt
TGGACACTGAGARRARARGCACCAGGTCAGTAGGACCTAAGAGGCAGARAGGGACAGCAGCT

CAGAAAGAGCAGCTTICTITAGCACCTICTITICTAAGTGGCTICIGGGTAATTCATTITIGCCIT

PEEEREERE e et e e e ey 1l
CAGAAAGAGCAGCTTCITAGCACCTICTITCIARGIGGCTCIGGGTAATTICATTI-GCCT-

CCTCAAGTAT 23402

IIIIlII]II
CTICAAGTAT

22732
680
22792
620
22852
560
22912
500
22972
440
23032
380
23082
320
23152
260
23212
200
23272
140
23332
80
23382
22

Query is the Target sequence (RIPK3 cko recombinated genomic DNA sequence), Subject is the result of sequenc-

ing.



