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fig. S1. NEMP1 associated GWAS SNPs and human ovary HiC. (A) SNPs found near and within the NEMP1
locus are associated with reduced age at menopause. (i) SNP rs2277339 is found 300kb upstream of NEMP].
H3k27Ac (a classic enhancer mark), as well as DNase accessibility (open chromatin) are consistent with
rs2277339 acting as an enhancer region. (ii) SNP rs114352356 which lies within the NEMP1 locus is associated
with 3.6yrs earlier menopause. (B) Human ovary long range interaction (HiC) data using Hg19 reference genome
shows physical interactions between rs2277339 and NEMP1. Data processed and analysed by 3DIV: A 3D-genome
interaction viewer and database. Inset: Hg19 reference genome, snapshot from UCSC genome browser of area
boxed in grey.
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fig. S2. Nemp localization and antibody verification. (A) Nemp is expressed in both germline and somatic
cells in the Drosophila testes. WT Drosophila testis stained with anti-dNemp antibody (ii), early cyst cell
marker Traffic jam (Tj) (iii) and germ cell marker Vasa (iv). Hub of the testis is marked by an asterisk. Sche-
matic of larval testis depicted in (v). (B) dNemp is expressed on the nuclear envelope of germ cells in the
Drosophila testes. Larval testis stained for dNemp, LaminB and Vasa. Single germ cell nucleus viewed on the
right. (C) Validation of dNemp antibody, showing that dNemp is reduced in dNemp” null larval eye clones.
dNemp staining (green, i) is strongly reduced in dNemp™ null larval eye clones. Lack of RFP marks mutant
tissue (yellow arrowhead). (D) Further validation of dNemp antibody specificity and effectiveness of the knock-
down. Reduction in dNemp protein levels (i) in the anterior of a larval wing disc expressing enGal4>dNemp
RNAI. Dotted line denotes anterior/posterior boundary of the wing. dNemp is reduced in the enGal4 expressing
half of the eye. (E) Expression of dNemp in WT prepupal Drosophila ovary showing expression in both
somatic and germline cells. Ovary stained with anti-dNemp antibody (ii), Tj, which is expressed by somatic
cells contacting the germline cells (iii), and germ cell marker Vasa (iv). dNemp is ubiquitously expressed.
Schematic of prepupal ovary depicted in (v). (F) Magnification of (E). TF, terminal filament (red). Arrowheads
point to escort cells (Esc, light green), cap cells (Cc, dark green), germline stem cells (GSC, dark blue), and
differentiating germ cells (dGC, light blue).
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fig. S3. Generation of dNemp” null alleles and defects in Drosophila testes. (A) Genetic strategy to generate a dNemp™ null
mutant through ends-out recombination. (i-iv) Single flies were tested with PCR for absence of the coding region of dNemp and
the correct placement of the white gene replacing the dNemp codons, followed by sequencing validation. (B) Sperm exhaustion
of dNemp™ males rescued with fubulinGal4 driven-dNemp or -hNEMP]1 that eclosed on Day 1 or on subsequent days (Day 2-7).
Single males were mated to three WT females for three days beginning on the day of their eclosure for dNemp™; dNemp rescue
(n=7) and dNemp™-; ANEMP] rescue (n=6) for day 1 eclosure and for dNemp™”; dNemp rescue (n=41) and for dNemp” ;hNEMP1
rescue (n=26) for days 2-7 eclosure. ANEMP] rescue flies eclosing on days 2-7 were significantly less fertile than dNemp rescue
flies. (C-D) Knockdown of dNemp in cyst cells leads to NE defects. Adult testes stained with Tj (red, i), Ote (green, ii) and
LaminB (blue, iii). By comparison to 7j-Gal4 control (C), Tj-Gal4>dNemp RNAI testes display a mislocalization of Otefin while
LaminB is largely unaffected (yellow arrowheads) in cyst cells (D). (E-H) Immunostaining for Vasa demonstrating presence of
early germ cells (i), DE-cadherin (E-cad) showing loss of cyst cell integrity (ii), and Eyes absent (Eya) revealing normal transi-
tion to cyst cell fate (iii) at low (E, G) and high (F, H) magnification in WT (E, F) and dNemp™ (G, H) testes.
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fig. S4. Characterization of testis defects in dNemp mutants. (A-B) WT (A) and dNemp™ (B) larval testes show-
ing cyst stem cells are present in mutants as indicated by Zfh-1 (yellow arrowheads). Region including stem cells
are marked by dotted line. Cyst cells go through normal fate transitions as indicated by attaining Tj expression.
(C-D) In WT, germ cells are organized and Tj cells transition into Eya cells. In dNemp™- testes, Tj cells still differen-
tiate into Eya cells indicating normal fate progression in cyst cell differentiation. (E-G) Larval testes of WT (E) and
dNemp” mutants (F) stained with proliferation marker EdU (i) and Arm (ii). (G) Corresponding EAU counts show-
ing reduction of proliferation in dNemp” mutant larval testes. (H-I) The germline factor Bag-of-marbles (Bam) can
be seen as a continuous band in the apical region of WT testes (H), however, it is only detected in a few clusters of
cells (yellow arrowheads) in dNemp™- testes (I). (J-K) Phase contrast images of developing male germ cells: (i)
spermatogonia, (ii) early spermatocytes, (iii) late spermatocytes, (iv) spermatids, and (v) elongated spermatids from
(J) WT and (K) dNemp™- mutants.
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fig. SS. Characterization of gonadal defects in dNemp mutants. (A-B) The number of germline cells is strongly
reduced in the dNemp™ ovary compared to control. WT (A) and dNemp™ (B) ovaries stained with Vasa, Tj, and
Huli-tai-shao (Hts) which marks spectrosomes/fusomes (pink arrows), an organelle of germline cells. Arrowheads
point to disintegrating Vasa staining, indicative of germline cell death. (C) Schematic of adult germarium showing
germline cells (blue) and surrounding somatic cell types. Ovaries from WT (D) and dNemp”- mutants (E-F), show-
ing loss of germ cells in the adult. Ovaries are stained for Tj, a marker for somatic cells contacting germline cells,
the germline marker Vasa and LaminC. Germline cells are either missing (E) or reduced to very few remaining ones
(F, arrow heads) in dNemp™” mutant ovaries. Ov, ovariole, Gm, germarium, Fl, follicle. (G) Larval testis stained for
nuclear pore protein, Nup98 (i), along with Tj and VASA in dNemp mutant testes. Asterisk marks the hub. The NE
of early cyst cells appear intact, while occasional later cysts lack Nup98. (H-I) Nup214 (i), along with Vasa and
LaminC in (H) WT and (I) dNemp™" testes show lack of Nup and increase of LaminC staining in late stage cysts.
(J-K) LaminB (i) and Vasa (ii) staining of (J) WT and (F) dNemp™ larval testes.
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fig. S6. Generation and characterization of Zebrafish Nemp mutants. CRISPR targeting strategy to generate
loss-of-function alleles of (A) zNemp1 and (B) zNemp?2. Quantitative RT-PCR of (C) zNemp1 in zNemp1hsc98
mutants and of (D) zNemp2 in zNemp2hsc100 mutants showing the reduction in transcript compared to wildtype.
(E-H) zNemp 1hsc98;zNemp2hsc100 double homozygous mutants do not display any overt embryonic (E, G) or
adult (F, H) phenotypes compared to zNemp1hsc98/+;zNemp2hsc100/+ double heterozygous siblings. Photo
Credit: Curtis Boswell, University of Toronto. (I-J) Whole mount RNA in sifu hybridization of ovaries probed
against D. rerio (I) zNempI and (J) zNemp2 shows predominant expression within stage Ia and Ib oocytes. (K-L”)
Lateral images of freshly-dissected (K-L) and Vasa-probed (K’-L") ovaries from zNemp 1 hsc98;zNemp2hsc100
double mutants compared to zNemp1hsc98/+;zNemp2hsc100/+ double heterozygous siblings showing a severe
reduction in Vasa+ signal.
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fig. S7. Nemp interacts with Emerin. (A) ANEMP] and -2 gene organization with arrows pointing to respective sgRNAs
targets. Alignment of ANEMP] and -2 knockout clones compared to WT counterparts. The PAM sequence for the sgRNA is
underlined in the WT sequence. ANEMP1 clones #3-5 and #3-7 each contain different mutations in each allele, both are
shown. AINEMP1 + 2 clone #2-1 contains 2 different mutations, but each result in a similar 10bp deletion. (B) HEK293 cells
stably expressing either ANEMP1-BirA*-Flag or BirA*-Flag and transfected with EMD-GFP (i), LAP2[3-GFP (ii) and
subjected to GFP pull down followed by western blot using antibodies against Flag (top) or GFP (bottom). (C) HEK293 cells
transiently transfected with or without ANEMP1-GFP and subjected to GFP pull down followed by western blot using
antibodies against endogenous LaminB (top) or GFP (bottom). (D) Drosophila Kc cells transiently transfected with HA-
tagged dNemp either alone or with Flag-tagged Otefin (Ote) were subjected to Flag pulldown followed by western blot
against antibodies to HA (top) or Ote (bottom). dNemp and Ote form a complex. (E) Phase contrast images of dNemp*'*,
dNemp™ , dNemp™ and ote” (0te®?7?5/B27%G) adult ovaries. (F-G) Vasa germ cell marker in the germarial regions of (i) ote”
(0te®?7°9/8279G in (F) and ote™®527°¢ in (G)) and (ii) dNemp™*; ote’" adult ovaries. (iii) Quantification of Vasa+ cells from ote™
and dNemp™*; ote”- ovaries. Note loss of Vasa+ cells in ote” mutants lacking a single copy of dNemp. (H-I) Immunoblot of
SHP77 cells treated with sihLBR show a marked decrease in LBR protein in (H). GAPDH used as loading control. Apparent
Young’s Modulus of SHP77 cell nuclei treated with siControl and sihLBR in (I).
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fig. S8. Generation and analysis of mNempl mutant mice. (A-B) Immunofluorescence of WT (A) and
NEMPI1/2KO (B) SHP77 cells transfected with GFP-LMNA. (C) In situ hybridization of secondary follicles in WT
mouse ovaries with mNemp1 (top) or mNemp?2 (bottom) probes. (D) RNAscope in situ hybridization of P21 WT
mouse ovary with a mNempI probe showing high levels of mNemp1 transcripts that progressively decrease with
oocyte development (upper left: primordial oocyte, lower right: antral oocyte). (E) CRISPR strategy and genotyping
method used to generate mNemp 7~ mice. (F) Comparative blood analysis of mNempl”- and mNempI**,*" showing
elevated counts of white blood cells (WBC) and lymphocytes (LY), and lower counts of red blood cells (RBC) accompanied
by lower levels of hemoglobin (Hb) and increased distribution width (RDW) that reflects the size distribution spread of red
blood cells (n=3 KO, 6 HET and WT (P4), n=4 KO, 5 HET and WT (P10)). (G) Follicle counts from 7 month-old ovaries
(n=6 WT, 5 HET and 8 KO). (H) Ovulation rates across mNempl genotypes at 4 weeks and 7 months (n=4 WT, 3
HET, 3 KO (4 weeks); n=7 WT, 6 HET, 13 KO (7 months)). (I) mNemp1 immunoblotting of mNemp1**+(WT),
mNemp1*" (HET) and mNemp 1’ (KO) mouse ovary lysates. (J) Immunostaining of ovaries showing NE localiza-
tion of mNemp]1 in primordial oocytes labeled with VASA. mNemp1 NE staining disappears in mNemp 1™ primor-
dial oocytes. Orange arrowheads mark the NE. (K) Immunostaining of germinal vesicles from mNemp I+ and
mNemp 1"~ mice. mNemp1 NE staining disappears in KO oocytes.



Table S1: BiolD results for ANEMP1-BirA*-Flag as bait with HEK lysate.

Prey Accession |PreyGene |Spectra |Spec Sum |Avg Spec |ctriICounts AvgP |MaxP (Fold BFDR

4507555|LAP2B 152|215 367 183.5(17]14|34|26|51|16|16|19]26|22|54|31]| 18|34 1 1 5.02 0
14149680|ESYT1 140|145 285 142.5(7|9|4]10]16|5|9]14]11|7|16]10|5]12 1 1 1121 0
4557553|EMD 117128 245 122.53|4|4/7]0|2|5|5|9|7|6|14|8|9 1 1 1429 0
264681410|LEMD3 110|119 229 114.5|5|5|4/3|0]2|6|3|2|0]0]2|0|7 1 1 2429 0
4557303|ALDH3A2  [84/80 164 82|4|4/|4/3|6|0|3|5|9|4{3|7|2|5 1 1 1435 0
115270970|CLCC1 64|94 158 79]2|0]0]5/3|2|0]0]0]0]0|0[0]0 1 1| 46.08 0
170763517| TACC1 68/83 151 75.5|414|7|5|10]3|3|4|3]0]3|0/4|0 1 1 13.91 0
102467484|SMPD4 76|71 147 73.5/0]0]0]0]0]0]0]0]0]0]0]0]0]0 1 1 735 0
19923790|RAB3GAP2 64|78 142 71]4|0]4/0]0]0]0}2|0]0]0]|0|3|2 1 1 3313 0
4758012|CLTC 59|76 135 67.5(19]24|18|15|3|5|14|11|0]0]0|0|0|0 1 1 4.46 0
146260268 SMCR8 59|73 132 66/0]0/0/0]0]0]0]0]|0|0]0]0]0]0 1 1 660 0
148664230| ANKLE2 60/68 128 64/0]0]0]0]0]2|0]3]0]0]0]2]0]2 1 1| 49.78 0
27477136|ZC3HAV1 61|67 128 64|714|15|11]|24|5|7|11|12]13|17|13|9]12 1 1 423 0
24430149|NUP155 62|56 118 59]4|7|0]10]0]0]2|3|3|0]0]0]0]0 1 1| 1424 0
21070997|STIM1 45|72 117 58.5/0]0]0]4/0]0]0]0]0]0]|0|0]0|0 1 1| 102.38 0
124378039|SEC16A 59|57 116 5815|2]2|30]5/0]2|0]2|0|0[0|0 1 1 1933 0
223029424(LSG1 51|65 116 5818|5]0|3|9|0[4|2|5]7|3|9|7|4 1 1 8.12 0
118498356|KTN1 56|55 111 55.5|6|0]0]0]0]5]0]0]0]0]|0|0]0|0 1 1| 3532 0
18079218|OSBPL8 50/56 106 53]6|7|0]10]4|2|6|7|6]0]0]5]|0|5 1 1 7.89 0
94721250 VAPA 46|58 104 52|3|2|3|3)3|4/3|0|8]0]5|4|6|6 1 1 10.11 0
223555917|MTDH 51|53 104 52]15|8|14(8|19]14]17|9|2|5|13|3|6]4 1 1 36 0
5032093|SLC1A5 69|33 102 5115|4|6]11|6]|0]7|8|4|3|7|2|7|14 1 1 6.87 0
31542661| TMEM57 52|41 93 46.5(0]0/0]0]0]0]0]O]|OJ0]0]0]0j0 1 1 465 0
155030244|VEZT 66|26 92 46/0]0]0]0]0]0|0]0]Oj0]0]0]0]0 1 1 460 0
171906582|CCDC47  |44|44 88 4410]0]0|0|6/0]3]0]|4|0|0]0|0|5 1 1 1711 0
17986258|MYL6 23|65 88 44113|718|6|7|7|5|7|2]2|0]0]2|0 0.98 1 5.6 0
23308697|SRPR 41146 87 43.55|0/0]0]0]0]0]0|3|0|0]2|0|5 1 1 20.3 0
38679909| TEX2 4244 86 43]0]0]0]0]0]0]0]0]Oj0]0]0]0]0 1 1 430 0
289547212|RAB3GAP1 [31]|55 86 43/0]0]0]0]0}3|0]0]2|0J2|0]0]0 1 1 43 0
29789403|PDZD8 36[48 84 42|0]0]0]0]0]0|2]0]0|0]0]0]0]0 1 1 147 0
389886539| TOR1AIP1  [41]40 81 40.5(0]0/0]0]0|2]0]2|0|0|0|3|3]4 1 1 2025 0
19920317|CKAP4 34|47 81 40.5(13]5|0]11]5/13]10]7|2|0]0]0|23 1 1 443 0
93277076|CDKAL1 40/40 80 40(0]0]0|0|0]0]0]O]Oj0j0]0]0j0 1 1 400 0
194440707|VRK2 36[44 80 40(0]0]0]0]0]0]0]O]Oj0]0]0]0]0 1 1 400 0
122891870|MIA3 38J40 78 39]0]0]0]0]0]0[0]0]0]0]0j0j0]0 1 1 390 0
5031877|LMNB1 3543 78 39]12|7]0|7|716|8|3|0]0]0|3|3|0 1 1 5.46 0
4506289|PTPN1 38|39 77 38.5|3|2|0]0|0|3|4|0]4|3|2|4|2|4 1 1 10.78 0
5730120|YKT6 39|38 77 38.5/2|0]0]2|2|0]5|3|12/8|6]10]6]0 1 1 5.39 0
45387945|ESYT2 37|39 76 38/3|0]0]0]0]0]2|3|0]0]0]|03|0 1 1 2418 0
22749415|STT3A 59|17 76 38|4/6]0]4/5|0|5|6|3]0]0|0[0|3 1 1 8.06 0




112382212|SEC24B  [34]40 74 37/0]0/0]0[0]0]0]0|0]0]2/0]0j0 1 1| 1205 0
4759302|VAPB 31|42 73 36.5[4/410/00/3/3|3|9]2/0/03}4 1 1| 852 0
24307965|UBXN4 33/40 73 36.5(0]0]0]0]0]2/0]0]210]0[0j0}4 1 1| 31.04 0
164419743|DDX54 34|35 69 34.5(2/413]10]8/4{10]7|0]0[2|20/3 1 1| 525 0
148536853|COPA 32|35 67 33.5(0]0/10]3/6/0]0}4]0]0[2/0]2/2 1 1| 809 0
19923599|CLMN 28|39 67 33.5(6/5/0/0/8|7|11|42/2/8/6]3]0 1 1 46 0
291621647|PGRMC2 31|34 65 32.5(3/418]10]5/2/6|4]7|7|9/6]6|7 1 1| 421 0
42716287|WDR41 23(41 64 32{0]0/4/0/0]0]0|3|4]3]2/4|0[0 1 1| 112 0
21264365|NUP98 3526 61 30.5(5/410[7]5/3/413|210/4]0]0]2 1 1| 667 0
217330568|EHBP1 36|25 61 30.5[4/6/315/913|718]5/3/715/6]3 1 1| 445 0
9966881|NUP107  [34]25 59 29.5|7]0[3]12|14}4{7|3|4]0]2]2]3]2 0.95 1| 405 0
8923936|USE1 3523 58 29]00]0/0]0]0]0]0]0[0]0]0[0j0 1 1 290 0
22095331|KIAA0090  |24]33 57 28.5|0]0]0]0[0]0]2]2/0]0]0]0[0j0 1 1| 4988 0
271398350/ TMEM48 2829 57 28.5|0]0/0]3/0]0]0]0|0]0]0|0[0j0 1 1| 665 0
115430112|REEP5 497 56 28]0/0]0]0]0|0]0]0]0[0]0]0[0j0 1 1 280 0
149999378|INF2 27|26 53 26.5|20/0/410]2/3/2(0/0]2/0]0j0 1 1| 1237 0
4505773|PHB 28|25 53 26.5|8]4/8/10]7]8|11|5/4]2/8/4]4]3 0.98 1| 309 0
30089940|GOLGA3 28|24 52 26/0/0]0/0]0]0]0]0]0|0]0]0[0j0 1 1 260 0
11024714|UBB 26|26 52 26]014]10]9/3]3/4/410/0]0]0[0j0 1 1| 492 0
10716563[CANX 22|29 51 25.5|9]6/0]14]0]0/6/8/2/0]0]0[2|0 089 099 38 001
31712030/ AUP1 21|29 50 25/0/0]0]0]0]0]0]0]0[0]0]0[0j0 1 1 250 0
347658920|STX5 23(27 50 25/0/0]0/0]0]0]0]0]0]2]0]0[0j0 1 1| 875 0
20373171|VANGL1 2327 50 25|012]0/41015]3/3/0[0]0]0[3|4 1 1| 7.29 0
21735575|JPH1 25/24 49 24.5|0]0/0/0[0]0]2/0/0]0]0]0[0]2 1 1| 4288 0
365906244 C9orf72 2523 48 24]010]0/0]0]0]0]0]0[0]0]0[0j0 1 1 240 0
388240768|RTN3 1236 48 24]010]0/0]0]0]0]0]0[0]0]0[0j0 1 1 240 0
14591924[SEC23B  [23/25 48 24]0016/0/5/0]0]2/3]0]2/3/0[2 1 1 73 0
118918403|SYNE2 24|19 43 21.5|0]2/0/0/0]0]0]0|0|0]0]0[0j0 1 1| 7525 0
6005824|SEC23IP 2221 43 21.5|3]5/5/5/3|2/2/3/6|4]4/3/4]4 1 1| 456 0
134152683| TMEM214  [16]25 41 20.5|0]0/0]0]0]0]0]0|0]0]0]0[0j0 1 1 205 0
281182822|STIM2 15/26 41 20.5|0]0]0]0[0]0]0]0|0]0]0]0[0j0 1 1 205 0
5031873|LMAN1 1327 40 20]0/0]0/0]0]0]0]0|0[0]0]0[0j0 1 1 200 0
52630440|FKBP8 20[20 40 20|00]0]2/0]0]0]0|0[0]0]0[0j0 1 1 70 0
42794752|ACSL3 22|18 40 20|412]0/410/0]0}4{3(0]0]2]2]2 1 1| 667 0
13027602|DDRGK1 ~ |14]24 38 19]0]2/0]0]0]0[0]0]0]0[0]0]0]0 1 1| 665 0
16445412[TRIM13  [21]16 37 18.50/0]0]0]0]0|0]0]0]0[0]0]0]0 1 1 185 0
4503977|STBD1 1423 37 18.50/0]0]0]0]0|0]0]0[0[0]0]0]0 1 1 185 0
27436946|LMNA 1126 37 18.5|7|0/0]0]0|0]6]0]0]0[0]0]0]0 0.95 1| 996 0
19923592[0SBPL11  [21]14 35 17.50/0]0]0]0|0]0]0]0[0[0]0]0]0 1 1 175 0
42516565|USP33 8|27 35 17.50/0]0]0]0|0|0]0]0]0[0]0]0]0 1 1 175 0
213511012|BCAP31  |15)20 35 17.5012/0]0]0]0]0]0]0]2/0]0]0]0 1 1| 3062 0
15826852|ACBD3 15|19 34 17(0/0/0]0]0]0|0]0|3]2/0]2/0]0 1 1 17 0
193211614|NSDHL 12122 34 17(0]2/0}4/3/0[0]2/0]0[0]0]2]0 1 1| 915 0




56786157|ATF6 1716 33 16.5/0/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 165 0
50959205|ADCY9 1221 33 16.5/0/0]0]0]0|0|0]0]0]0[0]0]0]0 1 1 165 0
11761624|ST7 13]19 32 160/0]0]0]0]0[0]0]0]0[0]0]0]0 1 1 160 0
33383241|PKMYT1 2012 32 160/0/0]0]0]0|00]0]0[0]0]0|0 1 1 160 0
38202214|SEC23A  |19]13 32 16/3/0/0}4/0]0[0]0}4]0[0]2/0]0 1 1| 862 0
12962937 AAAS 1516 31 15.50/0]0]0]0|0|0]0]0]0[0]0]0]0 1 1 155 0

148612863| TRPM7 17)14 31 15.50/0]0]0]0|0]0]0]0]0[0]0]0]0 1 1 155 0
24797106|FAF2 12]19 31 15.52|2/0]0/0|03]3/0]0[0]0]0]0 1 1| 1085 0
40254924|LRRC59  [12/18 30 150/0/0]0]0]0[0]0]0]0[0]0]0]0 1 1 150 0
37577122|UBE2J1 1218 30 150/0/0]0]0]0|0]0]0]0[0]0]0|0 1 1 150 0
26051278|POM 121 |11]18 29 14.5)0/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 145 0

6005872|SEC63 16/13 29 14.5)0/0]0]0]0]0|0]0|3]0[2/0]0]0 1 1| 203 0

134304838|EIF2AK3  [13]15 28 14/0/0]0]0]0]0[0]0]0]0[0]0]0]0 1 1 140 0

7661910/ TTC35 9119 28 14/0/0/0]0]0]0|0]0]0]0[0]0]0|O 1 1 140 0

118918395|FNDC3A  [13[14 27 13.50/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 135 0

66348165 TMEM209  |15]12 27 13.50/0]0]0]0|0|0]0]0]0[0]0]0]0 1 1 135 0
4502559|CAMLG  [17]10 27 13.50/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 135 0
10863935(RTN1 1215 27 13.52|2/0]0/0]0|0]0]0]0[0]0]2/0 1 1| 1575 0

187761307|HMOX2  [13]13 26 13(0/0]0]0]0]0[0]0]0]0[0]0]0]0 1 1 130 0

209969686|GRAMD1A |17]9 26 13(0/0/0]0]0]0|0]0]0]0[0]0]0|0 1 1 130 0
40254434|PDE3B 1411 25 12.5/0/0]0]0]0]0|0]0]0[0[0]0]0]0 1 1 125 0
62955805|VANGL2  |9]16 25 12.5/0/0]0]0]0]0|0]0]0]0[0]0]0]0 1 1 125 0

380837121|SEC22B  |14]11 25 12.5/2|0]0]0]0]0|0]2/0]0[0]0]0]0 1 1| 2188 0
33469966/SCFD1 1015 25 12.5/2|210]0]0]0|0]0]0]0[0]0]0]0 1 1| 2188 0
20336290|DHX30 1213 25 12.5|5/410]2/2/0]0]3/0]0[0]0]0]0 0.99 1| 547 0
21450775|TOR1AIP2  |519 24 12]2/0/0]0]0]0|0]0]0]0[0]0]0|0 0.99 1 42 0

195976805|HYOU1 8|16 24 120/0J0}4/0]0[0]3]0]0[0]0]0]0 0.97 1 12 0
48255945| ATP2B1 1311 24 12|6/2/0}4/0]0|3]5/0/0|0|0]0|O 094 o097 42 0
15011918[ATP6AP2  [9]14 23 11.50/0]0]0]0]0|0]0]0[0[0]0]0]O 1 1 115 0
62899047|RINT1 14)9 23 11.50/0/0]0]0|0|0]0]0]0[0]0]0]0 1 1 115 0

5729875|PGRMC1  |14]9 23 11.50/0]0]2/0]0]0]0]0[0[0]0]0]0 1 1| 4025 0

116805348| TNRC6A  [20]3 23 11.50/0/0]0]0|0|0]0]0]0[0]0]0]0 1 1 115 0

195539395|PSMC6 15|7 22 11(0/0J0]3/4/3]0]2/0]0[0]0]0]O 0.93 1| 642 001

284795266|SRPRB 1011 21 10.5012]4/3/3|2/0]5/2/0/0|0]0]0 094 o097 35 0
20149629|DDX47 129 21 10.5/3(0]0]3/3/3|3]3/4]2/0]0]0]2 082 099 334 o001

116534898|DSG2 10]10 20 10{0/0/0]0]0]0|3]3[2/4{2|2/3|3 094 094 35 0
56605994|CISD2 9110 19 9.5/0]0/0]0|0]0]0]0|0]0]0]0[0j0 1 1 9% 0
18104980(PTPN2 118 19 9.5/0]0/0/0|0]0]0]0]0|0]0]0[0j0 1 1 9% 0
22748979| TMEM199  [11]8 19 9.5/0]0/0]0|0]0]0]0|0]0]0]0[0j0 1 1 9% 0

110227866|SUN 1 613 19 9.5/0]0/0/0|0]0]0]0]0|0]0]0[0j0 1 1 9% 0

4507751|TYMS 99 18 9]0/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 <) 0
5453704|ARL6IP5  [8[10 18 9]0/0/0]0/0]0]0]0]0]0[0]0]0]0 1 1 <) 0
21361912|DNAJCT 7)1 18 9]0/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 <) 0




70995211|ECH1 108 18 9]2/0/0]0]0]0]0]0]0|0[0]0]0]0 1 1| 315 0
299758394|DNM2 810 18 9]2/4/5/0/0/0|3]0|0]0[0]2/0]0 089| 096 39| 001
11321607|TRIP13 108 18 9]0/0]0}5/0]0}4]2/4]0[0]0]0]0 0.86| 0.92 42| 001
189181742|ATL1 8|9 17 8.5/0]0/0/0/0]0]0]0]0|0]0]0[0j0 1 1 85 0
50726981| TYW1 98 17 8.5/0]0]0]0/0]0]0]0|0]0]0]0[0j0 1 1 85 0
8923857|TMEM 111|710 17 8.5/0]0/0/0/0]0]0]0]0|0]0]0[0j0 1 1 85 0
224465202|SNAP47  |6]11 17 8.5/0]0]0]0/0]0]0]0|0]0]0]0[0j0 1 1 85 0
11559929| COPG1 6|11 17 8.5/310|0/0/0]0]0]2/0]0]0]0|0j0 0.97 1| 119 0
4757766|ARHGAP1  |7]9 16 80/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 80 0
22749197|MOSPD2 9|7 16 80/0/0]0]0]0]0]0]0]0[0]0]0]0 1 1 80 0
388240801|LMNB2 115 16 80/0]0]0]0]0]0]0]0[0[0]0]0]0 1 1 80 0
150456424| TMEM 131 |5[11 16 80/0/0]0]0]0]0]0]0]0[0]0]0]0 1 1 80 0
171846268| TSFM 610 16 80/0]0}4/0]0]0]2/0]0[0]0]0]0 094 o098 933 0
190014623|DIS3 610 16 80/0]0]0|7/0]0]2/0]0[0]0]0]0 088| 094 622 001
20070197|DDOST ~ |6]10 16 8]31210/3/0]0]0]2/4]0[0]0]0]0 0.82 1 4 001
P02769 ALB 718 15 7.5/0]0/0]0|0]0]0]0]0|0]0]0[0j0 1 1 75 0
21362050|CCDC115  |7|8 15 7.5/0]0]0]0]0]0]0]0|0]0]0]0[0j0 1 1 75 0
16306580[KDM2A  [718 15 7.5/0]0/0]0|0]0]0]0]0|0]0]0[0j0 1 1 75 0
38176151|KIAA1715  [10[5 15 7.5/0]0]0]0]0]0]0]0|0]0]0]0[0j0 1 1 75 0
217416369 SAR1A 5[10 15 7.5/0]0/0]0|0]0]0]0]0|0]0]0[0j0 1 1 75 0
22748641|CHMP7  |7|8 15 7.5/20]0]0]0]0]0]0]0]0]0]0[0j0 1 1| 2625 0
4506651|RPL36AL  |7]8 15 7.5/0]0/0]0|0]0]0]0[3]0]0]0|5]0 091| o092 656 001
4759344|ZW10 8|6 14 7]2/010]0]410]0]0]0]0[0]0]0]O 093| 09| 817 001
19743813(ITGB1 6|7 13 6.5/0]0/0]0/0]0]0]0|0|0]0]0[0j0 1 1 65 0
262399371|TMEM201 |67 13 6.5/0]0]0]0]0]0]0]0|0]0]0]0[0j0 1 1 65 0
20357547|ATP6VIF  |8|5 13 6.5/0]0/0]0/0]0]0]0|0|0]0]0[0j0 1 1 65 0
17136148|ATP6AP1  [4]9 13 6.5/0]0]0]0]0]0]0]0|0]0]0]0[0j0 1 1 65 0
27735037|MMGT1 4|9 13 6.5/0]0/0]0/0]0]0]0|0|0]0]0[0j0 1 1 65 0
16905520{GOSR2 3110 13 6.5/0]0]0]0]0]0]0]0|0]0]0]0[0j0 1 1 65 0
56549129| MXRA7 716 13 6.5/0]0/0]0/0]0]0]0|3/0]0]0[0j0 097| o098 1517 0
4506399|RAE1 716 13 6.5/0]0]0]0/3]0]0]0|0]0]0]0[0j0 097| o098 1517 0
154240706|C190rf25  |6]6 12 60/0/0]0]0]0]0]0]0]0[0]0]0]0 1 1 60 0
21359965|CLPTM1L  |5]7 12 60/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 60 0
62751417|RABL3 715 12 60/0/0]0]0]0]0]0]0]0[0]0]0]0 1 1 60 0
20631977|ATF6B 8|4 12 60/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 60 0
41393547|NBAS 48 12 60/0/0]0]0]0]0]0]0]0[0]0]0]0 1 1 60 0
31982936/ SGPL1 48 12 60/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 60 0
4507879|VDAC 1 6/6 12 60/0/0]0]0]0]0]0]0]0[0]0|3]0 097| 097 14 0
13376259|NUP85 715 12 62/310]0]0]2/0]2/0]0[0]0]0]0 09| o098 467 o001
5031741|DNAJA2  [4]8 12 601210/3/0/0]0]0]0]0[0]0]0]0 09| 098 84| 001
4502897|CLPTM1  [6]5 11 5.5/0]0]0]0|0]0]0]0|0]0]0]0[0j0 1 1 55 0
8394376|STX18 56 11 5.5/0]0]0]0|0]0]0]0]0|0]0]0[0j0 1 1 55 0
109689720/ ACBD5 47 11 5.5/0]0]0]0|0]0]0]0|0]0]0]0[0j0 1 1 55 0




5174615|COX4NB 7|4 11 5.5/0]0]0]0|0]0]0]0|0]0]0]0[0j0 1 1 55 0
21362092|AGPATY |83 11 5.5/0]0]0]0|0]0]0]0]0|0]0]0[0j0 1 1 55 0
119943112|DHCR7  [6]5 11 5.5/0]0]0]0|0]0]2/0]0|0]0]0[0j0 099 099 1925 0
256223453|DDX20 56 11 5.5|2]2/0/0/0]0]0]0|0|0]0]0|0j0 097| o098 962 0
33356547|MCM2 38 11 5.5/0]0]0]0]0]0]0]0[2/0]0]0|0j0 0.96 1| 1925 0
13375618|DHCR24  [5/5 10 50/0]0]0]0|0]0]0]0]0[0]0]0]0 1 1 50 0
4506685|RPS13 55 10 50/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 50 0
30348954|MIB1 46 10 50/0]0]0]0|0]0]0]0]0[0]0]0]0 1 1 50 0
188497714]TMCC3  [4]6 10 50/0]0]0]0]0]0]0]0|0[0]0]0]0 1 1 50 0
183396780|USP20 6|4 10 50/0]0]0]0|0]0]0]0]0[0]0]0]0 1 1 50 0
193083120] TOMM40  [5/5 10 50/0]0]0]0]0]0]0]2/0[0]0]0]0 098| o098 175 0
5454084|SPTLC1  [8]2 10 50/0]0]0]0|0]0]0]0]0[0]0]0]0 0.98 1 50 0
214829673|ARFGAP3  |4|6 10 50/0]0]0]0]0]0]0]0[2/0]0]2]0 094| o098 875 0
12597653[NT5DC2  [4/6 10 50/0]0}4/0/0]0]0]0|0[0]0]0]0 091| o095 875 001
21361787|TTC17 54 9 4.50/0]0]0]0|0]0]0]0[0[0]0]0]0 1 1 45 0
224994203|WFS1 45 9 4.50/0/0]0]0|0]0]0]0]0[0]0]0]0 1 1 45 0
254028232|MARK2  |4|5 9 4.50/0]2/0]0]0]0]0]0[0[0]0]0]0 097| o098 1575 0
30578410|STT3B 54 9 4.50/0/0]0]0]0|0]0]2/0[0]0]0]0 097| o098 1575 0
28557709|PRPSIL1 4|5 9 4.50/0]0}4/0]0]0]0]0|0[0]0]0]O 09| o092 788 o001
22547165|0SBPL9  |3/6 9 4.50/0/0]0]0]0|0]0]0]0[0]0]0|3 09| 097 105[ 001
23308607|HM 13 45 9 4.52|0]0]2/0]0]2]0]0]0[0]0]0]0 087| 093] 525 001
4557537|DRG2 54 9 4.52|0/0|3/0/0]0]0]0]0[0]0]0]0 086| 09 63| 001
28872792|CDK5RAP3 4|4 8 40/0/0]0]0]0|0]0]0]0[0]0]0]0 1 1 40 0
31542319|COPE 44 8 40/0/0]0|0]0|0]0]0]0[0]0]0|0 1 1 40 0
20149695|REEP4 44 8 40/0/0]0]0]0|0]0]0]0[0]0]0]0 1 1 40 0
374253823|SLC12A2  |4j4 8 40/0/0]0|0]0|0]0]0]0[0]0]0|0 1 1 40 0
56687498|DNAJC16 |53 8 40/0/0]0]0]0|0]0]0]0[0]0]0]0 1 1 40 0
67763814|GRAMD4  |3|5 8 40/0/0]0|0]0|0]0]0]0[0]0]0|0 1 1 40 0
342349354|RANBP6 |35 8 40/0/0]0]0]0|0]0]0]0[0]0]0]0 1 1 40 0
9966849|C120rf5 4|4 8 40/0/0]0|0]0|0]0]2/0[0]0]0|0 09| 09 14 0
24308324|FAR1 44 8 40/3/0]0]0]0|0]0]0]0[0]0]0]0 091| 091 933 o001
311893396|ATP5J2-PTC| 44 8 40/0/0}4/0/0|0]0]0]0[0]0]0|O 087| 087 71 001
5031699|FLOT1 3|4 7 3.5/0]0]0]0]0]0]0]0]0]0]0]0[0j0 1 1 35 0
11968182|RPS18 34 7 3.5/0]0]0]0|0]0]0]0]0|0]0]0[0j0 1 1 35 0
115430241|SCYL1 3|4 7 3.5/0]0]0]0]0]0]0]0]0]0]0]0[0j0 1 1 35 0
4758668|SPTLC2  [4]3 7 3.5/0]0]0]0|0]0]0]0]0|0]0]0[0j0 1 1 35 0
118344456|UTP18 43 7 3.5/0]0]0]0]0]0]0]0]0]0]0]0[0j0 1 1 35 0
41281768|CYB5A 52 7 3.5/0]0]0]0|0]0]0]0]0|0]0]0[0j0 0.98 1 35 0
15991827 |HK1 43 7 3.5/2]0]0]0]0]0]0]0|0]0]0]0[0j0 094| 09| 1225 0
154800487|ERLIN1 34 7 3.5/0]0/0/0|0]0]2/0]0|0]0]0[0]2 083 09 612 001
15100175{AGPAT1 (33 6 3/0/0]0]0]0]0]0]0]0[0[0]0]0]0 099 0.99 30 0
4506717|RPS29 313 6 3/0/0]0]0]0]0]0]0]0]0[0]0]0]0 099 099 30 0
205821170|ATP8B3  [3[2 5 2.5/0]0]0]0|0]0]0]0]0]0]0]0[0j0 098] 0.99 25 0
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Table S2: Flag-IP AP-MS results for ANEMP1-BirA*-Flag as bait with HEK lysate.

Prey Accession |PreyGene Spectra  |SpecSum |AvgSpec |ctriCounts |AvgP |MaxP |SaintScore |Fold |BFDR

NP_001737.1 CANX 101|96 197 98.5|5|15|19|16 1 1 1 7.16 0
NP_733765.1 ATP2A2 58|55 113 56.5(0]6/3|9 1 1 1| 12.56 0
NP_006316.1 RAN 39|36 75 37.5|2|4/1|7 1 1 1| 10.71 0
NP_000692.2 ATP1A1 33|28 61 30.5(0]14|2|9 0.96| 0.97 0.96| 4.88] 0.01
NP_000108.1 EMD 34|24 58 29|0]9|0|0 0.99 1 0.99| 12.89 0
NP_001124147.1 |CLGN 3414 48 2410]0]0]0 1 1 1 240 0
NP_938148.1 GANAB 22|25 47 23.5/0|6|0|6 0.99| 0.99 0.99| 7.83 0
NP_005906.2 MCM6 21|25 46 23|0|5/5|3 1 1 1 7.08 0
NP_079152.3 ADCK4 23|21 44 22|0]2|0|0 1 1 1 44 0
NP_008869.1 SNRPD1 20122 42 21/0|6|2|14 1 1 1 7 0
NP_057479.2 PTPLAD1 14|18 32 16]0[1]23 1 1 1| 10.67 0
NP_001106849.1 |FANCI 13|18 31 15.5|0[0]1|0 1 1 1 62 0
NP_006109.2 HAX1 17112 29 14.5|0[0]0|6 0.97| 0.98 0.97| 9.67[ 0.01
NP_004732.2 NOLC1 1217 29 14.5|0[4/1|5 0.98 1 0.98 58| 0.01
NP_060481.3 ARGLU1 17111 28 14|4/6|1|0 0.93| 0.99 0.93| 5.09] 0.01
NP_004362.2 COPA 10|16 26 13]0[0]2|5 0.96| 0.99 0.96| 743 0.01
NP_877577.1 MCM7 5|21 26 13]0[0J3|0 0.95 1 0.95| 17.33 0.01
NP_612510.1 TECR 14|12 26 13]0j4/0|0 0.99| 0.99 0.99 13 0
NP_061895.3 TMX3 15|11 26 13|0[5|1|0 0.97| 0.99 0.97| 867 0.01
NP_002379.3 MCM3 7|18 25 12.5|0[0|23 0.97 1 0.97 10 0.01
NP_005262.1 GLUD1 10|14 24 12|0[0J0|7 0.94| 0.96 0.94| 6.86] 0.01
NP_001531.1 HSPB1 13|11 24 12|0[0j0|0 1 1 1 120 0
NP_005397.1 ROCK1 5|18 23 11.5|0[0J2|0 0.98 1 0.98 23 0
NP_006787.2 AFG3L2 119 20 10{0[0j0|0 1 1 11 100 0
NP_002941.1 RPN1 7112 19 9.5(0/0j0J0 1 1 1 95 0
NP_036419.3 ACAP2 6|8 14 7(0]2|00 0.99 1 0.99 14 0
NP_065779.1 ESYT2 94 13 6.5(0/0|0J0 1 1 1 65 0
NP_068803.1 HIST1H4J |76 13 6.5(0/0[0J0 1 1 1 65 0
NP_001018146.1 |[NME1-NME2|8|5 13 6.5(0/0/2|0 0.98 1 0.98 13 0.01
NP_002873.1 RANBP1 6|7 13 6.5(0/0[0J0 1 1 1 65 0
NP_001020.2 RPS26 94 13 6.5(0/2|1|0 0.95 1 0.95| 867 0.01
NP_001021.1 RPS27 58 13 6.5(0/0[0J0 1 1 1 65 0
NP_680090.1 CTSB 8|4 12 6(0]0j0J0 1 1 1 60 0
NP_001002762.2 |DNAJB12 |7|5 12 6/01|0j2 0.98 1 0.98 8 0
NP_003396.1 YWHAH 6|6 12 6(0/0|0|3 0.94| 0.94 0.94 8| 0.01
NP_001168.1 ARL1 6|5 11 5.5(0]2|0|0 0.97| 0.98 0.97 11 0.01
NP_001035937.1 |ABHD12 6|4 10 5/0]0j0[0 1 1 1 50 0
NP_079095.3 DCAKD 5|5 10 5/0]j0j0|0 1 1 1 50 0
NP_006302.2 NCORH1 5|5 10 5/0]0|0j2 0.96| 0.96 0.96 10 0.01
NP_001129243.1 |RPN2 4|6 10 5/0]0]0j2 0.95| 0.98 0.95 10 0.01




NP_008854.2 SDF2 55 10 50/0]0]0 1 1 1| 50 0
NP_055472.1 TTH 6|4 10 50/0]0|0 1 1 1| 50 0
NP 9194152  [VAPA 6l4 10 50/0]0]0 1 1 1| 50 0
NP_004729.1 VAPB 46 10 50/0]0|0 1 1 1| 50 0
NP_066390.1 HIST1H2AE |5/4 9 4.52/0/00 094 09 0.94 9 001
NP_112092.1 APOL2 44 8 4|oj0j00 1 1 1| 40 0
NP_001015048.1 [BAG5 44 8 4|oj0j00 1 1 1| 40 0
NP_006081.1 CEPT1 44 8 4|oj0j00 1 1 1| 40 0
NP_001041675.1 [CLCC1 62 8 4|oj0j00 0.99 1 099 40 0
NP_004636.1 colL 44 8 4|oj0j00 1 1 1| 40 0
NP_112601.3 CPVL 26 8 4|oj0j00 0.99 1 099 40 0
NP_055577.1 DHCR24  [5)3 8 4|oj0j00 1 1 1| 40 0
NP_003850.1 DPM1 44 8 4|oj0j00 1 1 1| 40 0
NP_001120729.1 [SLC39A10 |6]2 8 4|oj0j00 0.99 1 099 40 0
NP_036451.3 SLC39A6  [3[5 8 4|oj0j00 1 1 1| 40 0
NP_001099000.1 [CAP1 43 7 3.500/0/0 1 1 1 35 0
NP_004453.3 FDFT1 3|4 7 3.500/0]0 1 1 1| 35 0
NP_000131.2 FECH 25 7 3.500/0/0 0.99 1 099 35 0
NP_783859.1 PTPMT1  [4]3 7 3.500/0]0 1 1 1| 35 0
NP_001252518.1 [RTN3 43 7 3.500/0/0 1 1 1 35 0
NP_620116.1 BAX 33 6 30[0j0[0 1 1 1| 30 0
NP_001127891.1 [cDC7 313 6 30/0j0}0 1 1 1| 30 0
NP_060886.1 FOXJ2 24 6 30[0j0[0 0.99 1 099 30 0
NP_002056.2 GLUL 24 6 30/0j0}0 0.99 1 099 30 0
NP_004209.2 RAB11B |42 6 30[0j0[0 0.99 1 099 30 0
NP_056174.2 SLC39A14 |42 6 30/0j0}0 0.99 1 099 30 0
NP 0558393  [xPO7 412 6 30[0j0[0 0.99 1 099 30 0
NP_110438.1 MRPS26 |32 5 2.5(0]0/0]0 0.98 1 098 25 0
NP_036614.1 ZNF281 23 5 2.5(0]0/0]0 0.98 1 098 25 0
NP_001153218.1 [ABR 22 4 2|0/0j0/0 097 o097 097 20 o001
NP_689956.2 BRAT1 22 4 2|0[0j0[0 097 o097 097 20 o001
NP_689474.1 C12orf23 |22 4 2|0/0j0/0 097 o097 097 20 o001
NP_115788.1 CcYSTM1 |22 4 2|0[0j0[0 097 o097 097 20 o001
NP_710154.1 IKBIP 22 4 2|0/0j0/0 097 o097 097 20 o001
NP_004765.2 MED1 22 4 2|0[0j0[0 097 o097 097 20 o001
NP_002860.2 RABGA 22 4 2|0/0j0/0 097 o097 097 20 o001
NP_001139526.1 [SNCA 22 4 2|0[0j0[0 097 o097 097 20 o001




SUPPLEMENTAL MATERIALS AND METHODS

CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for resources and reagents should be directed to and will be fulfilled
by the Lead Contact, Helen McNeill (mcneillh@wustl.edu) via applicable Lunenfeld-Tanenbaum

Research Institute or Washington University Material Transfer Agreements and/or licensing
agreements through the Office of Technology Management at the Lunenfeld-Tanenbaum Research
Institute or Washington University School of Medicine.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Mice

All mouse experiments performed in Toronto, Canada were done so in accordance with the Canadian
Council on Animal Care (CCAC) guidelines for Use of Animals in Research and Laboratory Animal
Care under protocol AUP#20-0006H approved by animal care committee at The Toronto Centre for
Phenogenomics. Mice were maintained on standard chow with 12h on/off light/dark cycle.

Mouse experiments performed in St. Louis, US were housed at the Mouse Genetic Core barrier
facility (Dr. M. Wallace) located at the East McDonnell Building at the Washington University
School of Medicine. Animal protocols used in this project strictly adhere to the ethical and sensitive
care and use of animals in research and were approved by the Washington University School of
Medicine Animal Studies Committee (Animal Welfare Assurance Permit # A-3381-01, Protocol#
20180186). mNempl”- mice were generated in the C57BL/6N background (see below for details).

METHOD DETAILS
Immunostaining - larval wings
Larval wings were treated as larval testes, but placed in 70% glycerol before mounting.

Immunostaining — adult and larval ovaries

Adult and larval ovaries were dissected in PBS, fixed in 5% paraformaldehyde for 12-15 minutes,
washed with PBT (PBS + 0.3% Triton X-100), blocked with PBTBS (PBT with 5% goat serum and
0.2% bovine serum albumin), incubated with primary antibody in PBTBS at 4°C overnight, washed
with PBT, blocked with PBTBS , incubated in secondary antibody in PBT for 2 hours, washed with
PBT, incubated in a 1:1 mix of PBT and Vectashield overnight at 4°C, and mounted in fresh
Vectashield. Imaging was done with a 40x/1.4 Plan-Apo objective, using a Leica TCS SP8 confocal
laser scanning microscope (Leica Microsystems). Images represent either individual optical sections
or projections or Z-stacks (1 pm intervals) as indicated.

EdU Click-iT reaction
EdU incorporation into DNA was detected using the Click-iT™ EdU Alexa Fluor® Imaging kit
(Invitrogen). All steps of the Click-iT™ reaction were performed at room temperature. Pre-pupal



testes were dissected and incubated into S2 culture media containing FBS with 20 pM EdU for 10
minutes. Testes were washed in 0.1% PBT and fixed in 4%PFA for 30 min. EAU cocktail containing
Alexa Fluor 488 was added for 30 minutes followed by incubation with antibodies as per
immunostaining protocol.

Transmission Electron Microscopy

Testis samples for transmitted electron microscopy (TEM) were prepared as previously described
(27). Briefly, Drosophila third instar larval or adult testes were dissected in cold 0.1 M sodium PB
(phosphate buffer), pH 7.4. Samples were fixed in cold Trumps fixative (4% paraformaldehyde, 1%
glutaraldehyde, 0.005% CaCl2 in PB) for 1 hour, at 4°C, and post fixed in 1% OsO4 for 1 hour. After
thorough rinsing, samples were subjected to an ethanol-dehydration series (30%, 70%, 90%, 100%
ethanol), followed by a 2 X 10min incubation with propylene oxide. Dehydrated samples were
incubated overnight in 1:1 propylene oxide:resin mix. Samples were embedded in Quetol-Spurr resin.
Ultrathin sections were viewed with a JEOL JTE141011 TEM (JEOL, Peabody, MA; The Hospital for
Sick Children Electron Microscopy Facility). Images were obtained using AmtV542 acquisition
software. Micrographs were uniformly adjusted for brightness and contrast using Adobe Photoshop.

Generating a dNemp null allele

Two mutants (dNemp®R! and ®R?) were generated using homologous ends out recombination as
described previously (28). Homologous flanking regions of the dNemp locus were cloned into pRK2
using primers DHRF1 and DHRRI1 for the downstream homologous region primers UHRF1 and
UHRRI for the upstream homologous region (Primer Table). The complete targeting construct was
injected into flies by BestGene Inc. with standard P-element protocol. Transgenes on the 3
chromosome were then crossed to the BDSC#6935-hid line expressing Flipase and Scel endonuclease.
Progeny was heat shocked in a 37°C water bath for 90 min. Successful excision resulted in majority
white eyed flies. Flies were crossed to balancer stocks and progeny was screened for recombinant flies
by the presence of red eyes. Red-eyed males were selected and crossed to X chromosome balancer
stock virgins.

Molecular confirmation of dNemp null allele

Flies were tested with PCR for absence of the coding region of dNemp and the correct placement of
the white gene replacing the dNemp codons. Single fly PCR was performed on candidate nulls as
described in Supplemental fig. S3A with primers described in the Primer Table below.

Generation of transgenic flies carrying rescue constructs

BAC constructs for rescue experiments were obtained using BAC clones ch322118115, CH322-12P09
and CH322-158k07 (BAC PAC resource Centre, Oakland Research Institute). DNA was prepped by
BestGene Inc. and injected into flies at the attP2 site on 3L using PhiC31 standard protocol. Rescue
experiments using BAC lines were performed by crossing dNemp/FM?7 females to BAC/TM6 males.

Selecting dNemp mutants for larval testes dissection



dNemp null flies were generated as described above (see Generating a dNemp null allele). For
selection of dNemp mutants, dNemp null/FM7-GFP flies were placed in cages and allowed to lay eggs
on grape plates for 4-8 hours. 24 hours later, larvae were selected and placed on new plates to be aged
until late 3" instar. Mutant males were selected based on absence of GFP.

Generating dNemp mutant females

Females from a dNemp/FM7-GFP balanced stock were crossed to males that had the dNemp mutation
on the X and a BAC rescue transgene on the 37 chromosome balanced over TM6. These male flies are
fertile, as the BAC rescues fertility. Female progeny without FM7 and with TM6 were homozygous
dNemp null mutants with no BAC rescue construct.

Generating flies bearing a dNemp-FRT chromosome generating mutant clones

dNemp mutants balanced over FM7 were crossed to FRT19A males. dNemp/FRT19A females were
then crossed to /M7 balancer stock males. Recombinants were selected by presence of red eyes,
marking the dNemp allele, and ability to live on G418 food, marking the FRT site.

Generation of targeted lesions of zNempl and zNemp?2

Targeted lesions within the coding sequences of zebrafish nemp ! (zNemp1) and nemp?2 (zNemp?2)
were generated by CRISPR/Cas9 mutagenesis (29). Briefly, zZNemp! and zZNemp2 guide RNA target
sequences were synthesized into overlapping oligonucleotides and cloned into pT7-gRNA. Plasmid
templates were linearized with BamHI, in vitro transcribed using the MEGAshortscript T7 kit
(Thermo Fisher Scientific) and cleaned up by ammonium acetate precipitation. Cas9 mRNA was
prepared using the pT3TS-nCas9n plasmid and the mMessage mMachine T3 kit (Thermo Fisher
Scientific). An injection mix containing 50 pg of guide RNA and 150 pg of Cas9 mRNA were co-
injected into wildtype 1-cell embryos and raised to adulthood. Offspring generated from these FO fish
were screened by PCR using primers listed in Primer Table for loss of either Faul (zNemp1) or
BamHI (zNemp2) and genomic lesions were confirmed by Sanger sequencing. Heterozygous F1

]hch8 and ZNemp2hscI()0

animals for zNemp were maintained separately and intercrossed to generate
viable F2 homozygous offspring. Homozygous zNemp 1'% and zNemp2"s¢!% animals were
intercrossed to produce double heterozygous animals, which were then bred for viable double

knockout mutants.

Molecular Cloning of zNempl and zNemp?2

The coding sequences of zNemp and zNemp?2 were amplified from 24 hpf cDNA libraries generated
from wildtype embryos following primers listed in Primer Table: nempl ME F, nempl ME R, nemp2
ME F, nemp2 ME R. Fragments were gel extracted, cloned into pDONR221 via Gateway
recombination (Invitrogen) and sequence verified. Clones were further shuttled into pCS2+ for probe
synthesis.

Ovary in situ hybridization in Zebrafish



Digoxigenin-labelled vasa probe was generated by Xbal endonuclease digestion of a pBluescript SK(-
)-based vector followed by in vitro transcription with T7 RNA polymerase (DIG RNA Labeling Kit,
Roche). Probes for zNemp 1 and zNemp?2 were generated from clones described above by Notl
digestion followed by in vitro transcription with T7 RNA polymerase. Probes were purified by lithium
chloride precipitation, resuspended in RNase-free water and diluted to a working concentration of 1
ng/pL in hybridization buffer. /n situ hybridization on adult gonads was performed as described (30,
31).

qRT-PCR

qRT-PCR was performed using 10 ng of total RNA in a one-step qRT-PCR reaction (Luna Universal
One-Step RT-qPCR Kit, New England Biolabs) and performed on a Roche Lightcycler 96 system.
Primers were designed to span exons to prevent genomic amplification, and are listed in Primer Table.
Ct values were obtained for each gene and normalized to ef/a. Fold change was calculated relative to
wildtype expression according to the equation 222!, Standard error was calculated as standard
deviation of the fold change according to the equation: stdevfoldchange=(In2)(stdevA2¢t)(2-2ACY),
where stdevAAC=v(stdev of reference)? + (stdev of gene of interest)2. All graphs are representative of
two independent experiments with three technical replicates.

Generating cell lines for BirA mass spectrometry

Human NEMP1 (hNEMP1) was cloned through gateway cloning first into pPDON221 using the
Gateway BP reaction, and then into the V8449 pDEST pcDNAS — BirA*-Flag-C-terminal vector.
HEK?293 Flp-In T-Rex cells (Thermo Fisher Scientific) were transfected with this hNemp1-BirA*-
FLAG construct along with the FLP recombinase construct p0G44 using Effectene Reagent (Qiagen).
Stable cell lines were generated through hygromycin selection. Individual clones of stable cells were
grown up and maintained individually.

Human cell transfections

For experiments with combined hNemp! and hNemp2 knockdown, the indicated cells were
transfected with 40 nM control, non-targeting siRNA (siControl) or 20 nM each hNemp1 or hNemp2
ON-TARGETplus siRNA (Dharmacon) using Dharmafect 1 transfection reagent as per
manufacturer’s instructions. Three days following siRNA transfection, cells were transfected a second
time and cell numbers counted 3 days later.

Proteomics - BiolD

HEK293 cells expressing hNemp1-BirA*-Flag or BirA*-Flag alone cell pellets from two 70-80%
confluent 150mm plates were lysed in RIPA buffer at a 1:10 pellet weight:volume ratio. RIPA buffer
was 50 mM Tris-HCL pH 7.5, 150 mM NaCl, 1% Triton X-100, ImM EDTA, 1 mM EGTA,
0.1%SDS, Sigma protease inhibitors P8340 at 1:500, and 0.5% Sodium deoxycholate. After addition
of RIPA buffer to the frozen cell pellet, 1ul of benzonase (250U) was added to each sample and the
pellets resuspended by incubating at 4°C with agitation for 20 minutes. Once resuspended, samples



were sonicated (3 x 10 second bursts with 2 seconds rest in between) on ice at 65% amplitude using a
Qsonica with a CL-18 probe. Sonicated lysates were centrifuged for 30 min at 20,817 x g and
supernatants transferred to 15mL falcon tubes with a 30uL bed volume of washed streptavidin-
sepharose beads (GE Cat# 17-5113-01). Affinity purification was performed at 4°C on a nutator for 3
hours, and then the beads pelleted (400 x g, 1 min), the supernatant removed, and the beads
transferred to a 1.5mL tube in 1 mL RIPA buffer (minus protease inhibitors and sodium
deoxycholate). The beads were washed by pipetting with an additional 1mL RIPA buffer (minus
protease inhibitors and sodium deoxycholate) followed by two washes in TAP lysis buffer (50mM
HEPES-KOH pH 8.0, 100mM KCIl, 10% glycerol, 2mM EDTA, 0.1% NP-40), and 3 washes in
50mM ammonium bicarbonate pH 8 (ABC). After the last wash proteins digested on bead in 30uL of
50mM ABC pH 8 including 1 ug trypsin at 37°C overnight with mixing. After digestion an additional
0.5 ug of trypsin was added to each sample (in 10uL 50mM ABC) and the samples incubated an
additional 2 hours at 37°C. Beads were rinsed and these rinses combined with the original
supernatant. Pooled supernatant was acidified to 2% formic acid. Dried samples were resuspended in
12 uL 5% formic acid, 6 uL taken for analysis by mass spectrometry (5 uL injected by autosampler).

Proteomics — Flag AP-MS

HEK293 cells expressing hNemp1-BirA*-Flag or BirA*-Flag alone from two 70-80% confluent
150mm plates were lysed by passive lysis assisted by freeze-thaw. Lysis buffer was 50 mM Hepes-
KOH pH 8.0, 100 mM KCI, 2 mM EDTA, 0.1% NP40, 10% glycerol, ] mM PMSF, 1 mM DTT and
Sigma protease inhibitor cocktail, P8340, 1:500. Frozen/thawed sample lysates were transferred to 15
ml conical tubes containing a 12.5uLL bed volume of washed anti-FLAG M2 magnetic beads (SIGMA
M8823). Affinity purification was performed at 4°C on a nutator for 2 hours. Beads were washed and
samples were trypsin digested, resuspended in formic acid to a final concentration of 2%. Dried
samples were resuspended in 12uL 5% formic acid, and 6uL taken for analysis by mass spectrometry
(5uL injected by autosampler).

Mass spectrometric analysis
Samples were analyzed by reversed phase liquid chromatography coupled to mass spectrometry on an

Velos Orbitrap or a Velos Orbitrap Elite (Thermo Scientific) mass spectrometer equipped with a
nano-spray ion source (Proxeon Biosystems). The HPLC program delivered an acetonitrile gradient
over 145min and the data were acquired in CID mode (centroid) in a data-dependent manner with
MS/MS on the 10 most abundant parent ions (isolated species were put on an exclusion list for 30s).
RAW mass spectrometry files were converted to mzXML using ProteoWizard (3.0.4468) and
analyzed using the iProphet pipeline implemented within ProHits as follows (32). The database
consisted of the human and adenovirus complements of the RefSeq protein database (version 57)
supplemented with “common contaminants” from the Max Planck Institute
(https://maxquant.org/maxquant/) and the Global Proteome Machine (GPM;
http://www.thegpm.org/crap/index.html). The search database consisted of forward and reversed
sequences (labeled “DECOY?™); in total 72226 entries were searched. The search engines used were
Mascot (2.3.02; Matrix Science) and Comet (2012.01 rev.3; with trypsin specificity (2 missed




cleavages were allowed) and deamidation (NQ) and oxidation (M) as variable modifications. The
parent mass tolerance was set at 12—15 ppm while the fragment bin tolerance was set at 0.6 amu. The
resulting Comet and Mascot search results were individually processed by PeptideProphet, and
peptides were assembled into proteins using parsimony rules first described in ProteinProphet into a
final iProphet protein output using the Trans-Proteomic Pipeline (TPP; Linux version, v0.0
Development trunk rev 0, Build 201303061711). TPP options were as follows: general options are -
p0.05 -x20 -PPM -d"DECOY", iProphet options are —ipPRIME and PeptideProphet options are —
OpdP. All proteins with a minimal iProphet protein probability of 0.05 were parsed to the relational
module of ProHits. Note that for analysis with SAINT, only proteins with iProphet protein probability
> (.95 are considered and 2 unique peptides are considered. This corresponds to an estimated protein-
level FDR of ~0.5%.

Interaction scoring

The results were analyzed by SAINTexpress (v 3.3 for the AP-MS dataset; v 3.6.1 for the BiolD
dataset) (33). The controls were “compressed” to increase the stringency of the filtering (compression
to n takes the n highest values for each detected prey across all the controls and use those for SAINT
modeling) (34). For the FLAG data, 4 negative controls were compressed to 2 while the 14 controls
for BiolD (consisting BirA*-FLAG alone or cells not expressing BirA*) were compressed to 7.
SAINT probabilities computed independently for each bait replicate are averaged, and the average
probability (AvgP) is reported as the final SAINT score used to calculate the Bayesian FDR. Preys
with BFDR <1% were considered “true” interactors. All mass spectrometry data was deposited to
ProteomeXchange through partner MassIVE (massive.ucsd.edu) and given the following identifiers:
PXD012913 and MSV00083498 (AP-MS dataset) and PXD012912 and MSV000083497 (BiolD
dataset).

Generating SHP77 knockout cell clones

The LentiCRISPR v2 vector (Addgene Plasmid, 52961) was used to generate knockout cells using
hNempl sgRNA #3; hNemplsgRNA #4; hNemp2 sgRNA #2 and hNemp2 sgRNA #4 (see Key
Resource Table below for sequences). Following viral transduction, SHP77 cells were selected in
puromycin (4 pg/ml), then single cell clones generated by limiting dilution. Targeting was confirmed
by sequencing genomic DNA. Two clones from a control, non-targeting sgRNA (clones #2 and #5), 2
clones from the hNemp1 sgRNA #3 (clones #3-5 and #3-7) and 2 clones from the hNemp1 sgRNA #4
(clones #4-8 and #4-9) were generated. For the combined hNemp-1 and 2 knockout, the original
sghNempl1 clone #3-7 was transduced with sequences targeting hNemp2. One clone from hNemp?2
sgRNA #2 (clone A#3-7 + B#2-1) and 1 clone from the hNemp2 sgRNA #4 (clone #3-7 + B#4-5)
were further characterized.

In Situ hybridization of mouse ovaries
ISH was performed on ovary sections with the RNAscope 2.0 Red Kit (Advanced Cell Diagnostics).
Whole ovaries dissected from 4 weeks-old C57BL6/N mice were fixed in 4% PFA/PBS overnight at



4°C and embeded in paraffin. Five um-thick microtome sections were deparaffinized in xylene,
followed by dehydration in an ethanol series. Upon antigen retrieval, sections were rinsed with water
and immediately treated with protease. Hybridization with custom-made mNemp1 (targeting 1031-
2117 of NM_001113211.1) and mNemp?2 (targeting 957-1999 of NM_001142647.1) RNAscope
probes, preamplifier and amplifier were carried out at 40°C followed by development using the Fast
Red reagents. Control hybridizations were carried out in parallel with all test hybridizations. Samples
were counterstained with Hematoxylin and imaged with a DS-Fi2 color camera mounted on a Ti2
microscope (Nikon).

Apoptosis by flow cytometry

RPE-1 apoptosis was assayed using Annexin V and PI staining as per manufacturer’s protocol (BD
Biosciences). Cells were analyzed using a Gallios flow cytometer (Beckman Coulter) and data
analyzed using Kaluza or ModFit software.

Analysis of mouse peripheral blood

Whole blood was collected by venipuncture of the facial vein and immediately transferred in blood
collection tubes (BD Microtainer). Blood samples were mixed and placed under the Hemavet HV950
probe (Drew Scientific, Inc.) for analysis using reagents from the LV-PAK (Drew Scientific Inc.).
Multi-Trol mouse serum controls (Drew Scientific, Inc.) were used for calibration of the Hemavet
HV950. Collected blood was also spread on glass slides for Wright-Giemsa staining according to the
manufacturer’s protocol (Wright-Giemsa Stain Modified, Sigma-Aldrich).

Immunocytochemistry

Oocytes fixed in PHEM fixative were blocked in 10% horse serum in PBS and stained using anti-
acetylated tubulin antibody (1:1000; Key Resource Table) or stained with anti-mouse Nemp1
generated as described above. After overnight incubation and washes, secondary antibody used was
anti mouse or anti rabbit Alexa 488 (Bethyl) and cells were stained with DAPI solution. Oocytes were
then scored for spindle presentation using Axioplan microscope (Zeiss).

Micropipette aspiration of germinal vesicles
Germinal vesicle oocytes were collected by puncturing large antral follicles ~46h after gonadotropin

priming (51U PMSG, Folligon, Merck). Cumulus cells were manually stripped by pipetting. Cumulus
cells free oocytes from either WT and Nemp1 KO females were subsequently used for assessment of
nuclear membrane stiffness.

The micropipette aspiration system consists of an inverted microscope (Nikon Eclipse TS100) with a
motorized XY translation stage (ProScan, Prior Scientific Inc.), two micromanipulators (MX7600,
Siskiyou, Yreka, CA) mounted with a micropipette. In experiments, a holding micropipette was
connected to a pneumatic pump (PX409-10WDWUS5V, Omega Engineering, Stanford, CT) to
immobilize the oocyte within the field of view, and another micropipette with an inner diameter of 5
pum was mounted on the micromanipulator and connected to an oil pump (CellTram Vario, Eppendorf



Canada Ltd.) which is controlled by a stepper motor (Phidgets Inc.). The oocyte was placed in the
mHTF medium (LifeGlobal, Guilford, USA) supplemented with 0.1% HSA and 1uM milrinone
(Sigma Aldrich, Oakville, Canada) in petri dish, and immobilized by the holding micropipette though
applying a negative pressure by the pneumatic pump. The aspiration pipette was positioned close to
the oocyte as described in (35) and was used to penetrate into the oocyte and reach the nuclear
envelope. The camera (Basler scA1300-32gm) recorded the nuclear envelope deformation while a
negative pressure was applied by the aspiration pipette with the oil pump.

Through recording the deformation caused by the applied negative pressure, the mechanical properties
of the oocyte nucleus were calculated through the following relationship,

D(O palAP (1 k, 5)
- — T
7k, kitky ©

where D(t) represents the recorded nuclear envelope deformation, AP is the pressure applied, ¢ is the

wall function related to the ratio of the micropipette wall thickness to the pipette radius, a is the radius
of the nucleus, 7 is the time constant for the exponential term, k; and k, are elastic constant within the

viscoelastic model, and the equilibrium Young’s modulus was calculated as, E = Skl (36). The data

processing was performed in an off-line manner using MATLAB, with the code available through
https://github.com/XianShawn/oocyte nucleus.

Genetic analysis in the UK Biobank study

We analysed genetic data from the March 2018 “v3” release of UK Biobank, a resource extensively
described elsewhere [https://doi.org/10.1101/166298]. Age at natural menopause was defined using
the same criteria as the ReproGen consortium (37), yielding a sample size of 106,353 women with
genotype and phenotype. In addition to the quality control metrics performed centrally by UK
Biobank, we defined a subset of “white European” ancestry samples using a K-means clustering
approach applied to the first four principle components calculated from genome-wide SNP genotypes
(38). Individuals clustered into this group who self-identified by questionnaire as being of an ancestry
other than white European were excluded. Association testing was performed using a linear mixed
models implemented in BOLT-LMM (39) to account for cryptic population structure and relatedness.
Only autosomal genetic variants which were common (MAF>1%)), passed QC in all 106 batches and
were present on both genotyping arrays were included in the genetic relationship matrix (GRM).
Genotyping chip and age at baseline were included as binary covariates. Association testing at the
hNEMP1 gene locus was assessed using two significance thresholds. Firstly, we considered only
genome-wide significant variants (P<5x10®) within 500kb of NEMPI. Secondly, we assessed any
protein truncating variants detected in the GTEx project (5) and corrected for the number of variants
tested (N=1, P<0.05).

QUANTIFICATION AND STATISTICAL ANALYSES

Statistical comparison of Drosophila fertility, proliferation rates, germ cell counts, C. elegans brood
size and Zebrafish fertility were performed using Student’s paired t-test. Drosophila germ cell



circularity ratio and C. elegans sterility were compared using Student’s un-paired t-test. Drosophila
eclosure rates were compared using one-way analysis of variance (ANOVA). Statistical analysis of
differences for all cell line experiments was determined by a Mann-Whitney Rank Sum Test.

AFM and micropipette aspiration analysis were statistically compared using Student’s paired t-test or
one-way ANOVA.

Statistical comparison for murine breeding data, follicle counts and ovulation rates were performed
using one-way ANOVA. Chromosomal misalignment and significance of interaction between age and
genotype was confirmed by two-way analysis of variance using Sigma Stat statistical package
(Systat). Embryo progression was calculated via the Kaplan-Meier method using the Prism GraphPad
program. The log-rank (Mantel-Cox) test was used to statistically confirm the difference in
progression between the various genotypes.

*:0.05>P>0.01; **: 0.01>P>0.001; ***: 0.001>P>0.0001; ****P<0.0001. All means are expressed
+/- SEM. N indicates experimental replicates, n indicates the number of data points. More specialized
statistical analyses are detailed in the main text and figure legends.



PRIMER TABLE

Primer name Sequence (5°-3°) Purpose

Zebrafish

Zenempl Geno F AGACGCGGCGGTTCCTCCTG Genotyping nemp1 alleles
Zenempl Geno R TTCAATGATGGGACGGCTGG Genotyping nempl alleles

Zenemp?2 Geno F

Zenemp?2 Geno R

TGAAAGACCTGTAATGGGTGTG

GACTGTTACTACGCAATGCTGG

Genotyping nemp? alleles

Genotyping nemp? alleles

Zenempl ME F GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGCCACCATGGCGGGATTCATGAAATAC Cloning full-length zebrafish nemp1
Zenempl ME R GGGGACCACTTTGTACAAGAAAGCTGGGTGTTATTATTTCCCCCGTGTGTTGTT Cloning full-length zebrafish nemp1
Zenemp2 ME F GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGCCACCATGGAGAAACTGGCTGCTT Cloning full-length zebrafish nemp2
Zenemp2 ME R GGGGACCACTTTGTACAAGAAAGCTGGGTGTTATCAAAAGAAGTCCTGGTCTTC Cloning full-length zebrafish nemp2

Zenempl qRT F
Zenempl qRT R
Zenemp?2 qRT F

Zenemp2 qRT R

TTCGCGAACAGACCAATGAGA
AGCAACACTCCAGCCAGAAAA
TTCGTGTGTGGGCTGATACTG

GCGTGAGGAAGACAAATGTGG

qRT-PCR primer for nempl
qRT-PCR primer for nempl
qRT-PCR primer for nemp2

qRT-PCR primer for nemp2

efla F TGGGCACCTGCTCGTTGA Housekeeping gene for qRT-PCR

efla R TACCCTCCTTGCGCTCAATC Housekeeping gene for qRT-PCR

Drosophila

dNemp FR1 CATCAAGCATAAGCAAGTCAGC screening of dNemp allele (region 1)

dNemp RR1 ATGCCGACCAGATAGTAGAAC screening of dNemp allele (region 1)

(e 1Y CGACCATGTGCTGGGCTATC screening of dNemp allele (region 2)

dNemp RR2 GAACGAGGCGAAGCGCAAAG screening of dNemp allele (region 2)

dNemp F1 GCCTTGGTTGAATCGGAATC screening of white recombination

dNemp R1 CGACTTCGCCACCGATACGGAC screening of white recombination

white EW1 GCCTTGGTTGAATCGGAATC screening of white downstream junction

white RW1 CGAGGGTCTGCTGATTAACC screening of white upstream junction

(©iLin GACGATCCAGCGGCATATCC PCR amplication control

CTLR1 CCTACGGAATGAATCAGCACG PCR amplification control

LD AAAAAGATCTGCTGACTTGCTTATGCTTGATG Cloning of dNemp downstream homologous region
DHRR1 AAAACCTAGGCGTCACCGAGTTCTTGATATCTG Cloning of dNemp downstream homologous region
(ULl AAAAGCGGCCGCCTCGAACTCCACAACGAATAGC Cloning of dNemp upstream homologous region
UHRR1 AAAACATATGGACCACC ACGTTCTATGCTGTA Cloning of dNemp upstream homologous region
Mouse

Gl ACTGATCCTTGCTTTGTATGATCTC mNemp1”- mice forward genotyping primer
mGenoR1

ACTGTTTAGCTTTCCTGTCTTCAA

mNemp 1~ mice reverse genotyping primer




KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
mouse anti-Arm, 1:400 DSHB Cat# N27A1-c
rat anti-E-cad, 1:400 DSHB Cat# DCAD2-c
mouse anti-LamDm0, 1:1000 DSHB Cat#ADL67.10-c
mouse anti-LamC, 1:500 DSHB Cat#LC28.26-¢c
mouse anti-Eyes absent, 1:100 DSHB Cat#eyal OH6-c
mouse anti-Bam, 1:50 DSHB Cat#bam-s
mouse anti-Notch, 1:500 DSHB Cat#C17.9C6
mouse anti-gp210, 1:50 DSHB Cat#AGP26.10
mouse anti Hts: 1:5 DSHB Cat#1B1
guinea pig anti-Tj, 1:5000 Dr. Dorothea Godt Clone G5/G6
rabbit anti-Zfh-1, 1:400 Dr. Ruth Lehmann N/A
rabbit anti-STAT, 1:1,000 Dr. Erika Bach N/A
rabbit anto-Chinmo, 1:1000 Dr. Erika Bach N/A
rabbit anti-e[F4E-3, 1:800 Dr. Paul Lasko N/A
rabbit anti-RanGap, 1:50 Dr. Julia Zeitlinger N/A
chicken anti-Vasa, 1:500 Dr. Ken Howard N/A
rabbit anti-Vasa, 1:3000 Dr. Ruth Lehmann and N/A
Dr. Paul Lasko
goat anti-Otefin, 1:1000 Dr. Pamela Geyer N/A
rabbit anti-Boule 1:1000 Dr. Steven Wasserman N/A
rabbit anti-Nup214, 1:1000 Dr. Yiqun Yao N/A
rabbit anti-p-smad3, 1:500 Cell Signaling Cat#9520
Technology
rabbit anti-pMad1/5, 1:100 Cell Signaling Cat#9516
Technology
rabbit anti-GFP, 1:500 Abcam Cat#ab290
mouse M2 anti-Flag, 1:1000 Sigma-Aldrich Cat#F1804
rat anti-HA, 1:1000 Sigma-Aldrich Cat#11867423001

rabbit anti-Vasa, 1:500 Santa Cruz Cat#sc-30210
Biotechnology

rat anti-dNemp, 1:500 This paper N/A

goat anti-VASA, 1:500 Santa Cruz Cat#sc-26877
Biotechnology

rabbit anti-mNemp1, 1:600 This paper N/A

mouse anti-Actin, 1:1000 Millipore Cat#tMAB1501

rabbit anti-EMD Sigma Cat#HPA000609

goat anti-LaminB1 1:1000 Santa Cruz Cat#sc-6216
Biotechnology

mouse anti-LaminB receptor (LBR) 1:1000 Abcam Cat#ab232731

mouse anti-LaminA/C 1:1000 Millipre Cat#SAB4200236

mouse anti-VASA 1:500 Abcam Cat#ab27591

PE-conjugated anti-Ter119 Biolegend Cat#116208

APC-conjugated anti-CD71 eBioscience Cat#17-0711-82

CD16/32 Biolegend Cat#101302

FITC-conjugated Annexin-V with propidium iodide Biolegend Cat#640914




rabbit anti-Emerin Santa Cruz Cat#15378
Biotechnology
mouse anti-acetylated tubulin antibody Sigma-Aldrich Cat#T7451
Biological Samples
Multi-Trol mouse serum controls Drew Scientific, Inc. Cat#600070
mHTF medium Life Global Cat# LGFR-100
human chorionic gonadotropin Merck Cat#230734
pregnant mare’s serum gonadotropin (PMSG) Prospec Cat#HOR-272
Latrunculin B Sigma Cat#428020
Chemicals, Peptides, and Recombinant Proteins
Rhodamine-phalloidin Invitrogen Cat#R415
Lysotracker DND-99 Invitrogen Cat#L.7528
Effectene transfection reagent Qiagen Cat#301427
Critical Commercial Assays
Click-iT™ EdU Alexa Fluor® Imaging kit Invitrogen Cat#C10337
Streptavidin-coupled Dynabeads Thermo Fisher Scientific | Cat#11205D
GFP-Trap A Chromotek Gmbh Cat#gtak-20
anti-Flag M2 affinity gel Sigma-Aldrich Cat#A2220
Anti-HA agarose Sigma-Aldrich Cat#A2095
mMessage mMachine T3 kit (Thermo Fisher) Thermo Fisher Scientific | Cat# AM1348
MEGAshortscript T7 kit Thermo Fisher Scientific | Cat#AM1354
DIG RNA Labeling Kit Roche Cat#11277073910
LV-PAK Drew Scientific Inc. Cat#200108
RNAscope 2.0 Red Kit Advanced Cell Cat#322350
Diagnostics
Wright-Giemsa Stain, Modified Sigma-Aldrich Cat#WG32-1L
Luna Universal One-Step RT-qPCR Kit New England Biolab Cat#E3005
Experimental Models: Cell Lines
S2 cells DGRC Stock#6
HEK?293 ATCC Cat#CRL-1573,
RRID:CVCL 0045
SHP77 ATCC Cat#CRL-2195,
RRID:CVCL 1693
T24 ATCC Cat# HTB-4,
RRID:CVCL 0554
NCI-H661 ATCC Cat# HTB-183,
RRID:CVCL 1577
hTERT-RPE-1 ATCC Cat# CRL-4000,

RRID:CVCL 4388

HEK?293 Flp-In T-Rex cells

Thermo Fisher Scientific

R78007

Experimental Models: Organisms/Strains

D.melanogaster: y[1] w[*] N[1]/FM7c, P{w[+mC]=GAL4-

Bloomington Drosophila

RRID:BDSC_6873

twi.G}108.4, P{UAS-2xEGFP}AX Stock Center

D.melanogaster: nanos Gal4-VP16 Bloomington Drosophila | RRID:BDSC 32180
w[*]; pBac{w[+mW.hs]=GreenEye.nosGal4} Dmel6 Stock Center

D.melanogaster: alphaTub84B Gal4 Bloomington Drosophila | RRID:BDSC 5138
y[1]w[*]; P{w[+mc]=tubP-Gal4}LL7/Tm3, Sb[1]Ser[1] Stock Center

D.melanogaster:
y[*] w[*]; P{w[+mW.hs]=GawB}NP1624 / CyO, P {w[-
[=UAS-lacZ.UW14}UW14

Kyoto Stock Center




D.melanogaster: dNemp rescue This paper
w[1118]; P{UASp-dNemp-HA }
D.melanogaster: A\NEMP1 rescue This paper

w[1118]; P{UASp-hNEMP1-HA}

D.melanogaster:

Bloomington Drosophila

RRID:BDSC 1744

y[1] w[1118] P{ry[+t7.2]=neoFRT} 19A Stock Center

D.melanogaster: Bloomington Drosophila | RRID:BDSC 8622
y[1] w[67¢c23]; P{y[+t7.7]=CaryP}attP2 Stock Center

D.melanogaster: RNAi of dNempl: VDRC Cat#37412

w!8,P{TRiP.HMC04788}attP40

D.melanogaster: RNAi of dNemp! for germ cell knockdown

Bloomington Drosophila

RRID:BDSC_57475

y[1] sc[*] v[1]:P{y[+t7.7]v[+t1.8]=TRiP.HMC04788} attP40 Stock Center

D.melanogaster: dNempI null allele This paper N/A
D.melanogaster: y[1] w[1118]; P{ry[+t7.2]=70FLP}23 Bloomington Drosophila | RRID:BDSC 6935
P{v[+t1.8]=70I-Scel }4A/TM3, Sb[1] Ser[1] Stock Center

D.melanogaster: oteB279
w[1118]; pBac{w[+mc]=5SHPw[+]}Ote[B279]/CyO,
P{ry[+t7.2]=sevRas]1.V12}FK1

Bloomington Drosophila
Stock Center

RRID:BDSC 16189

D.melanogaster: otePK

P. Geyer; (12)

C.elegans: nemp-1(0z535)/sC1(s2023) [dpy-1(s2170) Caenorhabditis Genetics | Cat#BS7012
umnls41] 111 Center, University of
Minnesota
C.elegans: nemp-1(0z534)/sC1(s2023) [dpy-1(s2170) Caenorhabditis Genetics | Cat#BS7011
umnls41] 111 Center, University of
Minnesota
ZeNemp1"<% ZeNemp1#¢%?, ZeNemp2/s¢!% and This paper
ZeNemp?2/se!0!
Mouse: mNemp! null allele through deletion of exon3 This paper, Toronto N/A
Center for
Phenogenomics
Mouse: mEMD null allele through deletion of exons2-6 (20)
Oligonucleotides
BAC clone ch322118I15 BAC PAC resource N/A
Centre, Oakland
Research Institute
BAC clone CH322-12P09 BAC PAC resource N/A
Centre, Oakland
Research Institute
BAC clone CH322-158k07 BAC PAC resource N/A

Centre, Oakland
Research Institute

ZeNempl gRNA: 5°- GGAAACGCGAGAAGACATCA-3’

ZeNemp?2 gRNA: 5°-GGCTCCGGTCTGTCCTACAT-3’

hNEMP1 ON-TARGETplus siRNA Dharmacon Cat#J-026966-19-005
and J-026966-21-005

hNEMP2 ON-TARGETplus siRNA Dharmacon Cat#L-186179-00-
0005

hLBR ON-TARGETplus siRNA Dharmacon Cat#L-021505-00-

0005

SHP77-hNemp1 sgRNA #3 ATTGGTTCGAGTCACCCAGG

SHP77-hNemp1sgRNA #4 TACTCTACTGGGATGACTGT




SHP77-hNemp2 sgRNA #2 TATACAATTCTGAACAGGCC

SHP77-hNemp2 sgRNA #4

CCCGAGGAGTAATAGAAAGT
RNAscope mNemp1 ISH probe ACD Bio Cat#536641
RNAscope mNemp?2 ISH probe ACD Bio Cat#536651
mNemp1”mice gRNA_U2: Toronto Center for N/A
Phenogenomics
mNemp1”mice gRNA_D1: Toronto Center for N/A
Phenogenomics
pDESTI15 gateway vector Thermo Fisher Scientific | Cat#11802014
pT7-gRNA Wenboai Chen Addgene plasmid #
46759
LentiCRISPR v2 vector Feng Zhang Addgene Plasmid#
52961
pT3TS-nCas9n Wenboai Chen Addgene plasmid #
46757
Recombinant DNA
dNemp(301-454)-GST This paper N/A
hNempl1 (1-444)-BirA*-FLAG This paper N/A
BirA*-FLAG This paper N/A
dNemp-HA pPWH This paper N/A
dNEMP1-HA pPWH This paper N/A
hNEMP1-GFP pPWG This paper N/A
GFP-hLaminA (40)
Software and Algorithms
EZ-CI 3.80 Nikon N/A
NIS-Elements Nikon N/A
PRISM N/A
Axiovision Carl Zeiss N/A
AmtV542 Advanced Microscopy N/A
Techniques
Other
BD Microtainer BD Biosciences Cat#365974
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