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599
600 Figure 2. Multiscale learning for robust identification and segmentation of individual
601 Caenorhabditis animals across different body postures. (A) A YOLO26-WF model was
602 trained on full-well images for animal identification. FOV = 6.75 x 6.75 mm. (B) Representative
603 animals showing suboptimal segmentation by YOLO26-WF, where predicted masks (yellow
604 masks) inaccurately followed the body boundaries. FOV = 319 x 255 ym (upper) and 306 x 204
605 ym (lower). (C) A YOLO26-WS model was trained on ROI images showing individual animals
606 with different postures. FOV = 965 x 965 um (upper left), 524 x 524 pym (upper right), 191 x 191
607 um (lower left), and 296 x 296 ym (lower right). (D) Improved segmentation by YOLO26-WS for
608 the same animals shown in (B).
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610
611 Figure 3. Robust skeletonization and body size measurements across different postures
612 are enabled by topological analyses. (A) Schematics of the topology-aware skeletonization
613 and body size measurement. J: junction; E: end point; L: length; and W: width. (B)
614 Representative results of skeletonization across different posture topologies (topology definition
615 see Graphical analysis and topological classification). Yellow masks denote segmented body
616 masks, red squares denote junctions, blue circles denote object end points, and white lines
617 denote constructed skeletons. FOV = 380 x 949 um (left), 318 x 530 ym (middle), and 652 x
618 652 pum (right) for Line; 343 x 343 um (left) and 105 x 105 ym (right) for Circle; 458 x 458 ym
619 (left) and 418 x 418 um (right) for Six; 372 x 372 pym (left) and 352 x 352 ym (right) for Omega;
620 306 x 306 um (left) and 356 x 356 um (right) for Fish; and 231 x 231 ym (left) and 422 x 422
621 um (right) for Candy.
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624 Figure 4. Measurements of body length from NemaSize (NS) and CellProfiler (CP)
625 compared to manually measured truth sets. (A) A scatter plot showing body length
626 measured by NemaSize and CellProfiler versus ground-truth manual measurements. Each point
627 represents a single animal. N = 518 animals for straight and isolated worms, N = 92 for bent or
628 curly worms, and N = 29 for overlapping worms. (B) A box plot showing the percentage error of
629 body length measurements for NemaSize and CellProfiler as compared to manual
630 measurements across different posture classes (Tables S1 and S2). Each point represents a
631 single animal. N = 16 animals for bent worms, N = 16 for curly and tiny worms, N = 60 for curly
632 worms, N = 11 for incomplete worms, N = 12 for mutually overlapping worms, N = 6 for
633 self-overlapping worms, N = 423 for straight worms, N = 95 for tiny worms, and total N = 639 for
634 all categories. Data are shown as Tukey box plots with the median as a solid black vertical line,
635 the left and right edges of the box representing the 25" and 75™ percentiles, respectively.
636 Whiskers extend to the most extreme data point within 1.5 times the interquartile range from the
637 box edges.

638

23


https://doi.org/10.64898/2026.07.12.738008

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.12.738008; this version posted July 17, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

639

A 800

)

-~
o
o

[*)]
o
o

Animal length (um
2@
o o
o o

300}

- B CellProfiler
I [ NemaSize %

% o, e T

CGC2  ECA2666 ED3102  JU3237  NIC1667 VX34

CellProfiler C NemaSize

D 100

Normalized animal length (um)

-100

-200

T
m

100

-100

-200

—$— CGC2
-300| —#— ECA2666

-300 | —#— ECA2666

Normalized animal length (um)

—— ED3102 —&— ED3102
400+ —&— JU3237 -400F —— JuU3237
—F— NIC1667 —F— NIC1667
~500 | —#— VX34 ~500 | —#— VX34
10" 10° 10" 10 10° 10"
Concentration (nM) Concentration (nM)

24


https://doi.org/10.64898/2026.07.12.738008

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.12.738008; this version posted July 17, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

640 Figure 5. NemaSize captures accurate animal lengths and improves the interpretation of
641 HTLDA. (A) Median animal length values from populations of six C. briggsae wild strains grown
642 in DMSO are shown on the y-axis. Blue: CellProfiler; Red: NemaSize. Data are shown as Tukey
643 box plots with the median as a solid horizontal line, the top and bottom of the box representing
644 the 75™ and 25" quartiles, respectively. The top whisker is extended to the maximum point that
645 is within a 1.5 interquartile range from the 25" quartile. Each point represents a single well. (B
646 and C) A representative full-well image (FOV = 6.75 x 6.75 mm) of VX34 analyzed by (B)
647 CellProfiler and (C) NemaSize. The region enclosed by the white dashed line (FOV = 1.29 x
648 1.29 mm) was magnified to visualize the annotations. For (B) CellProfiler, individual colored
649 lines denote the worm models attempting to fit the animal bodies. For (C) NemaSize, blue points
650 denote the identified heads or tails, yellow lines denote the segmented body contours, and
651 green lines denote the constructed skeletons. (D and E) Ivermectin dose response of the six
652 C. briggsae strains processed from (D) CellProfiler and (E) NemaSize. The error bars represent
653 one standard deviation above and below the mean.

654
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655 Table 1. Performance metrics of nematode identification and segmentation.

Identification Segmentation
Model Precision | Recall mAP50 mA9P550- Precision | Recall mAPS50 mAQZSO-
YOLO28 | 0057 | 0967 | 0989 | 0859 | 0917 | 0926 | 0950 | 0665
YOL® | o982 | o975 | 0993 | 0932 | 0982 | 0972 | 0991 | 0810

656 N = 45 full-well images, containing N = 1,532 animals.

657
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658 Table 2. Profile of computation time for NemaSize

Device
Process
CPU (Intel i7, 3.4GHz) GPU (NVIDIA GeForce RTX
3090)
YOLOZ26-WF |pferenge ona 1.49 + 0.69 seconds 0.08 + 0.05 seconds
full-well image
YOLO26-WS inference on an 0.70 + 0.79 seconds 0.04 + 0.02 seconds
ROl image
Entire pipeline for 1,000 14.11 minutes 2.23 minutes
animals

659 *N = 227 images. Images were resized from 2,048 x 2,048 to 928 x 928 pixels for inference.
660 TN = 8,105 images for CPU and 8,096 for GPU. Image size = 640 x 640 pixels.
661 *N = 8,105 animals for CPU and 8,096 for GPU.
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663 Supporting information
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666 Figure S1. Percentage error of body width measurement for NemaSize. Each datapoint
667 represents a single animal in individual posture classes (Tables S1 and S2). N = 16 animals for
668 bent worms, N = 16 for curly and tiny worms, N = 60 for curly worms, N = 11 for incomplete
669 worms, N = 12 for mutually overlapping worms, N = 6 for self-overlapping worms, N = 423 for
670 straight worms, N = 95 for tiny worms, and total N = 639 for all categories. Data are shown as
671 Tukey box plots with the median as a solid black vertical line, the left and right edges of the box
672 representing the 25" and 75" percentiles, respectively. Whiskers extend to the most extreme
673 data point within 1.5 times the interquartile range from the box edges.

674
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675
676 Figure S2. Representative failure cases for NemaSize. Each annotated ROI image depicts
677 an example of failed skeleton extraction because of problematic mask segmentations. Yellow
678 masks denote the segmented body masks, blue points denote the identified heads or tails, and
679 white lines denote the constructed skeletons. From left to right, square FOV side lengths are
680 451 um, 191 pym, 349 pm, 237 ym, 550 ym, and 487 um.

681
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682 Table S1. Definitions of posture descriptors.

Posture descriptor Definition
Bent An animal with a single sharp bend or gradual body curvature
Curly An animal with multiple sharp bends

An animal whose body is partially invisible, mainly because of
Incomplete . . _
occlusion by surrounding objects

. An animal that overlaps with at least one neighboring animal
Mutually overlapping _ o
and the entire body is visible

Self-overlapping An animal that overlaps with itself and the entire body is visible
Straight An animal without sharp bends or noticeable body curvature
Tiny An animal with a body length less than 500 uym

683
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684 Table S2. Number of annotated animals for individual posture classes.

Posture class Count
Bent 157
Curly and tiny 200
Curly 704
Incomplete and curly 42
Incomplete and tiny 70
Incomplete 296
Mutually overlapping, curly, and tiny 3
Mutually overlapping and curly 89
Mutually overlapping and incomplete 39
Mutually overlapping and tiny 25
Mutually overlapping 519
Self-overlapping and tiny 16
Self-overlapping 86
Straight 4,713
Tiny and bent 71
Tiny 930
Total 7,960

685

31


https://doi.org/10.64898/2026.07.12.738008

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.12.738008; this version posted July 17, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

686 Table S3. Strain-specific estimators for ivermectin dose response in C. briggsae.

Method Strain Slope* EC,, (MM)* ECs, (WM)* ECy (MM)*
CGC2 3.56e-01 £ 1.55e-03 + 7.47e-01 £ 3.60e+02 +

3.29e-02 3.80e-04 3.05e-01 3.46e+02
4 44e-01 £ 1.71e-03 £ 2.40e-01 £ 3.37e+01 £

ECA2666 3.65e-02 3.57e-04 6.15e-02 2.18e+01
ED3102 2.97e-01 £ 1.19e-03 + 1.92e+00 + 3.09e+03 +

2.89e-02 3.38e-04 1.03e+00 3.81e+03

CellProfiler

JU3237 3.93e-01 £ 1.80e-03 + 4.84e-01 £ 1.30e+02 +

3.57e-02 4.08e-04 1.72e-01 1.11e+02
NIC1667 3.37e-01 £ 1.83e-03 + 1.25e+00 = 8.52e+02 +

3.36e-02 4.70e-04 6.10e-01 9.57e+02
VX34 3.72e-01 £ 1.27e-03 + 4.66e-01 + 1.70e+02 +

3.31e-02 3.09e-04 1.68e-01 1.48e+02
CGC2 4 55e-01 + 4 .24e-05 + 5.31e-03 + 6.64e-01 £

2.15e-02 9.78e-06 4 . 85e-04 1.73e-01
3.90e-01 £ 2.55e-05 + 7.12e-03 £ 1.99e+00 =

ECA2666 1.98e-02 7.00e-06 7.656-04 6.64¢-01
ED3102 4.56e-01 + 4.39e-05 + 5.44e-03 £ 6.75e-01 £

2.13e-02 1.02e-05 4.91e-04 1.72e-01

NemasSize

JU3237 4.36e-01 + 3.87e-05 + 5.96e-03 + 9.18e-01 +

2.13e-02 9.43e-06 5.80e-04 2.60e-01
NIC1667 4.08e-01 £ 2.92e-05 + 6.37e-03 + 1.39e+00 +

1.99e-02 7.46e-06 6.58e-04 4 27e-01
VX34 5.38e-01 £ 7.27e-05 + 4.31e-03 + 2.56e-01 £

2.42e-02 1.45e-05 3.41e-04 5.14e-02

687 *Values are reported as point estimate + standard error (SE).
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