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Dear Dr. Reno (Phil),

On behalf of my co-authors, | wish to thank the reviewers for their thoughtful comments on our
manuscript, and to thank you for your patience while we addressed these comments. As you will see, we have
made substantial changes to the manuscript, including new analyses focused on the forelimb, on gait sequence
data, as well as on joint angular kinematics. As a result, we believe the manuscript provides a more complete
picture of gait changes in the Longshanks mouse. Below you will find an overview of general changes, along
with our detailed response to reviewers’ suggestions, which we have paraphrased for brevity. Note that, in the
text, significant changes or additions have been highlighted in blue font.

General changes:

Major changes: (1) We extracted gait variables from all usable stride cycles in the raw data output from
Treadscan for each individual, including forelimb variables that match the original data from the hind limb, as
well as data on the sequence of paw touch-downs for all paws. (Lines 125-147). We removed duty factor data,
as this did not add information that could not already be obtained from swing and stance durations. (2) We re-
ran our statistical analyses to include covariate-by-factor interactions in the generalized linear models (GLM)
(see Reviewer 1 comments) (Lines 150-176). (3) We measured forelimb long bone lengths from the CT data,
and remeasured hind limb segments to include the tarsal region into a tarso-metatarsus which more accurately
reflects the length of the foot. For the same reason, we changed the phalangeal measurement to the third
digit, which is the longest segment of the distal forepaw and hind paw (Lines 187-199). Statistical analyses of
these new morphometric measurements are presented in an updated Table 1.

(4) Results of the GLM analyses are presented for effects of line and speed on gait within each limb
(Lines 219-236, Tables 2-3, new Figure 2), effects of line and limb type on gait at 20 m/min only (Table 4, similar
results obtain at 15 m/min) and line and speed effects on gait sequence data relative to the right forepaw
(Table 5, new Figure 3). The figure and table captions have been updated to reflect these changes.

(6) In our updated discussion, we now include preliminary joint angle data collected from lateral video
footage of a small sample of unrelated mice (n = 5 per group), in order to estimate joint flexion/extension angle
differences between Longshanks and Control, based on the mean effective hind limb length derived from the



morphometric measurements (Lines 286-323, new Figures 4 and S1, Table S1). As these data were collected by
another student (Emily Pellatt), we have now included her as a co-author on the study.

Minor changes: we noticed a discrepancy between the belt speeds entered on the treadmill controller
(15 and 20 m/min), and the speeds used by the TreadScan software for calculations of stride length (20 and 25
m/min). We verified manually that the controller-based speeds are correct, whereas we used the incorrect
TreadScan values in our original draft. We have updated these values and adjusted the stride lengths
accordingly. None of the results for these analyses are impacted by this adjustment. | have also updated my
affiliation to include the McCaig Institute for Bone and Joint Health.

Reviewer-specific changes:
Reviewer 1

1) A “support triangle” figure could be included in the discussion to better illustrate the determinants of stride
length in relation to functional vs anatomical limb length.

Authors’ response: Based on the recommendation of Reviewer 3, who suggested we include at least
some lateral-view kinematic data, we have now included a new Figure 4 that not only illustrates this
support triangle, but also how the joint angles have likely changed in Longshanks as a result of its
increased length (see our response to Reviewer 3, below).

2) The general linear models should have included covariate-by-factor interactions.

Authors’ response: We re-ran our analyses using all three covariate-by-factor interaction terms. Out of
all the GLM analyses (including the new analyses on the forelimb), only one revealed a significant
interaction between body mass and line, in the timing of touch-down for the left hind paw in relation
to the right forepaw. As argued by Engqvist (2005, Animal Behaviour, 70, 967-971, in the absence of
significant covariate-by-factor interaction terms, GLM analyses should be re-run without these terms,
as failing to exclude them implies that the main effects of the factors cannot be generalized over the
range of the covariate. Thus, we removed these terms and re-ran the analyses as before. In the case of
the single significant interaction, we decided to remove this term as well, on the grounds that including
it had only a modest effect on the response variable over the range of the covariate. We explain this
process in detail in the updated Methods section (Lines 150-176).

3) Please clarify how stride length is calculated on the treadmill.

Authors’ response: the Treadscan program calculates stride length as the product of stride duration and
belt speed. We have clarified this with a statement in the Methods section (Lines 136-137).

Reviewer 2:

1) The article does not cite basic studies on the relationship between limb length and locomotion, and
overlooks successful intra-population studies that illustrate the relationship between limb morphology and the
metabolic cost of transport.



Authors’ response: It was not our intention to suggest that there had not previously been studies that

successfully demonstrated a relationship between limb morphology, locomotor biomechanics, and/or
metabolic performance and selection within populations. In the original manuscript, we stressed that
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such studies had been “equivocal” rather than unsuccessful, and cited five studies in support of this
claim, one of which found no relationship between limb morphology and metabolic cost (Minetti et al
2000), and four, including a key study suggested by the reviewer, by Steudel-Numbers and Tilkens

(2004), that did show such a relationship exists.

In regards to Ted Garland’s selection experiment, their selection protocol targets a behavioral trait
(voluntary endurance running), not a morphological trait. To the best of our knowledge, the only study
from Garland’s group that tested for differences in limb morphology as a result of selection on wheel-
running behavior (Garland and Freeman, 2005, Evolution 59 1851-1854) found no difference in limb
length between high-runners and random-bred controls.

We have now clarified our review of intraspecific/intra-population studies in the introduction.
Specifically, we distinguish studies on the relationship between limb length and locomotor
biomechanics, from those that address limb length and its effect on the metabolic cost of transport.
We also stress that most intra-population studies that we could find have been done on humans, while
studies in quadrupeds are much less common, though we have now included citations to a few
relevant studies in dogs and horses (Lines 57-64, references 10-24).

2) There is no test of the impact of limb length on COT or on fitness, hence the experiment seems incomplete.
Either the context should be narrowed, or the experiment should be integrated with physiology and fitness
studies.

Authors’ response: Unfortunately, we do not have proper physiological/metabolic, nor fitness data,

collected from the same mice, to include in this study. Furthermore, we feel that such data should be
published independently, and subsequently, to this one. With the inclusion of the new forelimb, gait
sequence, and limb kinematic data (see below), we believe our key findings on gait differences in these
mice stand on their own, and will be of interest to researchers who study the proximate relationships
between limb morphology and locomotor biomechanics in an evolutionary context. Future studies on
COT and fitness could then build on, and validate, the findings from this study. We have reframed the
context of this study, to focus the aims and discussion on the proximate links between limb
morphology and biomechanics in both limbs, while emphasizing that COT and fitness studies are
natural follow-up studies that would help to fully “deconstruct” the complex links between
morphology, performance, and evolutionary fitness.

3) Why were limbs not weighed, and inertial properties estimated, given the change in length relative to mass,
and the variation in swing phases?

Authors’ response: Most studies on limb inertial properties have been done on relatively large

mammals such as primates. To the best of our knowledge, there have been no studies looking at
inertial properties of the limbs in small animals such as mice, perhaps because of the difficulty in
estimating these parameters at this scale. In this study, subtle differences in inertial properties in the
groups would likely be smaller than measurement error. Moreover, the groups showed no difference in
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swing phase durations (Table 3, Figure 2), which may be due to them having very similar inertial
properties. We have now included a brief discussion of this question in Lines 271-277.

4) Why were limbs scanned rather than dissected and measured directly?

Authors’ response: As part of the Longshanks selection experiment, we are systematically collecting

whole body uCT scans of the mice from each generation. The scans provide a more repeatable estimate
of length across individuals, for two reasons. First, they require no dissection and “digitally” remove all
soft tissues, such that skeletal measurements are not obstructed by connective and other soft tissues
that remain after dissection, especially in the smaller bones of the hand and foot. Second, and related,
the absence of soft tissues in the scans makes it easier to place digital landmarks precisely on the same
anatomical features across individuals. We have added statements regarding the use and utility of uCT
scans in the context of our experiment (Lines 178-199).

5) Why is there a discrepancy in the mean changes in stride length and frequency between the groups, since
the two are related through belt speed?

Authors’ response: We thank the reviewer for bringing this discrepancy to our attention. We suspect it

arose because we used the stride frequency value from TreadScan, which was based on the average of
all stride cycles from its raw output, while we originally included only 3-4 steps for our analyses of
swing/stance times and stride length. Moreover, TreadScan calculates stride frequency as the number
of strides divided by the sum of the stride durations. We performed our updated analyses on the
inverse of mean stride duration instead. Taking these potential sources of variation into account, our
new values for stride length and stride frequency changes between the groups are more consistent
with one another (both 7-8% mean increase in Longshanks, Table 3).

Reviewer 3:

1) The authors only collected a bare minimum of locomotor gait variables, where a more complete suite was
possible and should be encouraged. Specifically:

a) Lateral view kinematic variables should be presented, even if they are limited

Authors’ response: As stated in our original manuscript, we did not collect lateral view

kinematic data from this sample of mice. Although we had low quality video (from a GoPro camera) for
a few individuals, the off-center angles of these videos and poor lighting conditions prevented reliable
data collection on joint locations and excursion angles. Instead, we obtained footage from a small
sample of mice from a subsequent generation (F19) that were being filmed while running at the same
speeds, for another project (n = 5 mice in each group). These videos allowed us to obtain approximate
protraction, retraction and limb excursion angles for the hind limb from five steps in each mouse
(Figure S1). We used these data to estimate the magnitude of limb angles, and to determine whether
there were any significant differences between the lines in these angles (Table S1). Having found no
difference between lines, we used pooled average retraction, protraction and limb excursion angle
data, and step length in each line, to construct a support triangle for stance in Control and Longshanks,
with known sides. This schematic diagram is shown in our new Figure 4. Using the known side lengths,
which represent the functional length of the hind limb at touch-down and toe-off, and the



morphometric data for the hind limbs, we then estimated the changes in knee and ankle angles in
Longshanks as a result of its modified hind limbs. These data preliminary show that limb joint angular
changes in Longshanks are subtle, and thus unlikely to have impacted gait in Longshanks to a greater
extent than the change in limb length itself. These new data are discussed in Lines 286-383.

b) Forelimb gait data and between-limb accommodation/mismatch data should be presented

Authors’ response: Our analyses now include the same gait variables (swing and stance

durations, stride length and stride frequency) for the forelimb and hind limb. The forelimb data are
included in their own GLM analysis (Tables 2 and 3, with speed and line as factors), as well as in a third
GLM comparing the forelimb and hind limb between the limbs at 20 m/min (Table 4). They are
presented graphically in our new Figure 2. The inclusion of the forelimb data shows that the differences
in gait we uncovered in the hind limb are also present in the forelimb. The direct comparison of
forelimb and hind limb gait variables (Table 4) also shows that, as expected, stride length, duration and
frequency within lines are the same in both limbs, while swing times and stance times are slightly
different in each limb. Thus, there appears to be no forelimb — hind limb mismatch or need for
accommodation in the gait of Longshanks, most likely because, as our morphometric data indicate
(Table 1), the forelimb also changed in length as a result of selection on the tibia.

c) Gait sequence data should be presented

Authors’ response: We now present data on the gait sequence in both lines running at both

speeds. Specifically, using the initiation of stance in the right forepaw as a reference, we present the
relative timing of touch-down for the other paws, expressed as a fraction of a full stride cycle (from 0 to
1). As with the other gait variables, we used a GLM analysis with speed and line as categorical factors,
and the least squares means are presented in Table 5, and in our new Figure 3 (Lines 244-250, and 278-
285). Figure 3 shows the gait sequence data for Longshanks superimposed on the sequence data for
Controls at the faster speed only (there was no difference between the lines at either speed). As shown
in Table 5 and Figure 3, the substantial increase in limb bone lengths in Longshanks did not appreciably
change the gait sequence when compared to Control, presumably because there were similar changes
in overall limb length in both fore- and hind limb. The relative duration of stance in the hind limb of
Longshanks (i.e., its duty factor), is slightly increased at 20 m/min relative to Controls, though this
difference is not significant (see dashed boxed in Figure 3).

We trust these substantive revisions to our manuscript have addressed the reviewers’ concerns, and
we thank them once again for their constructive suggestions. We have also made some minor edits to improve
readability, and have addressed the formatting and other issues raised by the PeerJ editorial team. We look
forward to your decision on our manuscript.

Best wishes,
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